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Introduction.

Fiom 1892 down to the present year I have studied the biology of the 

Rotifera, i. e. for more than about 35 years. My researches have mainly been 
carried out upon material gathered in Nature, and studied in the laboratory im
mediately after the samples had been taken. 1 am sure that I can now say that 
several thousand samples have passed before my eyes. Many of them were in
cluded in my Plankton Investigations, and are mentioned in the main part of this 
work (1904—1908), while very many were taken on excursions on which studies 
relating to other freshwater organisms were the principal object.

When I began my work in 1892 Maupas had just (1890) published his 
famous short papers in “Comptes rendus”; they were, however, unknown to me 
for several years. Almost simultaneously Lauterborn and myself have tried to 
elucidate the periodicity of the Rotifera. Lauterborn’s papers appeared in 1898— 
1902, just at the time when mine should have been printed. As the results of our 
researches were almost congruent, I provisionally withdrew most of my pub
lications but I have continued my investigations down to this very day. My ex
plorations have, in ever-increasing degree, aimed at an elucidation of the periodicity, 
and the sexual problem, and at the discovery of the males which have hitherto been 
very little known. This latter part of my studies was published in 1923. Now that 
the part relating to the periodicity, the occurrence of the sexual periods, and the 
sexual problem is being published, I am well aware that my work in a very high 
degree bears the stamp of imperfection, partly owing to insufficient knowledge in 
domains which were originally foreign to me. —

It is a well-known fact that almost all our knowledge of the problem of sex 
determination in organisms with hétérogonie propagation has been built up in the 
period since 1895; the same is the case with all that we know with regard to the 
problem of seasonal variation (= temporal variation = cyclomorphoses), furthermore 
with the cytology and ovogenesis of the Rotifera. It is to the same period that all 
more thorough investigations relating to the surrounding medium belong, further
more, the exact studies relating to the annual regular variations in temperature, 
the chemical composition of the fresh water, and the plancton community, in which 
the rotifers play such a prominent part. It will therefore be understood that the 
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enormous amount of scientific facts which have been accumulated during these 
thirty years, has greatly influenced my explorations. The majority of all these 
results have been gained far away from my area of work, in the laboratories; 
many of them have been contradictory and are so to this day. For a long 
time it seemed as if students in the laboratory again and again arrived at results 
which were incompatible with those gained by work carried out in Nature. Year 
after year my explorations gave the same results; the interpretations might be wrong, 
the results could not. Owing to the self-confidence very often characterizing workers 
in the laboratory and to which the labourers in Nature are only rarely able to rise, 
it was long the custom to underrate the results gained by explorations in Nature. 
During the last few years, however, it has been understood that this was not the 
right way to progress, and workers in the laboratories have tried to bring about 
congruity between the studies in the laboratories and those in Nature.

The main results of the laboratory-studies have, I believe, been the pointing 
out of very many and very valuable small facts elucidating the sexual biology of 
the Rotifera, and, in addition, the furnishing of a highly needed foundation for the 
suppositions, thoughts and theories which the work in Nature had occasioned. All in 
all I cannot see that these studies have been productive of results which, with 
regard to their significance, have overshadowed Maupas’ fundamental explorations 
with which the period was inaugurated. I have thought it best in the following to 
try to give in one chapter, first the main results of all papers relating to the sex 
determination and cyclomorphoses in brief summaries, and then to sum up in short sen
tences the main results of the whole of the laboratory work from Maupas to our day. 
Then follows my own work ; finally I shall try to combine the results from the two different 
lines of investigation; in the summaries I have partly used the authors’ own words. — 

As is generally known, Lauterborn, and later on W-L, had arrived at the 
result that the Rotifera, just as the Cladocera, could be divided into polycyclic, di- 
cyclic, and monocyclic species; many colonies, living pelagically in larger lakes, 
could most probably be regarded as acyclic. The different species had their distinct 
sexual periods, at quite distinct seasons of the year; the sexual periods were in
augurated by high maxima, after which the males appeared. Beyond these periods 
these males did not appear or were at all events extremely rare. Lauterborn 
(1898 p. 182) arrives at the following main results:

“Das Auftreten von Männchen und damit die Bildung befruchteter Dauereier 
ist an bestimmte Generationen gebunden. Ich stelle mir vor, dass die aus den 
Dauerreiern ausschüpfenden Weibchen die Fähigkeit besitzen, sich durch eine Reihe 
von Generationen hindurch auf parthenogenetischem Wege fortzupflanzen; nach 
einer gewissen, von den Existenzbedingungen der einzelnen Arten abhängiger ver
schiedenen Zahl parthenogenetischer Generationen erlischt allmählich die Fähigkeit 
der ungeschlechtlichen Reproduktion, und es stellt sich ein Befruchtungsbedürfnis 
ein, vergleichbar etwa dem Kopulationsbedürfnis der Infusorien nach einer langen 
Reihe ungeschlechtlicher Teilungen. Dieser Befruchtungsbedürfnis äussert sich darin, 



dass an Stelle der grösseren Sonimereier zahlreiche Männcheneier auftreten, die 
befruchtet zu Dauereiern werden.”

Lauterborn expressly maintains that internal conditions govern the cyclus, 
but simultaneously he says that also external conditions, such as the composition 
of the fresh water, may have an indirect influence which is supposed to be 
especially conspicuous in the case of the monocyclic Rotifera. —

With regard to the main results I entirely agreed with Lauterborn, and 
having now studied the males for thirty years I still do so. I am fully convinced 
that the assertion that the colonies of the different species of the Rotifera in the 
different localities have their sexual periods at distinct times of the year, 
is correct. On the other hand, with regard to the theoretical explanation of the 
phenomena I am not aware that I have anywhere expressed any opinion as to 
whether the phenomena are the results of external or internal conditions. Never
theless, it has often been maintained that on that point too, I have fully supported 
Lauterborn. —

In reality this has not been the case. As is generally known, 1 have tried to 
explain the seasonal variations especially in the Cladocera as accommodations to 
the regular variations in specific gravity and viscosity of the fresh water i. e. in the 
external medium.

He who has studied the regular variations in temperature, viscosity, light, and 
amount of plancton recurring year after year, will always be most inclined to sup
pose that the presumed regular variations in internal conditions, causing the varia
tions in propagation, are in some way connected with and partly dependent upon 
these factors, which govern all organic life and its modes of expression.

All later explorers have corroborated the view that the seasonal variations 
mainly assert themselves at the temperature 14—16 C., and that a series of plancton 
organisms, especially many plancton Cladocera, have another and greater power 
of buoyancy in May—June than in February-March. Now, it can be shown that 
it is just at the same temperature and in the same season of the year that the 
great variations in propagation, the appearance of males among the Cladocera and of 
inictic females among the Rotifera, very often take place. Hence it will no doubt be 
understood that a onesided maintenance of the theory that variations in internal 
conditions should cause the variations in propagation would be very unnatural, I 
may perhaps say quite illogical.

It is a we-llknown fact that the greater part of all our knowledge with regard 
to sex determination in the Rotifera has been built up upon studies of one single 
species, namely Hydatina senta. During the last few years other species, too, especi
ally those of the genus Asplanchna have been used. On the other hand, those who 
have studied the problems connected with propagation in Nature have never used 
Hydatina but many other rotifers, especially plancton-rotifers which the experi
menters in the laboratories have not used, and, as far I can see, are only able to 
use with the greatest difficulty.



We know much more of the life history of Hydatina senta than of any other 
rotifer, hut all our knowledge is acquired in the laboratories; of its life in Nature 
we know hardly anything. According to Cohn (1856) Hydatina seems to be dicyclic 
with one sexual period in April and one in September. Weber (1888 p. 676) 
has also observed a sexual period in the spring.

These results were not in harmony with those arrived at by Maupas’ and Nuss
baum’s studies in the laboratory, and Lauterborn (1898 p. 181) therefore quite correctly 
maintains that the life cycle of Hydatina is not in accordance with that of the 
plancton rotifers. Furthermore he has correctly observed that Hydatina lives in 
Euglena and Chlamydomonas pools, very small areas of water which are of an 
ephemeral nature and often dry up. The results at which Maupas and Nussbaum 
have arrived, namely that rising temperature and insufficient nourishment should 
be male-producing factors, may be quite correct just for this species, whereas it is 
highly improbable that these two factors should be of significance for all those 
rotifers which inhabit perennial areas of water.

It would therefore be of interest to know the life cycle of Hydatina senta in Na
ture; having overlooked the above-mentioned remarks of Lauterborn with regard 
to habitat, I long searched in vain for Hydatina; but after finding it, I have studied 
its life cycle in Nature for three years and in several localities. —

On the plates I have figured those rotifers whose anatomical features 
have been insufficiently known; in addition they illustrate some biological traits, 
especially with regard to the deposition of eggs of the plancton organisms, further
more the male of Asplanchnopus, not found when Part I of the work was published.

The plates have all been drawn by myself, with a camera and from living 
animals, they only show what may be seen without staining. My assistant, Mr. 
Berg, has helped me with the shading of many of the figures.

On plate I is shown a Rhinops vitrea female; I hope that, keeping the num
bers of this figure in mind, the reader will be able to understand the anatomical 
details in the other figures. —

Chapter I.
The Literature relating to Sex Determination and Seasonal 

Variation among the Rotifera.
a. Sex Determination.

As is generally known, Maupas was the first who tried to solve the question 
relating to the sex-determination of the Rotifera: he arrived at the result that 
temperature was the sex-determining factor; high temperatures augmented the 
production of mictic females, low temperatures that of amictic ones. Maupas further



more maintained that the temperature is only able to influence the determination 
of the sex if its influence coincides with the beginning of ovogenesis; later on it 
has no influence. “Ni la nourriture ni le temps, ni la lumière, ni la temperature 
elle-même rien n’y fera plus.” (1891 p. 2).

None of the many later experimenters have been able to confirm this view. 
In fact, outdoor explorations clearly show that the appearance of “epidemics” of males 
and the rise of temperature coincide in very many cases, but this ought not to be 
understood to mean that it is the rising temperature which directly influences the 
production of males. From a long series of experiments Nussbaum (1897 p. 227) 
arrived at the result that is was the nutriment which determined the appearance 
of mictic or amictic females. If a newly born female is well nourished till the 
appearance of the first egg, it will produce amictic females during the whole of its 
lifetime, if badly nourished, it will produce mictic ones. Before and after this period 
neither nourishment nor temperature has any influence upon the determination of 
the sex. The influence of the temperature is only an indirect one. This result has 
again been severely criticised by almost all the following authors.

Punnet (1906 p. 223) arrives at the result that neither temperature nor nutri
ment can be said to have any sex-determining influence. He avoids the necessity 
of having recourse to external influences, he supposes that it may be a character
istic of certain ? to produce mictic females and of others to produce none. From his 
experiments he arrives at the result that there are definite sex strains. Some strains 
(A) produce 40 to 50 per cent of males, others (B) produce a very low percentage, 
2 to 5 per cent, while others again (C) produce no males at all, although reared 
through as many as seventy-three generations. Most of the females belong to the 
category B. Neither temperature nor nourishment, it is stated, are able to exercise 
any sex-determining influence upon these strains. The sex-determining factor is 
internal: zygotic constitution. He admits, however, that these different zygotic 
constitutions may perhaps be modified by external conditions, though he himself 
did not determine the cause of such modification.

Now the American authors begin their admirable explorations inaugurated by 
Whitney. All these explorations clearly show that variations in the external medium 
at all events have some influence upon sex-determination.

In his paper (1907 p. 1). Whitney like Punnet maintains that temperature 
and nourishment have no direct influence on the determination of sex in H. senta; 
indirectly they determine the number of each sex produced, regulating the number 
of eggs that each kind of female lays. At a temperature of 20—22° C. the mictic 
and amictic females lay about the same number of eggs each, at a temperature of 
26—-29° C. the mictic females lay about four times as many as the amictic females. 
He further shows that the mictic females occur in the early part of a family of 
daughter females, and that starving of the young females for the first few hours 
after they hatch does not cause them to produce a higher percentage of male eggs. 
He finally shows that the three strains of Punnet can be found in one strain, and 



that each is capable of giving rise to the other types, according as the data are scanty 
or extensive. According to Whitney there are therefore no strains that constantly 
produce a high or a low percentage of mictic females. A strain only producing 
amictic females does not exist. With this paper almost all that the European 
authors had built up was broken down again. In 1908 b Whitney (p. 137) shows 
that there is probably a reduction in the number of chromosomes in the male 
parthenogenetic egg and in the winter egg, but not in the female parthenogenetic 
egg (See also Lenssen 1898). It is not in itself the reduction of the number of 
chromosomes and the formation of the second polar body which determine the 
ultimate sex of the egg; on the other hand, as in the resting egg which becomes 
fertilized as well as in the parthenogenetic egg from which a male is hatched, 
there is a reduction in the number of chromosomes during maturation, the conclu
sion seems permissible that the sex of the embryo in the male egg is changed by 
the entrance of the spermatozoon. —

In a series of very suggestive papers Shull has again tried to find out the 
influence of the various agents which are supposed to affect the proportion of 
mictic females. His main result (1910, p. 344) is that none of the hitherto supposed 
agents has a direct influence on the proportion of mictic females. Sex determination 
is dependent upon external as well as internal factors. He comes to the result that 
there really exists a factor in external conditions which not only accounts for the 
results of the present experiments, but affords a simple probable explanation of the 
result upon which the previous contradictory conclusions were based. This factor 
is supposed to be the chemico-physical composition of the medium in which the 
animals live, especially certain substances dissolved in the water in which the ro
tifers are reared; these substances may exert a potent influence on the proportion 
of mictic females; according to Shull the accumulation of substances in old cul
tures may be responsible for almost all the results at which all previous authors as 
well as he himself have arrived upon this subject; if the progeny of the last 
daughters in a family produces a smaller number of mictic females than the first 
one, this is due to accumulation of substances in the culture, arisen during the 
nourishment of the organism. Among many other interesting points Shull’s studies 
have, however, especially elucidated the following fact. Whitney had found that 
mictic females occurred in the first two-thirds of their respective families; at 
high temperatures shorter families were produced than at a low temperature. If 
these families were curtailed by cutting of the last members which were nearly all 
amictic, the percentage of mictic ones would be increased. Now Shull in contra
distinction to Whitney shows that mictic females are not accumulated at either 
end of a family whether this family is large or small. A short family is not a cur
tailed long family; it is built on a plan of its own, which is approximately the 
same, relative to its length, as that of a large family. Like Whitney and in contra
distinction to Punnet Shull maintains that sex strains have not been observed. 
The strains of Punnet are artificial products, caused by different nourishment.
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Simultaneously Shull pays attention to the fact that internal factors may also have 
exerted their influence.

The next question was: What are the substances which influence the produc
tion of mictic females? In a later paper (1910 p. 345) Whitney now ranges him
self on the side of those who hold external factors accountable for all variations in 
the percentage of sexual forms, male production being favoured by the presence of 
some substances in solution, the nature of which is undetermined, but the absence 
of which predisposed to the production of amictic females. He maintains that in 
horse manure there exists a factor which causes the production of mictic females; 
if this factor is wanting, the amictic females produce only amictic ones.

In his next paper Shull (1911 a p. 117) tries to find out some of those chem
ical agencies which according to him may exert a potent influence on the pro
portion of male producers. His main results are, as previously, that both external 
and internal agents are involved in the production of the life cycle. With regard 
to temperature it seems that it really may have some influence, but this may only 
be an indirect one inasmuch as the response of the rotifers to both external and in
ternal conditions may be modified by temperature. More effective than temperature 
in modifying the proportion of male producers are certain chemical substances. 
Horse manure, urea, beef extract, and creatin solutions all greatly reduce the pro
portion of mictic females. A higher degree of alkalinity seems to do the same. 
Whitney (1910) and Shull (1910 and 1911) agree with each other that chemical 
substances are responsible for the effect upon the life cycle. But whereas Shull 
has shown that it is certain substances present in the manure solution which 
prevent the mictic females from appearing, Whitney (1910 p. 348) believes that 
it is a certain substance present which causes the mictic females to appear, and 
that it is only when this substance is absent that amictic females alone occur. This 
chemical substance, which is not more precisely indicated, may be a transitory one.

With regard to internal factors Shull (1911a, p. 164) further shows that 
pure lines obtained from widely separated localities were found to yield a constantly 
different proportion of male producers even though external conditions were the 
same for both. If a member of one of these pure lines was mated with a member 
of the other pure line, pure lines appeared having in every case a higher proportion 
of mictic females than had either parent pure line.

In 1912 (p. 283) Shull continues his studies on the internal factors and shows 
that long continued parthenogenesis in some lines of Hydatina causes a decrease 
in the proportion of mictic females, and he supposes that this decrease may partly be 
responsible for differences observed between parthenogenetic lines in cases where the 
ages of lines are unknown. Shull further shows that the period in which it is 
decided whether a female is to be mictic or amictic is always the growth period 
of the parthenogenetic egg from which the female hatches. Microscopical examina
tion of the living animals shows that the last few hours of the egg-stage within the 
parent’s body includes the entire growth period. Before these last hours of the egg- 
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stage, manure solution is able to reverse the sex determination of the egg, after 
this period manure solution is not able to do so. It will be understood that sex is 
determined a generation in advance. As a result of these observations it may also 
be mentioned that individuals hatching from fertilised eggs are not only all females 
but also amictic ones, as ascertained from 469 hatchings from resting-eggs. As far as I 
understand, Zawadowsky (1916) has arrived at a very similar result (Diglena 
volvocicola). In a paper which I have not been able to procure (1912 a) 
Whitney has arrived at the following result with regard to strains: The partheno- 
genetic races may differ from each other either in their power of producing amictic 
females or in their power of reaction against factors which influence to the pro
duction of mictic females. Whitney supposes that it is the last alternative which 
is the most correct. —

Whitney (1912 b p. 337) shows that races of Hydatina senta which were allowed 
to reproduce parthenogenetically for 384 generations, extending through a period of 
twenty-nine months in identical environment, present a gradual decrease in their 
rates of reproduction. In the one race only one female out of the sixty isolated was 
able to live and reproduce, while twenty others lived the normal length of time 
for individuals of the race, but never laid any eggs. These twenty females deve
loped and produced many eggs in their ovaries but never laid them. The eggs re
mained inside the body and ultimately seemed to fill the entire animal; some of 
the eggs started development into embryos but they died and many of the egg
membranes ruptured, and the body of the females became filled with a mass of 
egg-material from the broken and decomposing eggs. These sterile females became 
larger than normal females. Another race had lived through 503 generations and 
was still living when the paper was published; it was now in a very exhausted 
condition. Whitney further shows that cross-fertilisation of two weakened races 
greatly reinvigorates both races and is probably able to restore them to their nor
mal vigour which they possessed when they started from the original fertilised eggs.

Shull (1915 a p. 145 and 1915 b p. 187) discusses the periodicity in the re
production of males in Hydatina senta. He shows that there is a well-marked 
rhythm in the production of males in Hydatina senta; Mitchell (1913 a, b) has found 
the same in Asplanchna amphora. Because the intervals between the periods of 
many males is quite regular in some lines, and not the same in all lines reared 
simultaneously, Shull supposes that this periodicity is due to an internal factor. 
In well-nourished lines there is some doubt whether there was any correlation 
between size of family and number of mictic females. In starved families, on the 
other hand, the greatest numbers of mictic females were not in the largest, but in 
those of medium size. On the statistical evidence as a whole the influence of quan
tity of nutrition upon male production is held to be “not proven”. When qualita
tive differences in nutrition affect male production, the interval between periods of 
many males probably remains unchanged.

In 1915 (a) Shull shows that races of rotifers might differ very largely in the 
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place of egg-laying. One race laid its eggs very largely on the bottom or sides of 
the dishes; another race chiefly attached them to the surface film of the water.

In 1916 Shull and Ladoff further discuss the factors affecting male produc
tion in Hydatina. The main result (according to Whitney 1917 p. 101) is that an 
excess of oxygen in the culture water may cause a greater production of mictic 
females than in experiments without an excess of oxygen.

In four consecutive papers Whitney shows the influence of food in con
trolling sex in Hydatina (1914 a p. 832, 1914 b p. 545, 1916 a p. 263 and 
1917 p. 101).

In the papers 1914 a and b Whitney shows that rotifers fed upon a green 
organism Chlamydomonas produced many more mictic females than those fed upon 
the usual colourlers Polytoma.

In 1916 (a) Whitney shows that in five different species of rotifers the produc
tion of mictic and amictic females may be regulated at will by certain manipula
tions of the food supplies. In this as well as in the earlier paper 1914 Whitney 
changes his view, ascribing to variation in the quantity of food supply a greater 
rôle than formerly. In some species a continuous diet of a colourless flagellate Poly
toma caused only amictic females to be produced, whereas when it was replaced 
by a green flagellate Chlamydomonas, nearly only mictic females appeared. When 
one of the species had only a scanty diet of Chlamydomonas, only or nearly only 
amictic females appeared, whereas a more abundant diet of the same pure cultures 
of Chlamydomonas caused as much as 90 per cent of mictic females to be produced. 
Hodgkinson arrived at a very similar result (1918 p. 187). In 1917 Whitney further 
shows that four other rotifers Brachionus militaris, Brachionus Bakeri, Euchlanis 
dilatata and Brachionus Mülleri, when the green food supply of Chlamydomonas was 
made very abundant, produced a high percentage of mictic daughters, whereas, when 
the green food supply was allowed to become scanty, very few, if any, mictic females 
were produced. Whitney further shows that the results at which Shull and Ladoff 
arrived may be interpreted in another way than these authors have thought. An 
excess of oxygen in the culture water does not directly affect a mother and cause 
her to produce mictic females, but by affecting the conditions that influence an 
increase or a decrease of the micro-organisms which constitute the food supply, it 
may indirectly cause her to produce either mictic or amictic females. Oxygen 
usually favours an increase in the number of bacteria in the cultures, but if too 
many bacteria arc produced, they or their products interfere with the normal meta
bolism and reproduction of the rotifers. If, on the contrary, a sufficient number of 
bacteria are not maintained in the culture waters, the rotifers are deprived of more 
or less of their food supply. All kinds of bacteria in these conglomerate mixtures 
are not in the same way useful to the rotifers, and it may be supposed that, as 
there are so many millions of individuals in a watch glass at the beginning of the 
experiment, it is a matter of chance which species will survive and maintain itself, 
or will even increase its own numbers. In some cultures those species of bacteria which 
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cause favourable food conditions, producing mictic females, will be developed, in 
others these will not be developed, and aniictic females will appear.

In a paper (1918 a p. 521) Shull continued the explorations of Shull and 
Ladoff (1916) and showed firstly that an excess of dissolved oxygen, in which 
the excess was obtained by saturating the water with an atmosphere of which 
60 p. c. was oxygen, really as supposed in 1916, is a male-producing agent. Now, 
however, it was further shown that whether the excess of oxygen was obtained from 
a 40 p. c. oxygen atmosphere or from a 60 p. c. one, the increased male production 
was almost the same; the lower concentration is perhaps indicated as being a little 
more effective in inducing male production. This result was contrary to Whitney’s, 
which seems to be based on the supposition that, if oxygen were a male producing 
agent, the more oxygen there was present, the more males there should be. Shull 
further criticised Whitney’s above-named results, that green organisms as food in
crease the production of male producers; the result of Whitney’s explorations are 
by no means denied, it is only maintained that all the factors obviously associated 
with Chlamydomonas in the cultures should be separately tested before any residue 
of influence is assigned to nutrition. Shull now compared cultures, in which Eu- 
glena was used as food, with cultures in which manure scum was used as food, 
and it was shown that under the experimental conditions the first-named contained 
on an average about 62 p. c. more oxygen than the manure scum cultures. When 
therefore Euglena increases male production in Hydatina, as much of that increase 
is presumably due to oxygen as is directly produced by saturation with a 40 p. c. 
oxygen atmosphere. Deducting the increase in male production presumably due to 
liberated oxygen, it was then found that Euglena was two or three times as effec
tive as the oxygen, and in one case many times as effective. Shull further continues 
his observations with regard to the differences in the egg laying process in different 
races, and shows that, if the dishes were placed in an atmosphere containing an 
excess of oxygen, this caused the eggs to be laid more largely on the bottom than 
when the dishes were kept in air. However, the experiments further show that 
upon this point, too, there are racial differences, and that it is therefore difficult 
lo judge of the relative effect of oxygen upon them.

In 1919 Whitney continued his observations relating to oxygen as a producer 
of mictic females. Whereas Siiull and Ladoff (1916) and Shull (1918 a) arrived at 
the main result that a sufficient amount of dissolved oxygen in the culture water 
will cause an increase in the production of males, Whitney (1917 p. 101) and 
again in (1919 p. 469) maintains that oxygen only influences the food supply which 
in turn affects the production of males; the production of mictic females does not 
depend directly upon the presence of appreciable quantities of free oxygen in the 
culture water. He criticises Shull’s experiments and adds as a new fact the follow
ing: In the sunlight fewer male rotifers and also fewer mictic females are produced 
in culture water containing Chlamydomonas which have given off much free oxygen, 
than are produced in darkness in culture containing less free oxygen. These results 
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are contradictory to earlier ones, but Whitney would have them understood to 
mean that in the sunlight the Chlamydomonas become less available as food for 
the rotifers.

In 1921 Shull showed that the number of chromosomes is the same in both 
types of females.

In a very suggestive paper Shull (1922 a) has studied the relative nuclear 
volume and the life-cycle of Hydatina senta. As is well known, Hertwig and with 
him Issakowitsch concluded that in the life-cycle of parthenogenetic animals the 
change from the parthenogenetic to the sexual mode of reproduction is a direct 
result of an increase of the Kernplasma relation. For Hertwig had conceived the 
idea that any increase of the quotient K/P would lead to the production of males, 
decrease of that quotient favouring females. K/P is least in the early generations 
descended from the fertilised egg. With continued parthenogenesis and favourable 
conditions the ratio increases, the volume of the nucleus increasing relatively more 
than the volume of the cytosome. Low’ temperatures and deficient nutrition hasten 
the increase. When a given high value of the ratio K/P is reached, males are pro
duced. With a further slight increase in the ratio, sexual eggs are formed by the 
fusion of groups of oögonia, and in this fusion the Kernplasma relation is reduced. 
From the life history of Hydatina Shull now supposes that there may at least be 
three independent ways in which the Kernplasma relation may be connected with 
changes in the life-cycle, if Hertwig’s views are correct. Firstly, periods of many 
mictic females may alternate with longer periods of few. The ratio K/P is supposed 
to change with these alternating periods. Secondly, male production is related to 
the age of the parents. The first eggs laid by a female yield relatively few mictic 
females; then they increase gradually up to the middle of the family, then they 
become gradually less frequent to the end of the family. There should be a corres
ponding change of the Kernplasma relation during the life-time of the parent. Third, 
external agents profoundly alter the number of the mictic females. Manure solution 
may easily exclude mictic females altogether. Animals reared in manure solution 
should therefore show a different Kernplasma relation from those reared in 
spring water.

Shull now shows that, in the relative nuclear volume of the yolk gland of 
Hydatina senta for each of nineteen generations including two well-marked periods 
of male production, it is difficult to see any relation between nuclear volume and 
the number of mictic females. Shull arrives at quite the same result with regard 
to nuclear volume and age of individual and further to the effects of manure 
solution. Lastly Shull shows that, when amictic females and mictic ones from the 
same families reared under the same conditions are compared with respect to rela
tive nuclear volume, nothing in the measurements indicates that the nuclei of one 
of these types of female are significantly larger than those of the other type in any 
of the tissues studied. No conspicuous differences with regard to K/P can be 
pointed out between mictic and amictic females. The relative nuclear volume in the 
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yolk gland, stomach, intestine and oocytes is probably the same in mictic and 
amictic females.

In the time 1912—1914 the excellent studies by Powers and Mitchell on 
the polymorphism, sex determination and transmission through the resting egg of 
experimentally induced characters in Asplanchna amphora, appeared. Most probably 
this rotifer was better fitted for experimental work than Hydatina senta', at all 
events it seemed that the results gained with regard to the first-named species were 
in some respects much clearer and of the greatest significance for the whole 
question relating to sex determination. Firstly Powers (1912) showed that there 
exists, in Asplanchna amphora, a peculiar polymorphism, already mentioned by 
Dada y (1888 p. 140) and later on found again but misinterpreted by myself (1898 
p. 200). The main results of the explorations are the following.

From the resting egg there is always hatched the so-called saccate form with 
20—40 vibratile tags and a very large contractile vesicle; it is characterised by a 
high parthenogenetic propagation containing simultaneously eight to nine young 
ones. In the course of a few days, in cultures as well as in Nature, there is hatched 
from this form the so-called humped form characterised by two smaller or larger 
lateral humps; it has 40—60 vibratile tags and a contractile vesicle not so large 
as in the saccate form. In ponds which have received water only a few days ago, 
or in cultures which have just begun, only the saccate form appears, but in the 
course of a few days, from four to fourteen days, only humped forms occur. The 
humped form gives rise to only one young one at a time; between the two forms 
there are few intermediate stages. In cultures, when degenerated, the humped form 
reverts to the saccate form. The humped form is able to live for five months in 
cultures, but in Nature every heavy shower, after having diluted the medium, will 
kill the whole colony, and new individuals, invariably of the saccate form, will 
again be hatched from resting eggs. The entire population of a teeming Asplanchna 
pond readily changes from the saccate to the humped type in one week. At a 
certain point of time, in cultures as well as in Nature, when the colonies have 
grown very large and enormous amounts of individuals are crowded together, there 
appears a third form the campanulate one, a real giant, 2—2x/s mm, among the 
rotifers; it differs with regard to form of corona, trophi and number of vibratile 
tags (80—115). The form is a result of cannibalism and also appears when the 
colony is fed with special food organisms especially Moina. In Nature, too, it has 
been shown that, after the appearance of enormous amounts of young Moina’s, the 
campanulate form appeared from the humped one, only rarely directly from the 
saccate type. Very often the humped form was eaten up by the voracious, campanu
late form. The first individuals appear with the utmost suddenness, and all in all 
transitional periods are brief. The trophi in every case indicated a complete and 
sudden transition from the campanulate to the smaller humped type. During the 
time in which the change took place, the whole colony was in a truly chaotic 
condition; the campanulate forms produce partly the humped, partly their own 
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form. Of the three forms there are again special forms; one of the humped forms 
with very long slender humps is especially interesting, deriving from a combination 
of overfed parents and foodless progeny. The males which only live two to four 
days are produced by all three forms of females, but only in slight numbers of 
the saccate form. Powers regards the species A. amphora as distinct from A. Bright
ivelli, but states that in a single locality he found an Asplanchna which in every ex
ternal character seemed to be A. Brightivelli; a closer examination showed that the 
trophi had a strong inner tooth as in A. amphora; they were cultivated in many 
cultures, hatched from resting eggs, but persistently gave always the amphora-type. 
Besides, the specimens were typical A. Brightivelli; in the very large amount of 
material the specimens of the campanulate form appeared, but never humped forms. 
In this connection it is of great interest to remember that later on Mitchell and 
Powers (1914 p. 394) in some of their cultures got a number of males, among 
which a number appeared like transitional forms between the males of A. amphora 
and A. Brightivelli.

The experimental work connected with the elucidation of those external and 
internal conditions which might produce these different forms, was carried on by 
Mitchell (1913 a). He first showed that in mass cultures the saccate forms derived 
from resting eggs in about six days, but already in the course of only about 10— 
12 days the entire culture had changed to the humped form. On the other hand, 
when reared under uniform conditions, the saccate form reproduces its own type 
indefinitely; it is only in mass cultures that the humped type appears, not when 
the saccates are cultivated in pedigree series. When some saccates from these cul
tures were allowed to reproduce in mass cultures, transition to the humped forms 
occurred. This indicated the possibility that a tendency towards the mutation-like 
change is inherent in all individuals, although the presence of some unfavourable 
condition or the absence of some necessary stimulus may in some way suppress 
it. In the hope of finding a clue to some external or internal factor, plots were 
made of some of the experimental series, and resultant curves were drawn. The 
curves demonstrated a marked rhythm in reproduction, showing certain periods or 
generations in which the rotifer is in a higher physiological slate than others. It 
was then supposed that this rhythm would be one of the factors causing the 
transition from the saccate to the humped form, but it was shown that this factor 
was not able to produce this transition; also between the earlier and later individ
uals produced by a single parent no difference could commonly be found; also the 
size of the parent in lines with common ancestry and without mutation did not 
directly influence the size of the offspring. It was further shown that neither change 
in temperature in itself, nor starvation of the saccate type, nor alternate feeding 
and starvation in isolation cultures caused mutation.

Having used the cultures for three and a half months, and, obtaining, in some 
instances, nearly forty generations without a single transition to the humped form, 
it was thought that possibly the strain of rotifer used was unsatisfactory, due 
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either to initial weakness or other causes. New lines were started from eggs freshly 
collected in January from borders of ponds where it was known that the species 
had nourished, and that at least a portion of eggs had been subject to both freez
ing and drought. Pedigree series from this material were fed with Paramecium and 
then replaced by Oxytricha. Having ignored the new food at first, the digestive 
tracts remained empty, and no young were produced in the generation thus fed 
for a period of three days. On the fourth they suddenly began to gorge themselves 
with Oxytricha; a saccate individual was born in the direct line, followed by in
dividuals transitional towards the humped type. The young were likewise fed on 
Oxytricha, and they in turn produced young of the full humped type. The experi
ment indicated the possibility of qualitative changes in nutrition as a factor deter
mining the sudden transition in type. — Further explorations showed that, when 
replacing Oxytricha by Euglena, the transition from saccate to humped followed in 
the next generation. Further on, if in the old series which at that time had shown 
an unbroken succession of about sixty generations of the pure saccate type, two 
sisters were taken out and Euglena was given to the one and the customary Para
mecium diet to the other, it was shown that the first immediately responded by 
the next generation being of the humped form, the other by the next generation 
being of the saccate. Lastly it was shown, that, when the lines returned to Para
mecium diet, within one to four generations all had returned to the saccate type.

The result of the experiments is that a change in food organism or a qualita
tive nutritional difference constitutes the major factor instrumental in producing 
the sudden changes. All other factors turn out negative, or at least negligible, in 
results, as compared to food change.

In a third paper Mitchell (1914 b p. 225) has tried to find out the sex de
termining factors in Asplanchna amphora. Having given a short resumé of the ex
plorations of Shull, Whitney and Punnet, he show's with regard to Asplanchna 
that male production is a phenomenon which is all but wholly under nutritive 
control. Temperature within fairly wide limits is essentially a negative factor in re
gard to sex determination. He returns partly to the old supposition of Nussbaum 
and that of Whitney with regard to Hydatina. He shows firstly that continued low' 
nutrition of A. amphora reduces male production to zero, and that copious nourish
ment of the humped type tends to give birth to about 20 p. c. of mictic females. 
The copious male production is a result of starvation of high potential young 
females (produced by well-nourished mothers) during the first five hours after birth, 
whereas starvation of low' potential females results in non-inale production. Mitchell 
further shows that dissolved metabolic products or other substances are not signi
ficant factors in male production. Maximum male production is determined by three 
factors: physiological rhythm, high nutrition, and starvation during the growth 
period. The first of these influences is one which extends through a number of 
generations; the second works upon the generation preceding that of the mictic 
females; the third acts directly upon the male-producing generation itself. Having 
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discussed and criticised all the works on Hydatina Mitchell calls attention to the 
general fact that all investigators either used uniform feeding, or at least laid little 
stress upon qualitative food change; this may possibly be the main cause why the 
experiments with regard to Hydatina gave a negative result. According to him the 
qualitative variations in nourishment are of greater significance than the quantita
tive ones. Further Mitchell points out that if male production depends primarily 
upon a high state of effective nutrition, it would seem natural that any inhibitory 
or deleterious substance should limit or prevent the male production.

In their last paper (1914 p. 347) Mitchell and Powers have tried to find 
out if the marked modifications which may be experimentally induced in A. amphora 
are in any sense hereditary beyond the parthenogenetic stages. As the different 
types may be found bound to different localities in Nature, and as the differences 
between them seem quite sufficient for specific distinction, the supposition is allow
able that we have to do with a species-making process. The essential condition for 
this supposition is, however, that it has been proved that the variations which 
produce the different forms al least in some degree influence the sexual gametes. 
If sexual reproduction always brings the species back to its original form, it is 
clear that, however varied the parthenogenetic forms are, nothing akin to a new 
species is formed. As all individuals which hatch from resting eggs are of the small 
saccate type, and this may be regarded as the most primitive form, it really seems 
as if it is no species-making process. The question which Mitchell and Powers 
have tried to answer is whether the entire variation of the species, the astonishing 
variations of the parthenogenetic series, are but a play of the environment upon 
parthenogenesis as such, or whether they are the result of the forces fundamentally 
modifying the gametic constitution of the species. Even if the first generation of 
young hatching from resting eggs is always morphologically the same from what
ever type of the species it is derived, there is still the possibility that the young 
saccate individuals derived from different eggs differ physiologically and in their 
reproductive tendencies. For it is conceivable that inheritance through the resting 
egg need not manifest itself in visible characters of the individual which emerges 
from the egg; it may be hidden as tendencies only to manifest itself in later ge
nerations. The main result of a series of admirable experiments is that we have a 
hereditary transmission of induced germinal modification through sexual as well as 
through parthenogenetic generations or in other words, that sexual reproduction is 
unable to wipe out the tendencies induced during parthenogenesis. The main conclusion 
of the paper is therefore: that the marked morphological changes induced by nutri
tion are not confined within the bounds of parthenogenetic series only, but as far 
as the experiments show, are equally transmitted by a sexual process. This renders 
it at least not improbable that the mutational changes shown in Asplanchna amphora 
are phases of a true species-making process. —

It having now been shown that in all rotifers we have to do with two female 
forms, the amictic and the mictic ones, it will be understood that it would be of
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the greatest interest to take up the whole question for reconsideration, and it is 
to be hoped that this rare animal will appear again, and that the happy finder 
may be able to investigate the material thoroughly.

Zawadovsky (1916 p. 1) studied Diglena voluocicola and reared them in drops 
of fluvial water. Like all other observers, he has observed the two sorts of females, 
amictic and mictic ones. From the moment of its appearance the mother already 
possesses a well-determined sexual tendency to lay Ç or A eggs, and only the last- 
named ones can be fecundated. Sex determination may concentrate its attention 
not upon the mother but upon the grandmother. The amictic females begin to lay 
eggs 26—28 hours after hatching, and at intervals of 2—3 hours, (at 20—23° C.). 
The males are ready to copulate some minutes after having been hatched and after 
nine hours (with a temperature of 20—23° C. and sufficient nourishment) the 
females lay one fertilised egg after another. Tannreuther (1920 p. 389) has given 
some valuable observations with regard to the biology of Asplanchna Ebbesborrtii. 
It was found in freshly prepared cultures in aquaria in the zoological laboratory 
in the University of Missouri. It appeared in January and persisted about two 
weeks, whereupon it disappeared. It reappeared in March, and in May until De
cember 1918, when the paper was completed. In each instance about two months 
elapsed between the times of its appearance. In each cycle of appearance males, 
females, and resting eggs were found in about the same proportions. The two kinds 
of females were observed, furthermore it was noted that fertilisation had no influ
ence upon the amictic form. It is of interest that Tannreuther found two sorts 
of resting eggs, a very thin-shelled one with a single shell membrane, and a thick- 
shelled egg, with a double shell membrane, the first named develops with the same 
rapidity as the parthenogenetical, and hatches out immediately after deposition. 
Two polar bodies are found in each kind of resting eggs (in the parthenogenetical 
only one) and none of them are developed without fertilisation. Powers has made 
the same observation.

The mictic females produced simultaneously or successively males and resting 
eggs e. g. two resting eggs, one male, one resting egg, one male, one resting egg, one 
male. — In a female which produces the resting eggs, the yolk spherules become 
larger and more abundant; the vitellarium becomes darker; the yolk is not pro
duced until at the point where the oviduct takes its origin. The process continues 
until the vitellarium is completely filled with yolk. Where males and resting eggs 
are produced by the same parent, the yolk is produced at intervals just before the 
resting egg begins its growth in the ovary.

In many instances the sperm of the sexually mature male (before birth) would 
escape from the testis and become deposited in the uterus of the parent, fertilise 
the mother animal, and bring about the production of resting eggs. The males were 
rare in the culture; they are very short-lived; they do not increase in size after 
birth, whereas the females increase to at least four to six times their size at the 
time of birth. The individuals hatching from the resting eggs are always amictic; 
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but already the next generation consists of mictic and amictic females. The number 
of resting eggs in the uterus at any time varies from one to eight. When conditions 
are favourable, it requires about seventeen hours from the time of the formation of 
the polar body to the time of birth of the parthenogenetically produced males and 
females. The males and females are sexually mature at birth. —

In a paper (1922 p. 225) Bessie Noyes has studied the life history of Proales 
decipiens in cultures. The main results are the following: Twenty-four to thirty-six 
hours after hatching the animal begins at laboratory temperature to produce eggs. 
The animal lives about a week egg production ceases on the seventh or eighth 
day; it is low the first day, reaches its maximum at the fifth, and then declines 
sharply. In a typical life-cycle an egg deposited by the mother hatches in twelve 
to twenty-four hours; the embryo reaches the egg-laying period in twenty-four to 
thirty-six hours after hatching and deposits on the average one egg the first day, 
three the second, five the third, seven the fourth, three the fifth, one the sixth; 
death occurs on the seventh day of maturity. The cultures were kept in a solution 
of malted milk. It could be shown that, whereas during the beginning of the ex
periments 100 isolated individuals gave an average length of life of 4.65 days, five 
months later another 100 individuals had an average length of life of 6.17 days. 
This increase in length of life was accompanied by a marked increase in the number 
of eggs. It was further shown that under conditions of constant temperature and 
food the average length of life was lower than the average for individuals kept 
under conditions of constant food supply and fluctuating temperatures. Six to eight 
hours before hatching, the embryo in the deposited egg shows movements; the new
born animal moves rapidly and increases in all directions for the first four days, 
but increases in diameter almost until death. At a certain point a yellow-brown sub
stance begins to appear posteriorly, it increases in amount, the body becomes 
brownish and the posterior part is inflated; lastly the power of movement is almost 
lost. If the eggs are laid singly or in lots is not known. It seems as if much more 
food material is taken in than products are given off, and in the last two days 
the defecation often wholly ceases. Male eggs have never been seen; amongst more 
than 50.000 eggs, only sixteen have been found which ought possibly to be re
garded as resting eggs. Males have never been seen in the thirteen months in which 
Proales has been under observation. The number of eggs laid every day is not quite 
constant; if it is high the first day (7 to 9), the life cycle lasts only three to five 
days; if the number is small (1 to 3), the life-cycle is longer.

As mentioned above, Proales decipiens seems to have a wholly parthenogenetic 
cycle; at all events, for thirteen months males or male eggs do not seem to occur. 
All those variations in external conditions which Shull and Whitney have tried as 
male-producing factors have been studied unsuccessfully. In all cases isolations were 
made for five successive generations, but always with a negative result. It was fol
lowed through 250 generations and no evidence of weakening in the race was observed.

It may be added that Noyes has tried to increase the egg deposit and average 
3* 
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length of life through artificial selection, carried out for three months in fifteen 
generations; the attempt was without avail. She further shows that individuals of 
a line subjected to the fumes of V-i and Vs °/o ethyl alcohol continuously for 
nineteen weeks showed a decided reduction in egg-production while under the in
fluence of the alcohol, but their progeny, returned to normal conditions, regain the 
normal egg producing power after the third generation. —

Bianco (1924 p. 1) shows, with regard to Proales felis, that in all his experi
ments only parthenogenetic females have appeared.

Lite and Whitney (1925 p. 1) have studied the rôle of aeration in the hatch
ing of fertilised eggs of rotifers. It has hitherto been unknown whether a period 
of inactivity and quiescence is necessary for the normal development of the resting 
eggs, or whether this period of inactivity is forced upon them by their environ
ment. Several times it has been stated that a few fertilised eggs have hatched 
shortly after they were laid. Powers and Tannreuther have observed, in different 
species of Asplanchna, that occasionally a female that is producing the normal fer
tilized eggs enveloped in a thick inner shell, produces an egg which lacks this 
thick inner envelope. Such eggs hatch soon after being laid. This would seem to 
indicate that the thick shell may in some manner determine the time of hatching 
of the eggs. Shull has found that a few resting eggs of Hydatina senta hatch 
soon after being laid. Whether their shells were normal or abnormal was not 
determined,

Lite and Whitney show, with regard to Brachionus Bakeri, that young rotifers 
are unable to break through the egg membranes because of the firmness of the 
new membrane. If newly laid fertilised eggs of Brachionus and Asplanchna are kept 
for a few days in sealed containers amid a mass of decomposing organic material, 
the covering membranes of the eggs are weakened, and the young rotifers can 
readily break through them. Such eggs develop and hatch slowly or quickly accord
ing to the amount of aeration in the culture water. The thick inner membrane of 
the resting eggs of Asplanchna causes the development of the young rotifers to 
cease probably because it shuts off the oxygen supply. Abnormally fertilised eggs 
which lack this thick membrane may produce the young females that may hatch 
inside the body of the mother as do the parthenogenetic eggs or, if laid, hatch soon 
afterwards. In this way its should be possible to understand that Asplanchna fe
males are able to produce both male young, female young, and fertilised eggs; a 
fact which would otherwise be contradictory to the theories of sex-determination.

Lehmensick (1926 p. 37) has studied the life conditions and ripening of the 
egg of Euchlanis triquetra and Asplanchna priodonta. The development of the embryo 
of an amictic female (Enchlanis triquetra) lasts 34—36 hours. The first egg is laid on 
the third or fourth day, two eggs are produced a day. The animal lives 2—4 days 
after the last egg has been laid. The number of amictic eggs produced is 24; the 
number of male eggs is the same, but they are laid in a much shorter time and 
the mictic female lives for about 4—6 days after the last egg has been laid. The 
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mictic females always occur at the height of the culture after fecundation, they are 
always recognisable by the dark vitellarium, caused by deposition of fat substances. 
The production of resting eggs strongly influences the ovarium; the development 
takes much more time, and their number is but small. This is also the case with 
Brachionus urceolaris (Sachse 1912); Hydatina (Plate 1886; Lenssen 1888; Storch 
1924 and Marinelli 1925). Pairing after the first day has no influence.

In Asplanchna priodonta, Euchlanis triquetra and Synchœta pectinata Lehmensick 
finds the same differences between mictic and amictic ovaries as found by Storch 
in Hydatina. He has very thoroughly studied the manner in which the yolk masses 
are transferred to the amictic egg.

A. O. Tauson began her very important investigations relating to the sex de
termining influences upon Asplanchna intermedia in 1925. The main results of her 
paper (1925 p. 131) are as follows. A. intermedia may even at an older age be im
pregnated; the age is of no significance in this respect: (against Maúpas, Punnet, 
Whitney o. a. and in accordance with the observations of Lauterrorn and Zawa- 
dowsky); the mictic females produce 9—10 (smaller) eggs; the amictic ones 5—6 
(larger), the first-named lives only three days; it is ripe upon the first day; pro
duces about 10—12 eggs upon the second; continues egg production on the third 
whereupon it dies; an amictic female lives 5—6 days; produces only about 4 eggs a 
day. A female may both produce larger and smaller females; variations in the ex
ternal medium influence the ovarium, most probably causing variation in the amount 
of yolk mass, again causing production of smaller eggs, resulting in the smaller 
females which produce the mictic females. Fertilised mictic females grow strongly 
in size, reaching that of the amictic ones; the yolk mass is altered in aspect, and 
the shell of the eggs is another. The development of the resting eggs does not 
require desiccation, but very low temperatures near or below zero. The resting 
period begins after the development has begun, most probably at a stage of about 
10 blastomeres. In Nature the course for A. intermedia is as follows: The resting 
egg is hatched in May; the propagation is only parthenogenetic; the water is filled 
with amictic females. This stage lasts a week, then the amictic females begin 
to produce simultaneously mictic and amictic females: the first produce males, 
never resting eggs; again a period with only amictic females occurs; again there 
appears a period with mictic as well as amictic females, and now the mictic 
displace the amictic ones; the males live for a very short time, fecundate the 
mictic ones; they produce two or three resting eggs, whereupon they die. The whole 
active period lasts only about a month. On the locality A. i. mainly feeds on Anurcea; 
when these disappear and the water-bloom period begins, A. intermedia disappears. 
The main results with regard to the sex determining influences of external condi
tions are as follows.

It is the medium reaction and the quantity of carbonates in the physico
chemical variations in the external medium which may be regarded as one of the 
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main factors causing the occurrence of the mictic females. The reaction is not 
direct but makes its influence felt in accordance with its strength (“durch den Grad 
ihrer Veränderung’’ Tauson p. 320). The direction is indifferent. With regard to the 
carbonates the percentage maximum of the mictic females is reduced by augmen
tation and augmented by reduction. The influence of these two factors is obvious 
in all generations of Asplanchna intermedia. The general amount of salts has not 
the same influence as carbonates; the same is the case with the other components 
of the amount of salts in fresh water. On the other hand, they influence the growth 
and the beginning of the ripening of the sexual products; the other substances dis
solved in fresh water (organic substances, free carbon dioxyde and oxygen) have no 
influence at all upon sex determination. —

In a second paper (1926 p. 355) Tauson emphasises her view that it is the 
phycico-chemical variations in the external medium which cause the development 
of mictic females. Especially the variations in pH and their influence are thor
oughly studied.

It has been shown that A. intermedia does not endure an acid reduction 
below pH 6.70. Tauson shows that pH, during a day and night period, especially 
during a water-bloom period, is subject to very significant oscillations from 6,8 to
9 or even more; these variations belong only to the surface layers, not to the 
deeper water layers, where the pH reaction is rather constant. Tauson now shows 
experimentally that variations in pH caused by a supply of NaOH, if they are only 
of short duration, have no influence upon the production of mictic females. Only 
a constant long-lasting influence on the part of the reaction variation in the ex
ternal medium is able to influence the production of mictic females.

In this way it is intelligible that the day and night variations in pH do not 
cause the appearance of a sexual period; if life conditions in the superior water
layers do not suit the animals, they have only to wander downwards into 
deeper ones.

Tauson furthermore shows that the temperature optimum for A. intermedia 
lies at 16—23° C.; at a temperature of 10—11 0 C. the life of the species is threatened; at
10 the propagation is stopped, but the specimens live 7—9 days without showing 
signs of senility. Optimum is at 17° C.; at 20—22° the energy of the specimen is 
exhausted much faster and the lifetime abbreviated. 25 C. and higher temperatures 
have a fatal effect.

In accordance with the publications of Jatzenko on Anurœa acnleata and Syn- 
chceta pectinata Tauson supposes that the upper limit for plancton rotifers lies at 
25°C., the lower for Anurœa aculeata and Synchœta pectinata at 4°. Besides, Tauson 
states the result from almost all earlier authors that the differences in temperature 
do not influence the appearance of mictic females. — The same is the case with 
the Ca-ion; on the other hand, “bei den pH Aenderung nach der alkalischen Seite 
wirkt Ca lähmend auf die Entwickelung und den Wuchs der Tiere; bei der saurer 
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Reaktion dagegen tritt das Ca-Ion als Antagonist des Cl-Ions auf” (p. 389). The 
life conditions of the animals are ameliorated.

In a very convincing manner Tauson (p. 387) has shown how the periodic
ity of A. intermedia in the natural ponds is in full accordance with the annual 
variations in the physico-chemical conditions of the pond-water in which the ani
mals live.

The resting eggs are not hatched if pH is below 6.89—6.90 and if the tem
perature is below 13.5—14. Optimum is at pH 7.11—7.15 and a temperature of 
17 C.; at that lime only amictic females appear. If the temperature is lowered the 
Asplanchna max. is detained, even if pH is 6.90—7.00; when it again reaches 17—18, 
the amictic propagation sets in again, and when the high temperatures 22—23° C. 
appear, and pH reaches 7.7—8.00 (waterbloom), the mictic females appear. The 
Asplanchna accommodate themselves to the new life conditions, amictic propagation 
takes place again, but the appearance of high temperatures 24—25°C. and a fall in 
PH to 7 cause mictic females to appear again; the bad life conditions now cause 
the number of mictic females to be uninterruptedly augmented; the large amount 
of males, now produced, fecundate the mictic females which produce resting eggs 
and the period of active life of the colony is at an end. —

In the paper (1927 p. 343) Tauson examines whether oxygen may have any 
sex determining influence on the Rotifera. As mentioned above, Shull has main
tained this, whereas Whitney has denied it. Tauson arrives at the same result as 
Shull and Ladoff, maintaining “dass der Sauerstoff nur im Falle der Uebersätti- 
gung ein wirksamer die Geschlechtbestimmung beinflussender Faktor ist”. She cri
ticises Whitney and shows why he has arrived at a result differing from Shull’s 
and her own.

Then Tauson (p. 353) maintains that neither quantitative nor qualitative 
variation in nourishment has any great sex determining influence upon the Roti
fera; the former has almost always been denied, the latter has been maintained by 
Whitney (1917) and others, as well as by Luntz (1926). She asserts that the results 
of the experimental work of Luntz (see later) have not been interpreted in the 
right way, and that it is the variation in the reaction of the medium which is sex 
determining. For when a culture of protozoa is conveyed to a faintly acid medium, 
the Protozoa will alcalise the culture water, and it is this factor which acts to 
determine the sex. With regard to variations in the quantitative amount of food, 
Tauson maintains that these variations are not without all sex determining influ
ence. Amictic females which have had no food for three days and are then given 
copious nourishment, produce mictic ones in the following days.

Finally Tauson (p. 357) recapitulates all her investigations in the following 
main results.

The most active sex détermining factor is the variation in the reaction of the 
water, then decreasing amount of food, and lastly and in smaller degree the amount 
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of oxygen and carbonates; all other factors, also the temperature, only play an 
indirect rôle. —-

The most important factor in the external medium is the reaction acting in 
the first place with regard to its strength, however, only to a certain limit; if the 
pH value is augmented above 0.60, under natural conditions the amount of mictic 
females are not augmented; the reaction is felt in all generations, from the first, 
developed from the resting egg, to the last. —

The second sex determining factor is an insufficient amount of nutriment, 
causing smaller eggs, giving rise to mictic females, again producing males. These 
alone cannot hold the place for the species, and the active life of the colony is 
brought to an end. Renewed better life conditions may cause the amiclic females 
to begin amictic propagation again, a new’ maximum may set in, later on followed 
by a new sexual period.

The third sex determining factor is the oxygen acting only “bei der Veränderung 
seines Gehalts in der Richtung der Vergrösserung des Sättigungsgrades des Wassers 
mit Sauerstoff”.

The fourth and last sex determining factor is the amount of carbonates; directly 
they do not cause the production of mictic females ; if their amount is augmented 
they have a repressing influence upon the maximal development of mictic females.

Variations in temperature have no sex determining influence, but between the 
limits 16°—23° C. they augment the influence of the reaction.

Luntz (1926 p. 233) has studied the factors determining sex in Pterodina 
elliptica. The investigation was based upon “reine Linien” i. e. parthenogenetic 
progeny from one single animal. Willi constant external conditions (tempe
rature, nourishment) only five young w7ere born; this number was quite constant, 
and under these conditions males never appeared ; during 93 generations all were 
amictic females.

The main result of Luntz’ investigations is that Pterodina elliptica, under con
stant external conditions, propagates only parthenogenetically (93 amiclic genera
tions without variation in size and with the normal remarkably small number of 
eggs). On the other hand, if life-conditions are altered, quite distinct variations in 
the external medium are able to force the production of mictic females, but the 
limits for the appearance of mictic females are much more restricted than those 
which limit life in the active stage for the amictic ones. In this way Luntz has 
shown that these variations are of the greatest significance for sex determination.

The investigations show that owing to qualitative but not quantitative varia
tion in food (Polijtoma-Chlamydomonas) amictic females can be forced to produce 
as wrell mictic as amictic females; on the other hand, mictic females cannot be 
forced to produce amictic ones, while between the twro sorts of females there are 
profound physiological differences. Differences in temperature alone cannot force 
amictic females to produce mictic ones, but combined with variation in food they 
can cause the augmentation in number of the mictic females.
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The hydrogen ion concentration has no direct influence as a sex determining 
factor; on the other hand, it makes its influence felt because for every concentra
tion it has very sharp limits between which variation in nourishment is only able 
to produce mictic females. To variation in concentration only the descendants of 
the last (the fifth) egg react in parthenogenetic cultures; to variation in food the 
descendants from all eggs react simultaneously; the property of the fifth egg is not 
hereditary because, if selection has been carried out in five generations, the reaction 
to the concentration is again normal.

Males and resting eggs only appear in colonies with two females; in this case 
a mother cannot be fertilised by a son.

The relative age of the mother has no influence with regard to the production 
of mictic females.

Under quite special conditions resting eggs are developed after 6—40 days; 
from resting eggs amictic females are always produced, but these females may, 
under special conditions, be forced to produce mictic females.

With regard to the question if an internal rhythmic hereditary factor has a similar 
significance, Luntz denies this, maintaining that the alteration of generations is 
only dependent upon variations in external conditions. The results of the outdoor 
explorations (Lauterborn, W.-L.), and Goldsmidt’s deductions mainly supported by 
Shull’s explorations, are interpreted in another way. —

In a second paper (1929 p. 193) Luntz arrives at a somewhat different result. 
For he saw that, even if the rotifers were kept under certain constant life conditions, 
males and resting eggs appeared in the cultures, and that at quite regular intervals 
of the sexual periods. For further investigations he now used Brachionus Bakeri var. 
rheanus. The lifetime was twelve days; number of eggs 7; in this species, in con
tradistinction to Pterodina elliptica, the mictic female could be paired with ils own 
sons; it only produces a single resting egg. It was of course of interest to see if varia
tions in external conditions could influence the periods between two sexual periods, 
either shortening or prolonging them. Luntz has shown that a mixed nourishment 
of Eudorina and Chlamydomonas in reality influenced the period so as to prolong it.

If resting eggs are transferred to 0.086 p. c. nutrient solution or to a strong 
acid or alcaline solution, it is possible to force already the first generation to produce 
mictic females. Further investigations with Pterodina elliptica showed that here, too, 
mictic females and males appeared at regular intervals, and that even if the animals 
were kept under quite homogeneous life conditions. The main result of the paper 
seems to be that constant life conditions are not able to prevent periods in which 
mictic females appear, and so to speak appear quite spontaneously and at regular 
intervals. Luntz further shows (p. 206) that variation in food with regard to Brachionus 
and acid nutrient solution in Pterodina is able to produce periodic periods of bisexuality, 
and that other constant variations in life conditions are able to prevent the appear
ance of mictic females. From these last named observations Luntz is of opinion that in 
spite of the fact that mictic females in cultures, under homogeneous life conditions, so to
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speak appear in waves al regular intervals, the observations nevertheless clearly show 
that it is only variations in external conditions which condition the appearance of 
iniclic females. I shall return to this main point later on.

Finesinger (1926 p. 63) has tried to test the direct effects of various chemical 
and physical agents on the egg-productivity and length of life in a parthenogenetic 
rotifer Lecane inermis (Bryce) and to determine whether any of the effects produced 
are heritable.

Lecane inermis seems to reproduce purely parthenogenetically, thus assuring a 
pure line. Its average length of life is about eight days, during which it lays about 
fifteen eggs. The eggs hatch in eighteen to twenty-four hours, and the young begin 
to produce eggs in twenty-four to thirty-six hours after hatching. The maximum 
size is reached on the fourth or fifth day. The main result was that the subjection 
of Lecane to varied chemical environments and to higher temperatures for a period 
of three months through about twenty-five generations has been ineffective in trans
mitting diversities beyond the second generation, and the effects of subjection to 
varied temperatures were transmitted for two generations (two weeks) after return 
to normal, then disappeared.

Watzka (1928 p. 430) in a series of experiments tried to elucidate the 
factors supposed to cause the appearance of males in Asp lane hna Brightivelli, Bra- 
chionns pala and Amircea aculeata. Like almost all other investigators, he arrives at 
the result that temperature alone has no influence; the same is the case with starvation 
and variation in light; also want of oxygen had no influence; only sudden variation 
in nourishment caused an increase of males of 60 %, and already on the fourth or 
fifth day after the variation had set in.

Jennings and Lynch (1928 p. 347 ) have begun a study relating to length 
length of life and fertility in the rotifer Proales sórdida Gosse. Quite correctly the 
authors maintain that these two features, life land fertility, are characteristics in the 
same sense as are colour of eyes or form of body, revealing in the same way the 
influence of genetic and other factors. Jennings and his pupils’ investigations with 
regard to the Protozoa indicate that the situation in this group appears to realize 
very closely the conditions demanded by the neo-Larmarckian theory: slow and 
steady changes under pressure of environment; the changes produced being cumulative 
and passed on to progeny even under altered environments; until finally these 
altered environments produce anew another set of changes. In the Metazoa there is 
thus far little experimental evidence of such racial alteration under the influence 
of the environment; the authors have therefore preferred to acquire person
ally experimental knowledge of these matters, and used for their studies the 
above-named Proales sórdida. Length of life and fertility directly affect survival and 
elimination; stocks or individuals having greater length of life and higher fertility, 
through that very fact tend to prevail over and replace stocks having those charac
teristics in a less degree. The usual length of life of the animal is about eight days. 
The number of eggs produced is normally twenty-four to twenty-eight. The offspring 



27

of young parents show a lower fecundity than the offspring of the same parents 
when old. Late-horn individuals show much greater diversities in fecundity among 
selves than the early-horn, and late-born individuals have on the average a 
longer embryonic period of immaturity, and a longer interval from the egg of one 
generation to the first egg of the next. The cause of this differences is that the 
eggs produced by young parents are small and very uniform in size. Older and 
larger parents lay larger eggs: of the latest eggs many of the largest and the 
smallest fail to develop. Now if has been shown that the peculiarities of the 
individuals are correlated with the differences in size of eggs; that is with the diffe
rent amount of cytoplasm and yolk that they contain. In sum, the individuals of 
a clone of Proales sórdida are not all intrinsically alike. They are diverse in fecundity 
and in the length of certain of the life periods: in dependence on the size of the 
eggs from which they come, and, through the latter, in dependence on the age of 
their parents.

In the next paper (II) Jennings and Lynch have taken up the details of the 
life-history, particularly in so far as they throw light on diversities in length of 
life and fecundity. The main results are the following. Four periods are distinguish
able : the embryonic and immature periods, lasting each about one day; the period 
of fecundity, lasting three to nine days, and the period of old age lasting up to 
eighteen days. The mortality in these various periods differs very much. In eggs 
from old parents there is a high mortality in the embryonic period, in the eggs 
from young parents a low mortality or none; in the period of immaturity there is 
practically no mortality; it increases with the beginning of egg laying. The produc
tion of eggs is a severe process. Individuals that successfully survive the period of 
reproduction may live for a period of old age that is two to three times as long 
as the total earlier life.

Whitney (1929 p. 416) has studied the chromosome cycle in the rotifer 
Asplanchna amphora. Whitney here tried to determine whether there is any apparent 
relation between chromosomes and the production of male- and female-producing 
daughters. Earlier investigations have shown that daughters of a parthenogenetic mother 
who receive a scanty diet of green Chlamydomonas will be amictic, whereas daugh
ters of a parthenogenetic mother receiving an abundance of Chlamydomonas will 
be mictic; furthermore that excess of oxygen will give rise to a higher percentage 
of male-producing daughters than would be the case in culture waters having the 
amount of oxygen that is normally absorbed from the atmosphere.

Furthermore Tauson has ascertained that a sudden change in hydrogen-ion con
centration in the water will also bring about a higher production of mictic females. 
Finally Shull found that the mechanism which determines the nature of the 
daughters was in operation in the mother, at the time her eggs, which later developed 
into her daughters, were forming their single polocyte. Now Whitney states that 
the diploid number of twenty-six chromosomes was found in the mature partheno
genetic female-producing eggs, and also in the somatic cells of the female embryos 
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developing from such eggs. In the maturation stages of a few of these eggs the 
chromosomes were markedly larger than in the corresponding stages of the majority 
of the eggs. On the other hand, whether this difference in the size of the chromo
some is correlated with male and female-producing individuals could not be de
termined. The mature parthenogenetic male-producing eggs contain the haploid 
number of thirteen chromosomes, a number which was found also in the somatic 
cells of the young male embryos. The mature sexual eggs contain thirteen chromo
somes. Two sorts of spermatozoa occur, viz. mobile spermatozoa containing thirteen 
chromosomes, and non-mobile and rudimentary spermatozoa deriving from sper
matids containing fewer than thirteen chromosomes. The mobile spermatozoa unite 
with the parthenogenetic male-producing eggs; both contain thirteen chromosomes, 
thus producing the fertilised eggs with the diploid number of twenty-six chromo
somes. These fertilised eggs develop into female-producing ones which produce 
parthenogenetically.

With regard to the number of polar bodies in the Rotifera the records differ 
very much. Apart from earlier papers, the questions relating to the number of chro
mosomes, the reduction of the chromosomes and the whole process of the matura
tion of the rotifer eggs have mainly been dealt with by Erlanger and Lauterborn 
(Asplanchna 1897) Lenssen (Hydatina 1898) Whitney (Hydah’na 1908 b) Shull (Hy
datina 1910) and Tauson (Asplanchna 1924). The main results of the investigation are 
that the male parthenogenetic egg casts out two polar bodies, the female partheno
genetic egg casts out only one polar body; the resting eggs behave like the male 
parthenogenetic eggs, producing two polar bodies.

With regard to cytology Storch has shown that there are conspicuous dif
ferences in the ovaría of the two females.

The mictic eggs, the male eggs, as well as the resting eggs, derive from the 
same origin. Already in the youngest ovocyte stage a synaptic prophase is per
formed; a pseudo-reduction of chromosomes takes place, a diakinesis is developed 
and finally normal “Reife-Teilungen” go on. The haploid number of chromosomes 
is eight. If this kind of egg is not fecundated, a male with haploid chromosome 
number is the result. If it is fecundated, the result is a resting egg, with diploid 
chromosome number; from this egg a female is developed. On the other hand, the 
nuclei of the ovocyte of the a mictic females are typical “Ruhekerne”, resting nuclei, 
and therefore in a condition quite atypical of nuclei in sexual cells; they have 
an atypic prophase and only pass through one meiosis, and the egg remains 
diploid. In this way it approaches the soma cell. The mictic egg passes through 
all stages from diploid through haploid and again to diploid; in the amictic one 
this whole nucleo-metamorpliosis is obliterated. Whitney (1929) arrives at quite 
similar results.

Nachtwey has shown witli regard to Asplanchna amphora that the staining 
power of the nuclei of the ovocyte of the amictic females is very small; this is 
due to an emersion of chromatin substance; the nucleus itself is colourless, but 
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the substance which is able to be stained, is deposited externally and later on fused 
into “Kernkappen”.

On the other hand, it seems that in the nuclei of the ovocytes in some of 
the embryoes the greater part of the chromatin remains within the nucleus, and 
hence “Kernkappen” are not developed. It is presumed that mictic females will 
develop from these embryoes. —

If now we survey what has been gained mainly by the laboratory studies 
relating to the biology of the Rotifera, and especially with regard to sex deter
mination, we shall arrive at the following results.

1. As males have never been found in Bdelloida, it has been supposed that 
this group only propagates parthenogenetically. It has been presumed (Dobers 1915) 
that desiccation and contraction as a process of renovation play a similar rôle to 
fecundation in the biology of the animals. It must, however, be kept in mind that 
thorough experimental investigations have never been carried out. — Experimental 
studies relating to some Notommatidce: Proales, and to Lecane seem to show that 
parthenogenetic propagation is at all events the rule and perhaps exclusively so 
also in families outside the Bdelloida. (Noyes, Bianco, Finesinger).

2. The propagation of the Seisonacea, seems to be exclusively bisexual; more 
thorough investigations are desirable.

3. Among all other Rotifera heterogeneous propagation is, as far as we know, 
the rule.

4. All heterogonetic Rotifera possess two sorts of females, the amictic and the 
mictic ones; the amictic females always propagate parthenogenetically and only produce 
females, the egg has only one polar body, fecundation has no influence.

5. The mictic females may also propagate parthenogenetically but then only 
produce males; they may be fecundated whereupon they produce resting eggs; 
resting eggs are merely fecundated male eggs. The spermatozoon suppresses the 
male qualifications of the resting egg and causes female development; the egg has 
two polar bodies; the two sorts of females are strictly separated and cannot pass 
over into each other.

6. From the resting egg a female is always developed, fecundation therefore 
determines the sex in two generations, first in that developed from the male egg, 
and secondly in that developed from the resting egg.

7. The female hatched from the resting egg is always amictic, but already the 
next generation may consist of mictic and amictic females. Luntz (1929) shows 
that if resting eggs (Brachionus Bakeri) are transferred to 0.086 % acid or alcaline 
solutions, it is possible to force the first generation to produce mictic females.
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8. Il has been maintained that fecundation is only of importance if it takes 
place in the first hours of the life of the young females, later on it has no influ
ence. (Maupas, Punnett, Whitney, Mitchell). On the other hand Lauterborn, 
Zawadowsky, Tauson, and Luntz maintain that also older females can be fecun
dated; in this respect the species seem to differ from each other.

9. The life of the male is extremely short, never more than a few days, most 
probably often only a few hours; it may be ready for fecundation the very moment 
in which it is born (Diglena voluocicola Zawadowski 1916). The same may be the 
case with the female (A. Ebbesbornii Tannreuther 1920) but commonly the female 
lives some days before fecundation. Even if some observations seem to show (Luntz: 
Pterodina elliptica) that a son cannot fecundate the mother animal, this is not the 
rule for the rotifers. As stated by Tannreuther (1920), in viviparous species a male 
may fecundate the mother animal before it is born; the pairing process as a rule 
takes place not through the oviduct but through the hypodermis; the spermatozoa 
are found swimming freely in the body cavity and force their way to the eggs in 
the ovarium, whereupon fecundation takes place.

10. Mictic females may successively lay first male eggs and then resting
eggs or simultaneously carry resting-eggs and male embryos. This has been ob
served in Asplanclina species (Lauterborn 1893; v. Erlanger u. Lauterborn 1897; 
Lauterborn 1898; Lange 1913; Lehmensick 1926) in Notommata Werneckii 
(Balbiani 1878); in Pedalion iniruin (Lauterborn 1898); in Hydatina (Nussbaum 
1897 and Shull 1910). Females which produce both eggs from which amictic 
females are developed and male eggs have not been observed. The few exceptions 
from this common rule may all be interpreted in another way.

In viviparous species the same female may produce larger and smaller females; 
from the first are developed females which only produce females of the type of the 
mother animal; from the last-named male producers, mictic females (Tauson 1926).

11. It has been shown (Whitney 1912, Shull 1911 o. a.) that lines obtained 
from widely separated localities yield a constantly differing proportion of mictic 
females and behave very differently with regard to the number of eggs, etc.

12. Partlienogenetic propagation carried on for a very long time causes a 
weakening of the colony which can be neutralized by mictic propagation 
(Whitney 1912).

13. At high temperatures mictic females lay more eggs than amictic ones.
14. The experimental investigations have greatly contributed to our knowledge 

of lifetime, fecundity and period of embryonic life.
The best studied species are Hydatina senta (Plate 1886; Maupas 1890; 

Nussbaum 1893; Whitney 1907—1929; Shull 1907—1929).

1912. Sachse Brachionus species.
1922. Noyes Proales decipiens.
1928. Jennings and Lynch Proales sórdida.
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1926. Lehmensick Euchlanis triquetra. 
1916. Zawadowsky Diglena volvocicola. 
1926. Finesinger Lecane inermis.
1926. Tauson Asplanchna intermedia. 
1926. Luntz Pterodina elliptica.
1929. Luntz Brachionus Bakeri.
1925. Cori Apsilus vorax.

All these investigations show 1) that the lifetime of the different species is a 
rather constant factor 2) that it is very different in the different species.

Very short-lived are species such as Proales decipiens, P. sórdida and Lecane 
inermis (5 to 8 days); the lifetime of Hydatina senta and Euchlanis triquetra is about 
2—3 weeks; of the Brachionus species one to two weeks; of the benthonic species 
somewhat longer. Apsilus vorax lives remarkably long, about 6 weeks (Cori); the 
lifetime of the Asplanchna species may be put at about 2—3 weeks. With regard 
to the Bdelloida, Zelinka (1891) Spemann (1924) and Dorers (1915) have shown 
that the lifetime of some species is much longer: of Callidina lutea and roseola e. g. 
five months (Zelinka); of antarctic Bdelloida several years, the active period of 
life being only several months, but these months being distributed over years, in
terrupted by long periods in an aphytic condition (Murray 1910).

15. Also the fecundity of the species differs very much but is rather constant 
for the single species. It is very small for Pterodina elliptica, which lay only 5 eggs. 
Most of the species investigated lay about 20—30 eggs; Hydatina senta lay remark
ably many eggs, about 50. The viviparous species get relatively few young ones, 
rarely more than 10, and commonly a smaller number (Rotifer vulgaris, the As- 
planchna species). All these statements apply to the amictic females. The number of 
eggs a mictic female produces depends on whether or not she is fertilised. If not 
fertilised, investigations hitherto carried out seem to show that the number of eggs 
laid by the two sorts of females is almost the same, but that those of the mictic 
female are laid in a much shorter time (Lehmensick 1920: Euchlanis). If 
fertilised, the production of resting eggs is an exertion on the part of the whole or
ganism, of course influencing especially the vitellarium ; this latter becomes darker, 
the yolk spherules become larger and more abundant. (Tannreuther 1920 a. o. 
Tauson 1927).

16. It has formerly been supposed that a female only lays one resting egg 
and recently Storch (1924) and Marinelli (1925) have supposed the same. This 
may be correct for species which die with the resting egg in the body, but it is 
not the rule. The Brachionus species produce a varying number. (B. urceolaris 5—6 
Sachse 1912); Euchlanis triquetra several (Lehmensick 1926); Hydatina senta about 10; 
Asplanchna Ebbesbornii 1—8 (Tannreuther 1926). It has been shown that in some 
species (Asplanchna Ebbesbornii) there exist two sorts of resting eggs (Tannreuther 
1920) thin shelled and thick shelled ones; only the last-named are real resting 
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eggs from a biological point of view; both kinds of eggs have two polar bodies. 
As generally known, a period of inactivity seems to be necessary for the normal 
development of the resting-eggs. That this, however, is not always the case has 
been observed several times (Shull: Hijdatina senta a. o.). Through Lite and 
Whitney’s investigations (1925) it has been observed (Brachionus Bakerí) that 
young Rotifera are unable to break through the thick egg shells but that these 
shells, when the eggs have been kept in decomposing organic material, are weak
ened, and that the young slip out when the eggs are kept in well aerated water; 
it seems probable that it is the exclusion of oxygen which causes the retardation 
in the development of resting eggs.

17. There are no external differences between the two kinds of females, it has 
been maintained (v. Erlanger, Lauterborn Asplanchna priodonta, Lange A. Ebbes- 
bornii 1912), that the mictic females are smaller than the amictic ones. The truth 
may be that they are born smaller (Asplanchna, Synchœta) but that later on they 
reach the size of the amictic ones.

Even if we know, especially through Storch’s and Nachtwey’s investigations, 
that there are cytological differences between the mictic and the amictic females, we 
are of course unable in this way to distinguish the two kinds of females from each 
other in the living stage. This will, however, always be possible in those species 
where the females carry their eggs, the three kinds of eggs showing great differences 
with regard to size and shell structure. It is furthermore often possible where 
the females do not carry the eggs. As often stated by experimenters, the vitellarium 
gets a darker colour owing to fat production, and owing to this fact it is often very 
obvious when the mictic females in a colony have appeared.

18. It is often maintained that the mictic females appear at the height of 
development of a colony; the significance of this observation will be more thoroughly 
dealt with later on.

19. In reality it seems as if the question of sex determination in the Rotifera 
is solved. It is fecundation which determines if an egg shall develop into a male 
or into a female. A resting egg is only the fecundated male egg and a male egg is 
a resting egg which is not fecundated; the spermatozoon introduced alters the sex 
of the egg. What has not hitherto been sufficiently elucidated is what those factors 
are which determine that amictic females shall continue with the production of amictic 
progeny or begin to produce mictic progeny. In reality this has no direct bearing 
on questions relating to sex determination; it bears only on those factors 
which determine the appearance of another kind of females. This has not always 
been understood, but has been strongly emphasized by recent authors (e. g. Shull).

In reality sex is determined a generation in advance and all investigators should 
therefore concentrate their attention not upon the mothers but upon the grand
mothers (Shull 1913, Zawadowsky 1916). The mechanism which determines the 
nature of the daughters was in operation in the mother at the time when her eggs, 
which later developed into her daughters, were forming their single polocyst; in 
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reality all investigations, especially those of recent years, have been directed precisely 
towards that point.

20. As mentioned above, Tauson (1926 a, b) has shown with regard to A. inter
media that an amictic female may produce large as well as small females. Variations 
of different kind influence the ovarium, most probably causing variation in the 
amount of yolk-mass, which again causes production of larger or smaller eggs 
resulting in larger and smaller amictic females. Already a series of earlier authors 
have pointed out the differences in the structure of the ovary in the mictic and 
the amictic female.

What then are the factors which, according to experimental studies, cause a 
colony of amictic females to begin producing mictic females and in this way in
augurating a sexual period.

21. The external conditions which have been supposed to bring about the 
production of mictic females are temperature, nutrition and chemical sub
stances.

Light which seems to influence the cycle of aphids has, as far as we know, 
no influence upon the cycle of rotifers (Watzka 1928).

Temperature does not seem to have any direct influence upon the cycle of 
ltotifera. It has been maintained by Maupas (1891) and Shull (1911 a), but while 
Maupas got an augmentation of the number of mictic females at high temperatures, 
Shull got the same at low ones. Maupas supposed that the influence was a direct 
one; Shull that it was indirect. Most authors have been unable to find any in
fluence at all (Punnet 1906, Whitney 1907, Noyes 1922, Watzka 1928). An in
direct influence is most probably unquestionable. High temperatures cause pheno
mena of depression, which again cause the appearance of mictic females; furthermore 
the influence of the variations of pH is dependent upon the variations of temperature 
(Tauson 1926 a; 1927 b).

Nutrition. The investigations seem to show that the influence of the nutrition 
is much greater than that of the temperature. Some authors (Punnett 1906) and 
Whitney, during his first investigations 1907, of recent years Zawadovsky 1916; 
Luntz 1926; Noyes 1922) find no influence. Nussbaum (1897) maintains a direct 
influence, finding that starvation causes the production of mictic females. On the 
other hand, a series of authors (Mitchell 1913 a, b); Whitney in a series of papers 
after 1907 (1916 a, 1917 a and 1919) arrive at the result that a high state of nutrition 
promotes the production of mictic females. That nutrition is a cycle-altering factor 
is also maintained by Shull (1917 a and 1917 b and by Tauson 1927 b) but 
only in the way that the amount of food alters the chemical composition of the 
water, or combined with variations in pH, which is maintained to be the main 
factor. —

Especially from the investigations of Whitney (1914 a, b, 1916 a, b) it was 
shown that change of food causes production of mictic females. Whitney changed 

U. K. D. Vidensk. Selsk. Skr.,naturv.og mathem. Afd.,9. Række, II, 1. 5 



34

the food from green Chlamydomonas to colourless Polytoma and obtained a great 
increase in the number of mictic females. He first regarded the result as directly 
caused by the new food; later on he thought that it was the direct change which 
had this effect; this was corroborated by all the following authors (Hodgkinson1 
1918; Luntz 1926 and Watzka 1928). Whenever the food was changed from Chla
mydomonas to Polytoma, or from Polytoma to Chlamydomonas, the result was the 
same. Luntz deepens the question, pointing out that, if change of food is to produce 
the appearance of mictic females, two successive generations before must be given 
a single kind of food, furthermore, that the effect of change of food is dependent 
also upon the pH value.

Chemical substances. It was Shull (1910, 1911 a) who first of all showed 
that the chemical composition of the water could influence the cycle of rotifers. If 
Hydatina was kept in a strong solution of horse manure, mictic females disappeared. 
Later on Shull (1911) further showed that of the components of the manure it 
was in the first place urea and ammonium salts which caused the mictic females 
to disappear. The same was the case with a long series of other substances (1913 a). 
How these components caused this result was not clear.

As a result of investigations begun already in (1910) and carried on later by 
Tauson (1925, 1926 a, b, 1927 b) and by Luntz (1926) it was pointed out that mictic 
females were produced precisely if the medium was changed into a very dilute 
fresh manure solution. Hence, in this case, too, it seems that it is not the new factor 
introduced, which causes the appearance of mictic females, but it is the change 
itself from one medium to another which is the primus motor.

As mentioned above, Whitney had shown that mictic females could be pro
duced by the introduction of Chlamydomonas in the cultures. As this phenomenon 
could presumably be traced to an increase in the amount of oxygen in the medium, 
Shull and Ladoff (1916) tried to find out whether oxygen itself could be regarded as a 
factor causing the appearance of mictic females. This really seemed to be the case 
to some extent, but fresh investigations by Whitney (1917 and 1919) and Watzka 
(1928) did not seem to support these views. During recent years inquirers have 
tried to find out whether pH had any influence upon the production of mictic 
females. The results are rather curious. Tauson (1925) maintains, with regard to 
A. intermedia, that the pH value of all factors is the most effective in causing the 
appearance of mictic females in both directions. With regard to Pterodina elliptica 
Luntz (1926) can find no influence at all — it is only influenced through change 
of food.

Tauson (1925) showed that increase of carbonate diminishes the production 
of mictic females, the other substances have no influence.

Any one who has studied the whole literature relating to sex-determination 
in rotifers, will again and again find the word change. He will receive the im
pression that more than the introduced factor itself, it is the change from the 
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old to the new one, which may have the sex determining influence. It is the change 
of food in both directions from Chlamydomonas to Polytoma and from Polytoma to 
Chlamydomonas, from low pH values to high values or vice versa, from one chemical 
composition of the medium to another, which causes the appearance of mictic 
females. On the other hand, the change may by no means always be responsible 
for the appearance of mictic females. In many cases change has had no in
fluence. We may now consider yet another important sex-determining factor which 
has not been mentioned hitherto, and which is nearly related to the internal 
factors.

22. The influence of all the above-named external factors, temperature, nou
rishment, chemical composition, light etc. is not the same at all periods of the 
life of the animal. Labile periods may occur as well as periods in which all 
external factors have no influence at all. With regard to the Rotifera Siiull (1912) 
has shown that the decision whether the egg shall give rise to a mictic or to an 
amictic female, is in reality made in the three first hours before the egg is laid, 
i. e. during the maturation process. Later on external factors have no influence. 
All investigations seem to corroborate this supposition.

23. We will now turn to the internal sex-determining factors. Shull (1910) 
(Hydatina) showed that mictic females were commonest in the middle of their 
mother families, not so common at the beginning and at the end. On the other 
hand, this sentence was not always corroborated; not by Luntz (1926) for Pterodina 
elliptica, nor for Asplanchna intermedia (Tauson 1927 b). It has often been maintained 
that, in the Rotifera, as was supposed by Weismann with regard to the Cladocera, 
we have an inherent cycle, in which the occurrence of mictic females is bound to 
distinct generations which mostly appear independently of variations in external 
conditions. From studies in Nature with regard to the periodicity of Rotifera, Lau
terborn arrived at this result in 1898. Dieffenbach and Sachse (1912) came to 
a similar result. Laboratory students commonly arrived at another result. Only 
Punnett (1906) arrived at the same result as Lauterborn and Dieffenbach and 
Sachse. But little by little, the more elaborate the laboratory investigations were 
made, the more the inquirers were forced to admit that even if life conditions were 
quite unaltered, males could occur rather suddenly and in waves at regular inter
vals (Whitney 1912 a, Shull 1915b, Luntz 1929). The phenomenon is connected with 
the fact that in aquaria it may happen that species apppear and disappear at quite 
regular intervals, periods begin with amictic females and finish with resting-eggs 
laid by mictic females; between two consecutive periods of life in active stages 
there may elapse e. g. two months (Asplanchna ebbesbornii, Tannreuther 1920 
p. 389). The phenomenon is most probably indisputable but is interpreted in very 
different ways. Shull maintains that the periodicity is internal, and sees in heredity 
one of the most important factors in the determination of sex (1923). Mitchell 
(1913 a, b) maintains that the periodicity is dependent upon changes in nutrition, a
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result disputed by Shull (1915 b) who supposes that qualitative differences probably 
do not influence the interval between periods of many males.

The observation that, under quite homogeneous life conditions, males in cul
tures appear in waves at conspicuous intervals, Luntz (1929) would interpret as due to 
an external factor only; nothing shows that in the said Rotifera we have anything 
to do with an internal factor “Das einzige was vererbt wird ist die Fähigkeit auf 
bestimmte äussere Reize durch Erzeugung von Männchen zu reagieren, wobei diese 
Reaktion auch eine zyklische Form annehmen kann. Dadurch wird aber die ganze 
Vorstellung von einem vererbten Rhytmus hinfällig der Rhytmus kommt nur 
als Reaktion auf äussere Reize zustande Allem Anschein nach handelt es 
sich hier um eine Summierung von bestimmten (vielleicht schädlichen?) Einflüssen”. 
This may be correct. On the other hand, I cannot see better than that the dispute 
is now reduced to a mere dispute of words. A “Summierung von bestimmten Ein
flüssen” is, as far as I can see, only another expression for inherited characters 
and as such belongs to the category of internal conditions.

Continued investigations have furthermore shown that even if male waves set 
in suddenly, they may in some cases decrease gradually. (Whitney 1912 a, Shull 
1912). Shull (1912 and later on, 1923) explained the phenomenon as a result of 
long continued undisturbed metabolism, caused by long continued parthenogenesis.

The observation that males and mictic females in the colonies under labora
tory conditions appear in waves, is nearly related to the result of outdoor explora
tions, that their appearance in Nature is periodic.

24. Of course the question has often been raised: In what manner can external 
conditions influence the organism?

An examination of the Kernplasma-relation by Shull (1922 a) showed that in 
the Rotifera this seems to have no influence upon the cycle of reproduction.

Storck (1923 and 1924) found highly refractive bodies outside the nuclear 
membrane of the oocytes of the mictic, but not of the amictic females. Whether 
these bodies have anything to do with the change of the egg from amictic to mictic, 
and whether we could perhaps in this way see the result of the influence of ex
ternal conditions is an unsolved question.

Whitney (1929) has tried to determine whether there is any relation 
between chromosomes and the production of mictic and amictic females. Il has 
been shown that both eggs possess the diploid number of twenty-six chromosomes, 
but that in a few of these eggs the chromosomes were markedly larger than in the 
corresponding stages of the majority of the eggs. On the other hand, correlated 
relations with mictic and amictic females could not be pointed out.

Tauson (1926 a, b) seems to come nearest to an explanation. As stated above, she 
observed that an amictic mother at a certain moment gives rise to smaller as well as 
to larger eggs (the former developing into mictic, the latter into amictic females), and 
that the production of these two different sizes of eggs depends upon variations in 
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the yolk-mass which are again dependent upon variations in the external medium. 
If these observations are of general import, we may here probably have the way 
in which external conditions force their way to the ovary of the amictic female 
and in this way make their influence upon the periodicity felt.

Beyond these facts I cannot see that these investigations have contributed to 
the understanding of how the cycle is altered by variations in the external medium. —

b. The Seasonal Variations.
It is a well-known fact that some of the Rotifera, especially the plancton Ro- 

tifera belonging to the old group “Loricata”, are subject to very great variability. 
This is especially the case with species belonging to the Genera Anurœa, Notholca, 
Schizocerca and Brachionus, but also with some “ Il loricata" : Polyarthra, Triart hra, 
Asplanchna; with the perennial species much more than with the pronounced sum
mer forms (Anurceopsis hypelasma a. o.). The phenomenon originally caused the 
creation of a lot of species, of the genus Anurœa, thus more than 30; they are 
now reduced to only two main forms, A. aculeata Ehrenberg and A. cochlearis Gosse; 
we find quite the same phenomena with regard to Plancton-Crustacea, Plancton- 
Flagellata and Plancton-diatoms. —

With regard to the reduction of the Rotifera this took place from c. 1895 to 
about 1900, the principal authors being Weber (1898) Rousselet (1897). The so- 
called buoyancy theory (Ostwald and Wesenberg-Lund) was an attempt to eluci
date the facts; it was especially based upon the study of the Plancton Cladocera. 
As a working theory it has presumably not been without significance; Woltereck 
(1913) has tried to weaken its importance. As far as I can see, the investigations 
of Woltereck have served much more to deepen the importance of the theory, 
Ilian to make it superfluous. In this respect I refer the reader to the papers of 
Wesenberg-Lund (1926), Robert (1928) and Luntz (1929). During the period in 
which the great reduction in the number of species took place it was intelligible 
that several authors went further than was quite correct. There is no doubt that 
my conception of the Synchœta-species (W.-L. 1898) corrected by Rousselet 
(1897) and Lauterborn (1903 p. 596) was wrong; the same is the case with 
V. Da day (1903 p. 599) who supposed, that A. aculeata and cochlearis belonged to 
the same species.

In the seasonal variations or cyclomorphoses Lauterborn saw accomodations 
to variations in the external medium : “lückenlose Formenreihen deren einzelne 
Glieder in Abhängigkeit von bestimmten äusseren in ihrer Gesamtheit erkennbaren, 
.............Bedingungen im Kreisläufe des Jahres gesetzmässig aufeinander folgen (1900 
p. 612)”. Lauterborn relies on his excellent studies on the seasonal variations of 
Anurœa cochlearis. He arrived at the main result that in some ponds, especially old 
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ones rich in vegetation, “treten mit Beginn der wärmeren Jahreszeit nebeneinander 
die Tecta-Hispida-Irregularis-Reihen auf, deren Endglieder typische Sommerformen 
darstellen’’. . . . Ponds which are of a new date, artificial ponds and with a central 
part free from vegetation “fehlen diese Variationsreihen so gut wie völlig; sie werden 
durch die var. robusta ersetzt”.

Later authors and among them also myself have to some extent corroborated 
Lauterborn’s statements; very many ponds are found in which the variation-series 
tecta, hispida and irregularis have not been developed; the forms hispida and irre
gularis, where present, are, as Lauterborn maintains, typical summer forms. The 
same cannot be said with regard to the form tecta. Later investigations have shown, 
however, that these cyclomorphoses are of a much more complicated nature than 
Lauterborn as well as myself originally thought.

In a very instructive paper Krätzschmar (1908, p. 1), with regard to Anurœa 
aculeata, arrived at results very different from those of Lauterborn with regard to 
A. cochlear is.

Firstly Krätzschmar shows that in the Lunzer lakes forma brevispina was 
common from June to August 1907, whereas it was almost lacking in June—August 
1906. Krätzschmar is unable to find the regularity in the cyclomorphoses and 
periodicity of A. aculeata which characterises Lauterborn’s A. cochlearis. Here he is 
in accordance with earlier authors (Voigt (1904), Huber (1905), Lozeron (1902), 
Waldvogel 1900) and it may now be added with very many recent authors. Only 
upon one single point is he able to find regularity: The resting-eggs appear in 
June and July, and the forms which sooner or later develop from them are always 
longispine forms. He furthermore adds the new very significant fact: that the resting
eggs are always carried by brevispine forms. Later on Krätzschmar tried to solve 
the question relating to the cyclomorphosis experimentally.

He is right when he says that cyclomorphosis such as he has got to know 
it, has nothing to do with a morphological construction, because the single stages 
in the series of variations derive in the series of generations from the very same 
mother animal, not, as was the case with Lauterborn’s series, from different 
mothers and from different waters. He shows, firstly, that none of the variations 
in the surrounding medium, neither temperature, nor viscosity, nor light, nor any 
amount of nourishment, are able to influence the form of the Anurœa aculeata; 
what they are able to do is only to accelerate or retard the development.

Krätzschmar therefore comes to the result that the life of the species Anurœa 
during a year is governed by two parallel cyclus phenomena, viz. the sexual 
cyelus and a morphological one, a reduction series, (“Formenkreis”). When these 
two cycles simultaneously reach their minima, as is the rule in Nature, the species 
arrives at a stage when it needs to return to the point from which the cycle 
started; a sexual period is the result; resting-eggs are formed, and when these are 
hatched, large longispine forms appear again. The cyclomorphosis is a process of 
senility, a slowly augmenting decline in the vitality of the females which propagate 
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exclusively parthenogenetically. According lo Krätzschmar the seasonal variations 
are governed by internal and not by external conditions.

That Krätzschmar’s studies have in many respects brought the question 
nearer to its solution is beyond all doubt. On the other hand, like all who have 
worked with these difficult problems, he has generalized loo much. He has not been 
aware that the Anurœas disappear not only for months but also for years from the 
plancton of a pond and then suddenly appear again, most probably hatched from 
resting-eggs lying over for months and years; his criticism of Lauterborn is justifi
able, but he seems (1908) to be unaware of the fact that the plancton-Anzzrœa from the 
largest lakes show no seasonal variation, and often seem to be acyclic; at all events 
sexual periods are very rarely observed. In other words: the cyclomorphoses are 
but slightly developed just where they should be expected i. e. where the sexual 
periods are wanting: in larger lakes).

Lange (1911, p. 38 and 1913, p. 441) has been able to corroborate several of 
Krätzschmar’s results. He showed that 200 resting-eggs laid by Asplanchna Sieboldi, 
when hatched, gave A. Brightivelli. i. e. that the sacklike processes characteristic of 
A. Sieboldi (= A. Ebbesbornii Hudson) are not developed in the first generation 
deriving from the resting-egg; he further showed that they do not appear until 
the third or fourth generation. Powers (1912 p. 454) arrived at quite the same 
result with regard to Asplanchna amphora. I shall return to this point later on.

Dieffenbach (1912 p. 21) saw with regard to Anurœa acaleata that robust 
forms with long posterior thorns were hatched from resting-eggs, and Sachse 
(1912 p. 76) ascertained that Brachiomis pala (no posterior thorns) were hatched 
from resting-eggs, whereas the forms with posterior thorns (B. amphiceros) did not 
appear until later, during parthenogenetic development.

In accordance with all these authors Lange, together with Krätzschmar and 
Lauterborn, concludes that the phylogenetic oldest form is the result of the bisexuel 
propagation, and that the parthenogenetic period is to be regarded as the labile 
period during which factors of different kind may exert their influence.

What is gained here must be regarded as very valuable established facts which, 
as far as I can see, Hartmann’s investigations mentioned later on are not able to 
weaken.

The great question is, however, of what nature these factors are which cause 
the seasonal variations in the Rotifera during the parthenogenetic periods.

Lauterborn (1900, p. 611) was inclined to accept my old standpoint (1900, 
p. 617) corrected by Ostwald (1902) and to seek the origin of the variations of 
the Rotifera in the regular physical variations of the fresh water. From very short 
series of observations and from observations relating to a very modest reduction 
of posterior thorns caused by insufficient nourishment, Dieffenbach (1912) very 
categorically and in accordance with his mentor Woltereck arrives at the 
peremptorily expressed result that “einzig und allein die schwankende Ernährung” 
is responsible for the seasonal variations. This assertion is disputed by de Beau- 
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champ (1928, p.91) and, as far as I know, by allmost all other inquirers. Only Krätzsch- 
MAR has thought is necessary, owing to Dieffenbach’s very insufficient investigations, 
to weaken his own clear and thorough investigations in a second paper (1913 p. 44). 
He would now divide Anurœa aculeata (1913 p. 49) into two subspecies of which one 
is supposed to be able to vary in accordance with variations in the amount of 
nourishment (Anurœa aculeata variabilis) the other, A. aculeata s. str. Ehrenberg, not. 
The first is said to belong to the small ponds, the second to larger ponds and 
lakes. That this is an easy way of smoothing out the divergences between two 
authors cannot be denied; but this proceeding, if it were commonly adopted, would 
be fatal to all scientific work; that the two presumed subspecies should be distin
guishable from each other by the structure of the shell of the resting-egg is of very 
little value. In different species e. g. in the Asplanchna, Synchceta, Brachionus the 
thickness and structure of this shell is subject to very great individual variations; 
it may partly be determined by external conditions, partly by internal ones (the 
number in the series of eggs produced). To see a specific character in this structure 
is unquestionably a very dangerous matter. —

In a rather extensive paper Hartmann (1918 p. 209) has given a series of 
observations relating to the polymorphism of the Rotifera. As far as I can see, the 
material upon which the explanation is based is rather small and the deductions 
very wide-ranging. The main results are most probably as follows: Hartmann 
confirms the result of earlier authors that series of reduction (Reduktionsserien) do 
really occur. He further maintains that the animals deriving from the resting-eggs, 
are not always longispine, but may belong to specimens with posterior thorns of 
middle length, and that series of addition as well as series of reduction may 
occur; the series of addition should be a result of better nourishment and higher 
temperatures. This may be true, but as far as I can see, the material warrants 
neither the many deductions nor an attack on the views of earlier inquirers.

Anurœa aculeata is assumed to be divided into two species A. aculeata and 
A. valga; the last-named species is said to be hatched from a resting-egg, and 
later on slowly to acquire lhe missing thorn through a series of additions. It may, 
however, be pointed out that, as far as I can see, hitherto no Anurœa valga has 
ever been hatched from a resting-egg, just as an A. tecta has never been hatched 
from the resting-egg of A. cochlear is.

During the years 1900—1925 an almost incredible number of papers dealing 
with fresh-water plancton have appeared. Almost all the samples upon which the 
investigations were based contained rotifers, commonly relatively few species; in 
the lakes in the first place Anurœa species, in the ponds species of Anurœa Brachi
onus, furthermore Asplanchna, Synchceta, Triarthra and Polyarthra. The buoyancy 
theory, well known as it was, was in some degree a testimony that the author 
was up to date with regard to his general scientific equipment, and the result was 
that the thorns of the Anurœa and Brachionus were again and again studied in the 
light of the buoyancy theory. In the dawn of the theory many of the investigations 
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gave results which seemed to corroborate the theory; later on, when variations 
in nutriment were made responsible for the variations, most of the investigators 
came to the opposite result. It would take very long to clear up these very differ
ent results, scattered, I believe, in several hundred papers, and very often occu
pying only a few pages or lines in each. There is no reason for doing so, inasmuch 
as de Beauchamp (1928 p. 86—100) has already done a good deal towards it.

1 confess that in regard to this literature paternity cannot in the first place 
be combined with fatherly pride. I may perhaps be allowed to remark that the 
buoyancy theory was primarily based upon studies relating to seasonal variations 
in some of the plancton Cladocera; these seasonal variations have been rather 
thoroughly studied, and the main results of these studies have always been cor
roborated. With regard to all the other plancton organisms, it was only shown 
that many of these, too, such as Flagellata, Diatoms, Rotifera were subject to 
great variations, and that at all events some of these variations were seasonal varia
tions, running parallel to those of the plancton Cladocera. It would seem that all 
authors have supposed that the polymorphism of the plancton Rotifera could be 
used as a weapon against the buoyancy theory. They have had no clear idea of 
the fact that in the Cladocera and the Rotifera, (Arthropods and Vermes) external 
conditions have had a very different material to act upon. That the great annual, 
physical and chemical variations in fresh water could set their stamp upon the 
first-named so as to bring about regular seasonal variations, whereas this could 
only rarely be the case with the Rotifera I will try to elucidate in the last part of 
this treatise. I will further show that if they are able to do so, they must necessarily 
manifest themselves in quite another way. Here I only wish to lay stress on one 
single point.

Whatever the many planctologists have found, whether or not they hold that 
the variations of the Rotifera are in accordance with the buoyancy theory, they 
have all furnished their quota to it. All have pointed out that the perennial Ro
tifera are subject to a very conspicuous variation, differing from lake to lake and 
from pond to pond, the same main result which characterizes the principal forms 
of the plancton Cladocera, Flagellata and Diatoms. Furthermore they have shown 
that the pronounced summer-forms, which only live at the highest temperatures, 
Ploesoma, Gastropus and some Rattulidce, show nothing of all this; furthermore that 
pronounced polymorphism is a phenomenon which only seems to belong to the 
plancton Rotifera, not to the benthonic species.

From de Beauchamp’s and my own investigations it now seems warranted to 
suppose that the Rotifera were originally benthonic creeping organisms, which have 
slowly taken possession of the free water-masses; the vegetation in ponds and 
smaller lakes may, sit venia verbo, be regarded as the springboard from which the 
type has pushed off and reached the pelagic region. Different lines of development 
from benthonic to pelagic species have been traced. The last-named all seem to 
be regarded as the final stages in long developmental series, leading from the 
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benthonic into the pelagic region. The rotifers living here have in greater or less 
degree obtained the so-called planctonic characters, characterizing the inhabitants 
of this part of the water-areas, whether belonging to the sea or to fresh water. As 
examples may be mentioned : great hyalinity, means of augmenting the cross-section 
resistance, means to counteract the inconvenience of living in a medium without 
suppporting planes (perceptible especially with regard to material whereupon the eggs 
may be fixed). Among these characters we must also mention for fresh water or
ganisms, a great power of variation, a pronounced ability to bring about accordance 
between the structure of the organism and the regular annual variations in life con
ditions in the free water-masses of fresh water; a variation which shows itself lo
cally as well as temporally. There can be no doubt that form-variation has reached 
a much higher development among pelagic than among benthonic fresh water or
ganisms, and may be regarded as a pronounced plancton character like hyalinity, 
structures counteracting the falling velocity etc. Now it is very interesting to see 
that the Rotifera are governed by the same law. The more the Rotifera pass 
from benthonic to pelagic life, the more they become perennial plancton organisms, 
the higher is the variability, locally as well as temporally. This is the main result 
of all plancton investigations. And it was only this main result which would be 
required by the buoyancy theory if it were right. On the other hand, to demand 
that the regular annual variations in the external medium should manifest them
selves in quite the same manner in two parts of the animal kingdom, differing so 
much from each other as the Crustacea and Vermes really do, is in my opinion 
no sign of high scientific training in those who claim this. The question now is, 
why this variation does not manifest itself so conspiciously and so regularly as in 
the Cladocera. We will return to this point later on.

Chapter II.
Some Remarks relating to the Ponds used for the Investigation.

The material investigated has mainly been gathered in Nature and studied in the 
living state in the laboratory immediately after the samples had been taken; the life 
history of Hydatina, Asplanchna species and some other species was simultane
ously studied in cultures in the laboratory. In 1898 an investigation was carried 
out in eleven small ponds, situated in the north-eastern part of Seeland, six in the 
neighbourhood of Hillerød, 5 near the little village of Holte about twenty kilometres 
south of Hillerød. — Samples wrere taken every fortnight, and the material as far 
as possible determined in the living state. Simultaneously samples were preserved 
in formaline. The results of the investigation have in part been published in my
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Plancton Investigations Vol. I. The investigation was mainly carried out to support 
the plancton investigations in the lakes; I refer the reader to my Plancton Investi
gations (1904, p. 13). —

In the year 1922—1925 regular investigations were again carried out in seven 
ponds. These ponds were 1) Frederiksborg Castle Lake, 2) the Island Pond (Ødam) 
3) the Funke Pond, 4) the Horseshoe Pond, 5) Nøddebo Pond, all lying near Hil
lerød, and furthermore, 6) Fredensborg Pond and 7) Asminderød Pond, lying near 
Fredensborg, 9 kilometres north of Hillerød; of these ponds Nos. 1 and 2 are the 
same which were regularly explored in 1898. During the period 1898—1926 regular 
explorations have been carried out in different ponds, and smaller lakes e. g. Gripsø, 
Løgsø, Agersø and ponds near Hellebæk.

The samples in these ponds were taken either every week or every fortnight, 
but mainly only during the summer months; the first sample was taken shortly 
after the thawing of the pond, the last when the temperature in November dropped 
to about 6—8° C. At that lime rotifer life in all the ponds was almost the same. —

Apart from these more regular explorations during the period 1900—1926, ex
cursions were carried out every year very often during the summer months, now 
to one now to another pond; this was mainly the case where ponds were found 
which either contained rare Rotifera or where some species seemed to show either 
peculiar sexual phenomena or remarkable seasonal variations. In this way, during the 
last 30 years, numerous samples have been examined from several hundred ponds and 
smaller lakes, most of them lying in North Seeland, some of them near my summer 
laboratory near Tjustrup lake in the middle of Seeland. These ponds were not 
visited at regular intervals all the year round, but most of them were explored 
many times, and at almost all seasons of the year.

The net used was Müller gauze No. 25; now and then gauze No. 12 was also 
used, especially for the larger species (Asplanchna) and the Crustacea. One sample 
was preserved in formaline on the spot, the other, was brought living to the labo
ratory and examined immediately. In the course of an hour most of the rotifers 
had gathered in the lighted border of the vessel; from here a sample was taken 
with a pipette and the rotifers anaesthetised in Beauchamp’s fluid and later on 
killed with Flemming’s fluid, whereupon the samples were preserved in formaline. 
From all the samples slides were made, partly from the plancton from the pond, 
partly only of the rotifer sample deriving from the lighted border of the vessel. The 
samples were preserved in formaline and encircled with Rützow’s sealing-wax. Most 
of the samples dating from 1922 are still very good and have been consulted during 
the writing of this treatise. —

During the last few years motor-cars have been used; most of the samples have 
been taken by myself, the last few years by my assistants, especially Mr. Kai Berg 
to whom I tender my most cordial thanks for his help. —

To give a special description of any of these ponds is probably unnecessary. 
With regard to the above-named smaller ponds and lakes I shall restrict myself to 
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the following remarks. All may be supposed to be natural waters, a few are per
haps dug out, but if so, more than a hundred years ago; since then they have been 
undisturbed. — The largest is Frederiksborg Castle Lake, 22 ha with a maxi
mum depth of a little more than 3 m. Gribsø is about 14 ha with a maximum 
depth of 13 m. Løgsø is about 12 ha and has a maximum, depth of about 7 m., 
all the other ponds are much smaller, the largest, Funkedam and Ødam (the 
Island Pond) only about 2 ha and some of them as Nøddebo Pond, Fredens
borg Pond, Asminderød Pond, have only a circumference of a few hundred 
meters. None of them dry out during the summer and only Nøddebo Pond will 
most probably freeze to the bottom in severe winters. The maximum depth of 
Funkedam is about 2 m., all the other ponds are about Vs—1 m. deep.

It is a common feature of all these lakelets and ponds that from the time 
when the ice has disappeared and till the first part of June they have surfaces quite 
free from vegetation. The Castle Lake, Horseshoe Pond, Fredensborg Pond and As
minderød Pond are quite free from vegetation the whole year round; of higher 
plants the Castle Lake contains hardly any but Polygonum amphibium, Myriophylhim 
and Potamogetón crispus, none of them play any significant role in the lake. From 
June to late autumn the surface of the Island Pond is covered with a carpet of 
Nymphcea alba and Nuphar luteum leaves, spotted with those of Hydrocharis morsus 
rance. A good deal of the surface has no vegetation. In 1890 the Funke Pond was 
almost free from vegetation. During the period 1890 to 1928 the vegetation begin
ning at the eastern part of the pond slowly covered 3A of the whole surface. The 
principal plants are Potamogetón natans, in the bays Stratiotes aloides, Myriophyllum 
and Ceratophyllum. From the last part of July to November these plants fill the 
water with an enormous amount of leaves and stalks, every autumn leaving a thick 
layer of undecayed material at the bottom. Nøddebo Pond, Asminderød Pond and 
Fredensborg Pond may in the main be designated as village ponds extremely rich 
in organic matter; the last-named pond has during the last year become so polluted 
from a sewer, that the water is coloured gray; the pollution is augmented from year 
to year and has now reached such a degree, that the originally very interesting 
rotifer-plancton has been almost totally altered into a combined Infusoria and Ac- 
tinurus plancton.

In 1920—23 Nøddebo Pond was almost changed into a moist meadow and 
was then again dug out in 1924; the depth was then Vs m. During 1924—26 it 
was quite free from vegetation, but from 1926 an overfilling with thread algæ, es
pecially Spiroggra, began, so that the water may now, especially after June, be re
garded almost as a thick mass of algæ, without any free water-mass. Suddenly in 
1927 Elodea appeared; now in 1929 the pond is packed with it.

With regard to the Funke Pond the investigation covers a very long series 
of observations. — This has been carried out for special purposes. — It is quite 
obvious that the surface of a pond, during the process of being grown over, is 
slowly covered with floating leaves, and that the water-layers will be filled with 
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stems and leaves. Invariably the result will be that the central part of the pond, 
originally free from vegetation and forming a veritable pelagic region, will be lost 
during the process. Simultaneously the organisms belonging to the free water-masses 
of the pond are almost always forced to disappear, leaving room for the society of 
organisms belonging to ponds filled with vegetation. As far as I know, we do not 
find any description in the literature of how the plancton in the history of a smaller 
lake or pond alters its character. Funke Pond has been extremely well-known to 
me ever since my childhood. In 1880 its whole surface was almost totally free 
from vegetation; only a narrow girdle of Potamogetón natans was found in the 
eastern part of the pond. It was in the same pond that I began my plancton 
studies. During 1890—1900 it had a rich plancton of diatoms, especially Asterionella 
gracillima, and every year from 1890 to this very day, the pond has been visited 
many times a year, and in several years at all events every fortnight. Till 1890 
Potamogetón lucens predominated in the eastern part of the lake, but during the 
period 1890—1900 P. natans slowly conquered the surface, and P. lucens was super
seded; it still lives in a few specimens in the eastern part of the lake. Almost 
simultaneously a few Nuphar luteum appeared in the central parts of the pond; 
hitherto the plant was only found near the Typha augustifolium, Sparganium ramo- 
sum and Scirpus lacuster vegetation bordering the pond.

For some years these Nuphar plants only grew very slowly, but in 1910 they 
had formed a belt across the pond, which in this way was divided into an eastern 
and a western part during the summer months. During 1910—1920 the eastern part 
was now packed with Myriophyllum and Ceratophyllum, and from the northern 
side the Typha and Sparganium vegetation grew southward out into the pond. 
The whole summer the surface of the eastern part was covered with an extremely 
luxuriant carpet of P. natans and of Hydrocharis morsus rance; from 1920 Stratiotes 
aloides became an inmate of the pond; a little earlier Nymphcea alba.

Most probably long before the observations were begun, a great part of the 
bottom was covered with a thick blackish-green carpet of Fontinalis, which plays 
a considerable rôle in all our smaller ponds. From 1920 in July—September a 
blue-green alga, covered the whole vegetation with a thick blue-green layer.

The thick vegetation in the eastern part has deposited such a great amount of 
decaying matter that the bottom of the pond has been raised very much. No bottom 
fauna has been able to destroy all this material; it has not been submitted to any 
coprogeneous process and here, as almost everywhere in ponds of this nature, the 
bottom is covered with a brown coarse-grained substance, in Sweden and Denmark 
commonly designated as Dy. Most probably in the course of some few decades the 
vegetation from the shore of the pond will conquer the whole eastern part and 
alter it into swamp and at last into a meadow. The pond follows the rule common 
to all our fresh-waters ; as long as the shore vegetation, the Scirpus-Phragmites zone, 
or, as here, the Typha-Spargannium zone, is the main vegetable factor which causes 
the elevation of the bottom, this process goes on extremely slowly. On the other 
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hand, as soon as the surface has been conquered by plants with floating leaves, 
in Denmark especially P. natans and the Nymphœaceœ, the elevation takes place 
with extreme rapidity; the sedimented material is not changed into coprogeneous 
matter; it acquires a different character and this again influences the colour, the chem
ical composition of the water, and the temperature.

Now during the period 1925—1929 the depth of the pond in the eastern part 
was only about 3A m.; the bottom material is Dy; it is almost lifeless and covered 
with Fontinalis overgrown with a blue-green alga; in the western part there is still a 
now rather small “pelagic region’’ the depth here is IV2 m.; Chironomidœ, Oligo- 
chœta and Pisidium are still to be found, and the coprogeneous processes are still 
going on; the bottom material may in the main be designated as Gytje. —

The variations in the plancton have been followed since 1900. At that time 
the plancton was characterized by large maxima of diatoms, especially Asterionella 
gracillima, Fragilaria crotonensis and Synedra acus var. delicatissima, but already in 
1910 Fragilaria crotonensis disappeared; curiously enough a few specimens were 
found in May 1923. Synedra acns has not been found after 1914. Asterionella had 
very large spring maxima in 1900—1910 and was again common in autumn; during 
this period it was among the principal forms of the pond; later on it steadily 
diminished in quantity. After a severe ice-winter, during which (he pond was 
icebound for more than 100 days, the plancton diatoms seem practically to have 
disappeared; but every year Asterionella appears in the spring but in rather small 
quantity. In 1900 and most probably for a very long time before that, the Flagel- 
lata have played the most prominent part in the plancton during the summer 
months. During spring Dinobryum sertularia and Peridinium had very large maxima; 
in company with them Synura uvella, Uroglena volvox and species of the genus 
Mallomonas were found. During summer, al the highest temperature, Ceratium 
hirundinella had enormous maxima; in May as as well in August the water was 
coloured yellowish brown, in May mainly by Dinobryum, in August almost only 
by Ceratium. Sometimes, in July—August, the colour was caused by Mallomonas. 
No particular differences could be pointed out before 1920; then it was as if the 
maxima were smaller, but suddenly after the severe winter in 1924 it seems as if 
most of the Flagellata which before that time had predominated, were now much 
rarer. This holds good especially for Ceratium hirundinella; the commonest now 
are Synura uvella and Uroglena volvox, but after 1924 one thing seems quite certain, 
we have never observed the water to be coloured by Flagellata; it has the brown 
clear colour well known from so many of our smaller ponds. Whether the great 
Flagellata maxima will appear again only the future can decide. —

Cyanophycea have hardly ever been found in the pond plancton, and the 
Chlorophycea have always played a very inconspicuous rôle; the principal forms 
being Eudorina elegans, Pediastrum species and Botryococcus Braunii. —

With regard to the Cladocera it may be pointed out that no Daphnia and no 
Ceriodaphnia have been found in the pelagic region. Furthermore it is very interest



47

ing that Daphnella brachyura has been found during the summer months from 1900 
to 1913; it has always been rare, but since 1913 not a single individual has been 
seen. — The main form of Cladocera represented has always been Bosmina longirostris, 
often with enormous maxima appearing at different times during the summer 
months. After 1920, however, the maxima became smaller and smaller, and in the 
year 1927—28 they were very small. Simultaneously with this we may substantiate 
another very peculiar fact. During the last four years a series of Cladocera belong
ing to the vegetation zone have been found in ever increasing number in the 
“pelagic region”. This holds good especially for Chydorus sphœricus, Acroperus 
harpœ, Graptoleberis testudinaria, Scapholeberis mucronata, Anchiströcerus oviventris, 
Alona sp. Pleuroxus sp. This shows that organisms belonging to the vegetation take 
possession of the central parts of the pond even before the vegetation itself has 
conquered it. The main forms of the Copepoda are Diaptomus gracilis, which has 
always been rare, and Cyclops strenuus. It may further be added that in 1928—29 I 
more than once saw Æschna larvae as well as Acilius sulcatus as imago cross the pond.

Now, proceeding to the Rotifera, it may be pointed out that the fauna in the 
pelagic region originally, in 1900—1910, was rich and interesting. Curiously enough 
the Brachionns species have always been rare. B. pala has never been observed, 
and of the others B. angularis has only been observed a single time. Anurœa aculeata 
has only rarely had large maxima. The main forms have been Anurœa cochlearis 
Polyarthra platyptera, Synchœta trémula and S. pectinata. These four species have 
commonly formed the greater part of the rotifer plancton, and until 1924 their 
conspicuous and often large maxima have been followed by sexual periods. Of the 
Asplanchna species, A. priodonta is almost always present, but generally in small 
number. Several times, and especially during July—August, it has had enormous 
maxima, colouring the water milky, and, then, in bright sunshine, standing 3A M. 
from the surface.

Until 1910 Ascomorpha agilis was a pronounced spring form laying its eggs 
on the Asterionella colonies. Especially characteristic of the rotifer plancton of the 
lake was the fact that the “pelagic region” until 1910 possessed a very conspicuous 
fauna of summer rotifers, namely Gastropus stylifer, Pedalion miriun, Pompholyx 
sulcata, Anurœa hypelasma, Rattulus hamatus.

After 1910 this fauna became rarer and rarer, and in 1923 all these forms had 
disappeared or were only present in very small number. It seems as if the rotifer 
fauna of the pond now consists almost only of Anurœa cochlearis, Polyarthra platy- 
pera, a little Asplanchna priodonta, Synchœta trémula and S. pectinata-, all the other 
species are only present in a very limited number. But also with regard to the 
Rotifera do we see the peculiar phenomenon that species belonging to the vegeta
tion zone slowly conquer the region. This is especially the case with species such 
as Saccuhis viridis, Euchlanis dilatata and Euchlanis triquetra, Dinocharis pocilluin, 
and Notommata sp.
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Chapter III.
A comparison between the Danish Lake Plancton and

Pond Plancton.

For several years I have studied the periodicity of the pond plancton in many 
localities. This was especially the case in the above-named pond exploration in 
1898 and later on in the same 7 ponds in 1922—-24, in which I studied the rotifer 
plancton. From all these ponds lists tabulating periodicity, and the temperature of 
the air and water have been made. Especially because I know that these lists are 
very insufficient, and that many organisms have been determined with doubt and 
most probably incorrectly, they will never be published. They are presumably of 
some scientific value, no less than so many other lists of the phytoplancton printed 
in plancton papers and relating to the periodicity of Baltic ponds and smaller lakes. 
In my eyes all these lists are, however, of very slight scientific value. In 1928 
Mr. Gunnar Nygaard at my request began an investigation of the phytoplancton, 
especially the nannoplancton of Frederiksborg Castle Lake. Whereas my lists only 
contained about 15 phytoplanctonts, Nygaard owing to better methods and after a 
year’s regular explorations has found 74 species in the same lake (1929 p. 266). 
Mr. Nygaard has now on the same principles begun a regular investigation of the 
nannoplancton in 14 ponds near Hillerød, some of them the very same which have 
been subject to regular investigation with regard to Rotifera (W.-L.) or Crustacea 
(W.-L. and Bplrg). Already now I am quite sure that even if planctologists may 
master the Zooplancton, only algologists can subject the Phytoplancton and especi
ally the Nannoplancton, which cannot be separated from the Phytoplancton, to a 
valuable scientific treatment. The treatment hitherto given to the nannoplancton on 
the part of planctologists, has been very casual; therefore all conclusions with 
regard to the nannoplancton in fresh water as a source of nutriment for the other 
plancton organisms are of a very problematic nature.

These periodic investigations of the pond plancton which, apart from those on 
the Rotifera, have taken much of my time, have given the following main results.

1. Our pond plancton differs very much in composition from the lake plane- 
ton. Whereas the diatoms have large maxima in all our lakes, they are almost 
absent in the ponds. The Melosira may still occur in larger ponds such as Frede
riksborg Castle Lake, in smaller ones I have hitherto only rarely found them; Fragilaria 
crotonensis, Synedra acus and Rhizosolenia have only been observed rather rarely; of 
all diatoms Asterionella gracillima seems to be the form which has best adapted 
itself to live in rather small ponds; it may occur even in ponds with rather large 
Cyanophyce maxima, but has then its maximum before that of the Cyanophycea; 
the Cijclotella species play a greater rôle than I had hitherto supposed. — The 
Flagellata maxima are commonly much larger in ponds than in lakes. We may 
indeed find the Dinobryum species, Uroglena volvox, Synura uvella and Peridiniuin 
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species in lakes, but of these species only the Dinobryum attains large maxima here. 
In ponds the Flagellata-maxima may be so large that the water often gets a yellow
ish colour; often the plancton-net, when drawn only for a moment, is covered on 
its inner side with a slimy coat; this applies especially to Dinobryum, whose huge 
maxima may occur at almost all seasons of the year, perhaps with the exception 
of November—February. Only Ceratium hirundinella is really a pronounced lakeform, 
whose maxima in lakes may, as is generally known, be enormous. It may also 
have large maxima in rather small ponds, but here it may often be displaced by 
Ceratium cornutum. — Mallomonas with the main species M. acaroides may occur 
in lakes, but the large maxima have only been observed in ponds. When our ponds 
so often, especially in June, have a yellowish colour, it is almost always due to 
one of the above-named Flagellata. If the colour is predominant in the last part 
of July and in August, it is almost always caused by Ceratium hirundinella; in a 
few ponds Euglena sanguineum colours the water red in bright sunshine; in cloudy 
weather green. This is caused by the fact that, in bright sunshine, the Euglena lie 
as a scum upon the surface, whereas, in cloudy weather, they are more homogene
ously distributed in the water-layers, the Chlorophycea and yellowish brown Flagel- 
lata being then able to give the water this colour.

The main part of the Cyanophycea belongs to ponds or the water areas 
termed pond lakes. True plancton organisms in larger lakes, forming large maxima 
there, are few, mainly species belonging to the genera Lyngbya and Oscillatoria; of 
the other Coelosphœrium Kützingianum, Anabæna flos aquæ are some of the forms 
most frequently to he found in rather large lakes. The waterbloom pheno
menon so characteristic of our pond lakes and ponds, is rare in those of our fresh
waters which may be termed lakes; where it occurs, it is mainly due to material 
produced in shallower water areas, pond lakes, from which it is carried out into 
the lake with the outflow. This is the case e. g. with the enormous maxima of 
Aphanizomenon flos aquæ, which are produced in Salten Langsø and from it through 
Gudenaa poured out into the other Silkeborg lakes. Gloiotrichia echinulata is only 
known from a very few smaller lakes.

Unquestionably the pelagic region of our largest lakes contains many species 
of Chlorophycea; some of them are mentioned in my Plancton Investigations, but 
more thorough explorations are wanting. It is, however, mainly in the ponds that a 
large number of hitherto very little known Chlorophycea may occur. The Desmids 
have their high maxima especially in ponds with high pH values; many of the 
Volvocales especially Chlamydomonales, mainly in highly eutrophic ponds. Most of 
these forms only rarely form maxima which colour the water; ponds which are 
coloured green are by no means so numerous in Denmark as those which are 
coloured either yellowish by Flagellata or bluegreen by Cyanophycea. Huge maxima 
in ponds are mainly produced by Volvox, Eudorina elegans and, in very small 
ponds by Pandorina morum. In some ponds upon the heaths of Jutland I have found 
some Coelaslrum species (C. pulcrum presumably plays a very great rôle). In village
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ponds Botryococcus Braunii may now and then attain enormous maxima, causing 
a peculiar, very beautiful, brilliant green colour. A few of our ponds near 
Hillerød e. g. the Island Pond (Ødam), has a beautiful emerald colour in summer, 
caused by Volvox.

One year Frederiksborg Castle Lake showed a similar colour caused by 
V. globator.. The pelagic Hora of our Chlorophycea, especially that of the ponds, 
stands in great need of investigation.

Whereas the Protozoa only play a very inconspicuous role in the pelagic 
region of our lakes, they are much more prominent in the ponds. Peculiar to the 
lake plancton are mainly Staurophrya elegans, Tintinnidium fluviatile, Codonella 
lacustris and some Heliozoa', in the ponds Dileptus trachelioides, Bursaria truncatella, 
Prorodon ovum, Epistylis lacustris, Didinium nasutum, Coleps hirtus are very common.

With regard to the Rotifera it may be pointed out that in my area of explo
ration I have been unable to find a single species which is strictly bound to the 
lake plancton. All Rotifera from the pelagic region of our largest lakes may also 
be found in rather small ponds; on the other hand, specimens from the lakes have 
often a special stamp, owing to which they were formerly regarded as new species 
or are still designated as varieties (Asplanchna priodonta var. helvética, Triarthra 
longisela var. limnetica; etc). All in all the community of Rotifera from the central 
parts of ponds have a rather different aspect to that from the pelagic region of the 
lakes. Here the Rotifera almost always play a rather inconspicuous rôle, whereas 
in ponds they have very large maxima and often of the same species as in the 
lakes. The principal forms in the lakes: Triarthra longiseta, Anurœa aculeata, and 
A. cochlearis, Polyarthra platyptera and Asplanchna priodonta are also the principal 
forms in the ponds; the pronounced summer-forms, such as Ploesoma Hudsoni, 
Gastropus stylifer, Rattulus hamatus, Anapus testudo, may all have large maxima in 
our ponds and especially in our pond-lakes. Apart from all these forms, the ponds, 
however, contain a rather large series of Rotifera. As all these species will be men
tioned in the following part of this work I shall not enter into detail here but only 
point out that the Brachionus species play a dominant rôle in the central part of 
the ponds, whereas they are very inconspicuous in the lake plancton. The main 
forms are B. angularis and B. pala. This result is in accordance with that of other 
scientists. —

Apart from the Rotifera named in the following list which are characteristic 
of the central part of the ponds, a long series of Rotifera is to be found which 
belongs mainly to the vegetation, but during the sexual period, and especially in 
ponds which are about to lose a “pelagic region’’, get a semi-pelagic stage in their 
life and live in the central part of the ponds. These species will be mentioned in 
the following. The list of the Rotifera normally found in the central part of ponds 
and in lakes comprises 51 species.
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Notommata sp.
sp.

Synchæta pectinata Ehrbg.
trémula Ehrbg.
stylata Wierz.
oblonga Ehrbg.

Polyarthra platyptera Ehrbg. 
Anarthra apter a Hood.
Diurella stylata Eyfert. 
Rattullus cylindricus Imh.

pusillus Lauterborn.
Euchlanis oropha Gosse. 
Ascomorpha agilis Zach. 
Sacculus viridis Gosse.
Anapus testudo Lauterborn.

— ooalis Bergendal.
Hydatina senta Ehrbg.
Rhinops vitrea Hudson.
Brachionus pala Ehrbg.

angularis Gosse. 
urceolaris O. F. Müller. 

Schizocerca diversicornis Daday. 
Anurcea aculeata Ehrbg.

— cochlearis Gosse. 
Anurœopsis hypelasma (Gosse). 
Notholca acuminata Ehrbg.

Notholca longispina Kell. 
Gastropus hyptopus Ehrbg. 

minor Rousselet. 
sty lifer Imhof.

Ploesoma triacantha (Bergendal). 
Hudsoni Imhof.

Asplanchnopus myrmeleo. 
Asplanchna Sieboldi Leydig.

Brightivelli Gosse. 
amphora Hudson.

— priodonta Gosse. 
Conochilus volvox Ehrbg. 

unicornis Rousselet. 
Conochiloides natans (Seligo). 
Triarthra longiseta Ehrbg. 

brachiata Rousselet. 
breviseta Gosse.

Pedalion mirum Hudson. 
Pompholyx complanata Gosse.

sulcata Gosse. 
Floscularia libera Zacharias.

pelágica Rousselet. 
Actinurus neptunius Ehrbg. 
Rotifer macroceros Gosse.

macrurus Ehrbg.

With regard to the Crustacea it is most probably the group which possesses 
most of those species which either belong only to the lake plancton or only ex
ceptionally occur in ponds, (Limnosida, Daphnella, Bythotrephes, several races of 
Daphnia and Hyalodaphnia; Bosmina coregoni), and further species which are strictly 
limited to very little ponds or pools (D. magna; D. Atkinsoni, Diaptomus species). 
On the other hand the pond plancton is characterized by the great rôle which the 
Ceriodaphnia species play. Of the six Ceriodaphnia species, which we have in Den
mark, it is in reality only two which occur in the plancton, viz. C. pulchella and 
C. quadrangula. Of these C. quadrangula is the most planctonic; it occurs in several 
small lakes e. g. in Gribsø, producing the greater part of the plancton volumina 
during the whole year. Here as in one of our largest lakes Mossø (max. depth 
30 m.) it occurs in the var. hamata. — The Hyalodaphnia may very well occur 
in ponds, but then commonly in peculiar dwarf races with only a very inconspic
uous seasonal variation. The races of D. hyalina are more common, they are often 
superseded by D. pulex in small ponds; in our country B. coregoni has never been 
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found in ponds; it does not occur in a large pond like the Frederiksborg Castle 
Lake. Instead of it we have 13. longirostris, which plays a very conspicuous rôle in 
many ponds. Holopedium gibberam is extremely rare in Denmark; hitherto we have 
only found it in three localities, two of which may be regarded as small lakes; 
one of them (at Hellebæk) is only a pond with a depth of 2—3 m. Even if Leptodora 
hyalina is mainly a lake form it may still occur in water volumes, whose depth 
is only about 3 m. (Frederiksborg Castle Lake). Of the pronounced lake forms 
Daphnella brachyra may occur even in ponds as small as Funke Pond, from which 
it has now disappeared.

Of the Cop epoda there occur in the Baltic lakes in the first place the two 
Diaptomus species D. gracilis and graciloides; the Heterocope and Euryteinora species 
are rare; the two Diaptomus species also occur in ponds, D. graciloides seems to 
be the most pronounced lake form. In very small ponds, often such as dry up to
tally, D. castor, vulgaris, coeruleus and superbus may be found. Of these D. castor is 
a pronounced spring form, occurring in drying pools. Of the Cyclops species C. oitho- 
noides and C. streuuus belong to the lake plancton, but may also occur in ponds; 
especially C. streuuus. Here they are often found together with C. Leuckhardtii and 
C. albidus, which of all Cyclops species seem to be those which are best 
able to live beyond the vegetation; they may also occur in the pelagic region of 
larger lakes.

No Harpacticidœ are found in the plancton of either lakes or ponds, but now 
and then the Ergasilus species may occur in both localities in a fairly great number; 
owing to their brilliant blue colour, they are easily recognizable.

Further a few other organisms belong to the plancton in lakes as well as in 
ponds: Argulus foliaceus, Atax crassipes and Corethra larvæ. Now and then Argulus 
is a very common organism in pond-lakes during summer. The Corethra larvæ are 
pronounced pelagic organisms. They stand in enormous quantities in the deeper 
water-layers of our largest lakes, and in some ponds may fill the water with in
credible masses; so large that a single haul may give them in handfuls. Some 
Hydrachnidœ, Atax crassipes a. o., play a considerable rôle in the pelagic region of 
some smaller ponds e. g. in Gripsø.

2. My plancton investigations of the Danish lakes (1904—1908) have shown 
that the composition of the plancton in our lakes is almost the same in all the 
lakes; the maxima which the species reach in the different lakes may differ, but 
all in all most of the species are found in all the lakes explored. Species which 
are only known from a single lake are few.

With regard to the pond-plancton, this conformity is by no means the rule. 
Within a radius of only a few kilometres we have, in an explored area in ca. 50 
ponds, during the summer-months, the greatest variety in the composition of the 
pond-plancton. This seems to be the case everywhere in our country. I have ex
amined this matter in North Seeland near Hillerød; in the central part of Seeland 
near Sorø, in the Silkeborg and Hald-Viborg districts in Jutland. The result is that, 
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on the very same day, every pond, so to speak everywhere, has its own plancton, 
composed of organisms several of which are peculiar to that single pond. Thorough 
explorations show that a great many pond-planctonts are found which are only 
known from a single pond, a fact which will be well known to all investigators 
of the pond-fauna and pond flora abroad. This will especially be admitted by the al- 
gologists, who have studied the Chlorophycea, Volvocales and Flagellata in smaller 
ponds; but also the students of rotifer-life in ponds will admit the correctness 
of this assertion. The variation may go so far that, in an old peatbog, every little 
hole may at a given moment have its own fauna and flora. A more thorough ex
ploration in this case will show that the phenomenon is due to the fact that many 
of the planctonts, common to the whole bog, do not reach their maxima simul
taneously but successively; nevertheless there will always remain some rare species 
which, year after year, can only be found in a single hole.

3. Regular investigations further show that this great variation in the compo
sition of the pond-plancton only occurs in the summer months. It begins to mani
fest itself two or three weeks after the loosening of the ice; it is at its height 
at the highest summer temperature in July—August; then it diminishes in November 
and is almost obliterated shortly before ice covers the water.

4. If by the term winter-plancton we understand the plancton which is 
present at a temperature of + 3 before the ice-covering, during ice-covering and from 
the loosening of the ice to + 3° C., we can substantiate another great difference between 
lake and pond-plancton. The winter-plancton of our lakes is a combination of phyto- 
and zooplancton, the phytoplancton preponderating in mild winters; the winter- 
plancton of the ponds is often an almost pure zooplancton. In the first place this is due 
to the fact that the diatoms which often in lakes may develop huge maxima ata 
temperature near zero so to speak play no rôle in the pond-plancton and are almost 
always absent in the real ponds. This holds good especially with regard to the 
Melosira, just those diatoms which predominate in our lakes during winter. Asterionella 
which is the only diatom which may form large maxima in ponds, has not its 
maximum before May. With regard to the Cyanophycea, Coelosphœrium Kützingi- 
anum may still be rather common in December, but it almost always disappears 
before the ice-covering. All the small Chlorophycea have all their maxima during 
the summer months; some of the Volvocales (Eiidorirta, Pandorina) may occur singly 
at a temperature round zero. It is only among the Flagellata that we may, shortly 
before the ice-covering, find rather conspicuous maxima; in mild winters they are 
able to develop maxima in January—February. This holds good especially for Dino- 
bryuin, Synura uvella, Uroglena volvox, some Peridinium species, but not for the 
Mallomonas species where maxima appear at much higher temperatures. This is also 
the case with almost all other F lage 11 at a belonging to the free central parts of our 
ponds. Many of them are found till the ponds are icebound; but during a frost 
period, even if it is short, their number diminishes and immediately after the 
loosening of the ice, they play no conspicuous rôle as far as hitherto known.
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Practically speaking the winter plancton of our ponds consists almost exclusively 
of zooplancton and in contradistinction to the summer plancton it is homogeneous 
almost everywhere.

Of the three main components, Infusoria, Crustacea and Rotifera, the 
Infusoria only play a very inconspicuous rôle during winter; Codonella lacustris and 
Tintinnidium fluviatile are the only ones occurring. The Crustacea are most pre
dominant. The pronounced pond forms of the genus Daphnia, D. magna, D. pulex 
and D. Atkinsoni have commonly made their ephippia before the water is covered 
with ice; the same is the case with the pond races of D. longispina, the Hyalo- 
daphnia and the Ceriodaphnia species. Nevertheless locally, as well as temporally, 
varying from year to year, some specimens of all these species occur sporadically 
during winter. Of real significance among the Cladocera is in the first place B. lon- 
girostris, with us mainly in the form cor nata Jurine. It may have large maxima 
immediately before the covering of the water with ice and be abundant below the ice. 
In the different ponds great differences prevail. In some of them and in some years it 
totally disappears during the freezing period, in others it is abundant immediately 
after the loosening of the ice. Even after an ice-period of more than 100 days it has been 
pointed out that in samples taken in openings of the ice, it is one of the main forms.

With regard to the Copepoda only two species predominate in the pond- 
plancton during winter: Diaptomus gracilis and Cyclops strenuus; the first-named as a 
rule not in too small ponds; when it occurs, it is commonly the main form in 
winter samples. It and C. strenuus together form the greatest quantities of the zoo- 
plancton in our ponds during winter; of much smaller significance are C. Leuckardtii, 
C. albidus and in the larger ponds C. oithonoides. — The rotifers of the pond-planc- 
ton during winter consist of the following species:

Anurœa aculeata. 
cochlearis.

Asplanchna priodonta.
Brachionus pala, 

angularis.
Notholca scapha.

Notholca acuminata.
Polyarthra platyptera. 
Synchceta trémula.

pectinata.
Triarthra longiseta.

The lists also show the species Ascomorpha agilis, Gastropus hyptotus, Rattulus 
bicornis, Rhinops vitrea at temperatures + 3 — 0----- 1- 3, but they only occur sporadic
ally and not every year. The other species are present below the ice during all winters 
and almost in all ponds, the Notholca-species only in small number, and the same 
is often the case with Asplanchna priodonta, but the other species, the Anurœa, 
Brachionus and Synchœta-specïes, Polyarthra and Triarthra are almost always present 
everywhere. Characteristic of these eight species is furthermore the fact that during 
winter they hardly ever have conspicuous maxima; they have had their sexual 
periods before the water was covered with ice, or they are about to have a new one im
mediately afterthe loosening ofthe ice. During the autumnal sexual period agreat amount 
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of resting eggs have been developed and deposited, but after the death of the mictic 
females, some amictic ones have been preserved, and it is these females which at 
a very low temperature continue the parthenogenetic propagation. In reality this 
proceeds very slowly; in severe winters it is brought to a standstill; this may 
cause the stock of amictic females to die out, so that new maxima in the spring 
are only developed from the material hatched from resting eggs. In very mild 
winters when the ponds are open almost the whole year round and the tem
perature of the water is about 4—0 ° C. the amictic females may really develop 
very large maxima. A very few mictic females carrying male eggs may occur, but 
resting-eggs are very rarely observed, and a conspicuous sexual period is not developed.

From a biological point of view there is in reality no great difference between 
a resting egg and a parthenogenetic egg developing at temperatures round zero; 
during the last part of a long freezing period the winter planctonts carry eggs but 
never young ones with developed wheel-organs; most probably the specimens live 
for many weeks and carry the eggs as long.

It may be added that the above-named species are just the same which 
are mentioned as main forms in the arctic and high alpine lake plancton. To 
these may further be added Conochilus volvox, Notholca longispina and Ploesoma 
Hudsoni, which all seem to play a conspicuous rôle in high alpine lakes. Of these 
Conochilus volvox may be found with rather high maxima at a temperature near 
5°C., but then it seems to disappear. Curiously enough Notholca longispina is never 
in our country found before spring; it disappears in October. It has its maximum 
in May—June, whereupon it may be found sporadically during the summer, now 
and then attaining a modest maximum in the autumn. Ploesoma Hudsoni which is 
a typical summer form with us, plays a conspicuous rôle in the arctic and alpine 
lakes; in our lakes it appears at a temperature of 10—12° and disappears at the 
same temperature in the latter part of October; only a few times have I observed 
the species in the latter part of November at a temperature of + 5. —

5. Even if the amount of pliytoplancton differs much locally and temporally 
in our country, where the fields are manured in a very high degree, where the 
precipitation, before reaching the stagnant water, is mixed with enormous amounts of 
organic matter, and where the lakes and ponds are small and shallow and the water
masses almost always coloured by pliytoplancton, the amount of this as a source of 
nourishment for the other plancton organisms is almost always enormous; from the 
very moment when the ice has melted till the waters again freeze, often not until 
January, the great maxima of the different phytoplanctonts follow each other. That 
the amount of phytoplancton from March to January should be so greatly reduced, 
that it should in any way be able to make its influence felt upon the amount of 
zooplancton, its sexuality and its seasonal and local variations, is highly improbable. 
He who maintains that the Hyalodaphnia reduce their helms in September owing 
to a diminution in the amount of phytoplancton, i. e. in the amount of nutriment, 
might with equal right maintain that the nightingales leave our forests in the first 
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part of August, because they cannot any longer get a sufficient amount of insects 
to stay their hunger. —

6. The plancton explorations in 1904—1908 have shown that the perennial 
plancton Daphnids of the lakes are subject to great local and seasonal variations; 
the pond explorations show that this is only in much slighter degree the case with 
the Cladocera in the pond plancton. The seasonal variation of the Ceriodaphnia is 
extremely small, almost problematic, the Hyalodaphnia, as is often the case 
with pond-races, have none or a very slight seasonal variation, B. coregoni is absent 
in ponds, and the seasonal variation of B. longirostris is but small. The fact is in 
accordance with the supposition that the seasonal variation partly depends upon 
parthenogenetic propagation, this being most pronounced among the lake daphnids, 
which are often acyclic, whereas sexual periods with following amphimixis, once 
or twice a year, are the rule for the pond daphnids.

Curiously enough it seems that all this is opposite in the Rotifera. Precisely 
some of the main genera of the pond-plancton, the Anurœa, Brachionus and Notholca, 
are subject to a pronounced seasonal and local variation. With a few exceptions it 
almost seems that seasonal variation is totally unknown among the rotifers from 
the pelagic region of larger lakes. All authors agree that the cyclomorphoses of the 
Anurœa mainly known from the studies of Lauterborn are unknown from 
larger lakes.

Here it shall only be added that Anurœa tecta is regarded as a species. —
The Anurœa and Brachionus vary from pond to pond, almost every pond has 

its own race; in lakes the local variation is but small. Add to this that among 
different genera of Rotifera we find forms which unquestionably are very nearly 
related to each other, but may nevertheless be regarded as distinct species, or sub
species, and which seem to arrange themselves in form-series, the single members 
of which have a specific range. These sub-species or “petites espèces” are limited to 
ponds of a specific nature, drying ponds, Sphagnum pools, manure pools etc.; it is 
especially the genera Anurœa, Synchœta, Polyarthra, Triarthra which exhibit ex
amples of this. — It is here as if locally separated specimens, exposed to extreme 
variations in external conditions, have caused the formation of petites espèces. Un
questionably these phenomena are not in accordance with the supposition that the 
great power of variation partly depends upon parthenogenetic propagation and 
wanting amphimixis. All these forms have well marked sexual periods; they are 
either mono- or dicyclic and now and then polycyclic.

On the other hand the great variation of the pond rotifers is in accordance 
with very many other pond organisms. Whether we study Mollusca, Dytiscidce, No- 
tonectidœ, our Donacia-species, the colours and patterns of some of our frogs, especi
ally Bana esculenta or Triton cristatus, we shall find that they are all subject to 
great local variation. It is as if every pond so to speak has its own race; in many 
cases a specialist who knows its area, can tell to which pond the said animal be
longs. In reality the fact is easily understood. The animals are so to speak tied to 
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the pond in which they are born; as most of the ponds have no affluxes and are 
only fed directly by the precipitation, the possibility of a supply of new blood is 
but slight, and interbreeding will be the result; through accumulation small 
modifications caused by external conditions will be preserved and cause racial 
characteristics. —

7. If furthermore we study pond life in the very same ponds, but during a 
series of years, it becomes obvious that these great variations in the composition of 
the fauna hold good in great degree not only horizontally through space but 
also vertically through time.

Nowhere do the variations in the composition of the fauna seem to be so great 
from year to year as in ponds. It is a well known fact that Phyllopods may 
one year be very numerous in a given pond, in the next year or even in a series 
of years not a single specimen can be found. This holds good especially for I3ran- 
chipus and Apus. In North Seeland we can speak of Limnetis-years, i. e. years 
when Limnetis is found in numerous ponds; then for a series of years it will be 
impossible to get a single one; my studies on Planaria (Mesostoma lingua), 
Cladocera, Rotifera, Flagellata, Ostracoda, Diaptomus-species, Hydrach- 
nida have all shown the same fact. A species may be abundant in a pond one 
year, disappear for three or four years, and then suddenly reappear. Furthermore 
explorations carried on year after year in the same pond show that species which 
are constant temporally, may live their life in the same locality in different manners 
in the different years. One year the species will propagate monocyclically, the 
next dicyclically, in another again the formation of resting-eggs is almost stopped; 
the sexual period may be much displaced, in one year forward, in another back
ward. Owing to the great variation in the composition of the pond plancton from 
year to year, especially of the nannoplancton, the diet differs enormously and ex
erts its influence upon the ripening of the sexual products. In one year species 
have completed their development before the ponds are covered with ice, in others 
they are forced to hibernate as larvæ below the ice (frogs, salamanders) resulting 
in tendency to Neotæni in one year, but not in others.

What is here indicated will, it is to be hoped, be more fully treated later. It 
is sufficient to point out, what is, by the way, a well-known fact, that the pond 
fauna is extremely variable, locally as well as temporally. It is just this almost in
credible variation which makes the study of this fauna at the same time so at
tractive and so difficult. —

D. K. D. Vidensk.Selsk. Skr., naturv. og mathem. Afd.,9. Række, II, 1, 8
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Chapter IV.
Some Remarks with Regard to the thermal and chemical 

Peculiarities of the Water in our Ponds.

a. General Remarks.

Of course all who have studied one of the groups of animals or plants be
longing to the pond fauna have tried, in the varying life conditions which the 
ponds offer the organisms, to find the causes which govern the great biological and 
morphological variations.

With regard to the Cladocera, Wagler has very thoroughly tried, by ex
periments in the laboratory, to elucidate the influences of variations in external 
conditions upon the organisms, biologically as well as morphologically.

The main result, especially with regard to Daphnia cucullata was as follows: 
“Die grosse Masse der Teiche und Seen bleibt gewöhnlich in ihrem Salzgehalt 
weit unter den Maximaldosen die als erträglich für D. cucullata angesehen 
werden können.”

This result most probably holds good also for many other animal pond or
ganisms. Having no saline ponds in my country I was forced to suppose that, apart 
from the temporary ponds which only possess water 5—6 weeks in spring, the life con
ditions in the others were all in all of so uniform a character that the variation 
in the composition of the pond fauna and the great variations biologically and 
perhaps also morphologically with regard to single components in different ponds, 
could only with difficulty be interpreted from temporal and local variations in the 
external medium.

All that could be pointed out was that we may most probably refer our 
ponds to two types: the acid and the alkaline ones. The fauna in the first-named, 
characterized by its very brown water, and probably by its high acidity, had a 
peculiar character differing from the other pond fauna in our country. This fauna 
was best characterized by all those organisms which were wanting, not so 
much by organisms which were only to be found in ponds of this na
ture. Very characteristic is the total lack of all mollusca, of a long series of species 
of insects especially Phryganids, of Cladocera, Rotifera and Hydrach- 
nidae. Characteristic of these brown waters were especially Holopedium gibberuin, 
some Chironomid larvae, Latona setífera, many lynceid Cladocera, the ephemerid 
larvae Leptophlebia and especially in small water areas Anurœa serrulata; in bog
moors a series of Notommatidœ, especially belonging to the genera Copeus, Triphylus, 
Eosphora o. a. —

In my area of exploration, and I may say in our whole country, we have 
many bogs and moors; most of the water-masses belonging to them are artificial 
ones, such as pit holes; all of them are therefore relatively small; of larger natural 
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water-areas, smaller lakes with pithy water, we only posses very few, in the is
lands most probably only Gripsø and in Jutland a few more (especially the Øxø).

The main part of our ponds and smaller water areas belong to quite another 
type, mainly neutral or alkaline, extremely rich in organic matter; the water is 
green or yellowish green with the colour determined by the colour of the chroma- 
tophores of those plancton algæ, which prevail in the water area at a given moment. 
There is no doubt that the fauna in acid waters, at all events in our country, is 
of a relatively uniform composition, and that its components, locally and tempo
rally, live a relatively monotonous life. The enormous variations in the composition 
of the fauna and the variations in life conditions for the individual members, lo
cally as well temporally, belong to the small, alkaline waters.

This impression, the result of many years’ study, has been confirmed by 
others with a different scientific training, and who have carried their investigations, 
starting from other points of view, to a much higher degree of perfection.

The more we study nature, the clearer it will be that it is a very dangerous 
thing lo press nature into schemata, divide our observations into categories and 
furnish them with a lot of fine jingling names. All these boundaries, limiting these 
categories, do not exist in Nature, they are only to a very slight degree necessary 
and the making of them has taken a lot of time which could have been better 
employed.

That the former of the two groups of water areas in the new terminology is to be 
designated as dystrophic and oligotrophic, the last eutrophic, I know very well; these, 
as well as many other new limnological names, may very well be used; only we must 
remember that science has not moved a single cock’s stride forward owing to this 
terminology. The main result at which I had arrived, that there was a significant 
difference between soft (acid) and hard (alkaline) water rotifers, furthermore that 
the fauna showed many problems which could not be explained by and did not 
agree with the variations in the amount of calcium carbonate in solution, the amount 
of which in our country mainly determines the softness and hardness of the water, 
I found again in Harrings and Myers Tom IV on the rotifer fauna of Wisconsin 
(1928 p. 672). The authors have carried their investigations further than I and ar
rived at the result that it is the hydrogen ion concentration which directly determ
ines the rotifer distribution. According to them it is neutrality, or pH 7.0, which 
seems to be the dividing line. —

Above this in alkaline waters all the “cosmopolitan” rotifers are found in 
enormous numbers but in relatively few species. A complete change occurs when 
the reaction drops below pH 7.0, the number of individuals is then much smaller, 
but there seems to be no end to the number of species. This continues until the 
acidity becomes very pronounced, and at pH 4.0 but very few species of rotifers 
remain. From their areas of investigation Harring and Myers give good examples 
of the correctness of this sentence. They maintain that the pH range of individual 
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species as a rule appears to be quite narrow, from 2 — 3 units of pH; the most 
striking fact observed is the total disappearance of the genus Brachionus in acid 
waters, with the single exception of B. poly acanthus; furthermore of species belonging 
to the same genus, one of which is ubiquitous in alkaline waters (Euchlanis triqu- 
etra) another E. pellucida in acid water. Furthermore that a long series of species, 
hitherto regarded as rare, are typical acid-water animals, and only hitherto rarely 
found because they were not searched for where their real home was. We shall 
return to the question of the significance of the pH value for the distribution of 
the Rotifera later on.

b. Some Remarks on the Temperature of our Ponds.
As mentioned above, most of my ponds belong to the eutrophic (alkaline) 

type. Precisely in this type the variation in the composition of the pond fauna and 
in the life of its single components was enormous. Searching for external factors which 
could be supposed in some way to be made responsible for this great variation, I 
found one which in countries with an insular climate has a much greater signifi
cance than hitherto known; it may especially be used to explain the great variation 
in habits of life in different years.

Already as a young student I had noted the remarkable phenomenon that 
our ponds and lakes might in one year be open almost the whole year, in another 
frozen over for many months. This made me for the series of years, 1897 to 1929, 
note the day when the ponds near Hillerød were ice-covered and the day when 
they thawed again; my observations from 1914—1916 have been lost.

All these ponds lie within a circle with Hillerød as the centre and with a 
radius of 3—4 kilom. The number of ponds amounts to 25—30 every year. The 
observations are not equally valuable in all the years of observation; some years 
the ponds were icebound and again thawed so many times that it was almost im
possible to get the right number for the icebound days. Nevertheless, of the 28 
years of observation, the 17, at all events, may be said to contain statements 
which are so trustworthy that the errors most probably do not exceed a few days. 
The ponds on which the observations have been made, are almost the same every 
year, i. e. the ponds which I have used for my many different observations relating 
to Dytiscidæ, Cladocera, Culicidæ, Hydrachnidæ, Rotifera etc. Their 
depth is always small, from a few decimetres to about 2 m. We will first discuss 
the ponds which have water the whole year round and then the temporary pools, 
which are only water-filled for a few weeks, mainly in the spring and early 
summer.

The observations show that during the period 1897—1924, during 22 years of 
observation, the ponds have been icebound on an average for about 80 days a 
year; 60—70 may be the commonest number. The most interesting fact is, how
ever, that the pronounced insular climate of our country manifests itself so mark- 
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edly with regard to the freezing periods of our freshwaters, that there are years when 
the ponds are icebound only for 8 days, and others in which they are icebound 
for 146 days i. e. almost for Vs of a year.

The number of icebound days depends in the first place on whether or not the 
ponds have had a freezing period in November, December; in years in which this 
period is wanting, the number of icebound days is as a rule smaller. The period 
commonly begins during the days Vu—15/n; it may last till the first part of Janu
ary, it is only very rarely continuous; as a rule the ponds freeze over and thaw 
two or three, often many, times before January; in many winters (1897—1898; 
1898—1899; 1910—1911; 1913—1914; 1916—1917; 1918—1919) the ponds are open 
during the whole period to V1- 15/x; occasionally ponds do not freeze again until 
after 15/i. As a rule the more stable period does not begin until January or in the 
last days of December (1906—1907; 1908—1909; 1909—1910; 1910—1911; 1911— 
1912; 1913—1914 and in almost all the years from 1916 to 1923). — This period 
is only very rarely, as is the case with the preceding one, divided into a series of 
icebound days succeeded by a series of icefree ones, it is as a rule continuous and 
when the ponds thaw, it is as a rule definitely. When the ponds have thawed in 
spring, they only very rarely freeze over again; this has only happened in 1911 —1912 
and 1921—1922. The period in which the ponds are icefree is commonly restricted 
to the days Vi to 15/<.

In a few years we have no alternating icebound and icefree periods in autumn, 
but the main freezing period begins in the first days of December and then lasts 
the whole winter. This was the case in 1899—1900; 1905—1906. The main freezing 
period which commonly lasts from the first part of January to the first part of 
April only rarely extends over the whole period (1899—1900; 1905—1906; 1906— 
1907; 1908—1909; 1916—1917) it is very often restricted to only a fraction of this 
period, and may then be displaced either forwards or backwards; in 1897—1898 
to the last part of March; in 1909—1910 mainly to February and the first part of 
March; in 1913—1914 to the last half of January and February; the period is the 
same in 1920—1921. The main period may really be rather short, only 30—56 
days, but in relatively many winters (7) its number lies about 100 and may reach 
120 (1905—1906 and 1928—1929).

The peculiar thing is that the greatest number of icebound days is by no 
means reached in those winters which are regarded as the coldest, and whose 
mean temperature of the air is lowest.

For if a freezing period in November begins with rather high degrees of frost, 
and these act over a period of 10—14 days, the ice is then so thick that the tem
perature of the air, even if it is above zero during the whole of December, is in
capable of thawing the ice; this is especially the case in winters with heavy fogs, 
drizzling rain, very little sun and feeble winds; in other words, winters which 
tempt Eranthis and Galanthus to sprout in our gardens but are unable to give our 
small waters spring conditions.
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In this way the ponds may be frozen from the middle of November to April, 
even if December and a good deal of January have temperatures above zero 
(c. 140 days).

In my area of exploration most of the ponds freeze simultaneously, at all 
events in the course of only 3—4 days; this is especially the case when the freez
ing period sets in with sudden rather strong frost — 6 — 7 ° C. On the other hand, 
if we have only a slight night frost, the specific conditions of the ponds assert 
themselves, and these may give a rather conspicuous difference in the freezing data; 
ponds lying in open terrain will, if the wind is strong during the freezing period, 
freeze over later than those lying in wind-protected localities. Furthermore, when 
the period begins with a sudden snow-storm, in which enormous quantities of 
snow are poured down in the small basins of water, the temperature of the water 
will in a few hours be lowered to zero; a few degrees below zero then cause 
the freezing of the ponds. In larger ponds this will not be the case, because 
these ponds still possess an excess of specific heat which cannot be lowered 
as fast as that of the small ponds. As furthermore the ice which is formed on the 
small ponds at the same air temperature gets thicker than on larger ponds, the 
small ponds may get a greater number of icebound days than the larger ones. 
Nevertheless, as mentioned above, the difference in dates for the freezing over of 
our ponds is commonly but slight. That this is in the first place connected with 
the fact that the differences in the position of the ponds above sea-level are insigni
ficant in our country needs no further explanation.

Whereas the freezing data for our ponds in the autumn are practically the 
same, this is not the case with the days in which the ponds thaw in spring. We 
may here have a period, often above two weeks, in which we find some ponds 
icefree, others icebound.

It is especially the shady wind-protected ponds which thaw latest; especially 
the forest ponds may retain the ice longest. Here the ice lies slowly decaying; 
a warm spring rain is the best means to melt it; on larger wind-open ponds, a 
strong spring wind can set the whole of the brash ice in an undulating motion 
and in the course of a few hours it is able to sweep the whole mass ashore. 
There have been years in North Seeland when the forest ponds have had ice for 
3 weeks after all ponds of the open land had been icefree.

An element contributing to the melting of the ice, is the process of fermenta
tion going on in our ponds which are overfilled with decaying vegetation. Already 
in 1912 (p. 272) I have shown that in severe winters the temperature in icecovered 
ponds, covered during summer with vegetation, rose at the bottom; the water im
mediately below the ice could in such ponds reach 2.4° C.; at the bottom it was 
4.2 on 87/a 1909 and 5 on 13/3.

The high temperatures below the ice cause melting processes to take place 
which give the underside of the ice a peculiar pock-marked appearance.

Where floating leaves of Potamogetón and Nijmphœ acece are frozen in the ice,
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the dark surfaces of the leaves will absorb the sunbeams more than the surround
ing ice, and hollows from above eat their way through the ice; now and then the 
floating leaves of the vegetation are caught in the ice before it is dead, and the 
assimilation then goes on from the leaves giving rise to airbubbles which eat their 
way through the ice. Every sunny winterday will give rise to an airbubble, and 
in this way “money piles” of airbubbles will appear, every bubble indicating a 
sunny day. Later on these bubbles will fuse together and the result will be a canal 
through the ice. These are also formed by the bubbles of methane, which rise from 
the bottom to the under side of the ice; being more heated by the sunshine than 
the surrounding ice, they slowly eat their way through the ice. In this way the ice 
is filled with greater and smaller canals, so that it may disappear quite suddenly,
if only a wind can reach the surface. In the heated littoral zone the melting
of the broken ice masses takes place in the course of a few hours.

The smaller the ponds are, the more decided an influence has the number
of hours of sunshine on the temperature of the pond and so also upon its or
ganisms. This holds good especially if the ponds are either covered with vegetation 
or furnished with large quantities of plancton. Upon days with high temperatures 
overshadowed ponds and ponds lying in bright sunshine often show a temperature 
difference of 7—8°G. (from 17 to 24° C.). In the course of the night the difference 
will be come nil and on rainy over-clouded days it is untraceable. -

As far as I know Forel was the first to point out that dirty waters are 
warmer than clear ones; this is due to the fact that the floating detritus particles 
are heated more than the surrounding waters, which, again, are heated by the 
heat radiating from them. Ponds crowded with plancton organisms, especially 
Cycmophycea behave like dirty waters. In ponds with high Cyanophycea maxima 
the temperature may vary on two successive summer days in accordance with the 
amount of clouds and number of hours with bright sunshine from 15—28°C.; in 
the course of one single day and night period a pond may pass through this 
whole scale. — In calm weather the temperature of the water in Cyanophycea 
ponds, especially below a thick Cyanophycea cover, may rise high above the air 
temperature; we may here find a temperature of +27 or 28° C. whereas ponds 
without Cyanophycea maxima have only 23° C. —

Already in 1912 (p. 287) I pointed out how high the temperature may rise 
in early spring on sunny days on the sheltered southward-exposed sides of ice
bound ponds; only two meters from the ice in the ice-free border, 17°C. (7* 1909) 
have been measured. In Funke pond at 19/3 1910 at an air-temperature of 4° C. the tem
perature at the southwards-exposed sides of the pond was 14° C. at the nortward 
exposed side 4—5°. The pond had been open about 8 days. —

On lake borders with a southern exposure we have spring, on the northern 
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side thick ice and winter. These observations have subsequently been corroborated 
by others (e. g. Dr. Kaare Strom 1927 a p. 53, 1927 b p. 343, 1928 p. 329); they 
have been used to explain the peculiar fact that the same layers in our marsh- 
and peal bogs may contain arctic land plants such as Dryas and Salix polaris and 
simultaneously water-plants and water-animals (Potamogetón and Limnœa) which 
require much higher temperatures, a phenomenon which has rather puzzled the 
glacial geologist, and which, according to the statements of Nathorst (1914 p.287) 
a. o. finds its natural explanation in this way.

It will be understood that the above-named pecularities relating to the tem
perature of our small waters may exert a very great influence on the fresh-water 
fauna, its distribution and its mode of life. Shadowed forest ponds which will 
commonly be ice-covered about three weeks longer than those of the open country, 
and which never attain the high summer temperature mentioned above, have a 
fauna and flora differing from the last-named.

There is still a point with regard to the temperature of our ponds and smaller 
lakes which must not be omitted if we want to understand the composition of 
our pond fauna and flora. The sheltered small creeks and coves of our small 
waters are perhaps those localities in our country which will attain the highest 
temperature on sunny, warm, and calm days. Often in the water rim it may reach 
28°—30 ' C. Nowhere in our country does the vegetation attain such a luxuriant 
development as just here; only in localities of this nature is Hydrocharis morsas 
rance able to produce ripe fruits, many warm-loving plants of our swamp and 
moor-flora are restricted to these sheltered creeks. But quite the same is the case 
with organisms belonging to the fresh-water fauna and which have their northern 
limits of distribution just in our latitudes; this is the case e. g. with the Odonat 
Epitheca bimaculata, several Phryganidœ, Ranatra, Bombinator igneus, Rana esculenta 
and very many members of the microscopical pond fauna; the Rotifera form no 
exception. It is in localities of this nature that we find a good deal of those species, 
which are rare in our country as well as in others, e. g. Asplanchnopas myrmeleo, 
Notens militaris, Stephanoceros Eichhornii and many of the other sessile rotifers. It is 
here loo, I suppose, that Notops brachionus will once be found. All these forms 
are not to be found in the cold overshadowed ponds. If we want to understand 
the great variation in the fauna of our ponds, this fact must not be forgotten. -

Furthermore, if we want to understand the great variations in the life of the 
pond fauna from year to year, it is in the first place the number of days the pond 
has been frozen over in the said year which must be considered. The life condi
tions, especially the respiratory conditions, differ extremely during winter from pond 
to pond and from year to year. In late autumn we see those insects which use 
athmospheric air to satisfy their respiratory needs, during night fly in search 
of ponds rich in vegetation.

During winter, below the ice and especially upon sunny days, the plants pro
duce oxygen, which is drawn directly into the respiratory system through the 
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spiracles as airbubbles. In severe winters the respiratory conditions are very hard 
in our ponds; numbers of Dytiscidœ Notonectidœ, furthermore Limnœa which hibern
ate during winter with lungs filled with water, using their lungs as water-lungs, 
are found dead near the shores after the ice has thawed. The above-named holes 
in the ice are of importance with regard to the respiratory conditions of the fresh
water fauna; when the ponds are near thawing, we often find members of the 
winter pond plancton Diaptomus, Cyclops and Anurœa in the pools of water on the 
surface of the ice. —

The heating zone in early spring on the sides of the ponds with a southern ex
posure is of the greatest importance for the fauna. Before the ice has melted a great 
part of it floats to the water rim, on the soutward sides of the pond at that time har
bouring an enormous lot of organisms, which here, in the warm water, either get 
their sexual products ripened, or get food enough, which allows growth, resulting 
in moults and shortening of the period preceding the ripe stage. But in just the 
same locality we also find the resting stages, the hibernating buds of the vegetation 
oí Myriophyllum, Hydrocharis, Stratiotes a. o. as well as the statoblasts of the Bry ozoa, 
ihe gemmulae of the Spongillidæ, the ephippia of the Cladocera and resting 
eggs of the Rotifera. On sunny days they lie here a few decimetres from the 
ice borders, in water with a temperature of about 10—12 C. Here, in the early 
spring, a great deal of the spring plancton of our ponds is born and shortly after
wards carried out into the free water-layers. The number of days in which the 
ponds have been frozen over is a contributory factor to how many parthenogenetic 
generations a species may get before the sexual period; in some years only a very 
few, in others a long series. It is the same factor which in part determines if a 
species in a certain locality and a certain year shall hibernate solely in the resting 
stage or also as free-swimming organisms with a very restricted parthenogenetic 
propagation. With regard to the rotifers it is again the same factor which deter
mines if life in the early spring shall develop solely from the resting-eggs or also 
from hibernating amictic females, or with regard to the Cladocera from hibernating 
females with a suddenly augmenting enormous power of propagation in the early 
spring or solely from ephippia. It is the same factor which decides if a species in 
a certain year and in a certain locality shall propagate polycyclically, dicyclically 
or monocyclically. Owing to the amount of heat-units which the organisms require, 
it is again, the same factor which partly determines the composition of the sum
mer plancton, in one year giving extremely good developmental conditions to one 
organism, and in another to another; when in a pond a form is the main form 
the one year and totally wanting the next, I suppose that this may be due to the 
temperature and especially to how severe the winter has been. In mild winters in 
ponds which have been open in January—February I have seen Triarthra longiseta, 
Brachionus angularis and pala as the main forms in the zooplancton until the 
latter part of April and they have had large maxima at temperatures of 4- 4 — 0 

- +4°C. Furthermore, in the same ponds, in years in which the ice did not
D. K. D. Vidensk. Selsk. Skr., naturv. og mathem. Afd., 9. Række, 11,1. g 
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disappear until April, I have seen that the same species were relatively rare in 
April—May and at the moment when the Cyanophycea, the Hyalodaphnia and As- 
planchna priodonta got huge maxima, they totally disappeared without getting either 
maxima or sexual periods before October. — During winters when the ponds are 
open the whole of December the above-named species may at temperatures +4 — 0 
— +4 have a very lively parthenogenetic propagation; mictic female may appear 
and also males, but it seems as if resting-eggs are very rarely formed. A short 
period of icecovering (5—7 days) makes no difference, the species are as common 
before the icecovering period as after.

Temporary pools. After winters with much snow, the fields and the ground 
in our forests may be covered with numerous temporary pools, the water of which 
derives from the melting snow blown into the small depressions in the ground. 
Most of them dry up in May—June and get no water again until next spring. They 
harbour a rich fauna which passes the greater part of the year on dry land, as 
resting stages between withering leaves or covered by grass or the forest flora.

In many cases these temporary pools begin the winter period without a drop 
of water, in others in which the winters begin with snow-storms followed by thaw, 
they are, in late autumn, filled with water deriving from the melting snow; they 
are then in November—December full of water. Then when winter sets in again, 
the water is covered with ice and often freezes to the bottom. In some years the 
pools may thaw and freeze several times during the winter, in others they may 
be frozen over while all other ponds are icefree, and in this way get a greater 
number of icebound days than all the other ponds in our country, and much 
greater than might be expected in a country with so pronounced an insular climate.

In these ponds we find some of our rarest Rotifera. They behave like all the 
other components of the fauna of temporary pools, they are common one year, 
and the next are not to be found. —

In the above-named great variation in the amount of water at different periods 
during the winter, and in the length of the periods in which they have been ice
bound, I suppose we have some of the traits which cause the great irregularities 
in the occurrence of the fauna of temporary pools. In these years when the pools have 
not got a drop of water during summer and autumn, and in which they are dried 
up at the beginning of the winter, are filled with snow during the winter, and get no 
water until the spring, the resting stages of the fauna will be hatched in spring, and the 
animals will then begin life under favourable stable life conditions. In years of this 
kind the fauna will be present with almost all its representatives. On the other 
hand, if the pools get water already in the autumn, freeze and thaw several times 
during the wflnter, and are then frozen over from the middle of January to April, 
very many of the resting stages have been developed during the periods of thaw 
in November—December; then when the ponds freeze to the bottom, the animals 
developed from the resting stages are killed, and will not be present, or will at all 
events be extremely rare in spring.
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The above view is partly based on observations in North Seeland in 1919—20 
when the ponds began the winter quite dry whereupon in the spring of 1920 we 
had a pronounced Phyllopod year and many of the above-named rotifers; partly on 
observations in the years 1910—1912, when the pools were all filled with water to 
ca. 1/1 and when after short periods of frost before January I got larvæ of Liin- 
netis, Branchipus, further Triphylus, and other rotifers, whereas during the spring I 
could not get a single specimen of these animals. All resting stages were hatched 
in November—December, and the whole material was killed when the ponds were 
frozen to the bottom in February—-March.

The more one studies the ponds and their fauna, the more one gets the im
pression that it is in the first place the meteorological factors, and quite especially 
the temperature and the amount of rainfall, which determine the life of the plane- 
ton organisms, their nutriment, the length of their maxima and the moment when 
the sexual periods set in. When the temperature rises, when the concentration of 
the substances dissolved in the water increases, when the period is drawing 
near when the life of the individual is threatened, the moment arrives when the 
resting stages, the result of a sexual period, are formed. Specimens and generations 
of specimens may then die out, but by means of the resting stages the locality is 
preserved for the species. —

But beyond certain limits dependent on the protoplasm of the organisms and 
varying from species to species, variations in external conditions are unable to in
fluence the organisms; when these are no more in harmony with the surrounding 
medium, this almost always causes eradication of the species in the said locality.

This is a phenomenon which is very common especially in small ponds and 
which contributes to convey an impression of want of stability in the composition 
of the fauna. —

c. Some Remarks with Regard to the pH Values of our Ponds.
Having become acquained with the very interesting results of Harring and 

Myers I asked my assistant Mr. Kay Berg to determine the hydrogen ion 
concentration in almost all the ponds used for my investigations. Already before 
that Mr. Poulsen had carried out the same determinations in 150 fresh waters 
scattered over the whole country and at present Mr. Nygaard is following the 
yearly and daily variations in hydrogen ion concentration in a series of ponds 
near Hillerød.

9
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The results of Mr. Kaj Berg are as follows. It is the kalorimetric method 
of S. P. L. Sørensen which has been used: the standard values employed are 
as follows:

3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 7.6 8.0 8.4 8.8 9.2 9.6.

pH Temp. Date Hour

Carls Sø................................................................ 7.2 16.0 Vî 29 11
Branchipus Dam.............................................. . 4.7 14.9 — 11
Lille Torkeri Dam......................................... 6.0 17.2 — 11
Torkeri Sø......................................................... 6.9 17.0 — 11
Pond west of the railway (Hestehaven) . 7.5 16.5 — 12
Jægerbakke Dam ........................................... 9.4 18.5 Ve 29 14
Slotsø .................................................................. 8.9 14.8 — 16
Spejl Dam......................................................... 7.5 12.8 — 16
Sorte Dam......................................................... 7.0 12.8 — 16
Badstue Dam .................................................. 7.6 13.1 Ve 29 9
Gadevang Mose .............................................. 6.4 12.5 — 10
Strødam: Pond in the meadow ............... 7.2 12.5 — 11
Spejlet ................................................................ 8.4 13.1 — 11
Det brune Øje.................................................. 7.6 11.1 — 11
Store Dam......................................................... 7.6 13.8 — 11
Triphylus moor near Gadevang............... 4.8 13.5 — 13
Funke-Dam....................................................... 7.6 16.0 — 16
Hjorte Sø (Ringkanalen).............................. 6.8 19.5 — 16
Fantasi Dam.................................................... 7.5 15.5 10/e 29 15
Fønstrup Dam ................................................ 7.8 15.4 18/e 29 14
Grib Sø ............................................................. 4.7 19.8 — 16
Hestesko Dam.................................................. 7.5 12.8 Ve 29 16
Sorte Dam in the Royal Gardens........ 7.0 12.8 — 16
Pond in Bøndernes Mose............................ 4.4 21 — 15
Teglgaard Sø .................................................. 7.5 18.3 27e 29 14
Lille Grib Sø.................................................. 5.0 22.4 18/e 29 15
Faurholm Mose, stor Grav (Nr. 1)........ 7.2 15.3 V? 29 9
Faurholm Mose, lille Grav (Nr. 2)........ 7.1 15.0 — 9
Faurholm Mose, lille Grav (Nr. 3)........ 6.8 12.5 7t 29 9
Esrom Sø......................................................... 8.4 16.2 Vt 29 12
Fredensborg Slots Dam............................... 7.3 18.2 — 13
Endrup Dam .................................................. 8.5 19.8 — 13

— pond near the road . . 6.9 17.5 — 13
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temporary pools 4), moors 5) and Sphagnum moors 6), we shall arrive at the 
following results.

pH Temp. Date Hour

Asminderød Dam.............................. ............... 7.3 17.6 — 14
Dam ved Sprøjtehus ............. 7.3 18 — 14

Asminderød Dam i Krohave........ ............... 7.4 16.2 — 14
Grønholt Dam................................... ............. 7.2 16.5 — 14
Fure Sø................................................ ............. 8.4 16.2 10/7 29 10
Løg Sø .................................................. ............. 7.4 17.5 — 11
Ager Sø ................................................ ............. 8.8 17.2 — 11
Stutteri Dam ................................... ............... 7.2 18.0 18

If we try to group the loealities where pH has been measured in the well-
known types: lakes 1), small pond-lakes and ponds 2); eutrophic ponds 3);

1) Lakes.
Esrom Sø......................................................... 8.4
Fure - ......................................................... 8.4

They are both alkaline.

2) Small pond-lakes and ponds.

Ager Sø................................... 8.8
Carl Sø................................... 7.2
Funke Dam.......................... 7.6
Fantasi — .......................... 7.5
Fønstrup Dam...................... 7.8
Grib Sø................................... 4.7
Spejl Dam............................... 7.5
Sorte — ............................... 7.0

Strødam: Store Dam........... 7.6
Det brune Øje . . 7.6

Teglgaards Sø...................... 7.5
Torkeri Sø............................. 6.9
Badstue Dam........................ 7.6
Stutteri — ........................ 7.2
Løg Sø...................................... 7.4

The. rule is that small pond-lakes and ponds are neutral or slightly alkaline 
(exceptions: Grib Sø (acid) and Ager Sø: (alkaline).

3) Eutrophic ponds.

Pond in Hestehaven........... 7.5
Jægerbakke Dam.................. 9.4
Ponds upon Strødam......... 7.2

Ponds upon Strødam......... 8.4
Slots Sø................................... 8.9
Hestesko Dam...................... 7.5
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Fredensborg Slots Dam. . 7.3
Endrup Dam........................ 8.5
Ponds near Asminderød . . 7.3

Ponds near Asminderød . 7.3
... 7.4

Grønholt................................. 7.2

The eutrophic ponds are, therefore, alkaline, sometimes in very great degree 
(their pH value is, however, subject to very extensive oscillations, most probably 
owing to the influence of the phytoplancton).

4) Temporary ponds
Branchipus pond................................................... 4.7
Lille Torkeri pond................................................ 6

The measured pH values are acid (since, however, temporary pools are of very 
different types, it is highly probable that a greater series would show great deviations).

5) Fens and moors.
Gadevang moor....................................................... 6.4
Great Faurholm moor............................................ 7.2
Faurholm moors..................................................... 7.6

 6.8

These moors seem to be almost neutral, the Gadevang moor has some 
Sphagnum.

6) Sphagnum moors.
Triphylus moor....................................................... 4.8
Pond in Bøndernes Mose................................... 4.4
The little Grib lake.............................................. 5
The Hjortesø ........................................................... 6.8

The Sphagnum moors are highly acid.

As mentioned above, Harring and Myers maintain that the rotifer distribu
tion is directly dependent upon the hydrogen ion concentration. Skadowski (1923 
p. 341) finds that the different groups of zooplancton, Flagellata, Sarcodina, Ciliata, 
Rotifers and Entomostraca, are limited to well-defined pH ranges. With regard 
to Asplanchna intermedia Tauson (1925 p. 130, 1926 a p. 355) arrives at the 
result that the entire life history of Asplanchna is controlled by the same factor. 
In our country Poulsen (1928 p. 203) has tried from a large material to show 
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accordance between the distribution of the Entomostraca and pH; but as far as I 
can see without greater success. With regard to the higher plants Iversen (1929 p. 276) 
has shown in a very instructive paper that the hydrogen ion concentration directly or 
indirectly exerts its influence on the distribution of the water plants in Nature. —

Now with regard to the Rotifera I came to a result almost similar to that of 
Harring and Myers; only I suppose that the pH range of the individual species 
is not always so narrow as these authors assume.

As far as I can see, some rotifers may live in waters with very great devia
tions with regard to pH.

For this supposition I find support in the fact elucidated by Miss Tauson 
herself, that the pH values during a summer day and night may show extreme os
cillations; Iversen (1929 p. 326) has also noted this fact. When Miss Tauson sup
poses that the animals go down into deeper water layers where the oscillations are 
not so great, it may be pointed out that in the main my ponds have only depths 
below one meter and never exceeding 3 m. That the pH values should show such 
great oscillations in such shallow ponds that the life of the rotifers should be 
more possible at the bottom than at the surface does not seem very probable. - 
Our explorations seem to show that the Rotifera may live in waters with very 
great deviations in pH. On the other hand there is no doubt that waters with a 
very low pH value, as the Sphagnum moors, have their quite specific rotifer fauna, 
consisting mainly of Notommatida.

In the tables p. 72 I have given the rotifer plancton in a) an alkaline lake: 
Furesø (pH 8.4) b) an alkaline pond-lake, Frederiksborg Castle Lake (pH 8.9); a 
neutral pond, Asminderød Pond (pH 7.3) and two acid ponds Gripsø (pH 4.7) and 
Klaresø near Hellebæk (4.8).

In the three first-named the investigations were carried out in the same year 
1901, in Gripsø in 1909, and in Klaresø in 1923. I regret very much that for want 
of a boat I have been unable to carry out regular plancton investigations in Klaresø, 
one of our most interesting ponds, especially because it contains Holopedium gibberum 
hitherto only found in very few Danish waters. With regard to the values of pH 
as a factor determining the distribution of rotifers, the tables clearly show that no 
less than 10 rotifers are common in our most alkaline water, Furesø, and our most 
acid waters, Gribsø and Klaresø. These rotifers may therefore be said to be able 
to live at pH values from 4.8 to 8.9.

These species are the following:

Synchœta pectinata.
Polyarthra platyptera. 
Rattulus capuzina. 
Ploesoma Hudsoni.
Asplanchna priodonta.

Notholca longispina.
Anurœa cochlearis.

acnleata.
tecta.

Conochilus volvox.
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a) Furesø (pH 8.4).

10/i 27i 7s s7» 7< 27< 15/6 2 75 7e •7e ls/7 3°/7 15//8 7» Vio 87io *7n *712

. . Synchæta pectinata .. . rr rr r r + r rr rr rr rr rr rr
— trémula .... r rr r r rr rr

.. Polyarthra platyptera . r rr r r r r rr rr r rr r rr rr + r r rr r
+ Rattulus capuzinus. . . . rr r r rr rr r r r r r rr rr

— bicornis.......... rr rr rr rr rr rr
. . Diurella tenuior............ rr rr rr r rr r rr
. . Gastropus stvlifcr........ rr rr rr r r r rr rr rr
+ Ploesoma Hudsoni .... rr rr r r rr rr r rr rr
O Ascomorpha agilis........ rr r rr rr rr rr
+ Anapus testudo............. rr rr rr rr rr
.. Asplanchna priodonta. rr rr r r rr rr r r rr rr r rr r r r
O Notholca striata............ rr r r r 4- + rr rr
O — acuminata... rr r r r r r r
O — longispina.. . rr rr rr + + r rr r rr rr rr r rr rr
. . Anuræa cochlea ris .... rr rr rr r r r 4- rr rr rr rr r 4- c 4- 4-

— aculeata ........ rr rr rr + c r r rr rr rr r r + 4-
O Floscularia libera........ rr rr rr rr
. . Conochilus volvox .... r rr rr r r + r rr rr rr
.. Triarthra longiseta. . . . rr r r r r r r + + rr rr rr rr r r r rr r

Pompholyx sulcata.... r r rr r + r rr

b) Frederiksborg Castle Lake (pH 8.9).
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c) A small pond in North Seeland without vegetation (pH 7.3).

12A *7» 7* 21/4 75 ls/5 V« ,4/o a8/o 7v 1S/7 7s l8/s 87s 14/9 Vio 15//io Vu “Zu Vis '712

Synchæta pectinata......... rr cc c r r rr
trémula........... rr cc c r rr

Polyarthra platyptera.... rr c cc cc c + r rr r r rr r r c c c
§ Anarthra aptera............... r c +
§ Rattulus cylindricus....... rr r r

— bicornis............. r rr r r r r r r rr r
Diurella tenuior............... r rr r rr r rr

§ Notops hyptopus............. r + c + r rr rr
Gastropus stylifer........... r r r rr rr

o Asplanchna Brightwelli .. r r c c + r rr rr r rr r
o Ascomorpha agilis........... r r r + cc c rr r rr r r
§ Rhinops vitrea ................ r + cc cc cc rr

Anuræa cocldearis........... r rr rr c cc cc cc cc c c c c c c c cc ccc c cc cc c
— aculeata............... c c cc cc cc cc c r r rr r r r r + + c c c c

o§ — tecta .................... cc cc cc + r r + r + c CC cc c cc c c
§ — hypelasma......... r + c c + r rr rr
o Brachionus pala............... + c c cc r r rr r rr r rr r r r +
0 — angularis.... rr r r r r + c c cc + + r rr r rr r r r r +
§ urceolaris . . . rr rr rr r rr
§ Bakeri......... rr rr rr rr
O§ Schizocercadiversicornis. rr + c c c c + rr rr

Triarthra longiseta......... r + + c c cc c r + + c cc c + r + c + c r c
§ breviseta ......... r + rr + r

Pompholyx sulcata......... r r + c CC + rr
§ complanata.. rr rr r
O§ Pedalion niirum............... r + c c r rr

D.K. D.Vidensk. Selsk. Skr„ naturv. og ma them. Afd., 9. Række, 11,1.

Gripsø (pH 4.7).

86/s *7< 7r, 24/o 7o 81/s 77 2O/7 7s 17/s 87s n/io 712

. . Synchæta pectinata......... • • rr rr r r r r

. . Polyarthra platyptera .... r ccc ccc + + r r r +

.. Asplanchna priodonta.. .. r r rr rr rr

.. Anuræa cochlearis........... rr rr rr rr rr r rr w
— aculeata ............... rr rr rr w

§ — sevrulata............. rr rr
.. Conochilus volvox............. 1 ■■ rr rr
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Klaresø (pH 4.8).

”/s 20/e ”/t 7b 20/s 79 14/» 15/io

.. Polyarthra platyptera............... + r r r c + r r
+ Rattulus capuzina..................... rr + + c + rr
O§ — longiseta..................... rr cc rr
. . Ploesonia Hudsoni................... rr + 4“ rr
. . Asplanchna priodonta............. + r r rr rr
O Notholca longispina................. ccc rr
.. Anuræa cochlearis..................... r r + + c + r r

— aculeata........................ rr rr
o§ — tecta.............................. rr

The tables illustrate rotifer life the whole year round in a) a lake; b) a small 
highly eutrophic lake; c) a small eutrophic pond; d) two oligotrophic ponds.

. . ubiquists; + mainly species belonging to larger lakes; O mainly forms belonging 
to small ones; § mainly forms from small ponds.

rr very rare; r rare; + rather common; c common; cc very common; ccc abundant.

Samples taken in ponds with very brown peaty water, but whose pH value 
has not been determined, very often contain Ascomorpha agilis, Synchœta trémula 
and Gastropus st y li fer. Further investigations will most probably range these species 
in the same category. —

As far as I can see, these results do not seem to corroborate the view of 
Harring and Myers that the distribution of rotifers is directly dependent on the 
hydrogen ion concentration. This may perhaps hold good for certain species, but 
not for all.

The list shows the peculiar fact that Brachionus is totally wanting in ponds 
with very low PH values; it is questionable whether this is due to the acidity 
of the water since they are also absent or at all event extremely rare in the 
large highly alkaline lakes. Their home seems in the first place to be eutrophic 
ponds, with pH oscillating round the neutral point.

In Gripsø rotifer life shows the great peculiarity that it is almost totally 
restricted to spring and that only one single form Polyarthra platyptera has a large 
maximum at that season. From June to December it is only with the greatest 
difficulty that I have found a few rotifers in the samples. At that time the zoo- 
plancton is almost entirely formed of Diaptomus and Ceriodaphnia quadrangula var., 
hamata; the phytoplancton of Peridiuium Willei, Dinobryum, Ceratium hirundinella 
and Mallomonas. The phenomenon relating to the periodicity of the rotifers is the 
same year after year; it seems, furthermore, that only Polyarthra gets a great 
maximum. Why the Rotifera totally disappear from June to December, and why 
the summer rotifers are not represented by a single species, I do not know. That 
this should be caused by yearly variations in pH is highly improbable, especially
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because variations in pH during the summer months would most probably show 
higher values.

If we only consider Gripso we might be inclined to suppose that the extremely 
low pH value had caused the scarcity of rotifers; that this cannot be the case 
however will be understood when we consider the plancton of Klaresø. Here we shall 
find large maxima, and the pronounced summer-forms are well represented. pH in 
the two lakes is almost the same.

With regard to the tables (p. 72—74) the following remarks should be added.
The tables further show that the rotifer plancton of larger lakes consists mainly 

of ubiquists; they are, furthermore, mainly identical with those of smaller lakes; of 
species only belonging to the pelagic region of larger lakes there are very few. In 
the lakes most of the plancton rotifers get only relatively small and modest maxima. 
Sexual periods are difficult to detect and really often seem to be wanting.

The rotifer life of smaller lakes does not differ very much from that of the ponds. 
Most of the ubiquists have large or very large maxima in small lakes and in ponds; 
most probably they are often acyclic in lakes, monocyclic or dicyclic in small 
ponds; in many ponds they may be polycyclic, perhaps mainly in more southern 
latitudes. A maximum almost always precedes a sexual period. The period of 
greatest propagation for the ubiquists is almost always in spring. The tables further 
show that some rotifers are pronouncedly perennial, some are periodic and closely 
associated with quite definite periods of the year (e. g. Gastropus stylifer, Ploesoma 
Hudsoni, Anurœa hypelasma, Pompholyx sulcata, Pedalion mirum are all pronounced 
summer forms. Rhinops vitrea is a pronounced spring form). —

Chapter V.
The Periodicity of the Rotifera and related Problems.

Notommatidæ.
Hitherto no one has been able to give a more detailed description based on 

studies in Nature of the cyclic propagation of one of the species of the great family 
Notommatidæ in a free-living stage.

This is partly due to the great systematic difficulties, partly to the fact that 
great maxima have only rarely been observed in Nature. When studying the more 
primitive, mainly creeping, rotifers e. g. these very Notommatidæ, the observer is 
compelled to assume that many of these species are present in the ponds almost 
the whole year round and over long periods almost in the same number. Commonly 
there is a slight maximum for many of these species in spring, but it is not 

10* 
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strongly marked; it seems as if maxima may also occur in summer, and as late 
as December many of the species may still be rather numerous. The males are 
only very rarely seen, always in single individuals and as far as I know never in 
the “waves” known from many other families. Many observers have most probably 
had the same supposition that sexual reproduction had almost ceased and only 
took place now and then and at great intervals. Experimental work carried out in 
the laboratory only confirms this view (Proales).

As mentioned in my Contributions pars I (1923, p. 201) many of our smallest 
ponds are covered with a green scum, algæ-carpets, in some ponds consisting of 
Euglena, in others of other Flagellata, of Spirogyra, or other algæ; in some carpets 
Lemna were interwoven with Spirogyra threads, in others watermosses covered most 
of the surface. Now when this surface was skimmed of Euglena and other 
Algæ and put apart in a vessel, it was seem that this very carpet was covered 
with innumerable rotifers. In the different ponds the number of species was not 
great, but a single species could be present in very many specimens. If then a 
glassplate was taken and cautiously put below the green surface coating, and the 
material then put in a white porcelain vessel, it could be brought home and easily 
studied under the binocular aquarium microscope. In this way it was shown that 
many rotifers, especially those belonging to the Notommatidœ, but also many others 
with them, lived a half swimming, half creeping, life on the lower surface of these 
algæ coatings. Especially upon sunny days there were very few in the waterlayers 
below. Just in these coverings, they easily lind their food; but perhaps first of all 
they find those high temperatures which are necessary for the ripening of the eggs. 
On sunny days in spring the temperature in the algæ coverings may rise to about 
280 C., whereas in waterlayers only a few inches below the surface it does not 
reach 20 C.; it may be added that in early frosty nights these carpets may be 
covered with a thin layer of ice. It often happened that an alga carpet from a 
single little pond only contained one single species, in that case occurring in count
less numbers. If then, at intervals of only a few days, pieces of the carpel with 
animals and eggs were brought home to the laboratory, an insight into the course 
of the maximum could be gained. In this way males used for the description 
(part I) were, in fact, found, but in very many cases it was shown that the maxima 
are not followed by distinct sexual periods, and that they are mainly formed 
by amictic females. In many cases it could be shown that heavy showers, diluting 
the water and lowering the temperature from about 24° C. to 12—14, might suddenly 
kill the whole colony; furthermore, that suddenly appearing very high temperatures, 
28—30 C., had quite the same influence. In these cases it was supposed that the 
extreme temperatures prevented the development of a sexual period. On the other 
hand in very many cases it seemed that the maxima were finished without any 
sexual period and without any possibility of ascribing this result to external con
ditions. To take colonies of this kind into the laboratory and try to produce sexual 
periods was always a waste of time. On the other hand, if colonies were taken 
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which were in the middle of their sexual period, this was often continued in the 
vessels and males and resting-eggs appeared. This was the case with species of the 
genus Diglena with Copeus caudatus, C. pachyurus, Notommata najas, N. aurita, dif
ferent species of Proales etc. It must, however, be emphasized that the sexual 
period always seems to be extremely short, and that it is a mere chance if you 
just happen to hit upon it.

In the last part of June, after a series of days with bright sunshine and hot 
weather, the water in many of the ponds and the small holes in the peat bogs 
often sinks very much. The temperatures in the algæ coverings rise almost to 30° C. 
On exploring them now, it is seen that only very few rotifers are present, but on 
threads etc. different resting-eggs are found, as far as I could see, however, in a 
relatively small number. — In the very wet summer of 1922 the ponds and holes 
often got water again already in July; the algæ coverings appeared again over the 
surface, but nevertheless the abundant rotifer life from May did not reappear. — 
None of the species were now present in countless numbers, many had quite dis
appeared, most of them were present in a very few specimens. The coverings were 
visited the whole summer and autumn; the result of the exploration was always 
the same; no maxima and no sexual periods appeared. It is possible that this was 
only due to the very cold rainy weather and the very few bright sunny days in 
the last part of summer and autumn. This supposition is corroborated by the fact 
that in other years, in the holes in a peat bog covered with algæ, I found several 
Notommatidœ with large maxima in September.

The great difficulty in these studies carried on in Nature is that maxima and 
sexual periods are found accidentally and often too late. Then when the very same 
locality is studied at the same time the next year, none of these rotifers are found.

However fugitive these studies of the periodicity and sexual periods of the 
Notommatidœ, are most of them seem to strengthen the supposition that the fairly 
frequent great maxima in many species are not followed by sexual periods of such 
a distinctness and significance as among pelagic rotifers. In many localities and in 
many years sexual periods may be totally suppressed, the whole development be
longing to amictic females. If this is correct, this fact may probably be connected 
with another fact, namely that just these rather primitive rotifers may be able to 
endure drought periods of considerable length as well as rather low temperatures. 
Only very few of these species have been studied in cultures in the laboratory; 
but the results of the studies agree with the above-named supposition. The investi
gations of Noyes (1922 p. 237) on Proales decipiens show that “neither a change 
in the kind nor the concentration of the culture medium, a constant or fluctuating 
change in the temperature, or a change in the chemical constitution of the medium 
has been accompanied by the appearance of the male in Proales decipiens.” The 
cultures have shown continuous parthenogenesis for about 25 generations. As, how
ever, it has been stated that during the first but not the second winter two sorts 
of eggs, thin-shelled and thick-shelled eggs have appeared, it may have been pos- 
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sible that males might have been present, and that the thick-shelled eggs are de
posited by a mictic female (p. 235).

With regard to another species, Proales sórdida Gosse, Jennings and Lynch 
(1928 p. 348) also maintain that in their long-continued cultures, often under 
conditions that induce the appearance of males in certain other species, males 
have never been seen. Reproduction seems to be exclusively parthenogenetic. -

On the other hand, it must be remembered that in the parasitic species of 
the same genus, P. ivernecki in Oedogoniuin-lhreuds and P. parasita in Volvox, males 
are well known. Among P. ivernecki they have been found by Rothert (1896 
p. 702) and by Rousselet (1897 a p. 415) among Proales parasita in Uroglena by 
myself (1923 p. 221) and by Zawadowsky (1916 p. 287). Furthermore Plate has 
also found males among Hertivigia volvocicola (1886 p. 27) nearly related to Proales. 
The peculiar fact that we are always able to find males in those cases where, 
owing to the limited space in which they live, it would be almost an impossibility 
for them to escape the observer, would seem to suggest great caution with regard 
to conclusions.

The colonies of these algæ are rather short-lived, their maxima may be great, 
and when they are at an end, they totally disappear from the watermasses; this 
especially holds good with regard to Uroglena. It is a well known fact that the rotifers 
may exist and in reality do exist independently of the algæ; it seems as if the 
amictic females seek the algæ, force their way through the cell walls, and 
through their gelatinous coatings. Here, in the algæ, the mictic females appear 
to give rise to male eggs, males, and later on resting-eggs. It would seem, 
therefore, that the two sorts of females among these parasitic rotifers have a 
very different life, the one mainly free-living, the other perhaps almost exclusively 
parasitic. — A more thorough study of these rotifers living in pelagic algæ would 
be extremely desirable.

All in all it seems that among the Notommatidœ the mictic females play a very 
slight rôle. Lacking in great parts of this area of distribution, they may often be 
totally absent and only appear now and then and under quite special hitherto little 
known life conditions. It further seems that the above-named algæ carpets espe
cially on bright sunny days with temperatures about 25° C. and especially in 
May are able to develop just those conditions which cause the appearance of 
mictic females.

Triphylus lacustris (Ehrbg.).
Plate XIV, fig. 3—5.

In a turf-pit which never contained more than some litres of water, Triphylus 
lacustris was present in the beginning of May 1928 but only in few numbers. In 
the middle of May and in the first part of June it was very common. Being anxi
ous to study the males when they appeared, I visited the hole every week. By 
2 VI the hole contained numerous Triphylus but, as far as I could see, only amictic 
females. Eight days later I only saw females with large yellow resting-eggs, which 
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were later on deposited in my vessels. Then the species disappeared and it was 
not observed later on in the year.

In 1929 we had still frost during the night by 1/V. All pit-holes were covered 
with ice. By 8/V Triphylus was found in the same pithole as in 1928. Twenty-five 
specimens were isolated, but the culture died out in the course of a few days. 
During the period 8/V to 10/VI the pithole was visited eight times. It seems im
possible to keep the animals alive in cultures; they invariably died. In nature the ani
mal has no real maximum; in the large samples about 20—25 specimens may be found. 
Till 30/V only amictic females were observed. At that time a very few males were 
seen and simultaneously a few females with resting-eggs. These were found again 
on 6/VI; then the pit-hole began to dry up and by 15/VI, when the hole was re
duced to moist sphagnum, no specimens were found. Later on the hole was 
again tilled with water, but Triphylus was not found the rest of the year.

Notommata sp.
Plate II, fig. 1—5.

In Fjenneslev Pond in the middle of Seeland, a pond which has often been 
explored during the last 10 years, a peculiar rotifer was found in August 1929. It 
is the same pond in which Asplanchna Sieboldi has been studied, and in which 
my assistant Mr. Berg found Daphnia Atkinsoni, and Moina rectirostris, both common 
in the pond. The pond also contained D. magna. On examining the Daphnia found 
on 15/VIII 1929, I saw to my great astonishment that a good deal of the specimens 
carried an extremely hyaline, rather large rotifer, which was either fastened to the 
carapace or crept slowly over its surface. The Daphnia would sometimes carry two 
or three specimens, commonly only one. It was about 500 p large. The animal was 
extremely variable in form; annulations were not very conspicuous; it had a well- 
marked foot, terminating in two strong toes; the foot could almost be wholly 
withdrawn into the body and stretched out to a length of more than V.3 of the 
whole body. The wheel organ was mainly a cilia-covered disc, the cilia at the 
borders of the disc not very prominent; the disc was placed rather ventrally. The 
mastax was globular, rather small, the mouth-parts somewhat irregular, but pre
sumably mainly of the malleate type, the incus and especially the rami were fairly 
well developed. A rough sketch is given. The large stomach carried two globular 
gastral glands; these glands differ in size and form in different specimens. They 
are often furnished with a tip to which a very little muscle is fastened; in some 
cases I saw that they contained two very large globules; the ovarium was large, 
globular, and somewhat lobate, with eight nuclei; there was a contractile vesicle 
and the nephridia bore at all events four vibratile tags. Peculiar were the extremely 
large food glands, terminating in a heart-shaped reservoir with thick walls. On the 
underside of the brain an inconspicous eye was observed. In some specimens no eye 
could be observed. There is a dorsal organ to which two nerves are runnning. —
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Two lateral organs were found lying near the beginning of the foot and con
nected with the brain by means of two nerves. The muscle system was very well 
developed. On a dorsal view the cuticle was seen to posses some longitudinal 
furrows or stripes which were fairly constant. —

When visiting the pond in May 1930 I found the Daphnids of the pond 
covered with coatings of green algæ. Many specimens of Brachionus urceolaris var. 
rubens were fastened to the valves; furthermore the Notommata were found again, 
but now they were much rarer. Whereas the Brachionus were numerous as free- 
swimming organisms the Notommata were only found on the carapaces of the 
Daphnids. When detached by force, they swam very slowly; auricles were never 
observed. Only amictic females either without or with a very large egg were seen. — 
Before 15/VIII 1929 the pond had not been visited for a month and when I next visited 
the pond on 26/VIII not a single specimen was to be found on the Daphnia.

It might be supposed that the animals would deposit their eggs on the 
shells of the Daphnias. For a long time I searched in vain, but at last an 
egg was found agglutinated dorsally to the head shield and just above the 
root of the second pair of antennæ, a little in front of the heart. It was then 
seen that in twenty-one cases eggs were found, and always in a number of 
one or two, agglutinated to this part of the shield. The place is admirably 
chosen. It is almost the only part of the carapace where the second part of the 
antennæ are unable, during their movements, to sweep off the eggs. Because of the 
thick jelly and strong threads given off from the enormous footglands the animals 
themselves cannot be swept off by the rami. On the other hand, it is most pro
bably impossible to fasten the eggs on the valves over which the feathered 
bristles of the antennæ are constantly sweeping. They are only safe in the above- 
mentioned place.

As is generally known, various rotifers, especially belonging to the order 
Bdelloida, but also some Notommatidœ and Pterodinidœ, are found as ectoparasites 
or more probably as commensalisls on different fresh-water animals (Ostracoda 
Malacostraca, shells of Molluscs, Insecto). Among these forms the one here described 
may also be classed. It is to be hoped that it may soon be found again and more 
exactly described than I, owing to want of material, have been able to do.

Notommata sp.
Plate II, fig. 6.

None of the Notommatidæ have hitherto been observed in the plancton of 
ponds or lakes. In one of the experimental ponds a peculiar rotifer suddenly 
appeared in August 1929, whose systematic position I am unable to determine. The 
skin was rather soft, but had no annulations; the foot was placed ventrally; it 
was very short and had two minute toes. First I regarded it as a very primitive 
species of Gastropus, most nearly related to G. minor but with affinities to the No
tommatidœ. When pressed under a cover it got a form which caused it greatly to 
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resemble in habit those representatives of the Notommatidce which live in Uroglena 
and Voluox and the description of which is still very deficient. There is no an
tenna but a very small eye. The mastax is very large, globular, containing irre
gular mouth-parts, mainly of the virgate type.

Almost all the observed specimens contained one single very large egg; of the 
vitellarium only small parts were observed. The egg was undoubtedly a resting egg. 
The pond had been under observation for years, but never before had the animal 
been observed. It was rather common in a single sample in August by 24/VIII, 
but already in the next month on 6/IX it had totally disappeared; later on it has 
never been observed. Its occurrence in the pelagic region as a free-swimming or
ganism is an example of the phenomenon characteristic of a fairly large number 
of bottom organisms. During the sexual period they may live a pelagic life for 
a very short time or more correctly expressed: the miclic females may be free- 
living organisms in the central parts of ponds and lakes, whereas the amictic ones 
are true bottom organisms. The pond had never contained Vo/uorr, and at the time 
when the rotifer appeared, no Uroglena. —

Synchætadæ.
According to Rousselet (1902 p. 270) the genus Synchœta comprises seven 

fresh-water species. S. pectinata Ehrbg. ; trémula Ehrbg.; oblonga Ehrbg.; grandis 
Zach. ; stglata Wierz. ; longipes Gosse and kitina Rouss. I regard the species longipes Gosse 
and kitina Rouss. as very doubtful, at all events they may be nearly related to trémula.

S. grandis seems to belong to the pelagic region of larger lakes where Zacha
rias (Ploener-see) first found it; later on it was found by Rousselet in the large 
reservoirs of the East London Waterworks Company at Tottenham (1902 p. 288). 
Whereas S. pectinata, which may be regarded as most closely allied to it, has often 
been found in our larger lakes, I have never found a form which could be related 
lo S. grandis.

With regard to the eggs of the Synchœta Rousselet (1902 p. 272) maintains 
that the marine species carry their eggs attached to the toes till hatched, whereas 
those of S. pectinata, trémula, oblonga and stglata are laid in the water; those of 
stglata, being furnished with long bristles, are said to be pelagic; the eggs of the 
other species fall to the bottom or, owing to their somewhat sticky surface, adhere 
to plants etc; only oblonga is supposed now and then for a short time to carry 
its eggs, usually one, rarely two. On the other hand Zacharias (vide Rousselet 
(1902 p. 273)) maintains that in the lakes of the north of Germany the two main 
forms 5. pectinata and trémula habitually carry their eggs attached to their toes. 
Rousselet denies that this is the case in England. S. grandis is said by Zacharias 
(1893 p. 35) to deposit its eggs in batches of 2—3 and these batches are said to 
be pelagic. All hitherto observed eggs are said to be summer eggs, only Lauterborn 
(1893 p. 12) has seen resting-eggs (S. pectinata); they are said to be covered with 
long bristles. We shall return later on to the eggs of the Synchœta species; here

D. K. D.Vidensk. Selsk. Skr., naturv. og mathem. Afd., 9. Række, II, 1. 11 
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we will restrict ourselves to the short remark that, in the Synchœta species, because 
they commonly do not carry their eggs, we are unable to distinguish mictic from 
amictic females.

Synchæta pectinata Ehrbg.
Plate XI, fig. 4—6.

Frederiksborg Castle Lake. S. pectinata is most probably perennial, but the 
number of specimens is but small in most of the samples; it is most common at 
rather low temperatures; it always occurs before the lakes freeze; it is found below 
the ice, but rather rarely, and begins its maximum shortly after the ice has dis
appeared. The maximum lies especially in April, after which the species is rather 
rare all the year round. In 1898 I had the good luck to come upon a sexual 
period, in which males were present. There is no doubt that mictic females appear 
in the last part of the maximum, but it seems that their life is very short, and 
that it requires good luck to get them.

Asminderød Pond. 5. pectinata is, just like S. trémula, a pronounced spring 
form, with its maximum a little later than that of 5. trémula, commonly two to 
three weeks after the ice has disappeared. It was large in 1922, traceable in 1923, 
but very inconspicuous in 1924 after the severe winter; males were found in 1922. 
The species disappears totally in the middle of May, and reappears in a few spe
cimens in December.

Fredensborg Pond. The species is only found in a few samples in spring 
and autumn.

Island Pond (Ødam). S. pectinata seems every year to have a pronounced 
spring maximum, during which a few males have been observed. Then it commonly 
disappears totally during the summer, but in contradistinction to X. trémula appears 
in September—October; in 1924 it had a rather large maximum in October.

Horseshoe Pond Hesteskodam. S. pectinata appears in November and, 
during winter, is one of the main forms below the ice. Then it gets its spring 
maximum, which was extremely large on 16/V 1924. During that period males 
and resting-eggs were found; these occurred lying free in the sample. During May— 
November the species seems practically to be absent.

Nøddebo Pond. S. pectinata is most probably perennial in some years. This 
was the case e. g. in 1922 and 1924. In 1923 it was only very rarely observed. In 
1922 and 1924 it had very large maxima in May and June. On 10/V 1924 numer
ous resting-eggs were found; these eggs were found within the animal as well as 
free in the sample.

Funke Pond. S. pectinata is perennial. It basa pronounced spring maximum 
in April and in the first part of May; it may, as in 1910 and in 1924, be extreme
ly large. In some years, as in 1909, the species begins to be common already in 
the last part of October and in the beginning of November. Again in 1929, in 
April, the maximum was very large.
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In the other ponds -S. pectinata has always been observed, it has always 
been most common in spring, now and then also in September—October. In one of 
my experimental ponds it was very common in July—August, and in this last- 
named month eggs were found floating free in the water. —

As a plancton organism in our larger lakes S. pectinata has been continually 
observed; here it seems to be present at all seasons of the year, but it is always 
rather rare; commonest in May—June at a temperature of 13—16° C.; males have 
never been observed here.

Synchæta trémula Ehrbg.
Frederiksborg Castle Lake. S. trémula is a pronounced winter and early 

spring form. Commonly it does not appear before the lake freezes, but during the 
whole winter it is always present below the ice. The resting egg may be hatched 
at very low temperatures, about 0. Together with Brachionus angularis, Polgarthra 
platgptera and Triarthra longiseta it formed the winter plancton below the ice. There 
is a maximum immediately after the ice has disappeared; a sexual period has not been 
observed, however. Every year the species seems totally to disappear during the last 
part of April and from May to December, it is only found now and then and 
always in very few specimens.

Asminderød Pond. The species is a pronounced spring form. In 1922 it 
had a very large maximum on 31/111, but already in April it was very rare and was 
not observed the rest of the year. During 1923 and 1924 it was only seen in 
some spring samples and always only in a few individuals.

Island Pond. S. trémula has most probably every year a very early maximum 
commonly in the last part of March and early part of April. As the maximum is 
so short, it will not always be coincident with the taking of the samples. This 
was, however, the case in 1924 when it was found remarkably late, on 16/V. 
During the rest of the year it almost always seems to be totally absent.

Nøddebo Pond. Especially in 1922 and 1924 S. trémula had well-marked 
and very distinctly delimited maxima, always ocurring in May and the first part 
of June, a little later than in other ponds. The resting-eggs have been found in May. 
Beyond this time the species totally disappears from the water. In the other regu
larity explored ponds we arrive at quite the same results, a pronounced, often very 
conspicuous, and often very short maximum always occurring in the spring, and 
commonly shortly after the ice has disappeared; otherwise it only appears in 
very small number or is totally absent.

During my numerous excursions to smaller ponds scattered over the whole 
country, S. trémula has always been found in early spring, often in enormous 
numbers; now and then large maxima have also been observed during summer, 
and this has especially been the case in very small bog-holes with brown water; 
here the species was often almost yellowish, and the stomach almost black; I have 
often seen just these specimens carry their eggs, a single large summer egg. — Now 
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and then autumnal maxima may also occur, especially in very small ponds but 
sexual periods have hitherto only been observed during spring.

It does not belong to the pelagic region ol’ larger lakes. Single specimens may 
now and then be observed in samples, and especially during the spring; most pro
bably these are individuals which are carried out into the centre of the lake by 
the wind or by currents.

S. stylata Wierzejski.
Plate XI, fig. 2—3.

The well-marked species S. stylata is especially characterized by its long and 
styliform foot; furthermore by its egg which is spherical and covered with very 
long and thin spines; it floats in the water. I have several times, in smaller lakes 
in which regular explorations were not carried out, found pelagic eggs with just 
the appearance figured by Wierzejski (1892) and Rousselet (1902 Pl. 4 fig. 4 a) 
and of just that size. I therefore suppose that this species may be commoner in 
our country than my explorations seem to show.

In a little pond in the Strødam Reservation in the first days of July a Syn
chæta was found, very similar lo S. stylata. As I have been a little doubtful with 
regard to the determination of the species I have added a drawing. No eggs were found 
in the water, but many of the females contained eggs which, however, had no spines.

Synchæta oblonga Ehrenberg.
In very small ponds which often dry out during the summer, especially in 

duck-ponds or in those with very dirty water, I have often found a very small 
Synchæta only about 200 p and often somewhat smaller. It was the species which 
I have named S. pectinata forma minor in earlier publications. Rousselet (1902 
p. 276) pointed out that this form may be Ehrenberg’s S. oblonga, and I suppose 
that this may be correct.

tn the above-named localities, in early spring, this little species may occur in 
enormous masses. The water may teem with them, so that it almost gets a milky 
appearance. It is a pronounced spring form, which totally disappears before May; 
later on in the year I have hardly ever met with it. It carries its eggs, at all 
events much longer than the other species. Curiously enough I have never been 
fortunate enough to see a sexual period. Il seems as if the species, in all the lo
calities which I know, only lives an active life for about 4—6 weeks, living the
rest of the year as resting-eggs at the bottom of the water. —

1. With regard to the four species of Synchæta now studied it may be 
pointed out that S. oblonga belongs to the smallest ponds which often dry out during 
the summer; ¿>. trémula to small ponds and lakes, partly with peaty water, and
partly to ponds rich in organic matter. It often occurs together with S. pectinata,
but this is also an inhabitant of larger ponds and may be found in the pelagic 
region of larger lakes.
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2. S. oblonga seems to be a pronounced spring form, hitherto only found in 
Denmark in April—May. X. trémula may he perennial, but is rare after May and 
the same is the case in many localities with X. pectinata, which is on the whole 
the most perennial of the four species. X. stylata seems to be a rare species in 
our country.

3. All the four species may as a rule mainly be designated as pronounced 
spring forms with their maxima in April—May; that of S. trémula 2—3 weeks 
before that of S. pectinata, but often for a short time coinciding with it; autumn 
maxima have been observed several times.

4. Because males and resting-eggs have only been found in April—May, it is 
highly probable that the mictic females only occur during a very short period; the 
specimens occurring at other seasons of the year are all amictic ones. —

5. As stated above, I have seen X. oblonga carry its summer-eggs, but most 
probably not till they are hatched. During the great maximum in May 1924 in 
Funke Pond I had enormous amounts of X. pectinata and X. trémula in my 
vessels. Simultaneously a great maximum of Asterionella occurred; the diatoms sank 
to the bottom, and on that bottom layer the Synchœta dropped their eggs; they 
were found there in thousands; a specimen would carry its egg a few seconds or 
minutes, but then it was dropped off; the Asterionella layer was covered by a ge
latinous layer deriving from the Synchœta, and the eggs were agglutinated to that. 
All three sorts of eggs were found (Pl. XI, fig. 4—6). During the huge Synchœta maxima 
enormous amounts of Synchœta eggs may drop downwards. Because the summer eggs, 
especially those of X. pectinata, contain oil, it may be possible that the eggs, during the 
short lime till they are hatched, especially in not too shallow waters, may be float
ing in the water. The oil is not present as one single large oil globule but as 
minute globules gathered in irregular masses sharply defined and lying directly 
below the shell; the oil is reddish. The resting-eggs are dark and covered with 
short spines; they are found partly in the females and partly lying on the Asterionella 
layers. — Male eggs were only found in relatively small numbers.

6. The peculiar phenomenon that the two Synchœta species X. pectinata and 
X. trémula are both perennial in most places and everywhere have large maxima 
in spring, commonly followed by a sexual period, which has almost only been 
observed in May, seems to indicate that the mictic females arrive at a rather well- 
marked distance from the generation hatched from the resting egg.

7. Rousselet (1902 p. 271) has observed that the muscles of the mastax can 
expand the cavity suddenly; he therefore supposes that by a sucking action the 
food particles, consisting of diatoms, algæ, infusoria and small rotifers, are forced 
into the mouth, when they are at once seized by the unci; the unci themselves 
are not able to be projected through the mouth; the organisms are sucked into 
the mouth, and then seized by the unci. This is most probably correct. I have 
never seen the unci come out of the mouth-opening and seize another organism; 
on the other hand I have very often seen a Peridinium lying between the unci in 
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the interior of the animal. The sucking action may be of greater significance for 
S. pectinata than for S. trémula.

Only in the peculiar X. stylata from Strødam have I seen the mouth-parts 
in the mouth-opening. When it seized a Peridiuium, I saw the animal become much 
elongated; the coronal disc was then directed straight forward, the whole animal 
was almost cylindrical; in the centre of the disc a short tube appeared, and the 
mouth-parts appeared in the opening; the manubria and unci presented themselves 
almost as a line, and the strong rami moved against each other. I tried to take a 
camera sketch of the animal at that moment but it was not good enough for pu
blication. Tab. II, fig. 7 shows a camera sketch with the mouth tube protruded.

Polyarthra platyptera Ehrbg.
Plate XI, fig. 7—9.

Frederiksborg Castle Lake P. platyptera is most probably perennial; on 
the other hand it may be pointed out that during July—December it has only been 
observed singly and often only in a few samples; it appears again regularly in De
cember and, whether or not the lake is ice-covered, during the whole winter it is 
one of the main forms of the rotifer-plancton; the maximum begins to develop al
ready below the ice, and the mictic females appear in April at a temperature of 
6—8°C., only about 14 days after the ice has disappeared. The mictic females 
then carry clusters of male eggs, often about 20. They may still be found by 15/V 
at a temperature of 16° C. From the middle of May, and in some years already 
in April, the mictic females carry the large almost black resting egg, which 
seems to be carried for a very long time. In the latter part of May the eggs are 
often found free in the water; they are, however, not pelagic and soon sink to the 
bottom. After the sexual period the species almost totally disappears. Var. euryptera 
has not been found in the lake.

Asminderød Pond. P. platyptera is most probably perennial, but during 
long periods the species seems to be very rare. Maxima followed by sexual periods 
may occur quite irregularly almost at all seasons of the year; in 1922, in April 
and December; in 1923, during the whole spring and then again in September; 
in 1924, not until December. It seems as if the species has a rather pronounced 
summer minimum, very conspicuous in 1922, when it was not found from 1/VI 
to 18/XI; the same was almost the case in 1923; in 1924 it was more common; 
the maxima are always followed by sexual periods.

Fredensborg Pond. P. platyptera was rather common during the spring of 
1922 and then had a conspicuous sexual period ; it had another large maximum in 
June; later on it totally disappeared and during 1923 was always rare.

Island Pond. P. platyptera occurs year after year in the two forms forma typica 
and forma euryptera. The typical form has its maximum at very lowr temperatures; mictic 
females with male and resting-eggs appear in the latter part of April and in May. 
Then the form almost totally disappears, and rather suddenly in the last part of 
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June forma euryptera appears; its maximum lies in August, but I have never suc
ceeded in seeing this form carry males or resting-eggs; it disappears in the middle 
of September. Simultaneously there appears a remarkable resting egg, lying in all 
autumn samples. It may hypothetically be referred to this form. In November-De
cember the typical form appears again. —

Horseshoe Pond. Curiously enough it seems as if P. platyptera only occurs 
as forma euryptera-, in June—July it has a rather large maximum.

Nøddebo Pond. P. platyptera occurs only in relatively few samples, spora
dically through all the years of observation.

Funke Pond. P. platyptera is perennial; maxima seem to occur at all seasons 
of the year; during the summer forma euryptera occurs, but always together with 
forma typica; this has its maxima with sexual periods in April—May and October 
—November; euryptera disappears in September; mictic females were not observed. —

Schäffergaard s Pond. P. platyptera is perennial, but is rare in the summer. 
At that time only forma euryptera is found, disappearing again during the autumn. 
The typical form is very common from October to May and has a large maximum 
in November. Curiously enough mictic females were not observed.

1. In almost every pond where explorations have been carried out, P. platyptera 
has been found, mictic females seem to occur all the year round; only in January— 
February they have not been observed. If there is any regularity, it is only in the 
occurrence of the first sexual period, which almost invariably occurs during March— 
April; later on there is no regularity whatever in this respect; sexual periods occur 
both in June, August, October and November. In some ponds mictic females have 
been observed in the same year in March, August and November. Beyond doubt 
the species must therefore be polycyclic in ponds. The forma euryptera occurs quite 
suddenly in the plancton, and does not appear to develop from the forma typica 
by means of transitional stages; it disappears in October—November. Dieffenbach 
states that it is a pronounced stenothermal summer form, a distinct species, es
pecially because the resting-eggs differ in the two species. Hartmann (1918 p. 213) 
comes to the same result.

2. P. platyptera is also a regular inhabitant of the pelagic region of our 
largest lakes; here, too, it seems to be perennial; in most of the lakes there occurs 
a pronounced maximum in spring (temperature, 12 —15° C.) in some of them 
also in the autumn; mictic females have been found in the same year and in the 
same lake in spring as well as in autumn samples. A very pronounced minimum 
during the summer, characteristic of all our lakes, seems to show that the species 
is dicyclic in our lakes. As far as my explorations go, it seems that forma euryptera 
mainly belongs to smaller lakes or larger ponds.

3. P. platyptera is one of the very few rotifers which seems adapted to life 
in very small, often drying, ponds, as well as to life in the pelagic region of 
even the largest lakes; it is rather peculiar that it seems only to a very slight 
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degree to vary locally as well as temporally; further investigations may show in what 
manner forma euryptera is connected with forma typica, or in other words, whether 
amictic females may produce forma euryptera at high temperatures, a supposition 
which I for my part find highly problematic.

4. If we remember how intimately the occurrence of mictic females among 
the rotifers seems to be associated with distinct seasons of the year, it is highly 
remarkable that we here have to do with a species where mictic females seem to 
appear at almost all seasons and at all temperatures.

5. It may further be pointed out that the male eggs are commonly carried 
by very small individuals with smooth spines and a sharply pointed posterior part 
of the body; one of these mictic females is figured by Hudson-Gosse. It really 
seems as if we here have to do with a conspicuous difference between amictic 
and mictic females. As, however, all newly born females have the appearance of the 
male-egg-carrying females, and as the resling-eggs are carried by larger ones with 
an almost rectangular outline, it would seem a more probable supposition that the 
mictic females are born and begin egg-production at an earlier stage than the 
amictic ones, and slowly grow up to the normal rectangular form, in which, if 
fertilized, they carry the resting-eggs. —

Plate XI, fig. 7—9 shows the three sorts of eggs. Fig. 7 shows how large the 
parthenogenetic female egg is in comparison with the female itself. The size of the eggs 
differs very much and often male eggs are found which are much smaller than those 
figured. Characteristic of the eggs is the great amount of oil globules. Both sorts 
of eggs, the female as well as the male eggs, are carried by the females but as the 
females are pelagic, the oil globules may have significance as diminishing the weight 
of the eggs. The female eggs have often a line blue colour.

The resting-eggs are very large; the egg-shell is furnished with numerous spines 
terminating in two curved spines so that the whole spine is really anchorshaped.

Anarthra aptera Hood.
In Fredensborg Pond. A. aptera occurs regularly as a summer form; the 

maximum is always small. It has fairly often been found in May—June in several 
ponds. It is an extremely slow swimmer, carrying a single large summer egg. 
Mictic females have never been observed. — Curiously enough Lucks (1912 p. 43) 
maintains that it is a stenothermal winter form; my results differ rather from those 
of earlier authors.

According to the very interesting observations of Oi.ofsson (1918 p. 573) it 
seems that A. aptera is only a form of Polyarthra platyptera. He has observed that 
eggs carried by A. aptera, contained embryos with well-developed transversely striped 
muscles and “sogar einige der Lateralanhänge, zu deren Bewegung diese Muskel 
bestimmt sind.” He regards this as a proof of the supposition that these two forms 
belong together. The observations have never been corroborated, and the eggs have 
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not been hatched. — Olofssen combines his observations with very extensive de
ductions, bul I should think it best to postpone such till more thorough investi
gations have been carried out.

Rattulidæ.
Of the two genera Diurella and Rattulus I have only very few observations, 

especially of the first-named genus. The species are almost all pond-forms; in the 
winter-months I have never met with maxima and even in the summer-months when 
the species have almost exclusively been observed, the maxima always seem to be re
latively small. On the algæ coatings where the Notommatidæ were often found 
with great maxima, various Diurella species were occasionally observed (especially 
D. porcellus (Gosse). D. tigris (O. F. M.). D. cavia (Gosse) and I), brachyura (Gosse)). 
The eggs were laid on the underside of the coatings. Most probably they had their 
maxima al this time, but I never succeeded in finding male eggs or males. —

A few species belong to the central parts of smaller lakes free from vegetation, 
and a couple belong to the pelagic region of larger lakes.

The two species Diurella tenuior (Gosse) and D. stylata Eyfert are pronounced 
plancton organisms, D. stylata mainly in larger lakes.

None of these species carry their eggs, they are deposited on other plancton 
organisms, those of D. tenuior often on Melosira threads, where already Apstein 
found Diurella eggs. D. stylata, which mainly belongs to smaller lakes, very often 
deposits its summer eggs on Brachionus species, especially B. angularis.

The same is said to be the case with D. tenuior (Gosse) and perhaps D. tigris 
(O. F. M)). It is this species which Apstein has observed in the Ploener lakes and 
the eggs of which are found on Melosira.

Diurella stylata Eyfert. = Rattulus bicornis Western.
Plate HI, fig. 3—6.

D. stylata is a fairly common plancton organism in the pelagic region of our 
larger lakes, and very common in the central parts of our ponds free from vege
tation. It is a typical summer form, appearing in May and disappearing again in 
October. It never carries its eggs which are deposited on other plancton organisms; 
in one of the ponds Brachionus angularis was covered with eggs which, when 
hatched, gave I), stylata. In one of the ponds in the Strødam Reservation a large 
maximum was found in the last days of August. The animal totally disappeared 
before the middle of September. During the maximum I did not succeed in tinding 
the organism on which the eggs were deposited; B. angularis was very rare in the 
pond at that lime. The animal may have had a sexual period since in a few of 
the specimens I found an egg with a squamate surface figured in PI. Ill, fig. (5. 
The animal itself has been figured in Pl. Ill, fig. 3 especially to show the enorm
ous retrocerebral organ which seemed to have a glandular organ with two nuclei 
at the apex.

D. K. D.Vidensk. Selsk. Skr., naturv. ogmathem. Afd., 9. Række. 11,1. 12



90

Diurella tenuior.
Plate III, fig. 1—2.

Diurella tenuior is a typical summer form in the pelagic region in many of 
our lakes. It was mentioned already by Apstein (1896 p. 160) from the Ploener 
lakes and has often been found later on. It has often been determined as D. tigris; 
perhaps both species may be found in the pelagic region of larger lakes. None of these 
species carry their eggs; they are deposited on other plancton organisms, especially 
Melo sir a-threads, where already Apstein found them, and on which I have often 
observed them. A sample from July from Tjustrup lake contained numerous spe
cimens of a Diurella with two anterior thorns and three posterior ones of different 
length. It seems identical with D. Porcellus Gosse, and with the drawings published 
by Jennings (1903 Pl. II, figs. 19—23) and by Tessin (1886 Pl. I, fig. 13). The 
specimens often contained fully developed eggs, and eggs of quite the same appear
ance were also found on the Dinobryum colonies. On Pl. Ill, figs. 1—2 illustrate 
the species and the egg. The reservoir for the food-glands always contains a yel
lowish brown mass of a peculiar form, which flows out along the spines and 
often forms a long curled thread from the apex of the longest spine. The egg has 
many oil globules. We have here, as so often, an example of a typical bottom 
organism which for a short time during the summer gels out into the pelagic 
region of lakes and ponds. — But in this case we cannot show that the period 
in the pelagic region is identical with a sexual period. The males of the genus 
Diurella are so far unknown.

Rattulus.
Of the many Rattulus species I have found the following round Hillerød: R. 

cylindricus I mb. (= Mastigocerca hamata Zach. = M. setífera Lauterb.). R. capuzinus 
(Wierz. and Zacharias). R. longiseta (Schranck) (= Mastigocerca bicornis Hudson- 
Gosse). R. carinatus (Lamarck). R. rattus (O. F. M.). R. slylatus (Gosse) R. pusillus 
(Lauterhorn).

Apart from the two first-named species, all the others belong mainly to the 
vegetation in small ponds or small lakes. Most of the species may be found the 
whole year round, but in the winter-months they only occur in small number. In 
the summer-months I have seen large maxima of R. sty latus and R. pusillus, R. lon
giseta, R. carinatus and succeeded in finding the males of the two first-named 
species. The maximum of R. pusillus most probably occurred in connection with 
the algæ coverings on the pond. In May—July many of the ponds had large maxima 
of R. carinatus and R. longiseta. The species were isolated in many hundreds of 
specimens, lived some weeks in the cultures, but died out without showing any 
sign of sexual periods.
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R. cylindricus Imhof.
Plate III, fig. 7—10.

According to my experience R. cylindricus (Imhof) is a true plancton organism 
occurring in the pelagic region of ponds and smaller lakes, especially those with 
peaty water. As Lauterborn (1908 p. 581) has maintained, it swims round in a gelati
nous coating through which the long seta protrudes. It has its maximum at the 
highest temperature, does not appear until June, and disappears already in September; 
(Lucks says already in July (1912 p. 70)); it is a typical monocyclic, stenothermal 
summer form. It is rather rare, hut where it occurs it may form a prominent 
part of the plancton during the maximum; during this time the plancton gets a 
very peculiar appearance. In this period the animal carries its eggs. My main 
locality is the Klare Lake near Hellebæk and the Horshoe Pond.

In the last-named locality it was especially very common in 1929; it ap
peared in July together with a large Cyanophycea maximum; mictic females ap
peared 20/VIII and disappeared again in the first part of September; the amiclic 
as well as the mictic females carried the eggs; females with dark eggs were found 
but I do not know where the resting-eggs are deposited; perhaps they drop to the 
bottom.

R. capuzinus Wierz. & Zach.
Plate III, tig. 11—15. Plate IX, fig. 15.

R. capuzinus (Wierz. & Zach.) is a typical plancton organism of our lakes but 
also occurs in smaller lakes or ponds. It is a monocyclic stenothermal summer 
form; it appears in May and may be found even in October. Only very rarely 
have I seen larger maxima (Hestesko Pond 20/VIII 29), and even then it does not 
seem to carry its eggs. Lauterborn (1898 p. 180) maintains that the eggs are de
posited on other plancton organisms, especially Asplanchna. Lucks (1912 p. 72) has 
found the resting egg in the empty lorica and supposes that it is not deposited. 
Curiously enough I have not been fortunate enough to find the parthenogenetic 
eggs; in the samples from 2/1X29 Hestesko Pond very many R. capuzinus were found. 
Most of them were mictic females with a broad dark band in the last third part 
of the body. The band was the dark vitellarium. In one of the females an egg was 
found; suddenly the egg was pushed out of the oviducts and lay for a few minutes 
agglutinated to the posterior part of the body; then it dropped off; it had no ge
latinous cover and is most probably dropped off in the water.

Fig. 13 shows the egg in the animal a few minutes before it was laid.

Rattulus pusillus (Lauterborn).
Plate VI, fig. 11—12.

Rattulus pusillus is a small species common in many of our small ponds and 
mainly among vegetation. In a little pond near Sorø Rrachionus angularis was en- 
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tirely covered with small rotifer eggs (25/VIII 29). I supposed that, when hatched, 
they would as usual give Diurella stglata. Simultaneously R. pusilliis, was found in 
the plancton.

Under the microscope I saw the species rotate round the Brachionus; some of 
them were isolated, and a few hours later many R. pusilliis were hatched. It was 
then seen that also this species has a stage during its maximum in which it lives 
pelagically, laying its eggs on other plancton organisms. The Brachionus specimens 
were entirely covered with eggs. It was further observed that the specimens carried 
three sorts of eggs, their own large female eggs and the eggs of Rattulus, female as 
well as male eggs. Under the microscope the males, when hatched from the eggs, 
were observed to encircle the Brachionus and their own females, often fastened 
with a thread to the Brachionus carapace. Often the unfortunate B. angularis would 
carry two of their own large eggs, 10—12 female eggs, and 6—8 male eggs of 
Ratlulus. Of the whole carapace of the Brachionus hardly anything was to be seen. 
The phenomenon did not last for more than a fortnight; before the end of August 
the Ratlulus maximum disappeared, the foreign eggs dropped off the carapace, and 
the Brachionus were deprived of their burden. —

When we referred to the literature, we stated that already Lucks (1912 p. 64) 
had found R. pusillus-eggs on Brachionus angularis. Lucks, however, maintains that 
B. angularis “hei einem Schleimschicht umgeben ist” and supposes that it is quite 
accidental that the eggs of the Rattulidæ are hanging in the gelatinous cover. As 
I have seen Diurella species, especially D. stglata as well as now also R. pusillus, 
creeping on the Brachionidœ, I do not think this supposition is correct. In four 
different ponds I have year after year seen the B. angularis carry their heavy 
burden of their own and others’ eggs; they are all covered with these cuckoo eggs; 
the phenomenon is too common for it to be accidental. And it may perhaps be 
remembered that already Ehrenberg (1838 p. 434) and Weisse (1851 p. 299) ob
served eggs of Notonnnata granulata on the carapace of B. angularis and pala.

Dinocharidæ.
Of the family Dinocharidæ the genus Polgchcetus with P. collinsi (Gosse) has 

always been observed only in small number in small ponds. Of the genus Dino- 
charis, D. tetractis Elirbg. and D. pocilluin (Müll.) have been observed almost 
in all ponds where explorations have been carried out; distinct maxima or males 
have, however, never been observed. —

Of the genus Scaridium, S. longicaudatuin Ehrbg. is not rare in smaller ponds 
rich in vegetation, and with peaty waler. Il is a pronounced summer form, mainly 
occurring at the highest temperature of the water. A single time in a little bog I 
found (20/VII 25) in the central part of a hole, only a few sq. m. large, a peculiar 
“plancton” of numerous S. longicaudatuin. The bog almost only contained this spe
cies. The plancton, with these numerous always jumping specimens, had a 
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peculiar appearance. Though I eagerly searched for males, male eggs or resting
eggs they were not. observed, and I was obliged to leave the locality before a 
sexual period set in. —

Salpinadæ.
Of the Salpinadæ large maxima formed by members of the genus Salpina 

have several times been observed. This is especially the case with S. mucronata 
(O. F. Müller) S. brevispina (Ehrbg.) and S. spinigera (Ehrbg.). Maxima have always 
been seen in spring; mainly in inundated localities or at the borders of ponds 
with an unusually high water-level. Using the net over the inundated grasses, enor
mous numbers of Salpina specimens may often be gathered.

When the material has sedimented, the water may be coloured milky with 
Salpina specimens, 5. mucronata especially being present almost in pure culture. In 
spite of the enormous numbers, and though the locality was under regular obser
vation almost every fourth day, only extremely few males were observed, and all 
eggs deposited or thrown out over the bottom were amictic. Already before the 
end of May the development was stopped, and later on the specimens of the dif
ferent species were only observed in relatively modest numbers.

Euchlanidæ.
Of the Euchlanidæ I have only observations with regard to the genus Euchla

nis; of the species belonging to this genus E. dilatata Ehrbg., E. oropha Gosse 
(= parca Rousselet) E. triqiietra Ehrbg. und E. Igra Hudson have often been found.

Most of the Euchlanis species belong to small ponds rich in vegetation; they 
mainly occur in the summer-months, in most of the samples their number is not 
great. In May 1924, in a locality which is inundated every spring bul is always 
dry during the summer, I found E. triquetra with a great maximum in some of the 
small waterfilled hollows. Most of them were only about one square meter in dia
meter and one dem. deep. Males were common, and mictic females depositing male 
eggs in the vessels very numerous. Before June the hollows were desiccated and 
got no water before next spring. Active life can only have been possible for a 
month, the locality being ice-covered till about 15/IV.

The species E. dilatata and lyra as well as other species were often seen 
during the summer-months; males were observed in May—June.

In the pelagic region of our lakes we often find a small Euchlanis species 
which I have referred to E. oropha Gosse (= parva Rousselet). It belongs mainly 
to the pelagic region in late summer and autumn. In September 1925, on an ex
cursion on Esrom Lake, on shaking Myriophyllum in a plancton net No. 20, it 
could be seen that the sample contained innumerable quantities of this species. 
The material was taken from the outer part of the Myriophyllum zone some 75 m. 
from the shore, forming the outermost part of the visible vegetation in the lake; 
the long green garlands were floating in the surface of the lake. It was these 
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garlands which were taken up and shaken, and the material brought into the 
laboratory.

When the material had sedimented, the water was coloured milky with the 
species. The next day, when plancton samples were taken in the pelagic region 
only about 25 m. from the borders of the vegetation, the sample teemed with 
Euchlanis which formed a peculiar plancton, most probably never previously ob
served in a lake about 30  kil. large and about 30 m. deep. In the central part 
of the lake about 1 kil. from the shore, the number of Euchlanis was not consi
derably higher than in other lakes. The garlands were now studied till December. 
During all that time the Euchlanis could be found there, but the large maximum 
did not last beyond the 15. November. The next year, when the Myriophyllum 
garlands reached the surface in July, the Euchlanis were common and again got 
their huge maxima in September—October.

In the vessels enormous numbers of eggs, male eggs as well as amictic ones, 
were thrown upon the bottom. Most probably no one has suspected that an Euchla
nis species has its real home in the outer part of the vegetation zone of our 
larger lakes, and there lives a short semipelagic life during the sexual period. — 
Lucks (1912 p. 100) states that the Euchlanis species, especially E. dilalata, is common 
in the pelagic region, and that the eggs are deposited on limnetic algæ; they may 
also occur here, swimming (1912 p. 102).

Of the genera Cathypna and Monostyla large maxima have sometimes been 
observed, especially in very small hollows covered with vegetation; this holds good 
especially with regard to C. luna (O. F. Müller), Monostyla cornuta (O. F. Müller) 
and M. lunaris Ehrbg. The maxima were always observed in the summer-months. 
Males and sexual periods have never been seen.

Colurellidæ.
Specimens belonging to the two genera Colurella and Metopidia have often 

been met with.
They almost all belong to small ponds rich in vegetation. The species Colu

rella bicuspidata Ehrbg., Metopidia triptera Ehrgb. and M. lepadella Ehrbg. have been 
observed in enormous numbers, especially in early spring. Wesché has found the 
male of Metopidia lepadella already in February.

They all belong to very small ponds and ditches covered with a scum of algæ. 
It seems as if some of the species have very restricted maxima in late spring and 
early summer.

The very peculiar species of the genus Stephanops, S. longispinatus Tatem, 
S. lamellaris (Müller) and S. cirratus (Müller) have only been observed in small 
number in the samples; hitherto they have only been seen during the summer- 
months.
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Anapodidæ
comprises the three genera Ascomorpha, Anapus and Sacculus. To Ascomorpha is re
ferred Ascomorpha agilis Zach., to Sacculus S. viridis Gosse, to Anapus two species 
A. testudo Lauterb. and A. ovalis Bergend. The affinity between these forms is very 
doubtful.

Ascomorpha agilis Zach.
Plate IV, fig. 1—9.

Ascomorpha agilis, which seems to be rather rare in other countries, is a re
gular inhabitant of smaller lakes and larger ponds in Denmark. It has been found 
in the pelagic region of our largest lakes in Furesø, Tjustrupsø and in Haldsø; 
here, however, always as a summer form, always sporadically, and always together 
with large Ceratium maxima. In the series of ponds in which regular explorations 
have been carried out it has only been found in a few samples in most of them. 
In others it has often had an enormous maximum; bluish-black as it is, it may 
colour the samples almost black; this has been the case with bog-holes in the so- 
called CAausens moor, in Funke Pond, and in ponds near Sorø.

It seems especially to belong to peaty water; here its maximum coincides with 
that of the spring maximum of Peridinium tabulatum, Uroglena and Dinobryum. Where 
it has been more thoroughly observed, the maximum begins in the middle of 
April and already in the middle of May the species has disappeared. During the 
maxima the samples have almost been black with Ascomorpha, and already about 
15/V not a single individual could be observed in samples from the same locality.

Now and then e. g. in Funke Pond (1909) a rather large maximum may also 
be seen in July, August and in some ponds (Strødam) enormous maxima occurred 
in November; the main maxima seem however almost always to occur in early 
spring. The animals get then food in the following rather peculiar way. The fla- 
gellata especially Peridinum and Ceratium are seized by means of the unci; the 
mouth parts pierce a hole in the carapace whereupon the flagellate is sucked out; 
the yellowish green contents are swallowed down into the very large stomach, 
which is coloured dark green.

Though I have often observed the large maxima and during these have taken 
samples every fourth day, I have only very rarely seen the males1). The females 
never carry their eggs, the eggs are deposited on other plancton organisms, espe
cially Flagellata, occasionally Dinobryum, but mainly Uroglena ooluox; the latter may 
often, during the huge maxima of Ascomorpha, carry several eggs. Any pronounced 
difference in size between these eggs I have not been able to see; before the maxi-

’) In my Plancton Investigations, 1904 p. 139, I have maintained that I had found the males 
in countless numbers in April. This may be incorrect, and may be referred to the just hatched young 
ones, which are very small and quite hyaline.
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mum of Ascomorpha, was at an end, that of Uroglena had finished, and I was 
never fortunate enough to see where the resting egg was deposited.

During the last part of the maximum females were found with a large globular 
thickshelled egg in the oviduct most probably these eggs are dropped to the 
bottom. They were not to be found upon the Uroglena and not in the empty shells. 
When the maximum was at an end, empty carapaces containing bluish black bo
dies, the residua of the stomach, were extremely common. As far as I can see, 
the animals have no anus.

Ascomorpha agilis has always been rather badly studied. Fig. 3 gives a sketch 
of the lorica, the most pronounced folds in the skin, and the dorsal organ. 
The forepart with the folds can be folded together, leaving only a sharp thorn 
dorsally.

When the wheel organ is fully unfolded, it is of a rather complicated struc
ture. Peculiar is especially the strongly developed bill-shaped antenna whose form, 
however, is subject to great variation; it seems to be able in some degree to be 
drawn in; the mastax is very large, globular and furnished behind with a very 
large body of glandular structure containing a single large whitish spot whose 
structure is rather problematic. The mouth-parts (fig. 5) are of the virgate type and 
may be protruded into the mouth-opening the sides of which may be prolonged, 
tubelike, and dentate at the edge. The oesophagus begins dorsally; it is short and 
runs to the enormous stomach which tills most of the body cavity. Most prob
ably the digestion is intracellular, the cells of the stomach are overfilled with rests 
of chromatophores. The stomach itself contains large bluish-black or black residua 
from the nutrition; as far as I can see, there is no anus, and no cilia upon the 
stomach cells. The residua are not thrown out through the mouth, but remain in 
the empty carapace after the death of the animal. Two small gastral glands are 
present. When the animal is well-fed, the structure of the stomach cannot be 
studied, but if kept on inanition for a few days, it may be shown that it is built 
up of rather large cells (fig. 1). I have only succeeded in seeing a little of the ex
cretory canals and no vibratile tags. The contractile vesicle is large, opening dorsally. 
The ovary presents itself now as a globular mass, now more bandlike; it has 
most probably eight nuclei. The brain is large, a retrocerebral organ is not observed, 
nor any lateral organs, only a dorsal organ. The two sorts of eggs have been 
shown in fig. 2 and fig. 6. Highly characteristic of the animal is the bluish- 
black colour.

Sacculus viridis Gosse.
Plate IV, fig. 10—16.

Nowadays most of the authors are inclined in the genus Ascomorpha to in
clude two species Ascomorpha ecaudis Perty (= Sacculus viridis Gosse) and Asco- 
morpha agilis Zacharias with the closely allied A. saltans Bartsch and a new species, 
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A. minima v. Hoisten. As far as I can see, the two main species A. ecaudis and 
agilis differ in all essential points. A. ecaudis has a very thin skin, no lorica, no 
antenna, and carries its eggs. A. agilis has a well-marked lorica with a very peculiar 
folding apparatus in front, a thick fleshy antenna; the eggs are deposited on 
oilier plancton organisms. A. ecaudis swallows its prey, putting it down into its 
enormous stomach; A. agilis sucks it out, the mouth-parts being protruded from 
the mouth. Both species have no foot, hut, as is well known, this is of no system
atic significance. — The systematic position of the two forms cannot at present 
he determined hut it is presumably not correct to include them in the same 
genus.

Sacculus viridis is rather common in small ponds and in ditches filled with 
vegetation; the amictic females carry their eggs (1—2) and the mictic the numerous 
(10—12) male eggs. Females with a very large resting egg within the oviduct have 
several limes been observed. Deposited resting-eggs have not been observed. S. v. 
appears in April—May shortly after the ice has disappeared; large maxima have 
only been observed a single time, (May 1929, Funke Pond); it seems to he com
monest in early spring; mictic females have been observed from April to October.

The anatomical structure of Sacculus viridis has always been very superfici
ally studied. It has a peculiar thick, almost swampy, lorica; its form is very irre
gular, varying according to the contents of the stomach and of the ova. The structure 
of the wheel organ is seen in the figures. The mastax (fig. 16) is almost globular, 
with two small mastax glands behind. The mouth-parts are almost regular, virgate. 
The stomach is enormous, filling the whole body cavity; seen ventrally or dorsally 
it presents itself as two large lobes surrounding the reproductive organs. The wall 
of the stomach always contains great amounts of chromatophores, oil globules and 
bluish-black residua of the food; gastral glands have not been observed; most prob
ably the digestion is intracellular; of the excretory system only the rather small 
contractile vesicle opening dorsally has been seen; an anus has not been ob
served. The vitellarium is large, containing eight nuclei; its aspect differs very 
much in the different specimens; the mictic females may carry about 12 very 
small male eggs or one single dark resting egg which may be deposited, but where 
is unknown; fig. 10 shows a female which carries one resting egg and has another 
under preparation.

Anapus testudo Lauterborn.
Plate VIII, fig. 28—30.

A. testudo is a plancton organism, belonging to the pelagic region of our largest 
lakes. It is a pronounced summer form, appearing in July and disappearing in 
September. It always occurs together with the large Ceratium hirundinella maximum 
and disappears with it. In all samples it has only been found in rather scarce 
number; neither eggs nor sexual periods have been observed. It does not carry its 
eggs which may most probably be deposited on other plancton organisms. Hitherto 
it has not been possible to find them.

D. K. D. Vidensk. Selsk. Skr., naturv. og mathem. Afd., 9. Række. Il, 1. 13
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A. ovalis Bergendal.
Plate VIII, fig. 31.

A. ovalis Bergend., differing from the almost isodiametric A. testudo by its 
more elongate form, is the substitute of A. testudo in small ponds covered with 
vegetation. It seems to belong to the vegetation zone, often occurring together with 
C. cormitum and Peridinium species. It is rather rare, and has only been observed 
in small number. It does not carry its eggs, and neither eggs nor sexual periods 
have been observed. Both species have the cells of the stomach overfilled with rests 
of chromatophores.

It is of some interest to see how a small group of rotifers are in reality tem
porally as well as locally intimately associated with another, sharply defined, group 
of organisms: in casu the Flagellata. All the above-named Anapodidæ feed on 
Flagellata. S. viridis swallows them, Ascomorpha and Anapus pierce holes in the 
scales and swim away with their prey, pushing it before them; when sucked out, 
the empty shells fall to the bottom. The bottom of a vessel with many Anapus 
or Ascomorpha will soon be covered with empty scales of Dinollagellata ; one of 
them, Ascomorpha agilis, lays its egg on them, and this may perhaps also be the 
case with the Anapus species.

Characteristic is further the enormous often lobate stomach, always coloured 
by the Chromatophores of the swallowed Flagellata. As I have never seen a de
fecation, I suppose that the absence of an anus may be regarded as a family 
character, the posterior opening being only a urogenital opening; most probable 
the digestion is intracellular.

Figures 29—31 Plate VIII show the two species, the more elongate A. ovalis, and 
the broader A. testudo. I have observed three antennæ in A. testudo, but only one 
in A. ovalis. The mouth-parts are of the same type in both, and the stomach con
tains large amounts of black bodies, remnants of the food. Of the excretory organ 
only the contractile vesicle has been observed. — A. testudo which is a bolder 
swimmer than ovalis, has a better developed wheel organ with large auricles.

Ordo Brachionida.

Hydatinadæ.
To the family Hydatinadæ are referred Hydatina, Rhinops, Notops with N. bra- 

chionns; the last-named species has never been found in our country. Many years 
ago Dr. Rousselet at my request sent me some living iV. brachionus. The two 
figures (Plate V, fig. 1—2) give some anatomical details which have not hitherto 
been given. As the animals have been slightly pressed the posterior outlines do 
not issue at right angles from the lateral ones.
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Hydatina senta Ehrbg.
For a long time, more than several years, I have in vain searched for Hyda

tina senta. During my exploration of many hundred small ponds, scattered over 
the whole country, but mainly in the north of Seeland, I have only once, in May 
1898, found Hydatina in a little pond which now and then got manure from a 
cow-stable through a small drain. Unaware of this latter fact in 1898, I did not 
understand why Hydatina was found just in this little pond and for about 20 years 
after searched for Hydatina in all ponds in the vicinity. In the latter part of May 
Hydatina disappeared from the above-named pond; in the following years the pond 
got no drain from the stable, and I never found Hydatina in the pond again.

In 1921, on 21/IV, Hydatina was found in a little ditch, which received several 
affluxes from a large cow-stable; the water was brown, it contained numerous 
Euglœnas and it smelled of manure.

This made me, who was just at that time (1922—24) studying the occurrence 
of Anophelines in our stables, search for Hydatina partly in the stables themselves, 
partly in manure ditches surrounding the dunghills, and in ditches which were 
partly filled with water from melting snow and rain, partly with affluxes from the 
stables. Several times I have found Hydatina in the stables themselves, in the ce
mented watering-troughs. This was especially the case in dirty stables; now and 
then they were found in the very dark and very ill-smelling mixture of urine and 
rain-water round the dunghills; quite especially they were however found in the 
above-named ditches with faintly yellowish water, consisting mainly of rainwater, 
but with a supply of manure differing from day to day. Furthermore Hydatina was 
found in small ponds and pools near the stables where cattle were watered during 
the summer, localities which were quite dry in summer and whose bottom was 
covered in summer and autumn with numerous excrements of geese and ducks.

In early spring liquid manure mixed with water is spurted over the fields. In 
1921 and 1922 heavy snow and rain filled with water all the small hollows, which 
during the following fortnight were scattered over the arable land throughout 
North Seeland. In these small pools, the size of which did not exceed 100 square 
metres, the water was often yellowish, owing to the bottom being impregnated with 
manure. The deepest of these pools which still contained a little water in May, 
were often covered with coatings of Euglena. Now it could be shown that many 
of these temporary pools contained Hydatina. Most of these pools totally disap
peared before the latter part of April, all before the first part of May; later on the 
earth concealed the corn seeds for the following harvest as well as the resting eggs 
of Hydatina. With this observation in mind, in April—May 1923 I visited many 
similar pools in the middle of Seeland. They almost always contained Hydatina, 
but later on, even if heavy rain filled the pools in summer and autumn, no Hyda
tina appeared. During the following years I could of course get Hydatina in un
limited numbers; when they had never been found up to 1921 it was only because 
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I had never searched for them in the right, and indeed scarcely very pleasant, 
localities.

In my fresh-water explorations the small water pools in the villages have al
ways played a prominent part; in the first place they contained many very inter
esting Chlorophycea and Rotifera, further, members of the genus Daphnia, D. magna, 
D. pulex and I). hyalina, all of which have been studied for years at the laboratory 
here. It was here loo, that my assistant, Mr. Berg, found I), atkinsoni. In these ponds 
Hydatina are found now and then; commonly they are rather rare here, and if 
they are found the ponds almost always get a supply from stables; in spring they 
are often covered with numerous ducks and geese; the water-level depends totally 
upon the rainfall, but during the last part of July most of them are laid dry; the 
muddy bottom is then covered with grasses. Now the peculiar thing is that the 
Hydatina always disappeared from the localities during the middle of May. Even 
if the ponds contained water much longer, no Hydatina were found in the latter 
part of May.

With regard to my area of exploration there is no doubt that the home of 
Hydatina senta is very small drying up pools and ditches, whose water is mixed 
with liquid manure, often to such a degree that it may be a yellowish brown. 
Later on I learned that Lauterborn had long ago arrived at a quite similar result 
with regard to his district. The fact is in accordance with the results gained from 
laboratory work from the last twenty years (Shull, Whitney).

The other fact which interested me very much, was that in spite of explora
tions in very many manure ponds and also in such as were filled with water al
most the whole year round, Hydatina was only in a single case found after the 
middle of May. Because this rotifer has never been found in localities where regular 
plancton explorations were carried out nor in such where regular explorations 
carried out every week are still a desideratum, it is easy to understand why 
the biology of this rotifer in nature is almost quite unknown. This is so much the 
more regrettable, because of all wheel-animalcules just this rotifer is the best 
known in almost every direction, owing to the elaborate investigations of its biology 
under laboratory conditions.

Since all the localities where I had now found Hydatina were every year 
frozen to the bottom till the latter part of March and often till the first of April, 
and since, furthermore, the animals, even if the ponds were filled with water, dis
appeared in the middle of May, it was beyond doubt that the number of genera
tions which Hydatina could produce in the laboratory during a year of observation, 
really could not be found in Nature. Most probably it could not produce more than 
relatively few generations in Nature. Keeping in mind that Whitney has kept 
Hydatina living for 2 Vs years, and has during that time cultivated it through more 
than 500 generations, it will be understood that here we had to do with the most 
striking difference in behaviour under laboratory and natural life conditions. I have, 
therefore, folloved the life of Hydatina in different localities during the years 1921 — 
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1924, samples being taken every eighth and often every fourth day; the localities 
were visited before the ice had disappeared and until the pools were laid totally 
dry; several of them got no water before the drifting snow melted the next year. 
The liquid in which the animals were kept in the laboratory was the natural, 
non-diluted water of the pond. Observations in ponds and in vessels in the labora
tory were always combined. Before entering into my own investigations it will be 
necessary to give a short sketch based on (he literature relating to the investigations 
carried out on Hydatina in culture, of our knowledge of its biology under artificial 
conditions. According to these investigations carried out in the laboratories the life
history of Ilydatina senta is there as follows.

When the resting egg is hatched an amiclic female invariably appears; this 
female, if the conditions are good, produces about 50 eggs, which all give rise to 
other females; already in this second generation, these females may be divided into 
amiclic and mictic females. To lind any difference between the two kinds of females 
has hitherto been impossible.

In the size of the eggs laid by the two sorts of females there is some difference, 
but it is not great, and we often find intermediate stages, so that the two kinds of 
eggs are not distinguishable from each other by their size. Females are either 
amictic or mictic, never both; mictic ones seem especially to appear in the early 
part of a family of daughters. The number of eggs the two females lay at lower 
temperatures is almost the same, but at higher temperatures the mictic female 
produces eggs faster than an amictic one, and also produces more eggs throughout 
her lifetime. The result is that enormous amounts of males are suddenly produced 
in a colony, and the phenomenon of male epidemics appears. It has been shown 
that these epidemics show a regular periodicity in cultures so that the males appear 
in well-defined “waves”; these “waves” are a culture product, in Nature there is no 
time to produce more than one “wave”. The males may pair with the amictic as 
well as with the mictic females, but pairing has no influence on the first-named. 
If paired with a mictic female, the latter will begin to lay resting-eggs in a number 
of about twelve. It will therefore be understood that the resting-eggs are the fer
tilized male eggs, and that the mictic females are the sexual females; the sexual 
eggs are able to develop without fertilization, but then invariably give males.

The resting-eggs may develop in the course of several weeks or may rest 
for many months. We will now pass on to my own observations in Nature. In 
the following some of my diary notes are given.

On 5/IV 1921 many ponds and small ditches were still covered with ice. This 
was also the case with a little ditch two kilometres from Hillerød. When the ice 
had disappered, the bottom was quite dry; rain and snow filled the ditch during 
the days 5/IV—15/IV; from a large cow-stable liquid manure flowed into the ditch, 
which soon got a yellowish colour; it teemed with Flagellata of different kinds, 
mainly Euglena. In samples taken during my absence at my Sorø laboratory, a 
few Hydatina were taken on 15/IV. Temperature 3 0. On 21/IV the number had 
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augmented enormously. In the whole ditch there were only a few cubic metres of 
water; it was water-filled over a distance of about 5 metres; it was only 1—2 de
cimetres broad and the depth was never more that one decimetre, often less. The 
surface was covered with green algæ; yellow, withering, half-decayed straws from 
the last years filled a good deal of the water. The Hydatina were present in count
less numbers. They were sitting on the straws, covering them with a thick coating; 
furthermore it could be shown that the water was covered with a rather thin layer 
of green algæ, on which the animals were creeping about. With the wheel organ 
pressed against the algal coating by which the animals are nourished, they moved 
over the underside of the surface; very often they removed the forepart from the 
film, hanging downwards only supported by a thread spun of material from their 
caudal glands. During the time 15/IV—21/IV countless numbers of resting-eggs de
posited last year must have developed; the material contained almost only amictic 
females, but a few males were observed. In the vessels the surface was covered 
with a thick layer of algæ; already on 22/IV it contained numerous small whitish stains 
a sq. cm. in size, consisting of male and female eggs, the former much smaller 
than the latter. Everywhere from the surface the females were hanging down, whir
ling organisms into their mouths by means of the wheel-organ. Many females were 
creeping about on the layer or were depositing eggs. In vessels in which the algæ 
coating on the surface is regularly removed, the eggs are laid on the sides of the ves
sels and on straws; in these cases the colony soon died out. On the egg spots the 
females, commonly live to ten, were almost always in activity; the spots often con
tained about fifty to seventy eggs. When the vessel was placed in the window or 
otherwise with strong one-sided illumination, this had no influence upon the ani
mals; as is the case with so many often benthonic rotifers, Ilydatina is by no 
means positively heliotropic. The males creep round the egg spots, often over the 
females; pairing is often observed, always through the skin, never through 
the cloaca.

Already on 23/IV the colour of the white spots is somewhat altered; observed 
under the microscope they now appear “pepper and salt” coloured; this is due to the 
great number of resting-eggs. On 25/IV almost all female and male eggs are hatched 
and resting-eggs in countless numbers are spread over the underside of the algæ 
carpet. This carpel augments in thickness from day to day, consisting of a peculiar 
thick jelly, which I first supposed was derived from the algæ. By 27/IV only resting
eggs are found; the females diminish in number; the males are still rather com
mon, often sitting with the foot in the empty egg-shell. Before 1/V almost all ani
mals had perished but below the surface were scattered many thousands of resting
eggs. During the whole time from 21/IV to 27/IV the water was not changed; its 
colour was yellowish without any smell.

The localities are visited again on 27/IV. During the days 24/IV—27/IV it has 
rained very much; the water-level in the ditch is much higher, and there is no 
algal covei' on the surface; the water is clearer and beyond all doubt strongly 
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diluted. The number of Hydatina is still enormous; in the new samples the surface 
is again during the night covered by a green jelly, in which there are many algæ. 
That night 32 small egg-spots were formed, each containing 200—300 eggs. Most 
of these eggs are female eggs, some resting-eggs, but not so many male eggs. If an 
egg spot was taken from the film, it contained as many as 180 egg-laying females 
and 20—30 males. Isolated egg-spots without animals are hatched the next day; 
about 30—35% are males. The eggs therefore require a temperature of 12° C. in 
the vessels and take, for hatching, at all events not more than 24 hours. In the 
following time, from 28/IV—20/V, the locality is visited three times; Hydatina is 
always found, but in decreasing number. By 20/V there is very little water in the 
ditch, by the last week of May it is totally desiccated. During June—December I 
have very often passed the locality in my motor-car; rain has several times filled 
the ditch, but no Hydatina were discovered. On the grass and at the bottom are 
found numerous resting-eggs. During the time 15/V—1/VI all my cultures almost 
die out entirely; the film on the surface of the water is covered with thousands of 
resting-eggs, but curiously enough during the whole summer I always find very 
few females in the vessels; instead of thousands in April, now only about 20—-30.

On 5/XI the ditch is filled with snow, and a frost period begins; the ponds 
are covered with thin ice. On 3/XII most of the ponds are open again; during De
cember the air-temperature lies between IV2—21/s°C. O11 24/XII the ditch is found 
filled with rather clear water, derived from melting snow; the temperature of the 
waler is 10 C. Now several Hydatina are found and among them curiously enough 
a few males, hatched at this very low temperature. On 15/XII lhe same is the case, 
but on 31/XII all ponds and ditches are covered with ice. During the time 31/XII 
1921—15/III 1922, all ponds and ditches are covered with thick ice and snow. The 
Hydatina-ditch is open on 15/111 and at a water-temperature of + 4°C. gives very 
many Hydatina, all females. Then frost sets in again and the ditch is frozen to 
the bottom from 15/III to about 1/IV. During this period it seems as if all Hyda
tina have been killed. Often as I visited the ditch in 1923 I never saw a single 
Hydatina.

In a little very dirty pond, Fredensborg Castle Pond, Hydatina was found 
in 1921. The pond was at that period rather clear and contained many green algae. 
In the spring it is about x/a metre deep, and never desiccates totally. It contains 
the little fish Leucaspius delineatus. The pond has not the slightest vegetation and 
during summer is covered with a thick layer of blue-green algæ. Hydatina was 
common in the plancton in 1921 together with Rhinops and many other rotifers. 
It lived here as a real plancton organism, and had its well marked sexual period 
in the latter part of May, whereupon it totally disappeared before June, together 
with Rhinops.

In 1922 the pond got an afflux from a very dirty sewer, the water in the 
pond was now greyish and almost all rotifers died out. Hydatina was not found 
in 1922 nor in 1923; but curiously enough it appears again on 23/VII 1923 and 
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is then found in almost all samples till 20/IX. In some of the samples it is rather 
common, but males are never seen, and when taken into the laboratory the females 
only produce large eggs, never male eggs. It seemed as if only amictic females ap
peared; I presume that mictic females have appeared in the autumn, and that a 
short and feeble sexual period has escaped my attention.

In the little Endrup Pond, near Fredensborg between Esrom Lake and the 
Sound, Hydatina was found during the spring of 1922, later on in the year it dis
appeared. The pond is very shallow and in warm summers is often laid dry; it 
gets affluxes from the farm-yards in the neighbourhood. It contains no higher 
plants, but the waler is always coloured by huge maxima of Chlorophycea and 
Flagellata; the depth never exceeds 3/4 metre. In the summer it is almost always 
dry and the bottom covered with grass, on which numerous ducks and geese drop 
their excrements. During severe winters it will most probably always freeze to the 
bottom; in .June, immediately before desiccation, the temperature may rise to 24° 
—25 C. Apart from Chlorophycea and Flagellata the pond contains a very rich 
plancton of Brachionus and Daphnia magna.

In 192.3 the pond was visited on 9/IV. During a long period the temperature 
of the air had been about 0, and Endrup Pond was still ice-covered on 11/IV in 
the morning. Al 12 o’clock it had almost thawed owing to the bright sunshine. On 
11/IV the temperature rose to 6°—7°. Not a single Hydatina was found in the 
plancton, but on the stones and in their coatings of algæ numerous Hydatina oc
curred. On 22/IV the pond showed very remarkable phenomena. It was calm, 
bright sunshine and the temperature of the waler over the stones was 18° C. Air
temperalure 12°. The pond was covered with a coating of blue-green algæ; the 
surface showed peculiar drawings of concentric lines, blown eastwards; between 
most of them were very small intervals near the shore and larger ones nearer the 
middle of the pond. The concentric lines were darker than the intervals. A more 
thorough exploration showed that the lines were almost entirely made up of in
numerable masses of Hydatina-eggs. A plancton-net gave Hydatina in almost in
credible numbers. The same was the case with the coating of algæ on the stones, 
which, when shaken down in the net, gave almost pure cultures of Hydatina. In 
the plancton males as well as females were found.

On 25/IV the pond was visited again; the concentric rings had now disap
peared, but everywhere the pond teemed with Hydatina in the plancton as well as 
on the stones. On 3/V the number was most probably the same, but on 8/V it 
had diminished very remarkably; no males were observed; no specimens were found 
in the plancton, and the females were now only found creeping on the stones. 
On 21/V Hydatina was very rare, and later on it was not observed during the rest 
of the year. The pond had water almost the whole summer but was totally de
siccated in September—October. —

During the winter of 1923—24 all ponds were frozen from lhe last part of 
November to the first part of April. On 10/IV 24 Endrup Pond was open, but 
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many other ponds were still ice-covered. No Hydatina in Endrup Pond; the same 
is the case on 19/IV, when the temperature of the water is only 3°C., (air-tem
perature 2°—5°C.); furthermore on 5/V, when the temperature of the water and the 
air is only 5 ° C. On 16/V Ilydatina is found again; not so numerous indeed as in 
1923, but very common on the stones and living simultaneously as a plancton or
ganism in the central parts of the pond. On 28/V all Hydatina have disappeared. 
The pond is filled with water, at all events through the whole of June—July and 
the greater part of August. The observations are repeated in 1924 and give quite 
the same result. The observations carried out in the vessels in 1923 may now be 
augmented by the following. When the vessels were filled with material from En
drup Pond during the period 22/IV to 1/V and countless Hydatina filled the water, 
the surface of the water would the next day be covered with a remarkably thick 
jelly. I supposed that this was in the first place due to Algæ, but Professor Mar
tini, who was al that time working at the laboratory, thought that it was derived 
from the Rotifera. Observations in the following days showed that this was really 
the case. During the following days, thick threads went down from the surface to 
the bottom of the vessels; these threads were interwoven, and during the follow
ing week a regular network was formed. Along these threads the Hydatina wandered 
up and down, or they would sit on the threads, whirling food in their wheel-organ. 
The eggs were always deposited on the surface. It must be remembered that the 
Hydatina of both sexes are provided with unusually large and broad caudal glands. 
Wherever the Hydatina moved, they drew a long gelatinous thread after them; the 
thread was also visible when they swam, though not as a thread but as a long 
series of particles of detritus moving together with the animals. All these threads 
swell in the water, adhere to each other, and hang down from the thick coating 
on the surface of the water, which serves as a substratum for the animals and on 
which the eggs are deposited. It is the same material which was observed on 
22/IV in concentric circles on the surface of Endrup Pond.

It seems as if the animals, when living in larger ponds during the sexual 
period, may partly live a short semipelagic life. Most probably the countless num
bers of animals, living on the stones near the border of the ponds, spin large quan
tities of threads there, by which they are carried out over the surface of the pond, 
and from which they subsequently free themselves. In the night when the count
less numbers of threads become glued lo each other, they form, with the algæ, and 
their gelatinous coatings the surface-film of jelly on which the eggs are laid, and 
which is broken later on by the first morning breeze, and swept into the small 
bays of the pond. —

Twice during the August of 1925 when the air-temperature was 20°—22°C., 
and the water-temperature 24°-—26°C., I traversed a good deal of Seeland in my 
motor-car and took about 20 samples a day in village ponds and in ditches; all 
the samples were brought living to the laboratory. My object was to make sure 
that such organisms as Hydatina and Rhinops really had totally disappeared during 
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the summer. Out of these about 40 samples only one single one contained Hyda
tina, and that only in very few specimens; these were always females and always 
animals which only produced females in the vessels, i. e. amictic females. In 1929 
I found a new pond in which I again saw a few Hydatina in June. On an ex
cursion I found Hydatina in another little pond at Søllerod about 14 kilometres 
south of Hillerød. It was found in great number on 8/VII 1923; in this case, too, 
there were only amictic females; the pond was again visited on 18/VII and three 
times at regular intervals in August; but sad to say the samples contained not a 
single Hydatina, I was accordingly prevented from observing whether these females 
could be forced to develop mictic individuals.

During the winter of 1929—1930 the ponds were not frozen before the last 
days of January. Owing to the peculiar forms of Brachionus pala a new pond, 
Bistrup Pond, was regularly visited from July 1929; by 11/IX a single amictic female 
of Hydatina was found; it was then observed in a single specimen 3/XII and 8/1. 
By 31/1, when the pond was covered with ice, very few females were observed. In 
this and similar cases it seems that a few resting-eggs may be hatched before winter 
sets in but that the females hatched from these eggs propagate extremely slowly. 
A few females appeared in April 1930, but later on no females were found.

If now, from the explorations carried out in Nature, we try to sketch a picture 
of the life of Hydatina senta under natural conditions and in our latitudes, we 
shall arrive at the following results.

1. In the first place it is beyond doubt that the real home of Hydatina is in 
very dirty waters rich in organic matter, and especially such waters as have af
fluxes from stables or sewers. In water which is a deep yellow and whose colour 
is derived from liquid manure it thrives exceedingly well; its main food here is 
green Flagellata, which colour the stomach a vivid green. These results are in full 
accord with those of Lauterborn (1898).

2. Furthermore it may be regarded as an established fact that Hydatina be
longs mainly to drying ponds, often to localities which do not get water every 
year, and in dry summers only for a few months. The water is commonly derived 
from melting snow or from the rainfall in early spring; the organic matter which 
seems a life condition to this species and more especially the manure of the pre
vious year comes from the bottom, the bottom being impregnated with liquid ma
nure or covered with excrements of ducks, geese, sheep etc.; in spring the localities 
often get a new supply of manure.

3. Now and then Hydatina may be found in permanent ponds, but only very 
rarely, and then only where the water in some way, e. g. through sewers, gets a 
rich supply of organic material.

4. Hydatina is mainly a bottom-organism which, half creeping half swimming, 
moves over the bottom of the pond, and especially over the coating of algæ cover
ing the stones of sunny shores at the water’s edge. From the littoral it moves out 
over the surface of the pond, creeping on the underside of the surface-film, using
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il as a substratum. By means of the gelatinous secretion deriving from ils unusually 
large pedal glands, il augments the thickness of the film itself. This film contains 
enormous masses of unicellular green algæ, especially Flagellata, which, at all 
events in my localities, form the main part of its food.

5. During the sexual period Hydatina may leave the substratum and for a 
short time live a semipelagic life together with the other rotifers of the locality, 
(Anurœa-, Brachioniis-species and very often Rhinops vitrea). The semipelagic con- 
dilion is a necessary result of heavy showers and strong winds which break or 
dilute the film of the surface.

6. Most of the eggs are deposited on the film, presenting themselves as whitish
spots; each spot is the result of the activity of many females surrounded by the 
males which creep about over the egg-spots and between the females. When the
active life of the slock is at an end, all deposited eggs are resting-eggs, which are
sooner or later swept to the borders of the pond or sink to the bottom.

7. It is a highly remarkable fact that, even if the pond contains water either
the whole year round or at all events until August, the active life of the whole
stock is often restricted to only six or eight weeks, almost always in early spring,
in our latitudes mainly in April—May. In all the other months the organisms live 
a latent life as resting-eggs on the floor of the pond. In this respect they behave 
like several other organisms belonging to drying ponds, but mainly to such, whose 
water is clear and the bottom of which is covered with a rich green vegetation.

8. During this exceedingly short time the number of generations cannot of 
course be very large. According to the excellent laboratory-studies of Nussbaum 
a. o. the average lifetime of a Hydatina may be stated to be about 9 days. Using 
this and the other well known facts relating to the biology of Hydatina: number 
of eggs (about 50), the number of days before the newly born female is able to 
produce eggs (1—2), number of hours before the female lays its next egg, we are able 
to calculate that in numerous localities and in many years the number of proterogen 
(Papanicolau 1910 b p. 739) generations will be between ca. six and ca. thirty.

9. As the eggs only take a day to develop and the hatched females are ready 
to lay eggs almost on the day on which they are born, the size of the generations 
is augmented enormously from day to day, a series of generations deriving from 
these proterogene generations are therefore “working” simultaneously.

10. It has been shown that in the course of only a week the ponds may teem with 
Hydatina. This may in the first place be due to a rather sudden and simultaneous 
hatching of resting-eggs. Even if the normal temperature of the pond is remarkably 
low on the hatching days, and the pond is ice-covered during the night, and the 
water only a few degrees above zero during the day, the temperature may very well 
in bright sunshine, especially on the sloping sides with a southern exposure and 
where the bottom is dark, rise to 12°—15°C., or even more; the hatching tempe
rature for the eggs therefore lies much higher than a mere cursory examination 
would make one suppose.

14*
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11. The females deriving from the resling-eggs are always amictic ones, but 
it may be shown that very soon, most probably already in the second generation, 
the mictic females appear. Knowing that the life of the males is only a few days, 
and finding the males in Nature at an air-temperature of a few degrees above zero 
as in December and March, it will be understood that even if thin-shelled eggs 
are deposited at the above-mentioned rather high temperature, they may on the 
other hand also be able to endure a low temperature and still be hatched.

12. Since we find the males in December as well as in March at temperatures 
about zero and in May when the temperature in the ponds may rise to about 
20°—22° C., it is highly improbable that the temperature itself should have any 
direct influence on the production of the mictic females, at all events it can only 
influence the rale at which llie male eggs are deposited and developed.

13. It is of course quite impossible from an investigation carried out in Na
ture to form any valuable ideas with regard to those factors which may determine 
the development of the mictic females.

It can only be maintained that the life of the colony in the active stages is 
founded by the amictic females, and is completed by the mictic ones. The prepon
derance of thin-shelled eggs in the first period, and the occurrence of resting-eggs 
only in the last, showed this conspicuously.

The life of Hydatina shows conspicuously that the purpose of the amictic 
females is in the shortest possible time to augment the number of the mictic ones; 
from a biological point of view they are to be compared with the sporocysts and 
redias among the Trematoda whose main task it is to develop the enormous amount 
of that larva material (the Cercaría) which is later on to develop into the ripe 
Trematoda.

14. A special characteristic of the Hydatina colony is that they die out en
tirely when the resling-eggs are laid. Among most of the other Rotifera some of 
the amictic females continue the propagation for months or often almost the whole 
year round, producing, after the death of the mictic females and males, a long 
series of amictic generations, whose propagation, however, as a rule seems to be 
very restricted, giving rise to those single individuals, which may be found the 
whole summer after the extinction of the great spring maxima, ending in the well- 
marked sexual period.

15. That these amictic females of the Hydatina do not, however, entirely dis
appear in all localities when the active life of the colony stops has been shown 
by this investigation, and also by other investigations in other parts of the world. 
We have seen that in permanent ponds Hydatina may now and then be found as 
a semipelagic organism throughout the summer months. The number is always 
very or rather small, and sexual periods have never been observed. Nor has it 
ever been seen that these amictic females, as is the case with other Rotifera, have 
begun a new and stronger propagation in the autumn, giving rise to the develop
ment of mictic females, the production of males and the deposition of resting-eggs,
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i. e. an autumnal sexual period, or in other words a dicyclic propagation. Every
thing would seem to show that Hydatina is a pronounced monocyclic rotifer with 
a very short active lifetime in early spring, and in most localities without the 
development of amictic females, which are able to form a transition to an autum
nal sexual period. It seems highly probable that the inictic females appear already 
in the second generation, most probably from the last laid eggs. That the tempera
ture and variations in the chemical composition of the water may in reality exert 
their influence and accelerate or retard the development of the mictic females is 
probable. On the other hand, it must not be forgotten that, in the very short time 
the colony lives, it is rather improbable that variations in outer conditions would 
alone be able to cause their appearance. The total extinction of the whole colony 
when the resting-eggs are laid, seems to contradict this. Il is as if the life of the 
colony is exhauted with the formation of resting-eggs, even if external conditions 
would allow life in active form.

Rhinops vitrea Hudson.
Plate I, fig. 1—2; Plate V, fig. 3—5.

During my explorations I fairly often found Rhinops vitrea; in a few cases 
it occurred together with Hydatina senta; this was the case in the Fredensborg Castle 
Pond. It was, however, never like this species found in ponds which got liquid 
manure in such quantities that the water was coloured yellowish; furthermore it 
has never been found in ponds which were totally desiccated during the summer. 
It seems as if its home is mainly in small ponds, either without vegetation or at all 
events with a conspicuous central part free from vegetation. Its foot glands are not 
so large as those of Hydatina, and the secretions do not play so great a rôle in 
the life of the animals as those of Hydatina. In accordance with this it is not like 
Hydatina a creeping animal, and has no affinity to the surface film. It is a pro
nounced but rather slow swimmer. In contradistinction to Hydatina the amictic 
females produce young ones, whereas the offspring of the mictic ones, if fertilised, 
are very beautiful large resting-eggs. As far as I know, every female only produces 
one single egg; this egg I have never seen laid; on the other hand I have very 
often found empty skins of Rhinops with a large resting egg inside. I am therefore 
inclined to suppose that these eggs are not liberated before the mother organism 
decays.

Owing to the different offspring the two females, the amictic and the mictic, 
can always easily be distinguished from each other. The first-named if unfertilised 
almost always carry two or three young ones, the mictic if unfertilised 7 or 8 eggs 
or young ones in different developmental stages, and, if fertilised, the large resting
egg (Tab. V, Fig. 3—5). At the moment of birth the young one is pushed out in 
the course of a second, and if it is an amictic female, has at birth 3/i of the size 
of the mother organism, if a mictic one only 1/s, though later on it attains a size 
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of about V2; the very old males are still larger, very slow and very hyaline. Already 
at birth the amictic females carry well-developed eggs.

Asminderød Pond. Rhinops vitrea is a pronounced spring form. In 1922 
it appeared immediately after the ice had disappeared. It has its large maximum 
already in April at a temperature of 8°—10° C., the maximum lasts the whole of 
April; in the beginning only large amictic females appear, these produce a large 
amount of brood, which immediately after the birth begin parlhenogenetic pro
pagation.

About 20/IV the mictic females appear, and in the plancton the males are 
now numerous. In the last week of April almost all females carry resling-eggs. 
The mictic females are still numerous; on 30/IV Rhinops is very rare and already 
by 9/V not a single specimen can be found; in all samples from 9/V to 4/XII it 
was totally absent; during this time the species only existed as resting-eggs. On 
4/XII a few specimens of amictic females were observed; the pond was ice- 
covered in the latter part of December, and when it was again open in 1923 
(24/III) Rhinops was fairly common; most probably it had a maximum during the 
time 24/III — 10/IV; already at that time mictic females with resting-eggs are found. 
From May 1923 and through the whole of 1924 Rhinops almost entirely disappears; 
it was only found in a few specimens on 1/V 1924; the pond had been ice-covered 
till 15/IV. In the following years the pond became part of a villa garden and was 
very much altered; no samples could be taken.

Fredensborg Pond. The species is found in a few specimens on 10/IV 22, 
the last specimens are seen on 31/V. During the period 15/IV to 30/IV males are 
common. In the samples 11/V to 17/V most of the females carry resting
eggs; after 31/V not a single specimen has been observed. During 1923 Rhinops 
vitrea was observed sporadically in a few spring-samples. During the years 1924—29 
the pond grew year by year more dirty and not a single specimen was observed.

Rhinops was most thoroughly studied in 1927 in the so-called Spejldam 
(mirror pond) in the Royal Garden of Frederiksborg Castle.

Till 7/II all ponds have been open almost the whole of the winter; the tem
perature of the water during the whole of the winter was between 3 ’—-5 C. On 
l/II a few amictic females were found. From 7/II to 16/11 the pond was ice- 
covered, but with a small border of water near the shore. Here Rhinops was found 
on 7/II and on 16/11. During the period 16/11 to 7/IV Rhinops was found on 28/11, 
l/III, 15/III, 24/III, 1/IV and 5/IV; it was rather rare and always present only as 
amictic females. During the whole period the temperature of the water was not 
above 8 C., and very often 4°—5 C., the pond being often ice-covered during the 
night. Then rather suddenly the maximum set in on 7/IV; during the week 7/IV— 
14/IV it was very high; the large females often carry (7/IV) two or three large 
young ones which, when born are 3/s of the size of the mother; the process 
of birth is observed; it takes place in the fraction of a second. In the same week 
mictic females are very numerous, and on 14/IV almost all females carry the large, 
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spiny black resting-egg. A female seems never to produce more than one single 
egg. During the days 15/IV to 20/IV the species disappears. On 20/IV only a few 
females were found. The temperature of the water was between 5°—8 C. during 
the period 7/IV to 20/IV. Very often specimens were isolated and fed with minute 
algæ; the cultures always died and I am therefore unable to give any account of 
the number of young ones etc.

1. The result of the investigation seems to be that Rhinops, just like Hydafina, 
is a pronounced spring-form, with a very short active period, living the greater 
part of its life as a resting-egg.

2. The active period is in early spring, the resting-eggs being hatched im
mediately after the ice has melted.

3. As Rhinops lives in ponds which as a rule are never desiccated, it is very 
remarkable that it entirely disappears al a very early lime of the year, at a water
temperature of about 10 —17 C., just when the water begins to teem with food. 
Furthermore it is of interest that, in a good many cases, amictic females may be 
found all the summer, always in rather small number, and that during that time 
mictic ones neither appear nor produce maxima with sexual periods in the autumn. 
This seems to show that, in this species, the active period and the production of 
mictic females is in the first place independent of those variations in the external 
medium which the species commonly meet with; if variations produced under cpiite 
unnatural conditions (in the laboratory) or such as it never meets with in Nature 
are able to influence the length of the active period and the production of mictic 
females is another question.

In Nature Rhinops will commonly only be able to produce about 5—6 amictic 
generations; the life of the amictic females does not last more than about eight to 
ten days, and that of the mictic females is most probably shorter.

4. The resting-eggs may be hatched at very low temperatures and the propa
gation of the amictic females takes place at temperatures only a few degrees 
above zero. —

Brachionidæ.
Brachinionus.

In my area of investigation I have been able to distinguish four well-marked 
species, which may also be regarded as “Formenkreise” viz. B. pala Ehrbg., B. angu
laris Gosse, B. urceolaris O. F. M., B. Bakeri O. F. M.

It has often been pointed out that the home of most of the Brachionus-s\)ecies 
is chiefly the central part of small ponds free from vegetation (Zacharias 1898 
p. 114, Sachse 1912 p. 68). This is the case with B. pala and B. angularis, 
which together with longispinous Daphnias and species of the genus Ceriodaphnia 
play a prominent part in the pond plancton ; the other two species belong to the 
vegetation zone and are often found in ponds quite covered with vegetation, (with us 
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especially Potamogetón natans; with regard to B. urceolaris var. rnbens see later. 
All the species are found in village-ponds of a pronounced eutrophic character, as 
well as in moors and tarns with yellowish and very clear water; this applies espe
cially to B. pala and B. angularis. As these two species are present almost in all 
our ponds, it is no wonder that they are found almost in all the experimental 
ponds.

Both species, especially B. angularis, have occasionally adapted themselves to 
life in the pelagic region of smaller lakes. —

Br. pala Ehrbg.
Plate V, fig. 9—30. Plate VI, fig. 1—5.

Frederiksborg Castle Lake. B. pala is one of the main forms of the ro
tifer plancton of the lake. Most probably it will be present in all samples, though 
it always seems to be very rare from the first part of June to the first of 
October. During the autumn it is only present in very small number; however, 
when winter comes, it is one of the chief forms in the plancton and this is the 
case whether or not the lake is ice-covered. A maximum may develop below the 
ice as well as in years when the lake is hardly ice-covered at all. This maximum 
is only developed by amictic females, which, curiously enough, are able to develop 
a rather conspicuous maximum at temperatures near zero. Consequently, when the ice 
disappears, very often B. pala is one of the main forms in the plancton. During 
the rising temperatures, especially when the temperature has reached about 10 
14°C., i. e. in the latter part of April, the enormous maximum sets in, and for a 
fortnight the water is filled with innumerable masses of B. pala. Because all Bra- 
chionidœ, except Notens quadricornis Ehrbg., carry their eggs and the three kinds 
of eggs differ very much from each other (Tab. V, Fig. 24—26) it is easy to distin
guish the two kinds of females from each other. It may therefore easily be shown 
that all females before the middle of April are almost exclusively amictic ones, 
carrying two or three large eggs; a few mictic females with a cluster of as much 
as 10—15 male eggs occur. Then comes a moment when the mictic females pre
ponderate over the amictic ones. Shortly afterwards (about 1/V) the mictic females 
carry a few, (one or two) large brown rather irregular resling-eggs. In the latter 
part of April and especially during the first half of May countless numbers of 
resting-eggs are deposited on the surface, whence the wind sweeps them to the 
edge and into the bays of the lake. If a milky glass disk is placed directly under 
the surface, only covered with a few centimetres of water, countless numbers of 
small black points, the resting-eggs, are observed. Shortly afterwards B. pala almost 
entirely disappears from the plancton of the lake; but nevertheless through the rest 
of the year single individuals occasionally appear; but these singletons are always 
amictic females.

When autumn comes, the strong gales sometimes carry masses of resting-eggs, 
deposited along the edges, out on to the lake. About 1—2 weeks later B. pala is 
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more common. These females, all amictic ones, are very large, very hyaline and 
all without thorns; it is these forms which form the slowly increasing maximum 
of the winter.

These large females have no thorns when born; most probably they do not 
get them later; a little later, in samples often taken below the ice, other large 
females with short thorns, (forma amphiceros) appear; all these large females with 
thorns or without thorns predominate in the first part of April; in the latter part 
and in the beginning of May forms occur which are only half as large; they have 
no thorns and all carry clusters of male eggs, i. e. they are the mictic females. At 
first it would seem as if we had here a conspicuous morphological difference 
between the two kinds of females. But already eight days later the samples show 
every possible intermediate stage between them: large forms with thorns and male 
eggs, and with thorns and amictic eggs; furthermore large forms with thorns and 
resting-eggs. The two kinds of females are no more morphologically distinguishable 
from each other; only one form is never found; a small form with resting-eggs ; 
there is no morphological difference between the two forms.

It seems as if the forma amphiceros may appear at all seasons and that its 
appearance is quite independent of temperatures and all variations in external con
ditions dependent upon this factor. All that can be said is that the mictic 
females are presumably born at an earlier stage than the amictic females; that 
the mictic females begin the production of eggs immediately after birth and 
grow stronger than the amictic females. It seems however that they only rarely 
reach the largest size of the amictic females. Most probably a more thorough examina
tion would show a difference in size between an egg which produces a mictic 
female and one which produces an amictic one.

During the severe winter of 1928—29 B. pala and B. angularis were found in 
great number in openings in the ice; all were amictic females. When the ice dis
appeared, the species were extremely rare and the maximum and sexual period did 
not develop before the middle of May, about three weeks later than usual.

Asminderød Pond. B. pala always seems to have a very pronounced spring 
maximum which finishes with a sexual period. In 1922 the spring maximum did 
not begin until 15/V at a temperature of 15°—18° C., on the other hand, it lasted 
almost the whole of June. In 1923 and 1924 it began about 15/IV and was at its 
height about 15/V. The form was mostly without thorns otherwise the species was 
hardly ever found in 1923 and 1924 and, if so, only in a few specimens in a few 
samples; on the other hand, in 1922 it had a rather high maximum in August. 
This maximum was formed of rather small individuals, all carrying long posterior 
thorns. The maximum terminates in a sexual period; the mictic as well as the 
amictic females carry thorns.

Fredensborg Pond. Here B. pala is the main form of the rotifers. During 
the whole of 1922 from 25/IV to about 6/IX it was very common in all the 
samples. From 16/VII to 31 VIII it had a large maximum with a pronounced sexual 
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period. It disappeared from the pond during the latter part of September, and was 
not found again before May 1923. In this year, too, the great maximum did not 
occur until 16/VII and lasted to 20/IX whereupon the species only occurred spo
radically in a few samples. In the latter part of July and during the first part of 
August the mictic females carried 16—20 male eggs, a little later often two resting
eggs. The amictic ones often carry four eggs in July; in August commonly only 
1—2. The sexual period terminates in the latter part of August, but the amictic 
females have their maximum during the whole of September. In the latter part of 
this month many barren females appear. The main form of the pond is the forma 
amphiceros, but the length of the thorns varies enormously and is not associated 
with a special form of females.

Island Pond. Here B. pala is only found in a few specimens in a few 
spring samples; it does not belong to the plancton of the pond and is most pro
bably introduced in the pond with affluxes.

The Horseshoe Pond. The occurrence here is very remarkable; it is lacking 
in most of the samples. In 1923 it appears rather suddenly in August and in No
vember has a fairly large maximum. A new very small one appears in May 1924; 
most probably the species has not been present all the winter below the ice. Then
it disappears again and is almost wanting till June 1925, when it has again a
rather well-developed maximum; it never belongs to the main forms of the pond. 
A most peculiar fact is that in my numerous samples I have never found mictic 
females, never seen females either with male or with resting-eggs. If investigations
abroad should give evidence of B. pala being amictic over a period of several years,
it must be remembered that this has most probably been observed before. B. pala 
appears in the pond as the typical form; thorns are not developed at all, or at all 
events only to a very slight degree. —

Nøddebo Pond. B. pala was only found in May—June 1922 and in October 
1924, always in a few samples, always amictic and always without posterior thorns.

Schæffergaard Pond. The species occurs almost in all samples, but only 
in small number; specimens with long thorns as well as without thorns occur. No 
mictic females have been observed.

As mentioned above, Brachionus pala is found in numerous ponds. When on 
a motor-car trip in the summer through the northern and middle parts of Seeland 
some 20 samples were collected from different ponds B. pala was found in most of 
them. In some of them the normal B. pala was found, in others the forma amphi
ceros, and then with posterior thorns of very different length. All attempts to con
nect the length of thorns with the habitat or external conditions are, as far as I 
can see, quite fruitless. A connection between them and pH, temperature and amount 
of food does not exist. Only one thing seems to be certain: the very long-thorned 
forms only occur at the highest summer temperatures. For a long time some forms 
found in Fjenneslev Pond mentioned pag. 116 had the longest posterior thorns 



115

hitherto observed. The pond was so far from iny home that regular observations could 
not be obtained. Later on in a little pond in the village of Bistrup on the shore of 
the Furesø a form was accidentally found on 22/VII 1929, with posterior thorns 
exceeding all that, as far as I know, has hitherto been observed. From 22/VII 1929 
to August 1930 the pond has been under regular observation. On 22/VII 29 the 
species was one of the main forms in the plancton and extremely common, already 
by 2/VIII the number had diminished, and by 22/VIII it was rare. During Sep
tember it was only present in very few specimens, and then it totally disappeared 
in all samples from October to May. From July to October the samples were take 
every eighth or tenth day, later on in the year every fortnight. The species was 
in a sexual period on 22/VII, and this lasted till the middle of August whereupon 
the minimum set in. With regard to the investigations in 1930 see postscript.

During July (Tab. V, fig. 9—-30) and the first part of August the long-lhorned 
forms were present only, or mainly, and these were still found on 22/VIII, but then 
the thorns were shorter and the whole form smaller. Already on 2/VIII a very few 
forms shaped like a typical amphiceros with rounded posterior edges and short 
posterior thorns appeared; their number had increased on 22/VIII, and from the 
first days of September the typical pala predominated; during the latter part of Sep
tember the species was only present in this form, and as such it disappeared from the 
plancton. These forms had no posterior thorns at all; they were of the typical pala 
form. Simultaneously with the loss of thorns they diminished in size; being almost 
only half the size they were in the summer. I am inclined to think that these forms 
derive from resting-eggs hatched too early.

The large thorned forms are mainly characterized by their enormously long, 
faintly curved, posterior thorns. The drawings were made from samples preserved 
in formaline and all characterized by the same position of the posterior thorns 
extended perpendicularly from the sides. In a sample taken into the laboratory in 
the living state, I saw to my great astonishment that during swimming the poste
rior thorns were stretched backward, lying parallel with the longitudinal axis of 
the body. Only at the moment when the direction was to be changed or when 
the wheel-organ, on striking against some object, was drawn in, the posterior 
thorns were suddenly thrown outward. As no muscles are attached to or enter the 
thorns, this may only be due to the pressure of the liquid in the body cavity when 
the wheel-organ is retracted. The observation may have some interest because it 
may contribute to show the significance of the thorns. When stretched backwards, 
they do not augment the cross-section resistance. And perhaps this is unneccessary 
during the swimming action. On the other hand, when the wheel-organ is retracted 
the motion is stopped, and at the same moment the posterior thorns are automatic
ally thrown outward. It will be understood that, when the wheel-organ is with
drawn, they must, in a very high degree, contribute to augment the cross-section 
resistance. The development of the thorns goes hand in hand with augmentation 
in size; locally and temporally forms with strong thorns are larger and more robust 
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than those without thorns. It is a very peculiar sight to see these long-thorned 
forms, swimming round with the thorns stretched backwards, the moment a drop 
of formaline is added to the water suddenly, simultaneously with the retraction of 
the wheel-organ, throw the posterior thorns outward, and then die with the thorns 
in this position.

In the above named little pond at the village of Fjenneslev in the middle of Seeland 
a very peculiar B. pala form with very long posterior thorns was found in 1923. The 
pond is extremely shallow, having no more than 2—4 dm. of water. The water 
is tilled with enormous amounts of grey decaying mud always stirred up by the 
numerous ducks and geese. Also the Daphnias: Moina rectirostris and Daphnia 
Atkinsonii are present.

In 1925 the pond was under the observation of my assistant Mr. Berg, who 
has kindly furnished me with some samples.

The periodicity of B.pala is here as follows:
1929 5/V 15/V 3/VI 9/VI 15/VI 7/VII 15/VII 25/VIII 31/VIII 7/IX 4/X 3/XI 18/V 1930 

0 0000 + c ccccvOO 0

It is very regrettable that we have no samples from 15/VII—25/VIII. Brachi
onus pala did not appear before 7/VII, it was common by 15/VII and present in 
enormous quantities in the latter part of August. Then it rapidly diminished in 
number at the beginning of September and was not found later on in the year.

When it appeared on 7/VII it was as atypical small B.pala; when a sample 
was taken on 25/VIII, it was as forma amphiceros with much elongated and elegantly 
curved posterior thorns; only this form was present on 31/VIII. On 7/IX some 
specimens of this form occurred, but it was smaller and the thorns were not so 
long; simultaneously the forms appeared which we have met with on 7/VII, the 
typical pala. The whole development does not take more than about two months; 
the maximum at all events not more than IV2 months. During this period the 
form is extremely altered; it is hatched from the resting-egg as forma pala, but in 
the time 15/VII—25/VIII it is changed into amphiceros. As such the colony dies 
out; the fewT specimens found as forma pala most probably belong to material 
hatched from resting-eggs.

Far away from home it was impossible to me to get a regular series of observations 
for a whole year, but in the summer of 1929 I had as mentioned above the good fortune 
to lind the same form in the above named little pond at Bistrup only about 14 kilom. 
from my home; here the observations were compleated and the resultes discussed 
in the postscript.

Brachionus pala forma nona.
Plate VI, fig. 2.

In a small pond near my summer laboratory at Tjustrup Lake I found, on 
1/VIII 29, a very peculiar Brachionus (figured plate VI, fig. 2). It was very small, 
shaped like B. pala and had no thorns. It immediately attracted my attention owing 
to its enormous resting egg, almost half as large as the animal. It was very dark 
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and covered with a coating of short dark spines. A coating of this kind is unknown 
on the resting-eggs of other Brachionus species; that of B. pala has nothing of the 
kind; the dark surface is smooth, only with fine punctures, but as far as I know, 
never with spines. The animal was furthermore characteristic by the enormous 
mastax and very strong mouth-parts with the manubria of another form than those of 
pala and, as far as I could see, with more teeth in the unci. The wheel-organ was of 
the normal structure, but the bristles on the lobes unusually strong; the number of 
cells in the stomach was much larger. The species had an enormous maximum which 
persisted till about 15/VIII, at that time the pond was slowly desiccated, having 
only 1 dem. of water. In the last days of August the pond had no water at all. 
As long as the young ones hatched from the resting-eggs are unknown, I will not 
venture to create a new species. For comparison a Brachionus pala forma typica 
from Frederiksborg Castle Lake is drawn with the same power as the new form 
from the little pond at Tjustrup lake.

Of all the Brachionus species B. pala is, at all events in my country, that which 
is best able to live a pelagic life in fresh-waters which may with some right be 
regarded as lakes, at all events as pond-lakes. This holds good especially for 
fresli-waters which contain huge Cyanophycea maxima. It has, for instance in 
Viborg Lake (about 300 ha. large and with a depth of about 15—16 metres but 
with high Cyanophycea maxima during the summer), a very high spring maximum 
with a well developed sexual period in May, in the other samples it occurs only in 
rather a small number.

Even if B. pala does not occur regularly in the pelagic region of the larger 
lakes, it is fairly often found in the bays, especially where these are well separated 
from the main lake; from them gales may occasionally carry some specimens 
across the lake into the real pelagic region, where the species is not however, as 
far as we hitherto know, able to keep its place.

Brachionus angularis Gosse.
Plate V, fig. 6—8.

Frederiksborg Castle Lake. B. angularis most probably occurs singly the 
whole year round. In late autumn and during winter it is, with B. pala, the main form 
of rotifer life. This is the case whether or not the lake is ice-covered. The maximum 
develops below thé ice and when the lake gets ice-free it is the main form of all 
rotifers in the lake. The great maximum begins at a temperature of 10°—12°C., 
and simultaneously the mictic females appear. In the latter part of May the resting
eggs are formed; with those of B. pala they are deposited in countless numbers on 
the surface. Then the species almost disappears; but some specimens are always 
present; whereas B. pala does not reappear before late autumn, B. angularis may 
have a fresh but slighter maximum in August, which terminates in a well-marked 
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sexual period; then it gets rarer again, again increasing in number in the latter 
part of November.

As is generally known, B. angularis has no thorns at all, but a peculiar fea
ture of this summer-form in Frederiksborg Castle Lake and elsewhere is the very thick 
and very conspicuous gelatinous envelope surrounding it. Moreover, in this summer
form the posterior lateral organs are placed on a pair of processes which gives the 
animal a peculiar posteriorly angular appearance. The long lateral organs protrude 
through the envelope. The form is amictic as well as mictic; it disappears in the 
first part of September; in the latter part of November the new form without an 
envelope appears.

Asminderød Pond. B. angularis is beyond doubt perennial. There is a pro
nounced maximum in May and this maximum was observed in all the three years 
of observation; it always terminated in a sexual period and then the species 
almost disappeared. During this summer minimum all specimens were amictic 
females; and from June to April—May next year mictic females were never ob
served. In 1922 and 1924 but not in 1923 a slight maximum was observed in 
July—August; but no mictic females were observed. In this pond the above-named 
gelatinous coating was not seen.

Fredensborg Pond. B. angularis appears in the sample 10/IV 1922 and 
has then a large maximum in June, followed by a sexual period; most probably 
it is perennial, amictic females being present the whole year round; in 1923 the 
spring maximum was small.

Island Pond. During the years 1922—1924 B. angularis was most probably 
perennial, but it was almost always present in small number and often absent 
in a good many of the samples. In 1922 a maximum followed by a sexual period 
was observed in the autumn.

Horseshoe Pond. In May 1923 B. angularis had a conspicuous maximum 
followed by a sexual period; then it almost disappeared from the plancton, occur
ring with only a few amictic females during the rest of the year. This was also the 
case almost the whole of 1924. Then suddenly in November a very high maximum 
appeared and this lasted the whole winter; this maximum, however, was only 
formed by amictic females; no sexual period was observed. The form is very large, 
very hyaline and differs somewhat from the typical B. angularis.

Nøddebo Pond. During May and June B. angularis was present but always in 
small number; the greatest number occurred on 24/V 24. Only amictic females 
were observed.

Schæffergaard Pond. B. angularis is most probably perennial. It was ob
served almost in all samples. During November—March it had rather a large max
imum which terminated in a sexual period, the mictic females appearing very 
early in the latter part of March. During the rest of the year only amictic females 
were observed. The species in Schæffergaard Pond has a rather peculiar appearance, 
the carapace being covered with a rough coat which gives it a brownish aspect. 
Similar specimens have been observed by others.
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Il is almost impossible to take samples from any of our ponds without getting 
B. angularis; maxima may be found at almost all seasons of the year; it is often 
one of the main forms in plancton samples from November and during the whole 
winter. Sexual periods are for the most part observed in spring; during the rest 
of the year only amictic females seem to occur.

Now and then it may also occur in rather large ponds and small lakes, or 
in the pelagic regions of larger lakes into which the specimens are carried from 
the littoral region and from small bays. It may have very large maxima, especially 
in eutrophic ponds, village ponds, duck ponds etc., but on the other hand it is by 
no means rare in peaty water. Especially in lake ponds covered with Cyanophycea 
(Microcystis, Anabœna a. o.). B. angularis may be rather common in the pelagic 
region. This is, however, due to the fact that they sit on the Cyanophycea colonies, 
using these as a substratum quite like various species of Vorticellidœ and Chydorus 
which are found in company with them. There is therefore some truth in Lem- 
mermann’s statement (1898 a. p. 183) that the Brachionus species are pelagic in the 
Cyanophycea lakes but littoral in the Flagellata lakes.

Brachionus urceolaris O. F. Müller.
Frederiksborg Castle Pond. The species is no real plancton organism. 

During the whole winter, the rootlets from the chestnut trees hanging down into 
the water are covered with a coating of B. urceolaris and species of the Fam. 
Philodinidœ. They give the rootlets a reddish shaggy appearance. Especially in 
April 20/IV—1923 the species had an enormous maximum, colouring the water 
reddish in the littoral zone round the chestnut trees. Simultaneously mictic females 
appeared, and if now material was taken into the laboratory, crowds of males 
gathered in the lighted border of the vessels; a week later almost all females 
carried resting-eggs. Then the species totally disappeared and was not observed 
again until late autumn. Just when the maximum is at its height, strong winds 
may carry shore material out over the lake, and B. urceolaris may then lor a short 
time appear to be rather common in the pelagic region. The whole phenomenon 
only lasts a very short time. With these observations in mind, it is no wonder 
that B. urceolaris is often found in single specimens in central parts of ponds and 
smaller lakes, this is the case e. g. in Asminderød Pond and Horseshoe Pond, 
and in many ponds scattered over the whole country. Everywhere the occurrence 
is sporadical; a more thorough study would most probably reveal the place of 
origin of the animals.

Nøddebo Pond. Especially during the summer months this pond contains 
a regular porridge of I), pulex and D. longispina. Chiefly during May—July the 
Daphnias are covered with a coating of reddish Brachionus, unquestionably B. ruhens 
Ehrenberg, nowadays regarded merely as a variety of B. urceolaris. When the Daph
nia moult, the Brachionus are thrown off with the coatings, and therefore some 
specimens are always free-swimmers, whereupon they very soon again fasten 
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on to other individuals. A sexual period was observed in June—July, and during 
that period it is a rather pleasant sight to see twenty to twenty-five males encirc
ling a Daphnia covered with Brachionus specimens. The phenomenon lasts till 
about September—October, then the species seems totally to disappear; the species 
seems only to hibernate as resting-eggs. In another pond in the village of Bistrup 
near Furesø the Daphnias were under observation the whole summer of 1929; 
B. urceolaris var. rubens appeared on the Daphnias in August and suddenly in Sep
tember had an enormous maximum with crowds of males and countless masses of 
resting-eggs. All Daphnias were wrapped in coatings of Brachionus but the plancton 
itself was almost exclusively formed of B. urceolaris.

B. Bakeri O. F. M.
B. Bakeri is a common species during the summer months often met with in 

small ponds covered with vegetation. It has never been found in the central part 
of ponds, and is never plancton-building like B. pala and B. angularis. As is gene
rally known, especially through the investigations of Rousselet, it is an extremely 
varying organism. Mictic females with male or resting-eggs have often been found, 
but always in very few specimens. The sexual period occurs at rather high tempe
ratures. During the winter months the species seems commonly to disappear totally, 
most probably hibernating almost exclusively as resting-eggs. During the very mild 
winter 1929—-1930 in which the ponds were open the whole of January B. Bakeri 
in the form of 13. quadratus had a large maximum in the little pond in the village 
of Staunstrup near the borders of Furesø. The maximum began in the first days 
of January at a temperature öf 3° but before February almost at the same temperature 
the species had totally disappeared. Simultaneously enormous amounts of Cijclops- 
nauplii were developed. Only amictic females were observed.

Without any more thorough investigation I have received the impression, that 
the numerous greatly differing forms are locally not temporally separated forms. 
They are not seasonal variations; but every pond seems to have its own race fairly 
fixed in form, whose variations seem to be rather limited. A more thorough in
vestigation would be desirable.

If now we try to sum up what has been gathered from this investigation 
with regard to the biology and especially the propagation of the Brachionus species, 
we arrive at the following results.

1. The Brachionus species belong in the first place to small shallow ponds, 
more or less covered with vegetation; apart from B. Bakeri which prefers ponds 
with clear often peaty water, they frequently live in ponds rich in organic matter. 
Two of the species, B. pala and angularis, are true plancton organisms in the cen
tral parts of ponds and smaller lakes, and may occasionally be found in the pelagic 
region of rather large pond-lakes, especially those which have high Cyanophycea 
maxima.
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2. Because the genus Brachionus as well as related genera and Anurœa 
carry their eggs in the posterior part of the body and these eggs, the female eggs, 
the male eggs and the resting-eggs, all differ from each other, it is always easy to 
distinguish the amictic and mictic females by means of the eggs. In these species, 
therefore, it is easy to ascertain the occurrence of mictic females.

3. It may then be shown that mictic females occur only in a very few months 
of the year, often only for a few weeks; specimens which are found beyond these 
periods are almost always amictic. In some localities and in some years, also, the 
amictic females totally disappear, the organism then living for months only as a 
resting-egg; but very often after the great maxima and after the disappearance of 
the mictic females, some few amictic ones remain in the water layers, having for 
months only a very slow propagation.

Now and then the propagation of these amictic females (apart from the sexual 
periods) may increase, causing rather large maxima, especially in the autumn and 
at the beginning of the winter. It seems as if these maxima only rarely terminate 
with the appearance of mictic females and a sexual period. During winter, and es
pecially below the ice, only amictic females occur.

In spring, commonly at temperatures about 10° C., the amictic females begin 
the propagation of mictic ones and a conspicuous sexual period almost always 
occurs in the spring. Having deposited the resting-eggs, the mictic females again 
disappear, and the maximum is at an end.

Apart from this almost always very conspicuous spring maximum followed 
by a sexual period, a second maximum with a sexual period may occur in August— 
September; occasionally a maximum was only observed in the autumn.

In some colonies (B. angularis, Frederiksborg Castle Lake) the maximum and 
the sexual period may develop in spring at a temperature of 14° C. and then again 
at the highest temperature in August. In Schäffergaard Pond there is a spring max
imum and then another beginning in November; it is large in winter at tempera
tures round zero and there is a sexual period in March.

In relality the life of the species differs from pond to pond.
Sachse (1912 p. 77) has arrived at a similar result. He maintains that be

tween the two pronounced maxima the species have what he calls “Nebenmaxima”, 
and he tries to connect all these maxima with the curve for the centrifuge 
plancton.

Heavy showers may almost quite suddenly kill a whole maximum, but on the 
other hand, when they fill the desiccating ponds again and the resting-eggs develop, 
sudden maxima may appear.

It seems as if the “Nebenmaxima” are more pronounced towards the south.
4. With regard to the formation of restingg-eggs and their future fate the follow

ing observations may be added. The amictic female of a Brachionus e. g. B. an
gularis (Tab. VI, fig. 6—10) carries a rather light round or faintly band-formed vitel- 
larium with eight conspicuous nuclei. It carries simultaneously one to three light
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thin-shelled eggs. In the mictic female carrying male eggs the vitellarium has often 
one part much darker than the other, and this part is crowded with oil globules, 
often of a bluish colour. The number of the small male eggs is often 4—6. 
Many mictic females carry no eggs but the whole vitellarium is altered into a 
dark mass crowded with oil globules and in which nuclei are not visible. 
Isolated, these females will in the course of a few days have formed a single large 
resting-egg, thick-shelled and surrounded by the rest of the vitellarium. A little 
later the female carries one or two resting-eggs; they may be irregular of form and 
often differ somewhat in aspect. In the youngest of them the egg presents itself 
only as a dark resting-egg with homogeneous contents, in the others the contents 
have formed a globule placed centrally and with great spaces between it and the 
wall; the vitellarium is now much smaller. How many resting-eggs the females 
produce we do not know, but probably their number is not large. It seems as if 
the eggs are carried rather long; when carried by the mother animals they show 
no differentiation as far as I can see; only a circumpolar furrow at one of the 
poles is conspicuous. When thrown oil' the eggs rise to the surface; when found 
there, the development has begun, and between the egg and eggshell air has been 
developed (Tab. VI, Fig. 3—5). In this stage the eggs may be frozen into the ice or 
thrown up on dry land. In the spring the development of the embryo goes on 
again and the air is now pressed in the shape of a saussage into the posterior 
part of the shell. At the end of the development the embryo is lying in a very 
thin membrane with the wheel-organ working against that part of the shell which 
is bounded by the above-mentioned furrow. The result is that the part lying above 
the furrow comes off like a lid, and the embryo, bursting the membrane, is liber
ated and swims away. In the shell remains of the membrane are found besides 
the large air globule which makes the empty shells float the whole year round on 
the surface of our lakes. Most of the material of autumnal resting-eggs will be 
carried by gales into windsheltered creeks and together with ephippia of Daphnids 
form the grey mosaic ice characteristic of localities of this kind. On the northern 
exposed coasts the temperature in early spring will in bright sunshine rise to 7—10° C. 
even if the lake is still ice-covered. On account of these high temperatures the develop
ment of the hibernating organs is accelerated and on the first days of spring, just when 
the ice has disappeared, the newly hatched material forms milky clouds in creeks 
with a northern exposure. From here the clouds of plancton organisms spread 
over the pelagic region of the lakes and the huge maxima set in.

5. As is generally known, some of the species, especially B. paid and B. Bakeri, 
are subject to great variations. In reality wre have to do with “Formenkreise”, the 
one B. pala-amphiceros, the other B. Bakeri-cluniorbicularis. The first-named “Formen
kreis” includes thornless forms (B. paid) transitional to forms with thorns of very 
different lengths (/?. amphiceros) the other “Formenkreis” passes from forms with very 
long thorns (B. Bakeri) to forms without thorns and rounded posterior edges (cluni- 
orbicularis Scorikow); intermediate stages are B. brevispinus Ehrbg. It is this “Formen
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kreis” which has been well illustrated by Rousselet (1897 p. 328). Later on it 
has been subjected to an experimental but hitherto only preliminary investigation 
by de Beauchamp (1924 p. 1207; 1924 p. 1290).

As far as I can see from my explorations in Nature, the variations are not 
confined to one of the two sorts of females; the mictic as well as the amictic ones 
may both occur with and without posterior thorns.

0. B. pala is one of our most common plancton rotifers in ponds and smaller 
lakes. Its size and appearance varies enormously from pond to pond; it may almost 
be said that every pond has its own race. Especially the length of the posterior 
thorns varies enormously; these are well known facts, corroborated by almost all 
observers. In different ponds and smaller lakes where B. pala disappeared as amphi- 
ceros, I have observed that it always appears next spring as B. pala without posterior 
thorns; moreover I have taken lots of resting-eggs, hatched them in my vessels, 
got swarms of individuals but never in the first generation seen a single one with 
thorns. — One thing, therefore, seems certain. The young ones hatched from resling
eggs seem always to be without thorns.

In some localities only thornless specimens occur; in others sooner or later 
thorned specimens combined with thornless ones or the first-named alone are 
present. The thorned forms appear suddenly, but it seems as if forms with very 
long thorns occur mainly at the highest temperatures. It would be of interest 
to clear up how these very longthorned colonies and those whose thorns are 
bent outward behave whether in this case, too, the specimens deriving from 
resting-eggs are thornless and if the length of the thorns increase with rising 
temperatures. —

With regard to my own explorations I refer the reader to the postscript of 
this work. — Here I only wish to remark that de Beauchamp relating to B. Bakeri- 
cluniorbicularis has arrived at the followerry is main results “La variation des 
Brachions apparâit comme un phénomène des continu, sans doute déclanché par 
des facteurs, ou plutôt des variations de facteurs-externes, mais sans lien spéci
fique au moins avec ceux que j’ai pu experimenté jus’quá a present et largement 
dépendants des facteurs internes, d’une fécondation qui paraît la fixer dans une 
certaine mesure. Elle aurait donc le caractère de mutation réversible plutôt que 
celui de fluctuation continue.”

7. Investigations of living animals seem to show7 that the long thorns of 
B. pala may have significance by increasing the cross-section resistance. With regard 
to this point reference is made to page 115.

Schizocerca diversicornis Daday.
Asminderød Pond. 5. diversicornis was a pronounced summer form through 

all three years of observation, appearing in a few7 specimens in the middle of May 
or in the first part of June; before November it had always entirely disappeared, 
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in 1922 already in the middle of October, the active life being restricted to about four 
summer months. The summer maximum is always small till the middle of July, then, 
at the highest summer temperature, the maximum may be so great (for instance 
in 1924), that S. d. is almost one of the main forms of the plancton. Until that 
time only amictic females with one or two eggs have appeared. Then rather sud
denly the mictic forms with chains of three to four male eggs, not clusters as in 
Brachionus, appear; shortly afterwards the females with the dark oblong resting-eggs 
are found. Already in the latter part of August the species is rare.

Horseshoe Pond. S. diversicornis is very rare in all three years of obser
vation, only a few individuals occurring in a few summer samples, always at highest 
summer temperature; it was common only on 29/VI; 16/VII 23; 31/VII 24 and at 
that time mictic females have also been pointed out.

S. diversicornis is not among the commonest of our Rotifera; in several ponds 
near Hillerød it has, however, been observed year alter year. I have found it in 
ponds with thick Cyanophycea maxima (Coelosphœrium Kützingianum) and in rather 
small village ponds with thick coatings of Microcystis.

It is everywhere a pronounced summer form with a maximum al the highest 
temperatures. In this short active life of the species the fairly large maxima are 
here as everywhere else due to the amictic females. In the last part of the maximum, 
when almost every female either carries male eggs or resting-eggs, it seems as if 
only mictic females are present. The period in which mictic females appear is re
stricted to a few weeks. Like other pronounced summer forms 5. diversicornis has 
no active period of life caused by amictic females with decreasing fertility; when 
the mictic females disappear, the life of the colony is at an end in our latitudes. 
The species disappears from the plancton almost quite suddenly, at nearly the 
same temperature at which it appeared. The first specimens are commonly found 
on 17/V, the last on 18/X.

Noteus.
Of the three Noteus species I have, in Denmark, found N. quadricornis and 

N. ndlitaris.

N. quadricornis Ehrbg.
In contradistinction to all hitherto known species of the family Brachionidœ 

N. quadricornis is a pronounced bottom organism, blind, extremely slow, creeping 
over the decaying matter covering the bottom of small ponds.

It is by no means rare, but has hitherto never been found in great numbers; 
in every sample only one or a few specimens occur. I have never seen it carry its 
eggs; most probably they are deposited on the bottom. It seems as if it is most 
common at low temperatures; most of my finds belong to late autumn.
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Noteus militaris Ehrbg.
I have only seen this rare animal a few times in a little pond upon Regn- 

strup Overdrev, near Tjustrup Lake. In contradistinction to N. quadricornis it is a 
free-swimming organism; when I found it, it was swimming freely among the leaves 
of Potamogetón. It has further been found in a village pond near Hørsholm on 
22/VIII 1914. It seems to be a pronounced summer form; only amictic females 
have been observed.

Anuræa.
All Anuræa forms from my area of exploration may be referred to A. aculeata 

Ehrbg., A. cochlearis Gosse and serrulata Ehrbg. In my opinion A. tecta Gosse may 
be regarded as a distinct sub species.

A. aculeata Ehrbg. 
Plate VII, fig. 1—47.

Frederiksborg Castle Lake (fig. 1—5). A. aculeata is perennial with a very 
pronounced spring maximum, which is commonly over before the first of June; it 
begins at very low temperatures; A. a. is present below the ice, but not in great 
number, during the whole of the winter, whereupon a maximum begins about 14 days 
after the lake is open. (Temperature 6°C.). During the winter of 1925, when the 
lake was open almost the whole year, it was the principal form in January and 
February at a temperature of 3°—5°C.; but the main maximum did not occur 
before the last part of April at a temperature of 12° C. Later on the species was 
always present, but always in a few specimens or a very small number.

A sexual period is always observed in May, as a termination to the large 
maximum. In 1923 mictic females appeared on 8/V, carrying chains of three to 
four male eggs, and again on 6/V 1924. The sexual period is really very short as 
is also the life of the mictic females; for a week almost all mictic females carry 
resting-eggs, in this lake always covered with a rough coat; in 1925 I did not ob
serve the sexual period. Mictic females have never been found from the 1. of June to 
April next year.

The propagation of the amictic ones continues the whole year round after 
the end of the sexual period, but this propagation seems always to go on very 
slowly at high temperatures, proceeding more rapidly at lower ones. The maximum 
begins to develop at low temperatures in November and reaches a considerable 
height during the winter, especially when the lake is not icebound; this may not 
only be due to an acceleration of the propagation of the active material of the 
species, but also to individuals hatched from resting-eggs, perhaps especially from 
those which have for a short time been icebound and again set free.

In the course of the three years 1923—1925 A. aculeata showed a peculiar 
seasonal variation. During 1923 (Tab. VII, fig. 1) A. aculeata occurred with very 
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long posterior thorns, which in the latter part of May and Jone were curved much 
outwards. During November and December some individuals possessed thorns which 
were only half the length of the lorica. During the winter, in samples taken below 
the ice, until March, only forms with short thorns occurred; these forms predomi
nate until the latter part of May (fig. 3—4) when again forms with thorns as long 
as the lorica rather suddenly appear (fig. 5). During the rest of 1924 only long- 
tliorned specimens were present. In 1924 the sexual period was restricted to that 
part of the year when forms with short posterior thorns were present; in 1923 
when only forms with long posterior thorns were present, these forms, too, carried 
male eggs as well as resting-eggs.

It seems as if A. aculeata in Frederiksborg Castle Lake has a two or three 
years’ period during which the size of the posterior thorns is slightly diminished; 
if it is possible to regard the diminution as a sign of degeneration, the formation 
of resting-eggs would set in when it was at its height i. e. when we had to do 
with forma brevispina; the long-spined species, suddenly appearing in June, would 
then be hatched from the resting-eggs just formed.

Asminderød Pond. A. aculeata, presents very peculiar phenomena in As
minderød Pond. During the whole of 1922 it was very rare and was only observed 
as a typical A. aculeata (fig. 39—40). In 1923 a great maximum suddenly occurred 
in March and April; it was a small form and occurred mainly as forma valga 
(lig. 41—44) with one short and one long posterior thorn; in addition every pos
sible transitional stage between A. aculeata f. typica and A. aculeata valga occurred. 
During this maximum the sexual period set in and the amictic as well as the 
mictic females presented all variations with regard to the length of the thorns. 
Forms with resting-eggs (covered with thorns) were numerous, especially in the 
latter part of April. But already on 6/V (fig. 42—44) most of the forms had the two 
posterior thorns of equal length, but rather small (fig. 45); on 25/V quite another form, 
very large, with both thorns equally long, was the principal form. Al this lime valga had 
disappeared and the sexual period was at an end (fig. 47). The large form was now the 
only one occurring in the plancton from June 1923 and to December 1924 (fig. 45 
—46), but during the whole of this period only a very few specimens were seen 
in each sample. A few valga appear again. In April 1924 the large form had no 
pronounced maximum and no sexual period, and all the animals had posterior 
thorns of equal length; it was rare from June 1923 to November 1924 when 
rather a small maximum set in, and when valga appeared again. Apparently a great 
part of the resting-eggs formed in 1923 had not developed during the last six 
months of 1923 and the whole of 1924.

Fredensborg Pond. In 1922 A. aculeata most probably occurred in all the 
samples; in August—September it had rather a large maximum, but after October 
and during the whole of 1923 it only occurred in a few samples. Already in May 
and June 1922 it occurred mainly as valga (fig. 15) but with a very great dif
ference in the length of the posterior thorns. In the first part of September mictic 
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females appeared which carried short-thorned resling-eggs; all forms were short- 
thorned with equal length of the thorns or of forma valga.

When the sexual period was at an end, the species became extremely rare. 
When it reappeared in 1923 (fig. 16—18) it was much larger, and had now its typical 
form with two equally long posterior thorns.

Island Pond. A. aculeata is perennial with a pronounced spring maximum; 
after the latter part of May it almost always occurred in small number, and it 
seems as if the number increases somewhat in the autumn. During 1923 the species 
was a typical A. aculeata with two equally long posterior thorns; no sexual period 
was observed (fig. 19—20). On the other hand, in 1924, when the pond had be
come icefree, the species occurred in a very small form on 20/IV with very short 
thorns (tig. 21) and on 16/V the thorns had totally disappeared (fig. 22). Simultane
ously a sexual period set in, and mictic females with chains of 3—4 male eggs or 
resting-eggs appeared. The resting-eggs had a smooth surface, and had no coating of 
short thorns. When the sexual period was at an end, the maximum ceased and 
the rather few specimens which occurred during the rest of 1924 and the whole 
of 1925 had all well-developed posterior thorns, which especially in August were 
curved outward (fig. 23). Curiously enough, during the whole of this lime, I was 
unable to find any trace of a sexual period; apparently all females were amictic.

Horseshoe Pond. A. aculeata occurred in 1923 and in 1924 till November, 
but in very limited number; it was absent in many samples, and in most of them 
only found in small number. Then rather suddenly during the time 13/VI 24 to 
16/11 1925 it had a rather large maximum, whereupon it again diminished in num
ber. In the latter part of 1924 mictic females occurred, carrying three to four male 
eggs or smooth resting-eggs. Apart from the period with a maximum and sexual 
period, the species always had unusually long posterior thorns, and was further
more peculiar owing to its great breadth (fig. 9—11). But during the maximum the 
species was short-thorned and these short-thorned forms (fig. 12—13), to which 
mictic as well as amictic females belong, were the main forms during the winter, 
and were still predominant in February; simultaneously long-lhorned individuals 
occurred, and during the rest of 1925 all females belonged to that type (fig. 14). 
No sexual period was observed in 1925.

Nøddebo Pond. The occurrence of A. aculeata is very peculiar. In 1922 it 
had a large maximum in July; the maximum terminated in a sexual period; other
wise it is rare. It was almost absent or extremely rare during 1923 till Sep
tember when it had a large maximum; then it almost totally disappeared and did 
not reappear before May—June 1924. During the rest of 1924 it was very common; 
in all the succeeding samples either A. cochlearis or aculeata was the predomi
nant form.

When A. aculeata appeared on 4/VII 1922 it was as forma brevispiua (fig. 24) 
and as such it had its sexual period; the numerous mictic females carried resting
eggs with a smooth surface. When the maximum was over, a new form with long 
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thorns appeared (fig. 25). During all three years of observation, the thorns were 
remarkably thick and curved outward during the months of July and August 
(fig. 27—28). In the latter part of September and in October the thorns were again 
parallel, and not so thick. During the beginning of May 1924 forms with short 
thorns similar to those from 4/VII 1922 reappeared, and during this period the 
mictic females carrying male eggs and later on resting-eggs were common. No 
sexual period was observed during 1923 when only long-thorned specimens were 
found. Already on 31/V long-lliorned forms appeared again. It had no pronounced 
maximum in 1924, and all the forms were long-thorned.

Funke Pond. A. aculeata is most probably perennial, but usually it only 
occurs in small number; a maximum has occasionally been observed, in the spring 
(e. g. 1925) and never large; no sexual period has been observed. Always the ty
pical form was observed, with long posterior thorns; these had a tendency to curve 
outward in the summer and simultaneously to grow thicker (fig. 15—18).

Schseffergaard Pond. A. aculeata only appeared sporadically during July— 
December 1906, but in March—May 1907 it was one of the main forms in the 
plancton; then in the last part of July 1907 it was again rather rare. A sexual 
period was observed in the first part of April; the mictic females carried 3—4 
male eggs. On 6/V enormous numbers of females carried resting-eggs, and very 
many of these were lying free in the sample. The form is characterised by its size 
and very long posterior thorns (fig. 34—35), but in the winter and during the 
maximum in April (fig. 36—37) the size is much reduced and only forms like 
brevispina occur. Already on 23/V the large form occurs again; the few specimens 
from the summer all belong to this form (fig. 38); it is the brevispina form from 
March—April which carries the resting-eggs.

M. Pond. In one of my experimental ponds, where I had samples taken re
gularly from 13/III 08 to 18/X 08 A. aculeata was common on 13/III and had a 
well-marked maximum with a sexual period in April. The maximum lasted till 
ca. 15/V, then A. aculeata grew rare and only occurred in small number in the rest 
of the samples till 18/X.

During the maximum in March—April (fig. 6—7) it was only represented 
by a very small brevispin form; also forma valga occurred. But from the middle of 
May a somewhat larger form with well-developed posterior spines occurred (fig. 8); 
simultaneously the forma brevispina and valga disappeared, and the few specimens 
which were found from July to October were all very large with very long post
erior thorns.

Summing up all our observations on A. aculeata, we arrive at the fol
lowing results.

1. A. aculeata has been found in almost every pond, where investigations 
have been carried out; it generally seems to have a rather conspicuous minimum 
during the summer, but wherever it occurs it is common during the winter.
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When samples are taken through holes in the ice, even if the ponds have 
been covered with ice for about 70—80 days A. aculeata, A. cochlearis and Brachionus 
angularis are among the principal forms of rotifers.

2. During the spring and occasionally during the autumn large maxima have 
been found, though never so large as those often observed in A. cochlearis; they 
have never caused a colouring of the water, as has been the case with A. cochlearis. 
Random samples taken in different ponds and at different times show that it is 
in the spring that mictic females appear. Apparently the females carry resting-eggs 
very long. Even if maxima at other times of the year are rather large, a 
sexual period has very rarely been observed; distinct proof of dicycly has never 
been given.

3. From my plancton investigation in 1901—1902 we know that A. a. is observed 
in all lakes in which observations have been carried out. There is always a max
imum in May at a temperature of 8°—12° C.; on the other hand, a sexual period 
has never been observed in the pelagic region of larger lakes. This may be caused 
by a fault in the observations, but it may also be due to the fact that the species 
here really is acyclic or that new material from hatched resting-eggs is carried 
from the bays and littoral region into the pelagic region, and that a sexual period 
only occurs in the littoral stage of the life of the species.

4. As is the case with A. cochlearis the pelagic forms of A. aculeata from larger 
lakes do not vary so much as the pond forms; common to the A. aculeata of larger 
lakes are the hyaline lorica and the long, often well-developed posterior spines.

5. If the investigations are carried on in the ponds during the winter, it would 
seem, furthermore, that the variations in the species are in reality but slight. A 
form with well developed posterior spines is almost always common everywhere. 
If continued through the summer, the investigations will give quite another result, 
this is especially the case if only a single sample from a series of ponds is 
available. It may then be possible that the investigator will lind as many forms as 
caused the older observers to create about 30 species, which were in reality all 
local and temporal variations of the same species.

6. If, furthermore, the investigator has at his disposal a series of samples 
taken the whole year round from a few ponds, it will be seen, as shown by Lau
terborn with regard to A. cochlearis, that these temporal variations always begin 
in spring, reach their maximum in the summer, and disappear during the autumn, 
whereupon the main form predominates during the winter. It will further appear 
that some of these temporal variations occur in one pond, others in others. We in
variably get the impression that these variations follow the great variations in 
external conditions, dependent upon variations in temperature and all other factors 
varying in accordance with it.

7. If however, as is now the case, we have at our disposal a series of samples 
taken from a fairly large number of localities, and as far as possible simultaneously, 
the picture obtained will in many respects be another.

D. K. D. Vidensk. Selsk. Skr., naturv. og mathem. Afd.,9. Række. II, 1. 17
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As far as I can see, the seasonal variations are not only dependent on varia
tions in external conditions, they also depend on an internal cycle, and are in some 
way connected with the sexuality and the development of mictic females.

8. My investigations seem to show that some of the most predominant forms 
such as A. valga, A. brevispina, A. curvicornis almost always appear before or during 
a sexual period. During this period the females have that peculiar appearance 
which makes us refer them to one of these seasonal forms; these seasonal forms 
may live for a shorter or longer period of the summer, but some time after the 
great spring maximum and the sexual period they disappear. During the summer 
the species is represented by specimens with well-developed posterior thorns of 
equal length, furthermore by forms which are on the whole larger than the spring 
forms. The number of them differs extremely from pond to pond; it is commonly 
small during the summer; greater during autumn, and may be rather large during 
the winter. In some ponds they are found in the summer in company with the 
forma valga, brevispina, curvicornis, in others alone; they may produce a large 
autumn maximum; during winter these forms (forma typica) with long thorns al
most invariably occur.

From the fact that these long-thorned forms are the only ones derived directly 
from the resling-eggs deposited in the spring, we may suppose that they are hatched 
in different numbers at different seasons of the year. Many of the resting-eggs are 
deposited by the shore, and will then be left dry during summer; the raising of 
the water level will give them the necessary impulse; at very different seasons of 
the year often suddenly, and especially in a rainy autumn, great numbers of 
resting-eggs may be hatched. These large forms with well-developed posterior spines 
may perhaps have a sexual period and produce mictic females; as far as I can see, 
however, this is not the rule. Often, in Nature, the forma typica will be the main 
form the whole year round, and get a maximum during spring and autumn, owing 
to the hatching of enormous amounts of resting-eggs; often a decline in propaga
tion will cause a slow decrease in number during the summer. In some ponds 
forma typica will predominate for two or three years, no sexual period will appear 
and none of the aberrant variations.

9. Sooner or later the irregular forms: A. valga, A. brevispina, A. curvicornis 
will then occur; and these forms are smaller than the main form, forma typica; 
they are less luxurious developed. If both posterior thorns are developed they are 
small; in some ponds one of the posterior thorns is wanting, in others both; 
Simultaneously with the appearance of these forms the sexual period begins; the 
mictic females belong to all the above named forms.

10. The maxima, the sexual periods and irregular forms are followed by 
minima, large forms with well-developed posterior spines, and no sexual periods. 
During the minima the species may be present, but it is often so rare that it is 
difficult to find a single specimen. The few specimens may derive from resting-eggs 
hatched unusually early.
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11. I am inclined to interpret these facts in the following way. Apparently 
sexuality sets in in the life of the colony when its strength is spent, and as if the 
sexual period is a process of renovation the main result of which is the resting
egg, from which the colony begins a new life with larger and more abundantly 
equipped specimens. The period of degeneration causing the sexual period seems 
not to occur in the history of the colony every year, often only every second year, 
or perhaps every third year. It often seems to be peculiar to a certain season, es
pecially to spring-time; but this is not invariably the case.

It may occur in the autumn, but this has only been observed once, and may 
begin at the beginning of the winter. But if a colony is passing into a period of 
degeneration, the rule is that when the ice covers the ponds A. aculeata is present 
as forma typica, but with rather small specimens, while shortly after the ice has 
disappeared, at a temperature of 14°—16° C., the degenerative forms occur, where
upon a sexual period follows.

12. The variations in external conditions, especially with regard to tempera
ture, viscosity and amount of nourishment, all influence the form of the organism, 
but in quite different ways; they affect the curvature and thickness of the posterior 
spines, very often these are curved very much outward during the summer; further
more, the rough coating covering the whole surface of the carapace, and probably 
also the varying development of the facets of the carapace, are due to their in
fluence. That they may likewise inlluence the size and varying degree of develop
ment of the spines cannot be denied, but in my opinion these factors are also de
pendent on the length of the parthenogenetic period.

13. In all our considerations one fact must not be lost sight of. As plancton 
organisms in larger lakes the species lacks all those forms which in my eyes must 
be regarded as degenerate. At the same time we know that in the pelagic region 
of larger lakes, as far as I know, no sexual period and no mictic females have 
ever been found. Apparently only amictic females occur here. We may find varia
tions in size, locally as well as temporally, but the numerous pond forms have 
never been found as participants in the pelagic life of larger lakes.

This corroborates the fact that there is a connection between sexuality and 
the degenerate forms, but we have no clear explanation of why these forms do 
not appear in the pelagic region of larger lakes. It would be of interest if two 
branches of investigation could collaborate on this point so that experimental 
workers in the laboratory would select a colony which in Nature had been brought 
to the point when the irregular forms were just about to make their appearance, 
and by a thorough study either corroborate or weaken the views set forth here.

Anuræa cochlearis Gosse forma typica and Anuræa cochlearis forma tecta. 
Plate VIII, fig. 1—21.

Frederiksborg Castle Lake. A. cochlearis is perennial. It has usually a 
considerable maximum in the latter part of May, after which it is commonly only 
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found in small number in the other samples. In 1924 it was by no means rare 
at the beginning of the winter, but then it seemed slowly to become rarer and rarer 
and when the ice had disappeared, it only occurred in small number; there was 
no spring maximum, and it was rather rare in all the samples the whole year 
round. In 1925 it had a great maximum in May, but then it became very rare 
again. A sexual period was never observed in the lake; mictic females carrying 
male eggs or resting-eggs were never seen. As they have been seen in other lakes, 
it is not very probable that they have been overlooked in this lake, from which 
we possess numerous samples.

The species had its normal very slightly varying aspect throughout all the 
years of observation; there was no pronounced difference in the length of the spine, 
and never transitional stages between it and A. tecta.

Anurœa coclilearis forma tecta. A. tecta occurs almost more sporadically than 
A. cochlearis. In 1923 the two forms apparently succeeded each other.

A. cochlearis forma tijpica had its maximum in the early spring, then forma 
tecta had a maximum in June and was common the whole of the summer, where
upon A. cochlearis only occurred in small number; only in the autumn the two 
species were almost equally common. In 1925 both forms were very rare in early 
spring, but on 25/V both forms had a very large maximum, after which they only 
occurred singly or were absent in the samples. Curiously enough, in this form, 
also, no sexual period was ever observed. A slow transition from A. cochlearis to 
A. tecta has never been observed. It seems as if the two forms are both well 
marked, and nothing seems to corroborate the view that one of the two forms is 
developed from the other.

Asminderød Pond. Forma tijpica. The occurrence is very peculiar. During 
the whole of 1922 it seemed almost always to be lacking in the pond. Then in 
December it appeared and was then one of the main forms during the whole of 
1923 to the middle of June; then it disappeared again and was absent the rest of
1923. In 1924 it was only observed singly, and was totally wanting in several 
samples; a sexual period terminating the maximum in June 1923 was no! observed.

Anurœa cochlearis forma tecta. It has been impossible for me to form any idea 
of the periodicity of A. tecta, especially with regard to its relation to A. cochlearis 
forma tijpica. Only one thing seems certain: it seems to disappear during the winter, 
or at all events to be extremely rare at that season. Whether the period when the 
water is covered with ice has been short or long, forma tecta always appears in 
May, whereupon it has its greatest maximum at the highest temperature; this 
maximum commonly ceases in the latter part of September, but it may, as in
1924, last till the beginning of November, in 1922 it even lasted to 22/XII, i. e. 
up to the very moment when the pond froze. In other words the maximum may 
occur at a temperature of about 24° C. and at 0°C. In this case too no sexual 
period nor seasonal variation was observed. Transitional stages between forma 
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typica and forma tecta have never been observed. Unquestionably forma tecta is 
the principal form in the pond. When forma typica had its large maximum in 
May—June 1922 A. tecta was absent; on the other hand, when tecta had its large 
maximum in the autumn of 1922 and from May 1923 and the rest of the year, 
A. cochlearis was almost wanting. They were only present simultaneously for a short 
time in June 1923. But also at that time no transitional stage between the two 
forms occurred.

Fredensborg Pond. In this pond hardly any form but A. cochlearis forma 
tecta occurs. In 1922 it had a very large maximum in the latter part of May and 
during the whole of June, then it disappeared and again had a large maximum 
in October—November, whereupon it became very rare. During the whole of 1923 
it only occurred singly and only in rather few samples; forma typica was only 
found sporadically, but in several samples. A sexual period and transitional stages 
were never observed.

Island Pond. A. cochlearis forma typica is most probably perennial with a 
well marked maximum and minimum. Its occurrence is, however, not constant. 
This is only the case with the pronounced spring maximum which is largest in 
May. Then follows a summer minimum in July—August. This is usually followed 
by a rather low autumn maximum, which may last till the latter part of January, 
but commonly ceases in November—December. In August—September mictic females 
with three or four male eggs and with resting-eggs have been observed.

A. cochlearis forma tecta only occurs sporadically; in 1923 it was never found, 
in 1924 only in some spring samples, and in 1925 only in a single sample on 19/V. 
In the sample of 16/V 1924 mictic females with chains of 2—3 male eggs were 
observed. Transitional stages between the two forms have not been observed.

Nøddebo Pond. The main form is A. cochlearis forma tecta1, forma typica 
was only observed in a few samples in October—December 1922. During 1922 
A. tecta only occurred in a few samples; on the other hand, in 1923, it had an 
enormous maximum from the middle of April to the middle of July; so large that 
it coloured the water red. Then rather suddenly it almost disappeared, but was 
again common in August—September, and had a rather large maximum in October— 
November. Then it almost disappeared, but a fresh maximum developed in June 
1924 and again in September—October. Mictic females with male eggs have occa
sionally been observed, but not in great numbers. Transitional stages which could 
lead to A. cochlearis forma typica have never been seen.

Horseshoe Pond. A. cochlearis forma typica occurs. It is perennial with a 
maximum in May—June and often with a smaller maximum in July—August. 
During the winter 1924—25 it was rather common.

Funke Pond. The main form is A. cochlearis forma typica. It is perennial 
and has a pronounced spring- or an early summer maximum, followed by a summer 
minimum, whereupon a new maximum sets in in the autumn. This may be enorm
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ous as in 1923, but is usually not so large as the spring maximum. In this pond 
a sexual period has often been observed in spring; mictic females with 2—3 male 
eggs are common, and numerous males have been seen. Forma tecla only plays a 
very unpretending rôle in the pond, always occurring singly and only in a 
few samples. Samples taken at different times during the years 1910—1924 show 
that A. cochlearis, may occur in a form with an extremely short posterior thorn; 
simultaneously forms were found with very conspicuous facets on the carapace. 
All this was especially pronounced during June 1910. From May 1909 to April 
1910 (fig. 1 — 2) the typical form prevailed; then in June, especially in the samples 
from 29/VI, all possible transitional stages between forma typica and forma tecta 
were present. It is very regrettable that we do not possess samples of a later 
date than June 1910, and when a sample was again at hand in June 1913 only 
A. cochlearis with a long posterior thorn occurred (fig. 3—12).

Almost the same phenomenon was, however, found in 1923 when A. cochlearis 
was again very short-thorned from June (fig. 13—21); the transitional stages however 
do not lead directly to a forma tecta-, a very short posterior thorn remains. Thesestages 
are, however, very common after the great summer maximum. When this ceases, 
the species is rare, but it always appears in the above-named form. Conditions 
in Funke Pond show that the typical forms may predominate for several years; 
now and then it may be very similar to the forma tecta (1923), and in some years 
it may be reduced to this form. The sexual periods are always connected with the 
reduction period.

1. A. cochlearis has been found in Denmark in all kinds of water except dung 
water which it seems to avoid. It occurs in small ponds of some hundred square 
meters in size, the surface of which is either devoid of, or covered with vegetation. 
In ponds which had become desiccated in July—August, the species occurred as 
early as December (temperature 2°C.), when rain-water and melted snow had 
gathered in puddles at the bottom. It is common in the lakes in the downs of 
western Jutland; in the lakes of Raabjergmile; in heath tarns and in puddles in 
the heath which are laid dry in June—July; it is one of the few species which 
occurs in our larger streams which do not serve as outlets for lakes. It is also 
common in brackish water (Ringkjøbingfjord, Stadilfjord, Limfjord); in other words, 
it is cosmopolitan in the widest sense of the word, more than any other rotifer.

2. It is a regular inhabitant of the pelagic region of our largest lakes. Most 
probably it is perennial there, but commonly it does not occur in great number. 
It has always a rather conspicuous spring maximum there, at a temperature of 
13° C., then it is rare during the summer, but now and then attains a maximum 
in the autumn, which, however, is not so great as in the spring. During the winter 
it is always present everywhere as an in habitant of the pelagic region, and also 
below the ice, but always in rather limited number.

3. It seems evident that in some years the species may almost be absent the 
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whole year round, and then suddenly, one year, develop huge maxima. This would 
seem to indicate that under certain conditions the species may rest a whole year 
or more as resting-egg, and that the huge maxima only develop under quite special 
conditions.

4. It further seems as if the period in which the mictic females appear is 
restricted mainly to the spring, though now and then they also appear in the 
autumn; on a few occasions mictic females have been found during the summer and 
at the beginning of the winter. In some ponds sexual periods have been found in 
the spring as well as in the autumn; this was also the case when the species 
occurred as a plancton organism in two lakes, Furesø and Sorøsø. In these loca
lities A. cochlearis may therefore be regarded as dicyclic; on the other hand, I am 
by no means sure that the mictic females are always produced every year; I be
lieve that there may be years in the life of a colony when it is acyclic. In this 
case as well as perhaps among most of the Rotifera it is therefore the amictic 
females which predominate perhaps for years, whereas the occurrence of the 
mictic ones is restricted to short periods.

5. As is generally known Lauterborn has pointed out a conspicuous season
al variation, beginning in spring with A. cochlearis typica and finishing with 
A. tecta which is characterised by having no posterior spine. I must confess that 
I have only very rarely observed anything of the kind; I have only twice, in Funke 
Pond and in one of my experimental ponds, seen transitional stages between the 
two main forms A. cochlearis forma typica and A. cochlearis forma tecta and then 
only in a single sample and in a single year. In all the other ponds the two forms 
were always quite distinct; A. cochlearis forma typica is usually the main form, oc
casionally A. tecta predominates; if both forms are present in the same pond, one 
commonly predominates in one year and the other in the next. In a few7 cases 
both attain high maxima in the same pond and in the same year, but then the 
rule is that cochlearis predominates in spring and autumn, and tecla during the 
summer; only rarely do both occur simultaneously and with high maxima (Frede
riksborg Castle Lake. Autumn 1923).

6. As transitional stages have twice been found it would seem beyond doubt 
that tecta is the last link in a developmental series beginning with A. cochlearis 
forma typica. On the other hand, the fact that in many ponds transitional stages 
have never been found, seems to show7 that the process by no means goes on in 
all localities every year and that the tw7o forms at all events locally are form fixed.

7. Whereas with regard to A. aculeata it was possible to show that the periods 
when polymorphic tendencies are most predominant coincide with sexual periods, 
this has only rarely been the case with A. cochlearis (Funke Pond), most probably 
because the resting-eggs of A. cochlearis are not at a first glance distinguishable 
from those of the parthenogenetic generations.

8. Whereas, in contradistinction to the results of Lauterborn, forma tecta rather 
often was found at low temperatures, either in company with forma typica or alone, the 
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forms: hispida and irregularis have only been observed during the summer; both 
may however occur together with the typical A. cochlearis as well as with the ty
pical A. cochlearis forma tecta', typica as well as tecta may, during the summer, 
occur with a coating of short thorns giving them a brownish appearance; both 
forms may further show irregularity in the order of felts on the lorica. It is quite 
possible that, in these two varieties, we have seasonal variations, on the other hand 
I regard it as highly inprobable that this is also the case with the abbreviation of 
the posterior spine. Here as with regard to A. aculeata I am much more inclined 
to think that internal factors, the distance from a sexual period, have exerted 
hitherto unknown influences.

9. The individuals of A. cochlearis which occur in lakes, are not apt to vary 
so much as those met with in ponds. The pelagic forms of A. cochlearis are on the 
whole rather distinct from those of the ponds; they are lighter in colour, more 
robust, commonly larger; they are never brownish yellow as those of the ponds, 
and have almost always a long, sometimes very long, posterior spine (forma lon- 
gispina, Imh.). The different seasonal variations characteristic of the ponds have not 
been observed in the pelagic region of larger lakes, and when forma tecta is occa
sionally found here, it may be due to material which has been carried out into 
the lakes by means of affluxes and not to forms, the primary stages of which 
originate in the pelagic region of larger lakes.

A. serrulata Ehrbg.
This species is commonly regarded as one of the forms belonging to A. acu

leata. This may be correct; on the other hand, it may be stated that in Denmark 
it is always found in localities of quite a special nature i. e. on Sphagnum and 
Hypnum moors, with extremely blackish brown waler. It seems to live among the 
Sphagnum, from which it may be squeezed out when one squeezes a piece of the 
Sphagnum-carpet. It may also be found living in the small holes in these carpets, 
often in company with lyncodaphnid Daphnias and many species of Desmids. I 
have found it from early spring, the first days of March till late in November, a 
conspicuous sexual period with the mictic females carrying chains of four to five 
male eggs has often been observed.

This highly characteristic form, with its very conspicuous tesselate lorica with 
serrated ridges and the back of all spines jagged, with minute round pits, which 
cover every part of the surface, is restricted to peaty water. This circumstance and 
the fact that transitional stages between A. aculeata and it have never been found, 
makes it highly probable that we have here to do with a well-marked form now 
differentiated from A. aculeata.

Anuræopsis hypelasma (Gosse).
Asminderød Pond. A. hypelasma only plays a very subordinate rôle 

in the pond. It always occurs at the highest temperature of the water in July— 
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August, and disappears before October—November, and then it is also found in 
other ponds.

In Funke Pond it was a regular inhabitant of the vegetation in the free 
central part of the pond in 1900—1910. When the surface of the pond became 
more and more covered with leaves of P. natans, A. hypelasma slowly disappeared 
and from about 1920 it was only found in a few samples, and always sporadically.

A. hypelasma is a typical pond form and as such very common. It has only 
rarely been met with in the pelagic region of larger lakes. (Skanderborg Lake on 
30/VII 1902 and Juel Lake 31/VI 1902). In contrast to the other Anurœa species 
it is a pronounced summer form, appearing everywhere in May and disappearing 
in the latter part of September. At temperatures below 12°—14° C. it only lives as 
a resting-egg. Whereas I have not found the mictic females in the above-named 
ponds, I have very often seen them during my summer excursions to many other 
ponds which I only visited occasionally. The mictic females carry two or three 
male eggs and one very large, brownish black resting-egg, still larger than the un
usually large single summer egg which the female commonly holds pressed against 
the hollow smooth ventral plate of the carapace. The female is, however, also able 
to throw the egg backward, carrying it in a line with the longitudinal axis of the 
body, and in a slanting position. The mictic females always occur at the highest 
temperature of the water, most probably never for more than about a fortnight. 
Seasonal variation has never been observed.

Notholca.
Of the Notholca species three species have often been met with. N. striata 

Ehrbg., N. acuminata Ehrbg., and N. longispina Kell; now and then also foliácea 
Ehrbg. has been observed.

It seems as if the Notholca species and especially those belonging to small 
ponds, covered in the summer with vegetation, have a peculiar predilection for low 
temperatures.

N. striata, acuminata and foliácea have all been observed in December, a little 
before the freezing of the ponds; their number is then but small, and this is also 
the case during the winter. Nevertheless, in years when the ponds thaw in the 
latter part of December or in January after a short freezing period it has been 
shown that these species now belong to the poor winter plancton of the ponds 
which is always present, and very often as main forms of the plancton. If a net is 
placed in the outflow from ice-covered ponds and smaller lakes, these Notholca 
species are always among the commonest rotifers. This means, in other words, 
that the resting-eggs may be hatched at temperatures very near zero, and that 
parthenogenetic propagation may go on at this very same temperature. Then when 
the ice disappears for the last time in spring, one of these Notholca species is often 
among the commonest Rotifera in these ponds; they belong to the central part of 
the ponds, but later on, when the surface is covered with vegetation, they entirely 
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disappear, and are only very rarely met with later on. In some ponds, or in the 
littoral region of larger lakes, or by the banks of the rivulets, now one now another 
of them may attain a fairly large or very large maximum, commonly followed by 
a sexual period; then when the mictic females have produced their male eggs and 
later on their resting-egg, the species disappears; a prolongation of the lifetime of 
generations of amictic females does not commonly occur. In the pond in the Bota
nical Gardens of Copenhagen, N. acuminata was extremely common during the whole 
winter of 1899 and had a very large maximum when the ice had thawed on l/III; 
it had a sexual period on 15/III during which the mictic females carried chains 
of four to live male eggs and later on one or two dark resting-eggs.

On 28/IV 1913 another large maximum for N. acuminata was found in a 
small pond, Stutteri Pond, which dries up in the summer; mictic females were 
present, but already on 19/V not a single specimen could be observed.

On 25/V 1921 one of the bays in the little river Susaaen near my summer 
laboratory, contained an enormous maximum of V. acuminata; the specimens carried 
their eggs for a short time, but they were soon dropped off, and were then found 
at the bottom. Here also N. a. was in the middle of the sexual period; most of the 
mictic females were encircled in the vessels by numerous males; a wreek later not 
a single specimen could be found. N. acuminata and striata have also, during De
cember—April, (temperature 2°—10° C.) been relatively often found in the pelagic 
region of our lakes; but the number of specimens observed was always small and 
mictic females were never observed.

Notholca longispina Kell.
During the exploration of the ponds in 1922 N. longispina was only rarely 

found, always sporadically and only in a few samples. About 1900 it was rather 
common in the first part of the summer in Frederiksborg Castle Lake, but later 
on it seems to have been much rarer.

At other periods it has often been found; its home seems to be rather large 
ponds with clear water; it has often been found in the little Vejlesø which is con
nected with Furesø; furthermore in Madum Lake in the north of Jutland, in Klare 
Lake at Hellebæk and in Løg Lake, both in the northern part of Seeland, only 
about 15 kilometers from Hillerød. The periodicity always seems to be the same. 
Where regular plancton investigations have been carried out, it seems to appear at 
very low temperatures; it may be present, but always in very small number, below 
the ice. The maximum sets in much later than in the other Notholca species, not 
before May—June, it does not occur before the temperature is 12°—14° C.

It may be enormous as was the case in Madum Lake on 20/V. The main 
part of the plancton consisted of N. longispina. As the sample was taken just at 
the time when the maximum was at an end, the waler was filled with empty 
Notholca longispina lorica, which formed a regular oorridge at the bottom of the 
plancton net. Most of the females still alive were mictic, carrying resling-eggs.
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Curiously enough, when I came back on 20/IX of the same year, the species was 
again extremely numerous and was again in a sexual period.

In Klare Lake, on 1/V 1923 at a temperature of the water of 10° C., N. 
longispina had an enormous maximum, and this was also the case on 23/V when, 
simultaneously, mictic females were found. In samples from June and September 
it only occurred in very small number.

In Løg Lake it had an enormous maximum in 1926 on 3/V and 19/V and 
in 1927 on 30/III, 28/IV and 19/V; only amictic females were found; they all 
carried a single egg. But already on 7/VI 1926 the species was extremely rare. The 
sexual period must have appeared between the two last named periods. During the 
rest of the year N. longispina was always present, but always only in a very limited 
number and always as amictic females. It was a little more common on 26/XII 
and had a large maximum immediately after the ice had disappeared on 30/III 
1927. It was still present on 19/V when the exploration came to an end, because 
we could get no boat any longer.

Apart from these larger ponds and smaller lakes N. longispina is also found 
in the pelagic region of our largest lakes. Here its maximum is never large; it 
always occurs in June and at the beginning of July, in one lake (Skanderborg 
Lake) somewhat later. In the lakes it may be perennial, but after September it 
occurs in very limited numbers; the occurrence of mictic females seems to be re
stricted to the last part of May and the beginning of June and to temperatures 
about 15°—18° C.

A maximum with a sexual period was only once observed in Madum Lake 
also in September. N. longispina affords an example of these species which are 
periodical in ponds and smaller lakes, having a large maximum in May—June, termi 
nating in the occurrence of mictic females which throw their resting-egg, whereupon the 
species so to speak disappears from the water-layers. In lakes the species is peren
nial, the amictic females having a very slow propagation after a very inconspicuous 
maximum, which however seems large enough to keep the species in an active 
stage in the water-layers all the year round.

It may be possible that a more thorough investigation may show some sea
sonal variation with regard to the length of the thorns, especially of the long anterior 
and the long posterior thorn; but such an investigation has not been carried out. —

Gastropodidæ.
Gastropus.

Four species are referred to the genus Gastropus, viz. G. clavulatus (Ehrbg.), 
G. hyptopus (Ehrbg.), G. minor Rousselet and G. stylifer Iinh. In my opinion the 
genus should be divided into two, one containing the two former, the other the 
two latter species. — G. clavulatus is everywhere a very rare species. Hitherto it 
has not been found in Denmark.

18
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G. hyptopus (Ehrbg.). 
Plate VIII, fig. 22—27.

G. hyptopus is a pronounced pond form; it is mainly common in ponds 
covered with vegetation, and lives among the leaves of Potamogetón etc. When the 
ponds have a central part free from vegetation, it may happen that, during its 
spring maximum, it favours the “pelagic region”, there feeding on Peridinium together 
with Ascomorpha. In some few ponds without vegetation, as Asminderød Pond 
and Island Pond, it may be found but always in small number and in few samples. 
It has a well-marked maximum everywhere during the spring, often at rather low 
temperatures, (about 6—10° C.). The samples may then contain hundreds. In the 
middle of April the sexual period occurs, and males are seen fairly often; the 
females do not carry the eggs; in the females have been found oval eggs, unquestion
ably carried by an ainictic female, as well as a circular egg with a thick, smooth 
shell, most probably a resting egg. It is not known where the eggs are laid. They 
have no oil globules, most probably they drop to the bottom.

In figures 22—26 I have tried to give the main points in the anatomy of 
the animal. The great stomach fills almost the whole interior. When the animal 
is well nourished, the stomach almost always contains 4 large oil globules often 
symmetrically arranged; there is a large mastax-gland faintly divided into two parts. 
The enormous vitellarium containing numerous nuclei is a peculiar feature. When 
the animal is kept on inanition the cell structure of the stomach is visible, further
more the muscle system, which is very difficult to study. The excretory canals are 
only visible when the animal is seen ventrally; they are remarkably short and have 
4 vibradle tags. The skin is remarkably folded; the folds are given in fig. 26.

Gastropus minor Rousselet.
Plate IX, fig. 4.

This little creature seems to be rare everywhere; now and then it has been 
found singly in samples taken in very small ponds covered with vegetation.

In a little ditch near my home to my great astonishment I found on 20/IV 24 
an enormous maximum of G. minor. The ditch was only V3 m. broad not a Vi m. 
deep and quite covered with vegetation. G. minor was present in thousands. The 
ditch had been covered with ice on 10/IV; on 12/IV the temperature was only 
2°C., and the landscape was covered with snow.

During the period 15/IV—20/IV we had always frost in the night, and every 
morning the ditch was covered with ice. During the bright sunshine the ice thawed, 
and at 2 o’cl. the temperature of the water would rise to 10° C. The maximum 
lasted from about 15/IV—20/IV; 011 26/IV the species only occurred in very small 
number. The eggs are thrown off on the vegetation, and very many were laid in 
my vessels. During the maximum amictic as well as mictic females were present. 
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The amictic ones carried a single large egg in the uterus; the inictic ones often 
about three much smaller eggs. The species was only present in the locality for 
about 10 days, and being much occupied with my Asplanchna studies, during 
these days, I had the misfortune to lose the resting-eggs as well as the males. Samples 
taken at the same time the two following years gave no G. minor and later it has 
only been observed sporadically. The ditch contained water to July, and in May— 
June il abounded in rotifers, mainly Notommatidœ.

As far as I have been able to see the animal does not possess the peculiar 
tube which characterises the mastax of Gastropus stylifer- nor is the skin so thick 
as in this animal. Here also the stomach is an enormous sack; it is doubtful if 
there is an anus. Gastral glands may be present but were not observed; the same 
is the case with the excretory canals which most probably lie on the very small 
ventral side. The vitellarium is very large and furnished with some large nuclei, 
the number of which is most probably eight. The dorsal organs have an oblique 
position very far behind; the foot glands are well developed. The eggs are deposited 
on algæ; the resting-eggs are unknown. The brown colour is highly characteristic 
of the animal.

Gastropus stylifer I mb. 
Plate IX, tig. 1—3.

G. stylifer has been found in Frederiksborg Castle Lake, Island Pond, 
Funke Pond and in Experimental Pond. In the first-named lake it has only 
been observed some few times, in the others it was found regularly for a few 
years; in 1898 it occurred in a long series of ponds and in all the following years 
very often. Il seems to be absent or rare.in water with high Cyanophycea maxima 
and unquestionably favours peaty water. The size of the sheet of water is of se
condary importance; it has been found in small bog-holes, only of a size of a few 
square meters, and in the pelagic region of all our lakes. What is needed is only 
a water-mass free from vegetation; whether this water-mass is large or small is of 
no special significance, furthermore it seems to prefer clear water. —

Where it occurs, it is a pronounced summer form, appearing in May and 
commonly disappearing again in October, occasionally a few individuals may be 
found later. During the -winter it has never been seen. It attains its maximum in 
ponds a little before the highest temperature, commonly in the latter part of May, 
in lakes somewhat later. The maximum is never large, and after its termination the 
animal only occurs in small number; in the latter part of May I have taken samples in 
several of the ponds and smaller lakes with several hundred individuals. In these 
samples there has been a very remarkable difference with regard to the size of the 
animals, the smaller ones being not even half as long as the largest. Simultane
ously the Uroglena-colonies carried oblong eggs, grey with blue markings. These 
eggs were hatched and gave G. stylifer. This observation was already made by 
Lauterborn (1898 p. 180). In this case, too, the summer eggs are laid on 



142

other plancton-organisms. In cultures from 23/IV 24 from Funke Pond almost all 
the Uroglena colonies were covered with these eggs. In June the peculiar males 
were found. In another locality they were also found on 1/VIII 21. I have not seen 
the resting egg. Lauterborn (1898 p. 18G) maintains that it is pelagic, and covered 
with bristles. —

In figs. 1—2, Plate IX I have tried to show some of the peculiarities of the 
anatomical structure of the animal. The skin is remarkably thick, but quite hyaline; 
the wheel-organ is strongly protruded in the figure. The long posteriorly bent tube 
issuing from the mastax and reaching the opening of the mouth is a highly characteri
stic feature; this tube is unique in the Rotifera; neither its structure nor its use is 
understood. It was first observed by Rousselet (1893 p. 448). Most of the body cavity 
is filled by the enormous lobated stomach containing numerous oil globules; it is 
rather conspicuously set off from the longitudinal striped rectum. The vitellarium 
is large, globular, containing eight nuclei. The excretory canals are not seen.

The foot is almost rudimentary, withdrawn when swimming, annulated and 
with faintly developed foot glands. As is generally known, this rotifer has the brightest 
colours of all rotifers hitherto known. The stomach is green, the body fluid red, 
the ovary and eggs are blue. The animals prey upon llagellata which they suck 
out. An anus was not observed most probably the digestion is intracellular.

G. minor as well as G. stylifer are both highly characteristic by their laterally 
compressed form; they are regular discs with a very small dorsal and ventral side. 
It is very difficult to make the animals stand edgewdse; most probably the canals 
are only then visible.

Ploesomatidæ.
The peculiar family Ploesomatidæ contains only a single genus, Ploesoma, in

cluding four species, P. triacanthum Bergendal, P. lenticulare Herrick, P. truncatum 
Lev. and P. hudsoni Imh.

I have found the three species P. triacanthum, lenticulare and Hudsoni. Of these 
P. triacanthum and lenticulare are pronounced pond forms; the first is by no means 
rare; it has mainly been found during the spring; its home is small ponds filled 
with vegetation; it swims very slowly, now and then moving its long foot, using 
it as a helm. It commonly carries a single large egg in its interior. Where it occurs, 
it is always found in relatively small number. With regard to sexual periods I have 
no information.

I have only found P. lenticulare on a single occasion in July in the ponds 
at Raabjergmile in the northern part of Jutland.

Ploesoma triacantha (Bergendal).
Plate IX, fig. 5—9.

In 1929 it was found quite accidentally in a little heath pond in the western 
part of Slesvig.
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Some of the specimens have been used for the drawings, Plate IX, fig. 5—8. 
They give the peculiar ridges in the carapace (tig. 5—6), the enormous mastax, 
the small gastral glands and very large stomach overfilled with oil globules, the 
ovary with its eight nuclei and part of the excretory canals with two vibratile 
tags (fig. 5). Very conspicuous are the two palpar organs, one of which often is 
carried stretched backwards between the spines. It is a very slow-swimming animal. 
The colour is mainly brown.

P. Hudsoni Imh.
Plate X, fig. 1—5.

In contrast to the other Ploesoma-species P. Hudsoni seems to be a pronounced 
pelagic organism, mainly occurring in the pelagic region of larger ponds, but also 
in real lakes. In the pond series mainly used for this investigation, it has only 
been found in a few summer samples in Island Pond.

It is a typical summer rotifer everywhere, never appearing before the latter 
part of May and disappearing again in October. As a plancton organism in lakes 
it has been met with in all the lakes which have been investigated. It is very 
ravenous, and preys mostly upon Ceratium hirundinella; when swimming it bores 
a hole in the shell of its prey and sucks it out. The summer egg is pronouncedly 
pelagic, surrounded by a thick gelatinous substance, in the centre of which the 
egg lies; the form and size of these eggs vary extremely. During the summer the 
egg is hardly ever lacking in the samples and well worth noting, because the pelagic 
region of fresh water, in contradistinction to that of the sea, contains so very few 
pelagic eggs, especially those which use jelly as a means to keep the eggs floating. 
It was already observed by Zacharias (1893 p. 35). The resting eggs are not known 
with certainty. As I have, however, very often in all our lakes found in the autumn 
a rotifer egg agglutinated with a high thick foot of yellowish jelly to Melosira threads 
just at the time when Ploesoma is disappearing, I am fairly sure that we have 
here the resting-egg of Ploesoma (see also W.-L. 1904 p. 139). Lucks (1912 p. 162) 
has found and drawn the eggs of the other species. I have tried in vain to keep 
Ploesoma Hudsoni in cultures. It invariably dies. It is an extremely vigorous swimmer, 
darting about, using its long foot as a helm; it does not rotate but swims in straight 
courses, often pursuing a single organism, especially Ceratium hirundinella. It never 
carries the eggs, the summer eggs may be dropped in the water, but in my vessels 
eggs were not found after isolated animals. — Curiously enough, though I have 
had numerous summer eggs under observation, none of them have been near the 
hatching stage, and I have never been able to keep them until the animal was 
hatched.

In two ponds in North Seeland, Løgsø and Sortesø, Ploesoma Hudsoni appeared 
with rather large maxima. This was in July; in September—October the animal 
disappeared. It was of course my intention to study this interesting animal and 
clear up the sexual period, the egg production etc. But at the very time when the 
sexual periods would most probably begin in the two ponds, it was impossible 
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for me to get a boat in either locality, and every attempt to get material from the 
shore was fruitless. Hence all my observations with regard to the salient point in 
the biology of the animal were quite insufficient.

On Plate X, lig. 1—4, I have tried to give the main structure of this highly 
interesting animal. The peculiar foam-like structure of the skin has been well 
figured by Wierzejski and Zacharias (1893). Situated dorsally in the skin 
(fig. 2) there is a very small shield, posteriorly carrying the dorsal organ; ventrally 
there are (figs. 2-—3) two other shields in the angles of which the lateral organs 
are placed. The wheel-organ has two well-marked auricles especially conspicuous 
from the ventral side. The mastax is very large, containing the prehensile mouth
parts which are stretched out through the mouth-opening, when there is an op
portunity of seizing the prey; it has two well-developed mastax glands with nuclei. 
The oesophagus is extremely large, folded laterally, a large sack extended dorsally, 
and ending in the rather small stomach with its large but relatively few cells and 
provided with the very large gastral glands, varying in form from specimen to specimen. 
I have once seen a defecation so I must suppose that an anus exists, but I have 
not with certainty seen the rectum. Hence it is not drawn in fig. 3. The excretory 
canals have a peculiar sharp bend in the middle of the body; the canals carry al 
least live vibratile tags. The contractile vesicle is large, lying remarkably far away 
from the hind-part of the body. The large ovary contains eight nuclei. The eggs when 
laid, are very small but in a few moments swell to their normal size. Their form 
(figs. 4—5) dillers very much (globular, oblong). The annulated foot is extremely 
long, a powerful organ which, when moved from right to left, is able to alter the 
direction. It is one of the few rotifers which is able to swim in a vertical line 
without rotations when pursuing its prey; the foot glands are but slightly developed. 
The brain is characteristic by the long processes which it sends out into the palpar 
organs. The colour is a hyaline milky white.

Asplanchnadæ.
With regard to my conception of the genera and species of the family I refer 

the reader to the first part of my Contributions p. 254—256. The family comprises 
three genera Harringia (= Dinops). Asplanchnopus and Asplanchna. Harringia has not 
with certainty been found in this country.

Asplanchnopus myrmeleo Ehrbg.
Plate XI, fig. 1. Plate XIII, fig. 1.

Asplanchnopus has only been found in one locality, a remarkable stone- 
covered heath in the middle of Seeland near Sorø (Rejnstrup Oredrev). Origin
ally it was only found in a single very small bog hole, filled with Conferva 
and with very peaty, almost black water. Later on it was also found in several 
small drying pools scattered over the heath. The number was always very small. 
Being far from my laboratory in Hillerød, it was impossible for me to get regular 
observations with regard to the propagation of this rare and very interesting species. 
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It was never found in spring; but on excursions in the latter part of July and in 
August several specimens were commonly observed; they were all amictic females, 
but once in October very large females with a yellow resting egg was observed. 
Cultures in the laboratory were attempted, but the animals invariably died in the 
course of a few days.

In July 1928 some males were observed. As the male has only been very 
cursorily described by Western, Weber and Plate (W-L. Contributions I, p. 254) 
I have given a lateral (Plate XI, fig. 1) and dorsal view of it (Plate XIII, fig. 1). To 
the figures I only wish to add the following remarks. There is a rudiment of a 
mastax, but it contains no mouth parts; where it opens on to the forepart in the 
female there is, in the male, a peculiar groove covered with cilia; the alimentary 
canal is reduced to a peculiar bandlike body hanging down through the greater 
part of the body cavity and held in place by different muscles; at the sides there 
are two globular bodies, most probably the oesophageal glands; their form and 
size differ from specimen to specimen. In some of them they seem to be totally 
wanting; of a stomach there is not the slightest trace. The contractile vesicle is 
very large and furnished with two muscle cells. The testis has two prostata glands. 
The figures will presumably show the rest. —

Asplanchna.
The species of the genus Asplanchna are very difficult to distinguish from 

each other. I shall here not enter into detail, but only set forth the following 
remarks. In my opinion the genus Asplanchna may be divided into two groups, 
those with a globular ovarium and those with a horseshoe-shaped one. The species 
belonging to these two groups differ very much from each other. A. priodonta 
especially is distinguishable from all other species owing to its form, the mouth 
parts, and the number of vibradle tags; the rare A. Herricki, hitherto not found in 
our country is noteworthy owing to a peculiar glandular organ near the opening 
of the urogenital organ. The organ has been regarded as a rudiment of the 
caudal glands.

It is the species of the group with a horseshoe-shaped vitellarium which 
cause the greatest difficulties. During more than 25 years I have had a very large 
material of Asplanchna forms with a horseshoe-shaped ovarium. At different times 
I have studied A. ebhesbornii, A. Sieboldi, A. intermedia, A. amphora and A. Bright- 
ivelli. The more I have seen, the more I have become convinced that it is im
possible to retain more than two species of these and other forms, viz A. Sieboldi 
and A. Brightivelli. These two forms may most probably be distinguishable from each 
other owing to a very remarkable character: the nuclei of the vitellarium. In 
A. Sieboldi these are divided into three or four parts, whereas they are undivided 
in A. Brightivelli. The character was observed already by Leydig (1854), later on by 
Hudson (1889 p. 121, Pl. XI, fig. 3 h) and Lange (1911 p. 435). Hitherto I have 
only met with A. Brightivelli in rather large ponds, rarely in small very eutrophic 
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ponds which seem to be the home of A. Sieboldi. Often it totally disappears after 
a sexual period, but now and then it may be found the whole year round. A. Bright
ivelli may be found at all seasons of the year. The amictic females continuie the 
slow propagation of the sexual period, while the mictic females disappear. In some 
localities it totally disappears after a sexual period.

As far as my experience goes, A. Brightivelli never forms winglike processes 
upon the sides of the body; on the other hand A. Sieboldi shows the highly remark
able fact that some of its colonies form one or two pairs of lateral humps or wings 
whereas in others these humps are not usually developed. Furthermore, the colonies 
which have commonly no humps are in some years, and under unknown conditions, 
able to produce humps; A. Sieboldi is a form which may have a uniform, dimorphous 
or even a trimorphous development; in most localities it has as a rule only one of 
these modes of development, but in some years it may suddenly show another. -

Neither in the structure of the forceps, nor in the shell structure of the resting
egg, or in the number of vibradle tags am I able to find valid characters. —

Asplanchna Brightwelli Gosse.
Plate XII, fig. 2, 3, 6. Plate XIII, tig. 2—4.

Frederiksborg Castle Lake. In this lake A. Brightivelli is a pronounced 
spring form, which arrives after the melting of the ice. The resting-egg may be 
hatched at a temperature near 4—6 C. The maximum differs greatly in the different 
years, but whether it is large or small, A. Brightivelli has always disappeared in 
the first days of June; the rest of the year il is totally absent, or at all events 
only present in very few individuals. During severe ice-winters it appears in small 
number below the ice. During 1925 it was only observed sporadically; during 1924, 
when it had a large maximum, it was fairly thoroughly studied.

Already from 29/III to 14/IV 1924 A. Brightivelli occurred sporadically below the 
ice. All specimens were amictic ones, whose propagation went on very slowly. By 
29/IV the number was still very small and a maximum did not set in until 6/V. 
At that period a great number of large mictic female-producers were observed, each 
carrying one single large young one or a large embryo and about 10 eggs in dif
ferent stages of development.

During the period 6/V—16/V the number increased enormously; enormous 
quantities were present especially at a depth of 2 m. Already by 10/V, only a week 
after the commencement of the large maximum, the mictic females appeared. Like 
the amictic ones they carried 8—10 eggs and young ones in different stages of 
development. Any pronounced difference in the size of the eggs in the two sorts 
of females could not be observed, and at the moment of birth males and females 
were almost of the same size. Isolated in small vessels the females lived at all events 
one week. On the same day (10/V) mictic females with resting-eggs were also ob
served. Many females carried two resting-eggs, both in the same stage of develop
ment, furthermore 5—7 eggs whose shell was not yet fully developed. If the plancton 
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is kept in large vessels, it may be observed that the mictic females with resting
eggs mostly avoid the light, whereas all lhe other individuals are to be found at 
the other side of the vessel, nearest the light.

The males are very numerous; in the body cavity of the females numerous 
spermatozoa are found, partly free-swimming partly in batches in different parts 
of the body-cavity. Females with two ripe resting-eggs and many unripe ones are 
found together with some possessing only two ripe eggs. In the former case copula
tion has taken place at a very early stage of the life of the mother animal, in the 
latter perhaps very late, the female acting as a male-producer before copulation. 
By 25/V almost all females were mictic ones, most of them with resting-eggs, 
many gave the impression of being old and spent ones. Very often I have had the 
opportunity of seeing females with one or two males swimming freely in the body 
cavity, the uterus having burst. These males swim round with the penis protuded 
and more than once I saw lhe penis of the male fastened to the ovary of the 
mother organism. Fecundation of the mother on the part of the son is by no 
means an impossibility. More than once I have seen the birth of the male. It 
always takes place in a moment; at the very moment of birth when the embryo 
passes the cloacal opening, a siring furrow is observed which is pushed over the 
body; in a moment it, so to speak, divides the corpus in two balloon-shaped 
hah ;cs, then when the furrow has reached the end of the body, the male dashes 
out and swims away at the very moment of birth. The pairing process is often ob
served, always on the sides of the body, never in the cloaca, often near the wheel 
organ.

Already by 25/V the species decreased in number, and by 17/VI it was not 
possible to lind a single individual. The whole development had not lasted more 
than about five weeks. It seems as if the amictic females, at all events in this lo
cality, play only a very insignificant rôle in the life of the animal after the sexual 
period. In vessels with numerous A. Brightwelli the bottom is covered with resting
eggs; then the whole stock dies out. It is probable that in Nature too the resting
eggs sink to the bottom of the lake, but in early spring they may most probably 
rise from the bottom, presumably owing to development of air in the air-spaces of 
the shell. At all events, it is by no means a rare phenomenon in the first part of 
April, long before the development of the resting-eggs begins, to lind resting-eggs 
floating freely in the plancton.

Asminderød Pond. The data of Asminderød Pond differ very much from 
those of Frederiksborg Castle Lake. In all three years of observation A. B. appeared 
in the latter part of May or in the beginning of June. The maximum which was 
always small, did not appear until July or the latter part of June; curiously enough, 
only amictic females were observed, bul I presume that this was due to the small 
amount of material available for observation.

Fredensborg Pond. A. Brightwelli occurred almost only in 1922; it had 
then a rather large maximum in the latter part of May and during the whole of 

19* 
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June, when mictic females occurred; then the species totally disappeared, but al
ready on 31/VIII it appeared again. By 6/IX several specimens were present, also 
mictic females with males, and free-swimming males; but already on 18/IX only 
one single specimen, a female producer, was observed.

Island Pond. A. Brightiuelli had a rather large maximum in June 1898. 
During the investigation 1923—1925 not a single specimen was observed.

During the period 1898—1923 the species was often found during spring.
Horseshoe Pond. The species was absent in almost all samples. A few 

specimens were occasionally found, but on 29/V, 1924, there was a fairly large, 
very sharply delimited, maximum which seemed to terminate without any sexual 
period. Just at that time the huge Cyanophycea maximum set in, and it may be 
possible that this in some way caused the termination of the maximum. —

Nøddebo Pond. A. Brightiuelli was found neither in 1922 nor in 1923, but 
in 1924 a few specimens were observed in May—June and September—October. 
Mictic females were not observed.

Schæffergaard Pond. The species usually occurred in a few specimens in 
several samples and seemed to be totally absent from October to May. When the 
maximum of A. priodonta was over in May, a smaller maximum for A. Brightiuelli 
(12/VI 07) set in, but later on it was extremely rare. —

1. During the last thirty years of observation A. Brightiuelli has of course 
often been found accidentally during the numerous excursions carried out by me 
or my assistants. Il has never been found in the pelagic region of larger lakes. Its 
home seems to be the central parts of rather large ponds e. g. Frederiksborg Castle 
Lake; it may be found in smaller ponds, even village ponds rich in organic matter, 
it seems however that the large maxima are only rarely developed here; I am 
inclined to suppose that a more thorough investigation will show that Asplanchnas 
with horseshoe-shaped ovaría and belonging to eutrophic ponds, when large max
ima are developed, very often belong to A. Sieboldi. We have only rarely found it 
in peaty water.

2. In most localities a maximum occurs in spring, commonly a little later
i. e. at a higher temperature than that of A. priodonta's spring maximum. This 
maximum most probably always terminates in the appearance of mictic females 
which produce the resting-eggs, whereupon the species very often disappears. In 
contrast to what is the case with A. priodonta, it seems as if amictic females often 
are almost totally wanting after a sexual period. Now and then we have found a 
maximum with a sexual period in the latter part of September and in October, 
but this maximum has always been small. — During winter the species almost 
always seems to exist only as resting-eggs, and only in a very few cases have a few 
amictic females been observed below the ice. When this has melted, the resting-eggs 
may be hatched and a month later the maximum sets in. Specimens taken 



149

below the ice in the Frederiksborg Castle Lake only very rarely carry young ones, 
at all events only a single one, and no eggs were ever observed; on the other 
hand, those taken in April—May almost always carried 1—2 large young ones and 
furthermore 8—10 embryos, in different stages of development. Furthermore, it 
must be remembered that amictic females hatched directly from resting-eggs in early 
spring are often exposed to temperatures only a little above zero, whereas those 
which derive from resting-eggs hatched in May or from later generations of amictic 
mothers are exposed to much higher temperatures. The mictic ones are not com
monly exposed to temperatures much below 10° C., and often to temperatures 
about 20°.

As my material of A. Brightivelli taken at low temperatures was extremely 
limited, and as I was unable in my laboratory to follow closely the influence of 
temperature upon the rate of development of the amictic females, I only venture 
to conjecture that at the same temperature the amictic females live some days 
longer than the mictic ones; produce more young ones; and to a somewhat higher 
degree are able to accommodate duration of life and time of production of young 
ones to temperature. — Tauson, too, (1925 p. 144) states with regard to A. amphora 
that the mictic females do not live as long as the amictic ones.

A. Sieboldi Leydig.
Plate IX, fig. 10—14. Plate XII, fig. 4.

In the limitation in which it is now taken, differing from that which I used 
in 1923 when I took A. Sieboldi and X. amphora Hudson as separate species, the 
species is most probably rather common in our country. Its home seems to be 
very shallow eutrophic village-ponds rich in organic malter and often covered with 
waterbloom. The species has been regularly studied in 1) a little pond Torkeri 
Pond, some kilometers south of Hillerød; 2) in Bistrup Pond near Furesø; 3) in 
Fjenneslev Pond near Sorø; 4) it has furthermore been found in 1900 in a little pond 
at Harløse mentioned 1923 (p. 263); 5) and in a little pond in Nøddebo about 
7 kilom. north of Hillerød. All these ponds are only a few hundred square meters 
large; they are all extremely eutrophic ponds; all have large maxima of pliyto- 
plancton during the summer; the depth is never more than 1/s m. In dry summers 
they may be totally desiccated. They are all almost free from vegetation. —

A. Sieboldi in Torkeri Pond.
A few kilometers south of Hillerød lies a little pond, Torkeri Pond, and near 

it a very little pond only about 10 m. long and 8 m. broad. As a rule it dries up 
every year and has no water from July to December when snow fills the depres
sion; at the lowest level the depth is most probably only Vs m.; this is only the 
case in early spring, most years it is only 1 — 2 dem. in May. In very moist sum
mers it may have water almost the whole year round. During the process of de
siccation it is divided into two parts, a larger and a much smaller one. The bottom 
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of the pond is grass-covered, and the leaves of the Gramínea are spread over the 
surface, forming a regular carpet upon it. From May the water is filled with Conferves, 
especially Spirogyra, which covers the inside of the net, when drawn through the 
water, with a thick green coating. — During the years 1900—1920 the little pond 
was often visited and its animal-life, especially that of Hydrachnidœ, Diaptomidæ 
and some Trichoptera subjected to regular observations. Now and then, especially 
in April—May, A. Sieboldi was observed, but hitherto only in small number. In 
the early spring of 1926, owing to investigations relating to other rotifers, I in
tended to visit the pond regularly every week. During the first days of April, 
shortly after the ice had disappeared, a few A. Sieboldi were found. It was more 
numerous in the succeeding samples, and supposing that the pond would dry up 
entirely in July, I concluded that the active life of the species could only be 
rather short. Then I subjected it to a more thorough investigation, which I combined 
later on with studies in the laboratory. During March 1926 the pond occassionally 
thawed, but owing to night frosts it was very often again covered with ice, 
sometimes for several days running. In an early spring sample later on (5/IV) A. 
Sieboldi was not present. On 14/IV the species was rare; all specimens were 
amictic. The pond was now visited almost every fifth day. Already on 19/IV the 
species was much more common, but still only amictic females were present. As 
early as 21/IV mictic females were present, some of them carrying resting-eggs. 
On 26/IV the desiccation of the pond was far advanced, and from now onwards 
the pond slowly divided into two ponds, a smaller and a larger one. In the smaller 
one with a water-level of only 1 dem. the maximum was now enormous; very 
many mictic females with resting-eggs and males were present; in the larger one 
the maximum was also large, but here the females were mainly amictic; only few 
carried resting-eggs, and males were rare. On 1/V no great differences were ob
served. By 6/V, however, the maximum in the large pond was enormous; the 
greater part were mictic females, carrying resting-eggs; males were abundant. In the 
smaller part of the pond the development was already almost at an end; most of 
the females were without eggs; there were no males but, curiously enough, some 
amictic females.

Already by 12/V it was almost impossible to procure any more specimens; 
during the period 12/V—25/V a very few amictic females were present, but in the 
samples from 30/V and later they had totally disappeared. The water level was the 
same as about 12/V; during the summer of 1926 the pond never dried up entirely; 
samples were taken during the whole period June—November but A. Sieboldi was 
never found. During the period 14/IV to 12/V the temperature of the air slowly 
rose from +2° to +14°. The temperature of the water followed the temperature 
of the air; but on sunny days during the hours 12—4, the temperature of the 
water would sometimes rise to 18 — 20° C. Even though the pond was divided into 
two parts, there was water enough in both parts, but the vegetation was most 
abundant in the smaller pond. In both ponds there was, up to 1/V, an enormous 



151

maximum of Anurœa aculeata; but from 1/V, and especially from 6/V, an enormous 
Volvox maximum was developed in the larger one; in the smaller pond it was 
rather inconspicuous. Till 1/V A. Sieboldi fed almost exclusively upon A. aculeata 
in both ponds, but during the period 1/V to 6/V the stomachs of A. S. in the larger 
pond were overfilled with Volvox; the animals were so to speak yellowish green; 
in the small pond the nourishment was almost exclusively Anurœa during the 
whole period.

As the main result of this little investigation it may then be established that:

1. The whole development of the species does not last more than a month, 
from the middle of April to — perhaps a little later than — the middle of May; 
desiccation of the pond sets no limits to active life after this time; for until July 
at all events the depth of the water is the same as when the species disappears 
in the middle of May.

2. The resting-eggs are hatched about 1/IV, and about 15/V new resting-eggs 
are formed and deposited, whereupon the colony dies out; its life in the active 
stage has only lasted one month; the other eleven months of the year are passed 
in the resting-egg stage, buried in the mud, trampled by the hoofs of the cattle 
which continually pass through the pond during the summer.

3. During the first week of its life the colony only consists of amictic females 
which produce large maxima owing to high fecundity.

4. Already in the second week the mictic females appear; during the last 
fortnight of the life of the colony it consists almost entirely of mictic females; a 
short time after these have died out some amictic females are present, then these 
females loo die, and only the resting-eggs are left.

5. Whether the nourishment is pronounced animal food (A. aculeata) or it is 
rather suddenly altered to vegetable food (Voluox), the mictic females appear al
most at the same time.

The life of A. Sieboldi is very similar to that of A. intermedia', this has been 
elucidated by the investigations of Tauson (1925 p. 145). It was rare by 7/V and 
disappeared on 6/VII. Rapid development of amictic females in May; sexual period in 
the beginning of June; numerous mictic females on 22/VI; already on 26/VI they 
had almost disappeared. In my colony mictic females seem to have been much 
commoner than in that of Tauson. In this case too Anurœa is the chief natural food.

Simultaneously with the investigations in Nature large samples were taken 
into the laboratory. Here the material from all the days of observation was poured 
into large vessels and kept there during the whole period. At different times single 
females were isolated in small egg cups. The water was always that of the pond, 
and the food always either Anurœa aculeata or Volvox; into the small egg cups, 
the food was poured every morning by means of a pipette.
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The material from large samples showed almost exactly the same development 
as that found in the pond.

Specimens were then taken from cultures dating from 14/IV, 25/IV and 3/V; 
from the first 5 specimens, from the other two, ten; a female was isolated, and as 
soon as it had thrown off a young one, this was isolated and kept with all its off
spring. It was then seen that the cultures deriving from 14/IV consisted of amictic 
females only; they lived from 10 to 17 days, whereupon the colonies died out; 
mictic females did not appear. On the other hand, the 10 individuals isolated from 
the cultures of 3/V were all mictic females which immediately produced males; 
pairing took place; on the third day resting-eggs were present; in the course of 12 
days all 10 colonies had died out, the females as well as the males; the resting
eggs were deposited on the bottom of the cup. In the ten colonies taken on 25/IV 
some consisted of amictic females, some of mictic ones; but those colonies which 
began with amictic females, consisted on the third day of a mixture of amictic and 
mictic females. They lived for 12 days; then the amictic females died, and the 
mictic ones had all deposited their resting-eggs.

These results are in accordance with what has been observed in Nature. The 
period begins with the production of amictic females and ends with mictic ones. 
During the middle of the period both kinds are found; at that time the maximum 
is increased by an enormous production of amictic females. After this the latter 
are gradually supplanted by the mictic ones, which are almost alone during the 
last part of the period. The peculiar thing is that the colonies dating from 14/IV 
died out in the amictic stage, and that males never appeared here. The colonies 
lived till the latter part of April, long after the period when mictic females had 
appeared in the pond. In my opinion it is quite incomprehensible why the colonies 
did not pass into the mictic stages.

In order to ascertain how long the amictic and mictic females lived, how 
many young ones they produced, and their distribution on the different days, the 
following experiments were carried out. —

10 females were isolated; as soon as a young one was born, it was observed; 
in the course of one or two days it could be decided if it was mictic or amictic. 
1 got 5 mictic females born on 18/IV, and all of different mothers. These five 
mictic females were isolated, each in its cup and fed on A. aculeata. The cultures 
were watched till the death of the colonies; as soon as the males were born, they 
were removed.

Number
Duration of life 18/IV 19/IV 20/IV 21/IV 22/IV 23/IV 24/IV 25/IV 26/IV 27/IV 28/IV 29/IV .. .oí males

8 days No. 12 a 2 3 5 2 3 barren death — — — — 15
5 — — 12 b — 4 3 1 death - — — — — — — 8

12 — — 2 a — - 2 5 5 2 1 — death 15
8 — — 12 c 4 1 7 3 2 barren death - 17

12 — — 3 a — _ o 4 5 2 2 — — — — death 15
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The following results may presumably be deduced from the table:

1. Supposing that the number (8) of males born (No. 12 b) is too low, I assume 
that the number of males normally born by a mictic female may be between 
14 and 16.

2. The production of males begins already on the second, at latest on the third day.
3. The male production only lasts 5 days.
4. The females live barren 2—3, rarely 5, days after male production has ceased.
5. The greatest number of males is commonly produced on the third day.
6. In a single day a female (12 c) may produce 7 males.
7. The lifetime of the mictic female may be 10—12 days.

Culture No. 18.
20/IV. A mictic female, born on this day, is isolated immediately after birth. 
21/IV. A male is born and 15 minutes later pairs with the mother animal. 
22/IV. Conditions unaltered.
23/IV. Conditions unaltered. The male died.
24/IV. The female carries a resting-egg.
26/IV. The female now carries two resting-eggs.
27/IV. One resting-egg is deposited.
28/IV. The female again carries two resting-eggs.
29/IV. Conditions unaltered.
30/IV. The female died, but before death one resting-egg had been deposited.

Culture No. 19.
20/IV. A female isolated with one resting-egg.
21/IV. Besides the resting-egg, the female now contains two males.
23/IV. The resting-egg is deposited on the bottom; two males are born; the mother 

animal seems to be feeble, but still goes with one male.
24/IV. The female has now produced 4 males; the resting-egg is lying on the 

bottom; the female moves very slowly, the oviduct is distended in the shape 
of a sack, owing to the newly produced males.

25/IV. The female carries one resting-egg.
26/IV. The female now carries two resting-eggs; the males are all dead.
27/IV. The two resting-eggs are deposited.
28/IV. The female dies.

Culture No. 3.
17/IV. A mictic female isolated, age unknown.
18/IV. The female has produced 4 males.
19/IV. The female has produced another 4 males; 8 in all.

D. K.D. Vidensk. Selsk. Skr., naturv.og mathem. Afd., 9. Række, II, 1. 20
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20/IV. The female dies.
21/IV. All eight males are still alive.
22/IV. The four males dead; the four living; a young female is added to the colony.
23/IV. The young female is alive; the four males died.
24/IV. The female carries a resting-egg.
25/IV. Conditions unaltered.
26/IV. do.
27/IV. do.
28/IV. do.
29/IV. The female died; the resting-egg not deposited.

Culture No. 20.
22/IV. A dead female is found with a living male in the uterus.
23/IV. The male is still alive swimming round in the body cavity of the female. 
24/IV. The female is now only an empty skin with a decomposed wheel-organ ; 

the male has escaped from the anterior part of the sack.

From these four cultures we are now able to deduce the following facts.

8. A mother animal may pair with its own first born son; according to Tauson, 
Zawadowsky (1916) has made the same observation with regard to Diglena 
uolvocicola and Luntz (1926) for Melicerta ringens (p. 35) but not for Pterodina 
elliptica (p. 9.).

9. The pairing process lasts about 2 minutes; it always takes place through the 
skin; pairing through the cloaca has never been observed. As soon as a male 
appears in a vessel in which there is a female, the penis is protuded ; before 
the pairing the male continually encircles the females with the penis appressed 
to the skin of the female. When it has made a hole in the skin, the two 
animals can be taken up with a pipette and while still in connection can be 
brought under the microscope. Males seem to be ready to pair almost at the 
moment of birth; at all events a few minutes later; the pairing hole in the 
skin is visible during the whole lifetime of the female.

10. If the results deriving from culture 18 are compared with those from No. 
19 it seems highly probable that pairing may be effective during the greater 
part of the life of the female.

11. If pairing takes place before egg-production begins, all eggs may be resting
eggs (Culture 18).

12. Culture 19 shows that a female may simultaneously contain resting-eggs and 
males. This is in accordance with the results of Tauson (1925 p. 143) with 
regard to Asplanchna amphora.

13. Culture 19 furthermore shows that a female which has begun the production 
of resting-eggs may produce unfertilized eggs giving rise to males, and then
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again produce resting-eggs, most probably after a second pairing process. This is 
in accordance with the results of Tauson (1925 p. 143) for Asplanchna amphora, 
Lauterborn (1898 p. 179) and with those of Zawadowsky (1916) for Diglena 
volvocicola, but not with those of Mauras (1890 a p. 312) with regard to Hydatina 
senfa or of Lehmensick (1926 p. 51) with regard to Euchlanis triquetra; Shull 
(1910) shows that Hydatina in a culture first lays resting eggs and then 23 male eggs.

The results deriving from cultures 18 and 19 are perhaps best elucidated 
by means of the following two tables.

No. 18.
20/IV 21/IV 22/IV 23/IV 24/IV 25/IV 26/IV 27/IV 28/IV 29/IV 30/IV
born pairing 1 R. egg 1 R. egg. 2 R. deposited 1 2 R. 2 R. death

No. 19.
20/IV 21/IV 22/IV 23/IV 24/IV 25/IV 26/IV 27/IV 28/IV

1 R. 9 with 1 R. and 2 cT 1 R. dep. 4 cT born 1 R. 2. R. 2 R. dep. Q dies
2 cT born

14. It is difficult to state the normal number of resting-eggs, but most probably 
it lies between 4 and 6; this is in accordance with the results of Lehmensick 
with regard to Euchlanis triquetra (1926 p. 50) and with those of Sachse 
(1912 p. 52). The supposition of Storch (1924 p. 329) and Marinelli (1925 
p. 163) that the Rotifera should only throw one single resting-eggs is unquestion
ably incorrect.

Culture No. 11.
16/IV. An amictic newly born female is isolated.
17/IV. Conditions unaltered.
18/IV. The female contains a large egg.
19/IV. — — has now many large eggs.
20/IV. Conditions unaltered.
21/IV. Three young ones are born.
22/IV. Three other young ones born.
23/IV. Four other young ones born.
24/IV. The mother animal dies; there are 10 young ones, all amictic.
24/IV—6/V. The 10 young ones have been kept together in a large cup, are copi

ously fed and produce altogether about eighty young ones; all these young 
ones are amictic, all producing amictic females; during the last days one 
after the other dies.

by 6/V. The whole colony has died out. —
20
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Culture No. 21.
14/IV. 10 amictic females are isolated from the vessel.
14/IV—5/V. During the period 14/IV—5/V the 10 females produce very many 

(about 100) young ones, but all these young ones are amictic and by 5/V 
the whole colony dies out.

From the cultures No. 11 and 21 we are nowable to deduce the following facts.

15. The lifetime of the amictic females cannot be given with certainty; in my 
cultures they all died out too early. Their lifetime most probably depends 
in a very high degree upon the temperature. From my observations in Nature 
I have the impression that they may live much longer than the mictic ones, 
especially at low temperatures, and that the number of young ones which they 
produce, may be distributed over several weeks at low temperatures and at 
high temperatures be crowded into only a very few days.

16. Cultures 11 and 21 seem to corroborate the peculiar fact that, especially during 
the beginning of the whole developmental period, families may occur which 
consist exclusively of amictic females; at all events it has not been possible, 
when special experiments have not been carried out, to see them pass to the 
propagation of mictic females. This result is in fairly good accordance with 
that of the authors who maintain genotypic reaction (Siiull 1911); Runyanzew 
(1923 p. 37) maintains, with regard to B. urceolaris, that in all his 7 generations 
the males arrived at quite distinct periods, quite independently of all variations 
in external conditions.

Culture No. 1.
17/IV. 10 amictic females isolated each in a cup by itself.
18/IV. The 10 amictic females have each thrown from 2 to 5 young ones.
19/IV. The 10 amictic females have now thrown each from 5 to 10 young ones. 
20/IV. Some of these young ones have now young ones ready to hatch.
21 IV. In one of the cups a mictic female is born; this culture is now studied, 

it contains an old female, now barren, dating from 17/IV, furthermore 6 
young ones, of which it may be shown that four are mictic, two amictic. 

22/IV. The old female dies; the four mictic females have now produced 6 males, 
the two amictic ones, four amictic females.

23/IV. The four mictic females have now produced 12—14 males; one female 
with a resting-egg.

24 IV. Males are numerous; most of the females carry resting-eggs; the amictic 
females have either begun to produce mictic females or, if not, their young 
ones do so.

25/IV. Males are numerous; most of the females carry resting-eggs; some resting
eggs are deposited.

26 IV. The males die; conditions are otherwise unaltered.
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27/IV. All males die; many resting-eggs deposited.
28/IV. Many females die, some with resting-eggs.
29/IV. All females dead; most of them have thrown their resting-eggs; a few have 

died without having done so.

Culture No. 5.
16/IV. A female, presumably amictic, is isolated.
17/IV. At 117s o’cl. a young one is born; at 2 o’cl. two others.
18/IV. Conditions unaltered: a mother with three children.
19/IV. Now five young ones. —
20/IV. The five are distended by many and large eggs, the old mother has borne 

two new young ones; all in all 7.
21/IV. There is now the old mother and 10 young ones; some of these will prob

ably produce young ones in the night.
22/IV. Present are now 11 large females, 7 very young small females and 12 males; 

the progeny of the old mother was partly females which produce amictic 
females like itself, partly females which produce mictic females. Many 
pairings are observed.

23/IV. Conditions unaltered; many males, but no females with resting-eggs.
24/IV. Conditions unaltered; the old female from 16/IV dies.
25/IV. Conditions unaltered.
26/IV. The males die out, but one of the mictic females still produces males; most 

of the others carry resting-eggs.
27/IV. All males dead; almost all females carry resting-eggs; some are deposited. 
28/IV. Conditions unaltered.
29/IV. Conditions unaltered; many resting-eggs deposited.
30/IV. Many females die; several with resting-eggs.

1/V. All females dead; many resting-eggs deposited, but several in the dead 
mothers.

Culture N o. 9.
17/IV. 40 females are placed in a little vessel; no males.
18/IV. Many females carry resting-eggs and there are many males.
19/IV. There are now about 100 males; some females carry three resting-eggs; 

some females are amictic, producing many or a few amictic young ones.
20/IV. Conditions unaltered.
21/IV. Conditions unaltered; many resting-eggs deposited.
22/IV. The males begin to die, almost all females carry resting-eggs.
23/IV. Conditions unaltered; all males dead.
24/IV. Conditions unaltered.
25/IV. Conditions unaltered only more and more resting-eggs are deposited.
26/IV. Conditions unaltered.
27/IV. Conditions unaltered.
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28/IV. Conditions unaltered, but the females now begin to die. 
29/IV. Many females dead; the bottom covered with resting-eggs. 
30/IV. All females dead; bottom covered with resting-eggs.

From the cultures No. 1, 5 and 9 we are able to deduce the following facts.

17. Cultures 1, 5 and 9 should illustrate how a colony passes from amictic to 
mictic propagation.

No. 5 shows that an amictic female is able to produce females which 
produce amictic females like itself as well as females which produce mictic 
females; this is only what might be expected. Tauson (1925 p. 144) comes to 
the same result; with regard to A. amphora. Lehmensick’s supposition (1926 
p. 51) that we have to do with three different kinds of females among the Ro- 
tifera is most probably incorrect.

External or internal conditions may force an amictic female to produce 
females which produce amictic females like itself as well as females wich pro
duce mictic females; but the last named females do not appear until some 
time after the colony has begun its life. Most probably at all events the female 
hatched from a resting-egg is always and solely amictic, as also the following 
generations. Luntz (1926 p. 30) has arrived al the same result with regard 
to Pterodina elliplica.

A combination of investigations carried out in Nature and in cultures 
seems to show that we have here really periods at the beginning and at the 
end of the lifetime of the colony when amictic and mictic propagation is fixed, 
and that these two extremes are interrupted by a labile period where a com
bination of influences of internal and external conditions may cause variations 
in the propagation giving rise now to amictic now to mictic colonies.

Culture No. 25.
18. To ascertain the lifetime of the males 10 males were isolated as soon as they 

were born; they got no opportunity to pair. The 10 males lived for the periods 
stated below

1 2 3 4 5 6 7 8 9 10

Number of days. . 472 3’/s 4 5 4V2 4V2 3 V2 4 5 3V1

For the unpaired the lifetime seems to be about 4 days; but if the males 
have an opportunity to pair, their lifetime is shortened by one or two days ; 
a male may pair several times.

19. It may be pointed out that mictic females of A. Brightivelli and Sieboldi which 
have produced resting-eggs and whose lifetime is perhaps abnormally prolonged 
about 8 days in cultures, often carry about 8—10 eggs in their uterus, which 
are of different sizes, remarkably dark, and seem to be undeveloped resting- 
egss. In (Tab. XII, Fig. 6) a female with these eggs has been shown.
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20. Furthermore it may often happen that the last developed males are not born 
in a regular manner. A rupture of the uterus takes place, and a male may be 
found swimming round in the body cavity of the female. The female may live 
for 2 or 3 days. Then it dies and decomposes. The male still lives and at 
last the body wall of the female burst and the male is set free. Tab. XIII, 
fig. 3—4 shows this. —

21. It is a feature peculiar to the form from Torkeri Pond that it never shows 
humps of any kind. During its whole period of active life it looks like a ty
pical A. Brightivelli but an examination of the vitellarium shows that the nuclei 
are all divided into three or four parts and this has been the case during the 
whole development. —

A. Sieboldi in Bistrup Pond.
In the above named pond in Bistrup near the borders of the Furesø I found 

an Asplanchna in the latter part of June 1929 which had the normal form and 
structure of an A. Brightivelli. Nevertheless I had the impression that perhaps it 
belonged to those peculiar forms which could later on be changed into humped 
forms; a closer examination showed that the nuclei of the vitellarium were di
vided into three or four smaller parts. A regular investigation was therefore 
carried out.

It was only present in a very few specimens on 25/VI, and still rare by 
11/VII. Then rather suddenly, on 22/VII, it was one of the main forms of the 
plancton; it was still common on 2/VIII—12/VIII—22/VIII—28/VIII but on 9/IX 
was only present in a very few specimens; later on it totally disappeared. Its pe
riodicity may be given as follows:

25/VI 11/VII 22/VII 2/VIII 12/VIII 22/VIII 28/VIII 9/IX 20/IX 3/X 24/X
w V cc c c c c w 0 0 0

On 25/VI and 11/VII only the normal form appeared; however from 22/VII 
to 28/VIII all forms were humped (Tab. IX, fig.10—12); on 9/IX again only the 
typical forms appeared. Tab. IX, fig. 10—12 shows sketches of the form; the tran
sition from the saccate to the humped form took place quite suddenly in the course 
of only a week, this is in accordance with the observations of Lange (1911 p. 438) 
who maintains that the humped forms appear suddenly in the third generation.

On 11/VII only amictic females occurred, but on 22/VII very many carried 
resting-eggs (Tab. IX, fig. 14) and males were common. These males are all humped 
(Tab. IX, fig. 13). On 2/VIII most of the females had laid resting-eggs but males 
were still present; the same was the case on 12/VIII when mictic and amictic 
females were found in the samples, but the number of the last-named seems to 
have increased. On 22/VIII and 28/VIII only amictic females were present, and 
with the presence of a very few amictic females on 9/IX the development stops. 
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The whole active period of life lasted from the last days of June to the first days 
of September, only a little more than two months; the presence of mictic females 
and males was restricted to the period from 22/VII to about 15/VIII i. e. to about 
three weeks. At the beginning of the sexual period the humped females appeared, 
and these were the only forms during July—August. The males were almost absent 
from 22/VIII; they were of the typical humped form.

Upon studying the anatomy it was impossible for me to find any differences 
from the typical A. Sieboldi form in spring; the ovary is horseshoe-shaped with 
numerous divided nuclei, an ovary of a young animal is drawn in Tab. XII, tig. 2. 
The number of vibratile lags is 20—30, a little lower than is commonly stated for 
A. Sieboldi. The mouth-parts are of the typical Brightiuelli-Sieboldi type and so are 
the resting-eggs. As is well known from earlier investigations (Powers, Lange), we 
have here a colony which may as well be referred to the typical Sieboldi as to the 
form which has been termed intermedia and which is most probably identical with 
A. amphora.

In Bistrup Pond it therefore seems that we have a Sieboldi form which regu
larly, at the highest temperature of the water, produces humped forms, and whose 
males always seem to be humped. In the last part of the period of active life the 
specimens reverted to the saccate form; most of the humped forms are mictic 
females, but amictic females may also be found among them.

A. Sieboldi in Harlose Pond.
As mentioned in 192.3 (Vol. I, p. 262) A. Sieboldi was found here only once in 

July 1898 in a very small eutrophic pond near Harlose a few kilom. west of 
Hillerød. The pond was only a few metres in diameter. When visited later on the 
pond had altered very much and most probably became totally desiccated. The 
species has never been found again. The animals were in the middle of the sexual 
period. Very many males and mictic females with resling-eggs were present. A few 
females belonged to the saccate form but most of them were pronounced humped 
forms, and so yvere all the males. The animals yvere large, ca. 1800 ¿t, and extremely 
hyaline; the humps longer and more pronounced than in those of Bistrup Pond; 
the cells of the vitellarium yvere conspicuously divided into three or four parts. —

As the form has totally disappeared after 1898 I have been unable to follow 
its life cycle.

Most probably it will have been similar to that in Bistrup Pond, and so also 
the seasonal variation will have been the same, perhaps only a little more pro
nounced.

A. Sieboldi in Fjenneslev Pond.
With regard to the pond see under B. pala. When found on 10/VIII 21 the 

species yvas in its sexual period. Males and females yvith resling-eggs yvere present 
in great number. All observed females yvere pronounced humped forms and so
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were the males; they were very much like the specimens from Harløse Pond. The 
pond was very often visited during the years 1922—29. In 1924 and 1929 the pond 
froze to the bottom. Curiously enough, after 1921 only very few Asplanchna specimens 
were found. Many samples were taken during May—August. Most years only a few 
samples contained Asplanchna, and these always belonged to the saccate form. Then 
suddenly in 1925 the Asplanchnas were again numerous, and again the humped 
forms appeared. I am indebted to my assistant, Mr . Berg, for the samples taken
in 1925.

3/V 15/V 3/VI 9/VI 15/VI 7/VII 15/VII 25/VIII 31/VIII 7/IX 4/X 31/XI
0 0 0 0 0 0 w ccc cc cc 0 0

It will be seen that the species appeared on 15/VII but only in a few spe-
cimens. 25/VIII it had an enormous maximum which lasted till 7/IX. In September 
it disappeared again. After 1925 only a very few specimens, always of the saccate 
form, appeared. As such they also appeared on 15/VII but during the period 25/VIII 
to 7/IX only humped forms with humped males and females appeared.

We learn from this that the development of humped forms does not necessarily 
take place every year. We do not know what life conditions cause the humped 
forms to appear but it seems that they only appear in these years when the 
great maxima occur.

A. Sieboldi in Nøddebo Pond.
As mentioned in 1923, p. 264, A. Sieboldi was found in Nøddebo Pond in the 

latter part of August 1921. I regret to say that I have nothing to add to what has 
been written there. As mentioned there, the species showed the same very peculiar 
trimorphic development which Powers has described (1912, p. 441). The colony 
was followed during the rest of 1921, and with the greatest interest I looked for
ward to the moment, the next year, when I was to begin laboratory work with 
this very interesting species. The pond was regularly visited every fortnight during 
1922 and, as will be seen from the table V, all through 1922—1924. In the following 
years, too, samples were taken every fortnight and often in connection with studies 
on the Daphnia pulex-longispina races carried out by my assistant, Mr. Berg. Every 
week during the summer months in the years 1925—1929 samples were likewise 
taken. Year after year the character of the pond altered more and more, it was 
fdled with confervas, in 1929 with Elodea. It is now very shallow having only a 
depth of a few decim; and has now no more a central part free from vegetation.

It is very difficult to interpret the facts in the right way. Two months before 
the Asplanchna was found (August 1921) the pond was laid dry and the bottom 
dug up. When the pond was again lilted with water, the depth was about 3/t m. 
The water was a peaty brown; there was not the slightest trace of vegetation; 
Daphnia and Flagellates had great maxima. In that year Asplanchna with a full 
trimorphic development was very common. I refer the reader to part I, 1923.

D. K. D. Vidensk. Selsk. Skr.,naturv. og mathem. Afd., 9. Række. II, 1. 21
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The colony was followed till 15/XI when Asplanchna had disappeared. Only a few 
saccate forms were present; the humped form predominated; the later observed 
specimens were of the campanulate form. Resting-eggs appeared in the campanulate 
and humped forms. It is a peculiar fact that after 1921 only very few Asplanchna 
were observed in the samples during the period 1922—1925; after that time no 
Asplanchna have been observed. The pond is now stocked with confervas and 
Elodea’, the vegetation is so thick that the surface of the pond looks like a meadow.

Being unaware of the character peculiar to A. Sieboldi — the division of the 
nuclei of the vitellarium into three or four parts — I described the species as 
A. amphora in 1923, as this was the only species in which a trimorphic development 
had been observed. The specimens observed during the period 1922—’1925 were 
all according to their form A. Brightivelli.

I am inclined to suppose that the Asplanchna from Nøddebo Pond 1921 may be 
referred to A. Sieboldi. In 1921 it was the first lime after the investigations of 
Powers (1912) that a trimorphic Asplanchna was observed, and as far as I know, 
it is the first time it has been found in Europe. It would be of the greatest interest 
to see if an Asplanchna with a trimorphic development would appear again when 
the pond is once again laid dry, the bottom dug up and the pond again gets 
a surface free from all vegetation. At a given moment the bottom must have con
tained innumerable resting-eggs which either have not been developed or whose 
young ones are killed immediately after hatching.

Powers has pointed out that all the three forms, the small saccate females, 
the humped ones, and the campanulate ones carried resting-eggs, and all were able 
to produce males. I for my part have only been able to tind resting-eggs in my 
locality, and males in the two last-named forms, the saccate form being rare and 
disappearing totally already in the latter part of August. We do not know if both 
forms of females the amictic and the mictic ones, are able to undergo the same 
trimorphic development, or if trimorphism is limited only to one of them. This 
makes it more difficult to understand the whole development. From Powers’ in
vestigations we know that the females hatched from resting-eggs are always of the 
saccate form, furthermore they are always amictic. Then follows a series of amictic 
saccate forms whereupon partly mictic ones, partly humped and campanulate forms 
appear. The relation between the mictic forms and the trimorphism of the species 
is not explained, and I regret that I have had no opportunity to continue the 
valuable investigations of Powers and Mitchell.

A. Sieboldi as it is treated here is an extremely interesting rotifer. It belongs 
to small eutrophic, most probably alkaline, ponds. In numerous localities it looks 
like an A. Brightivelli only distinguishable from it by the peculiar structure of the 
nuclei of the vitellarium. In some localities it has a tendency to dimorphism, to 
develop humped forms from a saccate form at the period when the mictic forms 
appear. It seems as if this dimorphism is not developed every year in the same
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locality. The appearance of the humped forms is quite sudden, the colony passing 
from one form to the other in a single generation and in a single week. The sac
cate form produces the humped forms, and later on in the autumn, the humped form 
the saccate one. Most probably the amictic as well as the mictic females produce 
both forms.

It is to be supposed that under quite special conditions the species may be 
trimorphic, producing saccate as well as humped and campanulate forms. This tri
morphism has only been observed twice, once by Powers and Mitchell at Lincoln, 
Nebrasca, and one year in a little pond in the northern part of Seeland.

Asplanchna priodonta Gosse.
Plate XTI, fig. 1, 5. Plate XIV, fig. 1—2. Plate XV.

Frederiksborg Castle Lake A. priodonta Gosse has in almost all the years 
of observation had a larger or smaller maximum in the latter part of May and in the 
beginning of June. Beyond this period the species seems to be extremely rare. This 
holds good especially for the three last years of observation. Most probably the 
species has a very large maximum in the above-named period, but like A. Bright- 
ivelli, as soon as the resting-eggs appear, the species seeks deeper waterlayers or 
perhaps sinks deeper owing to the greater weight of the resting-eggs, and in this 
way it more easily evades observation. The number of specimens which appear 
after the melting of the ice is always small, and they are not able to produce the 
often enormous and rather sudden maximum which appeared e. g. on 11/VI 24. 
It seems as if huge masses of resting-eggs are hatched during April and the first 
part of May. The amictic females, present in the middle of May, always contain a 
very large number of young ones and eggs in different developmental stages, often 
8—12, the largest of the young ones have already before birth almost fully developed 
young ones; i. e. three generations develop within each other, the third generation 
being born the day after the mother animal itself is born. That these amictic females 
play a great part in the sudden appearance of the high maximum is unquestion
able. Before the latter part of May the samples teem with males; the mictic females 
have appeared, and almost simultaneously females carrying resting-eggs are present. 
I have never seen a female carry more than one resling-egg; as is generally known, 
the egg-shell has no airspaces, on the other hand the egg always contains oil 
globules.

In the latter part of May or the middle of June the species disappears almost at 
a sweep from the water-layers. Males and mictic females disappear almost simultane
ously, amictic ones being extremely rare during the rest of the year. Only in one year 
(1900) there was a tendency to develop a maximum in September—October, but mictic 
females were not observed. The few amictic females occurring from June to April 
next year always carry only one young one, differing very much from those from 
May which carry a great number.

21
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Island Pond. In all three years of observation (1923—25) A. priodonta had 
a large spring maximum, always occurring in the latter part of May; it could 
he present in small number throughout July and then disappear almost totally 
from the plancton. Only in 1923 rather a large maximum appeared again in the 
last days of August. During spring mictic females with resting-eggs and males have 
always been observed. In 1900 as well in many others years during the period 
1900 to 1923, we have seen large spring maxima and hardly ever found A. prio
donta after July. Immediately after the melting of the ice no specimens are ob
served; they do not appear until two or three weeks later, and these females are 
always amictic. Here as everywhere else the amictic females are enormously prolific 
in May, but at all other seasons of the year the few observed females only carry 
a single young one. —

Horseshoe Pond. A. priodonta occurred with larger or smaller maxima in 
May—June in all the three years of observation, but apart from that time was 
rare. In May 1923 it had a pronounced sexual period; and curiously enough another, 
but smaller one, occurred in October—November, but the maximum was then re
latively small; nevertheless it was dicyclic in 1923.

Funke Pond. A. priodonta is most probably perennial; larger maxima have not 
been observed, or if so always in May—June. — During the years before 1922, especi
ally during the period 1898 to 1910, the spring maxima were much larger; later on, 
simultaneously with the restriction of the “pelagic region” of the pond, owing to 
the increase of the Potamogetón zone which slowly conquered more and more of 
the free central part of the pond, Asplanchna became rarer and rarer each year.

In one of the previous years I had had an opportunity of observing how 
huge a rotifer maximum may be. Lying in my boat one of the last days in May 1910 
with bright sunshine on the pond, I saw at a depth of only 1 m. (maximum depth 
of the pond about IV2 m.) a milky layer stretched out over the whole bottom. 
In the surface layer there was the usual life, which will be found noted in the 
table of the pond. Dipping the net into the milky layer, it could be seen that it 
consisted exclusively of A. priodonta. It was in the beginning of the sexual 
period. —

Schæffergaard Pond. A, priodonta is almost absent from July to November 
but it begins to be more common in November and has, curiously enough, a pro
nounced sexual period in November. Another occurs in April—May, whereupon the 
species disappears in the beginning of July.

During the last thirty years A. priodonta has been found most probably on 
every excursion where a plancton net has been used, and where several ponds 
have been visited.

It is impossible to prove any predilection for special ponds or special com
positions of water. A. priodonta requires a free water-mass, devoid of vegetation, 
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but this water-mass need only be some few cubic meters in a bog hole, on the 
other hand it may also be one of our largest lakes: Il is present in peaty water, 
and in water with high Cyanophycea maxima rich in organic matter. —

It generally seems to have a pronounced spring maximum in ponds; in May— 
June the mictic females appear, whereupon lots of resting-eggs are found. Amictic 
females often seem to play a rather conspicuous rôle during the rest of the year, and 
it is possible that the autumn maximum, when the temperature has again sunk to 
that of spring, originates from an increased propagation of these females. —

Wherever a more thorough investigation has been carried out, it has been 
shown that in May the amictic females are tilled with brood in different stages of 
development, whereas at all other seasons of the year they only carry one or two 
young ones. The amictic females are very often found in small number below the 
ice, but just these specimens seem to have almost suspended all propagation under 
natural conditions. In 1898 I have, in a few ponds where A. priodonta was common, 
found mictic females as well as males in the winter at temperatures near zero. 
When studying the same ponds in 1924—28 I saw nothing of Asplanchncr, the 
ponds had altered in different ways during the last 25 years, and many of them 
were covered or filled with vegetation.

As a plancton organism it has been found in all the larger lakes observed 
in 1898—1902. There it is everywhere perennial, commonly the maxima do not 
seem to be great, and where they occur, they always develop in spring; in 1901 
mictic females were observed from 18/V to 22/VI. Only in Esrom Lake an 
enormous maximum with a sexual period was observed on 5/IX 01 (temperature 
16). — In lakes, too, the species are always found during winter at temperatures 
near zero and here, too, always as amictic females whose production of eggs has 
almost entirely stopped. —

As the resting-eggs contained large oil globules, I supposed that they must be 
pelagic. They have never been found in the pelagic region. I have kept mictic 
females in vessels 3A m. high. The resting-eggs were invariably dropped into the 
water and sank to the bottom. Further investigations should aim of finding out if 
they are to be found floating in the deeper water-layers especially in early spring.

As mentioned above, I was unable to get sufficient material for my studies 
relating to the propagation of A. Brightivelli al low temperatures. This, however, 
was not the case with regard to A. priodonta. I could get A. priodonta in early 
spring from Frederiksborg Castle Lake as well as from Løgsø, a little lake about 
twenty kilom. southward from Hillerød. The difficulty was to get sufficient natural 
nourishment; especially during the first period the nourishment was most probably 
small, but I suppose that this was also the case in Nature. It consisted of other 
rotifers, taken from Frederiksborg Castle Lake, where they were caught every day 
and by means of a pipette sucked up into the light border of the vessel.

On 15/III, 23 cultures were started, each culture containing a single A. priodonta, 
caught the same day in Frederiksborg Castle Lake; with regard to the temperature 
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of the lake it may be mentioned that the winter was extremely mild; until 15/11 
the lake had only been frozen about 12 days, and rarely over the whole surface. 
From 15/11 to 25/11 the lake was frozen, but al the inlet of the lake there 
was always open water and here samples were taken. From the middle of De
cember to about l/III the temperature of the lake was always about zero; from 
l/III to 10/IV the temperature of the water was from + 2 to + 5°G., rather heavy 
snow and night frosts prevented a rise in temperature.

Not until 28/IV was a temperature of + 8° C. observed. — In nature the As- 
planchna have lived from December to the latter part of April at temperatures 
between 0 — 5°C. In the laboratory the cultures were standing in a room where the 
temperature of the air did not exceed +6°C; but this temperature was rather 
constant, varying only from 5 to 7 ° C. —

Of the above-named cultures many died, but some of them lived from 15/III 
to 8/IV i. e. for 30 days; in the following the main results from these cultures 
are given.

As soon as a young one was born, it was taken away. Only in culture 14 
were the young ones kept with the mother animal.

Culture No. 9 c.
The young one born 15/III, lived 22 days without having produced a single 

young one.
Cull u re No. 9 d.

The young one born 15/III, lived 18 days and in these eighteen days pro
duced two young ones.

Culture No. 13.
The young one born 15/III, lived 21 days, in that time producing three 

young ones.
Culture No. 16.

A female which has lived at all events for 22 days has produced 5 young ones.

Culture No. 14.
A female produces six young ones in the course of six days, itself and its 

young ones produce 14 young ones in 17 days.
The following cultures originate from Asplanchna priodonta taken 28/111 in 

Løgsø, and are continued to 18/IV.
Culture No. 15.

A female whose age is unknown produces 4 young ones in 18 days. When 
fresh water is given, they all die. —

Culture No. 29.
A female whose age is unknown, produces 6 young ones in 22 days and 

then dies.
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All these cultures are not so satisfactory, as might have been desired. I wished 
to give the animals the natural food, especially other rotifers and mainly 
Anurcea. At that time of the year it was not possible to get material enough 
to feed the animals regularly. The often rather sudden birth of several young 
ones in a few days and then none for a long period, may be put down to 
the irregular supply of food. On the other hand, the cultures clearly show that 
these Asplanchna born at temperatures near zero and living at a temperature of 
5—6°C., live much longer than those at temperatures 14—16, and that their propa
gation goes on very slowly. I am inclined to think that the Asplanchna living at 
temperatures near zero and below the ice, may live very long, perhaps for months, 
and that they have almost suspended all progation for weeks. That there is the 
greatest difference between these winter Asplanchnas and those of late spring is 
beyond doubt, if we compare them with those which I have studied during the 
high maximum in May in a small pond lake as Frederiksborg Castle Lake.

The investigations give no information with regard to the conditions under 
which the resting-eggs may be hatched.

From observations of the periodicity it may be concluded that especially those 
of A. Brightivelli may hibernate. The results gathered from the literature differ very 
much. According to Tauson (1925 p. 145) the eggs of A. intermedia freeze for live 
months. Lehmensick (1926 p. 53) gets resting-eggs of Euchlanis triquetra hatched 
in the summer after 1 Vs—2 months, Plate (1886 a) those of Hydatina in the course 
of 18—21 days; Shull (1910 p. 311) gets eggs hatched in the course of a few days 
to many weeks.

The sack-like Asplanchna priodonta Forms.
Tab. XV.

In 1898 (p. 207), I showed that two female forms of Asplanchna priodonta oc
curred in the small Farumsø, one of the ordinary round type, the other sack-like, 
elongated-oval, the longitudinal and transverse axes being as 5:1. In August all 
conceivable transitional stages between these two forms occurred. For a long time 
round embryos were observed in the females of the round type, and only oval 
embryos in those of the elongated type, but round embryos were met with in the 
latter on 25/VIII.

I had no idea whatever of seasonal variation at the beginning of my investi
gations, when I discovered these very peculiar and at that time unknown conditions. 
I considered them as peculiar phenomena of growth, and imagined them to be 
derived from distinct and separate broods.

In the following years similar phenomena were discovered in Furesø, where 
the sack-like forms, however, were exceedingly rare, furthermore in Haldsø, in Thorssø 
near Silkeborg, and in a lake in the south of Funen. In the other Danish lakes, 
on the other hand, only the ordinary small round or slightly oval A. priodonta forms 
were met with. Further investigations showed that the oblong forms first appeared 
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everywhere in May—June and reached their greatest length in July—August where
upon they disappeared.

These particular forms made me study the seasonal variations more thoroughly 
and led to my later paper (1900 p. 606). Later on Voigt (1904 p. 109) discovered 
quite similar conditions in the lakes of Ploen. During the cold months the typical 
forms occurred, hut in summer elongated sack-like animals.

Voigt is, as far as I know, the only one who has seen these peculiar forms. 
Huber (1905 p. 128) has studied the seasonal variation in the Montiggler Lakes, but 
in contrast to Voigt and myself arrives at the conclusion that the individuals are 
smaller in summer, not more than about 470, whereas in the colder season they 
may reach 730.

Finding that the Asplanchna in Haldsø and Farumsø were excellently adapted 
for a more detailed study of the way in which seasonal variation occurs, I had 
collections made regularly in Haldsø and Farumsø during lhe period May—Sep
tember 1902. Unfortunately, the species proved to be so rare in Farumsø in 1902 
that the necessary material could not be procured; in 1905 the long sack-like 
females were not observed at all. From Haldsø, on the other hand, I obtained ex
cellent material which has been used for the following studies. There are samples 
from 3/V—30/V— 11/VI—17/VI—22/VI-25/VI—3/VII—9/VII— 18/VII—1/VIII.

In each of these samples 50 individuals have, as far as the material permitted, 
been separated off, and their length and breadth measured; if the animals contained 
a comparatively large embryo, the latter was also measured. The ratio between 
length (L.) and breadth (B.) has been calculated, and the percentage of animals of 
lhe same length.

Six months after I had finished my investigation of the Asplanchnae the work 
of Langhans (1906 p. 439) was published. Since the relation of A. helvética to 
A. priodonta is fully explained there, and I entirely agree with Langhans on this 
point, I need only make reference here to his work. Imhof’s species helvética may 
be looked upon as a local variation of forma ti/pica. I should think that it may 
best be termed a cold-water form belonging to the larger cold lakes; whether it is 
correct to consider it specially alpine remains undecided.

In my Plancton Investigations Vol. II these measurements have been given 
(p. 78—81). Referring the reader to this work, lhe main results of the investigations 
of 1908 are reprinted here.

The investigalion clearly shows that the shape of A. priodonta in Haldsø has 
undergone very considerable changes during the period 3/V—9/VII. Tab. XV shows 
the seasonal variations.

The first remarkable fact is that the variations in shape take place within a 
surprisingly short period, from the end of May to the middle of July when the 
species disappears, i. e. a period of hardly more than a month and a half. A. prio
donta which was mostly between 560 and 640 p long and about 400 broad on 30/V 
was on mostly over 1600 9/VII, whereas the breadth was only about 480—560.
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the longitudinal axis may presumably take place in three ways:

Consequently the species increased very considerably in size in the course of about 
5 weeks, but the growth was almost exclusively in the longitudinal direction of the 

L 1.5animal, the breadth remaining almost unchanged. Whilst the ratio was about — at
2 . 3 B . 1

the end of May, never —, the same ratio was mostly - , in the beginning of July, 

, 5and might even reach —. It should further be noted that the volume of these 

long sack-like summer forms is much greater than that of the small winter 
forms. With regard to the shape of the long summer forms the figures show that 
the longer the animals grow the more curved the body becomes. Though I have 
no clear understanding of this phenomenon, I believe that it may be interpreted as 
a means to augment the cross-section resistance. As far as I know, the long axis 
of the body has a sloping position when the animal is swimming; then the curved 
part of the body will augment the cross-section resistance during sinking. It may 
be remarked that on examining these very large sack-like Asplanchnœ in Haldsø 
in the living condition in July 1906, I found that, as for the living Asplanchnœ in 

Farumsø in 1898, the ratio was about -p If we compare one of the forms from 

Haldsø with a normal A. priodonta, it will be seen that the prolongation mainly 
takes place in that part of the body which lies behind the urogenital opening, 
furthermore that all organs in the first-named species are not much larger than in 
a normal A. priodonta. The number of vibratile tags is only four, and the mouth
parts are exactly similar to those of A. priodonta.

The increase in 

1. The seasonal

the ratio — of which

variation may be of a purely individual nature; in the animal,

is 1.5
1 on 30/V, the longitudinal axis keeps on increasing

during the succeeding month without any particular increase occurring in the trans
verse axis. This explanation implies that the individuals occurring on the 9/VII are 
the same as those met with on the 30/V.

2. The seasonal variation may not be individual, but connected with the oc

currence of new broods; in the same individual the ratio remains unchanged; 

seasonal variation occurs through the longitudinal axis in the embryos being longer 
relative to the transverse axis than it is in the mother-animal. Thus the seasonal 
variation is not due to a gradual growth in one direction in the mother-animal, 
but proceeds intermittently in connection with the occurrence of new broods.

3. The seasonal variation may be due to both of these factors.
On measuring the embryos inside the mother-animal it appeared, firstly, that 

the longer the mother-animal is, the longer is the embryo. On the 30/V when the 
mother-animals were mostly 560—640, the largest embryos measured were 400—480. 
On the 9/VII when the majority were 1600, the largest embryos were 1000—1280.

D. K. D. Vidensk. Selsk. Skr., naturv. ogmathem. Afd., 9. Række. II.1. 22
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This is not so very remarkable in itself; it is of far greater interest that over 60 
measurements of the embryos inside the mother-animals all gave the result that 
the longitudinal axis of the embryos had increased at the sacrifice of the trans
verse axis in a higher degree than was the case with the mother-animal. The 
transverse axis of the embryos could always divide the longitudinal axis more 
times than the transverse axis of the mother-animal could divide its longitudinal
axis, i. e. the embryos are always longer and narrower than the mother-animals.

Thus, whilst the ratio ~
2 B
-, the same ratio in the embryos was

on all other dates recorded. It further

in the mother-animals on the 30/V never reached
3
—. Similar results are met with

as if these differences between em-

2.5
T or
seems
the beginning of the period, at the end of

the difference

the following

560—640, in 

on 30/V, but

the beginning

in the mother

are very few mother-animals on the 3/VII in 
4 
f’

seasonal variation is also of a purely 
be the case, and for

that the small size of
2 . t

was always < —, constitutes 80 % of the Asplanchna

bryos and mother-animals are greater at
May and the beginning of June, and smaller towards the end of the period; when

in the ratio in the mother-animal has reached its maximum in 
B. . L .

of July, the difference in — inJ B
does not increase very much;

the embryo in comparison with — 

yet it will be seen that, whilst there 
L . 3which — is much more than — and 
B J 1

while it very rarely reaches y-, the embryos are mostly — and may even be 
5’1 1

. I may remark here, that the embryos are less exposed to the pressure of the 
1 . L
cover-glass; the ratio — in mothers and embryos cannot, therefore, he compared 

directly without some reservation. Nevertheless, the difference is not of such a nature 
that it can in any way alter the main result. Thus it is shown with absolute cer
tainty that the seasonal variation is connected with the occurrence of new broods. 
The transverse axis always divides into the longitudinal axis a greater number of 
limes in the embryos than in the mother-animals; seasonal variation results from 
this. See Tab. XII, fig. 1 and the series on Tab. XV. In the animal of 9/VII three 
generations are found in each other.

It is much more difficult to show that 
individual nature; nevertheless, this may 
reason.

It appears from the statements above 

which the B
on 11/VI only 6%. At this time a very abrupt rise in the sizes may be discerned, 

L 2there being not less than about 90% of 800 or more with — > -p while only 6% 

are about 560—640, and all intermediate sizes are wanting. As late as 25/VI a few 
L 2individuals of the size 560 and with — < — occur; consequently, the shape ol the 

latter has remained unaltered.
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After 11/VI, on the other hand, the increase of L. goes on quite gradually. 
The size 800—1200, represented on 11/VI hy 90% is still on 17/VI represented by 
46%, on 25/VI by 12%; on 3/VII this size seems to disappear. A new one of 
1200—1440, represented on 17/VI by 50% has increased in number to 60% on 
20/VI and on the 25/VI lo 82% but has decreased to 16% on 3/VII. A new size 
of 1520—1600 appears on 25/VI with 8 %, increasing on 3/VII to 56 % and 

probably still more on 9/VII. At the same time the ratio p increases gradually from 

that the small females of about 

hatched from resting-eggs and 

of these die before the 11/VI, 
undergo any seasonal variation 

whatever; in these females the ratio — is unchanged from the time of hatching to 
the time of death.

560

2
< 1

2 3 4to — and later on to — or even p.

I am inclined to interpret these facts to mean 
L 2 .with — < — represent forms which have been B 1

carried into the pelagic region. The great majority 
a few live longer, but this first generation does not

The matter is different for the following generation. — There is nothing to 
justify the belief that this generation, which appears mainly at the end of May, is 
unable to five till the latter part of June. As we now know that the largest, and
most probably also the oldest, of the egg-bearing individuals are likewise those 
which have the greatest difference between L and B, and as this difference increases 
quite gradually and no more abrupt transitions occur in the sizes, I conclude that 
this generation undergoes seasonal variation. When first hatched, its length in 

/ 2
proportion to its breadth is greater than that in the mother-animal lea. — or more

but this disproportion increases further during growth and is still greater I— or 
4\ C '1

generally —1 before death.

Further, a great number of generations probably arise during the period 11/VI— 
3/VII, all of them being alive at the same time; they are not hatched at the same 
time, but their death for the most part occurs about the same date: the middle of
July. These generations, when hatched, are always longer than the mother-genera
tion, and during their growth L constantly increases more than in the previous 
generation. B for the most part remains unchanged. — The result of this is that 
in the beginning of July we have young, very narrow animals which are exceed- 

L 5ingly elongated, their —, while they are alive, being at least -p or possibly more. 

From the middle of July or rather somewhat before, the majority of the individuals 
are sterile; the series of generations ends in these long sack-like animals, in which 
egg-production is very much reduced or which hardly ever produce eggs. I never 
saw resting-eggs in these females or any small round females which might have 
connected this generation with conditions in the spring. All observed females were 

22*
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amictic.
L _ 5
B " r

It is as if the species, through these long sack-like individuals with 

has gone beyond the limit of variation, and that these curious-looking in

dividuals must pay for their existence with sterility.
How development proceeds after July, I am unable to say as regards Haldsø.

A. priodonta disappeared from the water in August almost at once, in October— 

November a very few, small, round individuals occurred again with normal —.

These individuals remain throughout the winter and spring, until the above-men
tioned progression of generations begins again at the end of May. Neither males 
nor resting-eggs have ever been observed.

In Farumsø, on the other hand, the long sack-like females persist much 
longer; here I once observed small round females inside the long sack-like indi
viduals at the end of August. In autumn males also occurred and the small round 
females carried resting-eggs; the males had a normal appearance; I have never 
seen the long sack-like females carrying resting-eggs.

Apart from these two lakes I have hitherto only found females with — = — 

in the Furesø and in the small Thorssø near Silkeborg. In the Furesø there were 
but a few individuals, probably conveyed thither from Farumsø, they occurred in 
Thorssø in immense quantities in the summer of 1901 — 1902, but only a few 
samples were taken.

In order to understand the occurrence of these peculiar sack-like plancton 
forms, the following must further be remembered. The home of the Asplanchnae is 
in the central parts of the low, overgrown ponds and small lakes, among the vege
tation of which their near relation, Asplanchnopus, and most of the Asplanchna 
species live. Two of the species, A. Brightivelli and A. priodonta, have become 
adapted to the life in the free, central parts of the ponds and small lakes. Both 
are carried out into the pelagic region of the larger lakes by the outlets, but only 
one of them, A. priodonta, accommodates itself to the life there, so different from 
the conditions of life in the true home of the species. In the ponds A. priodonta 
does not undergo any noteworthy seasonal variation. Nothing of the kind has ever 
been observed abroad, and in my own country I have studied the matter in 

many different ponds every fortnight throughout a year without observing it; — is 
.2 ' B

always < —.

It is mono- or dicyclic in ponds, with a distinct sexual period in spring and 
often one in autumn; the parthenogenetic reproduction in spring is very rapid, in 
spring it will often happen that 5—6 embryos are found in the same mother
animal and half-developed embryos are often seen in unhatched embryos.

In the lakes, A, priodonta probably always undergoes some seasonal variation ; 
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but this has hitherto escaped notice or has been misinterpreted. — After becoming 
acquainted with the conditions in Haldsø, I directed my attention to the species in

other lakes. Here I often observed to be 
2 
r but never more. The very same

result is obtained on comparing the drawings and measurements of other plancton in
vestigators (Apstein, Huber, Voigt etc.) with the drawings and measurements 
given by those who have studied pond individuals, Hudson & Gosse etc. — This 
more elongated lake form is identical with A. helvética Imhof.

We see, therefore, that in the lake forms there is a tendency to increase the 
longitudinal axis which is not present in the pond forms, and in this I see an 
adaptation to the new claims made by the new surroundings. As it is now suf

ficiently proved that the ratio in the winter forms of the lakes is identical with 

that in the pond forms, and that the increase in the longitudinal axis does not 
set in till the temperature of the water rises, and increases steadily with the latter 
and simultaneously with the general increase in the longitudinal axis of numerous 
plancton organisms, there is in my opinion no other explanation possible than that 
the seasonal variations in A. p. are adaptations to all those variations in external 
conditions which are connected with the changes in temperature.

The different degrees in the seasonal variations, viz. the varying increase in 
the ratio between the longitudinal and transverse axis, can on the whole be pro
visionally referred partly to race pecularities and partly to the unequal influence 
exerted by the conditions tending to produce variations. Continued investigations 
in numerous lakes and ponds will probably show localities with all conceivable 
transitional stages between the small almost round, and the large sack-like, indi
viduals; further I imagine that continued investigations over several successive 

years in the same locality will show that the ratio — is very variable in the dif- 
ferent years.

If it should prove, as I suppose, that the elongated sack-like females in many 
lakes become in the end sterile, and that production of mictic females does not 
occur, I should be inclined to look upon these individuals, at any rate in many 
localities, as pond and littoral material carried out regularly every year into the 
pelagic region in the form of the small round individuals, which give rise to the 
elongated individuals and perish as such without leaving any young. The pelagic 
region is then recruited from the littoral region each spring when the embryos 
are hatched from the resting-eggs, which are produced exclusively by the indi
viduals of the littoral region and are spread all over the lake by the waves.

If this is the case, the elongated, sack-like females may best be considered 
as pathological individuals which have come too near to the utmost limit of elas
ticity of the species. As I once found an almost isodiametric embryo inside one
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also a possibility that these are constant and normal seasonal forms, and that they 
produce parthenogenetically the winter form which survives the winter and is met 
with again in Ilaldsø on 3/V and 30/V. As I have only met with one case and 
have never found even a single specimen of the kind in Haldsø, though the material 
was rich enough and my attention was directed to the point, the observation is in 
great need of corroboration. The absolute disappearance in August and the peculiar 
phenomenon that the series of generations ends in individuals which are almost 
exclusively sterile, in my opinion point to the truth of the former explanation, at 
any rate as regards Haldsø.

What highly favours the development of the lake races to which these forms 
belong is the fact that they only reproduce parthenogenetically; it seems as if they 
only consist of amictic females. External conditions may deal as they like with the 
species; there is no amphimixis that could prevent the formation of the seasonal 
forms, and once the direction of variation is determined, they being always under 
the same influences, tend always to reproduce in the same way, until they have 
reached their limits of variation.

It must further be emphasized that the Asplanchnae naturally need not always 
respond to the demands for diminishing the rate of sinking by changing their shape 
from spherical to cylindrical. The same demand may also be met by a relative 
increase in surface due to a decrease in volume. Huber has observed this pheno
menon in the Asplanchnae of the Montiggler Lakes; they are there smaller in 
summer than in winter, and the decrease seems to be equal for both axes.

Melicertidæ.
My few observations on sessile, not free-swimming, species seem to show that 

most of these species are pronounced summer forms. This is the case with Mega- 
lotrocha albo-flavicans Ehrbg. found near Susaa, in Tjustrup Lake, Lacinularia 
socialis (Pall.), Oecistes mucicola Kell., common in Gloiotrichia pisum, Oecistes pílala 
Wills, on leaves of Nuphar in Funke Pond, Hillerød, Oecistes inelicerta (Ehrbg.) found 
on Nuphar leaves in October in Funke Pond, Hillerød, Limnias ceratophylli Slack, 
in different ponds near Hillerød, and Melicerta ringens Schrank in numerous places 
places in the northern and middle parts of Seeland, in Gudenaa, Jutland, etc.

Lacinularia socialis (Pall.).
Lacinularia socialis was found in Jutland at Ry, Gudenaa. The coast-line of 

the rivulet was covered with trees, and from them a carpet of roots is hanging 
down into the water. On drawing them out of the water, it was seen that the roots 
were covered with innumerable balls, all of a peculiar reddish colour, and as large 
as peas. Observations from a boat further showed that the banks of the river over 
a stretch of many hundred meters were literally covered with a thick coating 
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of these ball-shaped colonies, which when more thoroughly studied were determined 
as colonies of Lacinularia socialis. The phenomenon was observed in July 1898 and 
unfortunately upon a journey; how long this almost incredible maximum of this 
beautiful species had lasted and when it again disappeared, I do not know. Later 
on I have twice visited the spot but without result; the colony-coatings had dis
appeared. In one of the experimental ponds, Carlsø near Hillerød, the Lacinularia 
colonies appear on the Nuphar and Nymphcea leaves in the latter part of June 
about two or three weeks after the leaves have reached the surface. The number 
of colonies increases in the course of the summer, many leaves carrying about 
fifty colonies or more. Till the first part of September the colonies have been 
quite amictic, but then numerous male eggs and males appear; mictic females are 
now present, and in the latter part of September numerous resting-eggs are de
posited in the jelly. Already in the first part of September, when the lower side 
of the leaves begins to be coated with thick carpets of diatoms, detritus etc. the 
number of colonies diminishes, and bare spots show in the brown coatings, where 
the colonies have had their place.

Melicerta ringens Schrank.
In some of our ponds Melicerta ringens is extremely common on the floating 

leaves of Nuphar and Nymphœa. In one of the ponds, Island Pond in Præstevang 
near Hillerød, the colonies appear year after year in the middle of June, about one 
month after the unfolding of the leaves on the surface; in some summers, especially 
those with high temperatures, the colonies are extremely common, a single leaf 
often carrying many hundreds of colonies in August; in the middle of September 
the colonies disappear, but some of the dead tubes are to be found long after the 
animalcules have died. Owing to their almost black colour, they may easily be 
observed against the green colour of the leaves. Whereas the females of Floscularia 
and Lacinularia are often seen as young ones swimming freely round the colonies, 
this is not the case with Melicerta as far as I know, at all events not with 
M. ringens, which I have had most opportunity of observing. The young ones of 
the two first genera place themselves in the jelly, among the older mother indi
viduals.

When the leaves reach the surface, they carry no colonies; the colonies 
do not appear until two or three weeks later. The resting-eggs have most probably 
hibernated upon the bottom whence they have risen to the surface perhaps owing 
to air-development and here they are caught below the large blades of the 
Nymphæa leaves. From these first colonies the others may arise, the young ones 
in most cases fixing themselves in or on the old colonies, in other cases in the 
near vicinity on the leaves. —
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Conochilus volvox Ehrbg.
In almost all our ponds Conochilus volvox is extremely common. It is much 

more common than C. unicornis. In all localities a very conspicuous maximum 
appears during the time from 15. April to 15. May. In some smaller ponds the 
water may almost assume the appearance of barley-soup during this maximum. 
A glass of water taken from some of these ponds will contain thousands of colonies. 
Until lhe middle of June these colonies only consist of amictic females, but in 
June colonies are found which contain very small eggs and a little later also 
some resting-eggs. Then the maximum disappears, but very often amictic colonies 
are found during the whole year. These may give rise to smaller or larger 
maxima during the summer and autumn, but no mictic colonies have been found 
at that time. C. volvox is also present during winter, but as far as I know always 
as amictic colonies.

For some years it was incomprehensible to me how these maxima could 
become so extremely large in such a relatively short time. In one of the ponds, 
Teglgaardssø near Hillerød, one developed in June in the course of only ten days. 
During the study of the colonies it could often be observed that they were not 
always ball-shaped. It could be observed in lhe surface of the ball that small 
sectors rose above the surface; this was mainly the case with large and compact 
colonies. On studying these more closely, it could be seen how this sector grew 
larger and larger; suddenly it was pushed out of the ball, and al the same moment 
the sector spread out, and a new ball, not so compact as the mother ball, was formed.

It is a sort of “vegetative propagation” which takes place in this way, and it 
was in this way that the maxima grew so incredibly large. When a colony is laid 
under cover and exposed to pressure, it is seen that suddenly the colony divides 
into two; and that there are two balls where there was only one before. As I have 
made quite the same experiment with Lascinularia socialis, I suppose that here, 
loo, it is in this way that new colonies appear, and all the more so since we often 
lind either a number of small colonies round a larger one, or a large one which 
is almost divided in two.

Conochiloides natans (Seligo).
Frederiksborg Castle Lake. C. natans is very rare. In 1923 it was never 

observed, in 1924—1925 only in a few samples in May. In these samples as well 
as in those of June the beautiful resting-egg is often found.

Island Pond. C. natans was found 28/IV 1898 but only in small number. 
In a sample taken 3/V 1910 the species was present in incredible quantities; the 
plancton consisted almost entirely of it. Most of the females were mictic ones, with 
the resting-eggs lying in the jelly tubes. Males were very common. Already on 10/V 
C. natans had almost disappeared, but the water contained enormous numbers of 
resting-eggs. Neither in 1923 nor in 1924 or 1925 was a single specimen observed.
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Horseshoe Pond. C. natans has been observed regularly immediately after 
the ice had disappeared, but always in small number. In 1926—27 and 28—29 as 
well as 29—30 I have taken samples in the openings in the ice; during the first two 
years C. natans was present and rather common. All females were amictic, but al
ready a fortnight after the ice had disappeared, mictic females were present; a few 
days later the species had totally disappeared and was never observed later in the 
year. In our country C. natans is a peculiar example of a species with a very 
short active period, lying at a relatively low temperature.

Oecistes sp.
In one of my small ponds, Torkeri Pond, the same from which the material 

for my experimental studies on Asplanchna Sieboldi was derived, I found several 
Oecistes species on the leaves of waterplants on 11/IV 1924. During the night the pond 
was covered with ice and the temperature of the water during the day was only 
about 2°C. By 20/IV, during a period when the temperature of the water did not 
rise above 4—5°C., an enormous maximum of Oecistes developed. The alga threads 
were so to speak covered with Oecistes. Threads measuring a length of about 10 ctm., 
contained the species by hundreds. The animals were often united in small colonies, 
where 10—20 individuals sat very near each other. At the point of attachment of 
the foot about 10 large oblong eggs were found. In the plancton of the pond free- 
swimming young ones were numerous. But already eight days later after heavy 
and very cold rain at an air temperature of only about 2—3°C., all the coatings 
seemed to have disappeared. The water-level of the pond had been raised very 
much, the water had most probably become much diluted, and as is often the 
case, it was as if just this factor was able to stop a rotifer in the middle of its 
development. The pond was very often visited that year owing to some investiga
tions on some Hydraclinides, but the species was never found again. It was as if 
external conditions were a hindrance to the development of the mictic females.

The colonies of Conochilus uoloox and those of the other Melicertidœ, especially 
those of Lacinularia socialis, differ from each other in some very essential points.

I have followed the maxima of Conochilus volvox from the moment they 
began to their very end. Almost always the colonies presented that peculiar phe
nomenon that they hardly ever contained eggs in the tubes surrounding the indi
viduals, and that the central part of the colony was destitute of eggs of every 
kind. —

As already Hlava as well as others have pointed out, Conochilus volvox pro
duces young ones; the eggs are developed in the uterus; as far as I know, the 
same is the case with C. unicornis, but not with Conochiloides natans. Apart from 

D. K. D. Vidensk.Selsk. Skr., naturv. og ma them. A fd., 9. Række. II, 1. 23
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the two Conochilus species all other Melicertidœ as well as all Floscularidee are 
egg-laying organisms.

In Conochilus it is, however, only the amictic females and the mictic females 
which with regard to the male sex produce young ones; the resting-eggs for a short 
time are deposited in the interior of the ball-shaped colony. Even the two first-named 
kinds of progeny may as eggs now and then be found lying outside the females in 
the jelly common to the whole colony. It seems to me that the amictic females, 
and the mictic ones with regard to the male eggs, are in reality oviviparous; 
the extremely thin eggshell bursts at the very moment of birth. In accordance 
herewith we often find colonies consisting of 50—60 individuals and containing 
in the interior of the ball one single “summer egg”.

But even the resting-eggs are hardly ever found lying free in the colonies. 
When the maximum is at an end, the animals contain resting-eggs. Curiously 
enough, I have hitherto never found colonies in which the formation of resting-eggs 
was a common phenomenon. I had supposed that the colonies, when the sexual 
periods were at an end, would have contained numerous resting-eggs, deposited in 
the central parts of the colony. This, however, was not the case. In the colonies 
only a few individuals contained resting-eggs; when they were fully developed, they 
were pushed out into the jelly; here they did not remain, but gliding out slowly 
between the single individuals of the colony they were dropped into the water. 
As 1 had supposed, the colonies were not reduced to dead ball-shaped jellymasses 
containing the numerous resting-eggs, deposited before the death of the indi
viduals; the eggs drop out soon after they are pushed out of the opening of 
the uterus.

As far as I know, all other Melicertidœ as well as all Floscularidœ produce 
eggs and these eggs are deposited in the jelly of the colony or, if the animal is 
solitary, in the tube itself or in the small amount of jelly where the animal 
is attached to the substratum. If the colonies of the Lacinularia are observed, we 
shall find, at different seasons of the year, in some colonies the large eggs of 
the amictic females, in others very many small male-eggs and again in some colonies 
all the females carrying the large resting-eggs. The parthenogenetic eggs, have not 
begun the development at all when they are deposited in the jelly. I have the 
impression that with regard to these colonies we may often have to do 'with 
purely mictic and purely amictic colonies, but I regret that I have not had suf- 
ficiant material for a more elaborate study of this question. In fig. 6, 7 Plate XIV 
I have given drawings of two colonies, the one containing only numerous male 
eggs in the jelly; in the other all the females also carry large resting-eggs. It may 
be supposed that amictic colonies are slowly altered into mictic ones, the amictic 
animals dying out and being replaced by mictic ones. —

The peculiar fact that Conochilus voluox in contradistinction to all other Meli
certidce produces young ones must most probably be regarded as a peculiarity 
caused by adaptation to the pelagic life of the colony; the free-swimming but
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always solitary species of Melicertidœ and Floscularidœ are all egg-producing, carrying 
the eggs in the jelly sheaths. It may be possible that colonies are not able to 
carry the heavy burden of numerous eggs in the central part of the globule, and 
that the free-swimming power of the colony would be dependent upon the active 
power of locomotion of the new-born animal from the very moment of its ejection. 
It seems as if the development of the young ones in C. volvox in the uterus of 
the mother animal takes place with extreme rapidity. A more thorough study of 
these interesting facts is highly desirable.

Pedalionidæ.
The family comprises the genera Triarthra, Tetramastix with T. opoliensis Zach, 

and Pedalion-, Tetramastix has not been found in our country.

Triarthra.
Of the genus Triarthra we possess at all events the three species Triarthra 

longiseta Ehrbg., T. brachiata Rousselet and T. breviseta Gosse. Owing to the different 
length of the bristles and the position of the unpaired posterior one, three other 
species have been created: T. mystacina Ehrbg. T. limnetica Zach, and T. terminalis 
Plate. I have been unable to distinguish these species from each other. T. limnetica 
is in my opinion the typical limnetic form of T. longiseta, just as T. mystacina is 
so for very small ponds, often duck-ponds receiving fluid from dunghills. Also the 
species terminalis is in my opinion problematic, the posterior thorn being placed 
at different distances from the posterior part of the animal.

Triarthra longiseta Ehrbg.
Plate I, fig. 3—4. Plate XIII, fig. 7—10.

Frederiksborg Castle Lake. T. longiseta is most probably perennial, oc
curring as it does in almost all the samples all the year round; the main maximum 
always occurs in spring; it was very large in 1924, but rather small in 1923; from 
June to September it was always rare; during the autumn the number increased 
again. During the winter, e. g. in 1924, it was very common in all the samples taken 
below the ice; on 9/IV it had a very large maximum below the ice. At that time, 
at temperatures near zero, a very pronounced parthenogenetic propagation set in; 
the number of eggs carried by the amictic females did not however, exceed two; 
often there was only one. The mictic females did not occur before 29/IV, but the 
general sexual period of the colony did not begin until about 15/V. At that time 
T. longiseta was one of the main forms of the rotifer plancton, and mictic females 
carrying 4—5 male eggs were present in great numbers. Simultaneously very many 
specimens were severely infested with Microsporidia. The male egg carrying females 
preponderated by 10/V, but on 16/V most of them carried a resting-egg. This is 
always carried inside, it is very large, filling most of the body cavity. I have never 
seen the egg being laid, nor carried outside as in Polyarthra. In the vessels, when 

23* 
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the mictic females die, the resting-eggs are often found lying in the skins of the 
females. I am therefore inclined to suppose that they are al all events not always 
liberated before the death of the female. On 16/V but especially on 23/V these 
resting-eggs rather often lay free in the samples. When the sexual period was at 
an end by 29/V, the amictic females occurred in rather great number, and it is 
these females which now occur in different numbers during the summer months.

If plancton is taken in during the sexual period and poured into large vessels, 
it will be seen that the mictic females carrying resting-eggs gather on the side of 
the vessels turned away from the light, whereas the amictic ones and the mictic 
ones carrying male eggs form a milky foam at the opposite side turned towards 
the light. It is as if their relation to the light is altered with the development of 
the resting-egg. This is most probably correct, because it has been shown that the 
number of females carrying resting-eggs is much greater al a depth of 2—3 in than 
at the surface. This may be due to another reaction to the light, but it may also 
be because the heavy resting-eggs force the females downwards. -

Mictic females have not been observed after .June, —
Asminderød Pond. T. longiseta is perennial. In 1922, however, it was not 

observed in the samples from early spring, but after the latter part of April it is 
probably not lacking in any sample; it seems to have a pronounced minimum 
from November to March. On the other hand, from the middle of March 1923 to 
October it was almost always numerous; the maximum may occur at very different 
times during the summer months; it may be divided by a summer minimum and 
both maxima may terminate with the appearance of mictic females; it may also 
appear in July and in that case, too, terminate in a sexual period. Mictic females 
may therefore occur at temperatures of 4—6°C. (10/IV 1923) as well as at tempe
ratures of 20—24 (20/VII 1923).

Especially in 1923 the species had very large maxima. It seemed as if T. 
longiseta, like many other rotifers, here as well as in the other ponds, was influenced 
by the very severe winter of 1924, during which the ponds were frozen for about 
130 days. The maxima were not great, and sexual periods only slightly developed; 
the number of females carrying resting-eggs was small.

Fredensborg Pond. T. longiseta had a large maximum in May 1922, fol
lowed by a sexual period during which almost all females carried resting-eggs. 
Then it almost disappeared and was always rather rare during the rest of 1922 
and during 1923, most common in August 1922. Mictic females were not observed —.

Island Pond. T. longiseta is mainly a winter and springform. —
It is rather common in December and during winter, below the ice, and im

mediately after its disappearance, it is one of the main forms in the plancton. The 
maxima may occur at temperatures very near zero, and may be due to the hatch
ing of resting-eggs in the warm littoral zone, often with temperatures of 10—12° C. 
only a few inches from the ice. The mictic females appear in April; numerous 
individuals carry male-eggs in May, females with resting eggs are very numerous, 
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and resting-eggs are also found free in the samples; in the latter part of May the 
species almost totally disappears.

Horseshoe Pond. The species is remarkably rare; during 1923 and 1924 it 
only occurred sporadically, but rather suddenly in March 1925 it had a rather 
large maximum, terminating in a sexual period with mictic females with resting-eggs.

Schæffergaard Pond. T. longiseta is most probably perennial. In July— 
August 1906 it had a pronounced maximum terminating in a sexual period. Then 
it only appeared very rarely in all the following samples till April, when a new 
maximum with a sexual period developed. Again it almost disappeared, but in .July 
had a new maximum with a sexual period. Just as in Asminderød Pond we see 
the mictic females appear at very different seasons and temperatures: at 4—6° and 
at 20—24°.

In the other ponds, as Funkedam and one of the experimental ponds, 
T. longiseta only occurs sporadically, and then mainly in spring and late autumn.

1. Wherever pond explorations have been carried out, T. longiseta has been 
found. It does not seem to occur in drying ponds or in ponds with affluxes from 
dunghills, sewers etc. Its home in ponds is the central part free from vegetation; 
it may be found in ponds rich in organic matter as well as in those with 
peaty, quite brownish water. —

It may be dicyclic in ponds, but often seems to be only monocyclic; the mictic 
females seem to occur at quite definite limes of the year, and apart from these 
periods seem to be totally wanting, but in this respect the species differs greatly in the 
different ponds and also in different years in the same pond. The mictic females occur 
at very different seasons, at very low as well as at the highest summer temperatures.

2. The resting-eggs are extremely large in relation to the size of the females; 
their shape differs very much. It seems to me that it may be doubtful if they are 
deposited; most probably they are not freed before the death and decomposition 
of the mother animal. They seem to have large air spaces, but nevertheless they 
do not seem to be pelagic in autumn. When the sexual period is at an end, they 
may occasionally be found in the plancton, but then they totally disappear, being 
most probably deposited on the bottom. For a time I supposed that, like the Bra- 
chionus eggs, they were deposited upon the surface, and swept ashore from there, 
but I have not been able to corroborate this view. In spring the empty shells are 
often met with in the plancton. The airspaces are arranged in three lines over the 
shell; they are at that time filled with air and the shell supercompensated. I sup
pose now that air is developed during the embryonal development and deposited 
in the airspaces. In this way the eggs are raised to the surface.

3. In ponds T. longiseta as well as other rotifers show the peculiar phenomenon 
that they may almost disappear for one or two years and then, in the third year, 
suddenly develop a very high maximum.
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4. T. lonqiseta is also an inhabitant of the pelagic region of even onr largest 
lakes; it has been found in them all and may be regarded as perennial. Here it 
has almost always a rather pronounced maximum in the spring, followed by a 
sexual period; then it only occurs in small number, but again gets a little more 
common in the autumn; during winter it is always among the commonest of all 
the rotifers. In lakes, therefore, it is pronouncedly monocyclic with a conspicuous 
predilection for not too high temperatures. Here, as in ponds, amictic females con
tinue a slow propagation between the maxima.

5. Many of the pond forms would unquestionably have been taken for T. mysta- 
cina Ehrbg. by previous observers; that there is an enormous difference especially be
tween these forms and those from our largest lakes (T. limnetica Zach.) with regard 
to the length of the thorns is beyond all doubt; Triarthra from ponds have often 
thorns only half as long as those from the pelagic region of lakes; on the other 
hand I have in Fjenneslev pond at a depth of only 1 dem. found a Triarthra 
whose thorns were SVs times as long as the body. Being unable to find other more 
valuable characters, I have not tried to keep these forms distinct.

T. brachiata Rousselet.
Plate XIII, fig. 5—6.

T. brachiata is not rare during the first part of the summer in the central part 
of small ponds free from all vegetation. This species, too, is a very slow swimmer; 
The species was found in July 1929 in a little pond in Bistrup near the borders ot 
Furesø. It had a great maximum in the last part of June and in August; then it 
totally disappeared and was not found in a single specimen in any of the autumn 
samples. The sexual period occurred in August. The resting-egg is very large and 
tills almost the whole body cavity of the female. It seems as if it also has air 
spaces, but hitherto it has not been found floating in the water. —

Triarthra breviseta Gosse.
T. breviseta has a rather peculiar occurrence; it is pretty rare, but in all those 

ponds in which it has been observed it has been found in the latter part of No
vember, appearing suddenly al a temperature of about 6—8°C. Very often the 
ponds are then frozen for a week or more, but when the ice thaws again in the 
beginning of December, the females all carry large resling-eggs. The species may 
then have a large maximum, being one of the main forms in the scarce pond 
plancton. When the ponds freeze again and do not thaw until April, the species 
has disappeared; then the resting eggs are hatched and a new maximum appears 
in April at 8—12° C. During the summer I have not met with it.

Pedalion mirum Hudson.
P. mirum has been found in Fredensborg Pond, Horseshoe Pond, 

Nøddebo Pond, Funke Pond, Island Pond and the M. pond of my experi- 
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mental ponds. It has always been found sporadically and always in the summer 
months; it was fairly common only in M. pond. It was found in M. pond on 3/VI 
1900, and disappeared again on 18/IX. The maximum set in on 27/VI and was 
relatively large in July; then an enormous Dinobryum maximum began, during 
which the water was coloured yellowish and the plancton net filled with thick 
gelatinous matter, during which almost all other plancton organisms, also Pe
dalion, seemed to disappear. When the maximum ceased, Pedalion became more 
common again. Mictic females with numerous male eggs appeared on 10/IX and 
18/IX, resting-eggs were found free in the sample. Then the species totally disap
peared. —

During pond explorations in different parts of the country Pedalion minim has 
often been observed. It is a pronounced summer form, always occurring in the 
first part of June; it has its maximum when the highest temperature has been 
passed, and its sexual period in September. The maximum is never very large. 
It usually disappears entirely in September—October. In some localities, e. g. some 
of the Hellebæk ponds, it has been found as late as November, being then only 
represented by large eggless amictic females. — As a rule the species rests as 
resting-eggs from October to the beginning of May when the resting-eggs may be 
hatched. Owing to the propagation of the amictic females, the maximum is devel
oped, whereupon the mictic females occur.

Their occurrence is restricted to only a few weeks, and in most localities the 
species then entirely disappears.

It has never been found in the pelagic region of lakes, nor in drying ponds. 
Its home is the central parts of ponds which are either quite free from vegetation 
or have a broad zone of Potamogetón natans near the shore. It seems to be fond 
of peaty water; there it may often have a deep yellow colour and may especially 
at high temperatures have very beautiful red and blue colours. I forgot to observe 
whether they were restricted to the mictic females. Now and then Pedalion has 
been found in bog holes which were only some square meters large. —

The mictic females carry the male eggs in clusters of 10—12, and the males 
then arrive in great numbers; in the lighted borders of the vessels, in which were 
plancton samples containing thousands of Pedalion, males appeared abundantly.

The mictic females carrying the male eggs are commonly somewhat smaller 
than the amictic ones. Montet (1915 p. 346) made the same observation; he states 
their size at 150—156 g. The females carrying the resting eggs are much larger, 
about 170—180 /1 or more. As far as we know (Montet 1915 p. 350) the females 
only carry the resting eggs a very short time; it is doubtful whether they are agglutin
ated to algæ or sink to the bottom.

Pterodinidae
contain the two genera Pterodina and Pompholyx.
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Pterodina.
The Pterodina species are pronounced pond forms which have never been found 

in the pelagic region of larger lakes, nor in the central parts of smaller lakes or 
ponds. As is well known, some of them are commcnsalists and semiparasites on 
Asellidœ, Astacus a. o. Most of them are pronounced bottom forms, and as such difficult 
to gel in great numbers. Some species belong to the Potamogetón zone of our 
largest lakes, living at the surface on the long garlands of Ceratophyllum and My- 
riophyllum (Esrom Lake 15/IX 1929). Most of the species I have found at all 
seasons of the year, but 1 have the impression that their maxima occur mainly at 
low temperatures. Of P. patina a remarkably high maximum was found in the 
latter part of November in a little pond without vegetation, but with the bottom 
covered by decaying leaves. A sexual period is quite unknown, and males have 
only rarely been observed (W-L. 1923 p. 287).

Pomholyx.
Of the two species P. complanata Gosse is a true pond form, a pronounced 

summer form belonging to the central parts of smaller lakes and ponds. Sexual 
periods have not been observed.

P. sulcata Gosse.
Frederiksborg Castle Lake. The species appears here in the middle of June 

at a temperature of 16°. Al this temperature the huge masses of resting-eggs 
scattered over the lake bottom may be hatched. The maximum arrives rather 
suddenly and always at the highest summer temperature. It is very short, lasting 
no more than 10—14 days (commonly 27/VII — 19/VIII), at that time the species 
had an extremely high maximum. Simultaneously the sexual period set in, very 
many specimens carrying male eggs, the number of which never exceeded four; 
most commonly it was only three. The lighted side of the vessel teemed with 
clouds of the species; when a drop was brought under the microscope, the speci
mens arranged themselves in a long series all turning the wheel-organ towards the 
lighted side. The males swam in front of the females, whirled round by their 
wheel-organs, and during this motion going so to say from hand to hand, arriving 
in the whirling stream from one female as soon as it had safely got away 
from another. In these days incredible numbers of males were hatched; four or 
live days later not a single male could be observed. — Immediately afterwards the 
females carry the ball-shaped resting-egg, characterized by its double contours. It is 
soon dropped off; the maximum terminates before the end of August and only a 
small number is left in November.

The period of the mictic females does not last more than about a fortnight.
In several of the other ponds, e. g. Asminderød Pond, Funke Pond and 
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Schæffergaards Pond, the species had also a large maximum; everywhere it 
appeared in June and disappeared in November with maxima at the highest 
temperature; further, it is a regular plancton organism, found in the pelagic region 
of all our lakes and there, too, with a maximum at the highest summer tempera
ture. Mictic females were observed in Skanderborg Lake on 30/VII 1902, 
temperature 14.

Floscularidæ.
Owing to the manner in which I have studied the microscopical life in our 

ponds and lakes I have only very few and fugitive observations relating to all 
sessile rotifers. The Floscularidæ seem to be pronounced summer forms; on this 
point, as far as I know, I agree with almost all observers. As far as I have hitherto 
seen, they all form the elegant resting-eggs in September—October, whereupon they 
disappear. Stephanoceros has only been observed a few limes; Apsilus never. In 
summer Floscularia algicola Huds, is common in the coalings of Gloiotrichia on the 
stones in the littoral region of our larger lakes.

In the pelagic region of lakes and ponds there occur three free-swimming 
Floscularia species, F. libera Zacharias, F. mutabilis Bolton, and F. pelágica Rousselet. 
In 1904 (p. 149) I maintained that F. libera was a typical summer rotifer in the 
pelagic region of many of our lakes; at that lime the two other species had not 
been found; later on F. mutabilis was found in several ponds; it is mainly a summer 
form, but it may be found as late as October—November. Zacharias, too, (1899, 
p. 65) says that he has seen it in the winter. Floscularia pelágica was found as 
a conspicuous part of the summer plancton in the little lake Klaresø near Helle
bæk, North Seeland. It appeared in July and had disappeared in October; the jelly 
tube is of an extremely elegant, elongated form, hyaline as the purest water, and 
therefore difficult to observe. The animals swim with the hindpart of the tube 
directed forward. In the tubes lie the female eggs as well as the much smaller and 
more numerous male eggs.

Owing to an accident, 1 failed to gel the males and the resting-eggs. A plancton 
mainly consisting of this very aberrant form leaves a very peculiar impression.

To my great astonishment in May 1923 I found, upon the roots of beeches 
hanging down in the water in Horseshoe Pond, rich coatings of several Floscularia 
species; already in June they had entirely disappeared and in the following years 
these coatings werp not found again; the main forms were F. proboscidea Elirbg. 
and F. cornuta Dobie; of the last-named mictic females were often found; immedi
ately before the disappearance of the Floscularia heavy rains diluted the water 
considerably.

Bdelloida.
As is well known, the Bdelloida are regarded as totally acyclic; males have never 

been found. In the moss-inhabiting species resting-eggs have been observed (Janson 
D. K. D. Vidensk. Selsk. Skr., naturv. og mathem. Aid., 9. Række, II, 1. 24 
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1893) but whether these resting-eggs are comparable with those of the other Ro- 
tif'era and the result of a mating-process, is a matter ol‘ doubt. My knowledge of 
this group is but small. As is well known, many of the species will tolerate even 
very low temperatures.

On an excursion in November to the lake at Frederiksborg Castle I found the 
roots of some chestnut trees covered with a coating of Stentor, Brachionus urceolaris 
and Philodinidœ. With other purposes in mind the locality was visited regularly during 
the whole of 1921—-1922, and it was observed that the whole winter the Philodinidœ 
were present in almost incredible numbers also below the ice; in spring when the 
ice thawed, they were still present but not so common, and during the summer 
they almost entirely disappeared; this was also the case with B. Bakeri and Stentor.

As far as 1 know, no one has hitherto pointed out this almost incredible winter 
maximum in the Bdelloida, which is sharply defined and during the rest of the 
year displaced by a minimum just as pronounced as the maximum in winter. 
As sexual periods and maxima coincide in so many cases, 1 had hoped that this 
time I should really be able to give some information with regard to the sexual 
periods, also in this group of rotifers. With great hesitation I venture to remark, 
that twice I saw among the thousands of Philodinidœ (Rotifer vulgaris) a little 
creature, unquestionably a rotifer male, with a ciliary wreath resembling that of 
Rhinops, but without any projecting rostrum, shaped like a Rhinops male and with 
two red eyespols at rather a long distance from each other. The male was new 
to me, but both limes I failed to get it isolated. Il moved round and between the 
numerous females with extreme rapidity. If we know little with regard to the peri
odicity of Bdelloida in nature, we owe it to the paper of Dobers and others that 
we are remarkably well informed with regard to their life in cultures.

A few Bdelloida occur in the plancton; among these are the most elongated 
of all Bdelloida Actinurus neptunios Ehrbg., which already Zacharias (1900 p. 463) 
found as a plancton organism near Lübeck, and some rotifer species, especially 
R. macroceros Gosse and R. macrurus Ehrbg. In my area of exploration, I have 
fairly often found Actinurus as a true pelagic inhabitant of ponds and larger bogs. 
In the pelagic region it is always a summer form; the maximum lies in August- 
October; it was large in Fredensborg Castle pond; in some ponds it is very 
common. When the animal swims, all the segments are lelescopicallv withdrawn 
into each other. When the sample with the living organisms is poured into the 
vessel, the animals first lie like long stiff rods at the bottom of the vessel; later 
on they unfurl the wheel-organ and swim away at a great speed. I have never 
seen eggs attached to the body. As far as I know, these pelagic Actinuri have never 
been subjected to a more thorough examination. To my mind, it is doubtful whether 
we here have to do with the typical A. neptunius. In some of my experimental 
ponds especially Rotifer macroceros Gosse appears occasionally, but always in a 
relatively small number.
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Postscript.

Brachionus pala in Bistrup Pond in 1930.
Plate V, fig. 20—38.

As mentioned p. 115, samples were taken every fortnight during the winter- 
months of 1930. The pond was frozen only for three weeks in the latter part of 
January and in the beginning of February. Brachionus pala did not appear before 2/V; 
at that time it was only present in very small number, all the females were amic- 
lic and all were of the typical pala form without posterior thorns. The form was 
an extremely small form. By 15/V B. pala was more common but in form and 
size did not diller from that of 2/V. This early spring form was identical with that 
with which we had become acquainted on 20/IX (fig. 19), the last time we met with the 
species in 1929. Also on 20/V and 31/V the species was only present as the typical 
pala form without the slightest indication of posterior thorns; the species was, however, 
increasing in number and from 15/V mainly mictic females were present; on 15/V 
most of them carried male eggs, and already on 20/V a few very large females were ob
served (fig. 22) ; on 31/V many also carried resting-eggs; their size had increased. On 
7/VI it was present in enormous numbers; the sample was coloured milky with the 
millions of animals. The majority were amictic females, almost all of the typical pala 
form; but now a few specimens with posterior thorns had appeared; these all had 
amictic eggs. On 16/VI conditions were almost unaltered; the number of specimens was 
still enormous, most of them belonged to the type pala, perhaps a few more to 
the type amphiceros with short posterior thorns (fig. 30). On 24/VI the great change 
took place (fig. 31 — 36); the maximum was still very large; the typical pala form 
had now almost disappeared (fig. 31); a good many with very short posterior thorns 
were present and the number with well developed posterior thorns predominated 
(fig. 34). The different forms carried all three kinds of eggs. One of the type amphi
ceros but with very short thorns (lig. 35 a) was isolated; it carried a large amictic 
egg with an almost fully developed embryo; the female was observed under the 
microscope, and the birth of the young one seen. Shortly after birth the size of the 
young one increased enormously and half an hour after birth the young one was 
drawn (fig. 36b). It will be seen, that the posterior thorns of the young one 
is twice as long as that of the mother animal. Now a study of the sample 
showed that it contained very many young ones, very hyaline, small animals 
with a very soft wrinkled skin and long posterior thorns; unquestionably born 
by typical pala mothers or mothers with very short posterior thorns. On 3/VII all 
the small typical pala forms had disappeared. The maximum which was still very 
large was now formed by the very large amphiceros forms (fig. 37—38) with 
very long thorns; these forms carried all three kinds of eggs and many carried 
resting-eggs. The two figures 37, 38 show a long thorned animal, in lig. 38 when 

24* 
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swimming in fig. 37 when dead (see p. 115). We have now in samples gathered 
upon 20 excursions during the year 1929—1930 studied the seasonal variation of 
a particular colony of B. pala.

We have seen how a typical forma amphiceros with extremely long thorns 
during the period 22/VII to 2/VIII 1929 was altered into a form with very short thorns 
which again on 22/VIII had been altered into the typical pala form without any 
thorns at all. As such it totally disappeared from the plancton. Again on 15/V it 
appeared in the same form as II. pala. As such it developed its enormous maximum 
in the latter part of May and had its sexual period. On 7/VI extremely few 
amphiceros forms were present hut only nine days later on 16/VI the great change 
had occurred, almost all specimens being of the typical amphiceros form. Here it 
has been clearly shown that long-thorned forms are hatched from eggs carried by 
very short-thorned mothers. The excessive length of thorns occurs during the period 
24/VI to 3/VII.

There is now no longer any doubt that here we have to do with a form series; 
in autumn the typical pala form is developed from eggs carried by long-thorned 
mothers, and in spring thorned animals are developed from eggs carried by very 
short-thorned mothers.

The great change takes place in the course most probably of eight days, at all 
events in not more than nine to ten days.

The periodicity of 13. pala in Bistrup pond in 1929—30 is given in the fol
lowing list.

Tp. 21 20 18 17 14 9.5 5 6 4.5 1
22/VII 21/VIII 22/VIII 20/IX 5/X 24/X 16/XI 3/XII 8/1 l/ii

CC C C rr 0 0 0 0 0 0

Tp. 3 9 12 15 15 21 21 22 21 23
20/III 12/IV 2/V 15/V 20/V 31/V 7/6 16/VI 24/VI 3/VII

0 0 rr + + CC ccc CCC CCC CCC

Having now observed this seasonal variation through two consecutive years,
it seems as i f this colony as well as several others belonging to small very shallow
highly eutrophic ponds is subject to a very characteristic seasonal variation. If we 
keep in mind that numerous colonies of 13. pala, also those belonging to eutrophic 
ponds, do not show the slightest trace of a seasonal variation, and never seem to 
pass into an amphiceros stage, it may be supposed that external conditions alone 
cannot cause the seasonal variation. On the other hand, when we see that the 
seasonal variation always sets in in May, that it attains its highest development at 
the highest temperature and that the colony returns to the typical pala form in Sep
tember and is only present as such during the winter, there cannot be any doubt 
that external conditions must have some influence here.
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This holds good especially if we remember that the excessive development 
of the posterior thorns has hitherto only been observed in colonies with a 
periodicity very aberrant from that which we commonly find in B. pala. Whereas 
the typical B. pala is commonly perennial, or at all events often dicyclic, with large 
maxima in autumn and spring, the colonies with excessive development of the 
posterior thorns are typical summer forms which only seem to have their maxima 
at the highest temperature, do not appear before the middle of May, and disappear 
already in September. The observations relating to those colonies of A. Sieboldi which 
developed the most aberrant humped forms are seen to give a similar result. — 
The observations in Fjenneslev Pond and Bistrup Pond seem to show that there 
may perhaps be a connection between periodicity and excessive form variation, 
furthermore that colonies with a peculiar life and peculiar seasonal variations may 
perhaps give rise to genotypically stamped “petites éspèces”. That this may have 
some connection with the great variations in temperature and all factors combined 
with it, is beyond all doubt; how significant this connection is we do not know; 
and it must be remembered that in very many localities similar to Bistrup and 
Fjenneslev Ponds we find colonies which show no seasonal variation at all. The perio
dicity of these colonies we do not know. What still remains is to take colonies of 
the Bistrup type and the common one into the laboratory and at the moment when 
the great variations take place, work with the colonies experimentally. This I hope 
will be done next year. —

General Remarks.
In the following I shall try to summarize the results of my own investigations 

with regard to the periodicity, sexual biology, and cyclomorphoses of the Botifera.

The Cycles.
At a first glance it would seem rather peculiar, but in reality it is very intelli

gible, that studies in nature relating to the cycles of the Botifera furnish the least 
valuable results for the very groups, for which laboratory studies yield the most 
trustworthy results. Laboratory studies have mainly been carried out with members 
of the fam. Notommatidce and other bottom rotifers further with rotifers from very 
small ponds, outdoor studies mainly with free-swimming rotifers and real plancton 
organisms. In both cases the choice of subjects is intelligible and almost dictated 
by the mode of investigation. It is much easier to accustom bottom organisms 
to laboratory conditions than plancton organisms; the results gained in the labora
tory from the first-named group are therefore commonly more valuable than those 
gained from plancton organisms. When furthermore studies in nature were almost 
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solely directed towards plancton rotifers, this phenomenon has in the first place 
a historical basis, inasmuch as studies relating to the cycles, the cyclomorphoses 
and the sex-determination of rotifers as well as Cladocera in some respects are the 
offspring of the plancton studies. Furthermore outdoor explorations have in nu
merous cases showed that it is almost impossible to find that regularity with regard 
to life conditions, seasonal occurrence, and sexual periods which is so highly 
characteristic of many plancton organisms, and which is the conditio sine qua 
non if organisms are to be used for the study of the above-named problems. This 
regularity is, so to speak, a plancton character, in very many cases increasing with 
the degree in which the species have emancipated themselves from a substratum 
and become altered into free-swimming organisms in the water-layers above the 
bottom. That this regularity exists is really very intelligible.

It is as if the extremely varying external conditions characteristing the home 
of many bottom rotifers, especially those living in very small water volumes with 
extremely strong variations in temperature, chemical composition caused by dilution 
owing to sudden downpour, or total desiccation caused by drought periods, have 
influenced their life periods and given them the stamp of irregularity. The animal 
society of ponds and smaller water-basins are forced to live their life in accor
dance herewith, and the study of these organisms must be carried out so to speek 
in accordance with the principle never to put off to to morrow what you can do 
today. I for my part am now inclined to refer the forms for propagation of the 
Rotifera to five different types partly dependent upon habitat; investigations carried 
out in other latitudes may perhaps bring others to light.

1. The Hydatina type. Habitat: drying pools. Of all the different types of 
small waters the temporary pools which only get water from melting snow 
and are desiccated as a rule before the middle of May, in reality offer their in
habitants the most stable life conditions. The predominant feature of these is that 
life in the active stage is only possible in them from the moment they are thawed 
to the moment of total desiccation; in our latitudes this period is always in spring 
and commonly only lasts for five or six weeks. Among these pools I have mainly 
studied the life in those which get manure from stables and soil; rotifer life in the 
temporary pools of the meadows is not quite unknown to me. As far as I can see, 
apart from the differences in the chemical composition of the medium, their life 
conditions do not differ very much from those of manure pools. The main form 
of the manure pools is Hydatina. Its life history exactly reflects the life conditions 
this habitat is able to offer. When the resting-eggs are hatched in early spring the 
amictic females in the course of a few weeks fill the water with myriads, these 
myriads produce mictic females which in the course of a few days produce about 
50 males each which are immediately ready to pair. After a few days the resting
eggs are developed, and a week later the whole colony only exists as resting-eggs 
which remain in the bottom material for about 10 months. The life of the colony 
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in the active stage does not last 4 — 6 weeks. Amictic females ready to continue the 
development alter the sexual period do not exist, or are as a rule rare. Now the 
outdoor investigations show the very interesting fact that even if Hydatina lives in 
a locality which has water the whole year round, or the year is a very wet year, 
in which all generally desiccating ponds are waterfilled as an exception, nevertheless 
the colonies die out. The colonies are biologically adapted to the ordinary environ
mental life conditions, and cannot tolerate exceptional conditions, which as a matter 
of fact, would expose them to the greatest specific dangers.

When it has been shown by laboratory studies that under homogeneous life 
conditions in the laboratory Hydatina may propagate parlhenogenetically in uninter
rupted succession for 2Vs year (more than 500 generations), these results are of the 
greatest interest in many respects. On the other hand, it is of no less interest that 
the life of Hydatina under natural conditions is ruled by quite different and very 
fixed laws. The outdoor investigations show that strictly speaking the results gained 
in the laboratories with regard to the life history of Hydatina are all pathological. — 
Laboratory studies may increase our knowledge of the extreme conditions under 
which an organism may live its life and of their influence on special physiological 
processes, e. g. their influence on the ovarium and the vitellarium, which causes 
variation in the size of tbe egg. On the other hand, they can only give us hints 
as to what life is like under natural conditions. Punnet’s pointing out of special 
strains, corroborated by many recent authors, clearly shows that even under labo
ratory conditions the physiological peculiarities of the explored line cannot he 
totally suppressed. In other words, environmental conditions through accumulation 
really have stamped the behaviour of the organisms and with that in an invisible 
way even the soma.

Furthermore, I cannot see better than that the appearance of mictic females 
among organisms like Hydatina is really under normal life conditions limited to 
distinct generations, commonly the second or third generation after the resting-egg; 
that under quite abnormal conditions they may appear in amictic generations far 
removed from the resting-eggs and in a number which is never reached in nature 
is a matter merely of special interest.

Combined laboratory and outdoor investigations would seem to show that the 
colonies, in the middle of their life time, are in a labile period in which external 
conditions may influence the propagation, and this period intervenes between 
periods during which this is not the case; during the first the propagation is in
variably amictic; no one has been able to hatch a mictic female from a resting
egg; and normally the second generation is also amictic. In the last part of the 
lifetime, here with regard to Hydatina, almost all females are normally mictic, and 
it is only with difficulty possible for conditions in nature to compel the line to 
amictic propagation.

2. The Rhinops type. Habitat: permanent small ponds with or without a free 
central “pelagic” zone whose depths are below one metre or only a few metres. 
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Here we find those rotifer communities which, at all events in our latitudes, exbihit 
the greatest variation with regard to all biological and morphological phenomena. 
These great variations are in full accordance with the habitat. It is just these ponds 
which are subject to the greatest variations with regard to the period of freezing, 
desiccation, temperature, chemical composition especially as to hydrogen ion con
centration, amount of O, CaO and amount of organic matter.

How differently these rotifer-communities of permanent ponds behave com
mon to most of them is a sexual period in spring similar to that of Hydatina. In 
these ponds we find some rotifers which almost everywhere seem to behave quite 
like Hydatina with regard to their propagation. In spite of the fact that the water 
level is almost the same the whole year round, they disappear at the same time 
as Hydatina, their active life being restricted to only about 4—6 weeks; all the 
other weeks of the year are passed in the resting stage. Rhinops vitrea, related to 
Hydatina belongs especially to this category. It is very regrettable that we have 
not the slightest knowledge with regard to Notops brachionus, the nearest relation 
of these two genera. It has never been found in our country.

Conochiloides natans belongs to the same category, at all events in many loca
lities of our latitudes. With regard to these species, too, I cannot see better than that 
the appearance of the mictic females is mainly limited to definite generations, be
ginning with the second and third after the resting-egg.

Parallel with these forms are those which may in many localities behave 
quite like Hydatina, Rhinops and Conochiloides, also disappearing 4—6 weeks after 
the first resting-eggs have been hatched, these being hatched immediately after the 
melting of the ice. To these forms belong in the first place upon some localities 
Asplanchna Sieboldi and in a good many localities also Brachionus pala. —

It is, however, a characteristic feature of the same species that in numerous 
localities they do not disappear totally after the sexual period but occur in a small 
number active in the water-layers. .In other words, this means that after the pro
duction of mictic females during the spring, some amictic females have continued 
the development of eggs, giving rise to amictic females, which uninterruptedly pro
duce new amictic generations.

It is the rate and power of propagation in these amictic summer and autumn 
generations which varies from pond to pond and from year to year, which puzzles 
the observer and makes it impossible for anybody to prophesy anything with 
regard to the propagation of all these species. In our country colonies which 
have a pronounced spring maximum followed by a sexual period, hardly ever give 
rise to greater maxima or sexual periods later in the year.

It is characteristic of all these species that even if the environment seems 
no hindrance to continued active life, nevertheless, in very many localities it may 
be brought to an end with extreme abruptness. —

Sudden variations in the chemico-physical conditions of the environment may 
in the course of eight days cause the total extermination of the species in the 
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water-layers, on the other hand that it always should be variations in external con
ditions which should cause the extermination of the colony, seems improbable to 
me. The phenomena are equally observable in ponds with and without water bloom 
phenomena, and differing from each other by great variations in pH ; I do not ven
ture upon any more thorough classification of rotifer life in these ponds.

3. The Anurœa type. Habitat: permanent ponds, especially the central parts free 
from vegetation and the pelagic region of larger lakes.

From the above-named forms among which the amictic females play a rather 
inconspicuous rôle after a sexual period, we come to forms abounding in these, 
even after that period. They continue amictic propagation the whole year round; 
now and then, at almost all seasons of the year; they give rise to considerable 
maxima and sexual periods. These occur at different periods in the different years, 
and at very different times in the different localities.

The main forms of this group are Polgarthra platyptera, Triarthra longiseta, 
Anurœa aculeala, A. cocldearis, Brachionus pala in many localities, B. angularis, As- 
planchna priodonta; they all belong to the so-called perennial rotifers; commonly 
they have a sexual period in April—May, but this may be wanting, they may 
appear and disappear quite irregularly. The amictic females may produce their 
young ones (Asplanchna) or their eggs at temperatures near zero as well as at the 
highest summer temperatures; at both these extreme temperatures the propagation is 
commonly very slow but, on the other hand, now and then great maxima appear 
also at both temperatures, though mainly during the summer. Sexual periods,
i. e. the production of mictic females, may be observed at the highest summer 
temperature and at all events in November at temperatures of 6—8°C. Some of 
these species are to be found in water of every kind, eutrophic ponds, and ponds 
with pH about 4.5 as well as about 9. It would seem, however, that at all events 
Brachionus avoids ponds with low pH, though the Anurœa do not.

When we remember the enormous environmental variations to which the 
different colonies are subject in their enormous area of distribution, it is, in my 
opinion, highly improbable that the appearance of mictic females in a line should 
primarily be dependent on these annual variations in the locality where they live. 
The habitat of all these species is partly ponds partly pond lakes and lakes.

4. Pedalion type. Habitat: The central vegetation-free zone of rather small per
manent ponds and pond lakes. A rather small but very interesting group of rotifers 
is the one to which the stenothermic summer forms belong. They do not appear 
before the temperature is 12—14°C., and have their maxima at the highest summer 
temperature. The maxima are followed by a sexual period, and then the species 
disappear in the autumn almost at the same temperature at which they appeared in 
spring. Asplanchna Sieboldi, A. amphora, Pedalion mirum, Pompholyx sulcata, Gastro
pus stylifer, Ploesoina Hudsoni, the pelagic Battulus-species, Anurœopsis hypelasma 
belong to this group, also the aberrant colonies, especially of B. pala, men
tioned under 3. All these species live either in the central parts of ponds free from

D. K. 1). Vidensk. Selsk. Skr., naturv. og mathem. Afd.,9. Række, II, 1. 25
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vegetation or they are real plancton organisms in pond lakes. It is highly probable 
that many of the benthonic rotifers belong to the same category but of that we 
know nothing.

It is characteristic of all these species, in the first place, that the resting-eggs 
require for their development the environmental conditions which prevail in May— 
June, not those of April—May. The truth is most probably that the eggs of many 
of these species living in the central parts of the ponds and lakes are deposited 
not at the shore where the higher temperatures in early spring are developed but 
at the bottom of ponds and lakes and where temperatures of 12 —16° C. do not 
reach the locality where the eggs are deposited until one or two months later 
than in the littoral zone where the eggs of most of the other rotifers are deposited. 
I am inclined to suppose that it is the higher temperatures which the resting eggs 
of these summer forms require. This may be correct, on the other hand it must 
be remembered that the resting eggs of Hydatina which are deposited in the lit
toral region during the first sunny days for a few hours may also be exposed to 
temperatures very near 12—14° C.

Further, it is characteristic of the group that the amictic females often pro
duce enormous maxima in an extremely short time owing to their great power 
of reproduction at the highest temperature of the water. This is (fuite the opposite 
of relations in groups 2 and 3, where the rate of production by the amictic females 
at the highest summer temperature is but small.

Owing to the enormous amictic reproduction huge, but often very short, 
maxima occur. During these the said forms may for a period of a week be the 
main planctonts. Then the miclic females appear and the water teems with males; 
resting eggs are formed, and the period comes to an end, commonly before the 
beginning of September. Amictic females may continue a slow propagation in Oc
tober, but long before winter sets in, the species exist only as resting eggs.

Nearly connected with this group are those very few rotifer species whose 
maxima seem to be developed at very low temperatures, only a few degrees above 
zero. To this group belong especially some Notholca species but perhaps also some 
others especially species belonging to the Bdelloida, the Notommatidœ and Pterodmadce, 
further Oecistes species (p. 177), Triarthra breviseta (p. 177) a. o.

In many respects the life of this group is in accordance with that of the Hy- 
datina group, the main difference between the two sections being that the resting 
eggs are hatched at different seasons of the year. —

5. As a fifth group may be mentioned the acyclic one. It is questionable 
whether it is a natural one. It includes all the Bdelloida, most probably some of 
the Notommatidœ and species of the genus Lecane, furthermore some lines (clones) 
of pelagic rotifers living in the pelagic region of our largest lakes.
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At the beginning of the investigations it seemed natural to divide the rotifers 
into polycyclic, dicyclic, monocyclic and acyclic forms. In reality this division is of 
very little value. There is no doubt that numerous rotifers are polycyclic in some loca
lities and in some years in others di- or monocyclic and even acyclic (Anurœa). 
Even if Hydatina and Ploesoma Hudsoni are both monocyclic, their life is never
theless quite different, since they belong to localities where conditions are very 
different. Here as everywhere else, more thorough investigations show that classifi
cations and divisions may have their significance at the beginning but as the in
vestigation proceeds it will almost always become evident that the biology of the 
organisms cannot be pressed into schematic groups.

If, with regard to the two female forms, we combine the results of the labo
ratory and the outdoor investigations, we arrive at the highly remarkable result 
that the amictic females are predominant in all the above-named five groups.

The amictic females but never the mictic ones may often pass 10 months of the 
year in the resting-egg stages; in all groups they create the huge maxima and their 
lifetime is longest. In the life of the species the rôle of the amictic females is to 
augment the number of specimens which derive from a single egg-cell. Without power 
of bisexual propagation their rôle during the last part of the great maxima is to pro
duce the female sexual forms; the male ones they cannot produce; this duty is 
assigned to the female sexual forms themselves.

On the other hand the period in which the mictic females occur does not 
last more than about two or three weeks; they themselves are never able to create 
the maxima, and rarely to increase them, and they never live a latent life as resting 
eggs. By themselves they are unable to uphold the species; they by themselves have 
no power to produce other than male progeny, their power to produce female progeny 
being dependent upon fecundation.

It is very interesting to see that fecundation of the mictic females not only alters 
the sex, but that fecundation also totally alters the structure of the egg-shell. This is, in 
all male eggs, as far as we know, only an extremely thin very hyaline membrane, 
in the fecundated male egg, i. e. the resting-egg, it has a for almost every species 
highly characteristic egg-shell. — I think there can be no doubt that this egg-shell 
must be prepared by the female, in other words that fecundation also influences 
the somatic cells of the female.

If we further remember that the life of the mictic females of Asplanchna 
Brightivelli is only about 12—14 days, and that the same female before fecundation 
lays male eggs, after fecundation resting-eggs, it seems that the time in which 
fecundation makes its influence felt upon the somatic cells of the female must be 
extremely short, incredibly short in comparison with the extremely complicated 
structure of the shell. A combined cytological-physiological study of these problems 
would perhaps give results which would have a much wider bearing than the 
mere elucidation of this special point in the biology of the Rotifera. In this con
nection it would perhaps be of interest to these particular phenomena that we 
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occasionally find eggs which are unquestionably resting-eggs, but where the shells 
are not fully differentiated like those of typical resting-eggs (Asplanchna).

The physiology of propagation of the mictic females differs very much from 
that of the amictic females. They produce the male eggs much faster than the 
amictic ones the female eggs; the amount of yolk mass present at a given 
moment is distributed simultaneously over the total amount of male eggs. This, 
together with the fact that the males get no time through active life to reach the 
size of the females, causes the reduction of the male sex. Their organism is adapted 
to create in the shortest possible time a superabundance of the male sex ready to 
fecundate the mictic material of females, or if necessary (or casually) the mother 
animal itself.

In my eyes the amictic females are only the same as, and in every regard 
comparable with, the sporocysts of the Trematoda, a comparison which is very 
natural to everybody who, in the Turbellaria, the offspring of the Trematoda, see 
the nearest relations of the Rotifera. They are free-swimming sporocysts; they have 
the same destination as these: parthenogenetically to augment the amount of spe
cimens derived from a single egg-cell. Only they have not been recognized as 
such, because, owing to their active and not parasitic life, morphologically they are 
not distinguishable from the sexual females. It is the parasitic life of the Trema
toda, the development of the sexually ripe animals through a stage, first of para
sitism (Cercaría) and later of latency (Cyst) which has made it difficult to see the 
similarity.

Cyclomorphoses.
As often mentioned above, there is no doubt that the plancton rotifers are subject 

to a very pronounced local and seasonal variation; it is most pronounced among 
the perennial rotifers, not so conspicuous in the periodic ones; and similar pheno
mena are unknown among the bottom rotifers.

Whereas the seasonal variations in the plancton Cladocera may in very many 
cases be in accordance with the buoyancy theory, and at all events cannot so far 
be interpreted on any other theory, this is much less the case with regard to the 
Rotifera.

The adversaries of the buoyancy theory have therefore often used the sea
sonal variations of the Rotifera as a weapon against it, in my opinion quite unjustly. 
They have not remembered what the advancers of the buoyancy theory have again 
and again maintained, viz. that the organisms may respond to the claims from 
without with regard to greater power of buoyancy in a very different manner and 
by no means always by variations in form: (W-L. 1923). Furthermore, they have 
no clear conception of the fact that the seasonal variations in temperature, 
and all the factors combined with them (variations in viscosity and specific gravity), 
have quite another material to work upon with regard to the Rotifera than with 
regard to the Cladocera. A brief consideration will presumably show that in realily 



197

it is intelligible that, if the Rotifera should react to the above named seasonal varia
tions in the external medium, it could not in the first place be by means of form 
variations, and that all that at the first glance looks like seasonal variations cannot 
in fact be interpreted solely in that way.

1. We know firstly that the two kinds of propagation, uni- and bisexual 
among the Cladocera are bound to the same female. The same specimen may 
begin parthenogenétic propagation, form resting-eggs when fecundated, and then again 
fall back to parlhenogenetic propagation. Among the Rotifera we find two kinds of 
females, the amictic and the mictic ones. Upon the firstnamed fecundation has no 
influence; it is the main form; the mictic one is only present once or twice a 
year and only for a few weeks, often only for a few days. In several localities, it 
seems that it does not appear every year.

The amictic females will, quite like the Cladocera, fill the waters with new 
broods generation after generations and these generations will be exposed to quite 
the same seasonal variations in the external medium which have caused the cyclo- 
morphoses among the Cladocera. But whereas these variations in the Cladocera may 
be directly induced into the resting-egg, in the Rotifera this will only be pos
sible in a round-about way, namely through the mictic female. Therefore, as far 
as I can see, the possibility of inherited variations through accumulation of small 
modifications is smaller in the Rotifera than in the Cladocera.

2. As is well known, we find among the Cladocera a care of the progeny 
derived from the parthenogenetic eggs, which are developed in a breeding pouch 
and nourished by fluids from the mother animal.

With regard to the Cladocera we know that, during early summer, the young 
ones of the Hyalodaphnias are born with higher helms than those possessed by the 
mother animals when they were born; it is this phenomenon which has been 
called pre-induction. It cannot be understood in any other way than that the re
gular variations in the external medium have been introduced through the mother 
organism into the brood. The result is that the brood is born better adapted to a 
lesser bearing power and lesser viscosity of the freshwater than the mother orga
nisms. In the Rotifera as a rule we see nothing of all this. Most of the rotifers, even 
many plancton rotifers, deposit their eggs; most of the plancton rotifers carry the 
eggs outside the body and they are commonly hatched at summer temperatures in 
the course of about twenty-four hours. Only very few produce young ones (As- 
planchna, Rhinops); and in one of these very genera, Asplanchna, we have 
seasonal variations, which may perhaps best of all be compared with the seaso
nal variations of the Cladocera. It seems to me that the possibility of an influence 
on the part of the external medium during the embryonal development must be 
greater in the Cladocera than in the rotifers. Il must be greater in the group where 
the development takes longest and where the variations in temperature causing 
variation in the number of strokes of the legs which again causes variation of 
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food supply, have the longest time to influence the amount of food supply to the 
mother organism and from it the development of the offspring.

3. It is furthermore an established fact that the Cladocera pass through a long 
series of moults; furthermore, that the buoyancy organs of the perennial Plancton- 
Cladocera at rising temperatures as a rule increase in length from moult to moult 
during the spring while they are reduced during the autumn; the helms of the 
Hyalodaphnias are augmented disproportionately during the spring in relation to the 
length of the valves, in the autumn, at falling temperatures, they diminish without 
any corresponding diminution of the valves. This phenomenon can only be inter
preted to mean that the regular variations in the external medium influence the 
mother animal, and that simultaneously with their influence on the offspring during 
the embryonic development; the influence on mother and child takes place in the 
same direction. —

In the rotifers we see nothing of all this; moults do not take place; all earlier 
suppositions to that effect are most probably wrong; they may be referred to the 
fact that Anurceas are often sucked out by other rotifers and the empty shells de
posited at the bottom of the vessels. The proportions of the body with which a 
rotifer is born are as far as we know and apart from a few exceptions almost the 
same during the whole of its life; if any parts of the body increase excessively 
during growth it is improbable that this is connected with the great yearly varia
tions in the external medium. —

If now I combine the three above-named facts: that we find two kinds of 
females among the Rotifera, that care of the young only very rarely takes place, 
and that moults are wanting, it seems evident to me that there is a much slighter 
possibily that the great yearly variations in the external medium should create 
regular seasonal variations in the rotifers than in the Cladocera, where we have 
only one kind of female, where we find care of the young, and where the specimens 
are subject to a series of moults.

The main point is that among the Cladocera as well as the Rotifera we 
never find conspicuous seasonal variations in the bottom forms, but only in the 
free-swimming ones adapted to life in the central parts of lakes and ponds 
where supporting planes are wanting, and the bearing power of the freshwater is 
subject to regular yearly variations. Furthermore, seasonal variations in both groups 
are only present in the perennial forms, not in forms which only appear a few 
months of the year (Leptodora, Bythotrephes, Daphnella, Ploesoina Hudsoni, Gastropus 
stylifer, Rattulus cylindricus and other pronounced summer forms). Nothing shows in 
a more conspicuous way the correctness of the buoyancy theory, than the fact that 
the different components of the freshwater plancton, belonging to widely separated 
groups of the animal and vegetable kingdom, show seasonal variations. That these 
variations in the different groups manifest themselves in a different way according 
to their different construction is to me a matter of course and comes in the second 
line. In two very valuable papers Luntz (1928 p. 451, 1929 p. 465) has tried to ascer
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tain experimentally, whether variation in temperature could produce form varia
tions (the medium was Brachionus Bakeri forma rheanus). This was not the case 
and could not in my opinion be expected. To me it is a question whether the 
form variations which B. Bakeri shows in nature have anything to do with seasonal 
variations. On the other hand, it was of the greatest interest that Luntz could 
show experimentally that, by means of variations in specific gravity, Brachionus 
Bakeri was able to respond to variations in the falling velocity dependent upon 
variations in temperature. In the last paper (1929) Luntz has shown that of spe
cimens of Brachionus Bakeri var. rheanus caught in May and July the summer form 
typica possessed a falling velocity which was 20 % lower than that of the spring 
form var. rheanus. It was furthermore shown that species without seasonal varia
tion (Euchlanis triquetra) in July had a falling velocity which was 30 % lower than 
in May. The specific gravity of Brachionus bakeri was the same for the main form 
and the forma rheanus, in other words the variations in the falling velocity must 
be referred to variations in body form. In Euchlanis the body form was unaltered, 
and here it could be shown that the specific gravity was altered from 1.027 in the 
spring to 1.02 in the summer. The first responded to the claims for greater buoy
ancy by means of form variation, the second by means of variations in specific 
gravity. Finally Luntz arrives at the entirely correct view that the dispute relating 
to the ecological significance of the body variations is of small significance, because 
buoyancy organs may also act as “Steuerorgane”, and these as well as organs of 
stability also as buoyancy organs; in 1926 (p. 174) I arrived at quite the same result. 
The crista of the Hyalodaphnias, the peculiar structures of the Bos mina may be 
regarded as buoyancy organs as well as means by which the swimming motion is 
horizontalized. For it must be remembered that organs which serve to hold the 
organisms above the thermocline may also act as structures which govern the rate 
of falling i. e. act as buoyancy organs. The theory of the organs as “Steuer” and 
“Stabilizierungsorgane” is based on the buoyancy theory; in this way the latter is 
deepened, but it is by no means made superfluous, without it the former is left 
suspended in mid-air. As often mentioned before, most of the seasonal variations 
have been regarded by some of the authors as adaptations on the part of the or
ganisms to the great yearly recurring regular variations in all those external factors 
which vary in accordance with variation in temperature; because these seasonal 
variations in reality were very often at variance with the buoyancy theory, they 
were used by others as weapons against it.

The now published investigation, which has been carried on for years in the 
same ponds especially with Anurœa, have, however, furthermore shown that the 
occurrence of many of these seasonal variations is dependent on the distance of 
the generation from a sexual period and the resting-egg. The outdoor observations 
have here corroborated the laboratory work of Krätschmar (1908). Everywhere 
where more thorough investigations have been carried out it has been shown (Anu
rœa aculeata, cochlearis, Asplanchna priodonta, A. Sieboldi, Brachionus pala) that 
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the form directly derived from the resting egg is the typical one; it is furthermore 
characterized by its great size and long spines in the Annrœa species and no spines 
in the Brachionns pala. The further the generations are removed from the resting 
egg, the more many of them diminish in size. This process is not, as has hitherto 
been supposed, limited to a single year but may be continued over several years. 
For it would seem that several species propagate parthenogenetically in many loca
lities, without any sexual periods for more than one year. —

It would further seem that the many peculiar forms in the genera Annrœa 
and Brachionns which were formerly regarded as species, are often of remarkably 
small size and furthermore mainly occur before a sexual period. It is as if they 
must in some way be regarded as degenerate, and that the sexual period has the 
significance of a process of renovation. They are not limited either to the last 
generation of amictic females or to the miclic ones, but belong equally to both; 
commonly they occur in the latter period of a great maximum and very often dis
appear after it and the sexual period. It is as if the want of amphimixis augments 
the possibility of variations caused by a combination of external and internal fac
tors (varying from year to year and from locality to locality, but acting with a 
certain regularity), so causing the appearance in a given locality of ever recurring 
forms, which are all in spite of small aberrations connected with the main form 
derived from the resting-egg. Then when amphimixis sets in during the sexual 
period, all these aberrations are eliminated, and the colony reverts to its normal 
specific aspect.

In some cases it seems as if colonies in certain localities so to speak become 
fixed for years or perhaps for ever in one of these stages of the developmental 
series. This may be the case e. g. with A. valga and A. tecta. Localities are known 
where all A. aculeata year after year only occur as A. valga and others where all 
A. cochlearis occur as A. tecta, and there are other localities where the two forms 
A. cochlearis and A. tecta, at all events for years, live side by side. It seems as if 
links in the developmental chain have a specific range here; this may be true, but 
the salient point, that these forms A. tecta, A. valga are hatched from resting-eggs, 
is still a desideratum. On the other hand in some localities, and especially in the 
pelagic region of larger lakes, it seems that the main form derived from the resting 
egg, e. g. A. cochlearis forma robusta, may be the main form for years, without 
showing any sign of degeneration.

In numerous cases the two cycles, the cycle of external conditions i. e. the 
yearly regularly recurring variations in temperature, specific gravity and viscosity 
and the internal one, causing diminution in size, irregularities or diminution of 
thorns, maxima, sexual periods, formation of resting eggs, minima and when the 
resting eggs are hatched, robust forms with long thorns, coincide; on the other hand, 
in very many cases such a connection cannot be shown. It is obvious that we have 
here a very rich material which may be used as a support for as well as against 
the buoyancy theory. In reality many of these form variations of the Rotifera have 
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most probably very little to do with the yearly variations in the bearing power 
of the freshwater.

On the other hand, I am fully convinced that several structural peculiarities, 
suddenly appearing in some of the colonies of the species, may be regarded as 
adaptations to the variations in the bearing power of freshwater. These variations 
always occur at the highest temperatures, by no means in all localities, on the 
contrary, very irregularly temporally as well as locally. I refer here to the peculiar 
jelly coatings round the carapace of Brachionus angularis, the coatings of asperities 
on the carapace of A. cochlearis, and perhaps the irregularity in the facets of the 
carapace of cochlearis and aculeata, furthermore a remarkable thicknes of the an
terior and posterior thorns and often highly pronounced outward curvation of the 
posterior thorns, causing them to diverge strongly. Most of these characters may 
help in different ways to retard the falling motion, and so may well be regarded 
as adaptations to a diminution in the bearing power of freshwater at the highest 
temperature; as far as I know, they are all absent in specimens belonging to the 
winter months. In this connection I may also make reference to the observation 
that the long posterior thorns of B. amphiceros during swimming are stretched back
wards, but when the wheel-organ is withdrawn held vertically to the longitudinal 
axis of the body; we find quite the same motion with regard to the thorns of 
Triarthra breviseta, longiseta and the arms of Pedalion.

Some biological Remarks.
As mentioned elsewhere (de Beauchamp, W-L.), the rotifers are regarded as 

originally creeping organisms belonging to the bottom of the littoral zone with its 
stones, its mud and its vegetation. From this they have emancipated themselves and to 
a smaller or greater extent become changed into free-swimming slowly rotating or
ganisms. Most of the forms have their home among thevegetation, living a half creeping 
half swimming life between leaves and stems. A rather small number have emanci
pated themselves from a substratum of any kind, living a true pelagic life in the 
central vegetation-free part of our ponds or even in the pelagic region of the 
largest lakes. —

The number of these forms is not very high; it can only with difficulty be 
brought up to 100 species only Vis of all known rotifer species. Regarding the 
Notommatidœ as the most primitive forms, it seems as if lines ending in the most 
pronounced planctonic species have developed from rather different offspring in 
the Notommatidœ and allied families. It must, however, be kept in mind that 
however much the type is altered, it always returns as a resting egg to its 
native home, and that most of the rotifers really pass the longest time there as 
resting eggs, furthermore that the pelagic characters as a rule are least developed 
in the generation hatched from the resting-eggs. This generation is the most primitive 
one and has most of the ancestral stamp. It may be shown that the more the type 
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emancipates itself from any subtratum, the more the organism is morphologically 
and biologically altered. As far as I have been able to see, these alterations occur 
especially in four different directions, viz.

1. the manner in which the organisms get their food.
2. the deposition of the eggs.
3. the transformation and reduction of the male sex; with regard to this point 

see Part I, 1923.
4. the seasonal variations; see above.

1. I shall not here enter into the manner in which the mouth parts and the 
wheel organ are altered in accordance with the claims the life conditions impose 
upon organisms which were originally bottom forms, but which are to be adapted 
to get their food in the waterlayers. I make reference here to Handbuch der Zoo
logie (Rotifera) 1929, Vol. II. A good deal, especially the Brachionus and Anurœa 
species, the pelagic Melicertidœ, Floscalaridœ, Pedalionidœ and Pompholyx are nanno- 
plancton-or detritus feeders, which catch the nannoplancton during swimming; the 
plancton is caught by the wheel-organ, and carried to the mouth by means of special 
bristles or wreaths of cilia. Others are true animals of prey, but they treat the prey 
in a very different manner: some of them, the Asplanchnadœ, seize the prey either by 
means of the mouth parts which are carried as claspers into or in front of the mouth 
opening; this may also be the case with the Synchœtadœ, even if here a sort of sucking 
action is present, too. This manner of procuring food requires a large reservoir, in 
which the whole organism caught by the mouthparts can be magazined and chemi
cally prepared before it reaches the real digesting part of the alimentary canal. We 
therefore often see a large gizzard-like part before the oesophagus distended with 
Anurcvas, Peridiniiun and Triarthra whose long bristles protrude through the mouth 
opening. The decomposing state in which the prey is, shows that it is under che
mical influence. The stomach itself is small.

Many of the plancton organisms treat the prey in (fuite another way. It is 
seized by means of the mouth parts; parts of the coronal disc lying round the mouth 
opening, combined with folds belonging to the mouth parts, are pressed against the 
victim, which is held fast by a sucking action; then the mouth parts, acting like a 
piston, begin to bore a hole in the skin or carapace. This done, the contents of the 
victim are pumped into the alimentary canal. The prey is very often Peridiniiun, 
Ceratium, now and then also other Rotifers e. g. Anurœa, Triarthra. In its most 
elaborated form this type seems able to pursue definite prey, swimming a few 
millim. before it. I have seen the Ploesoma Hudsoni in this way pursuing Peridiniiun 
and Anurœa; most probably the pursuit is not possible with a rotating motion; 
it is very interesting to see how the motion during the pursuit changes into the 
straight one.
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Rotifers of this type possess, on the coronal disc, well-developed palpar or
gans, sensitive hairs, and remarkably highly developed eyespots, further a well 
developed dorsal organ. —

The wole mastax is very elongate, and extremely mobile, especially in the pelagic 
Rattulidœ, and the oesophagus is commonly not inserted at the bottom of the mastax, 
but high up on the dorsal side. The stomach is commonly an enormous sack, 
filling, with its many diverticules, almost the whole interior of the animal; the gastral 
glands are not always well developed and show signs of degeneration; in the same 
species they are subject to great variation with regard to size as well as form. Many 
of these forms seem to posses an intracellular digestion; the cells contain enormous 
amounts of small irregular pieces which more closely studied manifest themselves as 
parcels of chromatophores. An anus may perhaps be present but is most probably not 
used after the first days of life. The cells and later on the stomach contains large 
irregular black balls; in some of the rotifers the stomach cavity seems only to be a 
reservoir for digested material which is preserved in the empty carapace after the 
death of the animal (Ascomorpha). In some cases it seems doubtful if the stomach 
cells carry cilia. In the interior of the stomach whole organisms are never found, 
only a pulpy mass, very often of a green colour, which, when more thoroughly 
studied, in many cases manifests itself as chromatophores belonging to the sucked 
out prey. During decomposition these chromatophores change from a green to a 
yellow, brown, and at last to a black colour. Hence many of these organisms belong 
to the most highly coloured rotifers we know. This holds good especially of Ga- 
stropus stylifer, Gastropus minor, Sacculus viridis, which, as far as I know, belong 
to the same biological groups, Anapus testudo, ovalis and Ascomorpha agilis.

2. As is well known, the rotifers belonging to the bottom and the vegetation 
deposit their eggs upon a substratum; very often they are simply dropped off upon 
it; often they are agglutinated singly or in small batches (Euchlanis). Very often 
a number of females select a spot in which they simultaneously or at very short 
intervals agglutinate the eggs. This results in eggspots of several hundred eggs now 
and then consisting of all three sorts of eggs; the males hatched from the male 
eggs encircle the eggspots and pair with the females (Hydatina). It is a matter of 
course that all those rotifers which belong to the pelagic region, where substrata 
fail to occur, are forced to solve the question with regard to the placing of the 
eggs in another manner. Now it is very interesting to see, in how many different 
ways the problem is solved; this very fact, that almost every one of the pelagic 
Rotifera has adopted a special way, shows that here really is a difficulty to over
come, an environmental demand, solved in accordance with the specific structure 
of the said rotifer type. The whole question is complicated by the fact that the dif
ferent kinds of eggs in the very same species are deposited in quite a different 
manner. —

The most primitive mode is simply to drop the eggs into the water. This for 
instance unquestionably often takes place with the resting-eggs of the Asplanchna 
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and of the Synchœta, Rattulidœ, Anurœadœ, Anapas, Pedalion; in some cases obser
vations seem to show that the resting eggs are not dropped, but stay in the mother
animal and then subside together with its empty carapace. This is e. g. most probably 
the case with the Triarthra species, Rhinops vitrea and others. A common feature in 
all these resting-eggs is in the first place the peculiar and often very complicated 
structure of the egg-shell; commonly the shells are provided with short spines (the 
resting-eggs of Synchœta, Polyarthra, Anurcea aculeata, cochlearis, Rhinops a. o.) a 
structure which these resting-eggs very often share with those of rotifers living in 
the benthos. Curiously enough, these structures often vary from habitat to habitat 
among the same species, often in such a way that in one locality the shell has 
spines in the other none (Annrcea, Brachionus). In other cases the shell structure 
has a squamose aspect, as is the case with most of the Asplanchna species; this 
may be further developed by Triarthra where the egg is surrounded by a mantle 
of large spaces, which invariably reminds one of the air spaces round the stato
blasts of Bryozoa and the ephippia of certain Cladocera. In other cases the egg, 
surrounded by a very thin inner shell, lies in a real egg capsulé, much larger than 
the egg itself. This is the case with Brachionus-eggs.

According to these structures one would expect to find these eggs on the sur
face of the water and not at the bottom. The strange thing is that, as long as they 
are carried by the mother animals, the eggs contain no air-globules; the eggs disap
pear after the large maxima and most probably sink to the bottom. In early spring 
we find the surface in the bays of our lakes and lake ponds covered with countless 
numbers of ephippia and small brown eggs, in fact, the Brachionus-eggs; these eggs 
contain a great air bubble, which fills out the space between egg-shell and egg; 
later on, when the embryo has grown larger, the bubble is forced backward in the 
shell, and il may be shown how the young one works with the wheel-organ in 
the inner egg-shell in near contact with the air bubble. The egg is provided with 
a furrow, delimiting a hood, which bursts during the liberation of the embryo. 
Later on the empty eggs are found still containing the air bubble, and the rem
nants of a hyaline membrane, the inner egg-shell. The air bubble can only be pro
duced by the embryo itself, during the development. These observations already 
mentioned in 1909 (p. 432), would lead to the supposition that eggs with a 
similar structure of the shell, in the first place of Triarthra, A. Brightivelli and 
allied species, furthermore Conochiloides natans, would behave in a similar manner. 
Curiously enough, I have, however, never been able to find these eggs on the sur
face of our waters. On the other hand, in early spring, I have found these resting 
eggs to be pelagic, before the great maxima, but only in deeper water-layers. I have 
been of opinion that production of air raised the eggs from the bottom and that 
the eggs developed in the midmost water-layers. I am not able to furnish any 
proof of this supposition. —

As is well known, the pelagic eggs of the sea very often contain large oil 
globules, intended to keep the eggs floating. Oil globules are not or only faintly 
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developed in the eggs of bottom rotifers; on the other hand, they are by no means 
rare in the eggs of pelagic species. They are found in the female parthenogenetic 
eggs of Polyarthra which carries its eggs, in the eggs of Synchœta and in the resting
eggs of Asplanchna priodonta. Some of the Synchœta species seem, at all events in 
some localities, to carry their eggs, commonly they are dropped in the water; this 
is the rule with the eggs of S. pectinata. If we remember that the summer eggs 
may be hatched in the course of only a few hours, and at all events at higher 
temperatures, in the course of half a day, it may be doubtful whether these eggs, 
even if they are deposited upon the bottom in our vessels, are not able, in water 
columns of only a few metres, to keep afloat till they are hatched. What happens 
in the case of the resting-eggs of A. priodonta I do not know. Even in ponds co
loured milky by the species I have never seen the eggs, never found them on the 
surface nor in the midmost water-layers. —

Some species have adapted themselves to the environment in another manner. 
Their summer eggs are surrounded by a thick layer of jelly in which the egg 
floats; in addition they are surrounded by a fine, very thin membrane. These eggs 
are found among Bipalpus vesiculosus, they are very common in pelagic samples 
from many of our smaller ponds and lakes, especially during the summer. — 
Another floating principle is used by some Synchœtas, whose summer eggs are 
provided with very long bristles. They have been well figured by Rousselet (1902) 
hitherto I have not myself been able to find these eggs.

Another way of overcoming the difficulties is that the rotifers themselves carry 
the eggs till the time of hatching, attached to the posterior part of the body. This 
is the case with the summer eggs among Polyarthra, Pompholyx, Pedalion, all the 
Anurœa- and Brachionus species and Triarthra. Whereas the other above-named 
species carry the resting eggs till they are dropped off or the female is dead, Tri
arthra only carries the summer eggs attached to the posterior part of the body, the 
resting-egg being carried within the body. The material which is used to agglutinate 
the eggs to the body is most probably a gelatinous matter deriving from the foot 
glands, which are often preserved even if the fool, as is the case with many plancton 
organisms, is either totally lost or reduced; the genus Pompholyx carry the eggs 
on long thin stalks, which can partly be drawn into the body and again protruded. 
— Some plancton rotifers develop all their eggs in the body; with regard to the 
summer eggs the oviduct is used as a form of uterus in which the eggs are deve
loped. This is tbe case with Asplanchna, Rhinops and Conochilns; these forms are 
viviparous or ovoviparous with regard to the parthenogenetic female eggs and male 
eggs. Besides it must be remembered that viviparity is also found among bottom 
forms, especially Rotifer and Apsilus.

A very peculiar way of solving the question of placing the eggs is employed 
by those rotifers which attach their eggs to other plancton organisms; in this way 
they have found even in the pelagic region, a substratum to which the eggs may 
be attached. This is in the first place the case with some Rattulidœ which mainly 



206

throw their summer eggs on Brachionus species especially B. angularis; furthermore 
with Ascomorpha agilis, mainly using Uroglena volvox as a substratum for the 
summer eggs; Bipalpus uesiculosus, which most probably uses Melosina threads for 
the resting-egg, furthermore Raltuliis stglifer, using Dinobryum. Apart from B. vesicu
losas, all the species drop the resting-eggs into the water. —

The pelagic Floscularidœ carry all their three kinds of eggs in the gelatinous 
sheaths.

Concluding Remarks.

1. In the first part of this work (1923) the males of the Rotifera were treated; 
in addition I tried to give an explanation of the reduction of the male sex of 
the Rotifera. On the basis of studies carried out for more than 30 years I have 
now tried to give some contributions to the periodicity and sexual biology of the 
Rotifera. During these years many hundred drawings have been made. On the 
accompanying 15 plates some of them have been published; they illustrate only 
what I have been able to see in the living animals.

2. As an aid in the attempt to understand the biology and especially the 
sexual biology of the Rotifera I have considered it necessary first to give a rather 
extensive account of the results hitherto gained with regard to the sexual biology 
and a more abbreviated one with regard to the cyclomorphoses.

3. A short sketch of the nature of my area of exploration has been given. Il 
has been shown (p. 45) how one of the explored ponds, Funke Pond, has altered 
during the period 1880—1930 and how the desiccation has influenced the fauna, 
especially ils plancton.

4. A comparison between the Danish lake and pond-plancton has been given; 
this comparison is based on a great number of single observations, made in about 
30 years; the results are only given in broad features. In the first place it has 
been pointed out that, whereas the composition of the plancton in our lakes is 
almost the same everywhere, the pond plancton during the summer months shows, 
locally and temporally, the greatest possible variation; during the winter months 
this variation is by no means so large. The differences in seasonal variations in 
lakes and ponds have been mentioned. —

5. With regard to the chemical and thermal conditions of our freshwaters 
stress has especially been laid upon the temperature, quite especially upon the 
elucidation of the duration of the freezing periods. It has been shown that these 
periods, with regard to duration as as well behaviour in different directions, vary 
extremely from year to year and also in the same year but in different localities. 
Our different freshwaters show great differences. Means have been mentioned which 
contribute something to the understanding of these differences.

Also the high temperatures in early spring on sunny days upon the sheltered 
sides of ice-bound ponds and lakes, with a southern exposure a few inches from 
the ice, and furthermore the extremely high temperature in sheltered small creeks 
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and coves at the highest summer temperatures have been mentioned. It has been 
shown how these temperatures must necessarily influence all the organic life of 
our freshwaters and examples of that influence have been given.

6. The pH values of a good many ponds, and especially of those which have 
been most thoroughly studied, have been given. As is well known, Harring and 
Myers, with regard to the local distribution, and Tauson, with regard to the bio
logy of the single species of the Rotil'era, have tried to lind in the pH values 
the main factor which governs the geographical distribution and also the life of 
the organisms. The investigations seem to show that this factor has been somewhat 
overrated; the tables on pp. 71-—74 show that 10 rotifer species are regular inhabitants 
of our most alkaline freshwaters with pH 8.4 as well as of ponds with pH 
only 4.8.

7. The investigation has been unable to elucidate anything with regard to the 
propagation of the Bdelloida.

When it has been impossible, in the laboratory, to produce sexual periods 
and males in some of the Notommatidœ, it may be pointed out that it is just in 
this family that great maxima have been observed during the outdoor investigations, 
though they were not followed by sexual periods; males have either never been 
seen, or only in very limited number; it would seem that propagation among some 
of the rotifers, apart from the Bdelloida, is mainly parthenogenetic in our latitudes, 
males are not present every year and their number may be much smaller than 
that of the females.

8. The very interesting point in the propagation of the Rotifera, that, apart 
from the Bdelloida and perhaps some Notommatidœ, they possess two kinds of females, 
amictic and mictic ones, is corroborated by outdoor investigations wherever such 
investigations were able to do so. It is a matter of course that such investigations 
cannot contribute to the solution of the question in all those cases where the females 
throw their eggs or agglutinate them to a substratum. On the other hand, in all 
those cases where the females carry their eggs, it will easily be understod that if 
we could lind females which simultaneously carried either parthenogenetic female 
eggs and male eggs or parthenogenetic eggs and resting-eggs, the pointing out of 
two female forms would be wrong. Now the numerous investigations in nature 
show that we do not know a single case where a female has carried an amictic 
egg together with a male or resting egg. Either we find females with partheno
genetic female eggs, or females with one of the other kinds of egg, or females 
which carry these two either simultaneously or successively. The last fact only 
means that the mictic female has been fecundated after the beginning of the period 
of egg-laying.

From a biological and perhaps also from a phylogenetic point of view the 
amictic female is comparable with the sporocyst of the Trematoda; its main task 
is greatly to augment the number of individuals deriving from one single egg-cell. 
As a free-swimming organism and belonging to a group of animals where hermaphro- 
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ditisin does not exist, il is nol subject to all those modifications which parasitism 
and hermaphroditism involve.

9. All outdoor investigations corroborate the fact that females hatched from 
resting eggs are always amictic. Even in colonies with the shortest active life e. g. 
Rhinops, A. Sieboldi, the first observed specimens are always amictic females, males 
and females carrying resting-eggs or male young ones always appear at a 
later date.

Under normal life conditions the appearance of mictic females is limited to the 
second or third generation after the resting-egg, at all events among organisms bound 
to drying ponds as long as they live under life conditions characteristic of these 
ponds. Most colonies are, in the middle of their lifetime, in a labile period in which 
external conditions may influence propagation. This period intervenes between 
periods in which this is not the case. During the first period the propagation is 
amictic, during the last mainly mictic. —

10. Investigations of the kind now published cannot of course indicate the 
nature of those variations in external conditions which seem to cause the appear
ance and disappearance of mictic females. As far as I can see, variations in the 
chemical composition of the freshwater seem to be the most important here. In 
some cases it has been shown that variations in nourishment seem to be of se
condary importance (Asplanchna Torkeri pond). Il seems as if the power of ex
ternal conditions to bring a sexual period to a stand still is greater than their power 
lo initiate one. Hereditary characters gained by accumulative powers have stamped 
the organisms with regard to this last named point.

There is no doubt that the regularly recurring yearly variations in the life 
conditions in a certain locality have in numerous colonies caused fixation of the 
lime for the appearance of the sexual periods, a fixation which so lo speak stands 
on the threshold of hereditary characters or has even overstepped it.

That abnormal laboratory conditions may be able to alter this fixation is 
another matter and from a point of view, regarding the normal biology of th ani
mals, only to be regarded as pathological and comparable with pathological mon
strosities originating in and cultivated under laboratory conditions.

The observations of Whitney and Shull that lines obtained from widely 
separated localities yield a constantly differing proportion of mictic females and 
behave in a very different manner with regard lo the number of eggs are corro
borated in numerous cases; they may perhaps be extended as follows: every 
line has its own form for propagation, developed through the accumulation of 
small annual adaptations lo the environment. Every line has a distinct tendency 
lo propagate in a distinct manner; this manner is not equally well fixed in all 
lines; variations in external conditions may influence the inherited dispositions in 
very different degrees.

11. The life history of Hydatina senta under natural life conditions has been 
studied upon a regular series of observations in nature. Il has been shown that 
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the period of active life does not last more than 4—6 weeks. The rest of the year 
is passed in a latent stage as resting-eggs. The natural home of the animal is ponds 
polluted by manure. This last named result is in accordance with those gained 
through the studies in the laboratory.

A colony of Asplanchna Sieboldi has been studied in a little pond near Hillerød 
and the results combined with studies in the laboratory.

These studies of Hydatina and Asplanchna have revealed a series of facts re
lating to the duration of life of the amictic and mictic females and the males during 
the different periods; further facts relating to fecundity, propagation and the number 
of resting-eggs. The way in which a line turns from amictic to mictic propagation 
is shown. With regard to all these points I refer the reader especially to pag. 106 
and pag. 153. The following points may especially be emphasized.

12. When several authors (Maupas, Punnett, Whitney and Mitchell) have 
maintained that fecundation is only of importance if it takes place in the first hours 
of the life of the young females, combined out- and indoor investigations have 
shown that, as stated by several other authors, this assertion has no general vali
dity. When females of A. Sieboldi, as stated above, begin with the propagation of 
males and then form resting-eggs, this can only be understood to mean that the 
female has been fecundated at a later time of its life.

13. The observation that species in aquaria appear and disappear at quite 
regular intervals is in full accordance with the investigations carried on in nature. 
It is of interest that the periodicity of the Rotifera is also observed in aquaria. ■—

14. With regard to A. priodonta in its typical form it has been supposed that 
the lifetime of the single individual during winter at temperatures near zero is 
much longer than during summer.

15. The observation made in the laboratory that mictic females appear at 
the height of the development, is only a corroboration of the old fact often ob
served during the investigations in nature, that a great maximum almost always 
develops before the appearance of the males. It must merely be added that in 
nature very often great maxima are developed without any development of males. 
In many cases this phenomenon coincides with sudden and great variations in 
meteorological conditions, in the first place in temperature and rainfall, causing e. g. 
a sudden and enormous dilution of the water. It may, however, happen that the 
maximum is brought to an end without any visible variation in the external medium. 
If then material from such maxima is taken into vessels, the animals invariably 
die out whether they are kept together or isolated, even if natural food is present 
in abundance (Triphylus, Gastropus minor). This would seem to suggest that there 
really, as Punnett has conjectured, may be lines in which a sexual period has 
dropped out and only rarely and under exceptional conditions, not under those af
forded by the normal environment, will appear again. There is very little doubt 
left that these lines, identical with those which outdoor naturalists have designated 
as acyclic, really exist in the pelagic region of larger lakes, where they may be

27 D. K. D. Vidensk. Selsk. Skr., naturv. og mathem. Afd.,9. Række.11,1.
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identified with the well-known and often studied acyclic races of plancton cla- 
docera.

It seems, furthermore, that apart from the Bdelloida many Notoinmatidce and 
also some species belonging to the Fam. Cathypnadœ (Lecane) belong to lhe same 
category. —

16. The investigations have not revealed a single example of external differences 
between miclic and amictic females in their active stage; in the egg stage there 
may be great differences. Only with regard to size there may be a slight difference; 
this applies especially to some Asplanchna colonies where the amictic spring females 
are much larger than the mictic generations born later on. Even if the lines offer 
examples of the greatest variability (Asplanchna Sieboldi, Anurœa cochlearis, A. aculeata) 
all the forms may propagate as well amictically as mictically.

Nevertheless, physiologically and biologically, lhe two kinds of females differ 
from each other. Even if for the present we are not able to show it, they must 
also do so anatomically.

It must be kept in mind that in the egg-stage there is usually the greatest 
difference between the eggs worked out by an amictic and by a mictic mother; 
this applies especially to the resting-egg. As it is only the mictic female which is 
able to produce resting-eggs, and which stores great amounts of fat and oil in its 
vitellarium and uses lhe stored material for production of one or a few eggs, we 
are entitled to assume that the two females may differ very much in their metabolic 
processes. Furthermore lhe mictic female in contrast to the amictic one, is able to 
subdivide the amount of yolk mass into very small amounts and, as is the case 
with Triarthra Polygarthra, Pedalion, suddenly produce simultaneously about 12 eggs 
(male eggs) whereas the amictic females produce the eggs successively.

Furthermore, as we know that the shells of the resting-eggs in very many 
cases are equipped with thorns, jelly structures, air-chambers, characteristic of the 
single specimens, whereas lhe shells of the eggs laid by amictic mothers are al
ways smooth, we are almost forced to believe that the genital organs of the mictic 
females are provided with glandular cells, which are not present in lhe amictic 
ones. That differences in the sexual organs may be present, especially in those 
cases where the amictic female is viviparous, and the mictic female if fecundated, 
oviparous, seems evident. In this connection we may perhaps call attention to the 
following fact. If an amictic female is viviparous, the mictic female is so, too, with 
regard to the male sex, and if the amictic female is oviparous, the mictic female 
is so, too. We do not know any case where the production of males is not in 
accordance with the production of amictic progeny. —

There may also be great differences in the behaviour of the two kinds of 
females; the amictic female may drop its pelagic egg in lhe watermasses but lhe 
mictic one agglutinates the resting-egg to Melosira threads. In contradistinction to 
this the amictic mothers of Ascomorpha agilis and some Rattulidœ agglutinate their 
eggs to other plancton organisms, whereas the mictic mothers drop the resting-eggs 
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to the bottom. In some rotifers the amictic mothers carry their eggs, whereas the 
mictic ones most probably die with the resting-eggs in their body, these being only 
liberated upon the decomposition of the mother’s body (most probably Triarthra).

It may furthermore be pointed out that among many plancton organisms the 
amictic females are pronounced positively heliotropic animals, whereas the mictic 
ones are negatively heliotropic, gathering at the sides of the vessels opposite to the 
light. This at all events is the case when they carry resting-eggs. It may further 
be added that it may be possible that amictic and mictic females may live quite 
a different life; this may be the case with the rotifers parasitic in Vaucheria and 
Volvox where the mictic ones are most probably parasitic all their lives, whereas 
the amictic ones may have a free stage.

17. With regard to periodicity the species investigated have been referred to 
5 types: 1. the type of drying pools (Hydatina type), 2. the rotifers living in small 
permanent ponds and with the active life terminating in a sexual period in the early 
spring (type: Rhinops), 3. the rotifers living in permanent ponds or lakes and 
where amictic females are often present after the sexual period (type: Asplanchna 
species o. a.) filling out the gap either between two sexual periods during summer 
or between the autumnal sexual period and the hatching of the hibernating 
resting-eggs (Anurœa type) (polv- di- monocyclic, acyclic, colonies according to 
habitat). 4. Summer forms hatched in June and disappearing in September (Ga- 
stropus stylifer type). Winter forms appearing in Nov., Dec. and disappearing in 
May (Notholca type). 5. Acyclic forms. A sharp distinction between polocyclic, 
dicyclic and acyclic forms has no scientific value. —

18. The investigations relating to the Anurœa, the Brachionus and the As- 
planchna seem to show that the course of the seasonal variations differs from co
lony to colony, and that this course is fixed in form as long as the colony lives 
under the same life conditions. Hatched from resting-eggs all colonies have almost 
the same appearance but during the development they grow less and less alike, 
and each colony develops its own characters (the different Brachionus races: some with 
thorns, some with short thorns, some with very long thorns, the development of 
the races of A. priodonta, in ponds, in Hald lake).

It seems as if colonies do not deviate uniformly every year (A. Briyhtivelli; 
A. Sieboldï).

Also with regard to the temperature at which the resting-eggs are hatched 
the colonies differ very much from each other (B. pala, A. Sieboidi, A. Briyhtivelli) 
and it seems as if those hatched at the highest summer temperatures are most in
clined to differ from the normal aspect of the species.

The investigations relating to the Anurœa and especially to A. aculeata, seem 
to show that it may take more than one year before the whole developmental series 
of seasonal variations from long-thorned to thornless forms has been run through.

19. The seasonal variations of the Anurœa (A. aculeata and cochlearis), the 
difference in the length of spines, diminution in size etc. which very often occur

27* 
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immediately before a sexual period combined with the fact that the forms derived 
from resting-eggs are the largest and have the best developed spines, seem to cor
roborate the view that parthenogenetic propagation carried on for a long time may 
weaken the colonies; furthermore that the unfortunate consequenses may be neu
tralized by mictic propagation.

20. The seasonal variations of the Rotifera can only in slight degree be identi
fied with those of the Cladocera. Since we find two kinds of females among the 
Rotifera, and care of the young ones only very rarely takes place and moults are 
wanting, it seems evident that the great yearly variations in the external medium 
have much slighter capacities for creating regular seasonal variations in Rotifera 
than in Cladocera, where we have only one sort of female, care of young ones and 
moults. Many of the seasonal variations, especially those of Anurœa, are dependent 
upon the distance of the generation from a sexual period and the resting-egg; they 
express a degeneration; they are governed by an internal cycle and compensated 
by amphimixis. As seasonal variations dependent upon variations in the external 
medium may be regarded: the jelly coating round the carapace of B. angularis, the 
coatings of asperities on the carapace of A. cochlearis, the thickness and curvatures 
of the thorns, the seasonal variations of Asplanchna and some B. pala series. —

21. Colonies may be found which seem genotypically stamped in their seasonal 
variation either in the way that the species year after year is only represented in 
the last stage of the developmental series (Anurœa tecta-, A. valga), or in the way 
that their seasonal variations show peculiarities only very rarely found otherwise 
(Brachionus pala Fjenneslev Pond; Asplanchna priodonta Hald Lake).

22. With regard to the position of the Rotifera in relation to the buoyancy 
theory stress may be laid upon the following point. The more the Rotifera pass 
from benthonic to pelagic life, the more they become perennial plancton organisms, 
the greater is their variability, locally as well as temporally. Just this result would 
be required by the buoyancy theory if it were right. On the other hand it is not 
to be expected that the regular annual variations in the external medium shall 
manifest themselves in quite the same manner in two sections of the animal king
dom differing so much from each other as the Crustacea and Vermes really do.

With the publication of the second part of this work I have finished a 
task which has occupied me very much during the last thirty years. I am fully 
convinced that several points would have been better elucidated if the publication 
had been deferred another few years. Nevertheless owing to other investigations, 
carried on simultaneously, I find it most convenient to publish already now.

In several particulars it differs a good deal from the modern literature re
lating to the biology of the Rotifera. During the last thirty years, especially in the 
years after the war, it has become the custom with regard to the Rotifera as well 
as a very great deal of all limnological literature and I am tempted to say, as far 
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as my experience goes, with a great deal of scientific literature in general, to pub
lish the observations in long series of very short papers most of them of only a 
few pages. The figures accompanying these papers can only rarely compare in ex
actness and hardly ever in beauty with the plates accompanying the papers from 
an earlier period.

All these small papers are scattered over an enormous number of often very 
small periodicals. There is no denying that this mode of procedure may be very 
convenient to the authors, on the other hand, it undoubtedly throws great diffi
culties in the way of their successors. It seems as if the want of stability and the 
restless hurry so characteristic of our time has set its mark on a good deal of 
scientific work. After this had been written it was with the greatest interest that I 
saw that Metcalf has set forth quite the same thoughts in 1929 (p. 269); he says 
as follows: “We discourage the publication of comprehensive studies adequately 
illustrated and use our facilities for publication mostly for a short paper with a 
minimum of pictoral illustration.” And further, on p. 270: “Our present tendency 
towards hasty publication is, to be sure, in line with the jazz spirit in art, literature 
and music, indeed in life itself, having at its root unwillingness to do prolonged 
and faithful work before seeking expression and advertisement.” —■

Since Lauterborn’s investigations most of the researches relating to the bio
logy of the Rotifera, especially the sexual biology, have been carried out in the 
laboratory, my own as far as possible in nature. As far as I can see, experience 
shows that in nature it is much more difficult to get a definite answer to our 
questions than in the laboratories. On studying the biology of the animals in na
ture we learn at a very early stage of the investigations that the organisms are only able 
in a normal manner to react in the way desired in quite definite and often very short 
periods of their life; apart from these periods the organisms are either unable to 
react, or their reactions will only express pathological states and are therefore not 
to be regarded as normal. It will further be evident that the organisms can answer 
the questions we wish to solve in very different ways and that in the struggle for 
existence they have more than one string to their bow. — Furthermore that dif
ferent colonies of the same species but living under quite different conditions will 
by no means answer the questions put to them in the same way. If this is correct, 
we shall arrive at the following results with regard to laboratory investigations.

If two laboratory investigators in quite different parts of the globe, at a 
moment only convenient to them, go out to the nearest possible locality and 
at haphazard take a colony of the same species into the laboratory for experimen
tal purposes, they will almost always get quite different answers; and that even if 
they expose them to the same external conditions and try to elucidate the same 
problem. Very often they will run the risk that the answers only express patholo
gical states. The answers which can be gained in the laboratory in a relatively 
short time only rarely lack sharpness especially in those cases where the organisms 
die. On the other hand in very many cases they do not express normal condi- 
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tions. Furthermore as the laboratory investigations can unquestionably be planned 
according to much more exact methods than those in nature, it is no wonder that 
the results, though as a rule very contradictory, are commonly published in a form 
which dazzles the reader by its conciseness and leaves no doubt as to the blind 
confidence to the author in the value of his results.

This may go so far that laboratory investigators maintain that opinions arrived 
at as a result of a number of regular investigations year after year in the same 
locality and where the phenomena are studied with the utmost care are mentioned 
as only “theoretisch”, and only what is carried on in the laboratory gets the pre
dicate “eigene Beobachtungen”. — Investigations planned and carried out in nature 
always take a very long time. The scientific value of the solutions of the problems 
depends partly upon preliminary studies of the life of the organisms in the selected 
locality, partly upon the total amount of material of colonies of the same organism 
but from different localities, collected for comparison. The methods can never attain 
to the accuracy of those used in laboratory research, and they never tempt the 
writer to give them a form which dazzles the reader by its exactness. Nevertheless 
I for my part am tempted to believe that the results gained from studies in nature, 
even if published in a vaguer form than those of the laboratory, in very many cases 
have a more general value and therefore, in reality, are nearer to the truth. —

Characteristic of a great deal of the literature relating to the biology of the 
organisms kept in laboratories is further the ever recurring question whether the 
variations are caused by external or internal factors. To my mind not a single vital 
process either normal or abnormal can be referred solely to either internal or external 
conditions. To me it is upon the web twined of threads of both factors that life 
depends. ■—

First of all it shows a want of respect for all hereditary forces combined with 
an incredible selfconfidence when experimenters suppose that they should be able, 
with material from a single locality and in that isolated moment of eternity during 
which an observer casually studies the phenomena, without considering the palae
ontological evidence, to get a remodelling of inherited fixed characters, and when 
this remodelling does not take place, especially in this fact see a confirmation of 
the supposition that acquired characters are not hereditary. —

It has been asserted that the belief that acquired characters can be inherited 
has become a kind of religion with the Neo-Lainarckians. This may possibly be 
true. On the other hand, there can, to my mind, be no shadow of a doubt that 
the blind dogmatic confidence in the results obtained from momentary and locally 
isolated investigations without due regard to the unlimited areas of space and time 
through which the organisms live and have lived, is in an even higher degree 
devoid of that stringency of reasoning and accuracy in experiments upon which the 
opponents of the Neo-Lamarckians, particularly the modern enquirers into the 
question of heredity, pride themselves as their chief characteristics.
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EXPLANATION OF PLATES
All plates reduced one third.

My assistant Mr. Berg has helped me with the “dotting” or shading of the figures, for which 
help I here tender him my best thanks.

All figures are drawn with Zeis microscope and with camera after living objects; staining 
and narcotizising methods have not been used.

Plate I.
Fig. 1. Rhinops vitrea amictic female..................................................................................................... Obj. 4. Oc. 6

- 2. — male.......................................................................................................................... Obj. 4. Oc. 6
- 3. Triarthra longiseta forma mystacina amictic female.......................................................... Obj. 4. Oc. 6
- 4. — — male...............................  Obj. 4. Oc. 6

All figures drawn with the same power.

Figs. 1—2 represent a species where the differences in size and structure are but small; figs. 3—4
a species where the difference is extremely large and the male very strongly reduced.

In figure I the numbers designate.

1 Eyes 8 Wheelorgan 14 Vibratile tags 21 Egg
2 Cilia 9 Hypodermal cells of 15 Oesophagus 22 Posterior lateral
3 Ganglia cells the wheelorgan 16 Gastral glands organs
4 Nerves 10 Ganglia 17 Stomach 23 Intestine
5 Brain 11 Mouth 18 Excretory canals 24 Contractile vesicle
6 Chitinous lamellæ 12 Mastax 19 Germarium 25 Rectum
7 Auricles 13 Mouth parts 20 Vitellarium 26 Pedal glands

D. K. D. Vidensk. Selsk. Skr..naturv. og mathem. Afd.,9. Række. II, 1. 29
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Plate II.
Fig. 1. Notommata sp. strongly pressed; amictic young female................................................... Obj. 4. Oc. 6

- 2. — not pressed. The contours normal.
- 3. — seen dorsally; the strong folds in the skin are conspicuous............ Obj. 4. Oc. 2
- 4. — Daphnia magna with two Notommata sp. and eggs upon the

fornices............................................................................................. Obj. 16. “Sucherocular”
- 5. Notommata sp...................................................................................................................................... Obj. 4. Oc. 2

Plate III.
Fig. 1. Diurella tenuior amictic female................................................................................................... Obj. 4. Oc. 6

- 2. — amictic egg deposited upon Dinobryum ...................... Obj. 4. Oc. 6
- 3. Diurella stylata amictic female................................................................................................... Obj. 4. Oc. 6
- 4. •— — posterior part of the body........................................................... Obj. 4. Oc. 6
- 5. — — egg..................................................................................  Obj. 4. Oc. 6
- 6. — resting egg.......................................................................................................... Obj. 4. Oc. 6
- 7. Rattulus cylindricus amictic female.......................................................................................... Obj. 4. Oc. 4
- 8. — Forepart; the wheelorgan withdrawn............................................. Obj. 4. Oc. 4
- 9. — amictic egg.................................................................................................. Obj. 4. Oc. 4
- 10. — male egg........................................................................................................ Obj. 4. Oc. 4
- 11. Rattulus capuzinus amictic female.......................................................................................... Obj. 4. Oc. 6
- 12. — forepart of the body strongly protruded........................................ Obj. 4. Oc. 6
- 13. — mictic female............................................................................................. Obj. 4. Oc. 4
- 14. — amictic female seen from below.......................................................... Obj. 4. Oc. 4
- 15. — forepart seen laterally............................................................................ Obj. 4. Oc. 6

Plate IV.
Fig. 1. Ascomorpha agilis amictic female. Inanition.................................................................. horn. Im. Oc. 6
-2. — mictic female, well nourished, seen laterally.................................... Obj. 4. Oc. 6

3. — carapace........................................................................................................ Obj. 4. Oc. 6
4. — mictic female well nourished, seen from below.............................. Obj. 4. Oc. 4
5. mouth parts............................................................................................. hom. Im. Oc. 6
6. — resting egg................................................................................................... Obj. 4. Oc. 6
7. — Ascomorpha agilis sucking out a Ceratium hirundinella.
8. — I
„ _ f empty carapaces with residua from the alimentary canal.

- 10. Sacculus viridis amictic female seen dorsally........................................................................ Obj. 4. Oc. 6
11. — amictic female seen ventrally................................. ................................... Obj. 4. Oc. 6

- 12. — amictic female seen laterally...................................................................... Obj. 4. Oc. 6
13. — mictic female seen laterally...................................................................... Obj. 4. Oc. 6
14. — male breaking out of the egg-shell........................................................... Obj. 4. Oc. 6
15. — male...................................................................................................................... Obj. 4. Oc. 6
16. — mouth parts................................................................................................. hom. Im. Oc. 6

Plate V.
Fig. 1. Notops brachionus amictic female seems ventrally.............................................................. Obj. 4. Oc. 4

- 2. — seen dorsally................................................................................................. Obj. 4. Oc. 4
- 3. Rhinops vitrea amictic female with two young ones.......................................................... Obj.16. Oc.2
- 4. — mictic female with male eggs......................................................................... Obj. 16. Oc. 2
- 5. — mictic female with resting egg...................................................................... Obj.16. Oc. 2
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Fig. 6— 8. Brachioniis angularis. Frederiksborg Castle Lake. Summer form (fig. 7) with
a jelly coating and protruding posterior angles  Obj. 16. Oc. 4

9—38. lirachionus pala. Bistrup Pond  Obj. 16. Oc. 4
Fig. 9—19. Seasonal variation in 1929; the species disappears from the 

plancton in Oktober 1929 as a typical B. pala and reappears again in the 
same shape in May 1930. Fig. 20—38 shows the seasonal variation till 
the stage Fig. 9 (22/VII 29) has been reached. The species is only represented 
as pala in May; forma amphiceros begins to appear in the beginning 
of June; from the beginning of July the forms with excessively long thorns 
appear. Figs. 35 and 36 show the mother animal; it carried an egg 
from which a young one fig. 36 b was born; the young one was drawn 
half an hour after birth; the posterior thorns are twice as long as those 
of the mother animal. Figs. 37 and 38 show two animals, fig. 37 represents a 
dead animal, fig. 38 a living animal when swimming; the posterior 
thorns are carried stretched out parallel with the long axis of the animal 
(see p. 115).

39—4L Brachioniis pala the three kinds of egg Obj. 16. Oc. 4

Plate VI.
Fig. 1. Brachionus pala mictie female with resting egg; seen ventrally  Obj. 4. Oc. 6

2. — a peculiar form from a pond near Sorø ; mictic female with
resting eggs seen ventrally  Obj. 4. Oc. 6

3. — resting egg deposited. Autumn.
4. — resting egg spring; the young one fully developed, posteriorly

the air bubble.
5. — resting egg emptied but the shell still with the air bubble.
6. Brachioniis angularis amictic female with two eggs Obj. 16. Oc.4
7.
8.

mictic female not fertilized; carrying male eggs.
mictic female fertilized; the ovary very dark, filled with 

9.
oilglobules.
mictic female; the resting egg formed.

- 10. mictic female; carrying two resting eggs, the one a little older 
than the other.

- 11.

- 12.

amictic female carrying two eggs and covered with amictic 
and male eggs of Battulus pusillus of which a female is

Obj. 4. Oc. 6

seen upon the carapace and a male swimming near it. 
male of Battulus pusillus contracted Obj. 4. Oc. 6

Plate VII.
Fig. 1— 5. Anurcea aculeata. Seasonal variation in Frederiksborg Castle Lake

6— 8. — Seasonal variation in M. Pond
9—14. — Seasonal variation in Horseshoe Pond

15—18. —■ Seasonal variation in Fredensborg Pond
19—23. — Seasonal variation in Insel Pond

- 24—33. — Seasonal variation in Nøddebo Pond
34—38. — Seasonal variation in Schæffergaard Pond

- 39—47. — Seasonal variation in Asminderød Pond................................
29
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Plate VIII.
Fig. 1—21. Antirœa cochlearis Seasonal variation Funke Pond.

Fig. 1 — 2, April 1910. Fig. 3—12, June 1910. Fig. 13—21, June 1923........................ Obj. 16. Oc. 4
Fig. 22. Gastropus hyptopus amictic female........................................................................................... Obj. 4. Oc. 6

23. — amictic female, after starvation.......................................................... Obj. 4. Oc. 6
- 24. — amictic female seen dorsally............................................................... Obj. 4. Oc. 4

25. — amictic female seen ventrally............................................................... Obj. 4. Oc. 4
26. — carapace seen dorsally............................................................................ Obj. 4. Oc. 4
27. — resting egg................................................................................................... Obj. 4. Oc. 6
28. Anapus testudo seen ventrally................................................................................................... Obj. 4. Oc. 6
29. — seen dorsally....................................................................................................... Obj. 4. Oc. 6
30. -— mouth parts........................................................................................................ Obj.4. Oc. 12
31. Anapus ovalis seen ventrally ...................................................................................................... Obj. 4. Oc. 6

Plate IX.
Fig. 1. Gastropus stylifer amictic female............................................................................................. Obj. 4. Oc. 6

2. — amictic egg..................................................................................................... Obj. 4. Oc. 6
3. — Uroglena volvox with two eggs of G. stylifer.
4. Gastropus minor............................................................................................................................... Obj. 4. Oc. 6
5. Ploesoma triacantha........................................................................................................................ Obj. 4. Oc. 6
6. — carapace seen laterally......................................................................... Obj. 4. Oc. 6
7. — — - dorsally.......................................................................... Obj. 4. Oc. 6
8. — — - ventrallv........................................................................ Obj. 4. Oc. 6
9. — mouth parts............................................

10j
11. > Asplanchna Sieboldi. Bistrup Pond. Seasonal variation
12. )

............... Obj. 4. Oc. 12

Obj. 16. “Sucherocular”

13. — — - Male........................................................................... Obj.l6.Oc.6
14. — — - Resting egg.................................................................. Obj. 16.0c. 6
15. Rattulus capuzinus. Forepart; the wheelorgan withdrawn............................................. Obj. 4. Oc. 4

Plate X.
Fig. 1. Ploesoma Hudsoni amictic female seen ventrally................................................................ Obj. 4. Oc. 2

- 2. — — — seen dorsally................................................................... Obj. 4. Oc. 2
3. — — — laterally.............................................................................. Obj. 4. Oc. 2

- 4. — amictic pelagic egg.................................................................................... Obj. 4. Oc. 2
5. — — — - ................................................................... Obj. 4. Oc. 2

Plate XI.
Fig. 1. Asplanch nopus myrmeleo. Male; in the middle of the figure between the two large 

muscles the long rudiment of the alimentary canal
with gastral glands................................................................ Wasserim. Oc. 6

2. Synchcefa stylata amictic female seen ventrally.................................................................. Obj. 4. Oc. 6
3. — — — seen dorsally, to show the protuded mouth tube............ Obj. 4. Oc. 4

- 4. — pectinata amictic egg.................................................................................................... Obj. 4. Oc. 4



229

Fig. 5. Synchœta pectinata male egg......................................................................................................... Obj. 4. Oc. 4
- 6. — resting egg.................................................................................................... Obj. 4. Oc. 4

7. Polyarthra platyptera amictic female with egg..................................................................... Obj. 4. Oc. 4
8. — male egg.............................................................  Obj. 4. Oc. 4
9. — resting egg................................................................................................ Obj. 4. Oc. 4

Plate. XI I.
Fig. 1. Asplanchna priodonta. Seasonal variation, Haldsø. The specimens from 9/VII show

three generations inside each other......................... Obj. 16. “Sucherocular”
- 2. — priodonta genital organs female............................................................... ........... Obj. 4. Oc. 6
- 3. -—- Sieboldi mouth parts........................................................................................... Waterimm. Oc. 6

4. — Sieboldi genital organs female............................................................................... Obj. 4. Oc. 6
5. — priodonta mouth parts...................................................................................... Waterimm. Oc. 6
6. — Brightivelli. Old female with numerous embryos in uterus.................... Obj. 4. Oc. 2

Plate XIII.
Fig. 1. Asplanchnopus myrmeleo. Male, seen dorsally.................................................................... Obj. 4. Oc. 6

2. Asplanchna Brightivelli in Copula............................................................................................. Obj. 16. Oc. 4
3. — The male is lying free in the body cavity, after rupture

of the uterus....................................................................................... Obj. 16. Oc. 4
4. — The female is dead and the male gets free, swimming

away after the decomposition of the female........................ Obj. 16. Oc. 4
5. Triarthra brachiata amictic female........................................................................................... Obj. 4. Oc. 6
6. — mictic female with the large resting egg...................................... Obj. 4. Oc. 6
7. Triarthra longiseta amictic female............................................................................................. Obj. 4. Oc. 6
8. — mictic female with resting egg............................................................. Obj. 4. Oc. 6
9. — mictic female with unripe resting egg............................................. Obj. 4. Oc. 6

- 10. — ripe resting egg............................................................................................ Obj. 4. Oc. 6

Plate XIV.
Fig. 1. Asplanchna priodonta from Hald lake....................................................................................... Obj. 16. Oc. 4

- 2. — from Frederiksborg Castle Lake...................................................... Obj. 16. Oc. 4
Fig. 2 represents the normal size and form of A. priodonta. Fig. 1 the abnormal 

pelagic form. The organs in the specimens from Hald Lake are not larger than those 
from Frederiksborg Castle Lake. It is especially the posterior part of the body 
which has been augmented in size.

- 3. Triphylus lacustris female. The figure has been drawn to be compared with that 
of the almost unknown male. Though the species was re
gularly observed in 1929 and 1930 and many hundred females 
observed, only one single male was seen. The sketch could not
be used for publication........................................................................... Obj. 4. Oc. 2

4. —- Mouth parts.............................................................................................. Waterim. Oc. 6
5. — Summer egg................................................................................................ Obj. 16. Oc. 2
6. Lacinularia socialis mictic colony with male eggs, deposited in the jelly......... Obj. a*. Obj. 16

-7. — mictic colony with male eggs deposited in the jelly and
resting eggs in the inside of the females............................................. a*. Obj. 16
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Plate XV.
Asplanchna priodonta. The seasonal variation in Hald Lake. Camera drawings of the animals 

during the period 3/V (temperature 7) to 9/VII temperature 15. By 3/V the species is almost isodia- 
metric, by 9/VII much longer than broad. The species occurs only as isodiametric forms on 3/V and 30/V, 
showing a slight prolongation of the longitudinal axis. The isodiametric from disappears totally in June. 
From the middle of June to the middle of July the longitudinal axis is regularly augmented, the trans
versal axis being almost unaltered. Compare also pag. 167. The table further shows that the young 
ones still lying in the mother animals show greater differences in the relation between the two axes 
than the mother animals.

The species disappears from the plancton in the forms shown in figs. 29—31 and does not reappear 
in the plancton until May the next year. Then the form is again isodiametric.

Corrigenda.

p- 79. Heading Notommata sp.
Plate II, fig. 1—5

Notommata sp. 
read Plate II, fig. 1—4.

p- 80. Heading Notommata sp. Notommata sp.
Plate 11, fig. 6 Plate 11, fig. 5.

p- 86. Lin. 10 from below Tab. 11, fig. 7 Tab. XI, fig. 3.

p- 111. Lin. 10 from below Brachioninus Brae bion us.

p- 112. Heading Br. pala Br. pala.
Plate V, fig. 9—-30 Plate V, fig. 9—41.

p- 115. Lin. 13 from above Tab. V, fig. 9—30 Tab. V, fig. 9-19.

p- 128. Lin. 14 from above fig. 15—18. to be expunged

p- 146. Heading Asplanchna Brightwelli. read Asplanchna Brightwelli
Plate XII, fig. 2, 3, 6 —■ Plate XII, lig. 3—6.

p- 163. Heading Asplanchna priodonta Asplanchna priodonta
Plate XII, fig. 1, 5 Plate XII, fig. 1, 2, 5.
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VII. Asminderød Pond
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Introduction.
In the present treatise I propose to give a systematical description of the struc

ture of molluskan shells. My main object is partly to determine the distribution 
of the two essential constituents, calcite and aragonite, and partly to describe the 
form and aggregation of the single elements of those constituents. My first intention 
was to include all calcareous shells in this examination, but I have omitted to do 
so, partly because of the enormous material, partly because of the mostly rather 
uniform structure of other shells. True, many of these possess interesting features, 
but in most instances their construction is very primitive whereas in other instan
ces, as in the corals, they are built up in a very inarticulate manner which is 
difficult to examine and describe. On the contrary we find, in the mollusks, the 
most interesting structures, although in many instances very complicated, often, 
also, quite peculiar and paradoxical. It is quite impossible, I think, to give any 
explanation of these aggregations to which we find no analogon in inorganic nature, 
but I hope that a comparative survey will have some value, both for the systematics 
and with regard to the determination of shells, especially the fossil ones.

The work can, of course, never be complete because of the enormous amount 
of material. The description of the single families will show that many of them 
are subject to such great variations that we were obliged to examine hundreds of 
species to obtain an adequate idea of the shells. I hope, however, that I have 
succeeded in finding out the essential characters of the larger families and the more 
common genera. It was necessary to confine the examination to adult shells, omit
ting all evolutionary stages, and to the main part of the shell, especially the middle 
part, omitting all special features at the margin and in the hinge of the bivalves 
where the structure is so complicated that it can hardly be made out. Equally I 
have omitted any examination of calcareous elements other than the shells proper, 
such as the operculum and the spiculum amoris.

The shell structure has been examined by very many previous authors; most 
of the descriptions are, however, to be found in the special zoological or palæonto- 
logical literature and are, in most instances difficult to find. Many of them are very 
detailed and exact, but for the most part they only include one species, or, at all 
events, different species belonging to the same family, so they have no great value for 
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our present purpose, which is a comparison between as many forms as possible. 
Some of these papers are cited in the following. Of more systematical descriptions 
I have only found two; the most complete is that of Carpenter, but what he gives, 
is mostly the form of the single elements in a random section (mostly the horizontal 
one), and the perfect form is only found out for some of the more simply formed 
elements. A much more modern description is given by Cayeux who especially gives 
excellent ligures; the description however, gives, more of a system of the struc
tural elements than one of the mollusks themselves, rather few of which have been 
examined. Cayeux also confines himself too much to the description of the pheno
mena as seen in the single section, and accordingly we may see that the same 
structure, as the crossed lamellar one of the bivalves, is described in one place 
as “structure fasciculée” and in another place as “structure intercroisée”.

Many authors confine themselves to the determination of calcite and aragonite, 
which will be treated in the next chapter.

Almost all the material used for the present examination originates from the 
museums in Copenhagen; most of the recent forms I have obtained in the Zoolo
gical Museum and most of the fossil ones in the Geological Museum. It is my duty 
here to express my most cordial thanks to the officials of those museums, for 
having procured the large material.

The Constituents of the Shells.
Almost all molluskan shells consist of two elements, calcite and aragonite, 

and only two exceptions are known, viz. the somewhat doubtful groups of the 
Torellellidae and the Conulariidae, which consist of a phosphoritic substance. 
Among other shells we find the same constituents, and only the Foraminifera Por- 
cellanea form an exception, as they consist of an amorphous carbonate of lime, 
which, in all probability, is identical with the substance described by Lacroix 
as ctypeite. I know very well that other authors deny the existence of this sub
stance as a special modification of carbonate of lime, and assume that it must be 
a special aggregation of elements of aragonite. I think, however, that it is quite 
impossible that any such aggregation should be able to produce the weak double 
refraction which is so characteristic of the substance in question. I have, however, 
not treated the question in more detail, especially because of the difficulty of ob
taining material enough for a perfect examination of the said Foraminifera.

In 1901 Agnes Kelly published a paper, in which she expressed the theory 
that the so-called aragonite of the shells represented a special modification of 
carbonate of lime which she called conchite. This has been denied by all later 
authors treating the problem, and it seems that we must give up this name as 
Debye diagrams taken of aragonite from the shells show exactly the same lines as 
one of true aragonite. It is obvious, however, that the constants of the aragonite 
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from the shells are not exactly identical with those of other aragonite; the axial 
angle is distinctly smaller and the indices of refraction also have somewhat different 
values. The axial angle, to be sure, is very variable in the relatively few instances 
where it can be distinctly seen, for, in some instances, no aperture at all is seen 
while, in others, it is very distinct, although always smaller than that of aragonite 
proper. As a maximum 2 E is found to be 27 , while in aragonite it is ca. 31°. The 
indices of refraction have been determined with much more certainty, and while aragonite 
proper has the indices a = 1.5331, ß — 1.6816 and y = 1.6859 the corresponding 
values have been determined (especially by Dr. Melczer whose examinations were 
always performed with the greatest possible care and exactness) at: a = 1,523, 
ß = 1.659, and / = 1,662. These values have been obtained by means of the total re
fractometer which is, however, not very practical where the single crystal individuals 
are so exceedingly small. The immersion method has the advantage of being 
available in all instances, and shows the difference between both substances very 
plainly. If the powder is placed in monobromnaphthalene (n = ca. 1.66) we shall 
lind that every grain of aragonite proper will possess, in one position, a refraction 
distinctly greater than that of the fluid, while, in the grains of the shell substance, 
we never find this great refraction, the grains in one position entirely disappearing.

Although the question cannot be considered as perfectly settled, I think it most 
probable that the substance of the shells is an aragonite, although a very marked 
variety, and in the following I designate it by that name.

Means of distinguishing between Calcite and Aragonite.

From earlier times many methods have been used for determining the two 
main substances of the shells but most of them are too uncertain, or can only be 
used in exceptional cases.

The cleavage can be distinctly observed in the calcite in such instances where 
the individuals are comparatively large, but those instances are rather rare and in 
most of the shells it is impossible to find any cleavage. On the other hand, the in
dividuals of the aragonite are always so small that it is impossible to find any 
trace of cleavage, and on the whole this property is, of course, of very restricted value.

The occurrence of twin lamellæ has been used, by Agnes Kelly, as a proof 
of calcite. In my experience such lamellæ never exist, and I think that there must 
be some mistake here.

Etching figures have been used, especially by Leydolt, for distinguishing be
tween the two substances; these figures, however, can only be produced in the 
comparatively few instances where we have rather large individuals and have, of 
course, no practical value.

The hardness was used by Necker for determining the shell substance; this 
property, however, is so difficult to determine with exactness and at the same time so 
variable according to the directions in the crystal and the whole aggregation, that 
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it can give no exact results, and we see that those obtained by Necker are not 
very correct.

The specific gravity is here, as in other respects, one of the best properties for 
determining a mineral and has been used by many authors. As is well known, 
the shell substance is always mixed with some organic substance which makes its 
gravity smaller than that of the pure mineral. Mostly, however, the amount of this 
substance is not very large, and by using a fluid of exactly the same gravity as 
the calcite, we almost always find that the calcite will swim, while the aragonite 
will fall to the bottom. Only in such instances where the amount of impurity is 
comparatively large, or where the substance in question is found in very small 
amounts, the method will give no result.

The reaction of Meigen also gives very good results and only fails where the 
layer to be examined is so thin that it cannot be isolated.

Refraction is the best of all properties for determining minerals and is, at the 
same time, lhe only property which can be used in all instances. It may be deter
mined in the common section in Canada balsam as the lowest index of refraction 
(«) of the aragonite of lhe shells has a value of 1.523, nearly the same as that of 
the balsam, while the lower index of refraction of the calcite (f) has a value of 
only 1.4863. In all instances where the elements of the shell have a regular arrange
ment one will always, in a section of the proper direction, be able to distinguish 
between the two minerals, while, in the relatively few instances where the in
dividuals are irregularly oriented, one may find in each section in the calcite some 
individuals which have a lower refraction than that of the balsam, while for the 
aragonite none such can be found.

The axial angle has been used, especially by Agnes Kelly, but it has no great 
value for the determination. Firstly it can only be seen in the comparatively few 
large elements, and secondly it is very variable; as mentioned above, it may, in the 
aragonite of the shells, vary from almost 0° up to ca. 27°, and in the calcite, too, 
there is a rather wide range of variation, as the angle may go up, in some instan
ces, to ca. 20°.

The alteration by heating of the aragonite has been used for the determination. 
Because of lhe small individuals this property cannot, however, be observed with 
certainty, and it may be confounded with the loosening of the shell substance pro
duced by the burning away of lhe organic substance.

My determinations were, in all cases, made by means of the refraction; in many 
instances I have secured them by means of the specific gravity and of the re
action of Meigen.

In the altered shells the determination of the original substance must be 
undertaken in quite another manner. As the aragonite of all palaeozoic and many 
younger shells has been changed entirely into calcite, their original composition must 
be inferred from a consideration of the shell in question. If it consisted originally 
of calcite, it has, in most instances, preserved its original structure, which is easily 
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recognizable and is exactly the same in all individuals of the same species. If it 
consisted originally of aragonite, it is irregularly built (an instance is shown in 
pl. XV, fig. 5), and different individuals may behave very differently as to the form 
and size of the elements. In some instances, however, this determination will not 
lead to absolute certainly; firstly the structure of the original calcite, as in the 
upper layer of many gastropods, may be so irregular that it cannot easily be 
distinguished from a pseudomorphous structure, and secondly the calcite, in some 
instances, may have become altered. Otherwise it is impossible to explain that, 
in some individuals of a Palaeozoic gastropod, we find a regular prismatic layer, 
while, in others, we cannot detect any trace of it.

In other cases the state of fossilization may greatly facilitate the determin
ation of the constituents. In the chalk and the rather similar rocks belonging to 
the Danian formation of Denmark all existing shells consist of original calcite, and 
all aragonitic shells have totally disappeared or are only found as casts.

Distribution of Calcite and Aragonite in the Shells.

Each shell, or each special layer of a shell, consists either of calcite or of 
aragonite. Il has been suggested, by some authors that in some instances (as in 
the Patella) a mixture of both substances occurs, but I have never been able to 
find such a mixture, and I think that there must be some mistake here.

It is only among the mollusks that we find both calcite and aragonite in the 
same shell. As a rule the upper part consists of calcite and the under part of aragonite. 
Only two exceptions are known, the Pectinidae, where we find an aragonitic layer 
between two calcitic ones, and the Haliotidae, where we may find the opposite distri
bution. In the other classes of animals each shell only consists of one of the minerals.

In the following table I give a list of the distribution of calcite and arago
nite and other substances in the shells. The list must be considered fairly complete 
for the mollusks only. As to the other classes it must necessarily be somewhat 
incomplete as they have never been very thoroughly examined; it is partly a result 
of the observations of former authors (Rose, Sorby, Cornish and Kendall, Agnes 
Kelly, Butschli a. o.) and partly of my own observations.

Distribution of the Substances in the Shells.

calcite calcite T aragonite aragonite other substances

Foraminifera perfo
rata

Calcispongiae
Tetracoralla 1)

Some Hexacoralla 2) Mostly Hexacoralla

Foraminifera Porcel- 
lanea (amorphous 
carbonate of lime)

1). K. D. Vidensk. Selsk.Skr., naturv. ag ma them. Afd.,9. Række. 11,2. 31
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calcite calcite aragonite aragonite other substances

Mostly Alcyonaria Helioporacea
Heliolites'? Plasmopora?
Tabulata 1)

Hydrocorallinae
Stromatoporidae? 3)

Echinodermala
Serpulidae
Bryozoa

Craniidae Mostly Brachiopoda 
inarticulata (phos-

phorite)
Brachiopoda arti-

culata
Aviculidae pt., Ano- Mostly Anisomyaria Ambonychiidae?,

miidae, Ostreidae some M y al i nidae?
Modiolopsidae?, some

Mytilidae
Some Chamidae and Mostly Isomyaria
Capri nidae, R u d is ta e

Scaphopoda
Amphineura

Bellerophon sp. Neritidae, some Ila- 
liotidae, Euomphali- 
dae, Fissurellidae and

Mostly Prosobranchia

7 'roch onematidae
Cyclobranchina

Janthinidae, Scalarii- Mostly Ctenobranchi-
dae, some Litorinidae, 
Muricidae, Purpuri-

nae

dae, Fusidae and
Capulidae

Heteropoda
0 pisto branchia

Pteropoda
Hyolithidae

Tentaculitidae Torellellidae and Co-
nulariidae (phos-

phorite)
Pulmo nata

Some Orthoceratidae Mostly Nautiloidea
Aptychus Ammonoidea
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calcite calcite + aragonite aragonite other substances

Belemnoidea 
(rostrum)

Argonauta
Cirripedia, Ostracoda,

Trillobitae 5)

Belemnoidea (phrag
mocones?)

Spiriophoridae 
Sepioidea

Decapoda (phos
phorite, calcite or 

both 6)

Notes :
1. Cayeux (pp. 417—18) suggests that the Palaeozoic corals have consisted of aragonite 

and that the transformation, in such instances where we find a regular fibrous structure, 
should have taken place in such a manner that the original structure should have been 
retained. In the many examples of transformed aragonite which I have observed I never 
have seen the original structure preserved in the orientation of the calcite individuals. 
Among the many Tetracoralla which I have examined I have, in most instances, seen an 
orientation of the. calcite which must be original. As to the Tabulata, which possess a still 
more regular structure, it is also absolutely certain that they have consisted of calcite.

2. Among the single corals from the chalk and the Danian deposits of Denmark we 
find several which are perfectly preserved and must be assumed, therefore, to have con
sisted of calcite, while others are totally altered; different individuals of the same species 
always behave in the same manner. The calcitic corals belong to the genera Sphenotrochus, 
Ceratotrochus, Epitrochus, Coelosmilia and Parasmilia, but of most of these we also have 
aragonitic species. Cornish and Kendall, too, mention (p. 72) a calcitic coral (Parasmilia 
centralis) from the chalk. The system of these corals ought, perhaps, to be revised with 
regard to the mineralogical composition. Among the rather few recent corals which I have 
examined, I have found no calcitic ones.

3. Among the few forms examined I have as a rule found no trace of any regular orien
tation of the calcite individuals hence I think that the shell has consisted, originally, of ara
gonite. Only in one or two instances were traces of an original structure seen.

4. Agnes Kelly (p. 54) describes the shell of Serpula as consisting of aragonite (con- 
cliite); I have examined many SerjOuZz'dae and have always found that they consisted of cal
cite, arranged in a rather peculiar manner. It is, of course, impossible to deny that there 
may be some exceptions.

5. In the handbooks of Zittel the dorsal shell of the trilobites is described as con
sisting of alternating lamels of carbonate and phosphate of lime. Among the many forms, 
which I have examined, I have never found any trace of phosphorite and I think that there 
must be some mistake.

6. The shells of the lJecapoda are very variable; in the few instances which I have 
examined, I have found the following:

a. The shell consists entirely of calcite: the Senonian Callianassa Faujasi, the Danian 
forms Dromiopsis rugosa and laevior, and the Eocene forms Coeloma bicarinatum and Lobo- 
carcinus Paulino- Wiirtenbergensis.

b. The shell consists entirely of a phosphoritic substance: Astacus fluviatilis and the 
Eocene form Xanthopsis Leachii.

31
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c. The shell is composed of both substances in such a manner that some parts are 
entirely phosphoritic while others are calcitic, and large parts consist of a mixture of both: 
Ilomarus vulgaris, the Turonian Harpactocarcinus quadrilobatus and a Turonian Callianassa sp.

It is possible that the composition may be different in different parts of the animal 
and it is also possible that it may alter with the age of the animal. This examination can 
only be considered quite temporary.

The above list will give the impression that the distribution of the main sub
stances is quite accidental, and it will of course be rather hopeless to lind any 
cause for it. The occurrence of the one or the other of the two main substances, or 
of both of them in the same shell, seems to be caused mainly by physiological pro
cesses in the animal itself, and is only with great uncertainty brought into connec
tion with the physical properties of the surrounding medium.

The temperature, which is an essential factor in the formation of inorganic 
calcite and aragonite, seems to be of no consequence to the animals. True, there 
exist no statistics of the proportion of these substances in the different seas, but 
we receive the general impression that both of them are represented, to a very high 
degree, both in the tropical and the arctic seas, and at any rate we lind no distinct 
influence of the temperature in that respect.

Between the salinity of the water and the composition of the shells there 
seems, on the other hand, to be a more pronounced connection. If we disregard 
the articulates, especially the crustaceans, which are not very thoroughly exa
mined, it is well known that most of the shell-bearing animals disappear in the 
fresh water where we find only relatively few forms of the gastropods and the 
bivalves, and as these forms consist mostly of aragonite, also in sea-water, they 
are not especially suited for a comparison. It is very obvious, however, that almost 
all the forms which consist of both elements are confined to salt-water. Especi
ally among the Mytilidae we find that most members of that family, which are 
built up of calcite + aragonite, are found in salt water, whereas the comparatively 
few living in brackish or fresh waler, as the Congeria and the Dreissensia, are 
purely aragonitic. I have only found one example of calcite-bearing shells among 
all the mollusks living in fresh water, viz. the genus Neritina, all members of 
which examined by me possess a very thin, upper calcitic layer.

Any more direct influence of the salinity of the water upon the composition 
of the shells is not to be found. If we compare specimens of the same species of 
Neritina from fresh water with others from brackish water, we shall find that both 
possess a thin calcitic layer which is not more developed in the latter specimens 
than in the former. And the same is found in My tilias edulis. Specimens of that 
animal from water of the least possible salinity (0.5 °/o) are very small and thin 
as compared with those from salt water, but the relative amounts of calcite and 
aragonite are almost the same in both forms.

The relation between the chemical and the mineralogical composition of the 
shells seems to be of a rather peculiar kind. As to chemical analyses il will
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suffice to refer the reader to the paper of Clarke and Wheeler1) who have cited 
many former analyses and have made a great many new ones. The authors them
selves point out the fact that all aragonitic shells are non-magnesian while most of 
the calcitic ones are magnesian ; they, however, name some striking exceptions from 
the latter rule. With the more perfect knowledge of the mineralogical composition of 
the shells which we now possess, it is possible to make clear the above-named 
rules, in a more statistical way. It is a general rule, from which there is no exception, 
that all aragonitic shells are non-magnesian, but the calcitic ones behave in a more 

1 U. S. Geol. Surv. Professional Paper 102, 1917, and 124, 1922.

complicated manner, 
hers of the different 
Clarke and Wheele

This is clearly seen from the following table where the num-
percentages of MgCO3
R.

are given after the analyses stated by

7o MgCOs Number °/o MgCO3 Number

0--1 17 6— 7 10
1 2 11 7— 8 8
2 3 4 8— 9 14
3 4 0 9 10 18
4—
5—

-5
6

3
5

above 10 71

From this table we receive the impression that the calcitic shells m ay be
divided into two groups, one of which is quite as non-magnesian as the arago
nitic shells, while the other is strongly magnesian, and there are almost no transi
tional forms between the two groups. We should be inclined to think, indeed, that 
they represented two different minerals, but it is impossible to find any other 
difference between them than the composition itself, as all physical properties are 
exactly the same and also the Debye spectra of both are identical with the spectrum 
of common calcite.

The two groups are far from evenly distributed among the different classes 
of calcitic animals. To the magnesian group belong all analysed Spongiae, Alcyona- 
ria, Echinodermata, and Argonauta, as also all analysed calcitic algae. Also the 
decapods which, as mentioned above, may consist of calcite or phosphorite or of 
a mixture of both, contain a large amount of magnesia. The same is the case with 
the Foraininifera porcellanea which consist of an amorphous carbonate of lime; it 
seems that this substance stands in a nearer relation to calcite than to aragonite.

All analysed Cirrhipedia are non-magnesian as also the rather few instances of 
gastropods and bivalves (Placuna, Pecten and Purpura).

On the other hand we find both magnesian and non-magnesian calcitic shells 
among the following groups of animals: The Foraininifera perforata, the analy
ses of which are stated by Clarke and Wheeler; the Sphaerodina contain 
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small amounts of magnesia while Pulvinulina, Tinoporus and Polytrema are highly 
magnesian. Among the annelids we lind both kinds, as also among the Bryozoa. 
As to the brachiopods there seems to be the constant rule that all analyses of the 
articulate ones show a very low percentage of magnesia, whereas the two analyses 
of Crania cited by the authors show rather high percentages (3.4 and 8.63 MgCO3).

The Alteration of the Aragonite.

It is a well known phenomenon that all aragonitic shells, through the long 
geological periods, will either disappear or be transformed into calcite. This process 
is of very great importance for the formation of the common limestone, which 
has probably, in most instances, originally been formed by a loose accumulation 
of calcareous shells of different kinds. As the aragonite is less stable than the cal
cite, the circulating water will dissolve the aragonite and will thereby obtain a large 
amount of material for cementing the rest of the shells together into a compact 
rock. The process of limestone formation is, however, very complicated and may 
depend upon many other circumstances, as the temperature, the pressure and the 
different impurities of the rock; hence the time necessary for the formation of 
the solid limestone is very variable in the different places. Where we find a 
comparatively old rock like chalk, which has kept its original loose consistency, 
it seems natural to assume that it must have contained, from the beginning, very 
few aragonitic elements. On the other hand it is obvious that, in the still older lime
stones, which, in most instances, are perfectly cemented, a dissolution and rede
position of the calcitic elements must also have taken place.

The way in which the original aragonite is transformed into calcite may be 
somewhat different in the different rocks. In most instances it seems that the ara
gonite is gradually loosened, and in many places we find it reduced to a loose, 
powdery mass still possessing traces of the original structure; afterwards the arago
nite may entirely disappear. If the surrounding rock is of a more solid kind, a cavity 
is left which, in most instances, is idled up by calcite, forming, in this manner, a 
perfect cast of the original shell which may look quite fresh as to external 
appearance, whereas, in thin sections, it is seen to consist of irregularly grained 
calcite. If the surrounding rock is not of such a solid consistency, the aragonitic 
shells may entirely disappear, and no trace of them will be found. In chalk, e. g., 
most aragonitic shells have disappeared, and only some of the largest of them are 
seen as impressions.

In other rocks the aragonite may behave in quite a different manner; in the 
alpine Triassic we may find shells possessing a perfectly unaltered aragonite while 
in others we may find that only part of the shell possesses such a consistency 
while other parts are transformed into calcite, and there is a sharp boundary line 
between both parts.

The time necessary for the complete transformation of the aragonite is very 
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different in the different rocks. On the one hand we may find it quite unaltered 
from the Triassic formation, while, on the other hand, we may find even younger 
Tertiary rocks without any trace of it. Upon the whole the percentage of unaltered 
aragonitic shells will increase from the Triassic to the Quaternary.

There may he many causes of the very different lifetime of the aragonite, 
but undoubtedly the most essential is the purity of the limestone. It is a general 
rule that in the purest of them, containing up to 95 % or more of carbonate of 
lime, the aragonite will disappear rather quickly; hence we find none of that 
substance left in the chalk or in our limestones of the Danian formation, both 
being equally pure. On the other hand we find that such limestones from the 
Mesozoic formations in which the aragonite is still preserved, contain a larger 
amount of clay, and it seems that a percentage of only 10 to 20 is enough 
for preserving the aragonite as long as possible. I am not able to explain the 
cause of this phenomenon. In rocks containing very little carbonate of lime, such 
as siliceous or ferrugineous rocks, the calcareous shells are mostly altered rather 
quickly, and the calcitic ones are not preserved very much longer than the 
aragonitic ones.

The Shell Structures.
In the following will be given a description of the different modes of aggre

gation, according to which the elements of the shell substances are arranged. Many 
of them are the same as those found in the inorganic substances, and we may 
here use the usual terms, but, on the other hand, we find many modes of ar
rangement peculiar to the shells, and there exists no fixed terminology for them.

The homogeneous Structure.

This peculiar form of aggregation, of which I know no typical representative 
among the inorganic minerals, is characterized by the following properties. In 
ordinary light we see, in the typical forms, no structure at all, whereas, with 
crossed niçois, we find an extinction in one direction in such a manner that the 
main axes are parallel through large parts of the shell (the axis of the aragonite 
is here, as elsewhere, the crystallographical c-axis, being at the same time the 
acute bisectrix, and behaving, in all respects, like the main axis of the calcite). 
The common position of that axis is the vertical one, normal to the surface of the 
shell, so that each part of the shell which is parallel to the swinging directions 
of the niçois will be dark, whereas, in oblique positions, it will show’ an inter
ference colour. But there are many exceptions from this rule, the axes being placed 
in an oblique or horizontal direction, as is seen e. g. in the different species of 
Lima (fig. 6).
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As we see no elements at all in the typical homogeneous structure, it is im
possible to tell what form the single individuals possess. They may be prismatic 
or lamellar or, perhaps, otherwise arranged. In many instances, however, we find 
transitions from that structure to various others, giving indications, in such 
instances, of the real structure. Among such transitional structures may be named 
the following: The homogeneously prismatic structure, which is seen e. g. in the 
upper layer of a Mytilus, there is a weak trace of a prismatic arrangement which 
may be very pronounced in some places, in others very indistinct or quite neglig
ible. In the homogeneously foliated structure there are, in the same manner, 
indications of a foliated structure. A rather common structure is the homogeneously 
grained one, being mostly characterized by the existence of a homogeneous ground 
mass in which are distributed small grains of the same substance with a quite 
accidental orientation. Their amount may be so large that the homogeneous mass 
is only observed in the very thinnest sections. In other instances we find in a 
homogeneous substance weak traces of a crossed lamellar structure suggesting that 
the whole layer possesses that structure but of exceedingly small dimensions.

The homogeneous structure is most typically developed among the calcitic 
shells and here we find the only examples of an abnormal orientation of the axes. 
Outside the mollusks the Foraminifera perforata and the trilobites possess that 
structure, and here the axes have the normal orientation, while among the Ser- 
pulidae we often find a layer of an impure, homogeneously grained substance the 
axes of which are abnormal and have a transverse orientation. Among the mollusks 
we find that structure in the upper layers of the Limidae and in some of the My- 
tilidae, the axes here possessing another abnormal direction, mostly the radial one.

• The homogeneous, aragonitic structure is, as far as I know, confined to the 
mollusks. The axes always have the normal orientation. In some instances, as in 
the Heteropoda, the Pteropoda and some of the Nuculidae and Cyprinidae, that struc
ture may build up the whole shell, whereas, in many other cases, it may be found 
as an upper or under layer or both. Its distribution will be shown in the syste
matic part.

The prismatic Structure.
This structure is so well known from inorganic nature that it does not need 

any further explanation; it may be divided into three groups: the normal, the 
complex, and the composite prismatic structure.

The normal prismatic structure, which is by far the most common among the 
three groups, is characterized by the fact that each prism consists of one single 
crystaliographical individuum. According to their general appearance they may be 
divided in different manners; the diameters may be very variable and they may 
be described as fine or coarse.

According to their form the prisms may be designated as regular or irregular. 
The former are bounded by straight and parallel lines (pl. I, tig. 1) while the
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latter have more or less irregular boundaries (pl. XII, fig. <3 and 6). Also the cross 
sections may behave very differently; the most regular have the form of polygons 
(pl. I, tig. 3) while, in other instances, they may have more or less indented boundaries 
(pl. VII, fig. 3). If the form of the prisms is very irregular we have all possible 
transitions to the irregularly grained structure.

The prisms may be single or branched. Especially in the upper prismatic 
layers in the families Aviculidae, Pernidae and Pirmidae we find that the prisms get 
thinner and branched at their upper end. Only in such instances where this pheno
menon is especially pronounced have the prisms been described as branched.

The prisms may be more or less distinct or easily visible. The most distinct 
prismatic structure is found in the above named families where there is a special 
layer of some organic substance intercalated between the prisms (pl. I, fig. 1 and 
3). In other instances, where there is no such layer, or only a very exiguous one, 
the visibility of the prisms depends mostly upon the orientation of the optic axes. 
If these are strictly parallel in adjoining prisms, it may be very difficult to see the 
boundaries between them.

The orientation of the prisms in relation to the shell may be very variable; 
most common is what we may call the normal orientation with the prism axes 
placed vertically, normally to the surface of the shell, but we also find, in many ins
tances, an oblique position in the radial (longitudinal) plane (pl. X, fig. 6, pl. XII, 
fig. 3). More rarely horizontal prisms are found, either radial or longitudinal.

Also the orientation of the optic axes may be very variable. The extinction is 
regular if th e axes throughout the whole layer have nearly the same direction 
(pl. XV, fig. 2), and irregular if their directions are variable (pl. XV, fig. 3). In most 
instances, however, a majority of the axes have nearly the same direction, while 
others may deviate up to 90 A quite irregular extinction is characterized by the 
axes being orientated quite accidentally without any main direction.

The extinction is called normal if the axes, or the main part of them, 
are parallel to the prism axes, and abnormal if they have some other main 
direction. There is, in that respect, a great difference between the aragonitic and 
the calcitic prisms; therefore it will be most practical to consider the two substances 
separately.

Most prisms consisting of aragonite have a perfectly normal orientation of the 
optic axes, and their variations are for the most part rather small. Also the orien
tation of the prisms themselves is mostly the normal, vertical or somewhat oblique 
one, the most pronounced exception being Eruilia podolica, the shells of which 
possess an upper layer of horizontal, radial prisms (pl. VII, fig. 5).

Among the calcitic prisms there is a very great variation both in the orienta
tion of the prisms and in the orientation of their optic axes, and we may find all 
possible abnormal orientations. Most commonly, however, we find the normal 
orientation of both kinds of axes, as in Auicula, Pseudomonotus, Pinna, Perna, 
Vulsella, Trophon, Neptúnea, Belemnites, Argonauta a. o. Very commonly, however, 

D. K. D. Vidensk.Selsk. Skr.,naturv. og mathem. Afd.,9. Række, 11,2. 32 
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we find an irregular orientation of the optic axes (as e. g. in Pterinea, Mijalina, 
Purpura, a. o.). Radial (longitudinal) prisms with optic axes of the same direc
tion are found in Modiola Cottar, Lithodomus lingualis, Fissurella crassa, Haliotis, 
Acmaea a. o.

Among the prisms with abnormal optic axes we find all possible combina
tions: Vertical prisms with horizontal and radial axes are found in species of Melea- 
grina, Monotis and Inoceramus. Vertical prisms with horizontal and concentrical 
(transverse) axes occur in Orthoceras annulatum, whereas Inoceramus LamarCkii has 
vertical prisms with oblique optic axes.

Oblique prisms with horizontal and longitudinal axes are found in Litotina.
Patella (Helcioniscus) radians has horizontal and longitudinal prisms with 

horizontal and transverse axes, whereas the opposite combination (transverse prisms 
with longitudinal axes) is found in the Neritidae. On the 
other hand we find in the brachiopods horizontal (radial 
and concentrical) prisms with vertical axes.

A special kind of prismatic structure is that which 
we may call dependently prismatic: each prism is formed 
by further growth of the individuals of the common 
crossed lamellar structure in such a manner that each 
prism has one of the two directions of the optic axes. 
In calcitic shells (where the crossed lamellar structure is

very rare) that kind of prism is only found in the uppermost layer of Avicula 
Miinsteri. Among the aragonitic shells we find it most typically in the undermost 
layers of the Limidae and the Spondylidae and also, perhaps, in many of the sub
ordinate layers of the complex structures of other bivalves.

The complex prismatic structure is characterized by the fact that each prism 
possesses the aggregation called above (p. 15) the homogeneous one. In ordinary 
light it cannot be distinguished from the common prismatic structure, but With 
crossed Nicols we see that extinction does not occur in the same direction for the 
different parts of the prisms. The arrangement of the axes is shown in fig. 1. Along 
the middle axis of each prism they are placed parallel to the main direction of 
the prism, but at the outer parts they become gradually more obliquely orientated. 
Owing to this arrangement we see, in the polarized light, a black line in the middle 
part of each prism if this is placed parallel to the directions of the Nicols but, by 
turning the preparation, this line passes, in parallel position, to the outside of the 
prism. The axes have a feathery arrangement and we may distinguish between a 
downward (a) and an upward (b) feathery arrangement. In the first instance the 
black line passes to the right if the preparation is turned to the right. In cross 
sections of the prisms we see in both instances, in the polarized light, the common 
uniaxial figure, the black cross and the rings of interference colours. The complex 
prismatic structure has been falsely interpreted by various earlier observers, as 
mentioned below in the description of the Nayadidae.

a b

Fig- 1-
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This structure is most typically developed in the said family, and also in the 
Trigoniidae where it is more indistinct, and where it shows a very remarkable diverg
ence in the opposite direction (upwards). In both instances the shell consists of 
aragonite. Among the calcitic shells we find a peculiar complex prismatic structure 
in Inoceramus (Haploscapha) grandis; radial sections give the typical picture of this 
kind with upward diverging axes, but the axes themselves are orientated normally 
to the positions given in fig. 1 b, having a perfectly or nearly horizontal position.

The composite prismatic structure consists of larger prisms (prisms of the first 
order) each of them being composed of fine prisms (of the second order) arranged in 
a feathery manner, like the axes of fig. 1. This structure is most typically developed 
in the upper layer of most members of Nucida (pl. II, fig. 5 and 6); the prisms of 
the first order are placed horizontally, in the radial direction, and only form one layer; 
the prisms of the second order diverge towards the margin. Similar structures, but 
more irregular, are found among the Erycinidae and also in the thick, upper layer 
of Buccinum undatum, but here the prisms of the first order are placed almost 
vertically and the prisms of the second order diverge downwards.

A transition between the common and the composite prismatic structure is 
found in such instances where we have a layer of fine prisms, mostly orientated 
horizontally in the radial plane, and possessing a feathery arrangement only in the 
radial section, whereas, in the horizontal section, they are perfectly parallel. This 
arrangement is common among the Lucinidae, the Veneridae and the Donacidae.

The two structures named are built up of aragonite only. The small prisms 
may behave in different manners; for the most part they are of the common 
kind (each prism consisting of one individual), but they may, in some instances, 
be of the complex kind. In the first instance the optic axes are orientated in the 
normal manner, nearly parallel to the prism axes, but in other instances they may 
have an abnormal orientation in a direction which is oblique, or normal to the 
prism axes. This is one of the few instances where an anomalism of this kind is 
found in an aragonitic structure.

The foliated Structure.

This structure, which is much less common than the prismatic one, is charac
terized by the fact that the layer in question is built up of more or less regular 
parallel leaves. If regular, the leaves are always horizontal, parallel to the surface 
of the shell. The orientation of the optic axes may be variable; in Bellerophon 
(pl. VIII, fig. 6), and in Tentaculites (pl. XIII, fig. 2) they are placed normally to the 
leaves, whereas in Placuna they have an oblique position while, in Patella /luctuosa 
(pl. X, fig. 2), they are horizontal in the radial direction.

In other instances (most members of the Spondylidae, Pectinidae, Ostreidae and 
Anomiidae) the orientation of the leaves is very irregular, sometimes horizontal, and 
sometimes oblique or quite vertical. The whole structure may, in sections, be very 
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similar to a cross bedding in sandstone (pl. I, fig. 5, pl. II, fig. 1). The optic axes 
of the irregularly orientated leaves always take a rather accidental position.

The typical foliated structure is always built up of calcite; in the aragonitic 
shells it is replaced by the following structure.

The nacreous Structure.
This is rather common among the three main groups of the mollusks, the 

bivalves, the gastropods and the cephalopods, while it is never found outside the 
mollusks. It is so well known that it may be treated here rather briefly. For a 
more detailed description the reader is referred to Schmidt (especially in Zool. 
Jahrb., Abt. f. Anat. Bd. 45, 1921, where the earlier literature is cited). The nacreous 
substance is characterized by the fact that it consists of thin leaves, all of the 
same thickness and equidistant, being separated by equally thin leaves of some 
organic substance. The thickness of each leaf is a little below 0.001 mm, and the 
leaves are, of course, only visible with the highest magnification. The leaves are 
always placed in the horizontal plane or are only slightly oblique, parallel to the 
lines of growth of the shell. The optic axes are always normal to the leaves. 
Because of the intercalation of organic leaves a piece of nacre is slowly dissolved 
in acids. In the fossils the organic structure has disappeared and the leaves are 
hardly seen directly but the characteristic lustre is very finely preserved in most 
instances. In acids the fossil nacre is quickly and entirely dissolved.

With ordinary magnification the leaves are not seen, and the nacreous layer 
mostly resembles the homogeneous substance (e. g. pl. I, fig. 1, and pl. II, fig. 5). In 
other cases there may be seen a more or less distinct prismatic structure in the 
nacre (pl. IX, fig. 2 and 3, pl. XIII, fig. 5).

The nacre always consists of aragonite; earlier authors sometimes mention this 
substance in calcitic shells, like that of the oyster, but calcite is never built up in 
the perfectly regular manner characteristic of true nacre and never shows the same 
fine, coloured lustre.

The grained Structure.
This structure, which may be considered the most imperfect of all the aggre

gations, is very rare in the shells. It consists of more or less irregularly formed 
grains, and the optic orientation is also quite irregular. As mentioned above we 
find, among the calcitic layers of some gastropods, all transitions between the pris
matic and the irregularly grained structure, the last named being found in Janthina 
(pl. XI, fig. 5), and in some species of Scalaria. Very finely grained layers are 
found in part of the shell of Sepia (aragonite) and in Argonauta (calcite).

More commonly we find that a layer of another consistency, especially of the 
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homogeneous kind, may be penetrated by a great number of irregularly orientated 
grains, which then form only part of the aggregation. This is especially observed 
in the upper layer of some bivalves, and contributes to make the whole shell 
more opaque.

The Structure of larger Crystal Individuals.

Only in a very few instances do we find that a shell, or a large part of it, 
consists of one crystal individual, always calcite, showing large and distinct cleavage 
faces. As is generally known this structure is characteristic of all echinoderms. 
Among the mollusks it is found only in two cases, in Perna lanceolata, and in 
the genus Adinocamax’, the description of these forms is found in the systematic part.

The crossed lamellar Structure.

This is without doubt the most specialized among all the aggregations. It is the 
most common and characteristic structure of the four classes of the mollusks. In the
class of the Cephalopoda it is not found, however. 
Outside the molluscs the structure is never found.

The most common and perfect crossed 
lamellar structure is built up of aragonite. The 
corresponding calcitic structure has never been 
described before; it occurs in the families Avi- 
culidae, Ostreidae, and Patellidae, and a more 
thorough description of the structure in question 
will be given in the systematic part. On the 
other hand the common, aragonitic crossed lamellar 
structure is, in all four classes, so similar in all 

Fig. 2.

essentials that I have found it most appropriate to describe it for all classes in general.
The structure has been described by many previous authors (as de Bournon, 

Rose, Gray, Carpenter, Bowerbank, Sorry, Biedermann, Schmidt- a. o.), but 
these descriptions of animals chosen for the most part at random are not very 
uniform and not always quite correct, and I think, therefore, that it will be proper 
to give a new description of the essential features of the phenomenon.

The layer in question is built up of larger lamels (lamels of the 1st order) 
three of which are seen in tig. 2. Each lamel has a nearly rectangular form with 
the longer axis placed in the horizontal direction, parallel to the surface of the 
shell, whereas the shorter axis, in most instances, has a vertical position. The lamels 
are built up of numerous smaller lamels, of the 2d order, which are orientated 
normally to the face of the lamels of the 1st order but form with their edge an 
angle of 41°. In two adjoining lamels of the 1st order the lamels of the 2d order 
are inclined in opposite directions; this produces the characteristic crossing of these 
lamels at angles of 82° or 98°. Each lamel of the 1st order, in spite of its com- 
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position of smaller lamels, forms a single crystal individual with a perfectly uniform 
extinction. The acute bisectrix (the crystallographic c-axis of the aragonite) forms 
with the edge of the lamel an angle of 75°, and the angle between the extinctions 
of adjoining lamels is, of course, 30°, while the angle formed by the bisectrix and 
the lamels of the 2d order attains a value of 64°. The plane of the lamels of the 
1st order, at the same time the optic axial plane. The axial angle is, as stated above, 
very variable. The figure shows the greatest value measured, being for 2 E = 27° 
(for 2 V = 16°). The various other values of the angles given above are also highly 
variable and must be considered as mean values with variations of up to 10 degrees 
or more. The values slated are, however, found in all the four classes of mollusks 
possessing the structure in question, and they cannot be used for distinguishing 
between these classes.

As to the dimensions and forms of the lamels there may be rather large differ
ences between the different shells, and the different classes of animals may, in some 
instances, be directly distinguished from each other by means of them. Most diver
gent are the Amphineura, the fine and regular lamels of which (pl. VIII, fig. 5) can 
hardly be confounded with any of the other shells. In the three other classes, the 
bivalves, the Scaphopoda and the gastropods, it will be difficult to find any property 
which makes an absolute distinction between them, but we shall find rather charac
teristic differences which may, in most instances, characterize them.

The length of the single lamel the of 1st order may probably reach several 
millimetres. In most instances, however, even the most regular of them are pointed 
out and disappear, giving place to new ones. In horizontal sections, parallel to the 
surface of the shell, their aspect will be rather variable, but we may distinguish 
three types between which, however, there are found all possible transitions.

1. The type characteristic of the upper layers of most gastropods and found 
also in some bivalves is the most regular of all, as shown in pl. IX, fig. 6, pl. X, 
figs. 1—3, pl. XII, fig. 1, a. o. The boundaries, in most instances, are fairly rec
tilinear and parallel and, although we see that the lamels are pointed out and 
branched, these phenomena are not very prominent in comparison with the 
other types.

2. The type shown in pl. XI, ligs. 1—4, pl. XII, fig. 4, pl. XIII, ligs. 1, 3 and 
4 a. o. is characteristic of most under layers of the gastropods. The lamels are 
short and very irregularly formed and branched.

3. Characteristic of many bivalves, and also of the Scaphopoda, is the type 
shown in pl. V, fig. 4, pl. VII, fig. 7 and pl. VIII, fig. 3. Here the lamels are also 
short and branched, but they have grown together in a very peculiar manner, form
ing a network with more or less pronounced rhomboidal figures.

The breadth of the single lamel may be equal to the thickness of the whole 
layer in question but here, in many instances, we also find more or less irregular 
forms. Generally the gastropods are the most regular, and we often find the 
lamels perfectly regularly formed with parallel boundaries and with a quite 
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vertical position, as shown in pl. XI, fig. 9. More rarely we lind oblique positions, 
as in pl. IX, fig. 7, and in pl. X, fig. 1, and still more rarely a peculiar zigzag form, 
as shown in pl. IX, fig. 7. In the Scaphopoda the lamels are vertical but rather 
irregular and branched (pl. VIII, fig. 2). Most peculiar are the bivalves. Although 
there may be found many exceptions the common rule is that the lamels are, in 
their under part, rather regular and nearly vertical but, upwards they get bent 
and reclined, and in many instances perfectly horizontal or assume other positions. 
At the same time the lamels get thinner, more irregularly formed and in most 
instances not so distinctly visible. Examples of these lamels are seen on pl. Ill, 
fig. 4, pl. V, fig. 5, and pl. VI, figs. 2—3.

The lamels of the 2nd order are exceedingly small. In transverse sections we may 
see them rather indistinctly with the highest magnification and we may conclude 
that the thickness is a little below 0.001 mm. The length and breadth of them 
cannot be measured as it is impossible to see if each single lamel passes through 
the whole lamel of the 1st order or if they are interrupted.

What substance separates the lamels of the 2nd order we do not know. The 
whole amount of organic matter in the shells in question is very small (about 2 °/0), 
and if there were intercalated organic lamels between the calcareous ones, they would 
be of such small dimensions that they were quite invisible. The crystallographic 
orientation of these lamels is very doubtful. As mentioned above, they form an 
angle of about 64° with the c-axis of the aragonite, and, as their plane is normal 
to the optic axial plane (100), they must be parallel to some dome of the form 
(Okl). Among these the form (023) forms with the c-axis an angle of 64° 20', which 
value is nearly the same as that given above, but this form is not known among 
the faces found in aragonite, and we should not, at the outset, expect that the 
lamels should be orientated in that direction. Furthermore the angles measured 
undergo great variations, and in many instances they deviate so much that they 
do not correspond with the above-mentioned form. For comparison we may con
sider the calcitic shells possessing a similar structure. In the shell of Avicula the 
angle between the optic axis and the lamels of the second order is 77°, and in 
Gryphaea and Patella the corresponding angles are respectively 82 and 55°; these 
angles correspond very badly with those for the more common rhombohedra, and 
it is al the outset very improbable that the faces in question should belong to some 
scalenohedron, among which we should easily be able to find all possible inclina
tions to the basis. It seems, therefore, that the lamels of the 2nd order are orientated 
in a manner which must be designated as rather accidental, without any visible 
connection to the crystallographical elements of the two substances building up 
the lamels.

The orientation of the lamels of the 1st order is markedly different in the four 
classes of mollusks. In the bivalves they are placed in the concentrical direction, 
and only in very few instances (Mesodesmidae and Mactridae) do we lind lamels orien
tated more or less regularly in the radial direction. In the gastropods, on the other 
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hand, we generally find three layers of which the uppermost and undermost ones 
have transverse lamels while the middle one has longitudinal lamels. The various 
exceptions from this rule may be seen in the systematic part.

The crossed lamellar structure certainly contributes to give the whole shell 
very great solidity. Il is well known that an aggregation of line elements, especially 
fine threads intimately mixed, is much stronger than a larger crystal of the same 
kind. As examples of such fine aggregations may be named achate, nephrite, ser
pentine a. o. The crossed lamellar structure is built up in such a manner that we 
get the impression that the purpose of the whole construction has been to bring 
about the greatest possible strength of the shell. The lamels of the 2nd order seem 
to be very tough and elastic, and are not easily broken across, and because of 
their arrangement in crossed positions the lamels of the 1st order are also rather 
difficult to break across. On the other hand there is a marked division between 
two adjacent lamels of the 1st order, and if a shell consists totally, or mainly, of 
one layer of these lamels, we find that it breaks rather easily in that direction. 
But in the great majority of shells this point of weakness is counterbalanced in 
most efficient ways. If we disregard those instances where the strength is produced 
by layers of another structure, we find essentially two ways of holding the lamels 
together. In the gastropods this is managed by the arrangement of the lamels in 
alternative layers with longitudinal and transverse directions, and in the bivalves, 
where the lamels are almost always arranged in the concentrical direction, they 
are commingled in the irregular manner described above, so that they are not 
easily parted from each other.

The complex Structure.

This structure is the most intricate of all and the details cannot, probably, 
be determined with full certainty. In most essentials it seems, however, to be rather 
uniform, and as it builds up large parts of the mollusk shells, especially the under 
layers of many bivalves, 1 have thought it correct to class it as a special kind of 
structure. It always consists of aragonite.

In most instances the layer in question consists of sub-layers of two kinds 
one of which is finely prismatic while the other is of a special kind which may 
properly be designated as complex crossed lamellar.

The complex crossed lamellar structure, which is highly characteristic of the 
structure in question, is characterized by the fact that we see, in all vertical sections 
of the same layer, the crossing of the lamels which is so characteristic of the 
common crossed lamellar structure, if seen in sections parallel to the lamels of 
the 1st order. We see the thin lamels of the 2nd order placed in the common orientation 
with an obliquity of about 41°, and with the common extinction forming an angle 
of about 64° with these lamels. But it is clear that the whole structure must be 
rather indistinct because of the mixture of the lamels of the 1st order placed in all
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possible directions. The structure may look rather different in different shells, 
and also in different parts of the same shell, and I shall here only give a descrip
tion of it in such instances where the elements are as coarse and distinct as pos
sible, as we find it in the shell of an Isocardia. It seems, however, that most other 
shells are built up according to the same scheme.

In the shell of an Isocardia we see distinctly, as shown in pl. Ill, fig. 3, that 
the layer in question is built up of rather coarse prisms, and on closer examina
tion we shall see that each of them has a rather complicated structure which I have 
tried to demonstrate in fig. 3, which shows a vertical section of one of these prisms 
together with parts of two adjoining ones. From the walls of the prism we see the 
lamels of the 2nd order protruding into lhe prism, but the common crossing of them 
is only found in the upper and lower part of lhe prism, whereas 
in the largest, middle part, they, are not crossed at all. As all 
vertical sections of lhe prisms are quite alike we must imagine 
that the lamels of the 1st order are placed normally to all the walls 
of the prisms, in the same manner as the septa of a coral. The 
extinctions also are drawn in lhe figure. Next to lhe walls we 
have lhe common angle of 64° with the lamels of 2-d order, or 
of 75° with the whole layer while, along the prism axis, we see a 
parallel extinction produced by the lamels of the 1st order standing 
normally to the section, and there is a gradual transition between

We shall see that, in this manner, each prism very much resembles those described 
above (p. 18) as belonging to the complex prismatic structure. But in most instances 
we see distinctly the oblique lamels as a sign of the structure in question. The most 
typical example of this structure is shown in pl. Ill, fig. 3.

In other shells the elements of lhe complex crossed lamellar structure are not 
arranged in prisms but are more irregularly distributed. Pl. VI, fig. 4 shows such 
a structure where we see the lamels of both directions forming a zigzag pattern. 
There are all possible transitions between both kinds of arrangement. Another, very 
irregular arrangement is seen in the shell of Nerda (pl. X, lig. 1).

In horizontal sections the complex crossed lamellar structure looks rather 
different. Where we have a more regular prismatic arrangement, we shall see cross 
sections of lhe prisms which show7, between crossed Nicols, more or less regularly 
the uniaxial figure with the black cross and rings of interference colours (pl. V, 
fig. 7, and pl. VII, fig. 4). Otherwise the structure is more irregular (pl. V, fig. 5, 
and pl. VII, fig. 3.)

As stated above, the layers of the complex crossed lamellar structure in most 
instances alternate with finely prismatic layers. The prisms have mostly very irregular 
extinctions but, because of their fineness, their structure cannot be examined with 
certainty. Mostly the prismatic layers are very thin and only form a small part 
of the w7hole complex layer, but the opposite may be the case, as in the shell 
of Durga, where thick prismatic layers alternate with thin ones of the crossed 

D. K. D. Vidensk. Selsk. Skr., naturv. og mathem. Afd., 9. Række, II, 2.

the two extinctions.

Fig. 3.
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lamellar structure (pl. Ill, fig. 2). A very special kind of arrangement is found in 
the shell of Chama (pl. Ill, fig. 5), where irregularly formed parts with a complex 
crossed lamellar structure are distributed in a thick prismatic layer.

T erminology.
In order to make the description short and uniform I have found it con

venient to introduce various new terms or to use some terms formerly known in 
a sense not corresponding exactly to that commonly used. Below I give a list of 
all such terms about which there may possibly be any doubt.

The following terms are explained in the foregoing part of the work:

The homogeneous structure, see p. 15.
The dependent prismatic str., p. 18. 
The complex prismatic str., p. 18. 
Downward and upward diverging arrangement or axes, p. 18. 
The composite prismatic str., p. 19.
The crossed lamellar str., p. 21.
The complex str., p. 24.
The complex crossed lamellar str., p. 24.

The optic axes. The axis of calcite is the common optic axis. In the arago
nite the axis is the crystallographical c-axis, being, al the same time, the acute bisectrix.

Fine and coarse. As the shell elements are for the most part much smaller 
than those commonly found in the inorganic aggregations, these terms have here 
a special signification. Generally the boundary between both kinds here lies at 
about the dimension 0.02 mm.

The main directions in the shell:
Distal is the direction towards the margin or aperture of a shell. 
Proximal is the opposite direction, towards the hinge or spire.
The commonly used terms outer and inner sides or layers are here replaced 

by upper and under, and the shell is, of course, imaginai to be placed in a hori
zontal position with the outside upwards. An element nor
mal to the surface, is accordingly termed vertical (a), and 
one parallel to the surface is called horizontal (b). For the 
vertical section in the longitudinal (or radial) plane a di
stinction is made between the two kinds of oblique direc
tions, the inclined (c) and reclined (d) ones, which is best 
explained by the drawing (fig. 4).

A double-pointed arrow (o)shows the radial (longitudinal) direction in all figures 
in which this direction is represented (all horizontal or vertical and radial sections), 
and in all shells where this direction deviates from the opposite (transverse or con
centrical) one.

Fig. 4.

<7
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A single-pointed arrow (<) shows the same direction, under the same conditions, 
and at the same time points towards the distal side of the shell in all instances 
where this direction deviates from the opposite (proximal) one.

It is clear that, because of the irregular form of most shells, the three main 
directions of the sections cannot be very exact. A section which, in one small part 
of the shell, is strictly concentrical, must, in most instances, change, in other parts, 
into an oblique direction. A so-called horizontal section can in most instances only 
have that orientation in a single point, and the different layers will be seen as 
concentrical rings, the outermost of which represent the upper layers of the shell.

33



Systematic part.
(The system of Zittel: Grundzüge der Paläontologie, 1. 

Invertebrata, from 1915 is used).

I. Class: Lamellibranchiata.
As to the shell structure there is so large a difference between the two main 

divisions of the bivalves that they can hardly be said to have anything in common, 
the main difference being that the shells of the Anisomyaria, with very few excep
tions, consist partly or totally of calcite, while the Homomyaria, with a few exceptions, 
consist of aragonite.

1. Order: Anisomyaria.
As stated above, it is characteristic of these bivalves that almost all of them 

contain calcite in their shells, which mineral in some instances forms the outer 
layer, in others the whole shell. Only a few members of the Mytilidae (Dreissensia 
and Congeria) and probably also some of the older families, as the Ambonychiidae 
and the Modiolopsidae, consist of aragonite. As to the Dreissensia and Congeria it is 
characteristic that these forms are the only fresh-water members of the whole order 
which have been examined. The shell structure in the order is so variable in the 
different families that there can be said very little in general; the crossed lamellar 
aragonitic structure which is so common in the gastropods and in the Homomyaria, 
is rather rare here (Limidae, Spondglidae, Congeria and Dreissensia), but where found 
it is always concentrically arranged as in the Homomyaria. Aragonite with a nacreous 
structure is most typical for the bivalves here in question.

Aviculidae.
As to the shell structure this family falls into two divisions which have 

seemingly nothing in common.
1) The main division; the shells of the recent forms consist of two layers, an 

upper one, calcitic, and an under one aragonitic, strongly nacreous. In the older 
forms the aragonite is mostly altered, but in many of them there are distinct traces 
of its former existence. The calcite of this group is for the most part prismatic.

Avíenla sp. (recent). The shell consists of two layers, an upper one, calcitic, 
and a lower one, aragonitic and nacreous (pl. I, fig. 1). The two layers are ot almost 
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the same thickness; a more exact statement of their proportions is here, as else
where, of no great value, as the aragonitic layer always gets thicker towards the 
hinge and disappears towards the margin. The calcite prisms are very regular and 
distinct (separated from each other by an interstitial mass) and there is no trace of 
any ramification as is found in the Meleagrina. In most instances the optic axes are 
normally orientated, but there are very many exceptions where the orientation is 
quite irregular.

Among the older Aviculae I have found the same structure in all Tertiary 
members, among which I have examined: A. phalenacea (Miocene), A. trígona, 
A. microptera, A. media and A. fragilis (all Eocene); all these have the aragonitic 
layer preserved, whereas A. faxensis (Danian) only possesses the prismatic layer 
while the aragonite is transformed into an irregularly grained calcite. A. Moutoniana 
(Turonian) possesses a prismatic layer which is essentially more irregular, although 
rather distinct.

The still older Aviculae have no regular prismatic structure but a rather 
irregular calcite, which, however, in some instances has an indistinct prismatic 
structure, while in other instances there is no trace of any regular structure at all. 
It is almost impossible to prove whether or not this calcite is primary, but in one 
instance (A. grgphaeata, alpine Triassic), where the aragonitic layer is still well 
preserved, it is not conceivable that the much more stable calcite should have been 
transformed. The other forms examined have no aragonite left, and because of 
the irregular calcite, its former existence is not easily proved. Examples of this 
almost structureless form we lind in A. anómala (Cenomanian), A. contorta and 
A. inaequiradiata (Rhaetic) and in A. crinita (Devonian). All other Aviculae examined 
belong to the second division.

Meleagrina margaritifera (recent). The prismatic layer is very regular, and up
wards the prisms are ramified in a peculiar manner, getting very thin close to the 
surface. The optical orientation of the prisms is the opposite of the common one 
most individuals lying normally to the prism axes in the radial direction; here, 
too, there are, however, many exceptions with a quite irregular orientation.

Because of its regular and typical structure Meleagrina has been much examined by 
previous authors. Of these Biedermann (p. 15—17) especially describes the curious trans
versal lines in the interstitial masses between the prisms and the round, air-tilled cavities 
in the same mass. Also Römer (p. 468) and Karny (p. 230—240) give detailed descriptions of 
tlie shell structure; the prisms drawn by Karny are by much less regular than those described 
by me, and the optical orientation is described by him as quite irregular. Schmidt (p. 150) 
draws attention to a composite optical structure of the single prisms which, however, is for the 
most part not very marked.

Of the genus Pterinea I have especially investigated the P. retroflexa (Ordovician 
and Silurian). In some instances 1 have found a very regular prismatic structure 
with a quite irregular optical orientation, while, in other specimens, I have found 
no regular structure at all. A regular prismatic layer with irregular optical orien- 
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tation I have also found in other species, as in P. plana (Devonian), while P. /'asci- 
culata (Devonian) does not show any distinct structure.

In Monotis substriata (Liassic) I have found a very regular prismatic structure 
with rather uniform extinction, the crystallographical axes lying in the radial direc
tion, as in Meleagrina. In M. satinaría (Alpine Triassic) 1 have not succeeded in 
finding any distinct structure. In Pseudomonotis Clarai (Alpine Triassic) I have found 
a rather regular prismatic structure with rather uniform extinction with normal 
orientation of the axes.

In Halobia rugosa (Alpine Triassic) there is only a very thin, homogeneous 
layer with vertical axes.

2. Of the second group of the Aviculidae I have found no younger (Tertiary 
or Quaternary) representatives, it is, however, almost quite certain that they can 
have possessed no aragonite. Many of the shells are very well preserved with 
the original upper and under surfaces and in some instances, especially the Russian 
Aucellae, they were found in rocks in which the aragonite of other shells was perfectly 
preserved. It is characteristic that the hinges of most of the members of this group 
are well preserved and consist of primary calcite, whereas in other shells, they pos
sess a lower aragonitic layer that mostly forms the main part of the hinge, the cal
citic layer thinning out here to almost nothing. But the most characteristic feature 
of this group, to which many Aviculae and all Aucellae belong, is the behaviour of 
the calcitic layer.

The calcite has a very rare structure otherwise known only in some Grgphaeae 
and in some members of the Patellidae, viz. a crossed lamellar structure very much 
resembling the aragonitic structure so common among most mollusks. The principle 
of the arrangement of the particles is the same in all instances. The whole stratum 
of ruler-shaped lamels of 1st order standing vertically on the surface of the shell 
either in a concentrical or a radiating direction, and each of the lamels of the 1st 
order being composed of very thin lamels of the 2nd order arranged in an oblique 
direction in such a manner that, in the alternating lamellae of the 1st order they 
retain the same inclination but are turned to the opposite side. The two calcitic 
arrangements of this kind, on the one side the PaZeZZu-structure and on the other 
side the Aucella-Avicula-structwe and the Gryphœa-siruciure, resemble each other 
in so far that, in contrast to the corresponding aragonitic structure, lamels of 
the 2nd order lie much more flatly, but in other respects they are so essentially 
different from each other that there can be no closer relation between them; and 
this must also be considered very improbable because of their slight systematical 
affinity.

The essential angles of the Aucella-AuicuIa-structure are given in fig. 5 which 
shows some close-lying lamels of the 1st order; we must remember, of course, 
that the angles cannot be measured very exactly as the material itself is not very 
perfect. The obliquity of the lamels of the 2nd order is 17° (in Patella 13°), the 
angle between the optic axis and the direction of the said lamels is 77° (in Patella 35°) 
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and consequently the angle between the directions ol’ extinction in two adjacent 
lamels of the 1st order is 30° (in Patella only 6°). The chief difference between 
them is, however, that the main axis of the calcite, the direction of the extra
ordinary ray, which, being in possession of the greater velocity of light, is drawn 
as the long limb of the cross, is orientated in a nearly normal position in relation 
to the lamels of the 2nd order, while in Patella the opposite is the case. Because 
of the flat orientation of the reflecting lamellae of the 2nd order it is possible to 
observe the structure directly on the under surface of the shell in the calcitic crossed
lamellar shells, while in the common, aragonitic 
shells the reflections are not visible outside.

In the genus Avicula I have found this 
structure in the following members: A. pectinata 
and A. danica (Senonian), A. macroptera (Neo- 
comian), A. Miinsteri (Upper Jurassic) (pl. I, 
fig. 2), A. costata and A. elegans (Middle Jurassic), 
A. Sinemuriensis (Liassic) and A. bavarica 
(Rhaetic). In A. Miinsteri the crossed lamellar 
calcite passes upwards into a peculiar prismatic, 
structure, not related to that otherwise found 
in the family. The prisms are almost quadratic in transverse sections and are op
tically rather complicated; it seems that the single individuals of each prism form 
a continuation of the lamels of the underlying layer.

Of the genus Aucella I have examined A. costata (Middle Jurassic), A. volgensis 
(Neocomian), A. sp. (Aquitanian), and A. concéntrica (Neocomian); they all behave 
in a similar manner, the upper layer of the shell consisting of the crossed lamellar 
structure, which, however, passes downwards into a foliated structure with the folia 
parallel to the surface and producing a peculiar micaceous lustre on the underside 
of the shell. The optical orientation of these folia is parallel to that of the lamels of 
the upper layer and alternates in the same manner between one of them and the next.

An Aucellina gryphaeoides (Gault) shows the typical Aucella-Avicala-stvuciuve.

Ambonychiidae.
I have examined different forms belonging to this old family, viz: Ambonychia 

corrugata (Ordovician), A. sp. (Silurian), Cyrtodonta sinuata and Mytilarca sp. (both 
from the Silurian), without finding any trace of a regular structure. I, therefore, 
think it most probable that the shells of this family consisted of aragonite, but it 
is very difficult to prove it with certainty.

Pinnidae.
In a Pinna sp. (recent) there are two layers, an upper, calcitic, prismatic, and 

a lower, aragonitic, nacreous layer. The prisms, which are seen in transverse section in 
pl. I, fig. 3, are very regular and at the same time distinct, with an interprismatic 
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substance. The orientation of the optic axis is unusually regular, parallel to the 
direction of the prisms. Of older Pinnae I have examined P. decussata (Upper Creta
ceous), P. sp. (Liassic) and P. flexistria (Carboniferous); they all of them have 
only the prismatic layer preserved which is very similar to that of the recent P.

No other kind of mollusk shells have been examined so thoroughly as those of the 
Pinna although their structure is as simple as possible. Among other anthors may be cited: De 
Bournon, I, p. 327 if., Cray, p. 791, Carpenter, 1844, p. 4 ff., 20 Ik, Rose, p. 78 ff., Biedermann, 
p. 42—71, Römer, p. 468 If., Karny, p. 208—230, Cayeux, p. 474 if., 481, Schmidt, p. 148 If. who 
give very detailed descriptions of all possible properties of both layers and also of their 
development. Although in themselves very interesting these descriptions have not so much 
significance for the present work which is of a more systematic kind, and where it is ne
cessary to point out only the essential characters which may serve for a comparison between 
the different genera and families. From the investigations cited we may conclude that there 
is very little difference between the different species of Pinna.

Pernidae.
The members of this family behave very much in the same manner as those 

of the Pinnidae and of the main part of the Aviculidae, possessing an upper pris
matic layer consisting of calcite and a lower nacreous one consisting of aragonite. 
The last named has been observed not only in the recent forms but also in several 
of the older ones, and we may, therefore, assume that it is universal in the family. 
One Perna forms a very curious exception from the common type and bears no 
resemblance to any other known shell.

Of the genus Perna I have examined a recent species which has regular prisms 
with a very regular extinction; of the older ones I have only had occasion to examine 
the P. lanceolatus (Planer) which possesses the above named peculiar structure. There 
is a distinct calcitic layer under which a thick layer of irregularly grained calcite 
suggests a former nacreous layer. The calcite of the upper layer forms one continuous 
individual orientated in such a manner that one cleavage face is always parallel 
to the surface; the main axis forms, of course, an angle of 45° with the surface and 
its inclination is in all instances turned to the proximal side. It is the only example 
among the shells where I have found any influence of the cleavage upon the orien
tation of the calcite individuals.

The genus Inocerainus is well known because of its thick layer of large prisms 
which, however, towards the hinge pass gradually into Hat lamellae. In I. (Catillus) 
maximus (Turonian) the extinction is rather irregular but for the most part normal; 
the prisms are upwards ramilited as in Meleagrina. I. (Haploscapha) grandis (Upper 
Cretaceous) has, on the other hand, a very regular extinction, but the axes lie in 
a radial direction; each prism has, however, a distinctly complex optic structure 
with the directions of extinction diverging upwards (see p. 18). In I. Lamarckii 
(Turonian) the extinction is very irregular but most axes are reclined at an 
angle of c. 45°. I. Brogniarti (Turonian) has a quite irregular optic orientation 
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of the prisms. In other species of I. as I. concentricus, I. sulcatus and L subsulcalus 
(all Turonian) for the most part only the nacreous layer is left.

The genus Inoceramus has been described by Cayeux, who mentions the different 
possibilities with respect to the optic orientation of the prisms.

The rather thin prismatic layer of Gervillia has generally rather irregular prisms 
and mostly a very irregular extinction. I have examined the following species: 
G. socialis (Triassic), G. anceps (Neocomian), G. pernoides (Jurassic) and G. inflata 
(Alpine Triassic): the last named form has, in some specimens, the nacreous layer 
very well preserved.

Limidae.
The shells of the recent species of Lima consist of three layers, an upper one 

of calcite and two of aragonite. Of these the uppermost possesses a crossed lamellar 
structure with the lamellae of the 1st order, which are concentrically arranged, very 
regular, for the most part resembling those of the gastropods. The undermost layer, 
which is sometimes very thin but in other instances constitutes more that half of 
the whole shell, has a prismatic structure with fine, not very regular prisms, which 
are connected with the lamellae of the overlying layer in the same way as in the 
shell of Spondglus (see later on). Among the older forms which I have examined, 
I have found no aragonite, but in some instances the former existence of this sub
stance is indicated by a distinct layer of irregularly grained calcite.

Miss Kelly (p. 51) has found that the whole shell of Lima hians consists of calcite, but 
according to my investigations this cannot be correct. The properties given by her, especially 
the specific gravity = 2,65—268 and t = 1,468, must have been determined in the upper layer alone.

The calcitic layer, which is of the greatest value for the comparison with the 
older forms, has a very characteristic structure which is hardly found in any other 
family. As a rule it may be said to be homogeneous with the axes lying in a 
radial direction but there are many variations from this scheme. The homogene
ousness is not always perfect but passes into a more or less distinct prismatic 
structure with parallel extinction of the prisms, and the direction of the axes 
undergoes large variations in all dimensions. If we consider the radial cross sections, 
we shall lind the following variations, as shown in fig. 6 where the long arm of the 
cross signifies the relative axis of largest velocity (the projection of the main axis 
of the calcite in the plane of the section); the arrow shows the direction towards 
the margin of the shell.

1. The axes are horizontal or almost so; this structure is found in L. proboscidea 
(Jurassic), the shells of which however, are, very badly preserved and partially 
altered into chalcedony.

2. All axes are reclined, mostly at c. 45°; L. lineata (Triassic) and L. pune- 
lata (Liassic).

3. All axes are reclined but in the upper part more flat-lying, becoming gradually 
steeper downwards: L. tenuistriata (Jurassic), L. gigantea (Liassic), L. (Plagiostoma) 
exaltata (Liassic) and L. (Pl.) punctata (Liassic).

D. K. I). Vidensk. Selsk. Skr., naturv. og mathem. Aid., 9. Række, 11,2. 31
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4. At the upper surface the axes are horizontal, downwards they are more and 
more reclined: L. testis (Paleocene) and L. Holzapfeli (Danian).

5. In the uppermost part the axes are inclined: thereupon they become gra
dually horizontal and more and more reclined. This is the structure in two recent 
species of Lima which I have examined and in L. nodulosa (Liassic): in the last 
named form, however, the structure is rather irregular.

6. The axes are first horizontal and then reclined, then again horizontal and 
at last more and more reclined: L. Hoperi (Turonian and Senonian).

12 3 4

6 7

Fig. 6. Lima.

7. The axes in the upper part are reclined. 
Downwards they become gradually vertical and 
at last inclined: this peculiar structure is found 
in Lima (Plagiostoma') rígida (Jurassic).

If seen in concentrical cross sections or in 
sections parallel to the surface, the shells in some 
instances possess a parallel extinction showing 
that the main axis of the calcite is orientated in 
the radial plane, but in other instances, especially 
in the three last named groups, we find very large 
deviations from the parallel extinctions. The main 
axes of the calcite must, in those instances, be 
orientated in a very complicated manner, if con
sidered in space, and 1 shall not try to describe 

these structures in more detail. I have seen no other instance among the mollusk shells 
where there is a pronounced difference between the directions to the right and to the left.

Lima hians (recent) forms an exception to the type of the family, tbe calcitic 
layer being irregularly foliated as in Spondylus, Pecten and Ostrea.

Vulsellidae.
The members of this family possess two layers, an upper prismatic one, con

sisting of calcite, and a lower nacreous and aragonitic layer.
In Vulsella hians (recent) the prisms are rather regular, thin (c. 0.01 mm), and 

possess an almost perfectly normal extinction. The prisms are ramifiéd al their upper end.
In Malleus albus (recent) the prismatic layer is divided by horizontal walls in to 

different layers, the prisms of which have very different thicknesses, the thickest 
being almost 0.07 mm. The prisms of each layer are ramified at their upper end. 
The prisms are rather regular, but their extinction is very variable; in most cases 
however, it is normal.

The shell of Malleus has been described by Leydolt who mentions partially or totally 
empty cells, which I have not found in the species at my disposal. Karny (p. 230—240) gives 
more detailed descriptions and drawings of the structure of M. albus, to which the reader is 
referred. His statement that there are in the main two different extinctions, forming an acute 
angle with the axis of the prisms, is not correct, according to my observations.
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Peclinidae.
The Peclinidae have undergone a very peculiar evolution in geological times. 

Beginning, as far as can be ascertained, with a very common structure, a prismatic 
calcitic layer and a crossed lamellar aragonitic one, they assumed structures in the 
later periods which are absolutely divergent from all other known ones. As the material 
of the oldest forms is not very well preserved and rather scanty, it will be most 
natural to begin the description with the later ones, the Tertiary and Quaternary, 
which are generally well preserved.

All shells which are perfectly preserved with the exception only of those of 
Amussium consist of three layers, the upper of which is calcitic, while the middle 
one is aragonitic and the lower one calcitic, as shown in fig. 7 and in pl. I, fig. 5.
The aragonitic layer begins far from the margin of
the shell and is rather thin and not easily visible 
because of its transparency; the lower calcitic layer 
is only found in the proximal part of the shell, and 
in the hinge itself it quite dominates the two other

Fig. 7. Pecten.

layers. This lower, calcitic layer has an irregularly foliated structure somewhat
resembling that generally found in the upper layer of the newer Pectens, but it is 
somewhat coarser. In the mesozoic members of the family the aragonite rarely
exists, but in that case the lower calcitic layer is wanting and in other instances 
it is easily seen that it has not existed, the lower part of the shell being totally 
altered into irregularly grained calcite, which is always a good indicator of the 
former existence of aragonite.

As stated above, the aragonitic layer has been found in all later members of 
the family examined, not alone of the genus Pecten proper but also of the genera 
(or subgenera) Chlamys, Vola and Hinnites. Its structure is prismatic and the prisms 
are very straight and regular, very thin (up to 0.01 mm in diameter), and their 
extinction is generally exceedingly regular, parallel; in other instances, however, some
what more irregular. The only mesozoic Pecten with preserved aragonite, which I 
have found, (P. aequiualvis, Liassic), possesses the same layer, but under that there 
is, in the part next to the hinge, another, thicker layer of aragonite with the crossed 
lamellar structure which is so common among the other mollusks and with the 
lamellae, as usual, arranged in the concentrical direction. There is no aragonite 
preserved in the still older shells of Pecten but it is perhaps most probable that 
the aragonite originally possessed the very common, crossed lamellar structure, and 
that this was afterwards replaced by the prismatic one.

The genus Amussfuzn, a recent species of which 1 have examined, seems to 
diller from other Pectinidae in several respects. The upper layer of calcite, possessing 
the common, irregularly foliated structure, is rather thin, and under this there is 
found a relatively thick aragonitic layer with crossed lamellar structure and with 
the lamellae, as usual, in the concenlrical direction. Under this layer follow the radiating 
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ledges consisting of calcite which is, of course, quite isolated from the upper calcitic 
layer. In the part of the shell next to the hinge there is, under the ledges and, 
between them, under the first-named aragonitic layer, another aragonitic layer with 
a similar prismatic structure to that found in the other members of the family. Of 
the older Amussiums I have only had occasion to examine the two Jurassic forms, 
mentioned later, and they have their ledges solidly connected with the upper calcite. 
Their structure must, of course, originally have differed essentially from that de
scribed above.

The upper calcitic layer, which constitutes the greater part of the whole shell, 
is the only one suitable for comparison with the older forms, so it will be described 
here in somewhat more detail. The great majority of Pectens possesses one of the 
two structures, with some transitions which we may call respectively the irregularly 
foliated and the zigzag-lamellar; the former is the commonest among the younger 
forms whereas the latter is only found among the Jurassic and Cretaceous forms. 
Only the oldest of all Pectens of which I have had material al my disposal, the 
Palaeozoic and Triassic ones, possess other, prismatic structures.

The irregularly foliated structure is not easily described and is also rather 
variable. As a rule the shell is built up of thin leaves, which are mostly horizon
tally orientated and give rise to the characteristic cleavage of the shells in question. 
In some shells, or in some parts of the shell, the leaves are rather straight but in 
other places they are curved or obliquely placed, or, in some instances quite verti
cal. Often they intersect each other like a cross-bedding. The optic axis is in the 
main vertical but generally the leaves have no perfect extinction, and we must 
assume that the closelying, very thin, leaves possess a different optic, orientation. 
It is the same structure which is so characteristic of Spondylus, Ostrea a. o. (com
pare pl. I, figs. 5 7, and pl. II, ligs. 1 and 2). Recent forms of this group are 
P. vitreus, P. aratns and P. septemradiatus, furthermore Chlamys opercularis, Hinnites 
pusio, Vola zigzag and maxima and Amnssinm sp. Of Miocene forms we have P. gigas 
and P. tigerinns, of Cretaceous forms P. dentatus (Senonian), P. Brogniarti and P. Cot- 
taldinus (both Neocomian), of Liassic forms may be mentioned P. Pollux.

Some of the Pectens of the 1st group may be said to form a transition to the 
next group as, in a certain layer near the surface, the lamellae have a tendency to 
take an oblique position, but this phenomenon becomes more distinct and regular 
in the following species which are consequently nearly related to the zigzag-lamellated 
Pectens, although the zigzag structure proper only begins when two or three layers 
are orientated in oblique positions in alternating directions. As typical transitional 
forms may be mentioned P. elongatus and lamellosus (Neocomian) and P. fibrosas 
(upper Jurassic) which have the structure shown in fig. 8,1 ; the section, like all 
the others in the figure, is a radial cross section, and the arrow points towards the 
margin of the shell. We shall see that a large, lower part of the shell possesses 
the irregularly foliated structure, and that over this layer there is another with 
reclined foliae passing upwards into another irregularly foliated layer which, how-
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ever, is more finely foliated than the lower layer. The extinction of the folia is 
nearly normal to their plane.

Vola qainq liecost ata and V. striatocostata (both Upper Cretaceous) possess a very 
similar structure but both the under and the oblique layer are much more regular 
and finely lamellated; the upper layer is irregularly grained (fig. 8,2).

The zigzag-lamellar structure. As a first instance we may take P. Mantelli 
(Senonian) (fig. 8,3); the lower layer is very finely and regularly foliated with an 
almost normal, or somewhat inclined 
layers of oblique lamellae, the lower 
ones inclined and the upper ones 
reclined, curiously enough, however, 
with almost the same extinction in 
such a manner that the under lamellae 
have nearly parallel, the upper ones 
nearly normal extinction. The upper
most layer is irregularly grained.

In P. sublaevis (Kimmeridgian) 
the large, lower part of the shell 
is taken up by the two lamellar 
layers similar to those described 
above (fig. 8,4); the uppermost 
layer consists of irregular, in
clined prisms with reclined axes.

The following Pectens have a triple zigzag structure with an under and upper 
layer of reclined lamellae, whereas the middle layer has inclined lamellae; the ex
tinction is always inclined. Fig. 8,5 shows the structure of P. textorias (Liassic); 
the large, lower part of the shell has the irregularly foliated structure, and above 
this we have the zigzag structure with the upper and under layers rather narrow. 
The uppermost layer is irregularly prismatic. Very similar to this is P. aeqaivalvis 
(Liassic), (pl. I, tig. 6).

P. undulólas (Senonian) (fig. 8,6, and pl. I, fig. 4) possesses a very regular 
structure; the undermost layer is similar to that of P. Mantellii; the two upper 
layers of the zigzag lamellae are rather broad. The uppermost layer has no distinct 
structure but strongly reclined axes and a thin transitional layer underneath that 
has the axes vertical. P. serratas (Senonian) and P. cretosus (Upper Cretaceous) 
possess similar structures.

The small forms P. (Amassium) incrustatus (Middle Jurassic) and P. (Amussiairi) 
personatns (Liassic) possess the structure shown in Fig. 8,7. The shell proper con
sists only of the zigzag layers, the middle one of which has broad but rather 
irregular lamellae. Above these layers there is a very irregularly prismatic and very 
thick layer which is possibly only an incrustation since it very similar to certain 
inorganic calcitic formations.

extinction, and above this

5 6
Fig. 8. 1. Pecten elongatus.
3. P. Mantellii. 4. P.
6. P. undulatus. 7. P.

layer we have two

2. Vola quinquecostata.
5. P. textorius.

8. P. disciformis.
sublaevis.

incrustatus.
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The most distinct of the structures in question is seen in P. disci for inis (Middle 
Jurassic) (tig. 8,8). The greater part of the shell is formed by the middle zigzag 
layer which has unusually broad lamellae (up to 0.2 mm); the undermost lamellae 
pass gradually over into a finely foliated layer possessing upwards an almost vertical 
axis and downwards an oblique one. Similar structures are seen in P. stewartianus 
(Middle Jurassic) and P. orbicularis (Senonian).

In the preceding part we have only considered the zigzag structures in the 
plane of the radial cross section. Observation of sections in other directions will 
show us that the lamellae are prolonged in a concentrical direction as shown in fig. 9

which gives a diagrammatic drawing of that of the zigzag 
layers which has the parallel extinction, e. g. the middle 

Fig. 9. Pecten disciformis.

layer of P. disciformis. In concentrical cross sections we 
see that extinction of the lamellae has an obliquity of 16°, 
alternately to the right and to the left, and in sections 
parallel to the surface we find in the same way an 
obliquity of 20°. This shows that the real optic axes are 
placed in a very peculiar manner; they have all the same 
obliquity in relation to the surface of the shell, but they

are alternately inclined to the right and to the left. In such instances where the 
lamellae are sufficiently broad it is possible to observe with the magnifying lens 
that one of the cleavages of the calcite is orientated nearly parallel to the surface. 

The prismatic structures. The few pre-Jurassic Pectens which 1 have had oc
casion to examine are all prismatic but very different from each other as to the 
arrangement of the prisms.

P. laevigatas from the “Muschelkalk” has the whole shell built up of large 
prisms which lie in the radial direction; every prism reaches from the upper to 
the under side of the shell and its breadth (in the concentrical direction) is 
ca. 0.2 mm. The optic axes are orientated normally to the prisms and lie in the 
concentrical direction.

P. sp. from the “Muschelkalk” has a regular prismatic structure as known 
from Pinna a. o., with distinct, vertical prisms. The optic axes are generally parallel 
to the axes of the prisms, but there are many exceptions to that rule.

P. (Pseudamussium) Redesdalense (Carboniferous) has almost the whole shell 
constructed of irregularly grained calcite, suggesting the former existence of aragonite. 
Only a thin upper layer possesses an irregular and somewhat doubtful prismatic 
structure with very irregular extinctions; the optic axes, however, are in many 
instances not very far from the normal orientation.

Of course, no certain conclusions as to the evolution of the Pecten shell can 
be drawn from so few examples.

The shells of the Pectinidae have not been very much treated in the literature. Rose 
(p. 88) finds that the shell consists of calcite; Carpenter (1844, p. 19) gives a description and 
drawings of the common Pecten structure and in another place (1847, p. 95) he mentions 
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a very thin prismatic layer in P. nobilis. Cornish and Kendall (p. 71) determine the shell 
of P. opercularis as consisting of calcite; this is certainly incorrect and, after what was stated 
above, we must assume that all Pectens have both calcite and aragonite in their shells. 
Schmidt (p. 171) finds that the smallest elements of the Pecten shell consist of line crystal needles.

Spondylidae.
The shells of this family are very similar to those of the Limidae in so far 

as they consist of the same three layers, an upper one of calcite and two of 
aragonite. Of these the uppermost one has the crossed lamellar structure with the 
lamellae orientated in the concentrical direction, and the undermost one is prismatic 
(pl. II, fig. 7). As in the Lima, the prisms are, in a peculiar manner connected to 
the lamellae of the overlying layer, hut here in the Spondylus the structure is much 
more distinct than in the Lima. Seen from the side (in vertical sections of the shell) 
the prisms are very straight and regular hut seen in transverse sections (in sections 
parallel to the surface of the shell) they have a very irregular undulating contour. 
In polarized light the extinctions of the prisms are parallel to those of the lamellae 
of the overlying layer in such a way that one half of the prisms extinguish together 
with one set of lamellae, the other with the other set. The individuals of the lamellae 
of course protrude as prismatic figures through the lower layer.

It is only in some recent numbers of Spondylus and Plicatula that I have ob
served this structure; in the older members of the family which I have examined 
the aragonite no longer exists, but there are, in some instances, signs of its former 
existence.

The calcitic layer is fairly alike in all members of the family and has the 
same irregularly foliated structure which is characteristic of many Pectens. Only 
in Spondylus faxensis (Banian) there is a perfectly homogeneous upper layer with 
horizontal, radial axes. Of other Spondyli I have examined S. spinosus (Senonian) and 
S. latus (Turonian); furthermore Plicatula Ravni (Paleocene), P. placuna (Gault) and 
Dimyodon Nilssoni (Senonian).

Bouhnon (p. 326) describes the shell of Spondylus gaederopus as consisting of two layers, 
the upper one coloured and foliated (the calcitic) and the lower one colourless and compact 
(the two aragonitic layers which are easily confounded with each other). Bose (p. 88) de
scribes the shell of Spondylus as consisting entirely of calcite.

Anomiidae.
The shells of the Anomiidae consist exclusively of calcite, the structure of which 

is the more or less irregularly foliated; there is, however, some difference between the 
different genera. All species of Anomia examined by me possess an irregular structure 
very much resembling that of Spondylus and Ostrea, whereas Placuna is composed 
of rather regular folia the axes of which are not quite normal but somewhat reclined. 
Almost the same structure is found in the shell of Placunopsis undulata (Senonian).
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Both Gray (p. 794) and Carpenter (1844, p. 19) describe the shells in question as 
nacreous. I think, however, that there is a great difference between the two structures and 
that no calcitic shell can be said to be typically nacreous; they have a much more pearly 
lustre, very much resembling leaves of gypsum or mica or other minerals with prominent 
cleavage. The folia of the shells of Placuna and Anomia are easily separable from each 
other, which is not the case in the aragonitic, nacreous shells, and the calcitic “nacre” never 
possesses the perfectly regular building characteristic of true nacre. The comparison made 
by Carpenter between the shell of Placuna and those of the brachiopods, holds good for 
most sections but the essential property of the brachiopods, that they are composed of thin, 
lying prisms, makes them totally different from the shells here in question. In his second 
paper (1847, p. 95) Carpenter describes a very thin, prismatic layer in Anomia ephippium, 
which species I have not had occasion to examine. Schmidt (p. 169—171) describes the smallest 
elements of the shell of Placuna as consisting of very thin and narrow leaves.

Ostreidae.
I found no trace of aragonite in the shells of the recent oysters which I examined, 

nor did 1 find any in the fossil members of the family, of which I have examined many 
which are seemingly very well preserved, and which originate from formations in 
which other shells have their aragonite preserved. We must conclude, therefore, 
that the aragonite is entirely absent in this family.

As is well known, the structure of the oyster shells is of a most irregular kind 
and a regular structure only occurs in a few members of the older Gryphaeae. The 
typical structure of most shells is the irregularly foliated which bears some resem
blance to that found in the Peclen and the Spondylus but as a rule even more 
irregular with the folia turned in all possible directions, although in most instances 
they are nearly horizontal, which gives rise to the characteristic pearly lustre of 
the shell. There is no difference between the different genera into which the mem
bers of the family are commonly grouped. In the following species the said structure 
seems to make up the whole shell: Exogyra cónica (pl. II, fig. 1) (Neocomian), 
(). Haidingeriana (Alpine Rhätian), Exogyra canaliculata (Danian) and E. virgula 
(Kimmeridgian). In the different species to be described later on, with the excep
tion only of the three described last Gryphaeae, we have the same structure com
bined with other ones.

An upper prismatic layer is found in some instances but does not seems very 
common. In Ostrea edulis we lind such a layer consisting of rather regular and 
distinct prisms which, in their upper part, are curved in a characteristic manner 
and reclined. The extinction of the prisms is very irregular although a large part 
of them have the axes orientated in the normal direction. Alectryonia Marshi (Jur
assic) possesses a thin prismatic layer, not alone at the outer surface but also at 
the inner surfaces towards the numerous large cavities in the shell; the prisms are 
irregular and their extinction is also very irregular. The prisms forming an upper 
layer of the shell of Gryphœa angulata (recent) are still more irregular. In no other 
shells of the oysters have I observed any prismatic layer.

It is a characteristic feature of many ovster shells that the lavers of normal 



41 271

consistency alternate with others more or less porous which have all their elements 
placed vertically. The common oyster, Ostrea edulis (pl. II, fig. 2), possesses numerous 
such layers of a chalky consistency, consisting of very line, vertical folia; in sections 
parallel to the surface of the shell these folia are orientated in all possible directions. 
Their extinctions are not quite normal hut always somewhat oblique, and as the 
folia of the main substance behave in the same manner it would seem that the 
building elements are the same in both layers. Quite similar layers are found in 
the shells of Gryphaea angulata (recent). In some of the older members of the family 
there is the well known vesicular structure which is produced by thin, vertical walls 
placed at rather a long distance from each other; for the most part the cavities are 
filled up by later formed calcite crystals so that the original form of the leaves is not 
distincly seen. The best known instance of this kind is the Gryphaea vesicularis 
(pl. II, fig. 3) (Senonian and Danian), in the shells of which layers of the normal 
structure alternate with the cellular ones. Ostrea hippopodium (Turonian and Seno
nian) has a similar structure. In Ostrea reflexa (Danian) the normal layers are 
reduced to thin films, the numerous layers of the cellular substance making up 
almost the whole shell.

As stated above, there are some of the older Gryphaeae which possess a crossed 
lamellar structure; it is possible that there are among the other members of this 
family or the adjoining ones transitions from the ordinary, irregularly lamellated 
structure to that here in question, but it is not possible to decide this more exactly. 
The only shells where the structure is (fuite distinct are Gryphaea arcuata (Liassic), 
G. signata (Callovian) and especially G. Cymhium (Liassic) (pl. II, fig. 4). The struc
ture is in all essentials very much the same as that of Aucella and Aviada, so that 
fig. 5, p. 31 will give rather a good picture also of the structure of these Gryphaeae. 
The angles, which, because of the imperfect parallelism of the elements, cannot 
be measured with great exactness, are somewhat divergent from those of the figure. 
The obliquity of the lamellae of the 2nd order is 12° (instead of 17), the obliquity 
of extinction is 8° (13), and the difference between the extinctions of the two sets 
of lamella is, consequently, 40° (60). The elements are not so well arranged as in 
all the other crossed lamellar structures, and especially the fine lamellae of the 2nd 
order are not strictly parallel in the same lamel of the 1st order so that we obtain 
no perfect extinction of these in any position. Because of the flat-lying lamellae of 
the 2nd order their reflections are easily visible on the surface of the shell with 
the naked eye and especially on the fresh cleavage faces obtained by breaking the 
shell into pieces. We see on such faces a brillant moire structure, and we see that 
the lamellae are not very regularly bounded by straight lines but that they are 
rather short and generally get gradually thinner at the ends.

An observation by L. v. Buch that the fossil oysters have prisms in which we may 
see tlie cleavage faces of the calcite crystals makes it probable that he has seen the grained 
calcite filling the cells of Gryphaea vesicularis a. o. Carpenter (1844, p. 19) describes the struc
ture of the oyster’s shell as “subnacreous”; he has observed the prismatic layers of Ostrea
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and Gryphaea. Rose (p. 84 fT.) gives a more detailed description of the shells of different oysters 
and determines their substance as calcite. Furthermore, investigations by Sorby (p. 62) and 
Tullberg (p. 37) may be cited.

Myalinidae.
The material at disposal does not allow of a certain determination of the shells 

of this family. Myalina rectirvirostris (Carboniferous) possesses a very regular pris
matic, upper layer with quite irregular extinction, and under that the main part of 
the shell consists of irregularly grained calcite suggesting the former existence of 
aragonite. M. Keokuk (Carboniferous) has a very irregular and somewhat doubtful 
prismatic layer, whereas M. subquadrata (Carboniferous) has the whole shell built 
up of quite irregularly grained calcite.

Modiolopsidae.
Here, too, the material at disposal is very scanty so that it is not possible 

to ascertain with full certainty the original structure of the shells. In Myoconcha 
Stampensis (Liassic) there is some aragonite preserved but only as an earthy mass 
which does not permit us to state the original arrangement of the particles; on the 
other hand there is no calcite with the exception of a small amount of so irregular 
a structure that it must be assumed to be of secondary origin. M. Curionii (alpine 
Triassic) only possesses an irregularly grained, calcitic layer. Modiolopsis Nilssoni 
(Silurian) has seemingly very well preserved shells which, however, in sections, 
show an absolutely irregular structure indicating a secondary origin. It is, of course, 
probable that the shells of this family originally consisted of aragonite.

Mytilidae.
As to the shell structure this family may be divided into two totally different 

groups; the first, the main group, comprises all the salt waler forms, the second 
the fresh waler forms Congeria and Dreissensia.

1. The shells of the main group, if in a well preserved state, consist of two 
layers, an upper one, mostly very thin, calcitic, and a lower one, aragonitic. Only 
in some of the oldest members there seems to have been no calcitic layer. The 
structure of the calcite is typically homogeneous or indistinctly prismatic with the 
axes horizontal in the radial direction or nearly so; the aragonitic layer is nacreous 
and only in a few instances partially prismatic.

The common Mytilus edulis (recent) possesses a thick calcitic layer of blue 
colour; the axes are strongly reclined and in the upper part nearly horizontal. The 
structure is markedly irregular, being sometimes perfectly homogeneous and some
times finely prismatic, and the prisms may, in some instances, be very indistinct, 
in others more marked, and there may be sharp boundaries between the different 
parts. The directions of the prisms are nearly parallel to those of the optic axes, 
though generally a little more horizontal so that each prism gets a somewhat obli
que extinction. The aragonitic, white layer is normally nacreous.
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The shells of Mytilus have been described by various previous authors. Carpenter 
(1847, p. 99) finds no distinct organic structure in any of the layers; Tullberg (p. 14) gives 
a very detailed description of the formation of the shell. Ehrenbaum (p. 6 if.) describes the 
structure in all details. Cayeux (p. 479) refers the calcitic layer of Mytilus to his “structure 
fasciculée”, his pl. 49, fig. 3 shows dictinct and rather broad (c. 0.04 min) prisms which are 
very finely striated in different directions. I must confess that I have not been able to find 
any similar structure. Agood photograph of very fine, isolated needles is given by Schmidt (p. 149).

Of older Mytili I have examined M. mirabilis (Upper Jurassic) which has a 
very thin, calcitic layer, homogeneous, with nearly horizontal axes and under that 
a rather thin layer consisting of nacreous aragonite which is partially preserved, 
partially altered into grained calcite. A thick, lower layer consists of grained calcite 
but shows traces, in some places, of a line prismatic structure with quite vertical 
prisms. It is not possible to prove that these prisms consisted of aragonite, but it 
is most probable that we have here a relict of an original prismatic, aragonitic layer.

The Genus Modiola behaves in all essentials like Mytilus. M. Modiolus has a thin 
calcitic layer with a rather irregular structure but for the most part nearly horizontal 
axes and under that the nacreous layer; but in that there is a thin prismatic, ara
gonitic layer. The prisms are apparently very distinct but on closer examination 
we see that there is a system of distinct, black lines running through the middle 
of the prisms while their boundaries are not very distinctly marked. The whole 
structure is much like that of the Mytilus mirabilis. Another recent Modiola has a 
very thin, calcitic layer, indistinctly prismatic with horizontal, radiating prisms and 
the axes nearly orientated in the same direction ; a prismatic aragonite here forms 
the under side of the shell. M. elegans (London Clay) has no prismatic, aragonitic 
layer; the calcitic layer is perfectly homogeneous. Septifer Cottar (Senonian and 
Danian) only possesses the calcitic layer which is indistinctly prismatic with hori
zontal prisms and horizontal axes, whereas M. laeuis (Liassic) has a perfectly homo
geneous calcite.

Lithodomus lingualis (Carboniferous) has a calcitic, prismatic layer with hori
zontal, radiating prisms and the axes orientated in the same manner.

2. The genera Congeria and Dreissensia differ from all other newer Anisomyaria 
examined by having no calcite in the shells; from the other Mytilidae they differ by 
the aragonite not being nacreous but possessing a crossed lamellar structure with 
the lamellae arranged, as commonly, in the concentrical direction. The aspect of 
the lamellae, as seen in a section parallel to the surface, is a typical rhomboidal; 
as seen in radial sections they are curved and reclined, and in both respects they 
show great similarity to the bivalves of the next section.

An entire contrast to the above-named, recent forms is a Dreissensia tippana 
from the Senonian Ripley formation, the shell of which is nacreous throughout; 
there is no trace left of any calcitic layer.

35
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As will have been seen from the foregoing, there is very much variation in 
the structure of the shells of the Anisomyaria, the most common feature being 
the existence of two layers, an upper, calcitic and an under, aragonitic one, but 
both of them are very variable from one family to an other, and there is no visible 
correlation between them, all possible combinations being found. This will be clearly 
evident from the following table giving the typical structures for each family and 
omitting some more exceptional forms. For the sake of clearness I have divided 
the Anisomyaria in to the older and the newer forms, the first group comprising 
the Paleozoic and older Mesozoic ones and the second the younger Mesozoic and 
the Kainozoic ones.

Table of the Anisomyaria.

Family
Older forms Newer forms

calcite calcite aragonite

Aviculidae, main part... Í prismatic or no re-)
1 guiar structure /

prismatic nacreous

» (Aucella-Avi-
cu/u-group) . . crossed lamellar none

Ambony chiidae............... no regular structure
Pimiidae....................... prismatic prismatic nacreous
Pernidae ............................ prismatic nacreous
Limidae..................... homogeneous / crossed lamellar

1 + prismatic
Vulsellidae................... prismatic nacreous
Pectinidae......................... prismatic /irregularly foliated prismatic(+an under

lor zigzag lamellate d calcitic layer)
Spondylidae..................... irregularly foliated 1 crossed lamellar

1 + prismatic
Anomiidae .. . irregularly foliated 

I irregularly foliated ]
none

Ostreidae............... < (rarely crossed > none

Myalinidae........................ 1 prismatic or no re- 
) guiar structure

lamellar)

Modiolopsidae................... no regular structure
i homogeneous | nacreous

or n. 4- prismaticMytilidae, main part . . prismatic K or indistinctly pris-
matic

» ( Congcria-
Dreissensia). none crossed lamellar

Although the material from the older formations, which I have had at my 
disposal, is, in most instances, rather scanty, it will be obvious, however, that 
there is a great difference between the older and the newer forms both because 
the older forms only in some instances possess a regular structure and the only
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regular structure found is the prismatic one, even in such families in which the newer 
forms have other structures. It would seem, of course, that the prismatic arrange
ment is the most primitive, which was only what might be expected at the outset. As 
to those instances where no regular structure is found, it is very difficult to say 
anything certain about the original state of the shell. There are three possibilities: 
1) The shell originally consisted of aragonite; it is most probable, then, that the 
structure may be exceedingly irregular, often with very large individuals. 2) The 
shell originally consisted of calcite the structure of which has been lost; at the out
set we should find it rather improbable that such an alteration could take place, 
especially wenn we see other groups of animals, the shells of which are almost al
ways preserved in their original state, e. g. the brachiopods, the trilobites and the 
Palaeozoic corals. We cannot, however, deny this possibility in some instances if 
we find one species as e. g. Pterinea retroflexa, the shells of which have sometimes 
a regular prismatic layer while it is not possible to find any such in many other 
specimens. We must assume, then, that the prisms have been dissolved whereupon 
the cavity has been filled up by a new calcitic mass, or that the prisms have fallen 
from each other and then given rise to the formation of crystals of calcite. 3) The 
irregular structure may be the original, calcitic one. To be sure, we know no in
stance of irregular calcite in any bivalve shell, but some of the gastropods possess 
such a structure; in that case, however, it is never quite irregular but there is a 
certain conformity in the behaviour of the single individuals as to size, transpa
rency a. o. properties, as there is also generally some uniformity as to the form of 
the individuals. In many instances it may be difficult to say if we have an irregular 
structure or an indistinct prismatic one. As stated above, it is most probable that 
some of the older Aviculae possess such a structure.

2. Order. Homomyaria.
The shells of the bivalves belonging to this order are in most respects different 

from those of the former one. Calcite is very rare, being found only in some of the 
families with very thick shells, especially the Rudistae. The typical structure of the 
aragonite is the crossed lamellar structure of the form characteristic of the bivalves. 
The lamellae of the 1st order are, with very few exceptions, only concentrically ar
ranged ; if seen in radial cross sections they are almost always very irregular, be
coming thinner or ramified, and often obliquely placed or curved. If seen in sections 
parallel to the surface they are generally not bounded by parallel lines, as in the 
gastropods, but form a characteristic rhomboidal network. In concentrical sections 
we see the lamellae of the 2nd order forming a system of fine oblique lines crossing 
each other at nearly the same angle as in the gastropods. The lamellae of the 1st 
order are generally very fine and it requires a good magnifying lens to detect them 
upon fracture faces of the shell.

Although the crossed lamellar structure is the most typical one, it is in many 
families combined with other structures and in other families it is entirely miss
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ing. On the other forms of aragonite found in this order few general remarks can 
be made, as there is rather a large range of variability; the nacreous structure, so 
common among the Anisomyaria, is rather rare here.

As there is no distinct difference between the shells of the three main groups 
of the Homomyaria, viz. the Desmodonta, the Heterodonta and the Taxodonta, we 
shall treat them together in the following.

Nuculidae.
The shells of this family must be divided into three groups which have very 

little to do with each other; the genus Nucula has representatives in all groups, 
whereas other recent genera examined all belong to the third group.

1. The lower part of the shell consists of a generally rather thick nacreous layer 
while the upper part has a structure which may be designated as composite pris
matic; each of the radiating ledges which are characteristic of most of the forms 
in question forms a prism of the 1st order which is composed of very thin prisms of 
2nd order arranged in a feathery manner, the feathers diverging in the distal direc
tion. The extinction of the smaller prisms is rather irregular, most of the optic axes 
are, however, parallel to the axes of the prisms. Most of the newer Nuculae exa
mined, the recent N. nitida (pl. II, fig. 5) and nucleus, the Tertiary N. Mayeri (Mio
cene) N. Greppini (Oligocène) and N. similis (Eocene) (pl. II, fig. 6) belong to this 
group. Among the Mesozoic forms I have only found this structure in N. pectinata 
(Gault).

2. Nucula trígona (Eocene) has no nacreous layer; the whole shell is built up 
of very fine crossed lamellae, curved and reclined.

3. There is no nacreous layer; the shell is homogeneous or very indistinctly 
prismatic. The axes are vertical on the under side of the shell but upwards they 
are curved and reclined. In the upper part the homogeneous structure is more indi
stinct and passes gradually into the very finely grained. Yoldia arctica (recent), Leda 
pernula (recent) and L. Deshayesiana (Oligocène) belong to this group. The last named 
form has the axes more turned round than is usual, in such a manner that they are 
horizontal a little under the surface, and at the surface inclined. The oldest Nuculae 
with the shells preserved, N. Hammeri (Middle Jurassic) and N. lineata (alpine Tri
assic), belong to this group. The state of preservation of this form, which is among 
the oldest of all aragonitic shells preserved, is peculiar. Some parts of the shell are 
seemingly absolutely preserved and quite solid, not earthy like many of the other 
aragonitic shells from the Tertiary and Mesozoic formations, whereas other parts 
are transformed into irregularly grained calcite. All other Mesozoic Nuculidae and, of 
course, all Paleozoic forms examined have been totally transformed into calcite.

Judging by the genus Nucula the structure of group 3 must be the most pri
mitive; from that the crossed lamellar structure may have been developed by a 
more gradual transition while the structure of group 1 seems to bear no closer 
relation to the other two.
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Arcidae.
The members of this family are very much alike, the greater part of the shells 

being built up of crossed lamellae, as is usual in the concentrical direction; the la
mellae are markedly curved and reclined in the upper part of the shell and in some 
instances almost horizontal. Otherwise they are much more regular than in most other 
bivalves and their aspect in sections parallel to the surface is almost as in the gastro
pods. Only in the proximal part of the shell there are, on the under side, other struc
tures, as a thin, dependent prismatic layer and a layer of a very irregular structure, 
coarsely prismatic with a very complicated optical orientation. Among the forms exa
mined there are representatives of the genera Area, Pectunculus, Limopsis and Cucullaea.

The genus Area was described by Bournon (p. 326) who points out the analogy of their 
shells to those of Strombus; Schmidt (p. 173) equally compares the shells of Area with those 
of the gastropods, his photograph only shows the lamellar structure in the middle part of 
the shell while I have always found it extending to the upper surface. It must be remem
bered, however, that the lamellae in the upper part have another direction and are not distinctly 
visible if the section is not placed in the radial direction. The shell of Pectunculus is described 
by Rose (p. 97) as “faserig”; the description given by him of the directions of the threads is 
not easily understood. Cayeux gives a very good photograph of the shell of Pectunculus (his 
pl. 51, fig. 4); his under layer (“couche lamelleuse, str. entrecroisée”) shows what I have described 
above as the irregular layer, whereas his upper layer (“Couche dite prismatique”) is the crossed 
lamellar layer.

Nayadidae.
The shells of Unio, Anodonta and Margaritona are constructed in a very regular 

manner. Uppermost there is a generally rather thin prismatic layer with regularly 
formed prisms; each prism is optically perfectly homogeneous with feathery and down
ward diverging axes (as shown in fig. 1, a). The thicker under layer is nacreous.

Because of the regular structure the shells of this family have been described by many 
previous authors; Carpenter (1847 p. 97) gives the main features of the shell. Rose (p. 83) 
erroneously determines the prismatic layer as being calcitic. Biedermann (p. 8—71) gives very 
detailed descriptions of the development, structure and optics of the shells in question, 
to which the reader is referred; his conclusion that the single prism “gewissermassen auf
gefasst werden kann als eine Säule aus übereinandergeschickteten scheibenförmigen Sphäro- 
krystallen” cannot, however, be considered as correct and shows that he has only observed 
the prisms in sections parallel to the surface. Römer (p. 439—468) has also investigated the 
structure of the shells in question very thoroughly ; he shows that the explanation of Bieder
mann cannot be correct, but on the other hand he gives an explanation which, according to my 
observations, is also incorrect, viz. that each prism should represent a part of a large spherocry- 
stal (his textfigs. 2 and 3). The existence of the feathery structure is inferred from the fact that 
the prism, in a parallel position, in polarized light shows a black line of equal thickness 
through the whole length while in an oblique position the black line moves to one side but 
retains its orientation parallel to the axes of the prism, whereas a spherocrystalline structure 
would produce a black line thinner at the end turned towards the centre while, if the pre
paration were turned, it would take an oblique position. It is also uncorrect when Römer 
concludes that there may be a gradual transition from the prism of Anodonta to that of a 
Pinna. Besides the fact that the one is aragonitic, the other calcitic, there is the great 



278 48

difference that the Anodonta prism has the structure which is here called homogeneous, while 
the Pinna prism consists of a single crystal individual. Karny (p. 240—259) gives an explana
tion, in all essentials correct, of the structure of the prisms in question. In his fig. 18 we 
must, however, imagine that the upper end of the prism is turned downwards as the figure 
would otherwise show the elements diverging upwards, which is not the case for the prisms 
of that family. Schmidt (p. 152 if.) gives very good descriptions and figures of the optics of 
the shells in question but curiously enough he arrives at the same result as that obtained by 
Biedermann that the prisms are segments of spherocrystals. Also Tullberg (p. 34) gives a 
description with figures of the shell of Margaritona.

Trigoniidae.
The shells of the Trigoniidae in certain respects much resemble those of the 

foregoing, possessing an upper prismatic layer and a lower nacreous one. The prisms 
are for the most part strongly reclined and their form is very irregular; some of 
them are extinguished simultaneously in all their parts, while others have a rather 
indistinct feathery structure with upward diverging axes. The nacreous layer, which 
constitutes the greater part of the shell, is very regular downwards, and possesses 
a prominent lustre; in its upper part it is rather impure with an indistinct prismatic 
structure which makes the lustre much weaker and interrupted; it may be traced, 
however, up to the first-mentioned prismatic layer. The nacreous lamellae, which 
are quite horizontal in the lower part, get gradually strongly inclined upwards. Be
sides a recent Trigonia I have examined T. Bronni and T. navis (Jurassic) which are 
both rather well preserved, whereas all other older Trigoniae examined are altered 
into grained calcite.

Carpenter (1847, p. 101) describes both the upper cellular (prismatic) layer and the 
lower, nacreous one of Trigonia.

Astartidae.
The shells are rather uniform, possessing an upper crossed lamellar and an 

under, prismatic layer (pl. Ill, fig. 1). The crossed lamellar layer, forming the greater 
part of the shell, has, as is usual, the lamellae placed in the concentrical direction; 
they are very fine and, especially in the under part, sometimes become gradually 
quite invisible, passing into a homogeneous layer. Typically the lamellae are vertical 
in the lower part but passing upwards get gradually more reclined, becoming, some
times, quite horizontal; in many instances the whole upper part of the layer is very 
irregularly constructed.The lamellae, when seen in a section parallel to the surface, mostly 
show the typical bivalve structure, although somewhat more straight-lined than in most 
bivalves, forming in this manner a transition from the Arcidae to the following families.

The under, prismatic layer is mostly confined to a smaller part of the shell 
next to the hinge; it is generally rather thin. The prisms behave somewhat diffe
rently in the different genera. In Astarte and Nicania each prism consists of one 
individual; the form of the prisms is rather irregular, their extinction for the most 
part very regular with the optic axes parallel to the prism axes. In Cordita and 
Venericardia the prisms are of a more complex nature.
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Forms examined are Astarte borealis, A. semisulcata, A. compressa and A. elliptica 
(all recent), A. Reimersi (Miocene) and A. porrecta (Jurassic); Nicania Banksi (recent). 
Furthermore Cardila borealis (recent), C. Jouanneti (Miocene), C. tenuicosta (Gault) 
and Venericardia imbricata (recent).

Astarte borealis was described by Ehrenbaum (p. 18) who linds two substances which 
are quite distinct although the difference between them is said to consist only in a slight 
variation in colour. Both layers are said to consist of lamellae, and lhe prismatic layer is 
not mentioned. Cayeux in his pl. 50 gives two excellent figures of lhe shell of Cardila; fig. 2 
(“couche prismatique”) shows the typical bivalve mode of orientation of the crossed lamellae 
when seen in a section parallel to the surface, while fig. 5 (“couche lamelleuse”) shows the 
prismatic layer interrupted by lines of growth.

Crassatellidae.
The Crassatellidae much resemble the members of the foregoing family, the shells 

being built up of concentrical, crossed lamellae; there is, however, no under, prismatic 
layer. The lamels are very line and strongly curved in such a manner that down
wards they are nearly vertical and upwards gradually reclined and, in a certain layer, 
almost horizontal, whereupon, in the uppermost layer, they get almost vertical. Down
wards the lamels get gradually more and more indistinct, passing into an almost 
homogeneous layer which is also for the most part strongly lamellar because of 
the succession of former inner surfaces of the shell. As examples of Crassatella I 
have used C. dioaricata (recent), C. túmida and C. lamellosa (Eocene).

Megalodontidae.
Of this family I have found no members with the shells preserved other than 

Megalodon pumilus and Durga crassa (both from the Jurassic). They are very much 
alike and show a very peculiar structure. The shell consists of two layers, an upper, 
homogeneous or very indistinctly prismatic one with vertical axes, and a lowrer 
one constituting the greater part of the shell, of the complex type with many alter
nating layers of two kinds (pl. Ill, fig. 2). The one is prismatic with rather irregularly 
formed prisms and with the optic axes in the Durga almost vertical, while in the 
Megalodon they are somewhat more divergent; the other is of that very complicated 
kind which may be designated as complex crossed lamellar, showing the crossing 
lines in both kinds of transverse sections.

Isocardiidae.
There is no little similarity between the shells of this family and those of 

the former. There is an upper layer with a homogeneous structure which, how
ever, in the greater part is finely grained. Under that layer the greater part of 
the shell consists of many layers of a complex crossed lamellar structure between 
which there may be exceedingly thin layers with a finely prismatic structure. This is 
the structure of the Tertiary species Isocardia Forchhammeri (pl. Ill, fig. 3) (Miocene),

D. K. D. Vidensk. Selsk. Skr., naturv. og ma them. Afd.,9. Række, 11,2. 36 
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whereas I. cor (recent) is in so far different as the lower layer, which is also much 
thinner than the upper one, is less complicated and encloses no prismatic layers.

Chamidae.
In the species of Chama examined there is no calcite; the shell consists of 

two layers, of which the upper one is crossed lamellar with concentrical lamellae 
(pl. Ill, fig. 4). The lamellae are rather coarse and downwards rather regular, almost 
vertical or somewhat reclined, whereas, in the upper part of the shell, they are 
strongly reclined or quite horizontal, the whole structure being very irregular here. 
The lower part of the shell is somewhat similar to that of the foregoing families 
with an alternation of prismatic and complex crossed lamellar structures. The distri
bution of these two elements is, however, very peculiar, as they do not form regu
larly alternating layers but are more or less irregularly mixed together. In a C. sp. 
(recent) we find irregularly bounded crossed lamellar spots distributed in the pris
matic layer (pl. Ill, fig. 5) whereas in the Eocene forms, C. rustica, C. lamellosa and 
C. ponderosa the distribution of the twro elements is somewhat more regular.

Carpenter (1847, p. 100) gives a description of the shell of a Chama to which he ascribes 
a cellular structure; his drawing, which gives a rather good picture of the lamellar layer (c) 
and the prismatic one (a) as seen in a section parallel to the surface, he explains as showing 
the cells cut in different directions. Cayeux (p. 480, pl. 50) gives a photograph of a concentrical 
section showing, in all probability, the irregular upper part of the shell.

In the other genera of this family I have found no aragonite preserved but 
there are, in some instances, distinct signs of its former existence. On the other hand 
there is, in almost all of them, a calcitic layer, the structure of which is prismatic 
although very variable. In Requienia ammonia (Neocomian) there is a regular, pris
matic layer with coarse (up to 1/2 mm. thick) prisms which are vertical with very 
regular, vertical optic axes. Similarly in Caprotina texana (Cretaceous) and in Diceras 
arietinum (Upper Jurassic), whereas in D. Luci (Tithonian) there are two calcitic 
layers, a lower one consisting of very coarse, horizontal, radiating prisms with 
the optic axes mostly parallel to the axes of the prisms, and an upper one con
sisting of finer prisms which are reclined and strongly curved in such a manner 
that they are nearly horizontal downwards, and upwards increasingly vertical. The 
optic axes are also reclined but not curved so that each prism obtains in one place 
a parallel extinction and in all other places an oblique one. Gyropleura Münsteri 
(Senonian) possesses the most peculiar structure; it is true that large parts of the 
shell are rather irregularly built, but sometimes there are, over rather large areas, 
only two individuals, a lower and an upper one, sending acute triangular indenta
tions into each other. The direction of these indentations is reclined, and the optic 
axes of both individuals are also reclined but in different degree.

In the handbooks of Zittel a. o. it is commonly stated that the shells of the Chamidae 
consist of a prismatic and a porcellaneous layer; as to the Chama itself this statement is not 
correct as the crossed lamellar structure is the most typical for what is commonly called 
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porcellaneous. The other genera may possess the two said layers but I have not succeeded 
in finding any of them with the aragonite preserved and in the literature there is no direct 
statement to that effect.

Caprinidae.
The material which I have had at my disposal of this family is too small 

to draw any certain conclusions about the structure. Only in Plagioptychus Partschii 
(Cenomanian) I have found an original calcite forming a thin layer of rather irregular 
prisms with rather irregular extinction, while the thick, lower part of the shell consists 
of irregularly grained calcite suggesting the former existence of aragonite. In C. adversa 
and C. quadritesselata (both Cenomanian) I have found no regular structure at all.

In the handbooks of Zittel the shells are described as consisting of a prismatic layer 
and a porcellaneous one between which there is a porous or cellular layer. It is most prob
able that both the last-named layers consist, or have consisted of aragonite.

Rudistae.
The shells of the Rudistae consisl of two layers, an outer, generally very thick, 

calcitic, one, and an inner, relatively thin, aragonitic one. It is true that I have in 
no instance found the aragonite preserved, but in the best specimens at disposal it 
is altered to a loose, chalklike substance, and in others to an irregularly grained 
calcite. Its former existence cannot, however, be doubted both in the inner layer 
of the shell and also in the inner tabulae of the Hippurites.

The calcitic part of the shell behaves in two, quite different manners. In most 
of the genera Sphaerulites, Radiolites and Biradiolites it possesses a peculiar cellular 
structure whereas in all species of Hippurites and in some of the other genera it 
possesses a compact prismatic structure of a more common kind. As most of the 
labels in the Museum of Copenhagen are of rather old dale, it may be possible 
that the genus is not correctly determined, and it may be that the compact struc
ture will really include all members of the genus Hippurites and the cellular one 
all the other genera mentioned.

An examination of the cellular shells shows that the cells are bounded by two 
essentially differently constructed elements. The one of them, which we will call 
the tabulae, possesses a prismatic structure with the prisms placed normally to the 
plate, while the others, which we will call the walls of the cells and which are 
orientated, in one or two dimensions, normally to the tabulae, likewise possess a 
prismatic structure but with the prisms, which form only one layer, orientated 
parallel to the walls and normally to the tabulae, all prisms, in that manner, being 
turned in the same direction throughout the whole shell.

The orientation of the tabulae is in many instances that which is, in other 
shells, called the concentrical one, normal to the cylinder axis of the animal, but 
in other instances it may be parallel to the surface (as in many members of the 
genus Biradiolites) or take an oblique position between both. In the typical Sphaeru
lites they extend into the protruding leaves and are orientated parallel to their surface.

36*
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The tabulae consist of an exceedingly thin, intransparent layer on the one 
side of which is found the above-mentioned prismatic layer (best visible in pl. IV, 
figs. 1 and 6) which is generally very irregular and with a very irregular extinction. 
In many instances (Biradiolites cornu pastoris (pl. IV, fig. 1), B. speciosus, B. angulosus, 
Rcidiolites radiosus (pl. IV, figs. 2 and 3), R. triangularis, R. suecicus, Sphaerulites 
uentricosus, S. Beaumonti, S. cylindricus (pl. IV, fig. 4) the prismatic layer is very 
thin (up to 0.02 mm. thick), while in others (Biradiolites pseudo-Mauldei, B. foliace- 
alaeformis (pl. IV, fig. 5), B. canaliculatus, B. pseudo-cornu-pastoris (pl. IV, fig. 6), 
Sphaerolites calceoloides it is essentially thicker and consists of coarser prisms. Gene
rally the whole layer is, then, regularly arched, being thicker near the attachments 
of the cell walls than elsewhere.

The cell walls are more uniform than the tabulae, their thickness varying 
about 0.05 mm. As stated above, they consist of one layer of prisms (faintly visible 
in pl. IV, fig. 2) the extinction of which is generally rather irregular. While all the 
walls have a position normal to the tabulae, their form is very variable. In most 
instances (most of the above named species) they all form plane lamellae radiating 
from the axis of the animal (pl. IV, fig. 4, and pl. V, fig. 1), while in other in
stances (Radiolites radiosus, R. triangularis, Biradiolites angulosus) the main direction 
of the walls is the same, whereas, in certain parts of the shell, they get much 
more irregular, anastomosing and in this manner forming a real network. In other 
forms (Biradiolites cornu pastoris (pl. Ill, fig. 6), Sphaerulites uentricosus) the walls 
seem to form a perfect network throughout.

The dimensions of the cells are very variable among the different species and 
also in different parts of the same shell. The figures will give the best information 
on this point. Also in other respects there is much variation in the structure of 
the shells, and we shall possibly find sections of some of the named species which 
differ in some respect or other from the scheme given above. Notably we shall 
observe, sometimes, that large parts of the shell possess a compact prismatic struc
ture (pl. IV, fig. 5), the exact extension of which it has not, however, been possible 
to ascertain. We may imagine that such parts have formed a skeleton in the main 
part of the shell which must have been very light and fragile at the time when the 
cells were not, as now, filled up by later formed calcite.

The other group of the Rudistae seems to have its shells consisting totally 
of compact prismatic calcite although it will be difficult to prove this with certainty 
if we do not make sections of all parts of the shell. Most typically (Hippurites 
bioculatus, H. cylindraceus, H. sulcatus, H. canaliculatus, H. turgidus, H. organisons) 
(pl. V, fig. 2) the prisms are fine (ca. 0.02 mm. thick) and possess a very regular 
extinction. Generally they are orientated nearly normally to the surface of the shell or 
in a more oblique direction, but in many instances they run rather irregularly. A 
section parallel to the surface often shows a feathery arrangement, much resembling 
that of some Nuculae. H. cornu vaccinum also has a prismatic structure but the prisms 
are very coarse (up to 0.5 mm. thick) and regularly placed normally to the surface.
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In some Rudistae (Radiolites lumbricalis, Sphaerulites dilatatus, S. speciosus) I have 
not succeeded in finding any regular structure; some parts of the shell possess a 
rather coarse and mostly very irregular prismatic structure and I have found no 
distinct cellular structure in these forms.

Zittel in his various handbooks mentions two layers of the Rudistae without stating 
anything about the existence of aragonite in the inner layer; in his older editions (e. g. the 
English one of 1900) this layer is said to be “cellular-crystalline” in the “Radiolitidaé” and 
“lacunary and prismatic” in the “Hippuritidae”, while in the newer editions it is said to be 
“porcellaneous and consisting of closely lying, parallel leaves”. As stated, above I have found 
no primary structure in the inner layer. In all editions of the handbook Zittel gives a draw
ing of the cellular structure of the Radiolites which seems to represent one of the forms with 
the most perfect network as Biradiolites cornu pastoris and Sphaerulites ventricosus. The remark 
of Zittel that the tabulae, together with the upper margin, often bear impressions of radial 
vessels, seems to indicate, on the other hand, that he has observed the common type and that 
the impressions referred to are the traces of the radial cell walls. Cayeux describes the Rudistae 
under the heading “structure cellulo-prismatique” without remarking that all the elements 
of the cells possess a real prismatic structure which is the only one building up the calcitic 
part of all members of this family.

Erycinidae.
The shell of Erycina sp. (Eocene) consists of two layers the upper one of 

which is, in radial sections, very similar to that of some Nuculae, being finely pris
matic with a feathery arrangement. There is, however, the difference that the axes 
are, in many places, nearly normal to the prisms and to the surface of the shell. 
The lower layer is crossed lamellar with concentrical lamellae. Of the other members 
of the family I have examined Kellia sp. and Lasaea rosea (both recent); because 
of the smallness of the shells it is very difficult to state the structure with certainty 
but it seems that they are built up throughout of crossed lamellae.

Tancrediidae.
The shells of Tancredia axiniformis and T. Jarneri (both from the Jurassic) 

consist of a perfectly homogeneous aragonite with normal extinction.

Lucinidae.
Of this family I have examined Lucina borealis a. o. recent Lucinae, L. órnala 

and L. incrassata (Miocene), L. concéntrica (Eocene) and Corbis lamellosa (Eocene). 
The shell always consists of three layers and of these the upper one is prismatic 
with lying, radiating prisms; there is, however, much variation between the different 
forms, the prisms being sometimes strongly reclined and having sometimes a feathery 
arrangement (pl. V, fig. 3) and diverging towards the margin in the same manner as 
in some Nuculae. In sections parallel to the surface they sometimes show the same 
feathery arrangement and sometimes they are more regular and parallel. The prisms 
are mostly rather fine but sometimes they get much coarser and there may be, in that 
respect, great variations in the same shell. Equally the extinction is very variable; 
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usually it is parallel to the direction of the prisms but it may be the opposite, 
normal to the prism, or more or less irregular. In some forms we find a peculiar 
variation between different parts of the prisms as they have in some places a pa
rallel and in others a normal extinction.

The middle layer always consists of crossed lamellae, concentrically arranged 
(pl. V, fig. 3). There is some variation as to the coarseness and distinctness of the 
lamellae but in the main they are rather uniform. In radial cross sections they are 
generally very regular, in sections parallel to the surface they show the arrangement 
typical of the bivalves (pl. V, fig. 4).

The lower layer is the most variable, being in some instances regularly pris
matic (Lucina concéntrica and L. borealis) and in others complex crossed lamellar 
as seen, in a horizontal section, in pl. V, fig. 5 (L. ornata, L. incrassata and Corbis 
lamellosa). In such instances, however, there may sometimes occur thin prismatic 
layers interrupting the lamellar ones. The prisms have the properties common to 
most aragonitic prisms of the bivalves; when seen in sections parallel to the prism 
axes (cross sections of the shell), they look very regular with parallel extinction, 
whereas in cross sections they are very irregularly formed. Sometimes their extinc
tions seem to be parallel to those of the overlying, crossed lamellar layer.

Conocardiidae.
Conocardium pygmaeum (Silurian) certainly possesses two layers in the shell, 

an upper, calcitic one, and a lower one originally aragonitic which is always 
altered into irregularly grained calcite. The calcitic layer has a prismatic structure 
with the very fine prisms lying in a radiating direction, but the structure is in most 
respects very complicated. All others species of C. examined (e. g. C. bohemiana, 
C. artifex) only consist of irregular calcite.

Prœcardiidae.
All members of this family examined (e. g. different species of Cardiola, Dalila 

and Dualina) have the shells entirely altered, and there is no doubt that they con
sisted originally of aragonite, the primary structure of which is quite obliterated.

Cardiidae.
The Cardinm shells are apparently all constructed after the same scheme and 

I have examined only a few species, C. edule and echinatum (recent) (pl. V, fig. 6), 
C. girondicum and C. Partchi (Miocene) and C. porulosum (Eocene). The radial cross 
sections very much resemble those of Lucina but on closer inspection it seen that 
the upper, apparently feathery, prismatic layer only forms a continuation of the 
crossed lamellar one and consists throughout of crossed lamellae. Their orientation 
is exceedingly complicated and it would seem that, in the ledges, near the surface, 
they possess a radiating direction.

The middle part of the shell is, as is usual, crossed lamellar with concen
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trical lamellae; downwards these are vertically placed and rather regular hut upwards 
they are turned sharply towards the proximal side and often get very complicated 
and irregular.

The lower layer is of the same nature as in many other bivalves i. e. com
plex crossed lamellar, alternating, in some instances with thin prismatic layers. In 
sections parallel to the surface this layer generally shows a spherolitic structure 
as shown in pl. V, fig. 7.

Ehrenbaum (p. 19 if.) gives a very thorough description and good drawings of the Car
dinal shells to which the reader is referred. lie is the first to point out the common nature 
of the typical shell structure of the gastropods and the bivalves (the crossed lamellar struc
ture). Cayeux, in his pl. 49, fig. 4 og 5, gives two photographs of Cardium edu/e which give a 
good impression of the great variability of this species; the lower, lamellar, layer of Cayeux 
is probably only the lower part of the crossed lamellar layer and not what is above called 
the lower layer.

Tridacnidae.
The shell of a Tridacna sp. (recent) has an especially simple construction con

sisting only of one layer of crossed lamellae orientated concentrically. The lamellae 
are, as usual, almost vertical in the lower part and gradually strongly reclined 
upwards. They are rather coarse (ca. 0.05 mm.) and regular, the sections parallel to 
the surface of the shell showing only faint traces of the common rhomboidal figures.

De Bournon (p. 325) describes a “Camus gigantus” as consisting of two layers of which 
the upper one is lamellar while the lower one is “compact” and consists of several layers; 
it is possible that the species referred to, of which I have had no material at my disposal, 
has an under layer of the common, complex structure. Also Carpenter (1847, p. 100) mentions 
the shell of Tridacna but finds in it no organic structure but only one which he calls 
“corrugated” and which seems to be the lamellar structure as seen in a section parallel to 
the surface.

Cyrenidae.
As an example of this family I have examined the shell of the recent Cyrena 

sumatrana (pl. VI, fig. 4). It consists of two layers, an upper crossed lamellar one 
with rather fine, concentrical lamellae and, as usual, with the lamellae curved and 
reclined in the upper part. The lower layer is of the complex nature with alternating 
layers of the prismatic and the complex crossed lamellar kind.

Cyclas striatinum (recent) behaves essentially like this species. Its thin shells 
do not, however, permit of any exact survey. Furthermore the Oligocène form, Cyrena 
semistriata behaves in this way. In the other older forms examined the shells, how
ever, behave in a somewhat different manner as the lower layer forms a gradual 
continuation of the upper one; downwards the lamellae get more and more indi
stinct and the structure becomes almost perfectly homogeneous. There is no pos
sibility, then, of determining the more exact nature of it. The Eocene forms Cyclas 
deperdita, Cyrena obovata and C. Gravisii belong to this group. The C. convexa (Oli
gocène) forms a transition between the two groups, the lower part of the shell 
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being mostly homogeneous and interrupted by thin layers of the complex crossed 
lamellar substance.

Among the different Cyrenae from the Wealden I have not succeeded in finding 
any with the aragonite preserved.

Cyprinidae.
The members of this family examined by me fall into two groups. One of them 

shows a great similarity to the common type of the bivalves, the shells consisting 
of two layers, an upper one with crossed lamellae, as usually concentrically ar
ranged and curved and reclined, and a lower one of the complex crossed lamellar 
structure. Cypricardia velicata (recent), C. oblonga (Eocene) and Cyprina Morrisii 
(Eocene) belong to this group. The last named form has the lamellae in their upper 
part orientated in nearly the same manner as the Cardium.

The other group has the least visible structure among all bivalves, the whole 
shell being almost perfectly homogeneous with the axes in the lower part normal, 
and upwards somewhat reclined. There are such small traces of other structures that 
it is not possible to tell if this group has any connection with the first one. In Cyprina 
islándica (recent) the homogeneousness is obscured, however, by the existence through
out the whole mass of so many small grains that the extinction is in many places 
difficult to see; in the lower part of the shell, which is, perhaps, a representative 
of the common, complex structure, there are alternating layers of more transparent 
layers and finely grained ones. Most of the older Cyprinae examined are more per
fectly homogeneous and transparent, thus C. rotundata (Oligocène) and C. Syssollae 
and C. mosquensis (both upper Jurassic).

A description of the shell of Cyprina islándica is given by Sorby who says (p. 62): “In 
C. i. we have another extreme case, in which the fibres perpendicular to the plane of growth 
are so short as to appear like granules, though the optic axes are still definitely oriented in 
the normal manner”. 1 have not been able, however, to detect this structure. Ehrenbaum 
(p. 15 if.) gives detailed descriptions and good figures of the shell in question.

Veneridae.
The shells of the Veneridae consist of two layers of which the lower one is 

generally perfectly homogeneous. There may, in some instances, be some irregularities, 
mostly in the form of traces of the complex structure; this is, however, always very 
indistinct.

The upper layer is rather variable, and there is a rather Per^ect transition 
between the different types :

1. The layer in question consists of crossed lamellae of the common, concen
trical orientation; in radiating cross sections their orientation is almost normal to 
the surface of the shell. Downwards the lamellae pass gradually in to the homo
geneous part of the shell, becoming more and more indistinct. Lucinopsis undata 
and Petricola pholadiforinis (both recent) possess this structure.
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2. The structure is similar to the foregoing one but the lamellae, if seen in the 
radiating cross section, are only vertical downwards, and upwards more and more 
reclined, getting perfectly horizontal in the uppermost part of the shell. Venus texta 
(Eocene), Cytherea multilamella (Miocene).

3. Similar to the foregoing group, but the lamellae, which are first vertical and 
upwards more and more reclined to almost horizontal, are again reclined in the 
uppermost part. Cytherea incrassata (pl. VI, fig. 2) (Miocene), Venus obliqua (Eocene).

4. This and the two following groups are, in the radiating cross sections, very 
similar to each other, showing the elements arranged in a feathery manner and 
diverging towards the distal side of the shell. The lines of growth, which are 
always orientated normally to the elements, get, of course, the form of more or 
less regular semi-circles with the convexity turned towards the margin of the shell. 
But the elements themselves are not alike in the three groups. The shells here in 
question consist still throughout in the whole upper layer of crossed lamellae. 
Cytherea sp. (pl. VI, fig. 3) (recent), C. pedemontana (Miocene), C. semisulcata and 
C. laevigata (Eocene) belong to this group.

5. The structure is rather complicated; the lower part of the upper layer still 
consists of crossed lamellae which, as usual, gradually pass into the underlying, 
homogeneous mass, but the horizontal and the upper, inclined elements consist of 
prisms, radially orientated, each prism, when distinctly seen, possessing a homo
geneous structure with feathery arrangement of the crystal axes. Venus gallina (recent), 
V. plicata and V. concéntrica (Pliocene) belong to this group.

6. The shells of the genus Tapes, among which I have examined T. pullastra 
(pl. VI, figs. 1 and 5) and decussata (both recent) and T. gregaria (Miocene), gener
ally deviate from the common type of the bivalves; there is no trace left of any 
crossed lamellar structure, and the whole upper layer is built up of prisms in a 
feathery arrangement. There is rather a sharp boundary between the two layers. 
The prisms of the upper layer are, as in the former group, homogeneous with the 
axes arranged in a feathery manner and diverging towards the margin of the shell.

Donacidae.
The genus Donax, of which I have examined the three species D. vittatus (recent) 

and I), affinis and D. transversus (Miocene) have the shells constructed in a manner 
much like the 5th group of the foregoing family. Three layers may be distinguished 
(p. VI, fig. 7), the upper one with a feathery prismatic structure, just like that of 
the last group of the Veneridae, and under that a crossed lamellar layer which has 
a distinct boundary towards the upper layer but passes gradually in to the lower 
layer which is also homogeneous here. The upper layer is, however, rather com
plicated as there is, as also in some species of Venus, a system of internal radia
ting ledges, as seen in pl. VII, íig. 1, each ledge possessing a perfect feathery 
structure.

D. K. I). Vidensk. Selsk. Skr., naturv. og mathem. Afd.,9. Række, 11,2. 37
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Tellinidae.
The shells of this family behave somewhat differently; the recent forms exa

mined, Tellina baltica and calcaría, consist of two layers the upper of which is built 
up, in the common manner, of concentrical, crossed lamellae, (shown in a horizontal 
section in pl. VII, fig. 2), which, in the last named form, are rather coarse. The 
lower layer is of the complex type with alternating crossed lamellae and prismatic 
layers; here, too, the structure of T. calcaría is rather coarse. The crossed lamellae 
are seen in a horizontal section in pl. VII, fig. 3.

The shells of the Tertiary forms examined consist of three layers; the lowest 
layer is a homogeneous layer, which, however, in some places is replaced by a more 
complex structure. The middle layer consists of concentrical, crossed lamellae which 
downwards pass gradually into the homogeneous layer; the lamellae are strongly 
reclined. The upper layer, which is separated from the middle one by a sharp 
boundary, consists of radially arranged prisms which, in Tellina zonaria (Miocene) 
and T. ambigua (Eocene) are strongly reclined, forming, in radial cross sections, a 
continuation of the lamellae in the middle layer. In T. corneóla and Psammobia 
rudis (both Eocene) the structure is essentially the same but the prisms of the 
upper layer form, in radial cross sections, a feathery figure in the same manner 
as was found in the two foregoing families.

The only descriptions of the shell of Tellina which I have found, are by Ehrenbaum 
(p. 28) and by Carpenter (1847, p. 102); here two figures are given (16 and 17) which show 
the common appearance of the crossed lamellae.

Solenidae.
The shells of Solen, among which I have examined 5. ensis (recent), S. vagina 

(Miocene) and S. siliquaria (Eocene), consist of two layers the upper one of which 
is built up of concentrical, crossed lamellae which are very irregular, being some
times exceedingly fine, in other instances rather coarse. The lower layer is of the 
complex type. The shell of Solecurtus strigulatus (Pliocene) possesses the same two 
layers but has still a thin, uppermost layer of radial, strongly reclined prisms the 
extinction of which is abnormal as the crystallographical axes are orientated in the 
radial plane but normally to the direction of the prisms.

Carpenter (1847, p. 105) gives descriptions and drawings of the shells in question but 
neither are easily understood as the orientation in relation to the shell is not stated. The straight 
prisms shown in fig. 43 must represent the crossed lamellae, and the stellular forms of fig. 42 
are presumably a section parallel to the surface of the complex layer.

Scrobiculariidae.
The shells of this family examined by me have an upper layer of crossed 

lamellae in the common, concentrical orientation and a lower one which may be 
homogeneous or complex. Scrobicularia plana and Syndosmya (both recent) belong 
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to this type, whereas Syndosmya cfr. prismática (Miocene), besides the named layers, 
possesses an uppermost one of lying, radial prisms with a feathery arrangement 
and anomalous extinction, just like the last named member of the foregoing family.

The only description of these shells, which I have found, is by Ehrenbaum (p. 26 and 
27) who mentions that the upper layer is built up of “Blättersysteme”; in the lower layer 
he finds “stalaktitenähnlich geformte Einlagerungen oder secundare Hohlenausfüllungen”. It 
is true that the complex layer may, in some instances, show figures like stalactites but I do 
not think it probable that there have been secondary alterations in the quite recent shell; 
and at all events I think it quite impossible to prove that such alterations have taken place.

Mesodesmidae.
The shell of Mesodesma corneum (recent) has a structure which is quite uniqe 

among the bivalves and bears more resemblance to that common to the gastropods. 
While the upper layer is built up of the common, concentrical, crossed lamellae, the 
lower layer possesses the same lamellae in the radial direction. The whole appearance 
of the lamellae, however, is that common to the bivalves and does not show the 
regularity which is so characteristic of the gastropods.

The shells of Ervilia pasilla and podolica (both Miocene) are of the more com
mon type; the under layer is homogeneous, and the lipper one consists of concen
trical, crossed lamels. The last named form (pl. VII, fig. 5) possesses an uppermost 
layer of strongly reclined or almost horizontal, radial prisms.

Mactridae.
The shells of this family are very differently constructed, and their only com

mon feature is the crossed lamellar, concentrical layer. This is, however, in many 
instances rather irregular.

In some species of Mactra, as M. solida (Pliocene) and M. subtruncata (recent), 
the whole shell consists of this layer, while in M. laevis (recent) the structure is 
essentially the same but with very large irregularities, for while the lamellae in the 
upper and the lower part of the shell are concentrically arranged, they are, in some 
instances, turned round in the middle part of the shell, so as to obtain an al
most radial direction.

The shell of M. semisulcata (Eocene) is, in the upper part, built up of the 
concentrical lamellae, while in the lower part it is mostly perfectly homogeneous. 
The shell of M. glabra (Eocene) has, between the same two layers, a thin prismatic 
layer, while in M. elliptica (Pliocene) the upper layer consists of crossed lamellæ and 
the lower one is of the complex kind.

The shells of Lutraria seem to be more complicated; in L. elliptica (recent) the 
uppermost layer is very irregularly prismatic with vertical prisms; under that we 
have the crossed lamellæ which are both upwards and downwards concentrically 
arranged but in the middle part turned round to a perfectly radial position. In the 
shell of L. sp. (Pilocene) we have upmost the prismatic layer under which there is 

37* 
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the crossed lamellar, concentrical layer, and under that we have a complex layer 
showing in sections parallel to the surface fine spherolitic figures (pl. VIII, fig. 4).

Carpenter (1847, p. 103) describes the shell of Mactra stultorum and gives a figure of 
its upper layer which seems to indicate the existence in that form of a prismatic layer of 
which there are in other forms only small traces. His figure (19) of Lutraria elliptica shows 
the common appearance of the crossed lamellæ as seen in sections parallel to the surface. 
Here as otherwise Carpenter describes this structure as consisting of fusiform cells cut 
obliquely.

Vlastidae.
The shells belonging to this old family have, of course, no aragonite pre

served. The shell of Vlasta pulchra (Silurian) consists throughout of irregularly grained 
calcite from which we may conclude that it originally consisted of aragonite.

Grammysiidae.
This family behaves like the foregoing; in one instance, Grammysia exarata 

from Gothland, I found the shells totally altered into grained calcite.

Solenomyidae.
'fhe shell of Solenomya is built up in a very peculiar manner. It is traversed 

by vertical walls of some organic substance; these walls lie very close upwards, 
and downwards their distance is larger and they more and more often interrupted, 
until, in the undermost part of the shell, they entirely disappear. The shell substance 
between the walls is mostly of a homogeneous nature, having the elements arran
ged in a feathery manner. In the undermost part it is perfectly homogeneous or 
indistinctly prismatic. In a recent S. sp. (pl. VII, fig. 6) the walls form more or less 
regular cells which may be polygonal or elongated in the radial direction, while in 
the Oligocène form S. Döderleini they are almost perfectly straigthlined and radial.

A description of Solenomya australis has been given by Carpenter (1847, p. 106); ttie 
shell is more or less distinctly prismatic.

Pleuromyidae.
Of this family I have found only a few members with the aragonite preserved, 

and as the state of preservation is not very good, the structure is rather indistinct. 
Pleuromya jurassi from the Callovian has mostly a complex structure of the shell, 
showing distinct spherolitic figures in sections parallel to the surface; in some places, 
however, there are traces of a crossed lamellar structure with the lamellae orien
tated sometimes radially and sometimes concentrically. Gresslya Seebachi (Liassic) 
and G. Alduini (upper Jurassic) have partly a homogeneous and partly a very fine 
and irregular prismatic structure.
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Panopaeidae.
The recent members of this family examined by me (Panopaea norvegica, Saxicava 

árctico) have their shells constructed in a very similar manner which is, at the same 
time, rather simple. The upper layer is homogeneous, in its upper part it contains 
innumerable small grains of all possible orientations, the under part shows a faint 
and indistinct, fine prismatic structure. The lower layer is coarsely and generally 
irregularly prismatic.

The Oligocène forms, Panopaea Meynardi and Héberti, stand a little apart, 
having a more complex structure; the last named form has a lower layer of very 
irregular and indistinct, crossed lamellæ.

The shell of Arcomya elongata (Liassic) has a lower layer of a nacreous 
substance; the state of preservation does not permit examination of the upper layer.

Pholadomgidae.
The shells of Pholadomya are very differently constructed. P. cuneata from the 

Thanet sands has a very complicated structure which must, however, in most in
stances he designated as complex crossed lamellar; in sections parallel to the surface 
we see fine spherolitic forms.

Other members of the family, as P. decorata (Liassic), P. margaritacea from 
the London Clay, and P. Pnschi (Oligocène) have a nacreous structure which extends 
almost throughout the whole shell; only in a thin upper layer there is a more com
plicated structure.

Anatinidae.
The shells of Anatina sp. and of Pandora inaequivaluis (both recent) mainly 

consist of a nacreous substance possessing, however, both upper and lower layers 
of a fine prismatic structure. The shells of Thracia papyracea and T. villosiuscula 
(both recent) and of T. ventricosa (Miocene) only possess the nacreous substance 
in a small part of the shell next to the hinge; otherwise they are irregularly pris
matic or complex crossed lamellar.

A. Kelly (p. 52) states that the shell of Pandorina consists of a nacreous substance with 
an upper layer of fine prisms which she has proved to consist of conchite (aragonite). Car
penter (1844, p. 10) describes the upper layers of different forms of the family in question 
as showing a cellular structure (fig. 15) without any distinct cell-membrane. In the paper of 
1847 (pp. 104—5) he gives more detailed descriptions of these shells to which the reader is 
referred. Besides the genera named he mentions the Myodora striata and Lyonsia sp. as having 
a nacreous consistency with an upper prismatic layer.

Myidae.
The shells of Mya consist of three layers, an upper one, homogeneous and at 

the same time fine grained, forming the relatively intransparent part of the shell. 
Under that we have a layer consisting of concentrical crossed lamels. This layer is 
very insignificant in M. truncata (recent) while, in M. arenaria (recent), it is a little 
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thicker, and in M. californica (recent) it constitutes the main mass of the shell. The 
lower layer is always of the complex kind.

The genera Corbula and Corbulomya in so far differ from Mya that the upper, 
homogeneous layer is wanting or very insignificant, and the shells consist, of course, 
only of two layers, of which the upper one is crossed lamellar with concentrical 
lamellæ; these are mostly strongly reclined upwards, and in Corbulomya complanata 
(Eocene) they get perfectly horizontal and thereafter inclined, thus producing, in the 
radial section, a feathery structure. The lower layer is somewhat different; in Cor- 
bula gibba (recent), C. carinata (Oligocène) and C. rugosa (Eocene) it is of the com
plex kind, whereas in C. subpisum (Oligocène), C. gallica (Eocene), C. concéntrica 
(Gault) and in the Corbulomya it is perfectly homogeneous.

It is characteristic of the shells of this family that the different layers are more 
loosely bound together than otherwhere. In the fresh shell they part easily from 
each other and in many of the fossil Corbulae they are quite loose so as to make it 
appear as if there were two shells accidentally placed one in side the other.

Carpenter (p. 103) gives detailed descriptions, accompanied by many figures, of the shell 
of Mya; it is, however, not easily seen what is shown by these, and I have found nothing 
similar to the difierent forms of “cells” drawn, especially in the upper, homogeneous layer. 
Also his description of Corbula (p. 104) is not easily understood. The description given by 
Ehrenbaum (p. 29 ft'.) of the shells of Corbula and Mya in all essentials agrees with those 
given above. I dont believe, however, that it is possible to show, in the shell of Mya, any layer 
of radial, crossed lamellæ. These are, on the whole, exceedingly rare among the bivalves.

Gastrochaenidae.
I have only examined the shell of a recent Gastrochaena, which consists of 

two layers, an upper, thinner, irregularly grained one, and a lower one composed 
of concentrical, crossed lamellæ. I have had no tube of these animals at disposal, 
but Miss Kelly (p. 33) describes it as consisting of aragonite (conchite).

Clauagellidae.
Of this family 1 have only examined an Aspergillum sp. (recent). Both the shell 

and the tube consist of aragonite; the tube is prismatic with rather regularly formed 
prisms and an almost normal extinction. In the shell proper we have the same 
structure alternating with other layers which are very indistinctly prismatic or per
fectly homogeneous.

Pholadidae.
The shell of Zirphaea crispata (recent) has a very irregular structure, the differ- 

rent parts of the shell being differently constructed. Three layers may, however, 
commonly be distinguished : an upper one which is mostly homogeneous with 
many small grains of diverging orientation; in other places it may be more coarse
grained. The middle layer is crossed lamellated with concentrical lamellæ; the type 
of these, when seen in horizontal sections, it highly different. The commonest are 
the rhomboidal figures which are typical of most bivalves though they are never so 
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regular as here (pl. VII, lig. 7); in other places there may be seen more rectilinear 
or other forms of boundaries. The lower layer is homogeneous in some places, in 
others complex. The shells of Gastrochcena dubia and P. candida (both recent) pos
sess similar structures.

The thin shells of Teredo and Teredina are still more irregularly constructed. 
Most of the shell is crossed lamellar but the lamellæ are sometimes concentrical 
and sometimes radial. There is no distinct lower layer but generally there is an 
upper one which is homogeneous or irregularly grained.

The tube of Teredo consists of calcite whereas that of Teredina personata (Eocene) 
consists of aragonite. The common rule seems to be that in those animals which 
have their tubes and shells grown together, as we have seen it in Aspergillum and 
Teredina, the aragonitic consistency of the shell has in some peculiar way the 
effect that the tube is built up of the same material whereas in the Teredo, where 
both are not closely connected, no such influence takes place.

The structure of the tubes is always rather irregular, prismatic. Although 
the regularity of the elements is no greater than in most inorganic deposits of car
bonate of lime, every species examined possesses a special type of structure which 
may, in most instances, be distinguished from that of other species. The prisms of 
Teredina personata are thin and rather regular, the extinction is mostly normal, 
but there are some few individuals with strongly diverging axes. In that part of the 
lube which is in close connection with the shell the extinction of the prisms is 
distinctly the same as that of the two individuals of the crossed lamellæ. Among 
the tubes of Teredo we find all possible variations, some consisting of fine prisms 
and others of coarser ones; sometimes the prisms may be as broad as long and 
bounded by very peculiar angular lines consisting of alternating horizontal and 
vertical elements. The extinction may, in some species, be very regular, normal, in 
others almost quite irregular, the vertical orientation being only slightly more 
common than the horizontal one. A thinner, upper layer of the tube is almost al
ways very finely prismatic or grained.

Already in Gray we find a description of the prismatic structure of a large Teredo 
from Sumatra. Carpenter (1847, p. 106) compares the structure of Septaria gigantea with that 
of a Belemnites; the more irregular form of the first-named is ascribed to the action of “cal- 
cigerous cells” in opposition to the “crystalline action” by which the spine of the Belemnites 
is supposed to be formed. Sorby (p. 58), on the contrary, concludes from the irregular form 
of the prisms that there is “no trace of true organic structure”. Miss Kelly is the first to 
point out the different natures of the shell and the tube of Teredo.

It will be obvious from the foregoing description of the individual families 
that there is very great variation as to the structure of the shell in the group of 
the Anisomyaria, and it will be very difficult to give any clear exposition of the 
characters. True, some families are rather uniform, but others belong to several 
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different types, in such a way that we do not get the impression that the structure, 
in such cases, can have any systematical value. If we would, in such instances, 
investigate still more species, we should probably find new structures. In the fol
lowing table I have tried to give a summary of the results obtained, omitting many 
doubtful or exceptional examples. For many characteristic features of the structures 
the reader is referred to the foregoing descriptions.

The most striking feature, in opposition to the Anisomyaria, is the rarity of 
original calcite in the shell. I have not succeeded in tinding any recent shell con
taining this mineral, and only in a few families, such as the Chamidae, the Capri- 
nidae, the Rudistae and the Conocardiidae, has it been found in the fossil members. 
The calcite is always prismatic but very variably constructed.

The aragonite seems to have been wanting in no members of this group 
although, in many of the older forms, it is totally altered into the irregularly 
grained calcite. It is, in such instances, generally quite impossible to state anything 
about the original structure of the shell. In the following table I have omitted 
such families of which I have had so few or such badly preserved representatives at 
my disposal that I have not been able to obtain any certain impression of what 
may be the typical structure. For these families, such as the Erycinidea, the Tan- 
crediidae, the Tridacnidae, the Solenomyidae, the Pleuromyidae, the Gastrochaenidae 
and the Clavagellidae, the reader is referred to the foregoing descriptions. For the 
more thoroughly examined families the following scheme may be given:

Megalodontidae homogeneous-prismatic + complex

Nuculidae horizontal prisms + nacreous 
or: crossed lamellar 
or: homogeneous-prismatic

Arcidae
Nayadidae 
Trigoniidae 
Astartidae 
Crassatellidae

crossed lamellar + complex
downwards complex prismatic + nacreous 
upwards complex prismatic + nacreous 
crossed lamellar + prismatic
crossed lamellar + homogeneous

Chamidae (Chama) crossed lamellar + complex
Isocardiidae homogeneous + crossed lamellar + complex

Lucinidae 
Cardiidae 
Cyrenidae 
Cyprinidae

horizontal prisms + crossed lamellar + complex 
crossed lamellar + complex or homogeneous 
crossed lamellar + complex or homogeneous 
crossed lamellar + complex or homogeneous 

or: homogeneous
Veneridae crossed lamellar + homogeneous

or: horizontal prisms 4- crossed lamellar + homogeneous 
or: horizontal prisms + homogeneous

Donacidae horizontal prisms + crossed lamellar + homogeneous
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Scrobiciilariidae crossed lamellar + homogeneous or complex

Tellinidae crossed lamellar 4- complex
or: horizontal prisms 4- crossed lamellar 4- homogeneous

Solenidae crossed lamellar 4- complex

Pholadomyidae prismatic or complex

Mesodesmidae crossed lamellar 4~ radially crossed lamellar 
or: crossed lamellar 4* homogeneous

Mactridae crossed lamellar
or: crossed lamellar 4~ prismatic or homogeneous or com

plex
Panopaeidae homogeneous 4- prismatic (sometimes nacreous)

Anatinidae
Myidae

Pholadidae

or: complex + nacreous 
prismatic + nacreous + prismatic 
homogeneous + crossed lamellar + complex

or: crossed lamellar 4- complex 
homogeneous + crossed lamellar 4 homogeneous or 
complex

As will be seen from the scheme, the crossed lamellar structure is the most 
common of all. Of the 25 families described it is found in all members examined in 
16 instances, while in three families only some members possess this structure and 
6 families are quite without it. The lamellae are always orientated in the concen
trical direction, and only in the Mesodesmidae have I found radial lamellæ as a special 
layer, while in some other families there may be subordinate parts of the lamellar 
layer which have a more or less indistinct radial arrangement. The type of lamellæ 
is mostly that which I have formerly described as characteristic of the bivalves; 
the rhomboidal figures are most regular in the last families, especially in the Myidae, 
while in the first families they are more indistinct. When seen in radial cross sec
tions the lamellæ are highly different as they are only in few instances straight- 
lined and either vertical or faintly reclined, but in most instances curved in such 
a manner that they begin downwards as vertical and then afterwards get more 
and more reclined and at last horizontal. In some instances we have an upper
most part which is either reclined or inclined whereby a feathery arrangement of 
the elements is produced. Sometimes the upper part of the layer is extremely 
irregularly constructed.

Only in a few instances (some Nuculidae and Mactridae) does the said, crossed 
lamellar layer form the whole shell. Most commonly wre have an upper or a 
lower layer or both. The upper layer is of two essentially different kinds, either 
homogeneous, sometimes weakly prismatic, or consisting of horizontal prisms which 
are always orientated in a nearly radial direction, though rather differently arran
ged. Sometimes (some Lucinidae and Tellinidae) we have almost straight-lined and 
parallel prisms, horizontal, or almost horizontal, in other instances they are

D. K. D. Vidensk. Selsk. Skr., naturv. ogmathem. Afd., 9, Række, II, 2. 38
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arranged in such a manner that, in radial cross sections, they show a feathery 
structure with the elements diverging towards the margin of the shell. Two types 
may here be distinguished: sometimes all the prisms are still lying in the radial 
plane in such a manner that, in sections parallel to the surface of the shell, they 
are all parallel (some Venerzrfae, Donacidae and Tellinidae), or, in the last named 
sections we also see a feathery structure (some Nnculidae, Lucinidae and Donacidae). 
Such shells always possess radial ledges, either on the surface or in some deeper 
lying part of the shell, and their structure may be described as composite prismatic 
(prisms in prisms). The single prisms of the second order may possess a parallel 
extinction or may be homogeneous with a feathery arrangement of the axes.

The layer under the lamellar one is mostly of the kind which I have called 
complex and which, in most instances, consists of alternating layers of complex 
crossed lamellar and prismatic structures, both of very variable types. In many in
stances we have, instead of this structure, the homogeneous one which, however, 
is connected with the former one by all possible transitions where there are traces 
of the complex structure of such small dimensions that it can hardly be recognized. 
In some instances we have both the named structures in the same shell in such 
a way that some parts are rather coarsely complex while others are more or 
less perfectly homogeneous. More rarely the lower layer of the shell is purely pris
matic, which structure we find very pronounced in the Astartidae and more subor
dinate in the Mactridae.

The shells without the crossed lamellar structure may be divided into two 
groups one of which is characterized by the existence of a nacreous layer, which, 
in the bivalves, is never found in the same shell as the crossed lamellar one, while 
the other group has no such layer. The nacreous layer is almost always the under
most one, and only in the shells of the Anatinidae do we find an insignificant pris
matic layer under it; the layer above the nacreous one is in most instances (Naya- 
didae, Trigoniidae and Anatinidae) normally prismatic, consisting of vertical or 
nearly vertical prisms which, however, are mostly of a complex kind. Only some 
of the Nnculidae possess an upper layer of horizontal, radiating prisms with a feathery 
arrangement, while, in the Pholadomyidae, we find an upper layer which may be 
designated as complex.

The bivalves which possess neither a crossed lamellar nor a nacreous layer 
may be rather differently constructed. The simplest is the building of some Cyprini- 
dae and Pholadomgidae where the structure is homogeneous throughout, while, in 
other instances, as in some Nnculidae and Pholadomgidae, it is of a very similar 
kind, possessing only an indistinct prismatic structure. In other cases we find 
two distinct layers, as in the Panopaeidae where we have an upper homogeneous 
and a lower prismatic layer, in the Megalodontidae with an upper homogeneous 
or indistinctly prismatic and a lower complex layer and in some Veneridae 
(Tapes) with an upper layer consisting of horizontal prisms and a lower homo
geneous one.
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II. Class. Schaphopoda.
The shells of these animals seem to he constructed in a very uniform manner. 

There are, in most instances, insignificant upper and lower layers of a very indis
tinct structure, either homogeneous or finely prismatic or of a more complex kind, 
but the main part of the shell is built up of crossed lamellæ in a concentrical direc
tion, normal to the axis of the tube. The most characteristic feature is that the 
appearance of the lamellæ is quite the same as that of the bivalves; in the radiating 
section they are rather regular, whereas in the section parallel to the surface they show 
the peculiar rhomboidal figures found in most bivalves. As examples I have exam
ined Antalis entalis and other recent forms, Dentalium Bouei (Miocene) (pl. VIII, 
figs. 1—3), D. rugiferum (Paleocene) and D. decussatum (Gault). D. Parkinsoni (middle 
Jurassic) is totally altered into calcite but there are distinct traces of the original structure.

Cayeux (p. 484 and pl. 50) describes two different species of Dentalium. Of these the 
one (fig. 6) has the common crossed lainellæ whereas the other (fig. 5) lias a foliated structure 
with the folia parallel to the surface. This must represent the lower layer in a complex form 
and similarly developed as in D. rugiferum.

III. Class. Amphineura.
There are certainly no other shells which possess such a complicated structure as 

those of Chiton. Not only are there rather large differences between the single spe
cies but in the same shell the different parts are highly variable. It will, therefore, 
be almost impossible to give any exact description of these shells but I shall point 
out the most characteristic features of one of the larger, recent forms, as the other 
forms examined seem to contain only modifications of the same elements. There 
may, in the Chiton in question, be discerned 5 elements which are never found all 
in the same place but arranged in such a manner that sometimes one of them 
is dominant and sometimes another. They may, however, be arranged in the fol
lowing order which will always hold good in such places where two or more of 
them are found in the same part of the shell.

a. The upmost, dark coloured layer is, in opposition to all the following, found 
over the whole shell; it is porous, traversed by numerous, rather large holes or 
channels (pl. VIII, fig. 4). The orientation of the elements is very complicated.

b. Under that layer there is, in some places, a more uniform layer of homo
geneous or indistinctly prismatic structure.

c. Under layer b or, in some instances, directly under layer a there, is a very 
complicated layer, found mostly in the outer parts of the shell, near the margin. 
It consists of rather broad, vertical lamellæ, orientated in the transverse direction 
(in relation to the whole animal but longitudinally in relation to the single shell). 
The lamellæ are divided into smaller parts by irregular walls, which generally 
makes the orientation of the elements very complicated (pl. VIII, fig. 4). In some 
instances, however, we find in sections parallel to the surface a rather regular, 
feathery arrangement in the single lamel.

38
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d. Under the foregoing layers we find, in some places, a series of subordinate 
layers among which some consist of crossed lamellæ either in the longitudinal or 
in the transverse direction, while others seem to be indistinctly prismatic.

e. The undermost layer, which is especially developed in the middle part of 
the shell (near the axis of the animal), is certainly the most important of all and 
makes up half or more of the whole. It is very uniform, consisting of crossed 
lamellæ in the transverse direction. Although the fundamental angles are the same 
as in most mollusks the habitus of the lamellæ is quite unique. They are very 
regular and rectilinear, but they differ from those of other mollusks by being very 
fine (pl. VIII, fig. 5). In some of the larger species the thickness of the single lamel 
is almost 0.005 mm, and in the smaller forms they are so fine that they are hardly 
discernible. In sections parallel to the lamellæ (in the transverse sections) the two 
systems of crossed lamellæ of the 2nd order are, however, always distinctly seen.

A short description of the shell of Chiton is given by Carpenter (1847, p. 114). Cornish 
and Kendall were the first to determine the shells as consisting of aragonite.

IV. Class. Gastropoda.
Very little can be said in general about the shells of these animals as there 

is a very great difference between the different groups. The Aspidobranchina have 
very variable structures among which the nacreous one is rather common, and the 
Cyclobranchina possess their special, peculiar structure. On the other hand the Cteno- 
branchina, the Opistobranchia and the Pulmonata are essentially alike and possess 
a very uniform structure. The Heteropoda, the Pteropoda, the Tentaculidae and the 
Conulariidae stand apart, their shells showing no affinity to those of the other 
gastropods.

As to the occurrence of calcite all gastropods are essentially alike and differ 
very much from the bivalves. The calcite must be said to be a rather accidental 
element and is not, as in the bivalves, connected to any of the main groups. A 
shell consisting entirely of calcite is found only in the Tentaculites and, perhaps, in 
a single form among the Bellerophontidae. Otherwise calcite only forms the upper 
layer of the shell, and we find the mineral in a great number of families in the 
large group of the Prosobranchia. In some instances most members of a family may 
possess the said layer while, in others, it may occur quite unexpectedly in one or 
a few members of a genus which otherwise consists entirely of aragonite. Con
nected with this accidental occurrence is the structure of the calcite which is gener
ally very irregularly prismatic, much resembling an inorganic sinter formation. It 
must be pointed out, however, that all individuals of the same species are always 
alike, and for the strength of the shell the calcite mostly plays a great role, as 
the calcitic layer is generally rather thick, while the aragonitic part of the shell in 
such instances is correspondingly reduced in thickness. There are, however, other 
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shells which possess only a very insignificant layer of calcite. Only in a few fami
lies, in which the calcitic layer is universal or almost universal, as in the Neritidae 
and especially in the Patellidae, the calcite assumes more regular and characteristic 
structures.

As to the gastropods from the older periods it will, of course, he very diffi
cult, or almost impossible, to ascertain if they have originally possessed a calcitic 
layer as the structure of that layer is not very different from that of the later 
formed calcite. If, in the upper part of the shell, we find a uniform structure, 
more or less indistinctly prismatic and recurring in all individuals, we may con
clude that we have here an original calcite.

A. Order. Prosobranchiá.
In accordance with what was said above, there is no property common to the 

three divisions of this order, with the exception of the one that we may here 
accidentally find a calcitic, upper layer in the shell which is always wanting in 
the Opistibranchia and Pulmonata.

1. Suborder. Aspidobranchina.
This is the most variable division of the gastropods, and there can be said 

nothing in general about the structure of the shells with the exception of the nega
tive statement that here we never find the very uniform structure which is so 
characteristic of the three last groups of the gastropods. The most characteristic 
feature is the common occurrence of a nacreous layer, but there are many families 
in which this layer does not exist.

Bellerophontidae.
The shells of the members of this old family almost always consist of quite 

irregularly grained calcite, showing that they originally consisted of aragonite. 
The only exception is a Bellerophon from the Ordovician of Bornholm, the shell 
of which consists throughout of a peculiar, foliated calcite possessing a characteris
tic micaceous lustre. The axes are somewhat irregularly orientated though mostly 
normal to the foliae. Without doubt we have here the original structure, and it is 
easily seen that this layer has constituted the whole shell (pl. VIII, fig. 6).

Pleurotomariidae.
The Palaeozoic and most of the Mesozoic forms have their shells totally altered 

and no trace of original calcite is ever seen. Some of the Mesozoic forms have 
still retained their aragonite which is always nacreous, and more rarely we also 
find an upper layer which is homogeneously prismatic.



300 70

Fissurellidae.
The most characteristic feature of the shells of this family is that they always 

possess a crossed lamellar layer with concentrical lamellæ, and in most instances 
that layer forms the whole shell. The upper part of the layer is generally very irre
gular because of the sculpture of the surface of the shell; in a few instances, how
ever, we find a feathery arrangement of the lamellæ, as in some bivalves. The 
lamellæ. if seen in the radial section, are generally strongly reclined or at the same 
time curved. The lamellæ behave most peculiarly in the lower part of the shell, 
where they generally get essentially broader than in their upper part, and at the 
same time they gradually obtain a more horizontal orientation, the two sets of 
lamellæ crossing each other at a very acute angle. This transformation is most 
pronounced in the genus Subemarginula (pl. IX, fig. 1) but the other genera, Fissu- 
rella, Emarginula, Puncturella and Scutum, show the same phenomenon. The flat-lying, 
broad and irregular lamellæ are distinctly seen with the naked eye on the under side 
of the shell. Sometimes we find, in the proximal part of the shell, next to the apex, 
a complex layer under the lamellar one, very much resembling that of many bivalves.

An upper, calcitic layer is only found in one species (out of eight examined), 
the recent form Fissurella crassa. This layer is thick and of a dark brown colour 
differing highly from the while aragonitic substance. With the naked eye it looks 
(fuite irregularly and rather coarsely grained, but in sections we see that both the 
prism axes and the optic axes have generally a horizontal orientation in the radial 
direction.

Haliotidae.
The shells of Haliotis (pl. IX, fig. 2) are rather uniform in so far as they 

have all a lower nacreous layer with a very fine lustre and an upper homogeneous 
layer which, however, is so filled up by small grains with diverging orientation 
that the homogeneous fundamental mass is only seen in the very thinnest sections.

The most peculiar feature of these shells is that they possess, in some in
stances, a calcitic layer inserted between the two aragonitic ones. The boundaries 
of that layer are always very irregular, and it may, in some places, be interrupted. 
It looks as if the two aragonitic layers had been torn away from each other and the 
cavity afterwards filled out by calcite, but such a formation must be considered 
impossible in the quite fresh shell. The calcite has a rather regularly prismatic 
structure with horizontal, radial prisms (pl. IX, fig. 3) and their extinction is rather 
regular and normal. As to lhe extension of this layer the different species are very 
variable. In Haliotis ficiformis we find it in the larger part of the shell, and it is 
wanting only in the proximal part; in another H. it is found only in the most distal 
part, next to the edge, while in H. tuberculata there are only a few small spots of 
calcite and in H. pulcherrima none at all.

A description of the shell of Haliotis has been given by Carpenter (1847, p. 115). I 
must confine myself to a reference to this description as I have not been able to find the 
horny plates mentioned or the different forms of “cells” described and drawn.
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Eiiomphalidae.
In the shells of this old family the aragonite is, of course, never preserved but 

it seems to have existed originally. In most members examined by me there is a 
prismatic layer which is sometimes rather regular and which indicates that the shell, 
in such instances, must have possessed an upper, calcitic layer.

Stomatiidae.
The shell of Stomatella imbricata possesses two layers of which the undermost 

one is nacreous while the upper one is homogeneous and finely and indistinctly 
prismatic. The shell of Stomatia picta seems to be constructed in a similar manner.

Turbinidae.
Of the genus Turbo 1 have examined several recent and Tertiary species and 

found them very much alike: the lower layer is nacreous and the upper one homo
geneous and at the same time irregularly prismatic or grained (pl. IX, fig. 4).

Of T. Parkinsoni (Miocene) I have examined the operculum which consists, like 
the shell itself, of aragonite; the structure is very regularly composite prismatic. The 
prisms of the 1st order are coarse (up to 1/2 mm broad), those of the 2nd order are 
very line and arranged in a feathery manner.

The structure of T. has been described by Gray (p. 795) and by Carpenter (1847, p. 116). 

Phasiauellidae.
The shells belonging to this family have a rather complicated structure although 

the ground type must be said to be the same in all members examined. In Phasia- 
nella bulloides (recent) we find three distinct layers (pl. IX, fig. 5) which, however, are 
separated from each other by subordinate intermediate layers of different kinds. The 
upper layer is of a complex prismatic kind, while the middle one consists of concentri
cal, crossed lamellæ which, as seen in longitudinal sections, show a very peculiar aspect, 
being, with sharp angles, alternately inclined, vertical, reclined and again inclined. 
The undermost layer possesses a very complicated structure which, in the longi
tudinal section, generally seems to be prismatic.

Different Tertiary species of P. examined by me were rather small and their 
structure was not very distinct. They contain, however, the same three layers, the 
crossed lamellar one in most instances constituting the larger part of the shell. It 
is mostly somewhat more regular than in the shell of P. bulloides, the lamellæ being 
vertical in the lower part and upwards reclined.

Delphinulidae.
The shells of Delphinula behave in a somewhat different manner. Most com

monly there is an upper layer which is irregularly prismatic and a lower, thick 
nacreous, one, and then there is, in some places, an undermost, very subordinate 
layer of a homogeneous kind. The recent species, D. distorta, the Miocene D. scobina, 
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and the Eocene species, I). Jouannettii, D. Lima, D. striata and D. calcar all possess 
this structure.

As most of the fossil forms are rather small the entire structure is not easily 
ascertained, it is certain, however, that some of them differ essentially from the above 
named. D. callifera (Eocene) has the rare combination of an upper layer consisting 
of crossed lamellæ and a lower, nacreous one, while in D. marginata (Eocene) we 
find no distinct nacreous layer but an upper one with transverse, crossed lamellæ, 
while a thin, lower layer possesses these lamellæ in longitudinal orientation, which 
is, otherwise, very rare in this group of the gastropods.

Trochonematidae.
Of this family I have only had members of the Genus Cyclonema at my dis

posal, and there is, of course, no aragonite left in these very old shells. As to the 
structure of the calcite they behave very differently. Some, as C. cancellation and 
C. carinatum, are quite irregularly grained and have probably possessed no original 
calcitic layer; C. delicatulum has a rather irregular prismatic layer, the prisms being 
bent in such a characteristic manner that we must assume that they form an ori
ginal layer. Still more regular is the layer in C. bilex and C. ventricosum; the prisms 
are vertical and their optic axes are so nearly parallel that the layer is not far 
from being quite homogeneous.

Trochidae.
As to the shell structure this family is very uniform. There is an upper layer 

of a homogeneously prismatic kind; the prisms are mostly fine and regular, in 
some instances more irregularly arranged and sometimes coarser and composite. 
The under layer always is nacreous, and there may, in some instances, be found 
a very subordinate, homogeneous or irregularly constructed undermost layer.

Tullberg (p. 42) describes the shell of some exotic species of Trochas-, he compares it 
with the sliell of Buccinum undatum, and the uppermost layer may certainly be said to be 
similarly constructed in both forms. But I do not believe that we shall be able to find any 
layers in a Trochus corresponding to the second and third (crossed lamellar) layers of B., 
and the similarity between the nacreous layer of T. and the fourth (equally crossed lamellar) 
layer of B. cannot be said to be very obvious.

Xenophoridae.
The shells of this family very much resemble those of the main part of the 

gastropods, as they are built up of alternating layers of transverse and longitudinal, 
crossed lamels. Because of the irregular form of the shells there are great variations 
in the distribution of these layers in the different parts of the same shell, and while, 
in some places, we find only one, transverse layer, several alternating layers may 
be seen in other places. The most typical structure, however, shows two layers, an 
upper one with transverse lamellæ and a lower one with longitudinal lamellæ. As to 
the aspect of the lamellæ, when seen in horizontal sections, it is nearly that which
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is typical of the main part of the gastropods, the lamellæ being rather regular and 
straight-lined (pl. IX, fig. 6).

Umboniidae.
In Umbonium oestarium, which is the only member of the family which I have 

had occasion to examine, the shell consists of three layers. The upper one is built 
up of transverse, crossed lamellæ which, in horizontal sections, have an aspect like 
moire, seen similarly in many bivalves. The middle layer is strongly nacreous and 
a rather insignificant, lower layer is more or less homogeneous. The callus of the 
same shell possesses a very indistinct, crossed lamellar structure.

While, in the handbooks of Cossmann and Fischer, the shell of U. is described as na
creous it is stated in the handbooks of Zittel, as characteristic of the whole family that 
the shell is without any nacreous layer. I think that there must be some mistake here.

Neritopsidae.
The shell of Neritopsis moniliformis (Miocene), the only member of this family 

examined by me, consists almost throughout of transverse, crossed lamellæ which 
are strongly reclined (at an angle of almost 45°). In the upper, strongly granulated 
part of the shell the lamellæ get very irregular, and here there is a special, sub
ordinate layer consisting of thin, longitudinal prisms.

Neritidae.
The Neritidae possess some of the best characterized shells among all gastro

pods and cannot be confounded with any other families. An upper calcitic layer is 
never wanting, and as the characteristic colouring of these shells has its place in 
that layer, we can understand the well known feature that most of the fossil Neri
tidae still retain their original colour.

Only in one species out of many examined by me have I found no calcite, in 
Nerita tricarinata from the Eocene; but as the surface of the shells is very rough 
it is probable that the calcitic layer has fallen off. Lamarck, in his description of 
that species (vol. 6, p. 551) says that in certain individuals he still found the colouring 
intact and we may conclude, from this that these individuals possess the said layer.

The structure of the calcite may be designated as very irregularly prismatic; the 
prisms, however, do not resemble those of other gastropods as they are mostly 
very fine and undulating in a peculiar manner. The most characteristic feature is their 
orientation as they are placed in the longitudinal plane and are either horizontal or 
strongly reclined (pl. X, fig. 1), and still more peculiar is the orientation of the optic 
axes which are certainty somewhat irregular but mostly, however, horizontal, in 
the transverse direction, standing, of course, normal to the direction of the prisms.

As to the thickness of the calcitic layer there is a marked difference between 
the main genera of the family. Most Neritae have a thick layer (pl. X, fig. 1) which 
constitutes almost half of the mass of the shell or still more, and the thickness of 
which may rise to more that 1 mm. This holds good of the recent forms A7, polita,
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N. yoldii, N. plicata and N. albicilla and of the Miocene form N. Plutonis. Only in 
N. (Semineritinai) mammaria do we find a very thin layer.

The genus Velates has an essentially thinner calcite ranging up to almost 0.1 mm 
in thickness (V. conoideus from the FSocene).

In the shell of Neritina the calcite is always exceedingly thin (pl. IX, fig. 7), 
constituting only a small percentage of the mass of the shell and having generally 
a thickness of 0.01—0.03 mm. The single prisms are, however, coarser than in the 
shell of Nerita as there is only one layer of prisms; the orientation is the same. It 
is worth noting that we find forms among the Neritinae, which live in perfectly 
fresh water, as it is otherwise an absolute rule, not alone among the mollusks but 
also among all other shell-bearing animals, as far as I know, that there does not 
exist calcite in the shells of fresh water or land animals. Of this genus I have 
examined a great number of species which have all essentially the same structure: 
the recent forms N. fluviatilis, Philippinarum, concava and virgínea, the Miocene 
N. expansa and the Oligocène and Eocene N. picta, vicina, Duchasteli, pisiformis, 
globulus and Saincenyensis.

The aragonitic part of the shell mainly consists of transverse, crossed lamellæ 
which, in radial sections, are either vertical or more or less reclined (pl. IX, fig. 7, 
and pl. X, fig. 1). In horizontal sections they may be more or less irregular, mostly, 
however, especially in the shell of Nerita, they are very regular and straight-lined. 
Only in one instance, Neritina Philippinarum, is there a distinct layer of longi
tudinal, crossed lamellæ above the concentrical one.

Most Neritae have a special lower layer of the complex crossed lamellar type 
(pl. X, fig. 1) which is so common among the bivalves. In the Neritinae this layer 
is generally wanting or is exceedingly thin and indistinct.

Among the Mesozoic members of the family I have only examined the Nerita 
subrugosa from the Senonian. The aragonite is not preserved, but there is a cal
citic layer possessing the common structure.

It will be seen that the structure of the aspidobranchine gastropods is very 
variable, and the different families have certainly no character in common unless 
it is some quite negative ones. The following table will give a summary of the 
typical structures, some more exceptional forms being here, as elsewhere, omitted 
for the sake of clearness.

As to the occurrence of calcite there is only one form (among the Pellerophon- 
tidae) which seems to have possessed a shell consisting exclusively of that mineral. 
With that exception it only constitutes part of the shell. Out of 15 families examined 
by me calcite has been found in the 5; it is universal in the Neritidae, common 
in the Haliotidae, Euomphalidae and rare in the Fissurellidae. In the Haliotidae the 
calcite, contrary to all that is known elsewhere, forms an intermediate layer which 
is only found in parts of the shell.

The structure of the aragonitic part of the shell is seen from the following scheme.
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Pleurotomariidae homogeneously-prismatic + nacreous
Fissur ellidae crossed lamellar

or: crossed lamellar + complex
Haliotidae homogeneously-grained + nacreous
Stomatidae homogeneously-prismatic + nacreous
Turbinidae homogeneously-prismatic + nacreous
Phasianellidae complex prismatic + crossed lamellar + prismatic
Delphinnlidae complex prismatic + nacreous + homogeneous

or: crossed lamellar + nacreous
or: crossed lamellar + longitudinally crossed lamellar

Trochidae homogeneously-prismatic + nacreous
Xenophoridae crossed lamellar + longitudinally crossed lamellar
Uniboniidae crossed lamellar + nacreous + homogeneous
Neritopsidae horizontally prismatic + crossed lamellar
Neritidae crossed lamellar + complex

or: crossed lamellar

The most characteristic structure is the nacreous one which occurs in all mem
bers of 6 of the 12 families examined and in the greater part of the 7th. The layer 
above the nacreous one is always of a but little characteristic kind, homogeneous and 
at the same time more or less indistinctly grained or finely prismatic. Under the 
nacreous layer there may, in some instances, occur another homogeneous layer.

Only in two instances there occurs a crossed lamellar layer above the na
creous one, a combination which was never seen in the shells of the bivalves.

For the shells without a nacreous layer the crossed lamellar structure is the most 
characteristic, and most commonly the lamellæ are transversely arranged, which is 
everywhere the case if the opposite is not stated. Only in two instances there are 
longitudinal, crossed lamellæ under the concentrical ones. Over the crossed lamellar 
layer there is in one instance a special layer consisting of horizontal, radiating prisms, 
while, on the under side of the lamellar layer a complex layer may sometimes be 
found, which however, is, mostly very subordinate.

Although the structure of the shells in question is by far not so variable as 
those of the bivalves, it will be obvious that they possess some characters which 
distinguish them from the other groups of the gastropods and approach them to 
the bivalves. Firstly the occurrence of the nacreous layer, which is not found in 
any other gastropod, and secondly the predominance of the transverse lamellæ. Such 
features as the occurrence of prismatically homogeneous or complex crossed lamellar 
layers are also highly characteristic of the bivalves.

2. Suborder. Cyclobranchina.
Although the shells of these gastropods are built up in a rather variable manner, 

they form a very well characterized group which cannot very well be confounded 
39* 
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with any other. In many instances the structure is very peculiar and generally 
it is very complicated, with several layers. The different layers are distributed in a 
very imbricate manner, the uppermost one being at the same time thickest in the 
part next to the margin, while the lower layers are mostly confined to the region 
near the centre. This character is most pronounced in Patella fluctuosa, where the 
different layers almost have the form of concentrical rings. Only recent forms 
shall be described, but the Paleozoic forms, as different species of Tryblidium, also 
possess a special calcitic layer.

It is an essential character that all shells possess an upper layer of calcite 
which is mostly rather thick and in most cases, constitutes the whole part next 
to the margin. In the genus Acmaea (Tectura) the calcitic layer is very thin, espe
cially in A. virgínea, where it is only a thin film (up to 0.02 mm. thick) (faintly 
visible in pl. X, fig. 3).

As to the arrangement of the elements the calcitic layer is more regular than 
in other gastropods with the exception only of the Neritidae. In Acmaea virgínea and 
A. persona we have one layer of horizontal prisms, as in Neritina, but here the 
optic axes are parallel to the prism axes. In Scutellina fulva there are also radiating 
prisms with parallel extinction, but the prisms are not quite horizontal but strongly 
inclined. In Scurria sp. the whole calcitic layer, which is very thick here, must be 
designated as homogeneously prismatic with radiating, almost horizontal prisms and 
with optic axes of the same direction. In Patella fluctuosa (pl. X, fig. 2) the calcite 
is foliated, shining with a micaceous lustre, as in many Ostreidae; the optic axes 
are still horizontal and radial. This orientation of the axes seems to be very charac
teristic of most members of the family.

The Patella plicata forms a transition to the next type, the calcite being still 
foliated but with the foliae irregularly arranged. There are traces of a crossed lamel
lar structure but the lamellæ are highly irregular and the optic axes are turned in 
all directions.

In P. Ravia and P. vulgata we have a mostly very regular crossed lamellar 
structure (pl. X, figs. 4 and 5), which is otherwise only found in some bivalves 
(Avicula-Aucella and Gryphaea). If we do not consider the position of the optic axes 
the structure very much resembles that of the said bivalves, the lamellæ of the 2nd 
order being much more flat-lying than in the corresponding structure of the aragonite. 
It is possible, of course, to see the reflections of these lamellæ on the under surface of 
the shell, and as the lamellæ are rather broad, they are easily seen with the naked 
eye. The angles characteristic of these lamellæ are the following (compare fig. 10): 
the obliquity of the lamellæ of the 2nd order is 13°, the angle between the optic axis 
and these lamellæ is 35°, and consequently the angle between the directions of ex
tinction in two adjacent lamellæ is 96°. These angles are, of course, only approximate, 
as the whole structure is not very exact; practically we have, in the concentrical 
section, almost perfect extinction at the same time over the whole section, but as the 
axes of the two sets of lamellæ are nearly normal to each other we see, on turning
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the table of the microscope, alternately the one and the other of these sets possessed 
of a high relief because of its large refraction.

In Patella rustica we tind both types of calcitic structures of the family, there 
being an upper, thinner layer of horizontal, radial prisms and a lower one which 
is crossed lamellar. Also Helcion pellucidum possesses both layers.

In Patella (Helcioniscus) radians we find a peculiar combination, the upper layer 
of the calcite being prismatic with irregular, vertical prisms and with very irregular 
extinctions; the lower layer is prismatic or foliated, with flat prisms placed horizon
tally in the concentrical direction, while their optic axes are horizontal and radial.

As to the structure of I he aragonitic layers we find 
a still greater confusion. The different kinds of structure, 
characteristic of the mollusks are mixed together and 
hardly two of the species examined possess the same 
combination.

In Patella Bavia (pl. X, figs. 4 and 5) we find an 
upper layer of radial, crossed lamellæ after which follows 
a finely prismatic layer while the undermost layer con
sists again of radial, crossed lamellæ interrupted by thin prismatic layers. P. plicata 
has an upmost layer of concentrical, crossed lamellæ, then a complex crossed 
lamellar layer, and finally a radial, crossed lamellar layer. P. rustica has radial, 
crossed lamellæ and under them a complex crossed lamellar layer, which layer in 
P. vulgata, as in P. (Helcioniscus) radians, constitutes the whole aragonitic part of 
the shell, while in P. fluctuosa (pl. X, fig. 2) it forms only the upper part of the 
aragonite, the lower layer being here prismatic.

In Scutellina fulva the upper layer consists of concentrical, crossed lamellæ, the 
lower one is homogeneous and faintly prismatic. In Scurria, on the contrary, the 
upper layer is prismatic, the lower one concentrically crossed lamellar, and the same 
combination is found in Acinaea virgínea (pl. X, fig. 3), while, in A. persona, there 
is, under the two above mentioned layers, a third consisting of radial, crossed lamellæ.

The species investigated, though rather a random selection, will be sufficient 
to show that the structures of both mineral substances are so variable that the pic
ture of the whole is one of great confusion. We must expect that by examining 
still more species we shall find many more types. In order to establish a system 
on these different structures, it would certainly be necessary to undertake a thorough 
examination of the whole family.

The shell of Patella sp. has been described by Carpenter (1847, p. 112 and 113); the de
scription, together with fig. 51, seems to indicate that we have here, as in P. Bavia, an under 
layer of radial, crossed lamellæ, and above that a prismatic layer. Sorby (p. 60) is the first to 
state that the shell of Patella consists of both calcite and aragonite. Cornish and Kendall 
(p. 70) have stated the same for Tectura testudinaria. On the contrary Miss Kelly (p. 52) has 
found that the shell of Patella consists of calcite, which is certainly not correct. In the first 
paper of Thiem there is a figure (p. 346) showing the radial section of Helcioniscus ardosiaeus; 
we see here a structure quite similar to that described above, an upper, calcitic, pris- 
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niatic layer, under that another, calcitic, one with horizontal prisms or leaves and an under
most aragonitic layer which seems to be complex crossed lamellar. In his second paper he 
gives detailed descriptions of the shells of different species of Scurria and Acmaea. In his 
figure (30, p. 464) of Sc. zebrina we may distinguish the calcitic layer (o ostr), the prismatic 
aragonitic layer (u ostr), the concentrically crossed lamellar layer (hyp st), and an under
most radially crossed lamellar layer which I have not observed in the shell of Scurria. In 
the figure (31, p. 465) of Acmaea cubensis we see the thin, calcitic layer, which has no desig
nation, the upper aragonitic layer (ostr) consisting of concentrical, crossed lamellæ, and the 
lower one (hyp) which is radially crossed lamellar. It seems somewhat inconvenient to give 
such distinct terms to the individual layers, as long as we do not know which layers corre
spond in the different forms. Later on (p. 478) he determines the mineralogical composition 
of the different layers through the reaction of Meigen and obtains some results which deviate 
highly from those obtained by others and which are certainly not correct. It must especially 
be pointed out as extremely doubtful that a layer may consist of both calcite and aragonite, 
as that would, in most instances, be easily detected by a microscopical examination through 
the different refraction of the two minerals.

Thiem’s exposition (pp. 467—476) of the structure of the crossed lamellæ is most inter
esting. It is a fact that, in transverse sections of the lamellæ of the 1st order, we very often 
find them filled up by very fine, oblique lines runing in opposite directions in the two sets 
of lamellæ. But it is also certain that these lines do not represent the traces of the lamellæ 
of the 2nd order which are always, if visible, placed normally to the boundaries of the larger 
lamellæ. I am not able to give any explanation of these oblique lines which seem to be caused 
by a special optical phenomenon if the lamellæ are cut in a somewhat oblique direction. The 
figures of the crossed lamellæ, given byTniEM, are so complicated that they are only understood 
with great difficulty.

3. Suborder. Ctenobranchina.
The shells belonging to this large group are very uniformly built. The main 

structure is the crossed lamellar one in alternating layers, either transverse or lon
gitudinal. The lamellæ are mostly regular and rectilinear, and only at the upper 
surface of the shell they pass gradually into an irregularly grained mass. Other 
aragonitic structures are very rare, and the greatest variations are produced by the 
existence of a calcitic layer in certain families.

From older times (Rose, Bowerbank a. o.) it is commonly stated that the 
shells of this main group of the gastropods consist of three alternating layers, of 
which the first and the third are transverse and the second longitudinal, or the 
opposite. As will be pointed out in the following, we shall see, however, that the 
last-named combination is never found outside the Capulidae, while the first-named 
combination, called the normal one in the following descriptions, is of course found 
in almost all families. True, we sometimes find an upper layer with longitudinal 
lamellæ but it is found only in connection with the common three layers, as a 
fourth, extra layer, and is always very insignificant and mostly only found in some 
few members of the same genus.

Solariidae.
All forms of the genera Solarium and Bifrontia examined by me belong to the 

common type with the upper layer transversely lamellated. In some instances both the 
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second and the third layer is confined to a smaller part of the shell. The lamellæ 
are rather irregularly formed, especially those of the third layer.

Litorinidae.
In the recent forms Litorina litorea, L. rudis and L. obtusata there is a thick, 

upper layer of calcite, while in L. flava (recent), in Lacuna divaricata and L. palli- 
dula (both recent) and in Planaxis muricoides (Eocene) there is no calcite at all.

The calcite is irregularly prismatic with reclined prisms (pl. X, fig. 6) the optic 
axes are also very irregularly orientated, mostly, however, crossing the prisms, hori
zontally and longitudinally.

The aragonite in all the abovementioned species is very uniformly built and possesses 
the common three layers with the upper one transverse. The lamellæ are rather irregular.

Among the older members of the family Holopea sp. (Silurian) seems to have 
possessed a prismatic, calcitic layer, while in Litorina biferialis (Carboniferous) there 
is no trace of such a layer.

The existence of the two mineral substances in Litorina was mentioned by Sorby (p. 60).

Cyclostomatidae.
Only a few members of this family were examined. The Eocene form Cyclo

stoma mumia possesses the common three layers with the first one concentrical, and 
the same may be said of the recent form C. elegans which, however, is in so far 
anomalous as the two under layers are so finely lamellated that the structure is 
difficult to observe and generally gives one the impression of being quite homogeneous.

Capulidae.
The shells deviate from the common type, as they only possess three layers 

of which the middle one has transverse (concentrical) lamels. As this layer is, 
in most instances, the thickest one, there is often a marked cleavage of the whole 
shell in the concentrical direction, which is more prominent here than in any other 
gastropod shell. The undermost, longitudinal (radial) layer shows quite the same 
characters as the transverse one which, in other gastropods of that group, is the lower 
layer; the lamellæ are irregularly formed (pl. XI, tig. 1), and their direction, in many 
instances, is rather oblique, forming an angle of up to 45° with these of the two 
upper layers. In no instance is there any trace of an undermost, transverse layer.

Numerous recent and Tertiary forms examined by me show the above structure. 
Some of the Silurian members of the family consist entirely of irregularly grained 
calcite and may, of course, have been built up in the same manner, while others 
possess distinct prismatic layers, as Platyceras cornutum, where the prisms show a 
characteristic zigzag form, reminiscent, to a certain degree, of some Pectens, while, 
in Platyostonea gregarinm, they are of the commoner form.

Carpenter (1847, p. 114) describes the shells of Crepidula and Calyptraea as having 
rounded or polygonal cells. I have not been able to observe any such; they must surely be 
caused by some more secondary phenomenon.
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Naticidae.
A large number of species were examined, both of Natica and of Neverita, 

Lunatia and Sigaretus. All have the common three layers with the upper one with 
transverse lamellæ. The lamellæ of the upper layer are very regular (pl. XI, tig. 2), 
whereas the radial lamels are rather irregular and the undermost, transverse ones 
very irregular.

Carpenter (1847, p. 116) mentions pavement-like cells as occurring in the shell of a 
Natica. I have not seen any similar phenomenon.

Ampullariidae.
The members of this family examined by me behave quite like those of the 

Naticidae (pl. XI, fig. 3).
Already Bowerbank describes the three layers of the Ampullaria.

Valvatidac.
The shells of the recent forms Valuata piscinal is and V. carinata have four 

layers of lamellæ with the first one longitudinal; the lamellæ are irregularly formed.

Paludinidae.
The shells of different species of the genera Paludina and Vivípara examined 

have three layers of which the first one is transverse (pl. XI, fig. 4). The lamellæ of 
this layer are very regular while those of the second layer are more irregular and 
those of the third very irregular; the directions of the lamellæ of the two last 
named layers differ widely from the normal scheme.

Hydrobiidae.
Members of the species Hydrobia, Bythinia and Lithoglyphus show a structure 

similar to that of the foregoing family. In the very thin shells the structure is, of 
course, not very distinct and the lamellæ are rather irregular.

Rissoidae.
Different species of Rissoa and Alvania were examined and most of them were 

built in the same manner as the two foregoing families. Only in Rissoa letlandica 
there are four layers the first of which has longitudinal lamellæ.

Janthinidae.
Some recent members examined by me (Janthina prolongata, exigua a. o.) 

have quite the same structure (pl. XI, fig. 5) deviating from that of all other gastro
pods of this group. The mostly very thin shells possess an upper, calcitic layer 
which is relatively thick, constituting half of the shell or more. The calcite is ex
ceedingly irregularly built and must be designated as irregularly grained without 
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any prismatic arrangement. The extinctions are also for the most part quite acci
dentally orientated, although a relatively large number of the axes are reclined in 
the longitudinal plane.

The aragonite consists of crossed lamellæ which are always transverse, and there 
is no trace of any second or third layer. The lamellæ are very tine and irregular.

Miss Kelly (p. 52) describes the shells as consisting of calcite, which is surely not 
quite correct.

Scalariidae.
This family forms a transition from the common type to that of the foregoing 

family. A calcitic layer is probably never wanting although it may, in some instan
ces, as in Scalaria gaultina, be very thin and not quite certain. In most cases it is 
essentially thicker and constitutes the greater part of the shell, especially in the 
last whorl. The ledges for the most part consist entirely of calcite (pl. XI, fig. 7) 
but in other instances, as in S. intumesecns from the Oligocène, that side of them 
which is turned towards the spire is formed of aragonite. The structure of the 
calcite is variable. While it is very regularly prismatic in the last named species, 
the prisms are, in most instances, very irregular (pl. XI, fig. 7), and in some cases 
the structure must be designated as grained.

The aragonite consists, as usual, of crossed lamellæ, and in most cases there 
are the ordinary three layers with the first one transverse. In some recent forms, 
however, only the upper, transverse layer is formed, but its under part is then gener
ally exceedingly irregular (pl. XI, fig. 7). The lamellæ are, on the whole,, rather 
irregularly formed.

Both Cornish and Kendall (p. 70) and Miss Kelly (p. 52) describe the shells as con
sisting of calcite, which is certainly not correct for any species. Here, as in other instances, 
such a fault is very easily explained if we assume that only the outermost part of the shell, 
next to the outer lip, is examined, as the aragonite is so exceedingly thin here that it cannot 
be detected by means of a determination of the specific gravity.

Turritellidae.
Among many recent and older Turritellidae examined by me there is very little 

divergence. The structure is the common one with three layers the uppermost of 
which is transverse; the second, longitudinal, layer is in most cases very insignifi
cant, and the lamellæ are mostly very irregularly formed.

Cayeux (p. 486) describes the Eocene form T. terebellata as consisting of the ordinary 
three layers.

Vermetidae.
The shells of Vermetus, of which I have examined some recent species, are 

built in the usual manner with three layers, the uppermost of which is transverse. 
There are, however, sometimes traces of a fourth or fifth layer. In the FZocene Tenagodes
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striatus the structure is essentially the same, but in some places thin, transverse 
layers are inserted in the thick longitudinal layer. In the Pliocene Siliquaria anguina 
the upper layer is also transverse while the undermost one is longitudinal, with 
many thinner transverse layers inserted in it. The lamellæ are on the whole rather 
irregularly formed.

Pyramidellidae.
Different species of the genera Pyramidella, Eulima, Turbonilla, Cheilostoma and 

Diastoma were examined and they were quite alike. The shell consists of three 
layers, the first of which is transverse; the lamellæ are rather irregularly formed.

Melaniidae.
The shells of different forms of the genera Melania, Melanopsis and Pyrgularia 

are essentially alike with the upper layer longitudinally lamellated and with four 
layers. The first layer is very thin and indistinct; the lamellæ of all the layers are, 
on the whole, rather irregularly formed.

Cerithiidae.
The shells are built up in the usual manner with three layers the first of 

which is concentrical. The longitudinal layer is mostly rather insignificant and the 
lamellæ of all layers are generally rather irregularly formed. Besides a large number 
of species of Cerithium I have examined members of the genera Bittium, Potámides 
and Triforis. The Eocene form Cerithium giganteum possesses some very subordinate 
layers which seem to be of a prismatic nature; the lamellæ of this large form attain 
a thickness of up to 0.15 mm.

Aporrhaidae.
The shells of Aporrhais and Alaria consist of the ordinary three layers with 

the first one transverse (pl. XI, fig. 7). The layers are considerably more distinct 
than those of the foregoing families, and the lamellæ are more regularly formed. The 
3rd layer is divided into two sub-layers, both with an almost transverse orientation 
but differing a little from each other (pl. XI, fig. 8). In the foregoing families there 
have, in some instances, been found traces of sub-layers, but because of the irre
gularity of the lamellæ it has not been possible to establish their existence with 
certainty.

Strombidae.
The commonest type is the same as that of the foregoing family. There are three 

layers the first of which has transverse lamellæ and the layers are very distinct 
with regular lamellæ, those of the third layer being, however, less regular than the 
others. I have found no traces of any sub-layer like that mentioned above. The 
Eocene forms Strombus dubius, ornatus and dictator, Rostellaria lucida, Rinella rimosa, 
Seraphs convolutus, Terebellum fusiforme and the Gaultian form Anchura carinata be
long to this type.
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In the recent Strombus gigas there are four layers, all alternating, and the first 
one is longitudinal. The lamellæ are regular and rather broad (up to 0.1 mm.). Also 
the Gaultian form Rostellaria Soiverbyi has longitudinal lamellæ in the first layer.

Already Bournon (p. 312 and 318 if.) describes the shell of Strombas gigas. He has only 
seen three layers the uppermost of which has longitudinal lamellæ; as the fourth layer be
gins at a distance from the outer lip of almost half a revolution it is easily understood how 
we may receive the impression that there are only three layers. In the drawing of Bournon 
(pl. 1, fig. 2) there is the fault that the lamellæ of the first and third layers are placed in an 
oblique position while they are in fact strictly normal to the surface of the shell. Also Rose 
(p. 89 if.) gives descriptions and drawings of the three layers of Strombus gigas, and Tullberg 
(p. 42) mentions the same layers and, furthermore, an undermost layer, built like the uppermost 
one of Buccinum undatum. He does not state which is the species examined, and I have 
never observed any such layer in any form of Strombas.

Cypraeidae.
An Eocene Cypraea sp. possesses four alternating layers the first of which is 

longitudinal. All other species of C., and of Erato and Ovula examined by me have 
the usual three layers with the first one transverse. The lamellæ are more or less regular.

The structure of Cypraea was already stated by Bowerbank.

Cassididae.
Different species of Cassis and Cassidaria examined by me all show the same 

structure with three alternating layers the first of which has transverse lamellæ (pl. XI, 
fig. 9, and pl. XII, fig. 2). The lamellæ of the two first layers are very regular (pl. XII, 
fig. 2), those of the third one less so.

The structure of Cassis was already stated by Bowerbank.

Doliidae.
The shells of Dolium are built up in exactly the same manner as those of the 

foregoing family.
Tritoniidae.

Different species of Triton and Ranella examined by me all show the same 
structure very much resembling that of the two foregoing families. In some instances 
there is a distinct fourth sublayer with transverse lamellæ which, however, form an 
angle of about 25° with those of the third layer.

Columbellidae.
The shells of Columbella behave exactly like those of the foregoing families.

Buccinidae.
Almost all members of this family belonging to the genera Buccinum, Pseudo

liva and Nassa (pl. XII, fig. 4) examined by me, behave exactly like those of the 
foregoing families. Only Buccinum undatum forms an exception as the shell possesses 
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a special, thick, upper layer, of which no trace is found in any of the other forms. 
The said layer is prismatic and bears a certain resemblance to the calcitic layer 
found in other gastropod shells, as it is considerably more transparent than the 
underlying lamellar substance. It consists, however, of aragonite, and the structure 
is very irregular, composite prismatic (pl. XII, fig. 3).

Tullberg (p. 39 if.) describes the four layers of B. undatum and gives good figures of 
the different sections of the shell.

Purpuridae.
Most members of this family examined by me, such as the recent Purpura 

recta, the Miocene forms P. exilis, haemastoma and a recent Pentadactylus sp., show 
the common structure. In Purpura recta the lamellæ of the third layer have such 
an oblique position that they can hardly be said to be transverse (pl. XII, fig. 5).

In two instances, the recent forms P. lapillus (pl. XII, fig. 6) and fíapana rapa, 
there is a thick, upper, calcitic layer consisting of rather irregular prisms with an 
almost entirely irregular extinction.

Already de Bournon (p. 324) observed the two different substances forming the shell 
of P. lapillus, and Sorby (p. 60) determines these substances as calcite and aragonite. Cornish 
and Kendall (p. 70) have arrived at the same result.

Muricidae.
Most members of this family examined by me have their shells built up of 

four alternating layers (pl. XII, fig. 7) the first of which has longitudinal lamellæ. 
This layer is always thin and in some instances indistinct and interrupted, but I 
think that it is never entirely wanting. All forms of Murex and Typhis examined by 
me, and Trophon Semperi from the Miocene belong to this type.

All other species of Trophon examined by me (T. clathratus and T. (Ocinebra) 
scalariformis) possess an upper, calcitic layer with a prismatic structure with rather 
regularly formed prisms with a rather regular extinction. The aragonitic part of the 
shell has only three alternating layers the first of which has transverse lamellæ.

Cornish and Kendall mention (p. 70) that Murex tortuosus has a thick opaque inner 
layer, while the investment constituting the frills and varices is translucent. The specific 
gravity of the shell is 2.85, indicating that the greater part is aragonite. It is possible that 
we have here a calcitic layer but it may also be that the layer is constructed as in Bucci- 
num undatum. I have not had any material of this species at my disposal

Fusidae.
The most divergent is the genus Chrysodomus of which the following Pliocene and 

Pleistocene members were examined: C. contraria, C. despecta and C. antiqua. All of 
them have a thick upper calcitic layer built up of rather regular prisms with a rather 
regular extinction. The aragonitic part of the shell consists of the ordinary three layers.

The other members of the family have no calcite and consist of the common 
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alternating layers. Mostly there are only three but in some instances there is a distinct 
upper one with longitudinal lamellæ. The genera Fusus and Leiostoma, a very large 
number of which I have examined, have mostly three layers and only some spe
cies, as the Eocene forms L. pyrus, bulbiformis and incrassatus, have four distinct 
layers. Of the genus Fasciolaria the Miocene forms F. fimbriata and F. noctífera, have 
four layers while the equally Miocene form F. burdigalensis only possesses three. The 
Miocene Turbinella subcraticulata has four layers. Some Eocene members of the genus 
Pyrula are also differently constructed: P. clava and tricostata have three, while P. 
callosa, Condita and laevigata, have four layers.

Bowerbank mentions the genus Pyrula as one of those which have three layers with 
the middle one with transverse lamellæ; as seen above, some Pyrulae have four layers, and 
he has here, as in other instances, not noticed the innermost, transverse layer. Sorby (p. 60) 
mentions the genus Fusus among those which have an outer calcitic layer; it is probable 
that he has examined some Chrysodomus. Cornish and Kendall state that Fusus antiquus 
(= Chrysodomus antigua) consists of calcite and aragonite.

Volutidae.
The shells of Voluta possess the ordinary three layers; the third one may be 

divided into two sublayers none of which takes the exact transverse direction 
(pl. XII, fig. 8). The genus Marginella also possesses three layers while some species 
of the genus Mitra (M. fusiformis and scrobiculata) have an upper layer with longi
tudinal lamellæ.

Bowerbank gives the genus Voluta as an example of the gastropods with three layers 
the middle one of which has transverse lamellæ; I have found no instance among numerous 
species examined where there is an upper longitudinal layer.

Harpidae.
A few species of Harpa examined by me show the same structure as Voluta. 

Here the third layer is more distinctly divided into two sublayers the first of which 
has the lamellæ orientated in an oblique direction; as seen in the figure, pl. XIII, 
fig. 1, the laniellæ of the upper sublayer are more regularly formed than those of 
the lower one, although not so regular as those of the two upper layers.

Olividae.
The shells of different forms of Oliva, Olivella and Ancillaria examined by me all 

show the ordinary structure with three layers. There may, in some instances, be faint 
traces of an upper, longitudinal layer but it is not formed as a distinct, separate layer.

Bowerbank places the Oliva among the gastropods which have three layers of which 
the middle one has transverse laniellæ; there may, perhaps, be other species than those ex
amined by me, which possess the said upper layer.
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Cancellariidae.
Different Tertiary and Quaternary species of Cancellaria examined by me were 

all quite alike and built up of the ordinary three layers.

Terebridae.
The shells of Terebra are constructed in the same manner as those of the fore

going family.
Pleurotomidae.

A large number of species of the genus Pleurotoma and some examples of the 
genera Mangelia, Bela, Drillia, Clathurella, Clauatnla and Borsonia were examined. 
The structure was the same in all instances, and the usual three layers being al
ways present.

Conidae.
All shells of Conus consist of four layers, the first one having longitudinal lamellæ.
By Bowerbank these shells are stated to be composed of three layers, of which the 

middle one has transverse lamellæ; here, as elsewhere, he has not observed the innermost 
layer.

The shells of the large suborder of the Ctenobranchina are built essentially in 
the same manner although there may, of course, be different modifications of the 
common type. The differences are, however, in most instances not very marked, 
and it is impossible to distinguish these shells from each other only by means of 
their structure.

The common type, which is developed in all families with the exception only 
of the Capulidae, the Janthinidae and some of the Scalariidae, is a combination of 
three alternating layers of crossed lamellæ, those of the first and third layers being 
transverse and those of the middle one longitudinal. The lamellæ of the first layer 
are in most instances perfectly transverse, parallel to the lines of growth, although 
there may, in some instances, be characteristic deviations from that direction, the 
lamellæ forming a distinct, acute angle with the lines of growth. This, however, is 
an exception. The second layer too is rather regularly orientated, its lamellæ being, 
in most instances, normal to those of the first layer. But the orientation of the 
lamellæ of the third layer is highly irregular; in some instances they may be nearly 
normal to those of the second and parallel to those of the first layer, but as often 
they may be orientated in another direction, forming angles of up to 45° with the 
directions of the upper lamellæ. In other instances the third layer may be replaced 
by two sub-layers having different directions, of which one or both may deviate 
rather strongly from the transverse one. In no instance is there, however, any 
distinct fourth layer with longitudinal lamellæ.

As to the regularity of the lamellæ there are great differences both between the 
different families and between the different layers. As a rule the lamellæ of the first 
layer are most regularly formed, while those of the second layer are somewhat less 
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so and those of the third one are always very irregularly formed, branched and 
fusiform. The substance forming the third layer is also generally different from that 
of the two first ones, being more transparent. If this layer is divided into two sub
layers there may he some difference between these, the upper one forming a tran
sition, both as to the regularity of the lamellæ and the transparency of the substance, 
between the upper layers and the undermost sub-layer.

The different families behave very differently as to the regularity of the lamellæ, 
but there may, in some instances, also he a great difference between shells belong
ing to the same family. As a rule the lamellæ of the larger and thicker shells are 
more regularly formed than those of thin shells. The most regular structure is found 
in the last half of the families, from the Aporrhaidae to the Conidae, and it is 
obvious that the single layers have very sharp and distinct boundaries against each 
other and are easily visible to the naked eye. Among the first part of the families 
we find similarly distinct regular lamels and sharply hounded layers in the Naticidae, 
the Capulidae, the Paludinidae and the Ampallariidae, while the lamellæ in the other 
families are more irregular. The greatest irregularity prevails among the Turritellidae 
and the Cerithiidae, where the second layer is generally very indistinct and only 
developed in part of the shell while, in other parts, the first and third layers are 
merged in each other.

The relative thickness of the three layers may be rather variable. As a rule 
the first layer is always well developed; by the outer lip it forms the whole shell, 
hut it gets gradually thinner as we approach the apex. The second layer commonly 
begins at a little distance from the lip and is at first very thin but gradually gets 
thicker until where the third layer begins, whereupon it generally gets thinner and 
thinner. The third layer begins rather far away from the lip; in the shells with a 
large first whorl, as in Strombus, Conus and Cypraea, we commonly find it at a 
distance from the lip of almost half a revolution, while, in the shells with a long 
spire, as in a Terebra, it only begins at a distance of many whorls from the lip. 
This layer commonly gets thicker and thicker next to the apex, but there are many 
shells where it is always rather insignificant.

The most common divergence from the ordinary type is formed by the exi
stence of an uppermost layer with longitudinal lamellæ found in many families which, 
in this manner, come to be built up of four alternating layers. This uppermost layer 
is always relatively thin and it is, in some instances rather difficult to ascertain its 
existence as the lamellæ next to the surface of the shell are mostly rather irregularly 
formed. Where best developed the lamellæ of this layer are, however, perfectly distinct 
and regularly formed, and the layer surrounds the whole shell. All members of 
the families Valvatinidae, Melaniidae and Conidae examined by me possess four layers 
and so do those members of the Muricidae which have no calcitic layer. In the 
families Rissoidae, Strombidae, Cypraeidae, Fusidae and Volutidae some members have 
four layers while most of them only possess the usual three.

Other deviations from the normal type are the following: thin, subordinate 
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layers of different kind are found in the Vermetidae and in Cerithium giganteum; in 
the genus Cyclostoma the second and third layers may be developed in a very im
perfect manner, the structure of that part of the shell being almost homogeneous. In 
Buccinum undatum there is a special, thick, upinost layer of a prismatic consistency.

As mentioned above, there are three families which deviate essentially from 
the type. The Capulidae possess three alternating layers the first of which has 
longitudinal lamellæ while the third, longitudinal layer is developed in the same 
way as the third, transverse layer in the typical shells. Only in the two fami
lies in which the calcitic layer is never wanting, the aragonitic part is correspon
dingly reduced. In the Scalariidae some of the members possess the normal three 
layers while others have only the first one, and the thin, aragonitic part of the 
shells of the Janthinidae only consists of that layer.

A calcitic layer is found in all members of the families Janthinidae and Sca
lariidae examined by me and in some members of the Litorinidae, Muricidae, Pur- 
puridae and Fusidac, there has likewise been such a layer in some of the Paleozoic 
members of the Capulidae. The calcitic layer is in almost all instances very thick, 
the structure is always prismatic, in some cases rather regular in others more 
irregular.

4. Suborder: Heteropoda.
The shells of Atlanta sp. and Carinaria mediterránea examined by me are 

essentially alike; they consist of aragonite and have a homogeneous structure with
out any distinctly visible elements.

Schmidt (p. 177) describes the homogeneous structure of Carinaría mediterránea, but 
he finds that the shell consists mainly of calcite, as, by using the fluid of Mohr, he obtains 
a mainly yellow precipitate with green spots. I think it highly improbable that a shell which 
looks so homogeneous, can consist of two substances, and I have found no trace of calcite 
either by means of the fluid of Mohr, or by other ways of determination.

B. Order. Opisthobranchia.
Actaeonidae.

The shell consists of the common three layers with alternating lamellæ, those 
of the first layer being, as usual, transverse. The third layer may, in some in
stances, be very insignificant or wanting. As to the aspect of the lamellæ there is a 
great difference between the different genera. The Senonian form, Actceonella gigantea, 
has very regularly formed lamellæ, and the third layer is very thick here and has 
also the lamellæ regularly formed. Actaeon Moulinsii from the Miocene has still re
gularly formed lamellæ, but here the third layer is insignificant. Different Eocene 
species of Tornatella have irregular lamellæ but the layers are still very distinct, 
whereas, in several species of Bingienla examined by me they are merged to a great 
extent and only recognizable with great incertainty.
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Bullidae.
The shells of this family are differently built; the lamellæ are, however, always 

rather irregularly formed. Bulla sp. (recent) has the common three layers, the third 
of which is divided into two sub-layers. Among the Eocene forms Athys semistriata 
and Bulla parisiensis have four layers, as there is an uppermost, very thin layer 
with longitudinal lamellæ; Cylichna Bruguierei also possesses this upper layer, but 
there is no trace here of the usual, undermost transverse layer. In Cylichna cylin- 
droides and Bulla angistoma the uppermost layer is also wanting, and there are only 
two layers in all, the first one being transverse. The Miocene form, Scaphander 
Grateloupi, has the same two layers combined with the upmost longitudinal layer 
(as in Cylichna Bruguierei); the layers are more indistinct than in most Bullae. In 
Philine aperta and scabra (both recent) the layers and lamellæ are highly irregular 
and indistinct, the lower part of the shell possessing a perfectly complex structure.

It will be seen that the shells of the Opistobranchia are built up after essen
tially the same scheme as those of the Ctenobranchina, possessing, in most instan
ces, the same three or four layers. But there is, in this small group, much more 
variation than in the other, large group. The layers are, in some instances, much 
more indistinct than in the former group; the third layer may be wanting, but it 
may, on the other hand, be much thicker than in any members of the Ctenobran
china and possessed of much more regular lamellæ.

C. Order. Pteropoda.
Cavoliniidae.

The few forms examined by me (a recent Hyalaea sp. and the Miocene Vaginella 
depressa) are quite alike; the shell consists of aragonite and the structure is perfectly 
homogeneous without any visible element.

Cayeux (p. 490) describes the shell of a Vaginella as consisting of three layers, of which 
the upper and under ones are homogeneous and are said to consist of calcite, whereas the 
middle one is described as being crossed lamellar; this structure is, however, said to be 
extremely fine and is not visible in the figure (pl. 54, fig. 2).

Hyolithidae.
The shell of Hyolithes, if not altered into some other substance, consists of 

irregularly grained calcite, and there is no doubt that it originally consisted of ara
gonite. In no case is there any trace of the original structure.

Appendix.

Tentaculitidae.
The shells have mostly a very uniform structure consisting of calcite which is 

certainly original, possessing a very regular, finely foliated structure (pl. XIII, fig. 2) 
D. K. D. Vidensk. Selsk. Skr., naturv. og ma them. Afd.,9. Række, 11,2. 41 
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with a regular, normal extinction. As the most typical examples may be mentioned 
Tentaculites annulatus from the Ordovician or T. intermedius, T. ornatus and others 
from the Silurian. A similar but less regular structure is found in T. sp. of Gothland, 
whereas, in T. cfr. grandis from the Ordovician, it has not been possible to find 
any distinct structure.

In the handbooks of Zittel the shell is said to consist of two layers, an outer, massive, 
and an inner, foliated layer. I have not seen any such difference in the shells examined by me.

Torellellidae.
The shell of the Cambrian Torellella laevigata consists of phosphorite which 

is, as usual, composed of alternating layers of a weakly doubly refracting and 
a seemingly perfectly isotropic substance. The former is positive with the axes 
regularly vertical. The sign of the double refraction is remarkable, as not alone 
most varieties of the common phosphorite, but also other phosphoritic shells, as 
those of the Connlaria and of the brachiopods, are always negative. The very thin 
shell of Hyolithellus micans (Cambrian) also consists of phosphorite with a positive 
sign, but here no alternating layers are visible.

Conulariidae.
The shells of different species of Connlaria were examined. In most respeets 

they resemble those of the foregoing family. In some instances the whole shell is 
isotropic, in others there are alternating layers; the sign of the double refraction 
is negative.

D. Order. Pulmonata.
1. Suborder. Thalassophila.

The only shell examined by me is that of the recent Siphonaria Lesseni; it 
consists of three alternating layers, the first one having concentrical lamellae. The 
lamellæ, as usual, are rather regularly formed in the first two layers and irregular 
in the third one.

2. Suborder. Basommatopliora.
Auriculidae.

The shells of the recent Auricula myosotis and of the Eocene A. Douvillei are 
quite alike and consist of four alternating layers the first of which is very thin and 
consists of longitudinal lamellæ; the lamellæ of the fourth layer are, as usual, very 
irregularly formed.

Limnaeidae.
The recent forms of Limnaea examined by me (L. stagnalis, ovata, palustris and 

pereger) all have their shells built up of four layers, the first of which is very in
significant and has longitudinal lamellæ. The shells of the recent Planorbis umbili- 
catus and of the Miocene forms, P. corneus and pseudoaminoneus, only possess three 
layers, the first of which is very insignificant and has longitudinal lamellæ; the lamellæ 
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of the third layer are very indistinct. Physa columnaris (Eocene) also possesses 
three layers the first of which has longitudinal lamellae; this layer is, however, better 
developed than in the two other genera and the layers are, as a whole, more distinct, 
whereas, in the recent Ancylus fluviatilis, they are so indistinct that they can hardly 
be seen. The lamellæ in all members of the family are very irregularly formed.

3. Suborder. Stylommatophora.
Helicidae.

The shells are, as usual, built up of alternating layers but the number of 
these layers is, in most instances, greater than in any other shell. The recent forms, 
Helix pomatia and nemoralis, and the Miocene forms, H. inflata and sylnana, have 
five layers (pl. XIII, fig. 3) the first of which has longitudinal lamellæ, whereas, 
in the Eocene H. turonica, this layer is wanting, there being only four layers. The 
lamellæ of Helix are rather irregularly formed, especially those of the undermost 
layers. Five alternating layers are also found in the recent forms Bulimus rosaceus, 
Clausilia sp. and Pupa nva (pl. XIII, fig. 4), but here the lamellæ of all layers are all 
more irregularly formed. In the thin shells of Succinea oblonga and elegans there 
are only four layers, as the undermost, longitudinal one is wanting here, and in 
the recent Buliminus obscurus only the three first layers are developed, the under
most part of the shell possessing a very complicated structure.

Biedermann (p. 72 if.) gives a thorough description of the shell of Helix pomatia which 
is said to consist of three alternating layers, the first of which has longitudinal lamels. 
Also Schmidt (p. 174) has described the structure of H. pomatia.

The shells of the Pulmonata are, as a whole, built up after the same scheme 
as those of the Ctenobranchina, but there seems to be a closer resemblance to the 
Opistobranchia in that there are many deviations from the main type which seems 
to be very rare here. The deviations, as in the Opistobranchia, may consist both 
in a reduction and in an addition of new layers. A reduction has taken place 
only in the genera Ancylus and Buliminus, where the normal third (concentrical) 
layer is not found or, at all events, very indistinct. All shells examined by me, 
with the exception only of those of Siphonaria and of Helix turonica, possess an 
upmost longitudinal layer, the character of which is exactly the same as in the 
Ctenobranchia and Opistobranchia, the layer being mostly very thin with very thin 
lamellæ. The most remarkable feature is the addition of an undermost, longitudi
nal layer in many members of the Helicinae', in some instances we may find, in 
the two other groups mentioned above, that the common third layer may be divi
ded into two sub-layers but the lamellæ of both of them must still be said to be 
concentrical although their directions are rather deviating.

The following summary may be given of the results of the examination of the 
shell structure of the gastropods: The groups of the Ctenobranchina, the Opistobranchia 

41
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and the Pulmonata are very closely related, while the Aspidobranchina and the Cyclo
branchina stand rather apart from these. Still more apart are the Heteropoda and the 
Pteropoda, and quite isolated are such families as the Tentaculitidae, the Torellellidae and 
the Conulariidae.

V. Class. Cephalopoda.
The shells of the Cephalopoda are much more simply constructed than those 

of most other mollusks, possessing only the most primitive structures, especially 
the nacreous and the prismatic ones. With one exception (Orthoceras annulatum) 
the shell is what we may call unorientated, as there is no difference between the 
two main directions, lhe transverse and the longitudinal. Aragonite is the com
monest element in the shell.

A. Order. Tetrabranchiata.
1. Suborder. Nautiloidea.

The shell of the recent Nautilus pompilius (pl. XIII, figs. 5 and 6) mostly con
sists of a beautiful nacreous substance. Above that there is a thin layer of an 
irregularly prismatic structure; the prisms are of a homogeneous nature with a 
feathery arrangement of the axes, which diverge downwards. The upinost, thin 
layer is irregularly grained; downwards the grains are relatively large and scat
tered among the prisms while, towards the upper side of the shell, they get gradu
ally exceedingly fine and, at the same time, form a compact layer. The septa con
sist throughout of the nacreous substance. The Eocene Nautilus imperialis seems to 
have a similar structure which is, however, very indistinct because of an incipient 
alteration of the substance. The Oligocène Aturia (pl. XIV, fig. 1) Basteroti is more 
remarkable having upmost a thick, nacreous layer under which there is a thick, 
prismatic layer, while the undermost, thin layer is nacreous. The septa are built 
up of a thick, prismatic layer, on both sides of which there is a thin, nacreous 
layer. At the connection between the septum and the outer shell, the undermost nac
reous layer of the latter continues into lhe two nacreous layers of the septum, while the 
prismatic layer of the septum has no connection with that of the outer shell, both 
being rather differently constructed. The Senonian Eutrephoceras dekayi seems to 
consist entirely of a nacreous substance. The shells of these four species, which are 
the only ones examined among the newer nautiles, consist of aragonite.

Appellöf (p. 69 if.) gives a very thorough description of the structure and formation of 
the shell of Nautilus umbilicalis; the structure is, in all essentials, the same as that described 
above, it seems, however, that the upper part of the shell is built up in a somewhat more 
complicated manner. A description and a figure of the shell of Nautilus pompilius is given 
by Cayeux (p. 491). Also Schmidt (p. 178) describes the shell of a Nautilus.

I have examined a large number of the older, Paleozoic and Mesozoic, Nau
tiloidea and in most of them I have found that the shell consists of quite ir
regularly grained calcite which indicates that the structure is secondary and pro
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duced by alteration of an original aragonitic shell. Only in a few instances have I 
found a regularly prismatic calcite which must be original, and as it is found only 
in the upper part of the shell we must assume that this has consisted of an upper, 
calcitic, and an under, aragonitic layer, as found in several bivalves and gastro
pods. The most certain calcitic layers are found in the Ordovician Lituites antiquis- 
simus and the Silurian Gyroceras alatunv, the prisms are regularly formed and their 
extinction is also very regular, the axes being normally orientated, parallel to the 
prism axes. The most peculiar shell is the Silurian Orthoceras annulatuni; the 
form of the prisms is not so regular as those mentioned above, but the optic axes 
have a very rare orientation transverse in relation to the prism axes and, at the 
same time, transverse to the axis of the animal. In none of the three species 
mentioned is there any trace of original calcite in the septa.

There may, of course, have existed a calcitic layer in other cases where 
it is no longer possible to detect it. Especially in such instances where all car
bonate of lime has been diluted, it will be quite impossible to state anything about 
the original nature of the shell. Of this kind is e. g. the material which I have seen 
of the oldest among all Cephalopada, the Cambrian form Volborthella.

Of the Rliyncliolites I have examined a few forms; they consist of a primary 
calcite the structure of which is very variable; sometimes it is homogeneous while 
in other places, it, may be spherolitic or complicated in other ways.

2. Suborder. Ammonoidea.
The shells of the ammonites, if preserved, consist throughout of aragonite and 

the structure is rather simple and uniform. In some instances the shell is nacreous 
throughout while, in other instances, there is a lower layer of a prismatic sub
stance (pl. XIV, fig. 2-—4); this layer is always very thin and the prisms are rather 
fine and inconspicuous, their extinction is normal. As we may find in some genera 
(f. i. Perisphinctes) some forms with and others without the prismatic layer, I do not 
think that its presence can be of any systematic value, and I shall not, of course, 
give a list of the forms in which I have found it. In some instances we find, under 
this layer a very thin nacreous one, the structure very much resembling, in that 
respect, that of the Aturia described above. There may also be found two or more 
thin prismatic layers.

In the septa I have never found any trace of a prismatic layer; their sub
stance is nacreous throughout.

All Paleozoic and many Mezosoic ammonites have their shells completely 
altered, generally into an irregularly grained calcite (pl. XIV, fig. 5). In no instance 
have I found any trace of primary calcite.

Cornish and Kendall have stated that the shells of the ammonites consist of aragonite. 
Cayeux (p. 492) mentions an upper, prismatic layer corresponding to that of the nautiles; in 
his figure of Aegoceras planicosta (pl. 54, fig. 5) we see, besides two specimens of the shell which 
are nacreous throughout, a third specimen with an upper, rather coarsely prismatic layer. I 
think it most probable that this figure represents a shell of some lamellibranchiate.
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The shells of Aptychus all consist of calcite; there seem to be two kinds of struc
tures. Some of them are prismatic with rather coarse and very irregularly formed 
prisms (pl. XIV, fig. 6); the extinction is quite irregular. The other group was origi
nally porous, consisting of coarse, cylindrical cells (pl. XIV, fig. 7, and pl. XV, 
fig. 1) the orientation of which may be normal or more or less oblique; their form 
is generally irregular and on the upper and under sides of the shell they grow 
together and pass into different compact structures. The walls of the cells are 
rather thin and consist of a homogeneous calcite, the axes of which are sometimes 
normal to the walls and sometimes more or less oblique. The interior of the cells 
are filled up by secondary calcite.

Cornish and Kendall have stated that the Aptychi consist of calcite.

B. Order. Dibranchiata.
1. Suborder. Belemnoidea.

Belemnitidae.
As is well known, the rostrum of the Belemnites normally consists, of calcite in 

prismatic arrangement and with larger elements than found in any other mollusk. 
The structure is essentially the same in all forms, there being only some difference 
in the regularity of the form of the prisms and the regularity of the extinction. 
The most irregular type with very coarse prisms I have found in Belemnites parvus 
(pl. XV, fig. 3) from the Liassic, whereas the Senonian form Belemnitella mucronata 
(pl. XV, fig. 2) shows the most regular prisms. Only the Triassic form Aulacoceras 
possesses a rostrum with a quite irregularly grained structure and we must assume 
that it consisted originally of aragonite.

The most peculiar structure is found in the genus Actinocamax; the main part 
of the rostrum is built up of prisms in the usual manner, but next to the alveole 
this structure gradually passes into one large calcite individual; by breaking the 
shell here we lind large cleavage faces curved in a regular manner according to 
the form of the alveole.

Cornish and Kendall have stated that the Belemnites consist of calcite. A very thorough 
description of the structure of the shell of Belemnitella mucronata is given by Cesàro (Ann. 
Soc. Geol. de Belgique, 26, 1899, p. 73). By examining the traces of the cleavages in the vertical 
section he finds that the single individuals must have a regular orientation around the main 
axis, but I have not been able to find any such regularity. On the contrary, if we place a 
fragment of the shell on the goniometer, we see that the reflexions of the cleavages, which 
are very distinct, form a perfect ring around the main axis and that their direction is, of 
course, quite accidental.

Of the phragmocones I have had only a very scarce material for examination. 
Of the Triassic genus Atractites both the wall and the septa consist of irregularly 
grained calcite, and we must assume, therefore, that the shell has consisted of ara
gonite. On the other hand, in Belemnitella mucronata we find the wall consisting of 
finely prismatic calcite which must be original.
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Spirulidae.
The shell (pl. XV, fig. 4) consists entirely of aragonite; the outer shell is pris

matic with rather regularly formed prisms; the extinction is somewhat variable but 
does not deviate very much from the direction of the prisms. A very thin upper 
layer is perfectly homogeneous. The septa, on the contrary, are nacreous.

A very thorough description of all parts of the shell of Spirula has been given by 
Appellöf; as he has, apparently, not made use of polarized light, he has not observed the 
prismatic structure.

2. Suborder. Sepioidea.
The shell of Sepia consists entirely of aragonite; the different parts possess a 

very different structure and here I shall only point out some essential features 
(pl. XV, fig. 5). The external wall and the mucro possess a very fine prismatic struc
ture, the whole arrangement being as a rule rather irregular in accordance with the 
mamillary surface of the shell. In the parts next the margin there is a horny plate 
between two calcareous ones, in the more central parts the shell is calcified 
throughout but it contains a large amount of organic substance. In the spongy 
body the lamellae consist of an irregularly grained mass which is otherwise rarely 
found; the rods are perfectly homogeneous with their extinction orientated parallel 
to their maximal direction. As is well known, they have the form of very thin 
plates so that, in longitudinal sections, they may be narrow or broad according to 
their orientation, whereas, in cross sections, they show very characteristic meanderlike 
figures (pl. XV, fig. 6).

Further descriptions of the many peculiar features in the Sepia shell have been given 
by Appellöf a. o.

3. Suborder. Octopoda.
The shell of Argonauta consists of calcite and is very peculiarly built (pl. XV, 

fig. 7). The greater part, consisting of a thicker upper and a thinner under layer, is 
very finely prismatic with an extinction which is, in most instances, so perfectly 
parallel to the axes of the prisms that the structure is not very distinctly seen under 
the microscope, whereas it is more easily seen if one examines a fragment of the 
shell with a strong magnifying lens. Between the two above-mentioned layers there 
is a very thin layer of a very fine, irregularly grained calcite.

Miss Kelly was the first to determine the calcitic nature of the Argonauta.
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EXPLANATION OE THE PLATES
(IF NOT OTHERWISE STATED THE ENLARGEMENT IS 1: CA. 55)
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PLATE I

Fig. 1. Aviada sp. (recent). Vertical section showing the upper, prismatic layer and the lower, 
nacreous one.

Fig. 2. Aviada Münsteri (Upper Jurassic)- Vertical, concentrical section; upmost the prismatic 
layer, the lower one is crossed lamellar.

Fig. 3. Pinna sp. (recent). Horizontal section ol the prismatic layer.
Fig. 4. Pecten undulatus (Senonian). Vertical, radial section, showing the zigzag-structure.
Fig. 5. Pecten sp. (recent). Vertical section. An aragonitic, prismatic layer between two lamel

lar, calcitic ones.
Fig. 6. Peden aequivalvis (Liassic). Vertical, radial section; the double zigzag-structure is 

distinctly seen.
Fig. 7. Spondylus sp. (recent). Vertical, concentrical section; an upper, calcitic, lamellar layer, 

and two aragonitic layers, the uppermost is crossed lamellar, whereas the under
most is prismatic.
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PLATE II

Fig. 1. Exogyra cónica (Neocomian). Vertical section showing the typical, irregularly lanicl- 
lated structure.

Fig. 2. Oslrea edulis (recent). Vertical section, showing alternating layers of nearly horizontal, 
compact lamellae and nearly vertical, more loosely connected lamellæ.

Fig. 3. Gryphaea vesicularis (Senonian). Vertical section. Thinner layers of the lamellar kind 
alternating with others with a vesicular structure.

Fig. 4. Gryphaea cymbium (Liassic). Vertical, concentrical section. The crossed lamellar 
structure.

Fig. 5. Nucula nitida (recent). Vertical, radial section; an upper, composite prismatic layer 
and a lower one, nacreous.

Fig. 6. Nucula similis (Eocene). Horizontal section through the composite prismatic layer 
showing the feathery arrangement.
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PLATE III

Fig. 1. Astarte Reimersi (Miocene). Uppermost the crossed lamellar layer, getting more and 
more indistinct downwards; below, the prismatic layer.

Fig. 2. Durga crassa (Jurassic). Vertical section. The complex layer with thicker, prismatic 
and thinner, complex crossed lamellar layers.

Fig. 3. Isocardia Forchhammeri (Miocene). Vertical section. An lipper, homogeneous, and a 
lower complex crossed lamellar layer with distinct prismatic arrangement.

Fig. 4. Chama sp. (recent). Vertical, radial section. The upper part is formed of the crossed 
lamellar layer with the lamellæ strongly reclined upwards. Below is seen a prismatic 
part of the complex layer.

Fig. 5. Chama sp. (recent). Vertical, concentrical section. The upper part is formed of the 
crossed lamellar layer. Downwards we see the complex layer with irregularly formed 
inclusions of a complex crossed lamellar structure in a prismatic ground mass.

Fig. 6. Biradioliles cornu pastoris (Middle Cretaceous). Section normal to the walls which 
here form a network; one of the tabulae is cut in a flat section. Enl. 1:33.
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PLATE IV
(Enlargement 1: ca. 35).

Fig. 1. Biradiolites cornu pastoris. Section normal to the tabulae, the linely prismatic struc
ture of which is distinctly seen.

Fig. 2. Radiolites radiosus (Turonian). Section normal to the tabulae and almost parallel to 
the walls, some of which are cut in Hat section; their finely prismatic structure is 
seen.

Fig. 3. Radiolites radiosus. Section normal to the tabulae and to the walls.
Fig. 4. Sphaerulites cylindricus (Turonian). Section normal to the walls and almost parallel 

to the tabulae, one of which is seen in Hat section.
Fig. 5. Biradiolites foliace-alaeformis (Cretaceous). Section normal to the walls, which are 

here badly developed, and lo the thick tabulae, each of which consists of an upper, 
finely grained, dark, upper layer and of a lower one, finely prismatic.

Fig. 6. Biradiolites pseudo-cornu-pastoris (Turonian). Section normal to the walls and to the 
tabulae, the two layers of which are distinctly seen.
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PLATE V

Fig. 1. Biradiolites pseudo-cornu-pastoris. Section normal lo the walls and almost parallel to 
the tabulae one of which is cut in a Hat section; the two layers of it are seen. Enl. 1 :35.

Fig. 2. Hippurites organisans (Senonian). Type of the compact, finely prismatic structure of 
this genus.

Fig. 3. Lucina sp. (recent). Vertical, radial section showing the upper, composite-prismatic 
layer and the middle one, crossed lamellar.

Fig. 4. Lucina sp. (recent). A horizontal section of the crossed lamellar layer showing the 
characteristic rhomboidal arrangement of the lamellæ. Nicols crossed.

Fig. 5. Lucina sp. (recent). Horizontal section of a complex crossed lamellar layer showing 
a very irregular arrangement of the elements.

Fig. 6. Lardium echinatuin (recent). Vertical, radial section of the crossed lamellar layer; 
the lamellæ are vertical downwards while upwards they become reclined and then 
very indistinct with a feathery arrangement.

Fig. 7. Cardium edule (recent). Horizontal section of the complex crossed lamellar layer 
showing a spherolitic structure. Crossed Nicols.
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PLATE VI

Fig. 1. Tapes pullastra (recent). Vertical, radial section; the upper layer is composite-pris
matic, the lower one is homogeneous.

Fig. 2. Cylherea incrassala (Miocene). Vertical, radial section. The crossed lamellar layer 
downwards passes gradually into the homogeneous one; upwards the lamellæ become 
strongly reclined, then almost horizontal, and upwards reclined once more.

Fig. 3. Cy/herea s/>. (recent). Vertical, radial section. The crossed lamellar layer; the lamellæ 
are reclined downwards; upwards they become horizontal and at last inclined, ob
taining, in this way, a feathery arrangement.

Fig. 4. Cyrena sumatrana (recent). Vertical, radial section. We see an upper, crossed lamel
lar layer, and a lower one, of the complex kind; it consists of very thin, prismatic 
layers and of thick, complex crossed lamellar ones, partly with a prismatic arrangement.

Fig. 5. Tapes pullastra (recent). Vertical, concentrical section. Undermost we see the homo
geneous layer, uppermost the composite prismatic one, the prisms of which are cut, 
in the middle part, normally, but upwards and downwards more and more obliquely.

Fig. (). Donax viltatus (recent). Vertical, radial section. The upper part is formed of a com
posite prismatic layer, and under that there is a thin, crossed lamellar layer and 
small parts of an undermost, homogeneous one.



D. K. D.Vidensk. Selsk. Skh.,naturv. og math. Afd.,9. R., II, 2. [O. B. Boggild] Pl. VI

Fig. 5

Fig. 3 Fig. 6



PLATE Vil

Fig. 1. Donar vittatiis. Vertical, concentrical section. Above we see the cross sections of 
the prisms of the 1st order of the composite prismatic layer; the two lower layers 
are very indistinct.

Fig. 2. Tellina calcaría (recent). Horizontal section of the crossed lamellar layer showing a 
not very distinct, rhomboidal arrangement.

Fig. 3. Tellina calcaría. Horizontal section of the complex crossed lamellar layer, showing 
irregular cross sections of the prisms.

Fig. 4. Lutraria sp. (recent). Horizontal section of the complex crossed lamellar layer with 
a distinct spherulitic structure. Crossed Nicols.

Fig. 5. Ervillia podolica (Miocene). Horizontal section. The black parts to the left show the 
lower, homogeneous layer; above that we see, in the central part of the ligure, the 
crossed lamellar layer, as usual with the lamellæ orientated in the concentrical 
direction. To the right we see the upper, radially prismatic layer.

Fig. 6. Solenomya sp. (recent). Horizontal section, showing the peculiar, cellular structure; 
the cell walls are gradually becoming thinner in the lower part of the figure which 
is, at the same time, the under layer of the shell.

Fig. 7. Zirphaea críspala (recent). Horizontal section of the crossed lamellar layer showing 
a very distinct rhomboidal arrangement.
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PLATE VIH

Fig. 1. Dentalium Bouei (Miocene). Vertical, transverse section. Between upper and lower 
sub-layers we see, in the main part of the shell, the crossed lamellæ.

Fig. 2. Dentalium Bouei. Vertical, longitudinal section. Here the lainellæ of the 1st order are 
seen in transverse sections.

Fig. 3. Dentalium Bouei. Horizontal section of the main layer. The lainellæ of the 1st order 
here show rhomboidal figures, otherwise characteristic of the bivalves.

Fig. 4. Chiton sp. (recent). Vertical, transverse section (in relation to the animal), showing 
the two layers designated as a and c in the text (p. 67); the intermediate layer, b, is 
not developed in this place.

Fig. 5. Chiton sp. (the same as fig. 4). Horizontal section of the crossed lamellar layer show
ing the very fine and regular lamellæ specific to the Amphineura.

Fig. 6. Bellerophon sp. Vertical section. This single species, from the Ordovician of Bornholm, 
is divergent from other species of B. and from almost all other shells in that it 
consists of regularly lamellated calcite.
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PLATE IX

Fig. 1. Subeinarginiila sp. (recent). Vertical, transverse section. Shows transitions from the 
crossed lamellar structure to a more regularly lamellated one.

Fig. 2. Ilaliolis sp. (recent). Vertical, longitudinal section. The upper, homogeneously grained 
layer is here quite intransparent ; the lower layer is the nacreous one.

Fig. 3. Ilciliolis sp. (recent). Vertical, longitudinal section, between the two, aragonitic layers 
a prismatic, calcitic layer is seen.

Fig. 4. Turbo tuber (recent). Vertical, longitudinal section. The upper, dark layer is homo
geneous and at the same time grained and prismatic; the lower layer is nacreous.

Fig. 5. Phasianella bullinoides (recent). Vertical, longitudinal section. The upper layer is com
plex prismatic, the middle one is crossed lamellar with peculiar zigzag ligures; the 
lower layer is finely prismatic.

Fig. 6. Phorus agglutinons (recent). Horizontal section showing rather regular laniellæ of the 
crossed lamellar structure.

Fig. 7. Nerilina concava (recent). Vertical, longitudinal section. An upper, very thin, calcitic 
layer, and a lower one, aragonitic, crossed lamellar.
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PLATE X

Fig. 1. Nerita políia ('recent). Vertical, longitudinal section. The upper layer is calcitic, pris
matic, the middle one is aragonitic, crossed lamellar, with dark lines of growth. The 
lower layer is aragonitic, complex crossed lamellar.

Fig. 2. Patella /luctuosa (recent). Vertical, radial section. Upwards, to the left, is seen the 
calcitic, foliated layer, downwards, to the right, there is a complex crossed lamellar, 
aragonitic layer.

Fig. 3. Acmaea virgínea (recent). Vertical, radial section. An upper, exceedingly thin, calcitic 
layer. Of the two aragonitic layers the upper one is prismatic, the lower one is 
crossed lamellar.

Fig. 4. Patella bauia (recent). Vertical, concentrical section. An upper, calcitic, crossed lamel
lar layer with concentrical lamellæ; next is seen an aragonitic, crossed lamellar 
layer with radial lamellæ. The undermost layer is prismatic and aragonitic.

Fig. 5. Patella bauia. Vertical, radial section. The same three layers as described above are 
seen.

Fig. (>. Litorina litorea (recent). Vertical, longitudinal section. The lipper layer is calcitic, 
prismatic. Of the aragonitic, crossed lamellar layers are seen the 1st, which is trans
versely lamellated, and the 2nd, longitudinally lamellated.
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PLATE XI

Fig. 1. Pileopsis cornii-copiae (recent). Horizontal section. The 2nd, concentrically lamellated 
layer, and the 3rd one, radially lamellated are seen. Crossed Nicols.

Fig. 2. Natica sp. (recent). Horizontal section. To the left is seen the 1st, transverse layer, 
and to the right the 2nd, longitudinal.

Fig. 3. Ampullaria sp. (recent). Horizontal section. The same two layers are seen. (Tossed 
Nicols.

Fig. 4. Paludina sp. (recent). Horizontal section. All three layers are seen; the two under
most, in the middle and to the right, have orientations which deviate from the 
normal ones. Crossed Nicols.

Fig. 5. Janthina sp. (recent). Vertical, longitudinal section. The upper layer is irregularly 
grained, calcitic, the lower one is aragonitic, crossed lamellar, with transverse lamellae.

Fig. 6. Scalaria sp. (recent). Vertical, transverse section. The same layers as in Janthina; the 
calcitic layer is irregularly prismatic.

Fig. 7. Aporrhais speciosa (Oligocène and Miocene). Horizontal section of the three layers.
Fig. 8. Aporrhais speciosa. Horizontal section of a part of the shell a little to the right of 

that shown in fig. 7. The third layer is divided into two sub-layers.
Fig. 9. Cassis sp. (recent). Vertical, longitudinal section, showing the very régulai' lamellæ of 

the 1st transverse, and the 2nd, longitudinal layer.
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PLATE XII

Fig. 1. ('.assis sj). (recent). Horizontal section of the 1st layer. Crossed Nicols.
Fig. 2. Cassidaria nodosa (Oligocène). Vertical, transverse section, showing the three layers. 
Fig. 3. Buccinum undatum (recent). Vertical, longitudinal section. The upper layer is irre

gularly prismatic; below this are seen the 1st and the 2nd of the ordinary, crossed 
lamellar layers.

Fig. 1. Massa sp. (Eocene). Horizontal section showing the ordinary three layers with a very 
regular orientation. Crossed Nicols.

Fig. 5. Purpura recia (recent). Horizontal section. The laniellæ of the third layer have a very 
abnormal orientation. Crossed Nicols.

Fig. (i. Purpura lapillus (recent). Vertical, transverse section. The upper layer is irregularly 
prismatic, calcitic. At the under side is seen the first, crossed lamellar, aragonitic layer.

Fig. 7. Murex sp. (recent). Vertical, transverse section. Four layers are seen, the 1st one with 
longitudinal lamellæ.

Fig. 8. Voluta sp. (recent). Horizontal section. The ordinary three layers the 3rd of which 
is composed of two sub-layers. Crossed Nicols.
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PLATE XIII

Fig. 1. Harpa sp. (recent). Horizontal section. The ordinary three alternating layers the 3rd 
of which is divided into two sub-layers. Crossed Nicols.

Fig. 2. Tenlaculites sp. (Silurian). Longitudinal section of two individuals, showing, rather 
indistinctly, the foliated, calcitic structure.

Fig. 3. Helix nemoralis (recent). Horizontal section showing the five alternating layers with 
rather irregular orientations; the first one, which is rather indistinct in the figure, 
has longitudinal lamellæ. Crossed Nicols.

Fig. 4. Pupa uva (recent). Horizontal section. The same five layers; the 1st, longitudinal 
one is also rather indistinct here. Crossed Nicols.

Fig. 5. Nautilus pompilius (recent). Vertical section. The upper, black layer has a grained 
consistency; thereafter follows a thin, complex prismatic layer, and the broad, under
most layer is nacreous.

Fig. 6. Nautilus pompilius. Horizontal section. Upmost is seen the grained layer gradually 
passing into the prismatic one; the lower part is the nacreous layer.
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PLATE XIV

Fig. 1. Alaria Basteroli (Oligocène). Vertical section. The upper layer is nacreous, with in
clusions of pyrite; under that is seen a prismatic layer and, under that, part of a 
thin, nacreous layer.

Fig. 2. Harpoceras opalinam (Middle Jurassic). Vertical section. The upper, dark layer is 
nacreous, the lower, very thin one is prismatic.

Fig. 3. Cadoceras Elatinae (Middle Jurassic). Vertical section showing the same two layers; 
the septum consists throughout of a nacreous substance.

Fig. 4. Cadoceras Elalmae. Vertical section. Here are seen several, thin, prismatic layers.
Fig. 5. Cladiseiles lómalas (Triassic). Vertical section. The shell is totally altered into cal

cite, and the structure is the typical secondary one showing twin-lamellæ which are 
never seen in the primary shell substance. (Tossed Nicols.

Fig. 6. Apiychus .s/>. (Senonian). Vertical section. Type of the compact, irregularly prismatic 
structure. Crossed Nicols.

Fig. 7. Aptychas sp. (Cretaceous). Vertical section. Type of the cellular structure.
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PLATE XV

Fig. 1. Aptychus sp. (the same as shown in pl. XIV, fig. 6). Horizontal section.
Fig. 2. Belemnitella mucronata (Senonian). Cross section of rostrum. Type of a very regular 

prismatic structure with regular extinction. Crossed Nicols. Enlargement 1:19.
Fig. 3. Belemnites parvus (Liassic). Cross section of rostrum. Type of irregular prisms with 

irregular extinction. Crossed Nicols. Enlargement 1:1!).
Fig. 4. Spirula sp. (recent). Vertical section. The outer shell is prismatic, the septum is na

creous.
Fig. 5. Sepia sp. (recent). Section through the external wall, showing an irregular, prismatic 

structure, and through part of the spongy body. Two of the lamellæ are cut, and 
some of the rods, showing a characteristic transverse striation, due to foldings of 
the leaves.

Fig. 6. Sepia sp. (recent). Section of the spongy body nearly parallel to the lamellæ one of 
which is cut in a liai section in the lower part of the figure. The meanderlike figures 
of the rods are seen.

Fig. 7. Argonauta argo (recent). Vertical section of the external shell showing a thin, grained 
layer between two prismatic ones.
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