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PREFACE

For several years I have been occupied by studies of the fauna in the great springs 
of Himmerland, a province in (he northern part of Jutland. One of the localities 
investigated is distinguished by its very rich fauna of Atrichopogon larvæ and pupæ. 

Since the metamorphosis within this genus is not very well known, and since the 
larvæ living in the locality exhibit a very great diversity of body structure, 1 have 
found it worth while making this fauna the subject of special investigations, the 
result of which is presented on the following pages.

The terminology employed in the description of the cuticular processes and 
appendages of the developmental instars is the same as in my publications on the 
metamorphosis of Trichoptera. Especially my paper on the Hydroptilids (13), pp. 3 
and 196—97 is referred to.

The laboratory work was carried out al the Freshwater Biological Laboratory 
of the University of Copenhagen. For financial aid granted by the Carlsberg Foundation 
I beg to offer my respectful thanks.





INTRODUCTION

n the locality described in the next chapter seven types of Atrichopogon larvæ were 
found. In order to refer them to species a series of roarings were carried out in 

the years 1947 and 1948. Il appeared that two slightly different pupal types were 
reared from one of the larval types; differences could also be demonstrated in the 
imagines reared from the two pupal types. Thus eight species of Atrichopogon are 
represented in the locality (cp. however, p. 89). 1 did not succeed in rearing two 
of the species, which only occur in very small numbers. In the following chapters 
these two species are designated as sp. x and sp. y, respectively.

My endeavours to determine the six other species revealed the fact that it was 
impossible to find full accordance with any of the specific descriptions available. 
Indeed, so little has been worked al this genus, that in itself it is not surprising to 
find six new species in such a special locality. However, the taxonomy of the genus 
is a very difficult matter. Most of the characters which are employed in separating 
the species are of a quantitative nature, and though my material is not particularly 
great, it shows (hat these characters vary more within the same species than assumed 
in (most of) the available descriptions. Moreover, the descriptions are probably based 
upon pinned specimens, on which an exact measuring of some of these characters 
will be at least very difficult. Hence 1 was bound to run one of two risks: either to 
create new synonyms or to refer the larvæ and pupæ to wrong species. I have preferred 
the former possibility as the lesser of two evils.

Recently Søgaard Andersen has published a paper (19) on the subgenus Chiro
nomus, in which he adduces evidence that several species of imagines can be reared 
from the same larval type, and that the same species of imago can be reared from 
several larval types. One of the possible explanations (as also has been pointed 
out verbally by Professor Spärck, Copenhagen) is that those characters which are 
employed to separate the Chironomus species actually are not specific, but characters 
which vary in the same way within the various species of the subgenus. To me this 
explanation seems the most probable, since the larval types among other things differ 
in an ecological respect. Hence, until more reliable imaginai characters have been 
found, the separation of the Chironomus species should rather be based upon the 
larvæ than upon the imagines.

D. Kgl. Danske Vidensk. Selskab, Biol. Skrifter. VI, C. 2



Though my investigations will seem lo show (pp. 88—89; Tables II—V) that 
those characters which are employed in the taxonomy ol the genus Atrichopogon 
differ—al least statistically—in imagines reared from different larval types, the same 
may to some extent be the case in this genus: the species should so far be defined 
on the basis of the larvæ (and/or the pupæ) rather than on the imagines. The most 
important step towards getting the taxonomy of the genus in order will therefore be 
an exact description of the developmental stages. This will require very great work 
on the part of entomologists and hydrobiologists.

The metamorphosis of a number of species has been described bv Müllek 
(11, pp. 225—28), Speiser (16, pp. 738—40), Goetghebuer (5, pp. 176—80), Ban- 
gerter (2, pp. 248—52), Lenz (9, pp. 108—12), Mayer (10, pp. 212 16), and 
Thomsen (22, pp. 63—65). However, these descriptions are very brief.1 They may 

lo a greater or less degree—serve the above-mentioned purpose of distinguishing 
between the different larval and pupal types, but from a morphological point of 
view they are of little value. In this respect the developmental instars, and more 
particularly the larvæ, of the genus must be said to be almost entirely unknown. 
Saunders (14, pp. 164—211; 15, pp. 252—72) has given excellent descriptions of 
the metamorphosis of some species of the genera Forcipomyia, Apelma, and Thyrido- 
nujia, which also belong to the subfamily Ceratopogoninæ. However, the larvæ and 
pupæ of these genera are rather different from those of Atrichopogon.

The very interesting pharyngeal skeleton of the Ceralopogonine larvæ has been 
described by Bischoff (3, pp. 14—15), Mayer (10, pp. 212 and 13), and Saunders 
(14, pp. 174—76 and 185; Plates X and XII). The descriptions of the former two 
authors are very briet and incomplete and in part quite unintelligible. Saunders’ 
description of the pharyngeal skeleton in Forcipomyia, on the other hand, is good, 
though it needs some supplementary remarks and also some corrections, and the 
author has not been (pule aware of the function of this organ.

As regards the biology of the immature stages we are not much better informed. 
Winnertz (7, p. 27) has reared A. (Kempia) pavidus Winnertz from larvæ found 
beneath the bark of trees. I have been unable to tind any description of the larvæ 
and pupæ of this species. Speiser (16, pp. 738—39) found the larvæ of A. ivinnertzi 
Goetghebuer (6, p. 51) on the moist lower side of a piece of decaying wood lying 
on the forest-ground. The larva is very different from those described in the present 
paper and is more like the larvæ of the other genera of the subfamily. The latter 
is also the case with the larva of A. (Kempia) hamifer Goetghebuer, which according 
to Bangerter (2, p. 248) leads a terrestrial life, though in moist places in the vicinity 
of water, but “noch weiter vom Wasser entfernt’’ than the larva of A. trifasciatus. 
The larvæ of A. trifasciatus Kieffer and miilleri Kieffer have no small similarity lo 
those of speculiger n. sp., dubius n. sp., and cornutus n. sp., described in the present 
paper. The former was found by Thienemann (10, p. 214) in brooks by Svarlhöll- 
Kungsör in Central Sweden in “ganz niedriges Wasser im schwachen Fluss, so dass

1 Unfortunately I have been unable to obtain the paper of Boesel & Snyder (4, pp. 37—46).
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die Steine im Bach halb im Trockenen liegen. Larven am Wasserrand auf den Steinen, 
Puppen ganz auf dem Trockenen der Steine festgeklebt”. This locality will seem lo 
have some likeness to that described in the next chapter. Bangerter (2, p. 250) 
states a very similar habitat: hygropetrically “auf nassem, faulendem Laub und auf 
aus dem \\ asser ragenden, die Wasser gut aufnehmenden Steinen . . .”. Müller (11, 
p. 224) found the larva of A. miilleri in Thüringerwald in “ein sehr kleines Rinnsal, 
dessen Wasser kaum zwischen den Steinen hervorlrilt. Dort lebt auf der Unterseite 
dei Steine, vielfach da, wo sie den Boden mit breiter Fläche aufliegen, eine kleine 
Fliegenlarve . . .’ Müller (11, p. 226) holds the erroneous view that the oval, smooth 
areas on the dorsal side (cp. p. 53) are locomotory organs, “Rückenbeine (Pseudo
podien)”. The larVa of A. thienemanni Kieffer will seem to be very closely related 
to alveolatus n. sp. According to Thienemann it lives in springs in Holstein “frei auf 
feuchten Blättern und zwischen feuchten Moos” (21, p. 3). The larva of A. (Kempid) 
fusais Winnertz has at least some similarity to that of polydactylus n. sp. Goetghe- 
buer (5, p. 174) found it on a lump of green algæ which recently had been drawn 
out of a pond. Finally Thomsen gives the following information about two North 
American species: “Larvæ of A. websteri Coquillet were found in algæ and on the 
sides of cement tanks of outdoor Daphnia-breeding pools at the Cornell University 
fish-hatchery . . (22, p. 63). “. . . larvæ of A. perigrinus Johannsen were found in
blanket algæ near the shore of Spencer Lake, New York, as well as in algæ growing 
near the outlet of a spring in southeastern Missouri” (22, p. 64).

Thus it will be seen that the great majority of the Atrichopogon larvæ so far 
described lead a hygropetric life, though we also know terrestrial species (pavidus, 
winnertzi, and in part hamifer) and species which tend towards true aquatic life 
(peregrinus and perhaps websteri). In the following chapters it will be shown that 
within the genus Atrichopogon arc represented not one, but more evolutionary trends 
from a terrestrial to an almost purely aquatic mode of life.

Goetghebuer (5, p. 175—76) has described the egg-masses of A. (Kempia) fusais 
Winnertz. The very elongate, blackish eggs are, 120—150 in number, placed “en 
forme de rosette” in a gelatinous mass. Munsterhjelm (12, pp. 159—60) has observed 
the oviposition of two $$ of A. rostratus Winnertz in aquaria. There is, however, 
reason to believe that the egg-laying in this case has not been quite normal.
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DESCRIPTION OF THE LOCALITY

he beautiful small river Lindenborg Aa runs in a south-northward direction
1 through the forest Rold Skov in an about 65 m dee]) and rather narrow valley. 
On the foot of the left (western) side of the valley there is, on latitude 56°48'43—48" 
north and longitude 9°47'31—40" east, a ground (Plate 1, fig. 1) which should rather 
be called an extensive helokrene, if not for the fact that in a thermic respect it is very 
far from having the character of a spring.

The ground in question, the length of which is 200 m (parallel to the river) 
and the width 40 m, forms a moist to swampy meadow, overgrown with mosses and 
low herbs, especially various grasses. In many places, particularly at the edge of 
the rills mentioned below, there are tiny puddles. Here and there on the lower part 
of the ground there are small groups of bushes and low trees (Juniperus, Picea, Alnus, 
Betula). The soil must, if anything, be termed a (strongly humified) spring bog peat. 
The outflowing water runs to the river through a number of small, stony rills (Plate I, 
fig. 2). Under normal circumstances the water-flow of the rills is very small in pro
portion to their size; hence the velocity of the current is only small, though the gradient 
of the bed is very sleep. The bottoms of the rills are covered by a very thin layer 
of water, and all stones over the size of a walnut emerge. Thus the rills must be 
characterized as a hygropetric locality. Generally the flow of waler is very constant, 
but under special circumstances it is subject to considerable variations. During and 
after heavy showers of rain the rills become torrents, the water foaming over the 
totally submerged stones. It is, no doubt, just this fad to which the rills owe their 
existence; the normal flow of water would by no means be great enough Io erode 
a stony bed.

The meadow slopes towards the ESE at an angle of 8°.7. The average slope 
of the entire left side of the valley is in that place 6°.4 (= 11.<3 °/0), but in the part 
immediately above the meadow, the slope, to a vertical extent of 18i m, is 15°.5 
(= 28 °/0). By an about 170 m broad, rather level area (the bottom of the valley) 
the ground in question is separated from the right side of the valley, the average 
slope of which is 6° (— lOl %). Since, moreover, the right side of the valley is 
entirely and the left side partly wooded, the locality is especially well protected from 
winds, and more particularly from the north-westerly wind, which in summer often 
is very cold. Immediately north of the ground the left side of the valley rises abruptly
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ten metres to form a sort of terrace, which contributes further to protect the locality 
from northerly winds. It is more exposed to easterly winds, though a dense growth 
ol alder trees along the river together with the right side of the valley gives some pro
tection. But in summer the easterly winds are nearly without exception warm winds.

Owing to the sheltered and sun-exposed position very peculiar conditions of 
temperature prevail in the locality. The rills are fed from the subsoil water, which 
flows out partly through the peaty soil al the edge of the rills, partly in the bottom 
of the latter. Already during the flow through the peal the water is to some extent 
influenced by the insolation, and to a still higher degree this is the case in the shallow 
rills. In Table I the results of a series of temperature measurements are given, and 
in the comments below is stated the division of the locality which may be made, 
among other things based upon thermic criteria.

In the table a and b designate the most typical rills of the locality; a is the 
largest rill, situated just south of a group of trees, and the one in which most of the 
biological observations have been made, b is various other and smaller rills. The table 
shows that during the whole warm season, even for more than half of the year, the 
temperature in these fills is considerably higher than the air temperature. In the case 
ol favourable weather (clear sunshine) this is already the ease in the beginning of 
April. The latter observation was made on the 10-4, 1947, after the exceptionally 
severe winter (the break of the frost occurred on the 22-3), and at the same lime as in 
a a temperature of 4° above the air temperature was measured, there lav in places 
al the edge of the rills remnants of ice (but on a considerably higher level than the 
waler level of that lime; cp. below). And even as late as the beginning of November 
(2-11, 1942) the temperature of the water, in the middle of the day, was a little 
higher than the air temperature, moreover in unfavourable weather.

From the table it appears (see especially 21-7, 1947) that the absolute maximum 
temperature as well as the maximum deviation from the air temperature occurs in 
the early afternoon, at which time the deviation in the case of clear sunshine may 
be up to +9°. A remarkable exception from this was seen on the 23-7, 1947, with a 
very high air temperature. It must here be observed that the wind in the afternoon 
—during increase of temperature—turned towards the northeast, i. e. one of those 
directions from which the locality is least sheltered.

A comparison between the observations on the various days (thus especially 
between the 23-7 and the 28-7, 1947) will show that the absolute temperature of the 
water does not depend so much on the air temperature as on the insolation. However, 
in summer the latter, even in the case of dull weather (26-7, 1947), is strong enough 
to raise the temperature of the water somewhat above the air temperature.

Unfortunately I have no observations from very hot and clear days, which 
sometimes occur in the summer (1-8, 1948: 33°), but on such days the temperature 
of the water is, no doubt, also higher than the air temperature and may perhaps 
approach 40°. This will of course act as a limiting factor as to which animals are 
able to live in the locality.
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Table I. The ter ni i c con-
In case several temperatures are mentioned, it means that several observations have been made in the rill in question, 

part. In b, however, the temperatures separated

Temperature (centigrades)

Date Hour
Air Water

a b c d e f

6-1 1943 12 ~4l/a l2/s 2/3; i2/3 i2/6 32/3 (’ha, 52/3,
43/4, 3i/2

10-4 1947
12 7 11

17 5 ?l/2

24-4 1946
12 122/s 16^3

16 132/3

28-4 1943
13 14 131/2-14 Iß1/,; 16;

143/4 9, 10i/3, 11

16 13 153/4

3-5 1947
14 9 14

17 7 12 9

19-7 1946 12 22 27

21-7 1947

10 22 23, 24, 25 ioi/2

13 221/z 29 26i/3 243/4 19i/2, 21,
24, 24 11',

14 22i/2 29

16 21 268/4 23 15

17 24*/b

23-7 1947

12 24 29

14 27 282/3

16 26V2 27

26-7 1947 14 211/. 23 10

28-7 1947
13 203/4 24i/a, 28i/3,

28x/2
298/4; 27;
24, 27, 28

24i/3> 27,
233/4

19i/2, 23i/2,
25i/4, 243/4 143/4, 17i/2 ll1/., 14,

15i/5

14 20i/2 282/3

5-8 1947 13 22 271/3 11

6-8 1942 16 17 18; 17i/2 91/., 12i/2,
13, 14

2-11 1942 14 9 94/5 82/s, 82/3, 9
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(1 i I i o n s in l li e locality.

The first mentioned temperature has been measured in the uppermost part of the rill, the last mentioned in the lowermost 
by semicolons have been measured in different rills.

Observations

g h ii >2 *3 1

6 21- 12 33/4 2 1
Light, though cloudy, weather after an — at least partly—clear night. 
At 8 o’clock the temperature in Rebild, 4 km from the locality, was 
— 6°. See also p. 12.

Bright sunshine. Easterly wind.

The morning was very windy, the sky half to almost entirely cloudy. 
At 12 o’clock it is clearing up, but still half-cloudy, and it is still very 
windy. The wind is southerly and felt rather much in the locality.

161/. i 11/11 /2 • • Strong wind. Before noon rather cloudy, no sunshine. At 12 o’clock 
the temperature was only 11°. After noon half-cloudy with some sun
shine and some few small showers.

Bright sunshine. Fresh, easterly breeze.
••

The air temperature has perhaps been a little higher earlier in the day. 
Half-cloudy, gathering thunderstorm.

Light to fresh breeze from the east. The morning half-cloudy. Some-
times it looked like showers. After 10 o’clock several and long bright 
periods.

From 9 to 11 o’clock the sky changed from half-cloudy to almost clear, 
though with a light mist. Light to fresh breeze from the south-east. 
In early afternoon it was more than half-cloudy. About 14 o’clock the 
wind turned towards the north-east, and it cleared up a little.

281/2 19V2

Cloudy, though with short periods of sunshine. It begins to rain a little.

Clear weather. Westerly wind.
281/4 201/, 133/4 25V4 191/2

Half-cloudy and slightly misty.

•• Humid weather.
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If the average deviation from the air temperature in the rills a and b in the 
lime from 12 to 16 o’clock is computed from the observations at hand (which are 
not all given in the table), it gives for the season April 10th to November 2nd + 3°.91 
i 0.65, and tor the month ol July +4 .52 ^1.16. (The compulation is carried out 
in the way that first an average for each day is computed, and from these averages 
again an average tor the whole period), Too much importance should not be 
attached to these figures; the mean errors are very great, as was also to be expected, 
considering the —from a statistical point of view—few observations. However, it may 
be slated that the locality forms a “hydroclimatic enclave”, representing a much 
warmer summer climate than that which now prevails in Denmark.

Il will be noted (21-7, 10 o’clock; 28-7, 13 o’clock) that a considerable increase 
in temperature lakes place from the upper to the lower end of the rills, al least in 
most of the rills.

In winter conditions are quite different. In periods of frost (4-1, 1947; 6-1, 1943) 
the rills are entirely frozen over. However, in several of the rills the uppermost part, 
only a few metres long, is ice-free; on 6-1, 1943, a temperature of more than 1 1/2° 
was measured here. Likewise the ground is free of frost in many places just al the 
edge of the rills. The water which tlows out in these places has to a great extent an 
outward flow above the ice already formed. Gradually the stones become entirely 
covered by ice, and the rills will resemble small glaciers. In many places the rills 
are frozen to the bottom; in other places the water is heard clucking beneath the ice, 
and in some few places, where this subglacial current is especially strong, there may 
be small holes in the ice.

The rills are fed by the subsoil water, and the temperature of the rills may 
also be compared with the temperature of the latter instead of that of the air. In the 
district the temperature of the subsoil water is 71/2°. From the above it clearly appears 
that in winter the rills are considerably colder and on summer days much warmer 
than the subsoil waler. Unfortunately I have no observations from the night, but 
without drawing excessive conclusions, the following assumptions may possibly be 
made: Owing to the radiant heat absorbed by the stones and the bottom, as well 
as to the influence of the air temperature, the rills will also in summer nights be 
considerably warmer than the subsoil water, their temperature being almost like the 
air temperature, perhaps a little higher (early night), perhaps a little lower (late 
night) than the latter. In early spring and late autumn, however, the temperature 
of the rills al night is lower than that of the subsoil water. (About May 1st and October 
14th, resp., the mean temperature of the day (24 hours) passes 71/2°).

The letters c—f designate rills which — to an increasing degree-—differ from a 
and b by being more concentrated and hence not subjected to so great variations 
of temperature, c is a short rill just north of a group of trees and thus somewhat 
shaded. In summer its temperature is still higher than the air temperature, though 
not to so high degree as in a and b. It will be noted (28-7, 1947) that the highest 
temperature —closely approaching the temperature in a and b — is found in the middle 
part of the rill. This is due to the fact that there is rather a considerable outflow of 
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subsoil water in the lower, more excavated and shaded part, d is the southernmost 
rill. In summer the temperature of its uppermost part is lower than that of the air; 
on its course towards the river its temperature rises considerably, but does not reach 
so high values as in a and b. e is a very short, deeply excavated rill situated entirely 
within the group ol trees south of the rill c. In summer its temperature is almost 
midway between that ol the subsoil water and that ol the air, and the rill very much 
approaches a stenothermous character. Finally fis the northernmost and best watered 
rill. In its whole course it is much shaded by herbaceous marsh-plants. Especially 
in the uppermost part its temperature does not differ much from that of the subsoil
water, and the rill must be said to have the character of a true spring.

In periods ol frost the rills c and d are very like a and b, though the ice-free 
parts are more conspicuous, especially in d. The rills e and f, on the other hand, 
are entirely ice-free, and appear like oases in the middle of snow and ice.

Along the loot of the slope a ditch has been dug, possibly al the end of the last 
century (<?). Phis ditch is now almost entirely overgrown; in most places there are 
only some few centimetres of waler above the muddy bottom. The greater part of 
the ditch is covered with grasses, between which there may be mosses. In some places 
there are growths of partly emerging Characeæ. Since the ditch receives its water 
from the rills, its temperature is of course influenced by the latter as well as by in
solation. Phe outflow from /’ cuts through the ditch as a particular rill, and hence 
has no influence on the conditions of temperature, which in summer are entirely 
identical with those prevailing in a and b. In periods of frost the ditch is frozen over, 
and on 10-4, 1947 (after the severe winter) it was still almost entirely ice-bound, 
only with some minor holes.

In the part of the ditch below the mouth of the rills c and e the bottom is raised 
somewhat by washed-out gravel and pebbles. The part below e in Table I is con
sidered as the lower part of that rill.

Between the ditch g and the river there is a 6—30 metres broad, level ground (7i ). 
Il is covered by alder trees, between which there is a herbaceous vegetation (especially 
grasses and Cyperaceæ), and between the latter again a growth of mosses. (During 
the years of war a good many of the alders were felled for fuel, and conditions thus 
were somewhat altered). The ground is very swampy and in many places there arc 
slowly flowing rills and small puddles with partly emerging moss. It is in the latter 
that the measurements of temperature (and the collections) have been made. 'Phe 
swamp h receives through g the outflow from the rills a—e (f cuts through the ground 
as a small brook), and hence its temperature is influenced by the latter. On the other 
hand it is rather much shaded, just as there will seem to be some direct outflow 
of subsoil water. In summer the swamp has always a somewhat lower temperature 
than the air, though it can by no means be said to have a stenothermous character. 
The conditions of temperature are almost as in the uppermost part of rill d. In periods 
of frost the swamp is frozen over, and on 10-4, 1947, it was still almost entirely 
frozen, though with small, open rills carrying waler from the slope.

Finally some few measurements are given from a smaller locality somewhat 
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south of that described above. A rill (z) is formed by the union of smaller rills (z’j__3). 
It will be seen that the conditions of temperature are very different in the various small 
rills, varying from an almost pure spring character to conditions like those in the 
lower part of rill c. On a very limited area there is thus an extraordinarily great thermic 
variation. I nfortunately the locality is much trampled by cattle, and hence is of no 
very great value for biological investigations.

In the rills cz and b all the light-exposed surfaces of the stones are covered with 
several millimetres’ thick incrustations of chalk, on the larger stones as high as the 
current—possibly in part by capillary action—keeps the surface constantly wet. The 
incrustations are due to the activity of blue-green algæ. Mr. E. Fjerdingstad, Virum, 
has kindly made the following analysis of this llora.

Cyanophyceæ.
Aphanocapsa rivularis (Carm.) Rabenh. 
Calothrix fusca (Kütz.) Born, et Flab.

parietana (Näg.) Thur.
Chlorogloea microcystoides Geitler 
Chroococcus turgidus (Kütz.) Näg. 
Chroococcopsis gigantea Geitler
Gloeocapsa æruginosa (Garni.) Kütz. 
Dichothrix gypsophila (Kütz.) Born, et Flab. 
Microcystis parasilica Kütz.
Petalonema crustaceum (Ag.) Kirchn. 
Phormidium foveolarum (Mont.) Gom.

laminosum (Ag.) Gom.
Plectonema put eale (Kirchn.) Hansg. 
Rivularia Biasolettiana Menegh.
Stigonema mesentericum Geitler

informe Kütz.

Chlorophyceæ s. lat.
Grongosira incrustons Schmidle

Scenedesmus quadricauda Breb. (One 
specimen)

Spirogyra sp. (One specimen)
Cosmarium sp. (One specimen) 
Trachelomonas sp. (One specimen)

Diatomaccæ.
Amphora ovalis Kütz.
Cocconeis (placentulal) Ehrbg.
Cymbella microcephala Grun.
Denticula tenuis Kütz.
Epithemia argus Kütz.

var. al pestris G run.
turgida (Ehrbg.) Kütz.

Nitzschia angustala (W. Smith) Grun. 
Pinnularia gracillima Gregory
Rhopalodia parallela (Grun.) O. Müll. 
Moreover some indeterminable fragments of 

diatoms.

Mr. Fjerdingstad adds the following comments to this list:
“The list of species (except the diatoms) contains the results of more than 30 pre

parations and thus possibly is practically complete. As regards the diatoms five preparations 
have been made, and the number of species may perhaps be raised a little by the production 
of more preparations. . . . The blue-green algæ belong to a great extent to very difficult genera, 
for which reason a comparison with the exsiccates of the Botanical Museum has been made 
for a number of species.

The incrustations are chiefly built by the blue-green algæ Phormidium laminosum (Ag.) 
Gom., P. foveolarum (Mont.) Gom., and Dichothrix gypsophila (Kütz.) Born, ct Flah., which 
on a rough estimate form more than 85 °/0 of the entire contents of plants. P. laminosum 
and D. gypsophila are both discussed by Pia in his paper: “Die Kalkbildung durch Pflanzen” 
(Beiheft zum Botanischen Zentralblatt, Band 52, 1934, pp. 14 15). The present incrustation 
is initiated by the Phormidium species mentioned above, after which Dichotrix gypsophila 
has appeared, and later on the others—mainly blue-green—algæ, the majority of which are 
known as chalk-forming species.”
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The chalk-incrustations are thickest in rill a, from which the above-mentioned 
analysis comes. Especially in rills c and d they are much thinner and perhaps of 
a different composition, which, however, has not been investigated. Finally incru
stations are entirely lacking in rills e and f, in which the surfaces of the stones have 
exactly the same character as in the typical springs of the district.

The incrustations harbour a very interesting animal life. The fauna is dominated 
by larvæ of the beetle Eubria palustris Germar and the Stratiomyid fly Hermione. 
Besides larvæ of Atrichopogon play a great rôle.



THE IMAGINES

Onlv some few features which are employed in the taxonomy will be mentioned 
here. The most important characters are the shape of and the proportion in 

length between (he joints of the antenna' and the equipment with setæ (macrotrichia) 
of the wings.

fhe antennae are described as consisting of 14 joints. However, (he big, almost 
globular joint which is designated as the first is actually the second joint. Phis among 
other things will appear from the fad that it contains the organ of Johnston, which 

in which sex this joint is considerably 
esenled by a narrow, sclerolized ring 

surrounding the base of the antenna 
and forming the articulation with the 
antennifer. Thus the antennae consist 
of 15 joints, and in the following sec
tions the antennal joints will be desig
nated accordingly. (By comparison 
with other descriptions one must there
fore be subtracted from the numbers 
used by me). In the Ç (fig. 1 ; Plate II, 
figs. 1 —3) the 3.—10. joints form the 
funicle of the antenna; the 3. joint is 
pyriform, the 4.—1 0. joints are globular 
or more or less compressed longitudi
nally. 'fhe 11.— 15. joints are elongate, 
cylindrical, and form a club. The 15. 
joint terminates with a small, finger
like process. In the £ (fig. 2; Plate II, 
figs. 4 and 5) the club generally con
sists of only three joints. The 3.—11. 
joints are somewhat more elongate (han 

the 3. 10. joints in the Ç, and the 12. joint forms a transition to the joints of the club, 
its distal part being lengthened and cylindrical. In cornutus n. sp. the 12. joint is 
cylindrical in its whole extent, and some of the preceeding joints also approach 
this shape. In both the Ç and the there is a lighter-coloured ring on the basal

is very well developed, especially in the <$, 
bigger than in the $. 'fhe first joint is repr

Fig. 1. 3.—15. antennal joints, A: speculiger; B: 
dubius; C: cornutus; D: alveolatus; E: hexastichus, a: 
normal, b: aberrant specimen; F: polydactylus. The setæ 

have been omitted. 75 X.
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Fig. 2. 3.—15. antennal joints, Lettering as in 
fig. 1. The setæ have been omitted. 75 x.

of the antenna. In cornutiis n. sp., 
however, the “heard” is more 
feebly developed and stretches 
only from the 4. to the 10. joint.

The proportion in length 
between the funicle and the club, 
especially in the Ç, is of great im
portance in taxonomy, and also 
the mutual lengths of the joints 
of the club have been employed. 
I have measured these proportions 
(Tables II and III; figs. 3—5) on 
antennæ mounted as slide prepa
rations in Canada balsam. Be
tween the individual joints there 
are short intersegmental mem
branes. In the proportion between 
funicle and club these membranes 
are included; in the proportions 
between the joints of the club 
only the sclerotized parts have 
been considered. I have found

part of the 3. joint, which perhaps 
indicates that this joint is of a com
plex nature, so that the antennæ ori
ginally consisted of 16 joints. Espe
cially the antennæ of the $ are sugges
tive in this respect, the 3. joint having 
a slight bulging proximally to this ring. 
All the antennal joints are covered with 
setæ. In the $ a circle of strong setæ, 
two to three times as long as the joint in 
question, around each of the joints 3—10, 
will especially be noted. On the 4.—12. 
joints in the the number of these setæ 
is very much increased, and only two of 
the setæ are developed as in the Ç. The 
rest, which arc placed on the proximal 
margin of a membraneous area, are very 
long and very close-set. Together these 
long setæ on the 4.—12. joints form a 
“beard”, which nearly reaches the apex

Fig. 3. Antennæ, $$. Graphic representation of the propor
tion in length between the 11.—15. and the 3.-—10. joints, 
a: speculiger-, b: dubitis; c: cornutus; d: alveolatus; ef: hexasti- 
chus, normal and aberrant specimen, resp.; g: polydac

tylus.
D. Kgl. Danske Vidensk. Selskab, Biol. Skrifter. VI, 6. 3
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Table II. Antennae. ??.
The figures given in brackets are average values.

Species
Length of joints 

11-15 in 
proportion 

to joints 3-10

Length in proportion to the 11th joint of

joint 12 joint 13 joint 14 joint 15

speculiger.............. 1.63-1.85 1.00-1.07 (1.04) 1.06-1.18 (1.10) 1.08-1.18 (1.12) 1.43-1.93 (1.68)

dubius.................... 1.91-2.02 0.98-1.12 (1.04) 1.08-1.21 (1.14) 1.08-1.29 (1.18) 1.45-1.71 (1.61)

cornutus................ 1.99-2.10 0.95-1.08 (1.02) 1.07-1.16 (1.12) 1.18-1.28 (1.23) 1.66-2.00 (1.83)

alveolatus............. 1.92-2.18 0.90-1.12 (1.02) 0.90-1.08 (1.01) 0.90-1.16 (1.04) 1.43-1.73 (1.52)

hexastichus, nor
mal ................. 1.71-1.92 0.97-1.10 (1.03) 1.05-1.19 (1.10) 1.05-1.23 (1.12) 1.50-1.71 (1.60)

hexastichus, aber
rant .................. 2.30-2.36 1.06-1.11 (1.09) 1.03-1.08 (1.06) 1.11-1.16 (1.14) 1.62-1.66 (1.64)

polydactylus......... 1.76-1.84 0.92 0.94 0.92-0.98 (0.95) 1.33

Table III. Ant en næ. d'cJ.
The figures given in brackets are average values.

Species

Length of joints 
12-15 in 

proportion 
to joints 3-11

Length of joints 
13-15 in 

proportion 
to joints 3-12

Length in proportion to the 12 th joint of

joint 13 joint 14 joint 15

speculiger.............. 0.87-0.89 0.60-0.61 1.40 1.21 1.67-1.68 (1.68)

dubius.................... 0.85-0.98 0.59-0.65 1.35-1.57 (1.46) 1.10-1.38 (1.23) 1.53-1.82 (1.64)

cornutus................ 1.07-1.17 0.85-0.91 2.40-2.67 (2.54) 2.42-2.48 (2.45) 3.25-3.40 (3.33)

alveolatus............. 0.80-0.84 0.52-0.58 1.08-1.34 (1.23) 1.02-1.19 (1.09) 1.39-1.75 (1.57)

hexastichus......... 0.84-0.94 0.58-0.67 1.44-1.67 (1.52) 1.15-1.40 (1.28) 1.47-2.04 (1.76)

polydactylus .... 0.94-0.95 0.71 2.19-2.25 (2.22) 1.81 2.31
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these proportions considerably more varying within the same species than assumed 
in (most of) the specific descriptions available. Generally I have measured both 
antennæ of each specimen. In figs. 3—5 two dots placed on the same horizontal line 
denote the two antennæ of one 
specimen, and it will be seen 
that the proportion is not only 
different in different specimens, 
but that there may also be rather 
a great difference between the 
two sides of the same animal.

In addition to the antennæ 
the number and placement of 
the macrotrichia of the wing 
(Tables IV and V; Plate II, figs. 
6—13) are the most important 
characters used in taxonomy. 
The terminology employed in 
the description of the wing will 
appear from fig. 6A. The “in
termediate fork” is here consi
dered the posterior main branch 
of the radius, which has lost 

f

e 

d 

c 

b 

a

Fig. 4. Antennæ Graphic representation of the proportion 
in length between the 12.—-15. and the 3.—11. joints, a: speculiger; 
b: dubius; c: cornutus; d: alveolatus; e: hexastichus ; f: polydactylus.

its connection with sector radii (rs). The distal part of rs forms an anastomosis with 

(s.v.),
reach the base

rx (the radial cross-vein: r.c.). The cell between rx and rs is Rv R2 denotes the cell 
between c and r2,3. The latter 
term is not quite correct, but 
since it is generally employed in 
descriptions of Ceratopogonids, 
it has been retained here. The 
vein r3 is only faintly—often 
very faintly—indicated. The 
vein m is trifurcate; I consider 
the intermediate branch, which 
does not reach the margin of 
the wing, as m2 and accordingly 
the posterior branch as m3+4. 
Between m and cu there is a 
slightly indicated vein 
which does not 
of the wing; it is probably a 
secondary vein. The two anal 
veins are feebly developed.

Fig. 5. Antennæ, Graphic representation of the proportion in 
length between the 13.—15. and the 3.—12. joints. Lettering as 

in fig. 4.
3*
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In all species and in both sexes the margin of the wing is covered with macro
trichia, which are much stronger on the costa than on the rest of the margin. The 
anterior half of the margin is rather densely covered with macrotrichia; on the 
posterior half they are placed in a single row, in which a longer and a shorter seta 
are regularly alternating. Besides, the following macrotrichia are of constant occur
rence: One dorsally and quite proximally on r (fig. 6B). One (rarely two) proximally 

B

co.

c

71-/WL

Fig. 6. A: cornutus veins of the wing; h.pl. humeral plate. B: alveolatus $; base of the veins c, sc, r, 
m, and eu. C: alveolatus the cells Rx and R2. A: 60 x ; R and G: 160 x.

on the ventral side of rs. One dorsally and distally on r2>3, flanked by the two cam
paniform sensilla described below (fig. 6C). This seta is the most distal — and in the 
$ generally the only one — of the macrotrichia on r2>3. Further there is a number of light
coloured, semiglobular, campaniform sensilla: Proximally on sc one dorsal and two 
ventrals (fig. 6B); the latter, which are placed a little more distally than the former, 
are comparatively small. One almost in the middle of the dorsal side of iq, and one 
a little proximally to the middle of the ventral side of rs (lig. 6C). Two distally on 
the dorsal side of r2j3 (fig. 6C). Finally there are about ten campaniform sensilla 
on the sclerites of the wing base. The other macrotrichia of the veins, if present, are 
placed ventrally on sc (only in polydactylus Ç), dorsally on r (in one dubius $ also 
one ventrally), dorsally and sometimes also ventrallv on iq, dorsally on rs, dorsally 
and ventrally on r2j3, ventrally on r4;5, iq, and r5, dorsally on m1, m2, cu, cux, cu2, 
and a2. Finally there may be a single dorsal or ventral seta on the radial cross-vein
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and (polydactylus Ç) one dorsal seta on r-m. In R4, M4, and M4, the macrotrichia 
are placed both dorsally and ventrally, in Cu and A only dorsallv. Generally the 
wings of the are much more sparsely furnished with macrotrichia than those of 
the Ç. The wings of the are also much narrower than those of the $.

Also the proportion in length 
between R2 and R4 plays a role 
in taxonomy. In this respect the 
same holds good as said about 
the antennae: the proportion va
ries much more within the same 
species than assumed in (most 
of) the descriptions available. 
Thus I found in the two wings 
of an alveolatus $ the proportions 
Io be 2.1 and 2.8, respectively.

The measurings and count
ings are carried out on wings 
mounted as slide preparations in 
glycerine. If the constantly occur
ring macrotrichia mentioned 
above are the only ones on the 
vein in question (or on the side 
in epi es lion of this vein), they are 
not given in Tables IV and V. 
The length of the wing is mea
sured from the proximal end of 
the humeral plate to the apex 
of the wing.

Proximally on the external 
side the tarsal claws (fig. 7 c-f) 
carry a slender, hair-like spi- 
nule, which is almost as long as 
the claw itself. Except in alveo- 
latus $ (fig. 7a; and one aber
rant hexastichus $) the claw has a bifid apex. Generally the internal tooth is smaller than 
the external one, but in the of alveolatus and polydactylus (fig. 7 e) the two teeth are 
of equal size. The empodium is a narrow and rather thick, membraneous plate, longer 
than the claws. In most species its lower side is shaggy with simple, hair-like spinules; in 
alveolatus Ç (fig. 7 a; and one aberrant hexastichus Ç) the spinules on the distal part of 
the empodium are developed as small, long-stalked sucking discs. In polydactylus (fig. 
7 b) the empodium is narrower than in the other species and carries two rows of vigo
rous spinules, which—except the most distal ones—are. pectinate on the lower side.

D. Kgl. Danske Vidensk. Selskab, Biol. Skrifter. VI, 6. 4

Fig. 7. a: right hind leg of alveolatus $: fifth tarsal joint and 
pretarsus in posterior view, ft: right middle leg of polydactylus 
o': pretarsus and distal end of fifth tarsal joint in ventral view, 
c—/: claws of polydactylus $ (c: left middle leg, anterior claw; d: 
left hind leg, posterior claw), polydactylus g (e: right middle leg, 
posterior claw), and speculiger $ (/: right middle leg, anterior 
claw), c and / are seen partly from the internal side, partly 

from the basal end, d and e from the external side. 615 x.
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Table IV. Proportions and

speculiger dubius cornutus
Pr

op
or

tio
ns

width 
length

0.352-0.378 0.36-0.38 0.375

r
length

0.31-0.32 0.31-0.37 0.296-0.306

r
ST+ "r2

0.91-0.98 0.88-1.07 0.82-0.88

Rs
Ri

2.4-3.2 2.6-3.0 3.2-3.6

M
ac

ro
tri

ch
ia

, ve
in

s

sc

r 10-17 15-19 17-18

r1 2-8 dorsally
0-3 ventrally

7-9 dorsally
1-4 ventrally 5-7 dorsally

rs 2-5 2-6 5-6

r2»3
10-14 dorsally
5-9 ventrally

11-15 dorsally
5-10 ventrally 15-18 dorsally

r. c. 0(-l) dorsally
0(—1) ventrally 0(-l) ventrally

r-m 1 dorsally

1’4-5 0-2 distally 1 to some few distally distally

r4 1 / 
/1 1111

1 / 
/1 Vx 1h

nil almost 1/1 almost 1/1 almost 1/1

m3+4 almost 1I1 scarcely so far proximally 
as on mx almost 1/1

cu 2-6 in the distal 1/3 distal distal 3/4-1/i

CU1 1/1 or almost 1/1 Vi */x

cu2 1 / 
/I

1 / II 1 / II

a 8-17, more often 8-9 13-21 22-24

M
ac

ro
tri

ch
ia

, ce
lls

R4 almost 1/1 1/1 or almost 1/1 x/i

M, distal 1/2-a/3 distal 1/2-3/4 almost 1/i

more often scarcely so far 
proximally as in Mj

just or scarcely so far 
proximally as in Mx

just as far proximally as 
in Mj

Cu 2-6(11) distally 9-15 in the middle of the 
distal 1/2 14-15 distally in the middle

A 4-12(23) (12)22-25 37-39
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macrotrichia of wings.

alveolatus hexastichus 
normal

hexastichus 
aberrant polydactylus

0.355-0.400 0.35-0.38 0.37 0.378

0.31-0.36 0.30-0.35 0.32 0.296-0.300

0.86-1.06 0.94-1.05 0.96 0.80-0.83

2.0-2.8 2.3-3.0 2.5 3.62-4.06

3 in the middle

9-16 10-15 12 17-18

5-7 dorsally
0(-l) ventrally

5-7 dorsally
0(-2) ventrally 6 dorsally 8 dorsally

3-4 ventrally

2-5 1-4 2 3-5

11-15 dorsally
0(-l) ventrally

9-13 dorsally
3-5 ventrally 19 dorsally 24-26 dorsally

15-16 ventrally

0(-l) dorsally
0(—1) ventrally

1 dorsally
1 ventrally

1 dorsally

0-1 distally distally

some few distally
distal x/2 to (more 

often) 1/1 or 
almost 1I1

some few distally the vein is very indistinct

distal x/2-2/3, rather
sparse distal 1/3-1/i < distal x/2 1 /

/1 ■

distal x/2-3/4 almost 1/1 distal x/2 almost x/j

distal x/2—s/4
scarcely so far proximally 

as on nij distal x/2 almost x/4

0-2 distally almost x/j

distal x/2-3/4 almost 1/1 5 in the distal x/2 1 /11

generally 1/1, but some
times only 1 or some few 

in the rpiddle
proximal 2/3-1/1 2 in the distal x/2 1 /11

0-3 distally 1-5 as far as the distal x/2 2 distally 24-27

distal 1/2(-2/3) (distal x/2-)almost 1/1 distal x/2 x/j or almost X/1

distally distal x/3-> x/2 distally
....

almost X/1

0-3 distally almost as far proximally 
as in Mx

almost as far proximally 
as in Mx

0-8 distally
26-28 in the distal x/2 or a 

little farther proximally

0-7 29-34

4
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Table V. Proportions and ni aero trichia of wings. c?.

speculiger dubius cornutus alveolatus hexastichus polydactylus

Pr
op

or
tio

ns

width 
length

0.265 (0.25) 0.28-0.30 0.32 0.29-0.31 0.27-0.29 0.265

r
length

0.38 0.34-0.37 0.32 0.35-0.39 0.33-0.36 0.37

r
Rl + r2

1.65 1.41-1.55 1.03 1.43-1.55 1.55-1.67 1.62

r2 
R.

2.3 2.1-2.4 3.1 1.55-1.95 2.1-2.3 4.1

M
ac

ro
tri

ch
ia

, ve
in

s

r i
4 on the 

proximal 1/3 14 6 on the 
proximal 3/4

1’1 2 dorsally

rs 2 on the 
distal 1/2

r2>3 18 dorsally 1-2 dorsally 
and distally

1-2 dorsally 
and distally

2 dorsally 
and distally

r4
3 on the 

proximal 1/2

r5
a little less 

than distal T/2

mi almost 1/1
0-1 a little 
distally to 
the middle

m2 almost !/!

cu 2 distally

cut 1 .

cu2 4 on the 
proximal 2/3

a 1/1 (11 setæ)

M
ac

ro
tri

ch
ia

, ce
lls

r4 almost 1/1 1 dorsally 
in the middle

distally in the 
anterior 1/5; the 
field continues 
in a single row 
of setæ, which 

reaches the 
middle of the 

cell

2 dorsally and 
rather distally

m4 10 in the 
distal 1/3

1 rather 
distally

Cu 2

A 7
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In contrast to many (not to say most) other insects (he genital appendages (the 
“hypopygium”) are of very little value in taxonomy, being extremely uniform in 
most species. The harpagones are generally simple, claw-like. In a small group of 
species (of those treated in the present paper only cornutus; tig. 8) its shape is, how
ever, a little more complicated.

For the sake of clearness I have found it most convenient to give the taxonomic 
characters of the antennae and the wings in tabular form (Tables II—V). In the 
descriptions below the number of species on which the measurements and countings 
are based is slated. This does not necessarily mean that more specimens of the species 
in question have not been reared. The holotypes are in the Zoological Museum, 
Copenhagen, preserved partly in alcohol, partly as slide preparations.

A. speculiger n. sp. (figs. 1 A, 2A, and 7 f ; plate II, fig. 6). Thorax dark brown, 
shining; the “shoulders” and the scutellum a little lighter. Halteres while. The ab
domen and the legs are much lighter than the thorax.

Scutellum with two pairs of longer bristles. The internal tooth of the apex of 
the claw is about half as big as the external one. Empodium with simple spinules.

Length of the wing: $: 1.34—1.59 mm; 1.65 mm.
Holotype: $ (rearing no. XXIX; antennæ and right wing mounted as slide pre

parations). Allotype: $ (rearing no. IX; head, right wing and hind tarsus, as well 
as the abdomen mounted as slide preparations). Paratypes: 3 ÇÇ. Measurements and 
countings based upon 4 $$ and 1

The specific name is suggestive of the unpaired, oval, smooth and thin-walled 
areas (“mirrors”) on the dorsal side of the segments in the larva.

A. dubius n. sp. (figs. IB and 2B; plate 11, fig. 7). Colour as in speculiger.
The scutellum with 1—3 pairs of longer bristles. In two specimens there was 

one more on one side of the thorax than on the other. Pretarsus as in speculiger.
Length of the wing: Ç: 1.55—1.85 mm; 1.52—1.53 mm.
Holotype: $ (rearing no. XXI; head, right wing, left hind tarsus, and abdomen 

mounted as slide preparations). Allotype: $ (rearing no. XXXII; head, wings, and 
abdomen mounted as slide preparations). Paratypes: 3 ÇÇ, 2 Measurements and 
countings based upon 4 ÇÇ and 3 <$<$.

The specific name is chosen because it may be questioned if the specimens 
recorded under this name actually are specifically different from speculiger (cp. 
pp. 88—89).

A. cornulus n. sp. (figs. 1 C, 2C, 6 A and 8; Plate II, figs. 1, 5, 8, and 9). Thorax 
dark brown with yellow “shoulders” and scutellum as well as a pair of anteriorly 
narrower, posteriorly a little broader, yellow, longitudinal stripes. Abdomen lighter 
than the thorax. Legs yellow except the distal part of the external side of the femora. 
Halteres white.
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The sc u I eil um with 2—3 pairs of longer bristles. The internal tooth of the apex 
of the claw is 1/2—2/3 as big as the external one ($) or a little smaller than the latter 
($). Empodium with simple spinules.

In the <$ the “beard” of the antenna is much more feebly developed than in 
the other species (Plate II, fig. 5) and restricted to the 4.—10. joints. The 9.—1 1. joints 
have a much simpler structure than in the other species, and the 12. joint is developed

Fig. 8. A. cornutus “Hypopygium” in dorsal view (A). Apex of left (B) and right (C) harpagone in dorsal 
view. A: 80 x ; B and C: 500 x.

entirely as the joints of the club, except that it is much shorter. The abdominal seg
ment IX (fig. SA) is very broad. The harpagones have three teeth distally (fig. SBC); 
the dorsal one is very blunt, the ventral one is the biggest and slightly bifid.

Length of the wing: $: 2.01—2.OS mm; 1.88 mm.
Holotype: $ (rearing no. Xia). Allotype: $ (rearing no. XIV; head, right wing 

and hind tarsus, as well as the apex of the abdomen mounted as slide preparations). 
Paratvpes: 2 $$. Measurements and countings based upon 2 and 1

The specific name is suggestive of the horns on the lateral side of meso- and 
metathorax in the pupa.

A. alveolatus n. sp. (figs. II), 21), and 7a; Plate II, figs. 4 and 10). Thorax 
dark brown, shining; abdomen and especially the legs lighter. Halteres white.

Scutellum with one pair of longer bristles placed medially. In the $ the apex 
of the claw is simple, in the it its bifid and the two teeth of almost equal size. In 
the cJ all the spinules of the empodium are simple, in the $ those on the distal part 
of the empodium are developed as small, sucking discs with a long stalk inserted 
a little eccentrically.
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Length of the wing: Ç: 1.42—1.62 mm; 1.34—1.49 mm.
Holotype: $ (rearing no. XXXIX). Allotype: (rearing no. XXXVIII). Para

types: 5 ÇÇ, 4 33. Measurements and countings based upon 5 ÇÇ and 4
I he specific name is suggestive of the aiveoloate, respiratory processes of 

the larva.

A. hexastichus 11. sp. (figs. 1 Ea and 2E; Plate II, figs. 2 and 11). Thorax brown, 
shining; the “shoulders” a little lighter. The colour of the scutellum varies from 
yellow to only a little lighter than the rest of the thorax, perhaps depending on age. 
Halteres white. Abdomen and legs yellow; the knees are, however, very dark.

The scutellum with 2—3 pairs of longer bristles. The internal tooth of the apex 
of the claw smaller than the external one. Empodium with simple spinules.

Length of the wing: Ç: 1.44—1.62 mm; 1.39—1.48 mm.
Holotype: $ (rearing no. XLb). Allotype: (rearing no. LIIc). Paratypes:

6 ÇÇ, 3 Measurements and countings based upon 6 $$ and 3
The specific name is suggestive of the six rows of gills on the abdomen of the larva.
In all 17 specimens of this species were reared. Among these one Ç, reared 

from the aberrant pupa mentioned on p. 74, was aberrant. In this Ç the number 
of joints in the antenna is reduced by one, so that the funicle consists of seven joints 
only (fig. lEb; Plate II, fig. 3), which ol course exerts a strong influence upon the 
proportion between the lengths of club and funicle (Table II). The 5. joint is com
paratively big and carries an additional (distal), though very incomplete circle of 
big setæ. Thus the reduction in number has, no doubt, arisen through coalescence 
of the 5. and 6. joints. It is still more surprising that the pretarsus shows two char
acters which otherwise distinguish the alveolatus $: the claws have a simple apex, 
and the spinules on the distal part of the empodium are developed as small, long- 
stalked sucking discs. From Table IV it appears that the equipment of the wing with 
macrolrichia is comparatively sparse, in which respect the $ in question also ap
proaches alveolatus.

A. polydactylus n. sp. (figs. 1 F, 2F, and 7b-e; Plate II, figs. 12 and 13). Thorax 
brown, shining, with small, darkish marks, among which a narrow, transverse band 
on the lateral side just behind the “shoulder” especially will be noted. Scutellum 
somewhat lighter. Halteres while. Legs yellow. Abdomen pale with a blackish marking 
on the dorsal side, consisting ol broad, segmentally arranged, transverse bands, which 
in the middle are nearly quite broken by pale spots.

As in A. rostratus Winnertz the proboscis is extraordinarily long. Scutellum with 
two pairs ol longer bristles. In the Ç the claws are much stronger than in the and 
the internal tooth of the apex is smaller than the external one; in the $ the two teeth 
are of equal size. The empodium is narrow, with two longitudinal rows of strong, 
though slender spinules; the three distal ones (one unpaired, terminal) are simple, 
the others are pectinate on the lower side.



Length of the wing: Ç: 1.97 mm; 1.96 mm.
Holotype: $ (rearing no. LV). Allotype: g (rearing no. LIV; head, right wing, 

middle and hind tarsi, as well as the abdomen mounted as slide preparations). Para
type: 1 Ç. Measurements and countings based upon 1 Ç and 1 <$.

rfhe specific name is suggestive of the finger-like gills in the pupa.

All the species described above belong to the subgenus Atrichopogon Kieffer.



THE LARVÆ

The Atrichopogon larvæ are small animals, the size of the species described below 
being 1.9—4.3 mm. The body is broadest in the middle and most attenuated 
towards the posterior end. In most species it is rather flattened, chiefly owing to the 

fact that the lateral sides of the segments protrude into processes. In sp. y and hexa- 
stichus, however, these processes are filiform, and the shape of the body itself ap
proximately cylindrical, though—as in the other species — the segments are separated 
by rather deep constrictions.

The very movable head (fig. 9) must be said to be of the orthognathous 
(= hypognathous) type with downward directed peristome. Certain features in its 
structure, especially the large, entirely sclerotized posterior side of the head capsule, 
however, indicate that the orthognathy is secondary, i. e. that Atrichopogon must be 
derived from ancestors with prognathous larvæ. In the following sections the terms 
dorsal, ventral, anterior, and posterior will be applied as if the head was typically 
orthognathous.

The head capsule is oviform and much attenuated towards the peristome. On 
each side three stemmata are found, placed on an almost semiglobular or (cor nut us 
and alveolatus) more prominent dome (the larval eye) anteriorly and quite dorsally on 
the lateral side. The greater, distal part of the dome is hyaloid and on the top carries 
three facets, corresponding to three dark eye-spots, one of which is generally smaller 
than the two others and sometimes lacking. Somewhat behind the larval eye is a 
flatter, also hyaloid dome. Towards the end of the larval period some of the ommatids 
of the imaginai eye will be seen inside the latter dome. These ommatids are already 
al that time pigmented and thus possibly functional. In the following sections the 
dome will be termed the imaginai eye.

The most prominent appendage of the head is the big, spurlike antenna (fig.10). 
On closer examination it proves to be composed of two coalescent sensilla, of which 
the smaller median one is issued proximally on the bigger lateral one. In almost 
their entire length the lumina of the two sensilla are separated by a distally thinner 
septum. In the thin-walled apex the septum is lacking, and here a minute, internal, 
cuticular tube, probably the insertion of the sensory fibrils, is seen. The antenna is, 
no doubt, an organ of smell. It rises from a circular, membraneous area, which is 
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generally situated on the lop of a big, upward directed process, the antennal socle, 
laterodorsally on the anterior side of the head. In sp. y and hexastichus the mem
braneous area is almost semiglobularly vaulted, but the socle is lacking, and the 
antenna is not placed nearly so dorsally as in the other species.

The structure of the antenna deviates rather much from the description which 
Saunders (14, pp. 171—72) gives of the antenna in Forcipomyia. The same author

Fig. 9. Heads of larvae of hexastichus (left) and alveolatus (right) in anterior (above) and lateral view (below), 
a: antenna; 1—11'. setae. 130 x.
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describes other forms of antennæ again in Thyridomyia and Apelma (15, pp. 225 
and 229). Thus it seems that the structure of the antennæ varies rather much within 
the subfamily.

Laterally on the dorsal side of the head a light, arched (laterally convex) line 
of weakness is found, which goes from the posterior margin of the h< 
medial to the antennal socle, and which most probably corresponds w 
suture. Thus frons comprises the greater part of the dorsal side of I 
— as in many other Nematocerous larvae—it borders on the foramen 
occipitis with a broad margin, the coronal suture being entirely lack
ing. In sp. y and hexastichus the frontal suture stretches, accord
ing to the more ventral position of the antenna, considerably farther 
ventrally Ilian in the other species. Other sutures are not found, and 
the distal part of frons as well as clypeus (cp. p. 42) are not separated 
from the epicranium.

Ventrally on the anterior side of the head two pairs of darker 
lines are seen, which divide that part of the anterior side into three 
fields, an unpaired median one and a pair of smaller lateral ones. 
Each field is somewhat vaulted transversally. The two lines on each 
side converge a little dorsally. From the median one arises the arti
culatory apodeme of the premandible, from the lateral one the posterior 
leg of the apodeme which connects the articulatory plate of the man
dible with the head capsule (for further details see below). The 
anterior leg of that apodeme arises from a shorter, black line, situated 
between the two dark lines and ventrally coalescent with the lateral 
The ventral end of the last-mentioned line marks the end of a broad, blackish 
stripe, which on the lateral and posterior sides stretches along the ventral margin 
of the head capsule, and which corresponds to a faint internal thickening. Lalero- 
anally it has a small, triangular enlargement, which indicates the origin of the ten
torium.

The tentorium (fig. 14A) consists of the posterior arm only, which as a scle- 
rotized rod stretches laterally to the mouth cavity, approximately to middle of the 
head. Il is somewhat sagittally compressed, especially in the distal part, which is 
divided into two branches; the anterior of these is a continuation of the shaft. At 
an acute angle with this branch originates from it a slender, downward directed, 
chitinous rod, whose apex is curved forward, and which seems to be connected with 
muscles moving the maxilla (see p. 39). This rod is described by Saunders, who 
erroneously assumes that it is “imbedded in the sides of the labrum to support it 
laterally”. On the connections between the tentorium and the pharyngeal skeleton 
see below.

Saunders (14, pp. 174—75) describes the tentorium in Forcipomyia, though in 
details of a little different shape. He writes that “it is possible that this system of 
rods is derived from the tentorium, but at present there is no evidence to support 
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such a view”. I do not see any reason to doubt that it really is the tentorium. Saunders 
(14, p. 178), however, holds the erroneous view that these structures are situated in 
the wall of the mouth cavity.

The head capsule carries 12 pairs of selæ, which for the sake of clearness I 
shall designate with numbers. Setæ 1—4 are placed in a longitudinal row on the 
frontoclypeal region (which probably also comprises the labral sclerite; see p. 33). 
Seta 1 and 2 stand on the dark line from which the articulatory apodeme of the 
premandible arises, seta 3 approximately in the middle of the anterior side of the 
head, and seta 4 anteriorly on the dorsal side, behind the antenna. In sp. y and 
hexastichus seta 4, owing to the more ventral position of the antenna, stands on the 
anterior side of the head. Setæ 5 and 8 stand ventrally on the lateral side of the head, 
the former at the origin of the apodeme which connects the articulatory plate of the 
mandible with the head capsule, the latter at the origin of the tentorium. The last- 
mentioned number represents two setæ, of which, however, the lateral one is very 
minute and not quite easy to detect (fig. 11). Setæ 6 and 9 are placed somewhat dorsally 
to setæ 5 and 8, respectively. Seta 7 stands proximally on (in alveolatus almost in the 
middle of) the anterior side of the larval eye, seta 10 a little dorsally to the imaginai 
eye, and finally seta 11 rather ventrally and laterally on the posterior side of the 
head. Setæ 6 and 9 are the longest, seta 10 the thickest of the selæ of the head. Further 
there are four pairs of sensorial pits, one behind seta 2 (medially to the median of 
the two dark lines), one between the larval eye and the frontal suture, one between 
setæ 5 and 8, and one dorsoanally to seta 6.

Il is possible to homologize the setæ and the pits with those described by Saun
ders (14, fig. 4, p. 171) in Forcipomyia. Since, however, there is no full agreement, 
I have preferred to designate the setæ with numbers instead of using the letters 
employed by Saunders. Below is given a comparison between Atrichopogon and 
Forcipomyia according to Saunders: seta 1: x; seta 2: lacking in Forcipomyia?; 
seta 3: t; seta 4: p; seta 5: w; seta 6: u; seta 7: q; seta 8: o; seta 9: v; seta 10: s; 
seta 11: y; the pit behind seta 2: z; the pit at the larval eye: r; the two lateral pits: 
lacking in Forcipomyia?

The anterior and the lateral sides of the head are covered with low, somewhat 
irregular nodules, which often pass into a partly reticulate sculpture of line ridges. 
The dorsal side may have the same sculpture as the anterior and lateral sides (poly- 
dactylus), but generally it is provided with five longitudinal fields (an unpaired 
median one and two pairs of lateral ones) of big and tall, regularly rounded nodules. 
In sp. y there are only four fields, and the nodules are pointed.

The apparatus of ingestion. The mouth (fig. 11) has the shape of an approx
imately oval, longitudinal cleft, surrounded by a thick, membraneous, peristomal fold 
It leads into a cavity which, in a dorsal direction, stretches to the middle of the head 
(fig. 15). In the following sections this cavity will be designated as the mouth cavity, 
though various facts (the lack of circular musculature, the position of the labrum 
and the mandibles, and of the orifice of the salivary duct) show that it is a secondary 
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structure, arisen by invagination, and that accordingly the functional mouth is not 
the morphological mouth.

The peristomal fold is differentiated into several parts. In front of the mouth 
it forms an unpaired, somewhat pointed process. It is the distal end of the labrum 
(figs. 11 V and 12 I)) which as a high, membraneous fold projects from the anterior 
wall of the mouth cavity, which is nearly filled by it. In a proximal (dorsal) direction 
the fold becomes considerably lower, due to the fad that the antero-posterior width 
of the mouth cavity rapidly decreases. In lateral view the outline of the labrum falls 
into two parts: a distal, straight part, which forms an obtuse angle with, the anterior 
side of the head capsule, and which by a rounded-rectangular corner is separated 
from the much greater, faintly convex, proximal part.

On the lateral side of the labrum lies a rod-shaped sclerite, which certainly 
represents the premandible. Its proximal end forms an articulation with a plate
shaped apodeme, which is issued from the median of the dark lines described above 
(p. 31). In anterior view the apodeme is approximately triangular, a little varying 
in shape in the different species (fig. 12 BC), in ventral view (fig. 12 A) it is quite 
narrow, proximally directed posteriorly and medially, but curved in such a way that 
the distal end points straight medially. The articulation between the apodeme and 
the premandible is effectuated in the following way: The latter is proximally bent 
at a right angle, so that the tongue-shaped, proximal end, which lies al the bottom 
of the furrow between the labrum and the lateral wall of the mouth cavity, points 
in a dorsal direction. Al the point of curvature an apodeme is issued, which forms 
an internal continuation of the main part of the premandible. The proximal end of 
the premandible thus forms a fork, which ventrally and posteriorly embraces the 
distal end of the articulatory apodeme.

In their relations to the premandibles the articulatory apodemes have so great 
a resemblance to the tormæ of Chironomid larvæ that it is natural to assume a homo
logy. This seems to show that the most ventral (and median) part of the anterior 
side of the head capsule represents the labral sclerite, which has entirely merged 
into the first mentioned one. In the Chironomid larvæ the tormæ are —as in other 
insects — external structures, in Atrichopogon they seem to be internal, which must 
be considered a secondary feature.

The tormæ of the Atrichopogon larvæ suggest those (apparently external) 
structures which Anthon (1, pp. 17—18) has described in various Nematocerous 
larvæ under the name of Clypeussklerite. Anthon’s Epistomalrand (1, p. 15) is, no 
doubt, homologous with the ridge from which the tormæ arise in Atrichopogon.

On each side of the distal part of the labrum two single-jointed, cylindrical 
sensilla and a minute, club-shaped seta are found. The sensilla and the setæ of the 
two sides are arranged in two posteriorly converging rows, the selæ most anally. By 
a pair of longitudinal furrows the apex of the labrum is divided into three lobes of 
which the greater, median one projects most. At the bottom of each furrow three sense
organs are found: anteriorly a minute, thin seta and just behind it a sensorial pit, 
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posteriorly a lanceolate (in the middle compressed) seta. Ventrally on the proximal 
part of the labrum two pairs of setae and one pair of sensorial pits “ride” on the 
edge; on each side they are placed in a longitudinal row with the pit in the middle.
The distal seta is smaller than the apical, lanceolate

s\

Fig. 11. speculiger or dubius larva. Peristomal field of the head 
in ventral view. I: origin of the articulatory apodeme of the pre
mandible. II: origin of the anterior leg of the apodeme which 
connects the articulatory plate of the mandible with the head cap
sule; III: origin of the posterior leg of the same apodeme; IV: 
articulatory membrane of the mandible; V: labrum; VI: ante
rior maxillary lobe; VII: lateral part of the peristomal fold; 
VIII: maxillary palp; IX: posterior maxillary lobe; X: poste
rior part of the peristomal fold; 1, 2, 5, and 8: setæ of the head 

capsule. 500 x.

one, the proximal one is long 
and vigorous. Further there 
is a rather big, sensorial pi I 
on the lateral side of the la
brum. (I.a. the rich provision 
with sensilla, selæ, and pits 
shows that the organ is the 
labrum and not the epipha
rynx). The seta? as well as the 
pit arise at the bottom of deep, 
narrow invaginations. Hence 
their bases in lateral view are 
removed rather far from the 
edge of the labrum; in poste
rior view the two alveoles in 
each pair nearly touch.

On the edge of the prox
imal part of the labrum, 
between the distal seta and 
the pit, a rather strong and 
basally much sagillally com
pressed spine is found. In late
ral view it is much attenuated 
towards the penicillale apex, 
in ventral view it is nearly 
equally thick in its whole 
length. Basally the two spines 
nearly touch. Proximally to 
the spines the edge of the 
labrum is covered with hair
like spinules.

The labrum is moved by
three pairs of muscles (fig. 1 5, p. 45). A rather strong muscle (m. 1), inserted into the apex 
of the premandibular apodeme, issues from the area between the two antennæ. A 
more slender muscle (m. 2) issues from the anterior wall of the head capsule, dor- 
sally to seta 3, and is inserted in the middle of the labrum near the edge. Where the 
two muscles cross, muscle 2 is lateral to m. 1. The third pair of muscles (m. 3) 
arise close together more ventrally on the anterior wall of the head capsule and 
are inserted proximally in the labrum near the edge. Muscles 1 and 2 correspond, no 
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doubt, to the usual fronlo-labral muscles, in. 3 probably to the compressor muscle 
of the labrum in other insects.

Proximally (i. e. dorsally) to the labrum and separated from this by a narrow, 
transversal cleft a smaller lobe projects from the anterior wall of the mouth cavity. 
This lobe, the epipharynx (fig. 15 VII, VIII) is somewhat broader than the labrum 
and only separated from the lateral walls of the mouth cavity by narrow clefts; in 
transverse section it is approximately rectangular, the width of the organ constituting 
the long sides. On the posterior side of the epipharynx there are two deep, semi
circular (dorsally concave), transverse clefts. The fold which is demarcated by these 
clefts — in the following sections called the epipharyngeal comb — is incompletely 
paired through a small, median incision. Its free edge is densely covered with hair
like spinules, which point somewhat proximally. The epipharyngeal comb thus issues 
from a pouch-shaped, transverse furrow. The ventral side of the pouch is fused 
together with the ventral side of the comb, and in this part of the integument there 
is a sclerite —or rather an apodeme — composed of an unpaired middle part and two 
pairs of branches, a longer and weaker anterior one and a shorter and stouter posterior 
one. The former would seem to be connected with the anterior branch of the ten
torium, a point which, however, I have been unable to decide with absolute certainly. 
In Forcipomyia Saunders (14, p. 175) describes this sclerite as “a bridge between 
the two lateral rod systems”.

In the epipharynx two pairs of slender muscles are inserted (fig. 15, m. 4). 
They arise behind each other laterally on the fronloclvpeal region and converge 
towards the median line of the epipharynx. One is inserted into the middle part of 
the sclerite described above, the other into the posterior side of the epipharynx distally 
to the comb.

Laterally to the distal end of the labrum the peristomal fold forms a rounded 
lobe (tig. 11, IV), which is nothing but the articulatory membrane of the mandible. 
Each lobe issues a thin, rather sharp fold in front of the labrum; the two lobes, 
however, do not reach each other. Distally on the median side of the lobe there is 
a slender, conical process of a slightly different shape in the various species.

Distally the articulatory membrane of the mandible is separated from the rest 
of the lateral part of the epistomal fold by a transverse cleft. Proximally the course 
of the cleft is soon altered, so that it becomes nearly sagittal, and the articulatory 
membrane —which proximally is connected with the mandible — projects as a rounded 
lobe into the mouth cavity laterally to the labrum. In the part of the lateral wall of 
the mouth cavity which adjoins the articulatory membrane and the proximal part 
of the mandible there is an obliquely cordate sclerite, the articulatory plate of the 
mandible (fig. 1 2 E) with a broadly rounded ventral apex and a bilobed dorsal edge. 
This plate is connected with the wall of the head capsule by a vigorous apodeme 
(fig. 13A), which in ventral view has the shape of a short, distally obliquely cut-off 
column. It is excavated from the dorsal side, so that two lamellæ arise. The anterior 
lamella, which forms an internal continuation of the plate itself, is connected with 

5* 
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the head capsule at the black line described above (p. 31), the posterior one at the 
lateral of the dark lines.

The mandibles (fig. 13) issue from the anterior wall of the mouth cavity 
behind their articulatory membranes and laterally to the labrum. Their bases are thus

Fig. 12. A: alveolatus larva; the premandibles and their articulatory apodemes in ventral view. 
B: hexastichus larva; articulatory apodeme of the left premandible in anterior view. C: alveolatus larva; 
articulatory apodeme of the right premandible in anterior view. D: alveolatus larva; labrum in lateral view. 
E: alveolatus larva; left side of the peristomal field seen from the inner side (median view); the tendinous 
plate is seen shining through. I: articulatory plate of the premandible; II: premandible; III: articulatory 
plate of the mandible; IV: articulatory membrane of the mandible; V: anterior maxillary lobe; VI: maxil
lary palp; VII: anterior process of the posterior maxillary lobe; VIII: posterior process of the same lobe. 

A, C, D, and E: 500 x ; B: 315 x.

completely concealed within the mouth cavity, and in the resting position nothing is 
seen of the mandibles outside the mouth. They move in an approximately sagittal 
plane (with the “back” ventrally) and have entirely lost the normal articulation with 
the head capsule; the only articulation is formed by the plate described above.

The mandible is rather clearly divided into two parts, a thicker, subeylindrieal, 
proximal part and a slightly longer and considerably thinner, distal one. In ventral 
view the median sides of the two parts are nearly flush, and in lateral view the same 
is the case as regards the ventral sides (the “back”). In transverse section the distal 
part has a strongly convex ventral side and — especially distally—a somewhat concave 
dorsal side. The faintly upturned and a little broader distal end is divided into three 
low, rounded teeth, the lateral one of which is considerably smaller than the two 
others; the median one projects farthest distally.

The laterodorsal half of the mandible is much longer than the medioventral 
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half, the proximal margin thus forming a broadly rounded, laterodorsal point. With 
the exception of the medioventral fourth the proximal margin of the mandible has 
a vigorous, internal thickening. Dorsally the line of attachment between the mouth 
cavity and the mandible does not coincide with the proximal margin of the latter, 
but forms a distally directed bend, so that the dorsal side of the proximal part of 
the mandible constitutes an internal, apodemal structure (Cp. below, the insertion 
of m. 6).

Distally on the proximal part of the mandible there are three big, sensorial 
pits, a median one and two lateroventral ones.

The mandible is moved by two fan-shaped (sagittally compressed) muscles (tig. 
15, p. 45), each issuing with two parts from the dorsal side of the head capsule. One 
(m. 5) is inserted laterally into the proximal margin of the mandible. It will be noted 
that in a characteristic way it “rolls” over the laterodorsal point (fig. 13 C). Its an
terior part (m. 5 a) issues between the larval eye and the imaginai eye, its posterior 
part (m. 5 b) dorsoanally to the imaginai eye. The other, far stronger muscle (m. 6) 
is inserted distally into the dorsal side of the proximal part of the mandible. Its anterior 
part (in. 6a) issues dorsally to the imaginai eye (the posterior part of 6a just dorsally 
to 5 b), its posterior part (m. 6 b) from the posterior part of the dorsal (proximal) 
margin of the head capsule. The muscles 5 and 6 represent, no doubt, the abductor 
and the adductor mandibulæ, respectively.

Maxillary lobes (figs. 11, VI, IX and 12E). Two membraneous lobes issue 
medially on that part of the epistomal fold which occurs behind the articulatory 
membrane of the mandible. The anterior lobe has the shape of a low dome. It carries 
in the middle of the lateral side (or perhaps rather laterally on the ventral side) a 
small, thin seta and anally the maxillary palp. The latter is quite short, about as 
broad as it is long and consists of a single joint, which on its dome-shaped, mem
braneous, distal end is furnished with four small, single-jointed sensilla. In a low 
transverse furrow in front of the palp there is a smaller, basally faintly scleroticized 
elevation, which carries four sensilla: a big club-shaped, single-jointed one, and 
medially to this three smaller sensilla, one of which is two-jointed with a fine, hair
like distal joint. Finally there is just laterally and anteriorly to the palp a minute, 
single-jointed, conical sensillum.

The posterior, much smaller lobe is divided into two conical processes, the 
anterior one of which again is bifurcate; the median side of the posterior branch 
is covered with hair-like spinules. On the median side of the anterior process there 
is a short and thin membraneous lamella; proximally to the posterior process a thick 
membraneous fold, the anal fold, runs on the posterior part of the lateral wall of 
the mouth cavity as far as the epipharyngeal region. The height of the anal folds 
soon increases, so that on a level with the distal margin of the head capsule they 
nearly touch; from here their height decreases gradually. The posterior lobe carries 
three sensorial pits, one rather proximally on the lateral side and two close together 
in the furrow between the two processes; apparently there may also be three pits

I). Kgl. Danske Vidensk. Selskab, Biol. Skrifter. VI, 6. 6 
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in the latter place. Finally there is a single-jointed, conical sensillum proximally on 
the median side.

It seems beyond any doubt that the two lobes together represent the maxilla.
They suggest very much the structures which Anthon (1, pp. 38—43) has described 

left mandible in median view. D: same in lateral view. 5 and 6: 
muscles of the mandible. A: 205 X ; B—D: 500 x.

in certain Nemalocerous larvie 
as palpifer and lacinia. Espe
cially as regards the anterior 
lobe the designation may be 
appropriate, but, no doubt, 
also other parts ol’ the maxilla 
are concerned with the for
mation of the lobes. The three 
(four) pits on the posterior 
lobe remind of Anthon’s Car- 
do-Sklerit. The small, sensory 
papilla in front of the palp 
may represent the galea.

Proximally to the maxil
lary lobes there is a rather 
complicated, tendinous plate 
along the lateral wall of the 
mouth cavity. Its central part 
is roughly Y-shaped. The ven
tral end of its shaft is con
nected with a small, semilu- 
nular sclerite, which is situa
ted on the lateral side of (he 
posterior lobe. The anterior 
branch of the Y is by a narrow 
“bridge” connected with a 
triangular sclerite, which forms 
a lighter coloured, ventroanal 
continuation of the articula
tory plate of the mandible. 
In ventral view this sclerite
is curved into a quarter of a 

circle, so that its distal end (tig. 12Ex) points straight medially. This shape of course 
corresponds to the rounded corner on the lateral side of the proximal part of the 
mandible. Another bridge connects the posterior branch of the Y with a minute 
sclerite, situated in the furrow between the two processes of the posterior lobe and 
carrying two of the sensorial pits described above. In ventral view the tendinous 
plate is strongly curved with, a median concavity, so that it is “concentric” with, the 
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outline of the mouth cavity. In its dorsal edge probably some small muscles are 
inserted, which issue from the tentorium. In Forcipomyia Saunders (14, p. 174) 
describes the tendinous plate as “a curving internal support” issuing from the side 
wall of the head.

On the lateral wall of the mouth cavity, along and just behind the “bridge” 
which connects the Y with the articulatory apodeme of the mandible, a row of 
vigorous spinules is seen. In ventral view the spinules are elongate-triangular with 
a faintly convex median side and a faintly concave lateral side and tapering to a 
slender point. Seen from the edge they have rather slender bases and are evenly 
attenuated towards the apex. Thus we are concerned with close-set, plate-like struc
tures. In the natural position of the mouthparts these spinules adjoin those on the 
edge of the labrum.

The posterior part of the epistomal fold (fig. 11 X) is considerably thinner than 
the lateral part. The edge is here covered with close-set, long, slender spinules. Their 
shape is somewhat different in the various species. In hexastichus they are brownish, 
hair-like, directed anteriorly and ventrally, in alveolatus they are colourless, thicker, 
pointed like a sewing needle, and directed straight ventrally.

In the posterior wall of the mouth cavity, on a level with, the ventral margin 
of the head capsule, there is a rather feebly sclerotized and faintly convex plate, 
which is connected with the tentorium by small apodemes.

The mandibles are scraping organs, but have no power of mastication. This 
process is taken over entirely by an elaborate, very dark coloured pharyngeal 
skeleton, which is found in the middle of the head (ligs. 14 and 15).

The transverse section of the mouth cavity is here shaped like a U with forward 
directed concavity. In the posterior wall of the mouth cavity the bottom and part 
of the branches of the U are formed by a very strong, unpaired sclerite, the posterior 
plate. Quite ventrallv the external (posterior) side of this plate is plane, dorsallv it 
becomes transversally convex, though this feature in lateral view is obscured by a 
vigorous, dorsallv higher ridge which projects from the lateral part of the posterior 
side of the plate; the ridge does not, however, reach the dorsal margin of the plate. 
Near the dorsal edge the thickness of the plate decreases considerably and abruptly, 
'flic excavation thus formed is densely covered with hair-like, but rather strong 
spinules.

In the anterior wall of the mouth cavity the bottom of the U is formed by a 
very strong, unpaired sclerite, the anterior plate, which is about one and a half time 
as long as the posterior plate. On the distal (ventral) half of the inside run two low, 
rounded, transverse ridges, the ventral one of which is again divided into three low 
teeth, an unpaired median one and a pair of lateral ones. The dorsal ridge is longer 
than the ventral one and curved in such a way that its ends come to be lateral to the 
three teeth mentioned above. Hence the internal outline of the anterior plate is quintuple 
in a ventral view. The external (anterior) side of the plate is scooped out like a spoon. 
Ventrallv the edge of this area is rather steep, so that a thick ridge is formed, 

6* 
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connecting the two ventral corners of the plate. Dorsally it merges evenly into the 
thinner, dorsal edge of the plate, which projects freely into the lumen of the post
pharynx and is divided into about 20 spines. A little dorsally to the middle the plate 
carries a vigorous, unpaired, columnar apodeme, which forms an articulation with

VIII

Fig. 14. alveolatus larva. A (ventral direction towards the right): tentorium in lateral view. B (do.): 
pharyngeal skeleton in lateral view. C: same in ventral view. I: anterior branch of tentorium; II: posterior 
branch of same; III: subordinate branch of anterior branch, from which probably muscles originate which 
are inserted into the maxillary lobes; IV: cord connecting the band between the wing of the pharyngeal 
skeleton and the tentorium with anterior side of the head capsule; V: outline of the posterior side of the 
head capsule; VI: distal end of the wings of the pharyngeal skeleton; VII: bands connecting the wing 
with the tentorium and with the posterior plate; VIII: anterior plate; IX: posterior plate; A: salivary 

duct; 7: the adductory muscles of the wings. Membranes dotted. A: 315 x ; B and C: 500 x.

the wings of the pharyngeal skeleton. Each wing is composed of a sclerite which in 
the anterior wall of the mouth cavity forms the branch of the U and anteriorly is 
prolonged into an apodeme of about the same length as the sclerite itself. The sclerite 
and the apodeme together form an approximately triangular plate, though with much 
rounded corners; especially the distal (anterior) corner is much rounded. Venlrallv 
the proximal edge of the wing is contiguous with the lateral edge of the anterior 
plate, thus forming the ventrolateral point of articulation. (I have not been able to 
decide with certainty whether the two sclerites here are connected by thickened, 
but elastic endocuticle). Otherwise the proximal edge is separated from the anterior 
plate by a narrow, membraneous area. The wing is consolidated by two plate-shaped, 
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triangular apodemes, which rise al right angles to its median side and to each other, 
one lengthwise on the wing and approximately in the middle of this, the other at 
the proximal margin of the wing. The common, median point of the two apodemes 
rests on the columnar apodeme of the anterior plate, thus forming the mediodorsal 
point of articulation. Here the two wings and the anterior plate are connected by 
elastic endocuticle. The free edges of the two triangular apodemes are thickened, 
thus forming strong ridges, which connect the two points of articulation mutually 
and with the distal end of the wing. The ventrolateral point of articulation is also 
connected with the distal end of the wing by a somewhat weaker ridge.

Two strong, endocuticular bands connect the distal end of the wing with the 
anterior branch of the tentorium and with the posterior plate, respectively. Such a 
band also connects the posterior plate with the posterior branch of the tentorium.

From the band which connects the wing with the tentorium issues a thinner, 
cord-like band, which is inserted into the anterior wall of the head capside just above 
the dorsal end of the median of the dark lines described on p. 31. It will probably 
not be unjustifiable to consider this band as the anterior arm of the tentorium.

The above description deviates on some points from that which Saunders (14, 
pp. 174—76) gives of the pharyngeal skeleton in Forcipomyia. Though there may be 
generic differences, I am inclined to believe that his descriptions of the epipharyngeal 
comb and the dorsal edge of the anterior plate are due to misinterpretations. According 
to Saunders the sculpture of the anterior plate in Forcipomyia shows specific differ
ences. Owing to the opaqueness of the structures in question I have been unable 
to decide if the same is the case in Atrichopogon, but even so, it will not — for the 
same reason—be of use in taxonomy.

The salivary duct passes through a transverse, elliptic “window” in a hoop, 
which rises ventrally from the external side of the posterior plate. The dorsal edge 
of the hoop in the middle protrudes into a lamella only half as broad, which, again, 
in the middle has a considerably narrower, tongue-shaped prolongation; in all the 
length of the lamella is about half that of the posterior plate. Passing the hoop the 
salivary duct is much flattened, with a convex posterior side and a doubly concave 
anterior side; more ventrally the anterior side is a simple concave. The salivary 
orifice is a transverse cleft in the posterior wall of the mouth cavity in the epipha
ryngeal region a little in front of the pharyngeal skeleton.

The muscles of the pharyngeal skeleton (fig. 15). Three very strong muscles 
(m. 7) connect the distal halves of the wings of the pharyngeal skeleton (tig. 14C). 
A fan-shaped (sagittally compressed) muscle (m. 8) originates on the anterior wall 
of the head capsule just behind (and a little laterally to) seta 3, and is inserted into 
the transverse apodeme of the wing. (The origins of muscles 4 and 8 occur in 
a longitudinal row). A very strong bundle of muscles (m. 9) originates on nearly 
the whole dorsal part of frons and is inserted into the dorsoanal corner of the wing. 
A small muscle (m. 10) originates from the dorsal part of frons laterally to m. 9 
and is inserted into the distal end of the wing. Finally a fan-shaped (sagittally com

\
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pressed) muscle (in. 11) originates on the posterior wall of the head capsule and is 
inserted lalerovcnlrally into (he posterior plate.

1'he anterior arm of the tentorium issues from the lateral end of the clypeal 
suture, when this suture is present. It is therefore reasonable to assume that also 
in Atrichopogon the anterior tentorial invagination indicates the dorsolateral corner 
of the clypeus. Muscles 1 and 2 are, no doubt, frontolabral muscles. If, however, 
we consider m. 3 as an internal labral muscle and m. 4 as clypeopharyngeal muscles 

and there seems to be some reason to do so —it means that the clypeo-labral and 
fronto-clypeal sutures — if they were present — would have a much curved (dorsally 
convex) course.

Proximally (dorsally) to the pharyngeal skeleton the cylindrical postpharynx 
begins. Distally the anterior wall of this organ forms a smooth pouch, which projects 
over the spines of the anterior plate. In the corresponding part of the posterior wall 
there are three narrow longitudinal furrows, an unpaired and two paired ones. Farther 
proximally the wall of the postpharynx is thrown into irregular folds. The circulatory 
musculature begins immediately proximally to the dorsal edge of the posterior plate. 
At first the muscles have the shape of semicircles, there being no musculature in 
the wall of the pouch described above. Into the posterior wall of the pharynx small 
dilator muscles are inserted.

Homologies of the pharyngeal skeleton. Without knowledge of any interme
diate stage of phyletic development it is impossible to say anything definite about 
this question, except that it must be considered fairly certain that muscles 4, <S, 9, 
10, and 11 belong to the dilator muscles of the pharynx.

In Chironomid larvæ there are two epipharyngeal combs. The distal one consists 
of (or is covered with) rather fine, hair-like spinules. The proximal one consists of 
rather vigorous teeth, which (at least very often) issue from a more or less distinctly 
tripartite plate and are directed proximally. In my opinion there cannot be much 
doubt that the epipharyngeal comb in Atrichopogon is homologous with the distal 
of the epipharyngeal combs in Chironomid larvæ, and it also seems rather reason
able to me to assume that the anterior plate and perhaps also the wings are homologa 
of the tripartite plate in Chironomid larvæ. Another explanation, however, may also 
be given of the origin of the wings, namely that they are the suspensoria of the mouth, 
angle, and that the band connecting them with the tentorium represents the retractor 
muscle of the mouth angle (cp. below), though this muscle typically lakes its origin 
from the frons. In most insects the salivary orifice is situated between the labrum 
and the hypopharynx. This seems to indicate that the posterior plate is, at least 
partially, derived from the hypopharynx. Hence the band which connects the posterior 
plate with the tentorium represents the retractor muscle of (he hypopharynx. (Perhaps 
it is not superfluous to mention in this connection that the labium is entirely lacking 
in Atrichopogon as in nearly all other Dipterous larvæ). Probably muscles 7 belong 
to the circulatory musculature of the pharynx, and perhaps they represent the anterior 
part of the semicircular muscles in the posterior wall of the pharynx described above.
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Also the band connecting the wing with the posterior plate may be derived from 
the circulatory musculature through a vigorous development of the tendinous part 
al the expense of the muscular part.

The feeding mechanism (fig. 15). Introductorily it should be observed that 
protraction means a movement in a ventral (distal) direction, retraction in a dorsal 
direction, legation is a movement forwards, depression backwards.

In the living larva the head capsule is transparent enough to allow the following 
observations: The larva scrapes the substratum, the two mandibles working alter
nately at rather a fast pace, though not faster than that their movements can easily 
be followed. (The mandibles have a faint resemblance to the forelegs of a digging 
dog). Occasionally slower and more energetic scratchings of the mandibles are also 
seen, if necessary assisted by small jerks of the head. The mandibles swing in planes 
which are not quite parallel with the sagittal plane, but dors ally as well as posteriorly 
converge somewhat towards this plane. The result is that the two mandibles scrape 
on the same point of the substratum. At the same time the pharyngeal skeleton is 
working. The anterior plate 4- the wings move like a swing round an axis which 
goes through points near the distal ends of the wings. Thus the anterior plate is 
protracted and retracted in relation to the posterior plate. The retraction lakes place 
at rather a slow rale, and during this movement the wings arc somewhat adduced, 
rhe protraction on the other hand is a quick movement, reminding of a relaxed 
spring, and simultaneously a rolling of the posterior plate round its transverse axis 
is seen (depression of the anterior margin). If these observations are compared with 
the morphological description given above, the function of the mouth parts may 
be deduced.

Owing to the peculiar insertion (rolling over the lalerodorsal point; fig. 13C), 
the contraction of m. 5 will cause a protraction of the mandible. The retractor 
mandibulæ is m. 6. The movements of the mandible are controlled by its articulatory 
plate. This very loose articulation allows a great freedom of movements. One has 
an impression that the mandible cannot only be protracted, but that it can also be 
protruded a little through the mouth opening. The latter movement may be brought 
about by m. 1 ; during contraction of this muscle the premandible is protracted and, 
owing to its close connection with the labrum, also the base of the mandible. The 
antagonist of m. 1 is m. 2, which, together with m. 3, can also function as levator labri.

The mandibles scratch off food-particles and transport them, probably assisted 
by the labrum, to the proximal part of the mouth cavity. From here they are trans
ported to the entrance to the pharyngeal skeleton by the epipharynx and especially 
bv the spinules on the comb of the latter; in the resting position the1 points of the 
spinules lie close to the curved cleft between the anterior and posterior plates. The 
muscles m. 4 function as levatores epipharyngis, but I have been unable to detect 
any muscle which might act as depressor epipharyngis. This movement is probably 
caused by the elasticity of the organ; if the epipharyngeal sclerite really is connected 
with the tentorium, this feature will contribute much to the elasticity.
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The muscles which connect the tentorium with the tendinous plate proximally 
to the maxillary lobes allow some movement of the latter, a movement which of 
course will be of importance to the eating. The fact that the width of the mouth 
opening is rather different in the various preparations indicates that it really is so. 
The bridge which connects the tendinous plate with the articulatory plate of the 
mandible allows only a limited retraction of the former, and thus probably serves 
to transform the refractory movement of the muscles into an adductory movement 
of the maxillary lobes.

The plate-like spinules on the lateral wall of the mouth cavity may perhaps, 
together with the edge of the labrum and the anal folds, serve to filter superfluous 
water from the food-particles in a way analogous to the baleen apparatus of the whales. 
The small size of the objects (the width of the head being only about mm) and 
the fact that only a limited magnification can be employed in connection with the 
living larva have made direct observations on this point impossible.

Muscle 8 has a double function: it partly acts, together with m. 11, as a dilator 
of the pharyngeal skeleton. Since the bands which connect the posterior plate with 
the wings prevent a levation of the distal ends of the latter, a levalion of the anterior 
plate will cause an abduction of the wings. It partly acts as a protractor of the anterior 
plate, in which movement it is assisted by the small m. 10. In the first place this 
muscle prevents a protraction of the distal end of the wing, secondly it lakes an active 
part in the movement, its point of insertion being somewhat distal to the axis of 
rotation, determined by the insertion of the band which connects the wing with the 
posterior plate. The retraction of m. 11 also causes a depression of the ventral margin 
of the posterior plate (its point of insertion being ventral to the insertion of the band 
which connects the plate with the wing), a movement which probably is of importance 
to the transport of the food-particles into the lumen of the pharyngeal skeleton. The 
retraction of the anterior plate is carried out by m. 9. The band which connects the 
wing with the tentorium prevents a retraction of the distal end of the former, the 
swinging movement thus being accomplished. At the same time the muscles m. 7 
adduce the wings of the pharyngeal skeleton. Since, as mentioned above, the bands 
which connect the posterior plate with the wings prevent a levation of the distal 
ends of the latter, the adduction will result in a depression of the anterior plate, 
transmitted from the wings through the two points of articulation. It is thus during 
the retraction that the chewing process proper (and the transport of the food into 
the pharyngeal skeleton) is carried out. Hence it is easy to understand that the 
retractor muscles arc much stronger than the protractor muscles, and that the re
traction takes place at a much slower rate than the protraction. The violent, dorsally 
directed pull to which the posterior plate is subjected through the chewing process 
is balanced by the bands which connect the plate with the tentorium. It will be seen 
that the connections with the tentorium are of the greatest importance to the function 
of the pharyngeal skeleton.

The spinules on the dorsal margin of the posterior plate, together with the spines
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Fig. 15. aloeolatus larva. Left half of the head seen from the inner side; shows the apparatus of 
ingestion and its musculature. 7: salivary duct; 77: oesophagus; 777: antennal socle; IV: distal end of 
left wing of pharyngeal skeleton; V: anterior plate of pharyngeal skeleton; VI: posterior plate of same; 
VII: dorsal (proximal) part of epipharynx; VIII: ventral part of same; IX: labrum; A: maxillary lobes;

7—77: muscles (see pp. 34, 35, 37, and 41—-42). 400 X.
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on the dorsal edge of the anterior plate, form a very effective filler apparatus, which 
only allows very finely divided particles to enter the pharynx. The spinules are so 
close-set that practically they will only allow passage of fluid matter. Hence it is 
probably during the extreme protraction of the anterior plate that the comminuted 
food-particles are sucked into the pharynx between the spines on the dorsal edge 
of the plate. This sucking may of course also contribute to the transport of the 
unchewed particles into into the lumen of the pharyngeal skeleton.

The body segments (fig. 18, p. 52; fig. 20, p. 55; fig. 22, p. 58; fig. 23, p. 60; 
fig. 24, p. 63). The abdominal segments I—VIII are of a nearly uniform shape; 
meta- and especially mesothorax deviate somewhat, prothorax and especially ab
dominal segment IX very much from this shape.

The abdomen is a good deal flattened, chiefly owing to the fact that the lateral 
side of each segment protrudes into a big lateral process. Without these processes, 
i. e. in the intersegmental regions, the abdomen approaches the cylindrical shape. 
The lateral process carries three lateral setce, an apical one and two subapical ones; 
the latter two are generally placed dorsally and ventrally, respectively. On segment 
ATII the dorsal of the subapical selæ is lacking.

More proximally on the dorsal side a laterodorsal seta is found, generally placed 
on a laterodorsal process. This process may be minute (cornutus), but it may also 
be so big that the distal end of the lateral process becomes bifurcate (alveolatus, 
polydactylus, sp. y, and hexastichus). In the three last-mentioned species (he dorsal 
branch is developed as a filiform, silvery, tracheal gill, and in hexastichus the same 
is the case with the ventral branch. In sp. y and hexastichus the lateral process itself 
is, al the same lime, reduced in size, so that the body approaches the cylindrical shape.

Approximately in the middle of lhe dorsal side of the lateral process there is 
a small, thin, intermediate dorsal seta w hich is lacking on segment VIII. Finally there 
is a mediodorsal seta proximally to the lateral process, generally placed on a higher 
or lower, mediodorsal process, and most often developed as a spur or a spur-like bristle.

Anally, al the base of lhe lateral process, there is a dorsoanal process. Generally 
it is short, finger-like, and covered with vigorous spinules. It may be lacking on 
segment VIII, and in polydactylus and sp. y it is lacking on all the segments. In 
hexastichus it is developed as a filiform, tracheal gill, like the two branches of the 
lateral process in this species.

The abdominal segments are each furnished with two pairs of sensorial pits. 
One is situated laterally or lateroanally to lhe mediodorsal seta, the other medially 
or orally on the base ol lhe dorsoanal process, if this process is present.

On metathorax the lateral process is developed nearly or completely as on lhe 
abdominal segments, on the mesothorax it is always much reduced and may be 
entirely lacking. On both these segments, however, a well developed laterodorsal 
process, generally (except in speculiger and dubius) of lhe same shape as on the abdo
minal segments. On meso- and metathorax there are only two lateral setæ, the dorsal or 
(polydactylus) ventral ol lhesubapical ones being lacking; in sp. y there would seem to 
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be only one lateral seta (the apical one) on these two segments. The mediodorsal 
seta is developed as on the abdominal segments, and if these segments are furnished 
with mediodorsal processes, such ones are also found here. The intermediate, dorsal 
seta is on mesothorax considerably stronger than on the following segments (except 
in polydactylus) and resembles the mediodorsal seta, i. e. it is generally developed 
as a spur or a spur-like bristle. On meta- and especially on mesothorax the dorso- 
anal process is much smaller than on the abdominal segments; on the latter thoracic 
segment it may be entirely lacking (speculiger, dubius, cornutus). If this process is 
lacking on the abdominal segments (polydactylus, sp. y), it is also lacking on meso- 
and metathorax, and the same may be the case, even if it is well developed on the 
abdominal segments (hexast ichus). Meso- and metathorax have two sensorial pits like 
the abdominal segments.

On prothorax a lateral process is always entirely lacking (except perhaps in 
cornutus; p. 54), and the three lateral selæ are placed al rather great mutual distances 
above each other. Laleroorally on the dorsal side there is a seta-bearing laterodorsal 
process of a rather varying shape. Il may be developed as on the following segments, 
though never as a filiform, tracheal gill; in polydactylus and sp. y it is much reduced. 
In speculiger and dubius the laterodorsal process is finger-like, directed laleroanally, 
and covered with strong nodules, and it has the same shape on meso- and meta
thorax in these two species. With the exception of polydactylus the prothorax is always 
furnished with a dorsoanal process, also in those cases where it is lacking on the 
following segments. Il is directed laterally, thicker or thinner, finger-like, and covered 
by vigorous spinules. In addition to the laterodorsal seta the prodorsum carries only 
one seta, which is placed near the anterior margin. Since the mediodorsal and the 
intermediate dorsal setæ on the mesothorax are alike, it is not easy to decide which 
of these two setæ the seta on the prodorsum represents, but as the oral one of the 
sensorial pits described below lies laterally to the seta, it is reasonable to assume 
that it is the mediodorsal seta. It is never placed on a process. Like the following 
segments the prothorax is furnished with two pairs of sensorial pits. One lies at or 
on the base of the laterodorsal process, the other on the dorsoanal process.

Saunders (14, pp. 177 and 196) has described the chætotaxy in some Forcipomyia 
larvæ. Possibly his seta a corresponds to the mediodorsal seta in Alrichopogon, setæ b and 
d to the laterodorsal and the intermediate dorsal seta, respectively, and setæ c, e, and f to 
the three lateral setæ in Atrichopogon.

The prothorax moreover differs from the following segments in carrying the 
anterior proleg (tig. 16A-C), which consists of rather a thick-walled, basal part, 
which orally and laterally is covered with spinules or nodules, and a thin-walled 
distal part or planta, which is smooth with the exception of some few, very incon
spicuous, transverse rows of extremely fine and slender spinules. The planta is 
bilobed. Each lobe — left and right —carries two transverse rows of “claws”, i. e. very 
strong, backward curved spines. Especially the brown spines in the posterior row, 
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six in number, are very vigorous, whereas the four, light spines in the anterior row, 
which alternate regularly with the five lateral spines in the posterior row, are more 
slender. Basally all spines, however, are thickened and much sagittally com
pressed.

The anterior proleg is moved by the following muscles (fig. 16C): Latcroventrally 
on the intersegmental region between the pro- and the mesothorax, two muscles 
originate, of which the lateral one (m. 1) is inserted into a furrow orally at the base 
of the proleg, the median one (in. 2) into the planta right in front of the claws. Farther 
medially on the intersegmental region three muscles originate, of which the two 
lateral ones (m. 3) are inserted into a furrow anally at the base of the proleg, whereas 
the median one (m. 4) is inserted anally into the furrow between the basal part and 
the planta. Laterodorsally in the prothorax three muscles originate in a longitudinal 
row between the lalerodorsal and dorsoanal processes. The anterior one (m. 5) is 
inserted immediately laterally to m. 1, the intermediate one (m. 6) near in. 2, and 
the posterior one (m. 7) laterally to m. 4. It is quite clear that these muscles are 
derived from the ventral and the dorso-ventral musculature of the segment and have 
nothing to do with the imaginai leg-musculature, just as the position of the peripodial 
cavities will show that the proleg is a structure quite independent of the later, imaginai 
forelegs.

The anterior proleg plays an important rôle in the movements of the larva. 
The principal movement of the proleg is a swing forwards and backwards. The 
forward movement is probably carried out by the muscles m. 1 and m. 5, the opposite 
movement by m. 3. During the forward movement the claws are raised from the 
substratum in a manner like those of a cat, probably by the muscles m. 2 and m. 6. 
During the opposite movement the claws are fastened into the substratum. This 
probably to a great extent takes place through blood pressure, but m. 4 and m. 7 
may also be contributive, just as these muscles probably assist in. 3 in the backward 
bending of the proleg; (it is natural that this movement, which is the properly active 
movement in locomotion, will require a greater muscular strength than the forward 
bending). The planta can be invaginated into the basal part of the proleg, and this 
again into the prothorax. The former movement may be accomplished by simultaneous 
contraction of the muscles m. 2, m. 4, m. 6, and in. 7, the latter by simultaneous 
contraction of the muscles m. 1, m. 3, and m. 5. The evaginalion must take place 
through blood pressure.

The ventral side ol the segments carries four ventral setœ. One is placed 
orally and rather medially, on the prothorax lateroorallv on the distal margin of 
the basal part ol the proleg. Two of the others are on the thoracic segments developed 
as “twin setae”, i. e. they are very slender and so close-set that their alveoles nearly 
touch; on the prothorax they stand just laleroanally to the proleg. On the abdominal 
segments these two setae are normally developed and placed at a greater mutual 
distance behind each other approximately in the middle of the half in question of 
the segment (fig. 23 B, p. 60). The fourth seta stands lateroanally on the venter; in poly-
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Fig. 16. A: speculiger or dubius larva; the prothorax and the most proximal part of the head in 
ventral view. B: hexastichus larva; ventral half of the pro- and the mesothorax in lateral view. C: same; 
muscles of the anterior proleg in lateral view. D: alveolatus larva; abdominal segment IX in ventral view; 
anal prolegs withdrawn. E: hexastichus larva; anal prolegs in ventral view. F: same; anal papilla in ventral 

view. 1—7: muscles (see p. 48). A, B, and D—F: 125 x; C: 64 X.

dactylus, however, it is displaced orally. The lateroanal seta is always lacking on VIII. 
venter, but also on the other segments some of the setæ may be lacking.

On the thoracic venters of Forcipomyia bipunctata Saunders (14, p. 177) describes 
“an anterior ventro-lateral pair of microchæta and behind them a group of three set very 
close together”, i. e. in all four setæ like in Atrichopogon. On the abdominal segments he 
describes “three pairs of ventral microchæta”.

The abdominal segment IX (fig. 16 D) approaches the cylindrical shape, 
D. Kgl. Danske Vidensk. Selskab, Biol. Skrifter. VI, 6. 7 
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though orally the dorsal side is a little bulging. (In Forcipoinyia Saunders —14, 
p.170—considers this segment as a subdivision of segment VIII. I do not see any 
reason for such an assumption). In its whole extent the segment is rather thick-walled, 
and the dorsal side is covered with an unpaired, light-coloured sclerite. The posterior 
end of the segment is cut off obliquely (the dorsal side being the longer), and through 
the opening a pair of short, thin-walled, anal prolegs (fig. 16E) may be protruded. 
Each proleg, like the lobes of the anterior proleg, carries two transverse rows of 
“claws”, which, however, are curved forwards (or ventrally). In the posterior (or 
dorsal) row there are five light-coloured, slender claws, which are placed opposite the 
intervals between the six brown and more vigorous claws in the anterior (ventral) row.

The anal prolegs are only furnished with retractor muscles, which originate 
orally on the IX. venter and are inserted dorsally to the claws. By a weaker con
traction these muscles may raise the claws from the substratum, by a stronger con
traction invaginale the anal proleg. Rather anally on the IX. dorsum there originates 
a strong bundle of muscles, which is inserted into the dorsal side of the rectum; 
perhaps these muscles may also contribute to the movements of the anal proleg.

The anal prolegs, which are fused proximally, form the ventral limitation of 
the anus. On the side facing the anus each proleg carries three small, pointed anal 
papillœ (fig. 16EF), which are highly reminiscent of those of the Tanypodine larva1, 
though much smaller. Saunders (14, pp. 176, 195, and 197; 15, pp. 258 and 271) 
describes anal papilla? in various other genera of the subfamily; they vary much 
both in number and shape, even among species of the same genus.

The setaceous equipment of segment IX is so different from that on the preceding 
segments that I do not dare to attempt a homologization. A light-coloured, strong, 
backward curved bristle stands laterally on the dorsum and anteriorly to the middle, 
on the edge of the sclerite or on a bulge of this edge; a little medially or medioanally 
to the seta there is a sensorial pit. Laterally and ventrally the posterior margin of 
the segment is surrounded by a semicircular or horseshoe row of setæ, seven on each 
side, of which the two outmost ones are placed on the posterior corner of the dorsum, 
in sp. y and hexastichus on a slender, backward directed process; the dorsal one of 
these two setæ is a strong, brownish spur, the ventral one a long, strong bristle, the 
longest and thickest of the larva. The five other setæ are smaller and light-coloured; 
the most ventral and the one next to the dorsal of these five setæ are removed some
what farther from the posterior margin than the others. The concentration of setæ, 
tactile in function, along the posterior margin is easy to understand as to the function 
of the anal prolegs. In polydactylus, however, the number of setæ is reduced. Finally 
there is a seta rather orally on the IX. venter.

With the exception of the tergite on segment IX and occasionally some minute 
sclerites on the dorsa of the other segments the surface of the body is membraneous. 
As to the greater part it is covered with more or less conspicuous spinules or nodules. 
Generally it may be said that these —except in polydactylus — are longest and most 
slender on the ventral side.
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Atrichopogon sp. x.

Only one, unfortunately a little damaged, specimen is at hand.

The larva resembles that of speculiger and dubius very much. The chief difference 
is the fact that the dorsal, oval, thin-walled, smooth areas are lacking, and the dorsa 
provided with an even cover of rather stout spinules (fig. 17).

Mediodorsal processes are not developed, but the area between the two medio- 
dorsal setæ is raised somewhat over the rest of the dorsum. On the prothorax the 
laterodorsal process is small and especially short; on the mesothorax it is still shorter,

/
Fig. 17. Larva of A. sp. x. Above right half of the prothorax in dorsal view, below left half of abdominal 

segment IV in dorsal view. 250 x.

but thicker; on the metathorax it is developed as on the abdominal segments. On 
the abdominal segments the dorsoanal process is quite short, merely a spiny elevation; 
on the prothorax it is developed almost as on segments I—VII, on the metathorax 
as well as on segment VIII it is smaller, and on the mesothorax it is entirely lacking. 
On segment VIII the mediodorsal and the laterodorsal seta are placed on a com
mon, transverse sclerite.

7
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Atrichopogon speculiger & dubius.

I have been unable to find any morphological differences between the larvæ of these 
two species.

The head is developed as in the larva of alveolatus described below, except
that the larval eye is far from

On the anterior abdomi
nal segments the laterodorsal 
process is rather small (fig. 
18 B). Posteriorly its size increa
ses, so that the lateral process 
of segment VIfl may nearly be 
called bifurcate. The laterodor
sal seta, like the lateral setæ, is 
developed as a strong, but light
coloured and thin-walled, and 
somewhat curved bristle. The 
two subapical ones of the late
ral setæ are both ventral in 
position (fig. 18 0). On segment 
VIII the central of the three 
lateral selæ is lacking. (Thus 
this seta corresponds to the 
dorsal, subapical seta in the 
other species). The mediodorsal 
seta is a small, but strong, 
faintly curved, brownish spur, 
placed on a small feebly deve
loped sclerite. On segment ATI I 
this sclerite is larger and also 
covers the dorsal surface of the 
laterodorsal process.There are 
no mediodorsal processes. The 
dorso-anal process is rather 
thick.

being so high.

Fig. 18. A. speculiger or dubius larva. A: larva in dorsal view. 
B: distal half of right lateral process of abdominal segment III 
in dorsal view. C: distal half of left lateral process of abdomi
nal segment III in ventral view. D: various types of spinules 
from the margin of the dorsal smooth areas; on the left a nor
mal spinule (does not occur on the margin of these areas), on the 
right a rare, extreme type. In B and C the spinules have been 

omitted. A: 28 x ; B and C: 160 x ; D: 250 x.

On the metathorax the la
teral process is almost as big as on segment I, whereas on the mesothorax it is nearly 
lacking. On the thoracic segments the laterodorsal process is finger-like, directed poste
riorly and laterally; it is biggest on the prothorax and smallest on the metathorax, where, 
however, it is much bigger and more slender than on segment 1. The laterodorsal seta 
is placed proximally on the process. On the mesothorax the dorsoanal process is lacking.
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The number and the development of the ventral setæ are as in the larva of 
alveolatus described below.

The most distinctive feature of the larva is some unpaired, transverse, oval, 
smooth areas on the dorsal side of the segments mesothorax—VII, between the two 
mediodorsal setæ (fig. ISA). The cuticle of the ovals is extremely delicate, so thin 
that its thickness cannot be measured, but anyway it is less than 4 /<; (on the general 
body surface the cuticle is about 2.5 /z thick). They are very richly tracheated, each 
receiving a pair of tracheal branches, the diameter of which is about half that of 
the main tracheal trunks. Thus there cannot be much doubt that the ovals have a 
respiratory function. They are raised to a slightly higher level than the rest of the 
dorsal side.

Besides the ovals the following areas are smooth: On the dorsal side a narrow, trans
verse stripe on the prothorax and an unpaired, mediooral area on segment IX. On the ventral 
side the posterior side of the anterior proleg as well as the areas in front of and behind this 
proleg. The rest of the body is covered with cuticular processes. On the dorsal side they are 
developed as curved, brownish spinules, which are greatest on the dorsoanal processes of the 
metathorax and the abdominal segments. The spinules in the 2—3 “rows” nearest to the 
anterior and posterior margins of the ovals have a different shape: they are lower, but broad, 
and each furnished with two or three points or, more often, a single, asymmetrical point 
directed straight laterally (fig. 18D); many spinules in the internal “row” lack these points, 
their shape thus approaching that of the “incisors” of cornutus (p. 55). On the small abdominal 
sclerites the spinules are a little shorter, but more close-set. Low conical, or rounded nodules 
are found on the laterodorsal processes of the thoracic segments, on the slender dorsoanal process 
of the prothorax, on the posterior part of the lateral sides of pro- and mesothorax as well as 
on the posterior side of the lateral processes, and on the dorsal side of segment IX. On the 
latter segment there is, however, an unpaired group of very vigorous spinules on the posterior 
margin. On the ventral side the spinules are longer, slenderer, and light-coloured. Towards 
the intersegmental regions they merge into low conical or rounded nodules.

Length of the larva about 3.1 mm.

The larva seems to be very like that of A. mülleri Kieffer, described by Müller (11, 
p. 226).

Atrichopogon cornutus.

Besides exuviae only one larva has been examined.

The larva resembles that of speculiger in possessing oval, smooth areas on the 
dorsal side of mesothorax — VII. (In the specimen mentioned the oval is lacking on 
the metathorax, which probably, however, is only an aberration. The exuviae do not 
allow of any safe conclusion as to this point). Likewise the dorsal one of the three 
lateral setæ has been displaced ventrally, but in return the ventral one has an inter
mediate position, standing on the posterior side of the lateral process. In several 
other respects cornutus differs from speculiger.

The body is much broader, the width being 40 per cent, of the length, and 
since the height is almost the same, it is also much more flattened.

1). Kgl. Danske Vidensk. Selskab, Biol. Skrifter. VI, 6. 8
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On the head (fig. 191)) the larval eye is very high, as in the larva of alveolatus 
described below; its basal, noil-hyaloid part is very dark-coloured. Setæ 4 and 10 
are strong spurs. The former is the bigger one and complex, being covered with 
small spinules and having a more or less well developed lateral branch.

On the prothorax the dorsal of the three lateral setæ is much stronger than 
the other lateral selæ of the body and placed on a great process, which carries the 
semiglobular laterodorsal process on its anterior side, a foot-like process thus being

Fig. 19. A. cornutus larva. A: laterodorsal seta from the left side of abdominal segment I. B: incisor
like spinules from the margin of a dorsal, smooth area; seen from the flat side. C: the same, seen 
from the distal edge; optical, transverse section. D: head and prothorax in dorsal view. A: 615 x ; 13 and 

C: 250 x ; D: 105 x .

formed. It is questionable whether this structure may be considered as homodynamous 
with the lateral processes of lhe following segments, from which it differs in shape 
and by only comprising a smaller part of the lateral side. Anally on this side there 
is a finger-like process of almost the same length as lhe lateral process of the meso
thorax. The dorsoanal process is very short and very broad, a little less than semi- 
globular.

On the mesothorax the rather big lateral process is bifurcated by a deep, 
vertical, V-like furrow, so that this segment at a first glance seems to consist of 
two. The anterior branch carries the setæ, lhe posterior one has the same shape as, 
but is longer than the lateroanal process of the prothorax. (Thus there is some similarity 
between the pro- and mesothorax, which may lead to lhe conclusion that the former 
actually is furnished with a bifurcated lateral process).

The mediodorsal selæ are developed as in speculiger. On the prothorax the 
sclerites which carry these setæ are very much enlarged and connected by a broad, 
oral “bridge”. The laterodorsal seta is not developed as the lateral ones, but — also 
on the prothorax — as a strong, brown spur covered with small, scattered spinules 



Fig. 20. A. alveolatus larva. A: larva in dorsal view. B: a little less than right half of abdominal seg
ment II in dorsal view. C: abdominal segment III in posterior view: the broken line indicates the surface 

of the water, when the larva is creeping on the wet stones. A: 34 x ; B: 125 x ; C: 64 x.
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(fig. 19 A). Moreover the laterodorsal process is much smaller than in speculiger; on 
lhe thoracic segments it is developed as on the abdominal ones. On segment VIII 
the dorsoanal process is lacking.

The spinules in the “rows” nearest to lhe ovals are developed as peculiar, 
thin-walled, incisor-like stucturcs (fig. 19 BC).

On the abdominal segments there seems to be only one (on segment VIII none) 
ventral seta, probably corresponding to lhe lateral one ol’ the two ventral setæ in 
speculiger and alveolatus.

The larva at least is very like that of A. trifasciatus Kieffer, described by Bangerter 
(2, pp. 350—52).

Atrichopogon alveolatus.

The head (lig. 9, right side, p. 30) is distinguished by lhe tall shape of the larval 
eye. All lhe setæ are developed as normal bristles.

On metathorax and lhe abdominal segments I—VIII the lateral process is 
distinctly bifurcate (fig. 20 ABC). The dorsal branch (= the laterodorsal process) 
again is bifurcate: its ventral branch carries the laterodorsal seta, its bigger dorsal 
branch is very thin-walled (fig. 21) and has a peculiar, alveolate structure, being

8
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densely covered with rounded, still more thin-walled nodules. On the mesothorax 
the ventral branch of the lateral process is just indicated, on the prothorax it is — as 
in the other species — entirely lacking. On both these segments the laterodorsal process 
is developed as on the following ones, only the alveolate part is still bigger, especially 
on the prothorax. On the abdominal segments the mediodorsal seta is placed sub- 
apically on the lateral side of a well-developed mediodorsal process. The apex of 
the process has the same alveolate structure as the dorsal branch of the laterodorsal 
process. On meso- and metathorax the mcdiodorsal process is much smaller, and 
the alveolate part is feebly developed or entirely lacking. The alveolate structures

longitudinal section through 
the cuticle of a laterodorsal 

process. 410 x .

are very richly tracheated; the diameter of the tracheal 
branch providing the laterodorsal process of the prothorax 
is about half that of the main trunk. There cannot be 
much doubt that we have to do with respiratory organs.

On the abdominal segments the dorsoanal process is 
finger-like, rather slender, and covered with strong spinules 
(fig. 20 B). On the mesothorax it is very short, merely a 
rosette of spinules; on the metathorax it is about half as 
long as on the abdominal segments.

The mcdiodorsal seta is a small, yellow spur. The 
laterodorsal seta and the lateral setae are developed almost 
alike, as a little curved, very strong, but rather thin
walled, light-coloured bristles; the former is, however, a
little shorter and stronger and straighter than the other 

three (fig. 20 B). On the abdominal segments there are only two ventral setae, placed 
near the posterior margin. They possibly correspond to the oral one and the latero- 
anal one on the thoracic segments, the former being displaced anally. The lateral 
of the two setae is the bigger one.

The whole ventral side, including the anterior and lateral sides of the basal part of 
the anterior proleg, is covered with slender, light-coloured spinules (fig. 161), p. 49), and 
similar ones are found on the anterior and — though on the middle and posterior abdominal 
segments only sparsely — on the posterior side of the lateral processes (fig. 20B). Orally on 
the lateral side of pro- and mesothorax and dorsally on the posterior margin of segment IX 
there are short spinules; on the two former segments they are hook-like. Otherwise the cuti
cular processes arc pale and little conspicuous nodules. Orally on the prodorsum, orally on 
dorsum VIII, as well as on dorsum IX they are, however, somewhat more strongly developed. 
On the margin of the alveolate areas on the prodorsum and the mediodorsal processes inter
mediates between the nodules of these areas and normal nodules may be seen. The following 
areas are cpiite smooth: on the prodorsum a transverse stripe, on the mesodorsum—dorsum 
VIII, a transverse, oval field between the medioral processes, and on segment IX a transverse 
stripe along the posterior margin.

Length of the larva about 2.5 nun.
The larva possibly cannot be distinguished from the larva of A. thienemanni Kieffer 

described by Lenz (9, p. 110).
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Atrichopogon sp. y.

On the head (fig. 22 B) there is no antennal socle, and the antenna is not placed 
nearly so dorsally as in (he preceding species. Sela 4 is bifurcate or coarsely peni- 
cillate. Seta 10 is a small, peculiar, club-shaped and plumose spur; it resembles a 
miniature poplar pollard. On the dorsal part of the Irons there are only four fields 
of big nodules, which are pointed.

On the segments mesothorax—VIII the lateral process (fig. 22C) is distinctly 
bifurcate. The dorsal branch (= the laterodorsal process) is developed as a long, 
filiform, silvery, tracheal gill, which at the base is directed dorsally, laterally, and 
posteriorly, but gradually bent, so that its distal part points straight backwards. On 
its anterior side it carries the laterodorsal seta, which on the mesothorax is placed 
a little proximally to the middle of the gill; on the following segments it is gradually 
displaced in a distal direction, so that on the posterior abdominal segments it stands 
on the middle of the gill. The slenderer part of the gill, especially, which lies distally 
to the seta is very thin-walled.

On the mesothorax the ventral branch of the lateral process is rather short, 
on the metathorax and the abdominal segments it is longer and finger-like. Il carries 
the three lateral setae, one apically, one subapically and dorsally, and one proximally 
and ventrally. The laterodorsal seta and the lateral setæ are developed alike, as light 
coloured, strong, faintly curved bristles; the subapical seta is, however, much shorter 
than the others. On the meso- and metathorax there is only one lateral seta, the 
apical one. On the prothorax the ventral branch is lacking as in the other species, 
and the laterodorsal process is reduced to a small, seta-bearing elevation.

A dorsoanal process is only found on the prothorax; it is rather short and thick.
The mediodorsal seta (fig. 22 D) is a dark, backward curved, and faintly plumose 

spur-like bristle. On mesothorax-segment Vil 1 it is placed on a conical, mediodorsal 
process. On the mesothorax this process is rather small; posteriorly its size increases 
as far as segment VII ; on segment VIII it is a little smaller again.

On segment IX the two posterior, dorsolateral setæ —the spur and the long 
bristle — are placed on the apex of a slender process.

The ventral setæ are developed almost as in the larva of hexastichus described 
below.

The dorsal side has a covering of slightly conspicuous, pale, rounded or low conical 
nodules, except on the areas between the mediodorsal processes, which are quite smooth. 
On the anterior margin of the prothorax they merge into stouter spinules. On the dorsoanal 
process of the prothorax and on the mediodorsal processes there are spinules, which are more 
conspicuous, especially owing to their brownish colour. Proximally on the anterior side of 
the dorsal as well as of the ventral branch of the lateral processes there is a group of spinules; 
on the dorsal branch they are brownish, on the ventral branch thinner and pale. The tergite 
on segment IX is covered with big, scale-like nodules, which are particularly distinct on the 
oral, bulging part; especially two very strong nodules on each side will be noted. On the 
ventral side of the body the cuticular processes are developed as in the larva of hexastichus.
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Fig. 22. Larva of A. sp. y. A: larva in dorsal view. 13: head in dorsal view. C: lateral process from 
the right side of abdominal segment II in dorsal view. D: mediodorsal seta from abdominal segment II.

A: 34 x ; B and C: 200 x ; D: 125 x.

Length ol’ the (perhaps not full-grown) larva about 1.9 mm.

The larva bears some resemblance to that of A. peregrinus Johannsen, described by 
Lilian C. Thomsen (22, Plate XIV, fig. 54).
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Atrichopogon hexastichus.

On the head (fig. 9, lefl side, p. 30) the antennal socle is lacking, and the antenna 
has not so dorsal a position as in most of the other species. Setæ 4 and 10 are developed 
as small, penicillate spurs.

The respiratory apparatus of this larva (fig. 23A) may be considered a further 
development of the conditions found in sp. y. On the metathorax and the abdominal 
segments I—VIII both the dorsal and the ventral branch of the lateral process are 
developed as long, filiform, silvery, tracheal gills, and the same is the case with the 
dorsal branch on the mesothorax, whereas the ventral branch on this segment is 
but a small protuberance. On the abdominal segments a third gill is formed by the 
dorsoanal process; on the two thoracic segments this process is lacking. Thus there 
are one filiform gill on the mesothorax, two on the metathorax, and three on segments 
I—VIII. Posteriorly the length of the gills increases considerably. The dorsal and 
the intermediate (fig. 23EF) gill are evenly attenuated, whereas the ventral one 
(fig. 23 G) has a thicker and abruptly cut-off apex. Proximally and orally the dorso
anal process carries one of the sensorial pits. The laterodorsal seta and the lateral 
selæ are normal, light-coloured bristles. The former is placed almost in the middle 
of the anterior side of the intermediate gill, the three latter on the ventral gill, one 
on the anterior side a little proximally to the middle, the two others on the apex; 
of the latter the dorsal one is much smaller than the ventral one. On the meso- and 
the metathorax as well as on segment VIII there is only one apical seta (the big one). 
On the two former segments the proximal seta is a small spur, which has a ventral 
position, on the mesothorax (fig. 16B, p. 49) at the base of the ventral branch of 
the lateral process, on the metathorax proximally on this branch.

The gills are backward curved. The ventral one lies in the horizontal plane 
and the two others are bent in such a way that they eventually also come to lie 
horizontally. The gills are very thin-walled, especially in their distal part (the inter
mediate one distally to the seta), and richly tracheated; the tracheal branch which 
provides the three gills is nearly half as wide as the main trunk. Thus there cannot 
be much doubt that the gills really are respiratory organs.

On the prothorax the short laterodorsal process carries the seta on the lateral 
side a little distally to the middle. Distally to the seta the process tapers rather abruptly 
to a finger-like appendage (fig. 23 C); thus the laterodorsal process on the prothorax 
has a faint resemblance to the intermediate gill on the abdominal segments with 
which it is homodynamous. The dorso-anal process is short and finger-like (fig. 23 D).

The mediodorsal setæ are brown, short, but stout, slightly plumose bristles. 
On the thoracic segments they are placed quite orally, on the abdominal segments 
they gradually move backwards. On the mesothorax the bristle is placed on a low 
process, on the metathorax and the abdominal segments on a high, slender, back
ward curved process (fig. 23 H).

On the prothorax the “twin setæ” are placed on a small, pad-shaped elevation. 
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This “paired proleg’’, which also is found on the meso- and the metathorax (fig. 16 B, 
p. 49), seems to have some relation to the imaginai legs. The “neck” through which 
their peripodal cavities communicate with the hypodermis joins the latter just at the 
median margin of the “paired proleg”. On the meso- and the metathorax the “paired 
proleg” also carries the mediooral seta. Immediately in front of the “twin setae”

Fig. 23. A. hexastichus larva. A: larva in dorsal view. B: abdominal segment I in ventral view. 
C: right laterodorsal process of prothorax in dorsal view. D: right dorsoanal process of the prothorax in 
lateral view. E: right dorsoanal process of abdominal segment III in lateral view. F: right laterodorsal 
process of abdominal segment III in lateral view. G: ventral branch of lateral process from left side of 
abdominal segment II in ventral view. H: mediodorsal process and seta from abdominal segment III in 

lateral view. A: 28 x ; B and E—H: 80 x ; C and D: 160 x.
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a straight spinnte is seen. On the abdominal segments there are, as on the thoracic 
segments, four pairs of selæ. One, homodynamous with one of the “twin selæ”, is placed 
on a pad-like elevation, which corresponds to the “paired proleg” on the thoracic 
segments, and the two mediooral selæ are situated on an impaired pad (fig. 23 B). 
All these pads, which probably play a part in locomotion, are rather densely covered 
with spinules; on segments VII and VIII the lateroanal fields of spinules fuse to an 
unpaired transverse field. On the abdominal segments the lateroanal seta is placed 
on a conical process.

On the posterior margin of segment IX the two laterodorsal selæ the spur and 
the long bristle — are placed on a slender, backward directed process (fig.16 E, p. 49).

The dorsal side has a covering of scattered, rounded or low conical, pale, and slightly 
conspicuous nodules; towards the intersegmental regions the nodules become more close-set. 
Spinules are found distally on the anterior side of the mediodorsal processes (fig. 23H; not 
on the mesothorax), on the dorsal side of the dorsoanal process of the prothorax (fig. 23D), 
on the prominent posterior corner of the prothorax (tig. 16B, p. 49), and at the base of the 
branches of the lateral processes (fig. 23EG); finally there are a group of about five stout 
spinules on each side of the anterior part of segment IX. The following areas are quite smooth: 
an anal, transverse belt on the prodorsum, the area between the mediodorsal processes, 
the laterodorsal process on the prothorax, and the gills, apart from a ring-like belt on the 
dorsal gill (fig. 23E) and some few and scattered spinules on the intermediate gill proximally 
to the seta (tig. 23F). The greater part of the ventral side is smooth. Besides the spinules 
already mentioned there is a rather dense covering on the anterior and lateral sides of the 
anterior proleg and on a paired area in front of this proleg (fig. 16B, p. 49), there are some 
few spinules on the processes which carry the lateroanal setæ, and finally some short spinules 
and nodules on segment IX.

Length of the full-grown larva up lo 4.3 mm.

The larva bears some resemblance to that of A. peregrinus Johannsen, described by 
Lilian C. Thomsen (22, Plate XIV, fig. 54).

Atrichopogon polydactylus.

The most distinctive feature in the setaceous equipment of the head (fig. 24 B) 
is the fact that seta 10 is represented by two very close-set and very slender bristles. 
Seta 7 is diminutive, in return seta 3 is nearly as big as seta 6. Also as regards the 
cuticular processes the head differs from that of the other species. The dorsal side 
has the same sculpture as the anterior and lateral sides. Dorsally and anally on the 
lateral side a short, but stout, blunt, brownish spine will be noted.

On all the segments from the mesothorax lo abdominal segment AT 11 the latero
dorsal process protrudes into a big, distally tapering, tracheal gill (fig. 24 G). At their 
bases the gills are directed laterally, posteriorly, and rather much upward, but they 
are soon bent in such a way that they come to be placed horizontally. The size of 
the gills increases posteriorly. They arc very thin-walled and richly tracheated; the 

i
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diameter of the branch providing each gill is nearly half that of the main tracheal 
trunk. Thus there cannot be much doubt that we have to do with respiratory organs.

On the mesothorax a ventral branch of the lateral process is not developed. 
On the following segments (fig. 24 E) it is a slender, finger-like process; on segment 
VI11 it is, however, very much reduced. Apically the gill carries the rather thin and 
pale laterodorsal seta. The three lateral setæ are pale and faintly curved. One is 
placed on a small, conical process between the gill and the ventral branch, the two 
others on the latter, one apically, and one proximally and ventrally. On the meso- 
and the metathorax there are only two lateral setæ, the ventral one lacking.

Abnormality: On the right side of segment VI in one specimen there was an additional 
lateral seta; it was smaller than the others and placed subapically and orally on the ventral 
branch of the lateral process.

In dorsal view the prothorax and the mesothorax are constricted in the middle, 
the former by a rounded furrow behind which the segment is produced into a pro
minent corner, the latter by a sharp furrow in front of and behind which the lateral 
side of the segment is bulging. The laterodorsal seta of the prothorax is a small, 
club-shaped or chisel-like spur, placed apically on the short, finger-like, laterodorsal 
process (fig. 24 C). The dorsal one of the lateral setæ on this segment stands on a 
small process (fig. 241)), as on the abdominal segments.

The mediodorsal seta is a small, pale seta, rather often of an aberrant shape 
(fig. 24 H). On the segments from the mesothorax to segment VIII it stands on the 
apex of a high, distally tapering, mediodorsal process (fig. 24F), which is directed 
upwards, backwards, and laterally. One of the sensorial pits is found laterally on 
the base of this process.

A dorso-anal process is lacking on all the segments, also on the prothorax.
On the venters of the thoracic segment the “twin setæ” are lacking, whereas 

the abdominal segments have the full number of ventral setæ. The lateroanal one 
is displaced orally and stands at the base of the ventral branch of the lateral process.

On segment IX the number of setæ in the anal row is much reduced, only two 
of the five light bristles, corresponding to the dorsal and the next but dorsal ones 
in the other larvæ, being present.

Nearly the whole body has a very conspicuous covering of rather slender spinules. On 
the mediodorsal processes the spinules are smaller, and the proximal half of the posterior 
side and the distal half of the anterior side are entirely smooth. Likewise the spinules are 
smaller on the larger, distal part of the gills; on the dorsal side they are minute and scat
tered, on the other sides long and extremely slender. Anally on the prodorsum there is a 
paired, transverse, oval, smooth area. The greater part of dorsum IX is smooth, though on 
the oral half with three fields — an unpaired median one and a pair of laterals of very robust, 
conical nodules.

Length of the full-grown larva about 4.1 mm.
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The larva perhaps eannot be distinguished from that of A. roslratus Winnertz, de
scribed by Lenz (9, p. 110), and it seems to be very like those of A. (Kempia) fuscus Win
nertz, described by Goetghebuer (5, pp. 174-—-80), and A. (Kempia) hæsilans Kieffer, de
scribed by Lenz (9, pp. Ill—-12). As regards A. fuscus cp., however, p. 88.

Fig. 24. A. polydactylus larva. A: larva in dorsal view. B: head in dorsal view. C: right latero- 
dorsal process of the prothorax in dorsal view. D: the dorsal of the lateral setæ on the prothorax. E: left 
lateral process of abdominal segment III in ventral view; the greater part of the dorsal branch has been 
cut off. F: mediodorsal process and seta from right side of abdominal segment II in dorsal view. G: right 
laterodorsal process of abdominal segment III in dorsal view. H: two aberrant mediodorsal setæ. A: 22 x ;

B—D, F, and G: 125 x ; E: 55 x ; II: 200 x.



THE PUPÆ

ike the larvæ the pupæ are small beings, the length of polydactylus and hexastichus,
J which belong to the bigger species, being about 2.9 and 3.1 mm, respectively. 

The faintly flattened body is broadest across the posterior part of the thorax or ab
dominal segment I. From here it is only slightly attenuated towards the broadly 
rounded anterior end, but evenly and strongly tapering towards the pointed posterior 
end. Thus the body is streamlined (fig. 25), there being no constrictions between the 
head and the thorax or between the latter and the abdomen.

The pupa is of the oblecl type. The sheaths of the mouth parts, legs, and wings 
cover the entire ventral surface of the thorax and abdominal segment I, the greater 
part of venter II, and the mediooral part of venter III. The coxæ are directed anteriorly 
and laterally, the rest of the legs posteriorly and medially. In their larger distal part 
the tarsi of the two forelegs adjoin each other closely in the median line of the body. 
The greater part of the middle coxa is concealed by the foreleg; femur, tibia, and 
the proximal part of the tarsus lie laterally to this leg; the distal part of the tarsus 
is concealed by the wing sheaths and the foreleg, except the extreme apex, which 
projects behind the foreleg. The wing-sheaths lie laterally to the fore and middle legs. 
The hind legs are covered by the wing-sheaths and the fore and middle legs, except 
the distal part of the tarsus, which is seen, pointing medially, behind the apex of 
the wing-sheaths. The rounded sheaths of the mouth parts lie in the triangular area 
between the anterior coxæ. Anteriorly the outline of the body (in dorsal or ventral 
view) is formed by the antennæ, which are only separated by a short interval; their 
distal ends wedge in between the wing-sheaths and the tibia-tarsus of the middle leg.

On the dorsal side the head is distinctly separated from the thorax, and the 
anterior margin of the latter projects a little over the posterior margin of the former. 
The meso- and the metathorax arc separated by a line furrow, which in the middle 
is shaped like a broad V, so that the short metadorsum is entirely bipartite. In the 
cuticle of the pupa there is, on the oilier hand, no boundary between the pro- and 
the mesothorax, and the distinction made in the following sections is quite con
ventional, the respiratory tube of Nematocerous pupæ being generally considered as 
belonging to the prothorax.

On the dorsal side of the head and thorax there is a Y-shaped line of weakness
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in the cuticle. The shaft stretches from the posterior end of the mesothorax to the 
posterior end of the head, the branches towards the bases of the antennae; the branching 
point is concealed by the anterior margin of the thorax. The part of the Y which 
occurs on the head, no doubt, corresponds to the coronal and the frontal sutures.

Fhe frons carries a spur-shaped seta, placed on a small process. In some 
specimens 1 found a sensorial pit medioorally to this process, but I have been unable 
to decide whether it is of constant occurrence. Anally on the frons there is a low, 
unpaired process, which, however, is lacking in polydactylus. On the epicranium 
a smaller spur or spur-like bristle is found near the middle of the frontal suture,

Eig. 25. Pupæ of A. hexastichus (left; 43 x) and A. polydaclylus (right; 55 x) in dorsal view. 
D. Kgl. Danske Vidensk. Selskab, Biol. Skrifter. VI, 6. 9
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c.

occasionally (hexastichus, polydactylus) placed on a small process, and between this 
seta and the frontal suture there is a sensorial pit. In alueolatus the seta is lacking, 
though the pit is present. Finally there are two sensorial pits on the base of the antenna.

The large respiratory tube (figs. 27 B, p. 69; BOA, p. 71; BIA, p. 7B) is 
placed laterally on the prodorsum; it is directed laterally, anteriorly, and upwards. 
The lube, which is somewhat flattened and on the posterior side has a more or less 
pronounced hump, is double-walled. From the rounded distal end of the cylindrical 
inner tube two rows—a dorsal and a ventral one—of closely lying tubules are issued. 
The tubules grow a little wider distally and terminate on the distal end of the tn lx* 

in a semicircular or U-shaped row of small, spiracular 
openings. The latter are arranged in groups of 2—9, each 
containing the same or almost the same number of dor
sal and ventral tubules. The numbers of tubules in the 
two rows arc almost, but not absolutely, equal. The proxi
mal end of the tubules projects a little into the inner lube; 
each carries here a spinule, on the dorsal tubules dorsally, 
on the ventral ones ventrally to the internal opening; 
the ventral spinules are twice as big as the dorsal ones 
(the latter pictured in the figs, mentioned). The inside of 
the tube is often covered with thin-walled spinules, whereas 
the tracheal tænidia do not appear until proximally to the 
lube.—In polydactylus (which see) the tube is approxi
mately cylindrical and also in other respects differing from 
the description given above.

Immediately medioorally to the respiratory lube there 
is a small, semiglobular, conical, or finger-like, forward 
directed process; on the anterior corner of the prodorsum 
a small, but very strong spur. Medially to Ibis spur and 

more or less removed from it there is, at least in some species, a sensorial pit. 
Finally a minute, rounded, laterally directed process is found on or near the anterior 
margin of the prodorsum.

Laterodorsally on the mesothorax and almost in the middle of the segment, 
i. e. above the wing-base, there is a flat, dome-shaped or sometimes slightly irregular 
bulge. The dorsal side of the segment is furnished with a number of very characteristic 
processes, which, for the sake of clearness, I shall designate with numbers; position 
and numbers will appear from the diagrammatic fig. 26. Il will be noted that the 
processes are arranged approximately in two oblique rows, which posteriorly con
verge toward the median line of the segment. In both rows the size decreases medio- 
anally; processes 1 and 4 are almost of the same size (cp., however, cor nut us). In 
polydactylus processes 1, 2, 4, 5, and 6 are slender, finger-like to filiform, tapering, 
and covered with rather stout, distally directed spinules. In the other species these 
processes are styliform (fig. 27 C, p. 69), on the anterior and especially the posterior 

Fig. 26. Diagram showing the 
position of the dorsal processes 
on the right half of the meso

thorax in the pupa.
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side covered with more or less branched spines, so that in extreme cases plumose 
or digitate structures will arise (tig. 31 B—D, p. 73). However, it is only in hexastichus 
that all the five processes are typically developed; in the other species some or all 
of the processes are more or less reduced. The live processes do not stand at right 
angles to the surface of the segment, but—also in polydactylus—are rather parallel 
to it. Process 3 is of a varying, but always rather simple shape. Processes 1 and 2 
carry a distal, spur-shaped seta. Finally there are two sensorial pits on the mesodor
sum, one laterally to process 2, sometimes al or on the base of process 1, and 
one laterally to process 5. The metadorsum does not carry either processes or selæ, 
but has one or two sensorial pits, placed rather medially; the number seems to 
vary within the same species.

The abdominal segments I V are furnished with a lateral seta, which on 
II—V always and on I generally is developed as a short, but very stout spur. The 
lateral seta is placed on the apex of a lateral process. In polydactylus this process 
is slender, slightly conical, and covered with vigorous, distally directed spinules, 
thus suggesting the mesothoracic processes in the same species. Dorsoorally, al or 
on the base of the process on segments II—V, there is a finger-like gill, which also 
is present on segments VI -VIII, though the process itself is lacking on these seg
ments. In ail the other species the obliquely backward directed process carries more 
or less strongly dichotomously branched spines on the anterior side. The spines, 
which are placed particularly on the proximal, thicker part of the process, may reach 
or even exceed the latter in size. Thus digitate structures are formed, which are 
spread in the “horizontal plane”. The lateral processes of the abdomen belong to 
the most characteristic features of the Atrichopogon pupæ. In hexastichus the lateral 
selæ are lacking, but still the processes arc very well developed (fig. 31 G, p. 73). 
Lateral processes may also be found on segments AT and VII, but here (hey are 
much smaller and much simpler, just as their spurs, if present, are much smaller.

Il will be noted that the thorax and the abdomen of the pupa are richly pro
vided with branched processes, which will cause a not inconsiderable increase of 
the body surface. Apart from the gills in polydactylus they are not much more thin
walled than the body itself, but their cuticle has a more hyaloid character, which 
perhaps may be regarded as a sign of greater permeability. Thus they may possibly 
function as respiratory organs (cp. pp. 80—81).

On segments I—V there is a generally spur-shaped mediodorsal seta placed 
on a small process. This process may also (polydactylus} be found on segments 
AT -IX, but without a seta. Further there are on segments I—ATI two (rarely only 
one), and on segments ATII and IX one dorsal pit. On segments I—V the pits are 
situated laterally or orally to the seta, on segment IX rather laterally and anally.

Ventral setœ. On the clypeal region of the head there are a generally rather 
small seta, sometimes placed on a small process, and medially, orally, or anally 
to this seta a sensorial pit. Further a rather big pit is found distally on the sheath 
of the mandible.

9*
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The abdominal segments I—VIII have three ventral setæ (see, however, below). 
The lateral one has a rather lateral position, and on segment I it is placed quite 
laterally, standing just behind (and possibly a little ventrally to) the lateral seta. 
On this segment it stands on a slender process, so that apparently there are two 
lateral processes and two lateral selæ (figs. 27 G, 28A). Also on segments II IV 
(except in polydactylus) and generally V this seta is placed on a smaller process. 
Ehe two other setæ stand beside or (hexastichus) behind each other; they are smaller, 
or al least shorter, than the lateral one, and the median (resp. oral) one is the smaller 
(cp. however, cornulus). The lateral of the ventral setæ is lacking on segment VIII 
(and in polydactylus on VI and VII, loo), the intermediate one on segments I and 
II (in hexastichus on VIII, too?), the median one on segments 1, II, and VIII (and 
in alveolatus occasionally on some of the other segments?). Thus there is only one 
ventral seta (the lateral one) on segments I and II, and on segment VIII one (the 
intermediate one) or none (hexastichus?). In polydactylus I found a sensorial pit 
rather orally and laterally on venter IX; in the other species 1 did not succeed in 
finding any.

Segment IX terminates with a pair of diverging anal rods, more or less densely 
covered with forward directed spinules (figs. 291, p. 70; 30E, p. 71; Bill, p. 73). 
In the the sheaths of the genital appendages project behind the tip of the abdomen, 
between the bases of the anal rods.

The body has a more or less conspicuous covering of nodules and small 
spinules, the former especially anteriorly, the latter especially posteriorly. The sheaths 
of the wings, the legs, and generally also of the mouth parts, are smooth, as well 
as the greater, distal part of the sheaths of the antennae.

d. speculiger (fig. 27). Only exuviae have been examined.
On the frons the median process as well as the lateral ones (fig. A) are covered 

with spinules of the same kind as the rest of the frons. The inside of the respiratory 
tube (fig. B) is smooth, apart from some fine, transverse wrinkles in the proximal 
part. The process in front of the tube is finger-like, but often very short, covered 
with spinules and nodules like those on the dorsal side of the thorax. On the meso
thorax processes 1 and 2 are styliform, tapering, and covered with bigger and 
smaller spinules or, especially distally, nearly smooth (fig. CD). Process 4 (fig. E) 
is curved forwards; on its posterior side there are simple or feebly branched spines. 
Process 5 is entirely lacking, and process 6 is reduced Io quite an inconspicuous 
node, 'fhe shape of process 3 (fig. F) varies from a simple spine to a low process 
covered with spinules. All the ventral setæ of the abdomen are developed as spurs, 
fhe intermediate one is smaller than the lateral one, and the median one is quite 
minute and difficult Io detect. The anal rods are like those of alveolatus (fig. 30 E); 
they taper gradually to a sharp point and have a rather scattered covering of spinules, 
which on the proximal half of the median side is backward directed, otherwise 
forward directed. The extreme apex of the anal rods is smooth.
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Fig. 27. A. speculiger pupa. A: right frontal process and seta. B: right respiratory tube in dorsal 
view. C: right mesothoracic process 1. D: right mesothoracic process 2. E: right mesothoracic process 4. 
F: left mesothoracic process 3. G: lateral process from right side of abdominal segment I. H: the same 
from right side of abdominal segment II. I: mediodorsal seta from right side of abdominal segment I.

A and C—I: 250 x ; B: 400 x.

A. dubiiis (fig. 28). Only exuviæ have been examined. The pupa is very like 
that of the preceding species, but may be distinguished by the abdominal segments 
VI and VII carrying small lateral processes (fig. CD), which are almost cylindrical 
and covered with spinules. Distally they carry small spurs, much smaller than those

Fig. 28. A. dubius pupa. Lateral processes from the right side of abdominal segments I (A), II (B), VI (C), 
and VII (D). 250 x.

D. Kgl. Danske Vidensk. Selskab, Biol. Skrifter. VI, 6. 10
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Fig. 29. A. cornutus pupa. A: right half of the thorax. B: setæ and anterior sensorial pit of the mesothorax. 
C: right frontal process and seta. D: outline of the proximal part of the left antenna (dorsal view) and 
detail of the same. E: lateral process from right side of abdominal segment I. F: the same, segment If. 
G: the same, segment V. H: the same, segment VI. I: right anal rod in dorsal view and also seen a little 

from the distal end. A: 64 X ; B, C, and E—I: 200 X ; I): 64 and 200 X.

on segments I—V. (The lateroventral seta on segments AT and VII is of about the 
same size as the seta on the lateral process). Further the inside of the respitatory 
tube is covered with spinules, though not so densely as in the pupa of alveolatus, 
and the lateral processes of the abdomen seem to be a little bigger than in the preceding 
species; (length from the apex of the anterior branch to the point of the spur about 
200 /i as compared with about 120 /z in speculiger, fig. 27 H).

A. cornutus (fig. 29). Only exuviæ have been examined. The pupa is rather 
different from that of the two preceding species. Especially characteristic is a clumsy, 
forward bent horn anally on the lateral side of the mesothorax (fig. A); a still more 
clumsy horn is found on the lateral side of the metathorax. The broad, respiratory
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lube is also characteristic. Its great width is due to the fad that the posterior hump 
is much widened, so that its lateral side is llush with the posterior side of the distal
part of the lube. The inside of the tube is smooth. Just behind the lube, between
it and process 4, there is a big, rounded process. The dome-shaped elevation above 
the wing-base is composite 
and much more pronounced 
than in the other species.

The frontal seta is placed 
on the lateral, approximate
ly cylindrical branch of a 
bifurcate process (fig. C); the 
median branch is almost semi- 
globular. The lateral outline 
of the antenna (fig. I)) is un
usually sinuous, so that a row 
of small processes is formed. 
On the mesothorax processes 
1 and 2 are developed as 
small, smooth elevations (fig. 
B). Process 4 is a forward bent 
horn, which on its posterior 
side only carries some few 
small spines or nodules. Pro
cesses 3, 5, and 6 are deve
loped as small, flat, smooth 
elevations. On the other hand 
the lateral processes of the 
abdomen (fig. EF) are bigger 
and more richly branched than 
in the other species; on seg
ment V, however, the lateral 
process (fig. G) and its spur 
is smaller than on the pre
ceding segments. A still smaller 

Fig. 30. A. alveolatus pupa. A: right respiratory tube in dorsal 
view. B: right mesothoracic process 4. C: lateral process from 
right side of abdominal segment I. D: same, segment II. E: left 

anal rod in dorsal view. A: 400 x ; B—E: 250 x.

spur is found on segment VI, placed in the middle of the posterior side of a small 
conical process (fig. H), densely covered with spinules. Such a process may also be 
developed on segment VII, but it does not carry a spur. The median ventral seta 
may be bigger than the intermediate one. In their proximal half the anal rods are 
almost cylindrical, in their distal half they taper to a sharp point and are slightly 
outward curved (fig. I). They have a rather scattered covering of forward directed 
spinules, which, however, on the proximal half of the median side are substituted 
by nodules.

10
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As far as can be judged from the description and figure of Müller (11, p. 227), the 
pupa cannot be distinguished from that of A. mülleri Kieffer, and perhaps the same is the 
case as regards the pupa of A. trifasciatus Kieffer, described by Mayer (10, pp. 214—15).

A. alveolatus (fig. 30). Only exuviæ have been examined. The pupa is very 
like that of speculiger. The chief difference is that the inside of the respiratory tube 
(fig. A), except quite distally, is covered with spinules, the majority of which are 
almost cylindrical with a rounded point. On the other hand the difference in shape 
which is seen by comparing figs. 27 B and 30 A is individual, not specific. (In the 
latter fig. a very unusual condition is pictured: The posterior group of spiracular 
openings is rudimentary, i. e. the tubules terminate in a club-shaped swelling without 
reaching the surface. In all the Atrichopogon pupæ examined it has only been seen 
in the specimen figured). In all the specimens examined the process in front of the tube 
was very long, finger-like; thus it generally seems to be longer than in speculiger. 
Process 4 (fig. B) is—al least generally—more richly branched than in speculiger. 
In rare cases a lateral seta may be found on segments VI and VII; if present it is 
minute, not more than half as long and one third as thick as the spurs on the pre
ceding segments; it is placed on a small, cylindrical process, which can be distinguished 
from the corresponding processes in dubius by being smooth or only furnished with 
some very few spinules. As regards the presence of lateral setæ on segments VI and 
VII there are not only individual differences, but there may also be differences between 
the two sides of the body in the same specimen.

A. hexastichus (figs. 25 and 31). The pupa is distinguished by the very rich 
development of the branched processes on mesothorax and abdomen. The spines 
on the posterior side of processes 1 (fig. B) and 2 are big and richly branched, and 
on process 2 one ol the spines, placed quite proximally, is almost as big as the process 
itself and abundantly branched. Thus process 2 is divided into two branches, of 
which the oral one, carrying the spur, is faintly plumose, whereas the anal one is 
digitate. The processes 4 (fig. C) and 5 (fig. D) resemble process 1, though without 
an apical spur and often more richly branched, whereas the smaller process 6 is 
digitate. Process 3 is a simple or feebly branched spine. A little in front of process 4 
there is a small, finger-like process. On segments I—V the mediodorsal seta is developed 
as a slender spur or a spur-like bristle. Il is placed on the apex of a short process 
(fig. E), which, besides some smaller spinules, carries a distal circle of spines round 
the alveole of the seta and, quite proximally on the anterior side, a digitate spine 
of about the same size as the process itself. Thus the mediodorsal process is divided 
into an oral and an anal branch, the latter bearing the seta. Lateral setæ are not 
found on the abdominal segments, but still the lateral processes are very well developed 
and richly branched (fig. G) on segments I—V. Or perhaps the explanation is rather 
that the seta has been transformed and without a boundary fused with the process. 
On segments I—V the lateral ventral seta stands on the apex of a small process 
(fig. F), which carries a distal circle of spines; on segment V, however, the latter
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Fig. 31. A. hexastichus pupa. A: right respiratory tube in dorsal view. B: right mesothoracic pro
cess 1. C: right mesothoracic process 4. D: right mesothoracic processes 3, 5, and 6. E: mediodorsal process 
and seta from right side of abdominal segment I. F: lateral process from right side of abdominal segment I.

G: same, segment II. H: left anal rod in dorsal view. A: 205 x ; B—H: 200 x.

are lacking. On segments VI and VII this seta does not stand on a process and is 
shorter, but just as thick as on the preceding segments. The two other ventral setæ 
stand at a great mutual distance behind each other; they are small spurs, but the 
anal one is relatively thick.

The frontal processes are rather slender, conical, covered with scattered spinules. 
The epicranial seta is placed on a small process. The respiratory tube (fig. A) is 
rather slender, the anal bulge being only feebly developed. Apart from some fine, 
transverse wrinkles in the proximal part the inside is smooth. The anal rods (fig. H) 
are almost cylindrical with a rounded apex. The distal third is very densely covered 
with strong, forward directed spinules, which on the lateral side reach the middle 
of the anal rod. The rest of the surface is furnished with more scattered, backward 
directed spinules.
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The pupa from which the aberrant imago described on p. 27 was reared showed 
some interesting abnormalities in the development of the mediodorsal processes and 
selæ on the abdomen (fig. 32). On segment 1 the processes have only one branch. 
The right one (fig. B) is conical and has on the apex a bigger and a smaller spinule 
beside the seta. The left one (tig. A) carries some bigger and smaller spinales on 
the thicker apex, but lacks the seta. The seta is also lacking on the left process on 
segment II (fig. C), which has the shape of a high, conical process tapering into a 

Fig. 32. A. hexaslichus pupa, aberrant 2. Mediodorsal 
processes from the left side of abdominal segment I 
(A), right side of segment I (B), left side of segment 
II (C), right side of segment II (D), and right side of 

segment 111 (E). 400 X.

openings; but the oral part of this row

the seta has fused without boundary 
with the process itself. The latter pos
sibility, which to me seems very likely, 
gives some support to the alternative 
explanation of the lateral processes of 
the abdomen mentioned above. The rest 
of the processes have two branches as 
in normal pupæ, but the oral one is of 
a more simple shape. On the right side 
of segment II (fig. D) it is a bifurcated, 
on segments III—V a simple spine. On 
the right side of segment III (fig. E) it 
is a little more complicated by carrying 
a small spinule.

A. polydactylus (fig. 25). The pupa 
in several respects dillers considerably 
from those of the other species. The 
respiratory lube (fig. 33) is approxima
tely cylindrical and has no anal hump. 
As in the other species the distal end 
carries a U-shaped row of spiracular 
stretches farther proximally than the 

anal end, and eventually bends across the dorsal side of the lube to continue 
in a proximal direction on the posterior side of the tube. Thus both, ends of the 
spiracular row are on the posterior side of the tube, the proximal end al a more 
dorsal level than the distal one. The oral part of the row a little proximally to its 
middle has a more or less pronounced dorsal bend. The inside of the lube is quite 
shaggy with evenly tapering spinules. On the mesothorax processes 1, 2, and 4—6 
are long, finger-like to filiform, tapering distally, and covered with rather strong, 
distally directed spinules. Process 3 is represented by two minute processes placed 
behind each other. The lateral processes on segment I—V are slender, unbranched, 
and covered with distally directed spinules. On segment 1 the process is rather small, 
at the base directed obliquely forwards, but curved almost semicircularly backwards. 
On segments II -IV the process is big, obliquely backward directed and slightly 
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curved. On segment V il is smaller than on the preceding segments; at the base it 
is a little forward directed, but afterwards curved slightly backwards. On segment I 
the lateral seta is a spur-like bristle, on segments II—V a short, very strong spur. 
On segments II -V there is dorsally and orally, on or al the base of the lateral process, 
a linger-like, thin-walled process, which probably has a respiratory function. Basally 
it is directed obliquely forwards, but soon bent abruptly backwards. Though lateral 
setæ and processes are lacking on segments VI—VIII, the gills are present—strangely 
enough, since these segments are concealed within the larval exuviae. The ventral
selæ of the abdomen are spur-like bristles. 
On segment I the lateral one is placed quite 
laterally, behind and a little ventrally to the 
lateral seta and stands on an obliquely back
ward directed process, which resembles the 
lateral processes of segments II—V, though it 
is smaller than these. On segments VI—VIII 
(and of course IN) this seta is lacking. (A 
comparison between segment I and the 
following segments might lead to the conclu
sion that the gills of the the latter are homodyna- 
mous with the lateral process of segment I, 
and that the structure which above is called 
the lateral process should in reality be FiS- 33- A- polydactylus pupa. Right respira

tory tube in dorsal view. 250 x. 
termed the process of the laterovenlral seta.
The fact, however, that segments II—V are 
furnished with three ventral setæ as in the oilier species disproves this assumption).

The epicranial seta is placed on a small process. The mediodorsal seta of the 
abdominal segments stands on a small, conical, smooth process. On segments VI—IX 
this seta is lacking, but the process is nevertheless present, though in posteriorly 
decreasing size; on segment IX it has a rather anal position. The anal rods are almost 
cylindrical in their greater, proximal part; distally they arc much attenuated, though 
the apex itself is rounded. They are rather densely covered with strong, forward 
directed spinules.

At least as regards the lateral processes of the abdomen the pupa is very like that of 
A. (Kempia) hæsitans Kieffer, described by Lenz (9, p. 113, fig. 143).



BIOLOGY

he Atrichopogon fauna of lhe locality (cp. pp. 9—14 and Fable I) may be divided
1 into two ecological groups: the fauna on lhe stones in the rills and lhe fauna 
in the half submerged vegetation in g and h. (In this respect those parts of g which 
are situated immediately below the mouth of c and e agree with the rills). In the 
rills e and f Atrichopogon does not occur. This, as well as the lacl that the genus is 
lacking in the typical springs of the district, will show that all lhe species are more 
or less thermophilous.

In the other rills the population may be very roughly estimated at 100 per sq.m., 
there being almost one larva on each stone of the size ol a clenched fist. I he great 
majority of the population belongs to the species speculiger, dubius, and alveolatus. 
Quite apart from the fact that the two former cannot be distinguished in the larval 
stage, it is not easy to say anything about lhe numeric proportion between the three 
species. This proportion varies, probably in connection with swarming seasons, and 
my material is not great enough to allow a statistical treatment. Roughly it may, 
however, be said that speculiger 4- dubius and alveolatus are of equal frequency, 
though lhe proportion is different in the various rills. In a and b speculiger -|- dubius 
dominate, in the lower part of c and in d the opposite is the case, and that—especially 
in g—10 a rather pronounced degree. This indicates that alveolatus is not thermophilous 
to the same degree as speculiger + dubius, and this impression is corroborated by 
the fact that in a single collection from i (2-8 1944) I found a good number of spe
cimens of alveolatus, but not a single one of the two other species. It may also of 
course play a rôle that alveolatus seems to be belter adapted to aquatic life than lhe 
two other species and hence has an advantage in the competition in these rather 
well watered rills.

As regards the numeric proportion between speculiger and dubius lhe following 
particulars may be given: From pupæ which in lhe summer 1946 were collected in 
that part of g which lies below lhe mouth of the rills c and e four specimens of 
speculiger and two of dubius were reared. On the other hand larvæ which in the 
summer 1947 were collected in the rills a and b gave only two specimens of speculiger, 
but five of dubius. Though the material is very small, it may perhaps give a hint 
that dubius is more thermophilous than speculiger.
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In the summer months the three larvæ mentioned above have not been found 
in </, and only once (24-7 1947) in h, namely a larva of cilveolatus in the wet moss. 
This finding indicates also that this species is less thermophilous than the two others.

In the locality cornutus is a rare species, of which I have only found seven 
specimens, all in the rills a—d.

Nor can polydactylus be said to be common, though 1 have found a good many 
larvæ in the rills a—d. In the summer months only one specimen was found in h 
(23-7 1947; wet moss), and none in y.

The rarest species of the locality is, however, sp. x, of which only a single larva 
was found. It was taken on April 13th, 1944, on a stone in rill a. It is possible that its 
occurrence here was accidental, and that the species in reality lives in a terrestrial 
habitat (cp. p. 83).

In y (half submerged C/iara) and in h (wet moss) the fauna is entirely dominated 
by hexastichus, which must be said to be very common here. In the moss the density 
of population is about 100 per sq.m., in the Chara it is somewhat smaller. (Owing 
to the fact that the sorting of the material from these habitats is rather difficult, the 
possibility that some larvæ have been overlooked cannot be excluded). That the 
species “prefers” these two habitats is in good agreement with its fine adaptation 
to aquatic life, and that it “prefers” h to y may indicate a less degree of thermo- 
phily. However, not a few specimens have been found in the rills a—c (but, strangely 
enough, not in d). Still, the balance of competition in the rills is possibly in favour 
of the other species.

fhe sp. y also shows a fine adaptation to aquatic life, and in good agreement 
with this it is restricted to y (Chara} and h (moss). But it is a rare species, which 
I have only found on three occasions in six specimens in all; (13-4 1946; one specimen 
in h; 24-4 1946: four specimens in h; 2-11 1942: one specimen in y). That hexasti
chus dominates so much over sp. y, may be due to the fact that the former is still 
better adapted to aquatic life than the latter. Still, it is very striking that all the 
findings of sp. y have been made in spring and autumn. Considering the small number 
of findings, one of the spring samples is remarkably rich, corresponding to a popula
tion of 40 per sq.m.

The larvæ lead a hvgropetric life. Their familiarity with the dry element appears 
among other things from the fact that in captivity they will very soon escape, if they 
are kept in a container without a lid. On the other hand they do not object to descending 
below the surface of the water; this is especially true in hexastichus (and probably 
sp. y, too). The larvæ have some negative phototaxis. On the stones in the rills they 
are found on those surfaces of the stones which are in the shadow. In captivity they 
will, in the dusk or if the glass is placed in a shady place, often ascend to the upper 
surface of the chalk-pieces (see below) in order to eat; but if strong illumination 
is put on for observation, they will go down to the lower surface after the lapse of 
a short lime.

In the laboratory I have made observations on the locomotion and the feeding 
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of the larvæ. They were kept in small vessels (“solid watch glasses”), 33 mm wide 
and 9 mm deep, with lids upon them. In the glasses some pieces of chalk-incrustations, 
scraped off the stones in a, were placed, and al the bottom a thin layer of waler in 
order to keep the chalk-pieces moist. Under these conditions the larvæ thrive ex
cellently and may easily be brought to pupation. This is also the ease with hexasti
chus; besides, this species was observed in small Petri dishes, 40 x 16 mm, with 
moss from h.

Locomotion (see also pp. 48 and 49). In the resting position the claws 
of the anterior as well as the posterior proleg are fastened to the substratum, the 
anterior proleg being stretched forwards. The movement is initiated by a wave, which 
rims from behind forwards and raises a couple of segments al a lime from the sub
stratum. The segments in question are lengthened, the posterior abdominal segments 
much, the anterior ones but slightly, the meso- and metathorax not al all. At the 
very moment the wave reaches the thorax the anterior proleg is carried backwards, 
at the same lime being partly invaginated. When the anterior proleg reaches its hind
most position, the posterior proleg is drawn rapidly forwards; it lets go its hold on 
the substratum by retracting the claws in a manner like a cal. Finally the anterior 
proleg is carried forwards again, its claws being also raised from the substratum. 
The length of a “step” is about the same as the length of the two posterior abdominal 
segments. In this way the larvæ may creep about rather quickly, though in general 
they must be said to be sluggish animals. In hexastichus (and sp. y?) the wavy move
ment of the body is not so pronounced as in the other species, but otherwise the 
locomotion takes place in the same way. In this species it has also been observed 
that the head was used during the movements; the mandibles catch the edge of a 
moss-leaf, wherupon the larva nods.

Smaller alterations of the direction of locomotion are made by the larva curving 
the body to the side in question. Abrupt turnings lake place on the spot, the anterior 
proleg working alone, independently of the anal prolegs. During this movement the 
larva occasionally raises the anterior segments high above the substratum and “throws” 
the forepart aside. If also the posterior end of the body is raised, the larva may turn 
round its vertical axis. The two ends are then raised alternately, never al the same 
time. Often it will be seen that the forepart of the body is raised high above the sub
stratum and stretched from side to side in a searching way. In hexastichus the larva 
is frequently seen to wind its body around moss-stalks like a worm.

Feeding (see also pp. 32—42, and especially pp. 43 45). In captivity the larvæ 
feed upon the chalk incrustations, from which they scratch oil the outmost layer with 
their mandibles, and after that chew it with their pharyngeal skeleton. That this 
material is their food in nature, too, will among other things appear from the fact 
that the contents of the intestine generate a copious amount of gas, if hydrochloric 
acid is added. Of course it must be the algal flora of the incrustations which constitutes 
the food proper. (There seems to be a physiological problem here: The activity of 
the digestive enzymes in insects is said to be dependent on an acid reaction, bid in 
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the Atrichopogon larvæ the abundance of chalk will certainly prevent any acidity). 
Also the larva of hexastichus thrives excellently on that diet. In the larvæ found in 
g, and especially in h, however, it cannot be the food. In captivity it proved im
possible to keep it alive for a prolonged lime, or, at least, it did not grow, in Petri 
dishes with moss from 7i. In the larvæ caught in nature the contents of the intestine 
were composed of fragments of diatom shells (and, strangely enough, also some few 
whole ones) embedded in a greenish-yellow to brownish substance. Other possible 
constituents were loo finely divided to be determined.

That the mandibles besides their chief function also (in hexastichus) may be 
used during locomotion has been mentioned above. Further they seem to func
tion as a sort of organs of touch. When the larva raises its forepart, searching, 
from the substratum, they are moved at a fast rate, almost like the tongue of a 
lizard.

Respiration. As in other Ceratopogonids the larvæ are apncustic and hence 
are under the necessity of cutaneous respiration. In moist air and in the case of 
small and sluggish animals, general cutaneous respiration will do, but in water and 
even in oxygen-saturated water conditions are somewhat more difficult, since (he 
concentration of oxygen molecules is only a minute fraction of that in the air. Still, 
many developmental instars of aquatic insects (e. g. most stonefly nymphs) manage 
with general cutaneous respiration, and also in the larva of A. sp. x (p. 51) no special 
organs of respiration seem to be developed. It may be that this larva, which was 
only found on one occasion and only in one specimen, in reality is terrestrial (cp. 
p. 83).

In all the other species found in the locality respiratory organs have developed, 
though of different kinds. In speculiger, dubius, and cornutus they are represented by 
the thin-walled, oval areas on the dorsal side of the thoracic and abdominal segments 
(p. 53). When the larvæ arc creeping in the thin film of water on the stones, these 
areas are in contact with the air. In alveolatus by the alveolated processes (p. 55), 
which, in the natural surroundings of the larva, project over the surface film as 
small, white knobs (fig. 20C, p. 55). Thus in the four species mentioned above, the 
respiratory organs are generally in contact with the air, and the respiration may 
perhaps be said to be a mixture of aquatic and aerial respiration.

In (he remaining species typical tracheal gills have developed (pp. 57, 59, and 
61), and it will be noted that these structures are best developed in the larvae (sp. y 
and especially hexastichus) which of all the Atrichopogon larvæ of the locality are 
found in the most aquatic habitat. Still, the distal part of the gills, which certainly 
plays the greater part in respiration, is placed rather dorsally, so also in these two 
species it will often be in contact with the air, and in polydactylus this will generally 
be the case.

I have made the simple experiment of confining larvæ of speculiger (or dubius') 
in a vessel with water which had been boiled for a prolonged time and thus probably 
was oxygen-free. Il gave the rather surprising result that the larvæ under these con- 
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ditions might survive for more than 24 hours in a lethargic stale, from which they 
soon recovered, when placed under natural conditions.

The pupæ. Immediately before pupation the reaction of the larvæ to light is 
altered from a slight negative phototaxis to at least some degree of positive photo
taxis, an alteration which perhaps has some connection with the fact that some of 
the ommatids of the imaginai eye have developed already at this time (p. 29). Hence 
the places in which the pupæ are found are more exposed to light than the places 
in which the larvæ live. In captivity it has even happened that they pupated on the 
lid of the vessel, and in nature they may be found in entirely dry situations, which 
does not seem to prevent emergence. Since the pupæ in contrast to the larvæ have 
an open (propneuslic) tracheal system, it is of course of importance that for pupation 
places are chosen which are not too much exposed to lloods (p. 8).

'fhe prepupal stage is very brief; I have seen larvæ creep about lively before 
noon and pupate in the afternoon. In captivity the pupal stage lasts 2—5 days (ex
ceptionally 7 days), if the animals are kept in vessels which—at least for some part 
of the day—arc exposed to the sun, i. e. conditions very like those in which the pupæ 
of speculiger, dubius, cornutus, alveolatus, and polydactulus are found in nature. No 
doubt the duration greatly depends on the temperature. Pupæ may be reared at a tem
perature of 10—11°, but then the rearing lakes a much longer time, up to several weeks.

As is well known, the four posterior segments of the pupa are enclosed in the 
larval exuviæ, and since the latter stick to the substratum, the pupa is in this way 
confined to the spot. The anal rods with their forward directed spinules (p. 68) no 
doubt serve to fix the posterior end into the exuviæ. The reduction of the setaceous 
equipment of the posterior segments is of course connected with the fad that these 
segments are covered by the exuviæ.

The pupa, however, is not motionless. If it is touched with a needle, it wriggles 
vividly, curving the forpart greatly upwards. In this way it is able to raise the anterior 
end high above the substratum, which probably is of importance as a means to keep 
the spiracles in contact with the air, in case the place of the pupa should be threatened 
by lloods. Despite this measure the pupa will be rather exposed to total submersion 
for shorter periods, and although the larva, as mentioned above, may survive a 
period of oxygen-deficiency, it will possibly be more critical to the pupa, considering 
the intense histogenetic processes in this stage. Most probably, however, the abdominal 
gills in polydactylus (pp. 67 and 75) may serve as an emergency respiratory apparatus 
during submersion, and possibly the other species are also furnished with such an 
apparatus in the branched processes on the mesothorax and the abdomen (pp. 66— 
67). At least they will cause a not inconsiderable increase of the surface of the body, 
and it is difficult to give an alternative explanation. They might perhaps be inter
preted as weapons of defence, which during the wriggles of the pupæ might wound 
smaller enemies in a way similar to that described by Hinton (8, p. 19) in some 
beetle pupæ. However, the lateral processes of the abdomen would seem to have 
an inadequate position for such a function; besides, the fact that the processes of 
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the mesothorax are spread out in a “horizontal” plane speaks against this possibility. 
It will, moreover, be noted that the processes are best developed in that species 
(hexastichus; p. 72) in which the respiratory apparatus of the larva is best developed.

The emergence of the imago lakes place by splitting up the Y-shaped line of 
weakness in the cuticle (pp. 64—65).

The imagines. It is a well-known fact that the imagines of Atrichopogon and 
some other Ceratopogonine genera are blood-suckers of other insects. In Finland 
Krogerus has made interesting observations (17, pp. 16—17; 18, pp. 256—57), which 
seem to indicate that these animals are very specific in their choice of hosts. I have 
practically not studied the biology of the imagines myself, but perhaps the three 
following, small observations are not without some interest: If the lid is removed 
from a vessel in which an imago has been reared, it will immediately fly towards 
the light. 1 have seen busily cleaning their antennæ, using both anterior tarsi 
at the same time. Also in the living the long setae (the “beard”) of the antennæ 
are directed nearly straight distally.

Annual cycle. I have found pupæ from the first days of May to the middle 
of August. In the remaining part of the summer I have not made so thorough searches, 
so it is probable that pupæ (and imagines) also occur in the rest of the summer proper, 
i. e. till September. A direct comparison between the stocks in spring and late summer 
indicates that a substantial decimation takes place during the winter months, and 
that not till the end of the summer the population reaches its former size. Together 
these facts seem to show that several generations are produced in the course of the 
summer. (Perhaps sp. y forms an exception in this respect; cp. p. 77.)

As regards studies of the wintering of the genus the small size of the animals 
causes some difficulties; in cold weather the attention of the investigator will in
evitably be somewhat reduced, so that animals of that size may easily be overlooked. 
Hence I shall prefer first to give a brief account of my investigations on the wintering 
of Eubria and Hermione (cp. p. 15), and then mention those observations which 
indicate that the wintering of Atrichopogon takes place in the same way.

In the winter months, also in the case of thaw, one will search in vain for larvæ 
of Eubria and Hermione in those places of the rills where they live in the summer. 
Already in (the end of?) October the larvæ begin to disappear from the rills. Thus 
a very thorough search on 2-11, 1942, only gave one Eubria and three Hermione 
larvæ. But already in the early spring—e. g. 10-4, 1947, after the severe winter 
(pp. 9 and 12)—larvæ are again found in the rills. Only the early dale for their 
reappearance speaks against the possibility that the wintering should take place in 
the imaginai stage, and this assumption is further disproved by the fact that already 
in the early spring larvæ of very different size are found, and among them also—at 
least nearly—full-grown larvæ, which cannot possibly have hatched from eggs laid 
in the same year.

Hence it must be considered as certain that the wintering takes place in the 
larval stage. The question is only where. In order to solve this problem I have carried 
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out a series of investigations in the month of January. The 4-1, 1947, I found in 
the uppermost, ice-free part of rill a (p. 12) two small Hermione larvae, and in the 
likewise ice-free rill e two Eubria larvae. On the same day I sifted three samples (each 
of 1—2 litres) of frost-proof moss from various places al the edges of the rills a and 
I), by which I found: 7 specimens of Eubria, 30 of Hermione ; 6 of Eubria, 16 of 
Hermione; 3 of Eubria, 6 of Hermione. The sample which gave the best result was 
taken at the uppermost end of rill a. Further 1 found four Eubria larvae on a couple 
of smaller stones which I pulled out beneath the low cliff at the northern side of 
rill a. Finally I found on the 4-1, 1944, one Hermione larva between gravel and pebbles 
which 1 dug up from the bottom of an ice-free place in one of the rills (cp. p. 12).

Thus the larvae winter in places where the outflow of subsoil water is great 
enough to prevent a danger of frost. The retreat to these places has already been 
made long before there is any danger of freezing of the rills, which of course is very 
appropriate; once danger of frost has occurred, the Iarvæ would not be able to migrate 
fast enough. The explanation is, no doubt, that the Iarvæ always seek out those parts 
of the rills where the temperature is highest. In the spring and summer the rills are 
warmer than the subsoil water, which is 7o° (cp. Table I and p. 12). When in 
the autumn the temperature of the rills for the greater part of the day falls below 
7|°, the Iarvæ begin the migration towards their winter-quarters, led by the now 
warmer subsoil waler. Al least most of the Iarvæ carry the migration so far that in 
the winter they come to lead a subterranean life. In the spring the migration goes 
in the opposite direction.

Nor have Atrichopogon Iarvæ been found in the rills in the winter, any more 
than in g or h. In the latter half of April or in the beginning of May, depending on 
the severity of (he winter, they reappear. The winter 1947 was a very severe one. 
On 3-5, 1947, a search for Iarvæ was started in the rills. After one and a half hour’s 
intensive work, during which a very great number of stones were examined, I had 
found one larva of alveolatus. Then 1 went to the upper part of the rill d, and here 
Iarvæ of this species were very common, there being one or two on each stone. They 
seemed all to be practically full-grown; some few days later two of them emerged 
as imagines. Thus it seems very probable that the Atrichopogon Iarvæ winter in the 
same way as those of Eubria and Hermione. (The fact that I only found Iarvæ of 
alveolatus at this early date also indicates that this species is less thermophilous than 
the others; cp. p. 76). In g and h I have in late April also found Iarvæ of those species 
which in summer only occur in the rills. In the autumn possibly some of the Iarvæ 
will migrate to the moss in h and here winter together with sp. y and hexastichus, 
probably sub terra.

The thermic peculiarities of the locality may lead to the conclusion that its 
Atrichopogon fauna is of relict nature, viz. relicts from the Subboreal Period with its 
warm and continental climate. However, since nothing is known about the geographic 
distribution of the species in question, it is of course impossible to make any decision 
as to this point.



REMARKS ON THE EVOLUTION AND TAXONOMY
OE THE GENUS

ith the exception of sp. .rail the larvæ treated in the present paper show respi-
V V ralory adaptations to aquatic life (pp. 79—80). Il is, however, a very striking 
fact that the adaptations are of three different kinds: in speculiger, dubius, and cornutus 
thin-walled, dorsal areas, in alveolatus alveolate respiratory processes, and in sp. y, 
hexastichus, and polydaclylus typical, tracheal gills. 'Phis indicates definitely that 
originally the habitat of the Atrichopogon larvæ was terrestrial as in the other genera 
of the subfamily, so that we are concerned with an animal group, the larvæ of which 
arc “going into the water’’. Only the fad that such adaptations arc at all developed 
in so small animals points in the same direction. It is a general rule that change 
from truly aquatic to hygropetric life causes a reduction of the gill apparatus, since 
the respiratory conditions are much more favourable in the hygropetric habitat than 
in the purely aquatic one. However, the cuticle in terrestrial insects has probably 
other properties as far as permeability is concerned than that in aquatic insects, so 
that a development of a special respiratory apparatus becomes necessary when the 
former change to hygropetric life (cp. p. 79).

The larva of A. (Kempia) pavidus Winnerlz is said to live beneath loose bark 
on trees (p. 6), and this habitat is perhaps that of the larvæ of the ancestors of the 
species treated here. In fact, it is not improbable that the larva of sp. x lives in such 
a habitat, and that the occurrence of a single specimen in the rills (p. 77) has been 
quite accidental. Many trees grow in the nearest vicinity of the rills. The flattened 
shape of body, characteristic of most larvæ (p. 29), may perhaps be interpreted as 
an adaptation to life in narrow crevices. The dorsoanal processes (p. 46) may be 
interpreted as auxiliary locomolorv organs of importance when both sides of the 
body are in contact with the substratum, and thus be considered rudimentary organs 
in the forms treated here. At any rate, it is difficult to sec which function they may 
have, and in sp. y and polydactylus they have indeed been obliterated, whereas in 
hexastichus they have taken over another function, as gills. (The ring-like belt of 
spinules on this gill—p. 61—indicates clearly that it has been derived from a process 
of a similar shape as in the other species).

In the class Insecta as a whole the original habitat is a terrestrial one. The 
larvæ of Atrichopogon, however, as well as the other Ceratopogonids have an apncustic 
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tracheal system, which, no doubt, means that they descend from forms with aquatic 
larvæ. t hus the larvae during the evolution of the genus have passed through the 
following changes: terrestrial—aquatic—terrestrial—aquatic (hygropetric). Quite an 
analogous case is found in the turtle Dermochelys, which during its evolution has 
made the changes: terrestrial—marine—terrestrial—marine, changes which have 
pul their mark upon the structure of the carapace.

At a first glance one might be templed to consider polydactylus (p. 61), .sp. y 
(p. 57), and hexastichus as an evolutionary line. The first is furnished with gills, in 
the second the gills are longer and slenderer, and in the third their number has been 
increased. As far as sp. y and hexastichus are concerned, the interpretation is probably 
true: the gill-apparatus of the latter is a further development of that of the former. 
1'hc two larvæ agree on several points (pp. 57—61): The position of the antenna 
and the lack of an antennal socle. The development of setæ 4 and 10 on the head 
capsule. The gill in sp. y appears to be strictly homologous with the intermediate 
gill in hexastichus by carrying the laterodorsal seta almost in the middle of the anterior 
side; the distal part of the gill is thus developed through an enlargement of the ex
treme apex of the laterodorsal process. The mediodorsal processes and setæ are 
developed nearly alike in the two species. The abdominal segment IX has a seta- 
hearing process on the posterior corner. The ventral side of the body is nearly alike 
in the two species and rather different from that of the other species. The lack of 
dorsoanal processes in sp. y is of course an evolution particular to this species.

Many things will, however, show that polydactylus is not closely related to sp. y 
and hexastichus. In the first place the pupa is of a type entirely different from those 
of the other species. Especially the structure of the respiratory tube (p. 74) as well 
as of the mcsotboracic processes (pp. 66—67 and 74) and the lateral processes of 
the abdomen (pp. 67 and 74—75) must be emphasized. But also in the larva many 
features can be pointed out in which it differs from the larvæ of the other species: 
I he sculpture ol the head and the fact that seta 16 is developed as a “twin seta” 
(pp. 32 and 61). The development of the intermediate dorsal seta on the mesothorax 
(p. 47). The absence of a dorsoanal process on the prothorax (pp. 47 and 62) and 
ol a twin seta’ on the thoracic venters (p. 62). Hence the gills must be supposed 
to have evolved independently in polydactylus on the one hand and sp. y and hexasti
chus on the other. (The position of the laterodorsal seta — p. 62—will also show that 
the gill in the former is not strictly homologous with the gills in the two latter). That 
is to say that within the genus we can trace not three, but four lines of evolution, 
one of which, represented by polydactylus, seems to be more distantly related to the 
three others.

Apart from the development of the respiratory apparatus the alveolatus larva 
(pp. 55—56) in most respects is very like the larvæ of speculiger, dubius, and cornutus 
(pp. 52—55), whereas it is more different from the larvæ of sp. y and hexastichus 
(pp. 57—61). Based upon the larval morphology the following grouping of the species 
can therefore be made :
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I. 1. a. a. speculiger, dubius 
ß. cornutus

II.
9

b. alveolatus
sp. y, hexastichus 
polydactylus

When cornutus is placed in a subdivision of its own and not together with 
speculiger-dubius, it is according to the development of setæ 4 and 10 on the epi
cranium, and especially to the structure of the pro- and mesothorax (p. 54), which 
seems to indicate that this species represents a special line of evolution.

Il has already been mentioned that polydactylus in the pupal morphology 
deviates very much from the other species, so much that it indicates a very early 
branching olT from the three other evolutionary lines. There is good reason for believing 
that the pupa of this species in the development of the processes of the thorax and 
the abdomen represents a primitive condition, though in the development of un
questionable gills (pp. 67 and 75) it shows adaptation to aquatic life. In contrast 
to the larvae the pupae of the other species exhibit a great uniformity. If the branched 
processes on the thorax and abdomen really arc respiratory in function (pp. 67 and 
80—81), it means that the aquatic adaptation is considerably older in the pupæ than 
in the larvae. Nor is it surprising if such adaptations have had a greater selective 
value in the sedentary pupæ than in the mobile larvae. In the case of unfavourable 
conditions (p. 8) the latter may move to more favourable places, or they may survive 
these conditions in a lethargic stale (pp. 79—80), whereas the pupæ—at least in certain 
periods of their development—probably are more sensitive.

Based upon the pupal morphology we may thus distinguish the same two main 
groups as based upon the larval morphology, but within the first of these groups the 
arrangement will be somewhat different. The alveolatus pupa (p. 72) shows a 
very close agreement with the pupæ of speculiger and dubius (pp. 68—70), and the 
pupæ of these three species again are rather like that of hexastichus (pp. 72—73), 
whereas the cornutus pupa (pp. 70—71) differs more, especially through the meso- 
and metathoracic horns and through the feeble development of the mùsothoracic 
processes. Hence the grouping of the pupæ will be as follows:

I. 1. a. speculiger, dubius, alveolatus
b. (sp. i/?), hexastichus

2. cornutus
I. polydactylus

2.
II.

The only thing which might be said to be inconsistent with this grouping is 
the presence or absence, respectively, of spinules on the inside of the respiratory 
tube. This, however, is a very small character. The covering with spinules is possibly 
a primitive feature, which may have been of some importance in the terrestrial an
cestors, and which is now independently reduced in the various species.

D. Kgl. Danske Vidensk. Selskab, Biol. Skrifter. VI, 6. 12
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The imagines of lhe genus are extremely uniform, This, however, is not sur
prising. The imagines have not been affected by the change to aquatic life of lhe 
developmental instars, and—apart from the fact that they probably differ in the 
choice of host (p. 81)—lhe various species certainly lead a very uniform life. Thus ’ 
there docs not exist much cause of divergence in this instar, and the small differences 
which may be traced between the various species are probably pleiotropic effects 
of mutations, important to lhe larvæ and pupæ. (There is even a possibility that 
such pleiotropic effects to some extent have been counteracted through the selection 
of modifiers). Still, a grouping, though less sharp, can be made on lhe basis of the 
imagines. The most deviating species is cornutus through the development ol lhe 
“hypopvgium” (pp. 25 and 26) and lhe anlennæ (pp. 17 and 26) in the <$. Among 
the other species polydactylus (pp. 21 and 27) and—to a less degree—alveolatus 
(pp. 21 and 26) occupy a special position through the development of lhe empodium. 
The grouping of lhe imagines will then be:

I. 1. a. speculiger, dubius (sp. y?), hexastichus
b. alveolatus

2. polydactylus
II. cornutus

If an ancestral tree is constructed for lhe species in question on lhe basis 
of lhe larvæ, it will be as shown in the diagram. (The very great deviations in 
pupal morphology may lead to the conclusion that polydactylus has been adapted 
to aquatic life independently of the other species). The question now is if those 
groupings which must be carried out on lhe basis ol lhe pupæ and lhe imagines can 
be brought into agreement with this diagram.

As far as the imagines are concerned, this does not cause any difficulties. 1 lu* 
character which distinguishes polydactylus may seem small (lor which reason this 
species has been entered as a subdivision ol main group 1), but it may also be ol 
a fundamental nature. The species speculiger, dubius (sp. y?), and hexastichus seem 
to belong to the Ivpe prevailing within the genus, i. e. that possibly they are very 
like the imagines of the primitive Atrichopogon species with terrestrial larvæ. The 
characters which distinguish cornutus and alveolatus, respectively, may be explained 
as evolutions particular to these two species. It is true that they seem to remove them 
from lhe groups in which they should be placed according to their larvæ, but they 
do not connect them with other groups.

As regards the pupæ, we have the same two main groups as in lhe larvæ, but 
lhe arrangement within lhe first of these groups is somewhat different, chiefly due 
lhe fact that the cornutus pupa differs rather much from lhe pupæ of the other species 
within this group. This may, however, also be explained as an evolution special to 
cornutus (and perhaps pleiotropic correlated with lhe special evolution ol lhe imago), 
since it does not connect it with any group to which its larva would be a stranger. 
One of the characters which distinguish lhe cornutus pupa is the very feeble develop-
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ment of the mesothoracic processes. We are probably here concerned with a re
duction, a reduction which, al least to some degree, seems to be compensated by a 
stronger development of the lateral processes of the abdomen. (As mentioned above, 
also the larva of this species bears the mark of a special evolution).

The ancestral tree based upon the larvæ may thus be considered fairly reliable.

/

/ 
/

(winnertzi, hamifer)

In the ancestral tree some species have also been included the metamorphosis of 
which has been described by other authors, as far as these descriptions are copious 
enough to allow any conclusions about the affinities of the species in question. When 
miilleri is placed at cornutus and not at speculiger-dubiiis, it is due to Muller’s 
description of the pupa (p. 72). Also in the imaginai morphology (7, pp.18, 21, and 
23) this species, as well as trifasciatus, seems to join cornutus. That thienemanni 
Kieffer really is specifically different from alveolatus among other things appears 

12* 
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from the fact that its larva and pupa live in a habitat which, especially in a thermic 
respect, is very different from that of alveolatus. For those localities in which Thiene- 
mann (21, p. 3) found it must be characterized as typical springs (20, pp. 151—90). 
The metamorphosis of A. peregrinus Johannsen has been described by Thomsen. 
According to her figure (22, Plate XIV, fig. 54) the abdominal segments of the larva 
carry two filiform gills on each side, one of which seems to be the dorsoanal process, 
the other the laterodorsal process. Thus this species forms a connecting link between 
sp. y and hexastichus. The terrestrial species ivinnertzi Goetghebuer and hamifer 
Goetghebuer, the metamorphosis of which has been described by Speiser and 
Bangerter, respectively, seem, in the larval as well as in the pupal stage, to have 
a considerably greater likeness to the developmental instars of the other genera of 
the subfamily than is the case with the species treated in the present paper. They 
may perhaps be considered representatives of the most primitive Atrichopogon species, 
a possibility which has been considered in the ancestral tree. Allowance has also been 
made for the possibility that polydactylus may descend direct from these primitive 
species, so that its aquatic adaptation is quite independent of that in the other species. 
The fact that the dorsoanal process is lacking, also on the prothorax (cp. pp. 47 
and 83), perhaps points in this direction. Altogether polydactylus (and related species) 
in the larval as well as especially in the pupal stage is (arc) so different from the 
other species that it (they) scem(s) to deserve at least subgeneric rank. The same 
is the case with the primitive species mentioned above. Thus the genus should be 
divided into three subgenera. However, Kieffer’s subgenera Atrichopogon, Kempia, 
and Gymnohelea can hardly be upheld (cp. 7, p. 17 and 9, p. 112).

Goetghebuer (5, pp. 176—80) has described the metamorphosis of A. fuscus 
Winnertz. The larva (5, p. 177, fig. 2), seems to have a great similarity to that of 
polydactylus, whereas the pupa (5, p. 179, figs. 4 and 5) should be of the same type 
as in the other species treated in the present paper. I find such a combination very 
unlikely and suppose that there has been some mistake. Perhaps the larva described 
by Goetghebuer does not belong to the species fuscus at all.

The present investigations may also contribute to throw some light upon the 
question of the reliability of those characters which arc employed in distinguishing 
the Atrichopogon species (cp. pp. 5 and 6). In figs. 3—5 (pp. 17 and 19) a graphic repre
sentation is given of the proportion in length between the club and the funicle of the 
antenna. It will be seen that, especially in the $2, there is a distinct statistical difference, 
but also a very great individual variation. In the except cornutus, there is so much 
overlapping that they are of very little use in this respect. In the $$ it will be im
possible to distinguish between speculiger, hexastichus, and polydactylus as well as 
between dubius, alveolatus, and cornutus in this way. With the exception of the cor
nutus the shape of the antennal joints in the species treated here is very uniform, 
so it does not give us any help. Turning to the wings (Tables IV and V, pp. 22—24) 
we shall see that neither in these organs any difference can be seen between speculiger 
and hexastichus, whereas there is a distinct difference between these two species and
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polydactylus, as well as between dubius and alueolatus; between dubius and cornutus, 
again, liiere is only a slight difference. These statements refer to the in the <$<$ 
conditions will in most cases be even worse. From the above it will appear that by 
means of these characters it may—to pul it mildly—be very difficult to distinguish 
between species which on the basis of the larvæ can be said with certainty to be 
specifically different. On the other hand, if due attention is not paid to the great 
individual variation, it may easily lead to the establishment of loo many species. 
The endeavours ought to be directed towards a rearing of larvæ and finding of 
qualitative distinctive marks between imagines reared from different larval types.1 
The probable specificity of the imagines in choice of host may also be of use in this 
respect (p. 81).

Here there may be some reason Io discuss ïï speculiger and dubius really are spe
cifically different. From Table IV it appears that the wing of the $ in du/nus is generally 
belter equipped with macrotrichia than in speculiger, without there being any certain 
difference. Fig. 3 shows that the club of the antenna in dubius is comparatively longer 
than in speculiger. If a greater number of specimens, however, had been investigated, 
it is highly probable that an overlapping had also been found here. A. dubius (p. 25) 
is a little larger than speculiger2, and it is possible that the characters mentioned, 
length of the club and number of macrotrichia, are correlated with the body-size, 
though probably also influenced by other (genetic) factors. The most certain differ
ences between the two species are found in the pupal instar, viz. the lateral processes 
of the abdomen and the covering of the respiratory lube with spinules (pp. 69—70). 
These characters may simply be phenotypically correlated with body-size. An either-or, 
however, seems to assert itself, which indicates that they are of a genetic nature. 
Still, even in the latter case it docs not necessarily mean that the characters are specific. 
We may also have to do with a dimorphic species, which has two alleles ol a gene 
for process, etc., a gene which then also should exercise some influence upon body
size, club-length, and number of macrotrichia. A decision of the question can possibly 
only be made through breeding experiments, which, no doubt, will be very difficult 
to carry out. It caused Munsterii.telm (12, p. 159) considerable difficulties to obtain 
egg-laying of A. rostratus Winnertz in captivity, and it will probably be still more 
difficult to obtain mating.

The aberrant hexastichus $ mentioned above (pp. 27 and 74) exhibits an 
interesting example of pleiotropic effects of a mutation. The mutation has affected 
different organs in the pupa and the imago, in the former the mediodorsal processes 
of the abdomen, in the latter the antenna and the pretarsus. As regards the medio- 
dorsal processes, it is of special interest that the mutation in the left process of seg-

1 I have tried myself to find such marks, but—apart from some minor colour differences, which 
may be dependent on the age of the imagines—I only found four: the distinct colour-pattern and the genital 
appendages in cornutus, as well as the pretarsal characters in alueolatus and poly dactylus, of which the tw'o 
latter need use of oil-immersion to be seen. The first two are almost certainly common to several species, 
and the same is probably the case with the fourth and maybe with the third, too. We are perhaps in the 
peculiar situation to be forced to base the taxonomy to a great extent upon the developmental instars.

2 The—as compared with the $—big size of the single speculiger $ examined is rather surprising. 
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nient II seems to have caused a condition which is also found in the lateral processes 
of normal pupæ. It is very difficult to explain the fact that the mutation in the pre
tarsus has produced characters, and even a very special character (the spinules of 
the empodium), which otherwise distinguish alveolatus. One might be tempted to 
believe that there has been a mistake. Hence 1 made new preparations (right middle 
and left hind tarsus) of the specimen in question, which, however, gave the same 
result as the old preparation (right hind tarsus). A confusion must be considered 
to be very unlikely. One possible explanation is that the shape which distinguishes the 
spinules of the empodium in alveolatus is a very primitive character, which has been 
lost independently in the other species, and that the mutation in this respect has 
been of an atavistic nature. Atavistic mutations are known in the animal kingdom, 
e. g. a mutation tending to restore the pentadactyl fool in Cavia (Pictet, Wright). 
There seem to be some difficulties in explaining the mutation as simply a loss 
mutation. Very probably it has also caused morphological changes in the larva. It 
was impossible, however, to find such in the larval exuviae.



SUMMARY

v I ''he metamorphosis of eight (cp., however, below) Atrichopogon species has been 
1 treated from morphological and biological points of view. I did not succeed in 
rearing two of the species, which only occurred in small numbers; they are desig
nated as sp. x and sp. y, respectively. The other six are described as new species: 
speculiger, dubius, cornutus, alueolatus, hexastichus, and polydactylus.

Most larvæ are rather flattened, but in sp. y and hexastichus the body approaches 
the cylindrical shape, though with long, filiform processes and—as in the other 
species—deep constrictions between the segments.

The field observations were made in a hygropelric locality in the forest Bold 
Skov in Himmerland, a province in northern Jutland. The locality is situated on the 
lower part of the western slope of the Lindenborg Aa valley and consists of a moist 
to swampy meadow from which the waler Hows to the river in stony rills. Generally 
the How of waler is constant and small, so that all stones over the size of a walnut 
emerge, but during and after heavy rain showers the rills will become torrents. Owing 
to the wind-sheltered and sun-exposed position of the locality the waler of the rills 
is healed very much in the summer; it may assume temperatures up to 9°C. above 
the air temperature. On the other hand, in periods of frost the rills will freeze over 
almost entirely.

On the stones of the rills, in the boundary between water and air, the larva? 
of speculiger, dubius. cornutus, alueolatus, and polydactylus live. The stones are covered 
with chalk incrustations, due to the activity of bluegreen algae, and the larvæ feed 
on these incrustations (or, more correctly: their algal flora). The mandibles scratch 
off small particles of the incrustations and convey them, assisted by the labrum and 
epipharynx, into an elaborate pharyngeal skeleton, which has taken over the chewing 
process.

Between the foot of the slope and the river there is a level, swampy ground, 
covered with alder trees and rich in slow-flowing rills and puddles with partly emerging 
moss. In the moss the larvæ of sp. y and hexastichus live. They seem to feed chiefly 
on diatoms.

Fhe locomotion of the larvæ is brought about by an undulating movement of 
the body, during which the posterior proleg serves as a point of fixation, and a swinging 
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movement of the anterior proleg. The more worm-like larva of hexastichus will often 
wind its body around moss-stalks. In this species it has also been seen that the head 
may assist during locomotion.

Several generations are, no doubt, produced in the course of the summer. The 
wintering takes place in the larval stage, in places where there is a more copious 
outflow of subsoil waler, and—al least in most cases—subterranean. The migrations 
of the larvæ are directed by the temperature. In late autumn and in winter the subsoil 
water is warmer than the summer habitat of the larvæ, in spring and summer the 
opposite is the case.

The thermic peculiarities of the locality might lead to the conclusion that its 
Atrichopogon fauna is of a relict nature, viz. relicts from the Subboreal Period with 
its warm and continental climate. Since nothing, however, is known about the geo-

herc probably descend from forms the larvæ 
loose bark on trees. Il is not unlikely that the 
and that the occurrence of a single specimen

graphic distribution of the species in
any decision as to this point.

The Atrichopogon species treated 
of which led a terrestrial life, beneath 
larva of sp. x lives in such a habitat, 
in the rills has been quite accidental. The flat shape of body, characteristic to most 
species, may be interpreted as an adaptation to life in narrow crevices, and segment- 
ally arranged, spiny processes (dorsoanal processes) as auxiliary locomotory organs 
of importance when both sides of the body are in contact with the substratum. 
Within the genus four evolutionary lines with different respiratory adaptations to 
aquatic life in the larval stage can be traced: (1) speculiger, dubius, and cornutus 

• with thin-walled, smooth, and richly Iracheated, dorsal areas. (2) alveolatus with 
alveolate, respiratory processes. (3) sp. y and hexastichus, and (4) polydactylus with 
filiform, tracheal gills. In sp. x, which possibly is representative of the ancestral form, 
there are no adaptations of this kind.

In the pupæ two main groups can be distinguished. One, represented by poly
dactylus, shows adaptation to aquatic life in possessing finger-like, tracheal gills. In 
the other main group the pupæ, in contrast to the larvæ, are very uniform. They 
are richly provided with branched processes, which perhaps are respiratory in func
tion. This being the case means that the adaptations to aquatic life are considerably 

/ older in the pupæ than in the larvæ. It is also quite natural that it should be so. Such 
adaptations are, no doubt, of greater selective value in the sedentary pupæ, which 
may be subjected to submersion during floods, than in the mobile larvæ.

Ehe most primitive Atrichopogon species are probably represented bv winnertzi 
Goetghebuer and hamifer Goetghcbuer, the metamorphosis of which has been described 
by Speiser and Bangerter. In the larval as well as in the pupal stage they lead 
a terrestrial life and are considerably more like the developmental instars of the 
other genera of the subfamily than is the case with the species treated here. A. poly
dactylus perhaps descends direct from such a primitive form.

Based upon the larval and pupal morphology an ancestral tree has been con- 

question, it is of course impossible to make
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slructed (p. 87). On the same basis the genus may be divided into three subgenera. 
Kieffer’s subgenera Atrichopogon, Kempia, and Gynmohelea, however, can hardly 
be upheld.

The taxonomy of the genus is a very difficult problem. Most of the characters 
employed in distinguishing the species are of a quantitative nature and subject to a very 
great individual variation. On the one hand it may be difficult or impossible to 
distinguish between species which on the basis of the larvae and pupae can be said 
with certainty to be specifically different. On the other, if due attention is not paid 
to the great individual variation, it may easily lead to the establishment of too many 
species. The endeavours ought to be directed towards a rearing of larvae and finding 
of qualitative, distinctive marks of imagines reared from different larval types. If 
such characters cannot be found—and my investigations seem to point in this direc
tion—we are in the peculiar situation to be forced to base the taxonomy to a great 
extent upon the developmental instars.

It is questionable whether speculiger and dubins really represent two species or 
we are concerned with one dimorphic species.

An aberrant $ of hexast ichus furnishes an interesting example of pleiolropic 
effects of a mutation, which has affected different organs in the pupæ and in the 
imago. It is very surprising (hat in the pretarsus it has produced a character which 
otherwise distinguishes alveolatus. Whether the mutation had also manifested itself 
in the morphology of the larva could not be decided with certainty on the larval 
exuviae.
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Plate I.

Fig. 1. View towards SSW over the hygropetric locality at Stubberupvad. The rills are seen as depres
sions in the ground; the narrow stripe in the foreground is rill /, the next one is rill a.

Fig. 2. The rill a seen from the lower end.



1—5: antennæ; 50/1. In 2, 4, and 5 the first joint is seen, especially distinctly in 2; the point which 
forms the articulation with the antennifer should be noted. 1: cornutus 2: hexastichus $, normal; 3: 
hexastichus $, aberrant; 4: alveolatus 5: cornulus 6—13: wings; 25/1. 6: speculiger $; 7: duiuusÇ;
8: cornutus Ç; 9: cornutus 10: alveolcttus $; 11: hexastichus Ç; 12: polydactylus Ç; 13: polydactylus
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