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INTRODUCTION. 

IN studying the life and characters of the anim-als inhabiting the torrential streams 
of India and elsewhere, one thing has become quite clear to me-that evolution is no 
more than the adaptation of organisms to environment. " Adaptation " signifies 
correlation of an animal with its habitat, and therefore the study of animal organisation, 
however detailed, cannot by itself lead to the proper understanding of this phenomenon. 
Environment with its unlimited gradations plays an important part in the making and 
re-making of the characters, and sometimes the resultant forms are of such totally 
different types that genetic relations can hardly be discerned (vide infra, pp. 190, 237, 
246). This fine adjustment of an organismn to the external conditions of its existence 
is the result of a series of gradual changes induced by the environment. 

Since the publication of DARWIN's epoch-making work more attention seems to 
have been paid to the study of animal morphology in its various aspects than to the 
habitats of animals. In fact, it is only in recent years that the importance of animal 
ecology as a subject for investigation has come into prominence. Several workers in 
recent years have denied the existence of " adaptations," and the idea of utility in 
evolution, which is a necessary complement of the process of adaptation, is being 
considered of no importance. For example, one reads " that characters have arisen at 
variance with the innate tendencies of ' Heredity,' and persisted without the aid of 
'Natural Selection ' " (KYLE, 1926, p. vii), or that evolution is predetermined and in 
the unfolding of characters " selection " plays no part (BERG, 1926). Again, NOBLE 
and JAECKLE (1928) remark as follows: " Many other so-called highly adaptive struc- 
tures in the Amphibia are as fortuitous in their occurrence as the large digital discs. 
Adaptation in these cases is a chance relationship, not a progressive modification towards 
particular habitat requirements." In fact, there is a strong trend of feeling at the 
present day that evolution is not coherent, but is fortuitous, and such conclusions are 
based on assumptions such as the following: " In whatever direction we look, in the 
coastal region or in fresh water, we find many diverse forms living under precisely the 
same conditions, yet with quite different shapes and structures " (KYLE, 1926, p. 250), 
and according to some others, animals possessing similar adaptive modifications are 
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found living under widely different conditions. Undoubtedly different forms of animals 
are found living in the same place within a few feet of one another, but have the 
gradations in the environment been studied so thoroughly that there is justification 
for saying that these different animals are " living under precisely the same conditions" 
and that they do not occupy definite " niches " in the environment ? Again, has the 
modification of a structure been correlated with one or more factors in the environment, 
and has it been established that the same factors do not influence life in another 
environment where the same modification is found ? The present study is mainly 
directed towards the elucidation of such problems. 

The groundwork of DARWIN'S theory of evolution, was that the "variations" 
selected by Nature are of a beneficial character, but he was unable to demonstrate the 
truth of it. The utility of a structure can be judged only by reference to its function in 
relation to the environment, and when a progressive modification of a structure can be 
shown to be the direct outcome of some factor or factors of increasing strength in the 
environment, the utility of the modification becomes obvious. Again, it is found that 
when highly evolved animals revert to a primitive condition of life they assume a mask 
of apparent simplicity. I have purposely said " apparent simplicity," for, though the 
animals return from a complex to a simple organisation, they never assume a truly 
primnitive or ancestral condition (vide infra, pp. 190, 237, 246). It is generally admitted 
that the path of retrogression is different from that followed by the original progressive 
evolution. This is so because evolution, progressive or retrogressive, takes place only 
through modifications of the pre-existing structures, by a simple change of functions. 

I have remarked above that evolution takes place by a series of gradual changes. 
This is a conclusion reached both from taxonomic work as well as from studies in the field. 
I agree with REGAN (1924) " that evolution has been a slow and gradual process, that in 
its main lines it has been adaptive, and that changes of structure have been intimately 
related to, and even determined by, changes of function; further, that as a rule the 
first step in the origin of a new species is the formation of a community with a new and 
restricted environment, or with new habits; in other words, that some form of 
isolation, either localisation or habitudinal segregation, is the condition of the develop- 
ment of a new species." How true all this is will be shown in the subsequent parts 
of my paper. 

My greatest debt of acknowledgment is due to my late chief, Dr. N. ANNANDALE, 

whose encouragement and advice were always helpful and are still an inspiration. 
I also gratefully recall the facilities given to me by Lieut.-Col. R. B. SEYMOUR SEWELL, 

Director, Zoological Survey of India, for carrying out this work in the field. My 
colleagues, Drs. B. PRASHAD, B. n. CHOPRA, H. S. PRUTHI, have helped me in various 
ways, and my best thanks are due to them. I am especially indebted to Dr. B. PRASHAD 
for the great trouble he has taken to supply me with the micro-photographs of my 
preparations. 

The work was finished in the Department of Zoology of the University of Edinburgh, 
2 A2 
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and I have great pleasure in offering my sincerest thanks to Prof. J. H. ASHWORTH, 
F.R.S., for his valuable criticisms and helpful suggestions. For the courtesies so 
kindly extended to me by the entire staff of the Department of Zoology I am specially 
grateful. I have consulted many specialists, and from all of them I have received 
the fullest measure of assistance, which has been gratefully acknowledged in suitable 
places in the text or in footnotes. 

I take this opportunity to express my thanks to my assistant, Babu D. N. BAGCHI, 

who very ably helped me in the field, and with his usual skill and care has drawn some 
of the figures illustrating this paper. My friend Mr. M. SAYEEDUDDIN has drawn some 
of the text-figures under my supervision, and for his help in this matter my best thanks 
are due to him. 

At the end I have given a list of the papers referre(d to in the text, but no attempt 
has been made to draw up a complete bibliography. 

ECOLOGICAL FACTORS AND CLASSIFICATION OF H11ABITATS. 

Ecological Factors. 

IIUBAULT (1927, p. 366), from a detailed study of the torrential fauna, has concluded 
that " I1 y a une faune torrenticole, il n'y a pas a proprement parler de faune rheophile." 
According to this author, the animals live in the rapid waters because of certain 
advantages provided by the physico-chemical composition of the water, and in spite 
of the mechanical effects of the swift currents. He admits, however, that being obliged 
to submit to the current, the animals stem it by means of well-marked adhesive devices. 
There is no doubt that the swift-flowing water is well aerated, and the current carries 
food to the sessile animals, but " it has the disadvantages that come with the impact 
of moving water and the objects that it carries along; also those that are due to the 
great difficulty that attends locomotion or the maintenance of constant spacial relations 
with the environment " (PEARSE, 1926, p. 190). I shall show later how, by gradual 
perfection of the organs of attachment, animals have been able to colonise the swift 
currents. It was after this invasion that further modifications occurred in the build of 
these animals. 

When the entire organisation of an animal is taken into account (after all, the study 
of a structure, however thorough, cannot be substituted for the study of an " organism 
as a whole ") it becomes clear that the changes have been induced by the direct effect 
of the current. For example, the oxygen content of the water (see HUBAULT, 1927, 
pp. 192-224), which is another main factor in the environment, is dependent to a certain 
extent on the rate of flow of the current. If one were only to take into account the 
modifications of the respiratory organs in the fauna of the torrents, he would un- 
doubtedly find that these animals cannot exist without a high percentage of oxygen. 
It is known, however, that the respiratory organs tend to be greatly reduced in well- 
oxygenated waters (DODDS and HISAW, 1924), and once the organs are reduced the 
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animals can only exist in waters with a large quantity of oxygen. This can be verified 
by keeping hill-stream animals in captivity: they die after a short time. Some of the 
hill-stream animals, such as Rhithrogena, funnel-mouthed tadpoles of Megalophrys, 
and certain species of Glyptosternurn, have secondarily taken to life in slower waters, 
and consequently have either gradually re-developed their respiratory organs or have 
enlarged the existing ones. 

It may, however, be remarked that the current at the bottom and the sides is much 
less than that in mid-stream where the maxinmum velocity occurs at about 0 4 of the 
depth from the surface, and probably there is a corresponding deficiency in the per- 
centage of the oxygen both at the bottom and at the sides. The shallowness and low 
temperature of the water are other physical factors which influence the fauna. The 
salts dissolved in the water may have considerable bearing on the nature of the fauna, 
but I have not studied this in detail. 

Among the biological factors attention may specially be directed to the nature of the 
food available in the hill-streams. It consists of alga and slime, covering rocks and 
stones, or of micro-planktonic organisms in the current. Special modifications of the 
mouth-parts have been induced by the necessity of feeding on both these types of 
food. The encrusting food has either to be scraped away from the substratum or 
the animal has to gather micro-organisms from the currents. Some insect larvaw- 
Hydropsyche, for example-manufacture web-like structures to strain organisms out of 
the current. There are very few predaceous animals in the torrent fauna. Certain 
insect larvae, Perlids and Caddis-worms, and fish feed on insect larvae, chiefly Epheme- 
roptera, Chironomids, etc. 

As regards protection, the narrow crevices among rocks and stones provide enough 
shelter. Most of the animals live under stones or in vegetation; all of them are 
positively statozoic, and most of them are negatively heliozoic in their behaviour (see 
HUBAULT, 1927, for tropisms, pp. 223-278). Only a few forms live on the upper surface 
of rocks, and are thus exposed to a strong light in shallow and clear waters. 

In general the eggs of these animals are relatively large, and are laid in sheltered places 
in the water, and the larvae gradually invade the swift part of the current. The larvae 
from large eggs hatch out at a fairly advanced stage, so that they are capable of resisting 
the adverse effects of the environment to a certain degree. In an environment which 
is unfavourable for the free development of the young ones, the animals have responded 
by increasing the size of the egg. I have given these details because recently NOBLE 
(1927, p. 39) has denied that the large size of the egg is of any advantage to the swift- 
water dweller. 

Classification of Habitats. 
PEARSE (1926, p. 17) has classified the animals of rapidly flowing streams into two 

associations-animals of springs and animals of brooks ; but since he " feels that from a 
biological point of view streams are more naturally distinguished as swift or sluggish" 
(p. 1 88), it appears to me that his classification is arbitrary. I think it is better to divide 
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the animals of this environment according to the strength of the current which they 
inhabit. PEARSE has classified the animals of the brooks into seven "strata,"* but in 
view of my observations I propose to modify them as follows: 

REALM. FRESHWATER ANIMALS. 

PROVINCE. ANIMALS OF FLOWING WATER. 

FORMATION. ANIMALS OF RAPIDLY FLOWING STREAMS. 

AssoCIATION (a).-Animals of pools and sides of streams. 
ASSOCIATION (b).-Burrowing animals. 
AssoCIATION (c).-Swimming animals. 
AsSOCIATION (d).--Swift-current inhabitants. 

SUB-ASSOCIATION 1.-Plant-inhabiting animals. 
Stratum (i).-Root-inhabiting animals. 
Stratum (ii).-Animals entangled in the plants. 
Stratum (iii).-Animals on the plants. 

SUB-ASSOCIATION 2.-Rock-inhabiting animals. 
Stratum (i).-Animals on exposed surfaces. 
Stratum (ii).-Animals on underside of rocks. 
Stratum (iii).-Animals among pebbles and shingles at the bottom. 

It should be remembered that there are no hard and fast lines between these divisions, 
and that generalised animals are sometimes found in more than one habitat. In the 
case of the highly specialised animals, such as the Blepharoceridie, the habitat is 
absolutely fixed, and such animals cannot exist in any other environment. 

I have divided the animals of the rapidly flowing streams into four associations, 
mainly on the nature of the current affecting them. The fauna of the pools and the sides 
of the stream lives in a gentle flow of water, or in some cases in almost stationary water, 
but in this environment it has the advantage of a cold and well aerated medium. Food 
is carried to the animals by the current, or in a gentle flow of water the dead organisms 
tend to settle down at the bottom and form the food of the majority of the pool- 
dwellers. The second association comprises burrowing animals such as dragonfly 
larvee (Gomphinae) and Mayfly larvae (Palingenia and Polymitarcys). These are not 
affected by the swiftness of the current, but possess all the advantages of life in rapidly 
flowing water, such as abundance of oxygen and food, and security from enemies. 

There are few animals that can swim against a swift current, and except for a few 
species of fish I do not know of any other animal that could be included in this associa- 
tion. After travelling for a certain distance these animals get into deep pools, and then 
they can be considered as members of the first association. 

* While discussing brook-inhabiting animals on p. 191, PEARSE gives wrong references to the various 
"strata." He seems to have confused this habitat with the one preceding it, for his references agree 
with those of the " strata " of the animals of the springs. 
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It is with the permanent inhabitants of the swift currents that I am mainly concerned 
in this paper. Most of them are provided with means to stem the current, and I have 
classified these animals into various " strata " according to the nature of their adhesive 
devices. The bed of a hill-stream consists of loosely placed stones resting on a bottom 
of pebbles and shingles (in some cases there is a sandy bottom). On the leeward side of 
larger rocks aquatic vegetation is found, in the form of tufts of mosses or flowering 
plants of various kinds. The inhabitants of the swift currents can be div'ided into 
two sub-associations, namely, the plant-inhabiting animals and the rock-inhabiting 
animals. This division is very natural, and a collector is greatly impressed by it. For 
instance, in the two photographs on Plate 16, superficially the environmental factors 
appear to be more or less similar, but in the case of the Pun-Wa-Sherra stream (lower) 
the rocks in the stream-bed and forming the lips of falls are bare, while the rocks in the 
neighbourhood of the sacred fall of Dhud-Dhara (upper) are covered with a carpet of 
mosses. Consequently, in the former habitat the lips of falls harboured Blepharocerid 
larvae and nymphs of Iron and Bcetis, while in the latter habitat the fauna was richer 
and more varied and chiefly consisted of clinging larvae of the Chironomidae and the 
Ephemeroptera. No flattened larvse of the Iron type were found here. This shows how 
the distribution of the fauna is influenced by the nature of the bed. 

The vegetation in the stream-bed consists of mosses and flowering plants, such as 
Eriocaulon miserum, Hydrobryum lichenoides, Diercea wallichii, etc. (common in the 
Khasi Hills); the latter have thin and elongated leaves, and offer little resistance to the 
current. By the impact of the current the plants are bent in the clirection of the flow : 
they are thicker near the root-end and taper towards the free end. Thus a stream-line 
form is presented to the current. All the animals living in plants have one character in 
common, and that is, the torpedo-like shape of the body. Since the current flows on all 
sides of these animals, such a form is well adapted to offer minimum resistance (p. 253). 
There are three types of animals living among plants. There are animals-such as 
the funnel-mouthed tadpoles of Megalophrys and Tipulid larva-which live securely 
entangled among roots and bases of stems. They lie free in such habitats, and are 
probably not affected by the swiftness of the current. They are not provided with any 
elaborate devices for fixation. They possess hydrostatic organs, so that when disengaged 
from their habitat, they are lightly carried by the current and their buoyant bodies 
save them from injury. The second category includes animals, such as Nephelopteryx, 
[lelodes, Phalacrocera, Gammarus, etc., that live entangled among the leaves and stems 
of plants. These organisms are provided with hook-like processes on their bodies and 
limbs which serve to anchor them among plants. The third type comprises those 
animals that live on the exposed surfaces of plants, such as the larvae of Simulium and 
Chironomids. 

The rock-inhabiting animals can be divided into three " strata " according to whether 
they live above or below the rocks or at the bottom of the stream among pebbles and 
shingles. Those animals that live on the exposed surfaces of rocks are of two kinds, 
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readily recognised by their form, which depends upon their mode of attachment. Those 
that cling to the rocks by means of claws on the legs (Bcetis larvae), by the grappling- 
hooks at the posterior end of the body (larva of Simulium, Chironomids, etc.), or by 
both of these (Caddis-worms), swing about freely in the current anchored by these points 
of attachment, and consequently they have a torpedo-like, stream-line body; whereas 
those that adhere to rocks by means of the frictional pads on their ventral aspect are 
flattened and scale-like (Iron, Psephenus, etc.). The animals of the bare rocks can be 
further divided according to their power of resistance to the current. For example, the 
Blepharoceridme and certain species of Iron and Bcetis are capable of living in very wild 
waters, while most of the other fauna inhabits moderately strong current. The 
animals living on the under side of rocks are all flattened (Perla, Iron, Psephenus, etc.). 
They adhere to the rocks by closely applying their ventral surfaces to them; the 
depressed form of these animals further enables them to seek shelter in narrow crevices. 
In the case of the bottom-inhabiting animals the current is a negligible factor, and 
consequently the animals possess the same type of form as their allies of the sluggish 
waters. They show adaptations to the high percentage of oxygen and the type of food 
available in these streams. 

Properly speaking, there is no surface fauna or planktonic fauna in this environment. 
A large number of micro-planktonic organisms are found helplessly drifting with the 
current, and constitute a great portion of the food supply of the torrential fauna. 

BIOLOGY OF THE TORRENTIAL FAUNA, with special reference to the organs of 
attachment. 

In studying the animal life in torrential streamns of India, special attention has been 
paid to the insects and the vertebrates. 

INSECTA. 

'There are nine orders of insects whose representatives in some sta,ge are found in 
water, and it is worthy of record that all of them are met with in greater or lesser 
numbers in clear and rapid-flowing waters. These insects belong to the orders 
Plecoptera, Odonata, Ephemeroptera, Illemiptera, Neuroptera, Trichoptera, Lepi- 
doptera, Coleoptera and Diptera. 

Plecoptera.* 

During the course of my extensive touring I have found that nymphs of the Perla 
type (probably Neoperla) are quite common in the swift-flowing Himalayan streams. 

* Prof. J. A. LESTAGE has very kindly read through the section, and for this my best thanks are due 
to him. 
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Their elongated and greatly flattened body is modified to present a streamn-line form 
to the current, and to offer as little resistance as possible. The movably articulated 
paired claws help the animal to hook itself on the substratum. Besides these devices 
the nymph is further provided with a series of strong, backwardly directed spines in the 
various regions of its body, and these enable it to maintain its position in narrow 
crevices among stones. The nymphs usually lie with their heads pointing upstream, 
their broad femora directed obliquely backwards and their tibiae pointing forwards and 
lying for a part of their length in the grooves on the femora, to be noticed shortly. To 
follow the arrangement and utility of these spines, I propose to describe them as they 
are distributed on the different parts of the body. 

Ventral Surface of Head and Body.-The ventral surface of the head and of the three 
thoracic segments is smooth, except for irregular patches of fine, black, hair-like 
processes. But along the posterior borders of all the abdominal segments strong, 
chitinous, and backwardly directed spines are present. On the first abdominal 
segment they are restricted to the lateral borders, but their extent progressively increases 
towards the median line in the posterior segments. On the last two or three abdominal 
segments they occupy the entire posterior border. The lateral spines are the longest 
and strongest, but towards the median line they become gradually shorter and weaker. 
This, however, does not apply to the last few segments, where the spines are of a more 
or less equal length throughout except for those that are situated at the extreme ends ; 
these are better developed than the others. The whole of the ventral aspect of the 
abdominal segments is covered with fine hairs and bristles which are directed backwards. 
The intensity of growth of these structures increases with the distance from the anterior 
end. The margins of the podical plates are provided with long spines, and their 
general surface is thickly covered with bristles. 

In all the hill-stream animals there is a strong tendency to apply their ventral surfaces 
to the substratum as closely as possible, and this would necessitate the perfect smooth- 
ness of the parts of the body that come in close contact with the rocks. The arrange- 
ment of the spines described above affords clear indication as to how much of the ventral 
surface of the animal is closely applied to the rocks. The backwardly directed spines 
in the other region would naturally prevent the animal from slipping backwards. It is 
also obvious that the nymph cannot move backwards with its body closely pressed to 
the substratum, though a movement in the anterior direction presents no difficulty. 
Usually the nymphs raise their bodies on their legs well above the substratum when 
making their quick movements. 

Dorsal Surface of Head and Body.-On the dorsal surface of the head and the thoracic 
segments is a characteristic pattern which is partly formed by areas of black, short, 
hair-like spines. As a general rule these spines are directed backwards, but here and 
there are patches in which the spines are directed laterally. Along the margin of the 
head and the thoracic segments, and also on any prominences on these parts, the hair-like 
spines are replaced by strong, chitinous spines. In the region of the head they are 

VOL. GCXVIII-B. 2 B 
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present along the lateral borders and along the posterior ridge of the orbit. Besides 
the spines on the lateral and the posterior borders of the thoracic segments, the anterior 
borders of the second and the third segments are provided with a row each of these 
strong spines which is interrupted in the middle. On the lateral flaps of the thoracic 
segments the " hairs " are longer, and there are also backwardly directed spines wllich 
do not shiow any definite arrangement. The posterior borders (Plate 17, fig. 1) of 
the abdominal segments are provided with long, chitinous, strong spines, and all of these 
are sharply directed backwards. They are continuous along the dorsal surface, and 
laterally with those that have already been noticed on the ventral surface. When an 
animal is examined either from above or from below, the spines are seen projecting 
laterally and backwards along the sides of the body. The general surface of the 
tergites is covered with long bristle-like structures. 

The dorsal surface is better equipped with anchoring devices than the ventral surface. 
The necessity for this becomes obvious when it is remembered that these nymnphs live 
on the under side of stones, which lie superposed oni one another in the stream bed, and 
provide narrow channels for the water to flow, and in this position their dorsal sides are 
directed towards the bed of the stream, and have therefore to withstand the rapidity 
of flow. The under surface has, moreover, to be smooth, so that the animal can adhere 
firmly and closely to the substratum. In narrow crevices the utility of the spines along 
the lateral borders is obvious. 

Legs.--The coxa and the trochanter are short and stumpy, and are immovably 
joined together, and the latter is fused to the femur, an arrangement which makes this 
portion of the leg rigid. The femur is greatly flattened and is very stout and well 
developed. The ventral surface of the coxa is smooth except for a few fine hairs; the 
trochanter possesses a row of backwardly directed spines along its anterior border. 
The ventral surface of the femur in its proximal half is covered with short and delicate 
spines whiclh are directed backwards and outwards; at its extreme distal end there is 
a crown of strong, backwardly directed spines, and both its borders are provided with 
long, backwardly directed spines, those along the mesial border being longer and 
stronger. The tibia is also flattened and is smooth on the ventral surface; it possesses 
a row of distally directed spines along its mesial border and a crown of spines at the 
distal end ; of the latter, two are specially modified and claw-like. The tarsus is smooth 
and ends in a pair of strong, highly chitinised and movably articulated claws. When the 
leg is examined from above it is found that the coxa, trochanter and femur are provided 
with fairly strong, backwardly directed spines on the general surface ; there is a crown of 
spines at the distal end both of the coxa and of the trochanter. On the femur the 
spines are better developed in the lateral regions (Plate 17, fig. 2), and it is worth noticing 
that in this aspect there is no crown of spines at the distal end of the femur. The tibia 
possesses a row of spines, along the mesial border, and there are a few at the distal end 
also. Besides the strong spines, the position of which is indicated in the above descrip- 
tion, the dorsal surface is densely covered with black, hair-like growths which are 
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directed backwards. The whole of the posterior border of the appendage is covered 
with long natatory hairs.* 

The femur is grooved on the under side along the distal half, near the outer border, for 
the reception of the tibia, which in the natural position is directed forwards. It is a 
device to present a solid structure to the current and to expose as little of the surface as 
possible. Along the border of this groove strong backwardly directed spines are present. 
The complicated arrangement of the spines on the leg indicates the direction of the 
flow of the current, and their direction in the various parts indicates the positions of 
the different parts of the body as they rest in nature. There appears to be a close 
adjustmenit between these spines and the flow of the current. 

Anal Cerci.-Each segment of an anal cercus telescopes into the one preceding it, 
but at the exposed posterior border of each there is a crown of backwardly directed 
strong spines. In the proximal region these spines are present only on the dorsal 
surface, but they encircle the whole of the segment in the distal region. 

I have here described in detail the organs of attachment of the nymph of the Perla 
type, which is a very highly specialised organism for life in torrents. In somewhat 
slow-running streams are found small stone-fly nymphs of the Leuctra. type which are not 
so greatly flattened. In these forms the anal cerci and the antennae are greatly elongated, 
and are provided with circlets of spines which help to anchor the animal. 

Among Plecoptera, as is also seen among the other animals inhabiting torrents, the 
body is either greatly depressed or has become cylindrical. Both forms appear to be 
equally well adapted to present a stream-line to the rushing water. The former type is 
represented by the Perla-like nymphs already discussed, the latter by the nymphs of 
Nephelopteryx. 

The nymphs of Nephelopteryx live among mosses growing over rocks and boulders 
in a rushing torrent. Such growth is usually present on the leeward side of the rock, 
and is being constantly swayed from side to side by the eddies of the current flowing over 
it. The nymphs live in such situations by taking hold of the plants with the help of 
their powerful claws, which are denticulated. As a reaction against the constant tearing- 
away force of the water the legs are thin and long. They enable the animal to sway 
from side to side without actually loosing its hold on the moss. The most characteristic 
feature of these nymphs is the series of backwardly directed carinate processes on the 
back. These structures have been used by some authors to distinguish species of the 
genus, but their true biological significance has only recently been understood. LESTAGE 

(1920) at first thought them to be functionless structures secondarily acquired, but 
HUBAULT and LESTAGE (1925) referred to the true function of these structures for the 

* IMMs, in his 'Text-book of Entomology,' gives a sketch of a nymph of Pei-la sp. (p. 246, fig. 257), in 

which he shows the natatory hairs as situated along the posterior border on the first leg and along the 

anterior border on the other two pairs of appendages. This is obviously incorrect. A similar wrong figure 

of Perla abdominalis is published in Dr. E. ROUSSEAU'S 'Les Larves et Nymphes Aquatiques des Insectes 

d'Europe,' p. 293, fig. 80A (1921). 

2 B2 
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first time. HUBAULT, in his more comprehensive work (1927), makes the following 
interesting remarks about the adaptations of these larvae: "Nephelopteryx, avec ses 
pattes assez gr8les, ses longues antennes, ses cerques developpes, les dents prononcees 
de sa forte carene dorsale, presente avec l'Hypnacee un certain mimetisme, semblable a 
celui des Caprelles dans les Floridees marines." Indeed, the presence of similar hooking 
structures in Caprella and in Nephelopteryx shows how similar structures are sometimes 
developed by widely different animals in response to certain common factors in their 
environments. This problem is discussed later (p. 264). 

The adult stone-flies do not go under water for the purpose of egg-laying, though 
some are known to sit at the edge of water and dip their hinder end, from which they 
shake off the egg masses. Generally the eggs are dropped in water by the insect half- 
running, half-flying over its surface. The eggs are mucilaginous and stick to stones in 
swift currents. Eggs of certain species are provided with rope-like structures, which 
are shot out when the egg comes in contact with water (SCHOENEMUND, 1924, pp. 29, 
30). These structures become entangled in stones and weeds and help to anclhor the 
eggs. Eggs of certain other species, such as Perla maxima (SCHOENEMUND, op. cit.), 
are provided with spine-like outgrowths which have been ternmed " canals " by SAMAL 
(1923) and SCHOENEMUND. These spines are re-curved and are found in pairs in small 
pits, or are arranged in a single row in the middle of the egg. Their arrangement 
varies in different species. SAMAL (1923, p. 244) remarked: " Quel rOle jouent ces 
canaux? Peutetre, pourrait-on les considerer comme des appareils respiratoires de 
l'ceuf " I believe that these spines enable the mucilaginous eggs to anchor themselves 
more firmly to rocks in rapid-flowing water. In swift currents a reduction of the 
respiratory organs takes place on account of the richness of the oxygen in the water,* 
and it is hardly possible that these tiny eggs have developed these spines for the purpose 
of respiration. 

Odonata. 

According to TILLYARD (1917, P. 328), larvae of the Epallaginae, Megapodagrioninse 
and Protoneurinae are commonly met with on rocks in swift cutrrents, while those of 
Aeschninme, Corduliinae and Calopterygina3 are less frequently met with in such situations. 
To this list may be added Ictinus (Gomphinae) and Zygonyx (Libellulinae), which are 
actual waterfall dwellers in India. About the habitat of the latter, FRASER (1927, p. 763) 
remarks as follows: " They deposit their eggs in the deeper pools occurring in the 
course of their parent streams, and not even the terrific scouring of the monsoon waters 
dislodges the larvae from their original birthplaces. I have seen exuvia clinging to 
rocks beneath high waterfalls, where a week before it seemed inconceivable that any 
living organism could survive the rush and weight of water." In the typical larvee of 
this habitat the body is broad, short and thickset, and the legs are muscular. The 
Corduliinae are bottom dwellers in slow-running waters, and are consequently flat- 

* DODDS and HISAW, 'Ecology,' vol. 5, pp. 262-271 (1924). 



AND EVOLUTION OF THE TORRENTIAL FAUNA. 183 

bodied. Some representatives of this family have invaded the bare rocks in swift 
currents, and they resemble the typical, limpet-shaped inhabitants of this region. The 
Aeschninee and Calopteryginee are commonly found among weeds and possess long and 
slender bodies and legs. Those that have taken to life on bare rocks possess the same 
general form, and cling to rocks by means of their strong grappling claws, their long 
and slender legs permitting a certain amount of swaying movements caused by ripples in 
the current. These larvae can be compared with the Ephemerid larvae of the Bcetis 
type in their general form and the mechanism of attachment (p. 192). 

Through the kindness of Lieut.-Col. F. C. FRASER, I have examined the larvae of 
Ictinus and Zygonyx. They belong to two different families, but owing to the similarity 
in habitat they have converged so much as regards their general build that it is difficult 
to distinguish them readily, and even an expert Odonatologist may be deceived. Both 
of these are representatives of bottom-dwelling families. According to FRASER (op. cit.), 

these larvae are adapted to live in strong currents on account of their shape (Plate 18, 
fig. 5), " the ventral surface being very flat and broad, the dorsum sharply keeled and 
stream-lined, and rising steeply like the ridge of a tent. Apparently by applying the 
flattened ventrum to rocks, and possibly contracting the ventral plates, they exert a 
vacuum, limpet-like suction, which holds them firmly anchored." I have not seen these 
larvae in a living condition, but the examination of the preserved material shows that no 
vacuum can be created on the ventral aspect of the animal. The abdominal region has 
assumed an oval, disc-like form, and most of the segments are provided with a pair of 
transversely elongated and narrow pads on their ventral aspect (Plate 18, fig. 5). When 
magnified each pad is seen to consist of short, stout and backwardly directed spines. 
Undoubtedly the spines help to increase friction, and under the pressure of the current, 
which is advantageously utilised on account of the stream-line form of the dorsal 
surface, provide the animal with an efficient non-slipping device. The strong claws on 
the legs are also very useful for fixation. 

As has been indicated above, the weed-dwelling larvee of fast currents are generally 
of a slender build and are elongated; they are also characterised by the possession of 
long, spidery legs. According to TILLYARD, the Aeschnina3 and the Synlestinse are the 
commonest inhabitants of this environment, though the larvae of Calopteryginae, Lestinae 
and Agrioninae are also met with in such situations. Attention may here be directed 
to two different looking larvae, e.g., Macromia ida (Libellulinae) and Matrona basilaris 
(Calopteryginae). The Libellulinae are bottom inhabitants, and consequently possess 
a greatly flattened body. In Macromia ida the depressed form of the body is further 
modified so as to offer less resistance to the current, and for the purpose of attachment 
the legs are greatly elongated and strong claws are developed. In Matrona basilaris 
the body is long, thin and attenuated, resembling a stick-insect in form, a shape which 
is admirably adapted for offering small resistance to the current. The long, spidery 
legs of both the forms are developed for anchoring the animals in weeds, where they 
are constantly swayed from side to side with every eddy of the current. The long legs 
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are well adapted to bear the force of the current by bending before it without eitlher 
breaking or loosing hold of the substratum. 

Ephemeroptera.* 

I propose to discuss the nymphs of the three families, of which two-Heptageniide 
and Beetida-are well represented in the fauna of India, while the remaining family, 
Prosopistomidee, is known to me only through examination of preserved material. 

Most Mayflies drop their eggs on the surface of pools in the course of a rapid current, 
and only once have I noticed the females under submerged stones in a gentle flow of 
water at Benhope, in the Nilgiris. Several instances of the females entering water 
for the purpose of laying eggs lhave, however, been recorded (EATON, 1865, SLADE, 1904), 
and among hill-stream insects it does not appear to be a rare occurrence. 

The eggs of the Ephemeroptera are of various shapes and sizes, and are provided with 
peculiar devices by which they can anchor themselves in flowing water (BENGTSSON, 
1913, PERCIVAL and WVHITEHEAD, 1928). All the eggs are viscid. " When laid in 
dishes they adhere to the bottom, so do those of BTetis to stones. When twigs or alga- 
are introduced, they become attached to them. There are two kinds of structures found 
upon them-micropylar structures and knob or thread-like extensions of the chorion- 
both of which are important to the egg, and there is also a variety of chorionic sculptur- 
ings which have no apparent significance " (Miss MORGAN, 1913, p. 398). The thread- 
like extensions of the chorion, which originally lie coiled up, are shot out as soon as they 
come in contact with water, and by entangling themselves in pebbles or weeds securely 
anchor the eggs in flowing water. In certain eggs the threads at their terminations 
carry viscid discs for attachment. The hook-like projections and different types of 
chorionic sculpturings of certain other eggs are useful for increasing friction, and tllus 
they materially contribute to the ultimate fixation of the eggs to the substratum. 

Heptageniidce. 

In the nymphs of this family the body is dorso-ventrally flattened, the ventral surface 
is flat and the dorsal profile is arched gently in stream-lines. The head is broad and 
ellipsoid and more or less spatulate. The outline of their profile is thus admirably 
adapted to afford little resistance to a rapid flow of water so long as they remain with 
their heads pointing upstream, the habitual attitude of all when at rest. The legs are 
robust and flattened, and can be closely applied to the substratum. They are provided 
with powerful terminal claws. The gill lamellae are modified in certain genera to form 
organs of attachment. The anal cerci are well developed, and in some species are utilised 
for increasing friction. 

* I am greatly indebted to my friend and colleague Dr. B. N. CHOPRA for the identification of the 
Ephemerid nymphs. Prof. J. A. LESTAGE has very kindly read through this section and has made valuable 
suggestions; my best thanks are due to him. 
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In the hill-streams of India I have collected nymphs of Ecdyonurus, Epeorus and 
Iron,* and have examined a few specimens of Heptagenia and Rhithrogena, kindly 
given to me by the British Museum and by Mr. E. PERCIVAL, of the University of Leeds 

The members of this family are usually divided into two subfamilies (LESTAGE, 1917), 
Rhithrogeninae, including Rhithrogena and Iron, characterised by the great development 
of the first pair of gill lamellee, which are dilated and continuous on the ventral surface 
of the body, and Heptageninae, including such forms as FIeptagenia, Ecdyonutrus, Epeorus, 
etc., characterised by the first pair of gill lamelle being simple and placed widely apart. 
HUBAULT (1927, pp. 111-118) has doubted the validity of such a classification, and by a 
series of convincing arguments has demonstrated that Epeorus and Iron are intimately 
related,t and that the classification that aims at keeping these two closely allied forms 
in different subfamilies must be considered as faulty. HUBAULT, in his turn, has re- 
arranged the genera of this family on the basis of the number of caudal setae. He 
proposes a subfamily Epeorinae for Epeorus and Iron, in which the median tail seta is 
absent, and a subfamily EcdyonurinaT for Arthroplea, Heptagenia, Ecdyonurus and 
Rhithrogena, in which three well-developed caudal setae are present. According to this 
author, Rhithrogena affords a connecting link between the two subfamilies in so far as it 
resembles Ecdyonurus in its general aspect and Epeorus in the structure of the mouth- 
parts. 

According to EATON (1883, p. 8), " Much diversity is exhibited in the number and 
relative proportions of the caudal setae." The same author (p. 17), while discussing 
characters which have been used as bases of classifications but which are not funda- 
mental, points out that the number of caudal setae is a very unreliable character even for 
distinguishing genera very intimately related to each otlher. It varies with sex as in 
Polymitarcys, and even with individuals of the same species, for example, Atalophlebia 
australasica. It is clear from above that even HUBAULT'S classification is open to 
criticism, for it is possible to show that the gill lamellw and the caudal sete are adaptive 
characters liable to be greatly influeniced by the factors in the surrounding medium. 
The variations in them are due to the strengtlh or slowness of the current. Before 
discussing further the relationships of the various genera of the family Heptageniidwe, 
I propose to give biological notes on themn. 

The nymphs of the genius Ecdyonurus are found in the hill-streams of India under 
stones in clear and moderately rapid-running waters. The adaptations for maintaining 
their hold in swift currents are similar to those exhibited by the nymphs of the Perla 
type (p. 179). The nymphs of Ecdyonurus are, however, better fitted to live in torrents 
than the Perlid nymphs. The body is more flattened, the ventral surface is perfectly 
smooth, and the spines along the posterior border of the dorsal surface of each abdominal 

* In the 'Rec. Ind. Mus.,' vol. 25, p. 598, fig. 3, I published a figure of a species of Iron and erroneously 
called it a Perlid nlymph. This figure is, however, the first record of the occurrence of Iron in India. It 
is a very widely distributed genus in Indian waters. 

t Prof. J. A. LESTAGE informs me that the " Iron" of HUBAULT is an Epeorus. This would explain the 
difficulty in distinguishing between the larvae of these two genera. 
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segment, so characteristic of the Plecoptera, are represented by small distally directed 
processes. The femora are blade-like, with their ventral surface smooth and the dorsal 
surface covered with numerous backwardly directed spines. The spines are better 
marked along the outer or anterior border of the femur, wllile from the posterior border 
issue long, bristle-like lhairs. The femur is grooved along the outer border for the 
reception of the tibia, which is long and slender, and is armed with a few backwardly 
directed spines. The tarsus, which is similar in form to the tibia, terminates in a 
strong claw. The anal cerci are well developed, and are provided withl circlets of 
distally directed spines. 

The gill lamellae recline obliquely at the sides so that their ventral surfaces touch 
the substratum. Each gill lamella is somewhat thickened along the inferior margin. 
By the application of this additional callous surface to the substratum the area of 
adhesion is increased. These callosities are better marked on the median lamellea, 
which are longer and broader than the others. 

The nymphs of Heptagenia are similar to those of Ecdyonurus, and in certain cases 
the resemblance is so close that they can be hardly -distinguished. In the former the 
lamellae are narrowly lanceolate and do not help to support the animal on the sub- 
stratum. So far as the form of the body and the legs is concerned, Heptagenia shows an 
advance on the Ecdyonurus type, as also in the fact that the spines on the posterior 
border of the segments on the dorsal surface are still further reduced. The nymphs of 
Heptagetia have failed to utilise their gill lamelloe for the ptirpose of adhesion, and thus 
the advantage gained in the flattening of the body and the legs is counterbalanced. 
The Ecdyonurus and the Heptagenia nymphs have been modelled along slightly different 
lines to withstand an equally swift current. Heptagenia appears to have reached the 
climax of modification along its line, while the gill lamellke of Ecdyonurus, by further 
modifications, have been instrumental in the production of the highly modified genera 
of Heptageniidee. It will be shown presently that the function of attachment is being 
gradually shifted from the legs to the gill lamelle. Such a change of function is a 
common phenomenon among living organisms. 

I have collected large numbers of the nymphs of the genus Epeorus in different parts 
of India, notably in the Kangra Valley (Western Himalayas), at Pashok (Eastern 
Himalayas), at Dumpep (Khasi Hills), and in a rapid stream below Silver Cascades in 
the Palni Hills, South India. These insects are usually found under stones in rapid- 
running current, but at Dumpep I found them to occur in great numbers in deep water 
on the bare surface of boulders. They are very agile in their movements, and it was 
difficult to catch them in deep water. On the least disturbance they seek shelter under 
rocks. Their ventral surface is flat, and can be closely applied to the substratum. 
The dorsal surface is of the same colour as the rock on which they rest. They were only 
observed to crawl on rocks, and were not noticed to swim. Out of a great variety of 
these insects in my collection, I select for reference the nymphs collected in a small, 
clear and rapid-runnTing stream below Dumpep, Khasi Hills. 
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The body and legs are moderately depressed, the ventral surface is smooth, but the 
dorsal surface bears the usual spines. In the mid-dorsal region each abdominal segment 
bears two posteriorly directed spines. The dorsal surface of only the fem-ur anld tibia 
possesses short, backwardly directed spinies, while the entire venltral aspect of the leg 
is covered witlh fine, needle-like, backwardly directed spines. The anal cerci are also 
covered with distally directed spines. All these spinies help inl increasing friction between 
the animal and the substratum. The surface of contact of the aniimal vith the sub- 
stratum is increased by the close application of the inferior borders of the gill lamellae, 
which reclinie obliquely at the sides and are more or less broadly ovate or sub-acute in. 
form, each overlapping the one behind it. The lamellwe of the first pair are of a different 
shape, and are situated widely apart. The lamelle are so arranged in Epeorus that they 
form complete borders at the sides and prevent the water from going under the animal; 
but the water can get in at the alnterior end on account of the gap between the lamellse 
of the first pair. The lamellae of the seventh pair are laterally placed so that there is a 
chanlnel for the water at the posterior end also. 

The outer or the inferior border of each lamella, except the first, is thickened, and 
for a greater part of its length bears a spinous pad (Plate 17, fig. 3). Eacl spine consists 
of a long and strong basal portion and of a sharp, hook-like curved apical portion. In 
the anterior region of the pad the basal portions of the spines are directed forwards, 
but their apices are turned backwards, thus enabling the animal to withstand the push 
from the anterior end. In the posterior region of the pad, as also along its inner border, 
the spines *are directed outwards and their curved apices point inwards. This is a 
device to withstand the rush of water from the sides. The direction of the spines in the 
initernmediate region is differenit at different places, but on the whole the arrangement of 
the spines is such that the tearing-away action of the current on the stream-line formu 
is resisted from all sides. The backward push of the current at the anterior end is 
resisted by the backwardly directed spines, and the lateral force of the current is resisted 
by the inwardly directed spines. Along the outer margin of the pad- there are simple, 
backwardly directed stout spines. The spinous pads of these insects thus form a 
marvellous friction device. 

The first gill lanmella (Plate 17, fig. 4) differs both in shape and in function from the 
rest. At the anterior end it is produced into a winig-like expansion which lies below the 
base of the third leg. At the base of this expansion lies a thickened band of chitin, 
wlhich in form and position corresponds to the thickened spinous pads of the remaining 
lamellae. It may be considered as a rudiment of the once spinous pad, and its position 
indicates the former anterior limit of the first lamella beyond which extension has taken 
place so as to form a barrier to the flow of water from the anterior end. The first 
lamella is thin, and bears a small pad of hooked spines on the inferior edge at the posterior 
end. 

When this insect is examined in the living condition it is noticed tllat the thickened 
portion of the lamella is closely applied to the sbstratum, while tlhe upper free portion 

VOL. CCXVII.-iB. 2 a 
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is kept in a rapid to-anld-fro motion. It is grenerally believed that this process facilitates 
respirationi by shaking the gills; but froiii a study of the hiill-stream fish, where ani 
analogous imiovemenit is performed by the paired finis (p. 235), I lhave come to a differeilt 
conclusioni. It has already beeni pointed out that in Epeorus, water can enter from the 
anterior ciid benieath time animiial, anld there seems to mie no doubt that thle nluoveinenits 
of upper portions of tlle gill lainellu are for the purpose of expelling this leakage water. 
The convergenice betweeni the fish anid the insect larvT in tllis respect is remarkable. 
It is due to the flapping of the free parts of the structures involved, and their consequent 
increase in size tllat ultimately the complete rimn is formed onl the venitral surface of the 
anlimal. 

The difference betweeni Epeorus an-d Iron, as has been showni by H-UBAULT, is very 
simall indeed. If a nymaph of Iron longinanus (DODDS and HISAW, 1924, Plate 2, fig. 7) 
be examined, it seems rather difficult to judge wlhether it should be regarded as Iron 
or Epeorus. The nymplhs of these two genera are separated on the relative positions of 
the gill lamnellue of the first pair; in Ironb they meet in the mledian line, and in Fpeorus 
they are widely apart. Iron (Plate 18, fig. 4) is a North American genus, but in recent 
years a couple of species have been recorded from Europe, one species from China, and 
one from Japan. It is a common genus in India, especially throughout the Himalayas 
and the Khasi Hills. The insects are found under stones in swift currents, though on 
occasions I have found them encrusting the bare surface of rocks. In the Pun-Wa- 
Sherra stream near Dumpep a few specimens were collected from the neighbourhood 
of falls, but they were niot noticed to frequent the lips of falls. DODDs anid HISAW 
have shown that the effectiveeness of the species of Iron to withstand the current is 
determined by the differences in the formatioln of the so-called " sucker " on the ventral 
surface of the anirmal. They hiave indicated a definite correlation betweenl tlle rate of 
flow and the " sucker " of I. longimanus and of an unidetermined species of Iron. 

The frictional pads of Iron (fig. 1) are more extensive than those of Epeorus and have 
assumed a very characteristic form anid structure On the first gill lamella the pad 
is in the form of a narrow strip more or less coextensive with the hairy fringe along the 
outer border, from whiclh it is separated by a distinct narrow channel. Along the 
inner border the pad is produced at intervals into finger-like prominences (fig. 2). 
The niature of the spines is the samle as described for Epeorus. Their sharply curved 
terminal hooks are directed either backwards or inwards, but their direction at different 
regions of the pad is different. The direction is determined by the physical action of 
the current, and everywhere the spines are so placed as to effectively withistand its 
action. The termiinal portions of the spines oni the finger-like projections are directed 
inwards and those in the basal region of the pad backwards. Along the outer border 
there are strong and simple spines directed posteriorly. 

The pads on the remaining gill lamellae are of a somewhat different nature. Each 
pad can be divided into an anterior broad and thickened portion lying obliquely in the 
transverse plane of the animal and the posterior part trailing along the inferior border 
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of the lamella. The latter is similar in structure to the pad on the first gill lamella. 
With the formation of the adhesive pads on the gill lamellee the legs are modified and 
only their claws serve as clinging organs. They are consequently thin and elongated 
when compared wvitlh the legs of Heptagenia and Ecdyonurus. They are somewhat 
flattened to o-ffer less resistance to the current. The femur is covered on the dorsal 
surface with a sparse growth of spines and posteriorly terminates in a dagger-shaped 
process. The cauidal setoe are also provided with backwardly directed spines. All 
these are accessory devices for increalsingy friction. 
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ventral surface of R. aurantiaca (Plate 54, fig. 2) and of Iron sp. (Plate 55, fig. 2) clearly 
indicates in which of the two the disc is better formed on the ventral surface. In 
Rhithrogena the lamnellke are narrower, so that they overlap one another at their distal 
ends only and are not provided with any spinous pads on their ventral aspect, which 
is perfectly smooth. The fibrils of the abdominal tracheal branchia are more extensive 
in Rhithrogena than in Iron, and this fact indicates that the former inhabit less 
oxygenated waters than those in which the latter are found.* Moreover, as is dis- 
cussed further, the presence of three caudal setme in Rhithrogena is an indication that 
these insects live in gentler currents; the general facies of the animal also points 
to the same conclusion. 

There is no doubt that in the family Heptageniidoe evolution had proceeded along 
adaptive lines, but hitherto the significance, the causes, and direction of such a course 
have not been properly understood. Having discussed the chief characters of the various 
genera in relation to environment, it is now possible to correlate them with the flow of 
water, the chief factor in the environment. The development and the consequent 
modifications of the gill lamellae have alreadyjbeen pointed out. The caudal sette under 
normal conditions help the animal in progression and act like the tail fin of a fish. 
The inner margins of the two lateral cerci anid both the margins of the middle cercus 
are beset with long hairs, which meet and overlap to form an oar-like structure. Suclh 
is the condition in the nymphs of Siphlonurus, Ameletus, etc. In the sluggish water 
Heptageniid genus Arthroplea there are three subequal cerci, the inner borders of the 
lateral and both the borders of the median are ciliated. The Heptageniid nymphs are 
not powerful swimmers, but they belong to the crawling type, and therefore the natatory 
organs are not so well developed in them as in Siphlonurus. In Heptagenia the three 
cerci retain the same arrangement of cilia as in Arthroplea. In Ecdyonurus the ciliation 
is less marked, while the cerci of Epeorus and Iron have become glabrous. In Epeorus 
and Iron the median seta disappears. In swift currents the caudal setoe cannot be 
spread out like a fan, but they must be held together so as to carry back a stream-line 
revetment to the extreme posterior end. In this process it is easy to conceive that the 
median seta will be pressed out of existence, metaphorically speaking, by the pressuire 
of the lateral setoe. Moreover, all ciliation along the inner borders of the lateral setae 
will also tend to disappear. Rhithrogena is an inhabitant of moderate currents, and 
the third caudal seta has appeared again to aid in locomotion. To me it seems probable 
that Rhithrogena is derived from Iron. Some individuals of the latter genus took to 
living in pools and regions of moderate currents of the torrential stream. Such a 
reversion of habitat with a corresponding reversion of structures is fairly common in 
the hill-stream fauna, and the resultant animals have so far been a source of great 
confusion. 

It is clear, therefore, that the Heptageniidee should be treated as one homogeneous 
* In swift and well-oxygenated waters the respiratory organs show a tendency towards reduction; see 

DODDS andcIIISAW, 'EcologY,' vol. 5, pp. 262-271 (1924). 
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family and any attempt to subdivide it on adaptive characters is likely to lead to great 
confusion. The probable development and evolution of the various genera under the 
influence of the rapid current is represented in the accompanying diagram (fig. 3). 

Iron, 

+) ~~~~~~~~~~~Ci. riy9inc.. 
Epeorus. 

0 

0 

o / ~~~~~Rhi thr~oye&na. 0 
,I-Ieceqayen.LCL. 

ad Ecdyonurus. 2 

A4rt hro,plea, 

-)Indicates higher oxygen content of water. 

TEXT-FIG. 3.-Diagram illustrating the probable evolution of the Heptageniid nymphs as induced by two 
of the main factors in their environm-tenits. 

Bcetidce. 

The family is divided into several subfamilies whose habits and habitats are very 
diverse. In the swift currents of the Indian hill-streams I have so far collected the 
represenitatives of Beetinae and Ephemnerellinae only, and as the modifications exhibited 
by these two types of nymphs are of a different nature I propose to deal with themn 
separately. 

Btlince.-The Baetinm are abundantly represented in the torrential fauna of India 
by the genus Bcetis, whose small and shrimp-like nymphs are to be commonly found 
in mosses growing in rapid waters. Some have invaded the bare rocks, but the number 
of such nymphs in a particular locality decreases with the increase in the rate of flow 
of the current. Besides the Blepliaroceridae, these are the only insects that can maintain 
their hold onl the lips of falls; but their number in such situations is very small. These 
insects are of active habits, and when disturbed they move sideways, rarely forwards 
and backwards, with great agility, with their heads always directed upstream so as 
to present a stream-line form to the current. The adaptations exhibited by certain 
species of Bvtis for life in swift currents are discussed by DODDS and HiSAW (1924) 
and I am in full agreement with their views and interpretations. 
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Bcetis is as muclh a genus of calm waters as of rapid-running currents. In the sluggish 
waters they are active swimmers and possess a torpedo-shiaped stream-line body for 
cutting through water. The cilia on the three caudal setse are well developed and form 
an oar-like organ of progression. In swift currents, especially. in the species that live 
in mosses, the torpedo-shaped body is retained, for this form is admirably adapted 
for offering small resistance to the current when it acts with equal force on all sides of 
the animal. The legs are elongated and modified for clinging. The tibia and tarsus 
are provided with backwardly directed spines on their ventral surfaces and the leg, 
terminates in a strong and pectinated claw. In certain species the dorsal surface is 
provided. with. a series of backwardly-directed hooks, which enable the animal to anchor 
itself in mosses. These modifications are similar to those found in the Plecopterid 
genus Nephelopteryx (p. 181). IT those species of Bdtis which live on bare rocks the 
body is slightly depressed and the ventral surface is flattened. The femora are also 
flattened and can be closely applied to the substratum. 

The three caudal setw, so characteristic of the sluggish water forms, are reduced to 
two in the swift-current forms. There exists a direct correlation between the swiftness 
of the current and the degree of reduction of the median caudal seta. I shall illustrate 
this point by referring to the three species of Bcetis investigated by DODDS and ITIISAW 
(1924). In sluggish waters the cauidal setee are richly provided with cilia. In B. 
tricaudatus, DODDS, " The caudal cerci have very scant hairs, which do not overlap 
to form a swimming organ" (p. 141, Plate 1, fig. 2); this species lives in currents 
flowing at the rate of 5 feet per second. Bcetis intermedius, DODDS, (P. 142, Plate 1, 
fig. 6), lives in waters flowing as much as 8 feet per second, and in this form the middle 
caudal cercus has become decidedly shorter as compared with that of B. tri- 
caudatus, DODDS. In B. bicaudatus, DODDS, the middle caudal cercus is still further 
reduced and is represented by a small vestige at the anterior end; this species lives in 
places wlhere the water flows at the rate of 10 feet per second. The reduction of the 
median seta is accompanied by a tapering of the posterior end of the body, so that in 
swift currents a stream-line revetment of the body may be carried to the extreme 
posterior en.d of the animal. I have shown a similar series of chianges in the Ilepta- 
geniidae (p. 190). 

Ephemerellince.-The nymphs of this suibfamily, so far as I am aware, have not 
hitlherto been recorded from India. In my collection they are represented by a few 
specimens from the Krelnu Giri Nallah at Dalhousie and the Ravi River at Chamba 
in the Western Himalayas. They possess a depressed and elongate form, and on this 
account it is easy to distin.guish them from the rest of the mayfly larvae. It has, 
however, not been possible to assign them definitely to any genus, though they look 
like Ephemerella. The specimens were collected from underneath stones in swift 
currents. The body is depressed with the ventral surface flat. The femora of the 
first pair of legs are greatly flattened and are provided witlh tubercles on the dorsal 
aspect. The tibia and the tarsus are slender and are serrated along the ventral edge. 



AND EVOLUTION OF THE TORRENTIAL FAUNA. 193 

The terminal claws are stronig aild sparsely (lenticulated. The lateral edges of the 
abdomninial segminents are pectinated Nvith backwardly directed spinies. All these are 
devices by wlicih the nlymlphs are eniabled to maintain their lhold in swift currents. 

LESTAGE hias recenitly (1925) discussed the salient features of this type of niymnplh in 
relationi to its bioinoics. The- m:lost remi1arkable linymphs of tlhis g?roup are those 

of the genus Drunella, whiclh are said to possess "' a sucker on the ventral side of the 
abdomen, formied by the hairy sternia of seven of the abdominial segments. Each of 
these segments bears a dense growtlh of fine hairs, which are slhorter on the median 
portioni and become loniger laterally, where they are situated onl a lowv ridge. Th-e 
sucker is comnpleted anteriorly by a similar hairy ridge, which follows the curved anterior 
margill of this segeymenlt to formi a crescent-shaped area, while on the last two segmenits 
of the sucker the hairs are of about uniform length, and distributed over the entire 
surface of the sternum. This is ail adhesive organi of considerable power, as showin 
by the strength withi wlichl nymiphs adhere to rocks or aquaria, strongly resistin(rg 
efforts to remove them" " (DODDs and HiSAW, 1924, p. 146). 

I have carefully studied the published figures of tlle nymph of Drunella grandis (DODDS 
an1d HiSAW, 1924, Plate 2, fig. 11, anid EATON. Mo1nograph, Plate 39), but am not able to 
make out the mechanism by whiclh a vacuum can be created on the venitral surface so as to 
convert it inito a sucker. Before a vacuum can be formed the water below the animal must 
be pressed out, anid there does not appear to be any device for accomplishing this. 
The arrangement of the spines, on the other hand, suggests that adhesion is effected 
by increasing friction on thte under surface. There is a tenidency towards reduction 
of the spiles at the ailterior end, and this wvould permit the front elnd to be kept as 
close to the substratum as possible in order to prevent the water from flowing under- 
neath the animal. The low ridge at the sides anld alonig the anlterior border of the 
abdomen is developed for thle same purpose. In short, a disc of a somewhat similar 
nature to that of Iron (p. 188) is formed, but the chief point of difference is that the 
gill lamellw, which in Drunella are situated oni the dorsal surface, are not used to increase 
the surface of adhesion. The disc of Iron is more extensive anid elaborate, and is, 
therefore, capable of resisting a very rapid current. Adaptation of the same kind 
has beeni achieved by the nymphs along two different lines, and it is initeresting to 
iote that regular series exist slhowing the various steps in the gradual transformation 
of the animals. Ecdyonurus, Epeorus and Iron form one series in which the gill lamelle 
form adhesive organs, anid the second series consists of the diverse species of Ephernerella 
leading up to Drunella. In the latter series the gill lamellee do not take any part in 
the formation of the adhesive disc, which is formed by the flattening of the body 
alone. 

Remarkable amid diverse types of modifications are founid in the Ephemerellid nymphs, 
but unfortunately their adaptive significance is little realized. For example, LESTAGE 

(1925) says: " Pouxrquoi un milieu identique, uin m&eme genire de vie, un meme regime, 
ont-ils nodel6 tel type autrement que tel autre ? Comment peut-on concevoir le 
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processus de cette evolution ? Voila une question qui restera longtemps encore sans 
r ponse." The wlhole confusion seems to lhave arisen by neglect of the study of tlhe 
various factors in an environment. I lhave iindicated in the beginning how an appareiitly 
"m inilietu identique " can be slhowin to consist of differenit regions lhavling differenit sets 
of conditions in so far as they affect the aniimal life (p. 176). I shall furtlher illustrate 
this point lhere bv referringa to the form of legs and tle disposition of the traclheo- 
brancliiae in the various species of Ephemnerella. 

It has been nloticed by Miss MORGAN (1913) and LESTAGE (1925) that among the 
Epiheinerella nymphs the deniticulation on the claw is inversely proportional to tlle 
depressed form of the femur. For instance, the femur of E. deficiens, MORG., is simple, 
but the claw is strongly pectinated, whereas in E. tubercutlata, MORG., the femur is 
fl.attened, but the claw is simple. It has been shown in several cases that long(, anld 
slenider legs provided with strong and pectinated claws are an adaptation for life in 
aquatic plants in swift currents. The anlimal resists the constant pulling and swaying(, 
miovements by bending anld stretching its legs and by securing a firm grip with the 
pectinated claws. In those nymphs that live on bare rocks the necessity is to keep the 
legs as closely pressed to the substratum as possible, and consequently the femora 
are greatly flattened. The tubercles on the dorsal surface of the femur probably eniable 
the animal to secure a hold in narrow crevices or they help in reducing resistance (p. 255). 
On rocks the tip of the claw is the only part that can be used effectively for gripping, 
and consequently the teeth along its inner miiargin tend to disappear. Thus it is 
possible to correlate the structural differences with variations in environmenlts. 

The tracheo-branchiae are dorso-lateral in position, and in nlymphs living in narrow 
crevices or among miiosses they are apt to be injured. In these forms a protective 
covering is developed for the delicate gills. This tendenicy towards cover-formation 
has been considered to be of great taxonomic importance, and it is on this character, 
in spite of other fundamlental differences, that the Ephemerellinee and the Caenile 
have been considered to be close allies (LESTAGE, 1925). In the two types of nymphs 
the elytroid covering is developed under entirely different environmental conditions; 
in Cwninae it is probably for the avoidance of silt, as in Asellus, whereas in Ephemerel- 
linae it is produced in clear waters to save the gills from mechanical injury. Such a 
covering is developed in widely separated Ephemerid nymphs (NEEDHAM and MURPHY, 

1924), livinig in diverse environmental coinditions, but with the sole purpose of saving the 
gills from injury of any kind. Such a convergent evolution has often baffled the 
taxonomist, and there is nio doubt that the true relationships of the Ephemerellinae 
and Cseninw will become clear only when the mode of life of these aninials is better 
understood. 

Prosopistwntidwo. 
The most remarkable nymphs are those of the genus Prosopistoma, which appear at 

first sight to be small Apus-like Crustaceans, and, in fact, were referred by their 
discoverer to the Branchiopoda. Through the kindness of Mr. L. BERLAND, of r useum 



AND EVOLUTION OF THE TORRENTIAL FAUNA. 195 

National d'Histoire Naturelle, Paris, I have been fortunate to examine a few specimens 
of these curious animals. With the exception of the tail region, the head and body are 
broadly oval in appearance and are greatly depressed. The dorsal surface is convex 
and the ventral is somewhat concave. The slender legs terminate in powerful claws 
and are concealed underneath the body. The organism is thus admirably adapted 
to present a stream-line form to the current (compare its form and position of legs with 
Psephenid larve, p. 204). Forming the margin of the body there is a strong and narrow 
chitinous band, which can be closely applied to the substratum. Internal to the band, 
the surface is covered with small papillae on the ventral aspect, which probably help the 
animal in adhesion. 

The small Coccid-like nymphs of Prosopistoma are found in clear and rapid streams 
generally near the shore and in fairly deep waters (40 to 150 cm.). They live on the 
underside of rocks, hiding in narrow crevices. It is evident, therefore, that these 
animals are not adapted to live in very swift currents. With the help of their fan-like 
tail seta they are able to swim from one place to another with great speed, but their 
crawling movements on stones recall those of bed-bugs. When placed in clear water 
they apply themselves to one another by coiling and curling in various ways and thus 
form small masses. When alarmed they seek shelter under stones with great agility 
(see Psephenid larvae for similar habits, p. 203). The nymphs are known to adhere to 
stones with considerable force and it is difficult to dislodge them (see LESTAGE, in 
ROUSSEAU'S 'Les Larves et Nymphes Aquatiques des Insectes d'Europe,' pp. 179- 
181). 

It has hitherto been supposed that these animals " possess the faculty of adhering 
firmly by suction, like a limpet, to stones " (EATON, 1883, p. 13). I am, however, 
unable to understand how a permanent vacuum can be created on the ventral surface 
of the animal. It seems to me probable that a true sucker is not formed and that 
the adhesion is effected, firstly by the close application of the margin of the body to 
the substratum so that no water can get beneath the animal; secondly, by the stream- 
line form of the animal, which helps to keep the nymph pressed down to the substratum 
by the force of the current, and, lastly, the movements of the retractile caudal cerci, 
which, by pumping out the leakage water from underneath the animal, help to create 
a negative pressure in that region (p. 259). The last suggestion, here advanced for 
the first time, requires further consideration. 

The retractile movements of the caudal cerci (mouvements d'invagination ou 
d'evagination) have been observed by earlier writers, who attributed to them an 
important role in the respiratory mechanism of the animal. According to them, these 
movements are instrumental in creating a respiratory current through the gill-chamber. 
VAYSSIERE (1882), however, showed the futility of this theory by demonstrating that 
these movements had nothing to do with the respiratory current, which had a definite 
entrance and exit. Up to the present no other hypothesis has been advanced to account 
for the characteristic movements of the caudal cerci. It is from analogy, and not 
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from a study of the living organisms, that I have inferred the utility of the movements 
for pumping out the leakage water from underneath the animal. 

Hemiptera. 

My colleagues, Dr. B. N. CHOPRA and Dr. H. S. RAO, directed my attention to certain 
creeping water-bugs of the family Naucoridae, which they had collected in the hill- 
streams of Northern Burma (Myitkyina District and Northern Shan States). The 
insects were found living under stones in swift currents; they are greatly flattened 
dorso-ventrally, are oval in outline anid scale-like in appearance (Plate 18, fig. 2). The 
smooth dorsal surface is greatly arched, and is admirably adapted to present a stream- 
line form to the current and to offer only a little resistance. The legs of the first pair 
are modified to form grasping organs; they are greatly flattened and can be closely 
applied to the substratum. The middle and the hind pair of legs are suited for crawling, 
and it is on these appendages that special frictional pads are developed to prevent the 
animal from slipping. Of the two pairs, the hinder pair is better developed and is 
densely provided with frictional devices. 

Each crawling leg (Plate 17, fig. 6) arises from a socket-like depression in which the 
well-developed coxa can be rotated freely. This movement enables the animal to 
use the legs for crawling at one time and fixing itself on rocks at other times. At the 
distal end in the mesio-ventral region of each coxa there are many long and stiff hairs 
directed backwards. There are rows of short, backwardly-directed spines along the 
borders of the femur, which is grooved at the distal end to accommodate the proximal 
part of the tibia. The tibia is richly provided with strong, backwardly directed spines, 
especially along the mesial border; the spines increase in length posteriorly. In 
the distal third of its length the tibia is broadened and bears a pad of well-developed 
spines on its ventral aspect. The spines are slightly curved, elongated and directed 
distally. The tarsus is highly chitinised; its proximal segment bears a few strong 
backwardly-directed spines. The tarsus ends in a pair of strong, recurved claws. 
The pads on the tibiam are well marked, and in most cases they appear black on account 
of the thick deposition of a chitinous material. There is no doubt that they are very 
efficient in stemming the rapid flow of water. 

On the ventral surface (Plate 18, fig. 2), in the middle line, there is a series of short and 
strong hooks directed posteriorly, and each segment is produced into a backwardly 
directed process at the margin. Each half of an abdominal segment on the ventral 
surface bears an oval patch of lighter colour, and towards its outer limits there is a 
patch of short, backwardly pointed spines. Each segment also bears a pair of small 
rounded depressions, from which tufts of strong bristles seem to arise. To me these 
structures appear to be remnants of once well-developed organs of attachment. The 
increased flattening of the body and the development of adhesive pads on the legs have 
brought about the smoothening of the ventral surface. 

My colleague, Dr. H. S. PRUTHI, collected a large number of Naucorid bugs from 
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the algal mats and aquatic vegetation in the head-waters of the Narbadda River in 
moderate current. In these insects the lateral margins of the body are serrated and 
the legs are provided with long spines, which are directed posteriorly (Plate 17, fig. 7). 
The dorsal surface is smooth, but the ventral surface is covered with backwardly 
directed hairs. Along the mid-venitral region the body is slightly elevated and the 
hairs in this part are longer and stronger. These are small bugs, and in their appear- 
ance and mode of attachment to plants closely resemble the onisciform larvae of Helodes 

(p. 205). 
Trichoptera.* 

As a class the caddis-worms are enabled to progress in rapid waters by means of 
the anal hooks and the powerful claws on the legs; these structures show a definite 
correlation between their form and the strength of the current. The animal is but 
slightly modified, because it is the case more than the insect itself that is subjected 
to the effect of the environment. Only in the free-living forms the body deviates 
slightly from the normal type. 

The caddis-worm fauna of the swift currents can be roughly divided into two categories 
according to the habits and habitats of the animals and without any reference to their 
systematic position. Firstly, the free-living larvae that do not build a case or a web- 
like structure, and, secondly, those that manufacture some kind of shelter; there 
are no rigid lines of demarcation. As a rule these animals are met with in all kinds 
of situations, but, so far, I have not found them on the brinks of the falls or on the 
upper surface of bare rocks in very swift currents. The free-living forms are obviously 
the best adapted for life in rushing torrents, because in these situations the tube, instead 
of being advantageous in providing shelter and safety, would be an encumbrance.t 
Attention may here be directed to a similar state of affairs found in the torrent-inhabiting 
Chironomid&e (p. 210). The convergence in this instance is evidently due to the 
similarity of environment. 

In the larvae of the first category the abdominal hooks (see HUBAULT, 1927, p. 334, 
for figure) are greatly developed and the claws on the legs are of a relatively larger 
size. By means of these grappling organs the larva is enabled to fix itself effectively 
at both ends. They are found on exposed surfaces of rocks and on aquatic vegetation 
in moderate currents. The abdominal hooks have their inner curved surface sharply 
denticulated. 

The free-living larvGe are of a small size and belong to the family Rhyacophilidwe. 
The body is depressed and the ventral surface is somewhat flattened; the body is 
thick in the middle and pointed towards both ends (fig. 10b). All these are modifica- 
tions due to life in strong currents. 

* My best thanks are due to Prof. J. A. LESTAGE for reading through the account of the Trichoptera 
and to Mr. D. E. KIMMINS for identifying the material. 

t LLOYD (1921, p. 23) observed that the normally tube-inhabiting larva of Neuronia postica abandons 
its case w.hen entering submerged trash, where the case probably proves cumbersome. 

2 D 2 
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The larva) of the second category can be classified into those that manufacture fixed 
shelters and those that build portable cases. According to my observations, the former 
are better adapted for life in rapid waters. There are certain larva) that live on the 
underside of stones, wlhere they construct a barricade of pebbles, holding them together 
by their strong silken secretion. These are sluggish in their habits and on provocation 
they leave their shelter and seek refuge among small stones in the bed of the stream. 
These larvae are in a sense free-living, and thus provide a connecting link between the 
larva) of the two categories. 

Certain larvae manufacture a shelter of thin-spurn silk, which becomes covered with 
mud or silt, and fasten it on the upper surface of rocks in rapid-flowving water. I have 
found this type (genus Philopotamus) in a small stream near Peebles, and such a type 
of larval shelter is perhaps only to be found among the Philopotamida) (NOYES, 1914). 
The case is analogous to the larval cases of the torrent-inhabitinlg Lepidoptera (p. 201) 
and of Antocha (Tipuhdae, p. 209). The larval shelters of these widely separated groups 
of insects afford an instructive case of convergence. 

Of the caddis-worms with portable cases there is a great variety of form found in 
rapid-flowing water. I have collected certain larva) of the family Leptoceridae, which 
fasten their cases to rocks in swift currents and spread out their legs in order to 
receive the organisms which the current may sweep to them. The case is elongated 
and always found with the head directed upstream, thus presenting a stream-line 
form to the current. These animals are found in masses in suitable places. 

Generally, however, the poltable case is dorso-ventrally flattened, the upper surface 
being slightly arched and the under surface flattened so that it can be closely applied 
to the substratum. The cases are formed of small bits of stone and are, therefore, 
heavy, enabling the animal to remain near the bottom. Some tubes are elongated 
and rectangular in form, while others are oval and limpet-shaped. In all cases the 
form is so modified that the pressure of the current is used for keeping the animal close 
to the substratum. The limpet-shaped forms are so closely applied to stone that they 
adhere to it even when the stone is taken out of water and held in such a way that 
the animals are directed vertically downwards. According to ULMER and THIENEMANN 
(see HUBAULT, 1927, pp. 335, 336), the attachment is effected by the formation of a 
sucker. ULMER has observed it in Lithax obscurus, HAG., and THIENEMANN in Drusus 
dicolor, RAMB. 

According to these authors, the silky lips of the orifice of the tube are closely 
applied to the substratum and by a backward contraction of the larva in the 
tube a vacuum is created. If it were really so the animal would hang from the stone 
with only the portion of the orifice applied to it; but actually the whole of the ventral 
surface remains in contact with the rock. This observation clearly indicates that the 
sucker-theory of attachment hias to be abandoned. The fixation is effected thus: 
the flattened tube is closely applied to the substratum, and when a stone harbouring 
these is taken out of water, a thin film of water is caught between. the case anld the 
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rock. It is partly due to the capillary action of the water that the object sticks to the 
stone. The most important factor, however, is the atmospheric pressure, which acts 
only on the exposed upper surface and is prevented from exerting any influence on 
the underside of the tube on account of the presence of a thin film of water. It is 
observed that when the stones are held out of water for a long period the animals drop 
off. This is due to the evaporation of water, which binds the animal to the rock. 
The same action can be observed by applying the broad side of a piece of rubber to 
a glass slide under water and then lifting the two together. The rubber will stick to 
the slide so long as the surface is wet. 

The most remarkable are the Ancylus-shaped cases of certain species. These are 
found sticking to rocks in fast currents. The tube is formed of small particles of sand 
agglutinised by an abundant secretion of the animal. Such are the cases of the European 
species, Thremma gallicum. A sirnilar type of larval shelter, scale-like in form and 
with flexible margins, I have figured in ' Journ. Bombay Nat. Hist. Soc.,' p. 124, fig. 9b, 
1927. The upper surface is arched and stream-lined and the attachment is effected 
by means of adpression. Superficially these forms resemble the Psephenid larvae. 

At the time of pupation all the caddis-worms manufacture a pupal shelter*, which 
is cemented to the substratum. The place selected is such that the insect can readily 
escape from the current; they usually occur on the upper surface and sides of a rock 
in shallow water. Thus masses of pupae are usually found at one place. Pupal cases 
of thick spun silk were found on the vertical faces of rocks over which the water fell 
in the Pun-Wa-Sherra stream, near Dumpep. These cases were fastened to the sub- 
stratum by means of adhesive pads and resembled thle pupal shelters of the European 
species, Oxyethira tristella and 4graylea pallidula. Their superficial resemblance to the 
pupal cases of rapid water Lepidoptera may also be noted. 

" The eggs of the caddis-flies are dropped in various ways and places. Some are 
dropped in the surface of still pools while in flight. The females of some of the Hydro- 
psychidee crawl beneath the water and spread their eggs in a single layer over the lee 
side of stones in the gentler currents. The big form of Phryganea fasten their pretty 
green eggs in a gelatinous ring on the stem of some aquatic plants" (NEEDHAM, 1918, 
p. 902). LESTAGE (1922) has described the immersed egg-masses of a species of Micrasema 
from flowing water. He observes that " Les pontes etaient disposees, les unes a cote 
des autres, 'a la face inf6rieure des pierres immergees en plein courant." While working 
at Dalhousie in May-June, 1927, the brinks of small waterfalls in the course of the 

* LLOYD (1921, p. 5) remarks that " Trichoptera are the only insects, possibly excepting a very few 
Diptera (of the genera Simulium and Chironomus), with aquatic pupa. In several other orders one finds 
a few species with submerged pupw,, but they all tap the stems of a few aquatic plants, entrap air in dome- 
like covers, or in some other way breathe free air. The pupae of Trichoptera are as much aquatic as are 
their larvoe." In the hill-stream insects there is a tendency to. have purely aquatic pupW', for example, in 
Blepharocerid&e, Antocha (Tipulidoe), Maurina (Psychodide), Psephenoides (Dryopidae, Coleoptera), 
Elophila and Aulacodes (Lepidoptera), etc., etc. 
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Punjpul Stream were found literally covered with gelatinous egg-masses. So far 
as I am aware, no animal has ever been recorded as depositing its eggs in such perilous 
situations. Simuliidae, Blepharoceridae and some other insects are known to lay eggs 
on the wet sides of a fall, but not actually in a swift current. Quite a number of insects 
enter water for egg-laying, but they seek the undersides of stones in gentler currents, 
and even then they frequent the leeward sides of stones. 

The egg-masses were at first noticed about the full-moon period, and about a week 
after a Trichopterous fly* was observed to visit the lip of the fall. The water was 
rushing down with great force, and only after exercising much patience were we able 
to secure three females in the process of egg-laying and to capture several on the wing. 
The females were observed hovering over the small falls. They alighted on the wet 
surface of rocks, wrapped themselves withl their wings, and hurriedly entered the 
rushing water with the head pointing upstream. They carried with them a film of 
air, which made them appear silvery, and so their progress under water co-uld be easily 
watched. When disturbed, the insect rose to the surface and flew away. 

Except for a small portion in the middle, the whole of the lip of the fall was covered 
with small gelatinous masses. This was not surprising, because at this time of the 
year there were thick swarms of caddis-flies at Dalhousie. The position of the eggs 
showed that some of the insects must have penetrated into the water for a considerable 
distance before deposi-ting eggs. The egg-massest looked like algal growths, and it 
was only after a careful examination that their true nature was discovered. Each 
egg-mass (Plate 17, fig. 8) is broadly oval in outline and is similar to the ring-like mass 
of Phryganea, except that it is more compact and that the central portion is also filled 
up. The egg-masses were hanging from the rocks anld were swayed from side to side 
with every eddy of the current. The eggs when freshly laid were of a dull white colour, 
but they turned brown after a short time and then became dusky. In the preserved 
material each larger egg-mass is about 29 7 mm. long and 2 mm. broad, while a smaller 
egg mass is 2 mm. long and 1 6 mm. broad. The numbers of eggs in three masses 
were 220, 280 and 296 respectively. The eggs are enclosed in a thick gelatinlous and 
transparent bag. Each egg is oval in shape, 0 27 mm. long and 0 24 mm. broad. 

The adult insect is provided with frictional devices by which it is enabled to stem 
the current when under water. The long and slender legs terminate in grappling 
claws. The coxae are greatly flattened and applied to one another in the mid-ventral 
line in such a way that a keel is formed to cut through the water. At the junctions of 
the various divisions of the legs strong brushes of spines are developed and some are 

* The insect was sent for determination to Prof. J. A. LESTAGE, but he and Dr. G. ULMER are unable to 
determine the female genericallv. They consider it to belong to the subfaniily Lepidostomatinw (Fam. 
Sericostomatide) . 

t The gelatinous egg-masses provided shelter and food for several types of organisms. Chironomid 
larvse were found in great abundance, while the young of Blepharocerida and Trichoptera were not un- 
common. There is no doubt that the Chironomidae and the caddis-worms feed upon these egg-mnasses. 
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present on the tibia. The spines are directed distally and by fixing themselves into 
the unevennesses of the rocks anchor the animnal in swift currents. 

Lepidoptera. 

In fast-running water the larva of Lepidoptera live beneath sheets of silk spun over 
exposed surfaces of current-swept boulders. Those found by me two miles below 
Pashok, in the Eastern Himalayas, were living on huge rocks forming lips of falls; 
while those collected from the Narbadda River were found on stones covered with 
growths of filamentous algae and forming the bed of a rapid. They were also found on 
bare rocks, and especially in places where the river bed was formed by one rock the 
silken houses of these larvae were quite common. When the cases were preserved in 
spirit, the liquid turned greenish owing to the presence of chlorophyll in the plants, 
such as algae, etc., that had become entangled in the silk and on whiclh the insect 
probably feeds. About the habit of Aulacodes simplicalis, MUIR and KERSHAW (1909, 
p. xl) remark as follows: " In several spots where the water was most rapid we found 
the larvae of a species of Hydrocampinee living on the surface of rocks, sometimes under 
18 to 24 inches of swiftly flowing water, at other times under a few inches, or where 
the rocks were continuously covered with a shower of spray." 

When disturbed the larva readily moves from one part of the case to another, but is 
very reluctalnt to leave its shelter. When forced to come out it moves fairly quickly 
on the bare rocks by grappling on to the substratum by means of the crotchets on its 
abdominal prolegs. The sharply hooked and highly chitinised crotchets are directed 
towards the middle of the " planta," and therefore to disengage them the centre of 
the disc is completely inverted by the muscles attached in the middle of the disc. The 
prolegs are situated on segments 3 to 6 and 10. 

The three pairs of thoracic legs are short and stumpy and at their terminations bear 
short but strongly chitinised and recurved claws. The claw resembles in form the 
hooks on the posterior appendage of a rapid-water Chironomid larva. The body of 
the larva is somewhat depressed so that it offers less resistance to the rushing current. 
The anchoring devices are distributed along the entire length of the animal so that 
no free portion is presented to the current. The larva is further protected by its silken 
shelter from being swept away. 

Each larva at the time of pupation manufactures a dome-shaped pupal shelter under 
some portion of the larval cover and this it fastens securely to rocks leaving rows of 
openings on the anterior and the posterior sides of the case for the free circulation of 
water through it. When the pupal case is completed, the unoccupied portion of the 
larval shelter is washed away. The pupal case shows a remarkable similarity to the 
limpet-shaped shelters of so many of the rapid-running forms. 

I have no direct observations to offer on the bionomics of the imagines. According 
to MUIR and KERSHAW (1909, P. xli), "The adult moth readily takes to water when 
frightened, diving below the surface, and using its legs for swimming. The wings are 
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appressed to the body and the whole insect more or less covered with air bubbles. 
They were capable of remaining 30 minutes or more below the surface, clinging to 
plants and submerged weeds. It is possible that in suitable situations the female 
enters the water to oviposit, but this would be impossible where the stream runs 
swiftest, and in such places it is possible that they lay eggs on the wet rocks along the 
edge of the water." 

Coleoptera.* 

I have devoted some time to the study of the bionomics of the beetles of the two 
families-the Dryopidse and the Helodidea. The former are found in great abundance 
in the torrential streams of India and the latter were studied in a small, clear, rapid- 
running stream near Peebles (Scotland). 

Dryopidce (Parnidc)t.-The small beetles of the family Dryopidae live under logs and 
stones and in mosses in clear flowing water. In these forms the tarsal claws are very 
strong and in the several species of Elmis from Southl India they are toothed near 
their bases. In Helichus tenuis, from the Haldwani Division of Kumaon, the body is 
covered by hair-like processes and the legs are long and slender. H. tenuis probably 
lives clinging to water weeds, where the animal is swayed from side to side with every 
eddy of the current, and its long and slender legs armed with terminal grappling claws 
are of great assistance for anchorage in these circumstances. 

Certain Dryopid beetles, such as Psephenus and Psephenoides, possess scale-like 
rounded or ovoid larvte which have been termed by COMSTOCK " Water-pennies." 
These are found in great abundance in the Western Himalayas (Kangra Valley), in 
the Eastern Himalayas (Darjiling), in the Khasi Hills and in the Head Waters of the 
Narbadda River, Central Provinces. The only detailed account of the Indian larva) 
of this type is that of B6VING (1926), who has recently described the immature stages 
of Psephenoides gahni, from material collected in the Nandhaur River, Haldwani 
Division of Kumaon. He has described the habits of the larva by inference from its 
anatomical structure. I made observations on the habits of the Psephenus-like larvoe 
in a small stream, below Dumpep, in the Khasi Hills. Both the types, i,iz., with 
abdominal gills and with anal gills, were fairly common in this stream. 

* Mr. K. G. BLAIR has read through the account of the Coleoptera, and for this my best thanks are due 
to him. 

t Beetles showing diverse affinities have been grouped in the family Dryopidee and by recent authorities 
they are split up into three distinct families. BOVING (1926) has discussed the probable relationships of 
the beetles of this assemblage, but in view of the fact that my collection has not yet been determined, I 
refrain from referring to them by their distinctive names. The Psephenus- and Psephenoides-like larvae 
that I have collected in great numbers from several places in India are found living together in the same 
stream. The former are characterized by the presence of free branchial filaments on the ventral side 
(IMMs, fig. 480), and the latter by the presence of a group of retractile anal gills (figured by BOVING). 

According to B6VING, Psephenidte and the Dryopidae (including Elmidae) are distinguishable only on the 
character of the gills. 
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The larva3 (Plate 18, fig. 1) were found in great abundance on the underside of stones in 
rapid-flowing water about 6 to 7 inches deep. When the animal was crawling, the 
body appeared to be flat; but when it rested on the substratum the body 
was greatly arched. In the former position the body was carried on the legs and 
the margins were raised so as to obviate friction during locomotion, whereas in 
the position of rest the flaccid margins of the larva were closely pressed against the 
substratum, and it was rather difficult to dislodge it with fingers. The anal gills were 
thrust out and withdrawn with great force at regular intervals; in their fully extended 
condition the gills presented a flower-like pattern. 

A larva was placed on a wet slide and observations were mnade to test the sucker 
action of the body. It was noticed that so long as the slide was wet the animal could 
be mnoved about in all directions with slight force, but as the slide dried it became 
increasingly difficult to move or lift the larva. A number of larvae were left in water 
in a finger-boxvl. After a time it was found that all of them had come together and 
had formed a imass by applying their ventral surfaces to one another. A piece of 
stone was placed in the bowl close to them. After an hlour or so all the larvae were 
reposing on the underside of the stone. This indicates positive statozoic and negative 
phototropic habits of these animials. 

When a larva was dropped in a bowl of water it sank to the bottom very slowly, and 
mieantime moved its margins in all possible ways, ultimately coiling itself u) like an 
Isopod. In nature probably it adopts this device when forced from its hold by the 
current; it coils and rolls. 

Previous to pupation, a number of mature larvae were observed to seek small, shallow, 
oval or circular depressions on the under surface of the stones and pebbles. At first 
the dorsal surface of the larva became flat and the margins of the disc were cemented 
to the substratum by a sticky secretion. After a while the body became arched again 
and closely resembled the larva when viewed from above, except that it was provided 
with long, hair-like processes. As I have indicated in an earlier paper (1927, b) the 
margin of the attachment of the puparium leaves a black mark on the stone. 

Respiration is carried on by abdominal branchiwe in Psephenus, and KELLICOTT(1883) 

observes that " These long white organs are seen waving to and fro continually while 
the animal is alive. This motion appears to be due to the up-and-down stroke of the 
last segment, which repeatedly strikes the water, as the tail of a crayfish does when 
swimming." It is obvious that with a continuous flow of water to bathe the branchial 
filaments, no sucker can be formed on the ventral surface of the animal. The sucker 
theory of the attachment of these larvae has, therefore, to be abandoned. 

Attention may here be directed to the fact that the larvae of the Dryopidae show a 
progressive series of adaptations for life in swift currents. It has been1 pointed out 
by NEEDHAM and LLOYD ('Life of Inland Waters,' p. 371) that in the larvae of Elmis, 
Dryops and Psephenus there is a "close correlation between the degree of flattening 
of the body and the rate of flow of the water inhabited." This series could be made 
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more imposing by including the larva of Helichus before Psephenus and that of 
Psephenoides after it. It is in the last genus that the entire margin of the body is 
closely applied to the substratum. 

Having indicated that no sucker is formed in these larvee, I shall now attempt to 
show how attachment is actually brought about. When the animal crawls, the muscular 
legs with their powerful tarsal claws are its main organs of anchorage. There are 
strong bristles immediately above the claw and a tuft of them on the inner side a little 
distance away from. it on the proximal side. Along the mesial border of the leg there 
is a row of thorn-like, backwardly directed processes. All these chitinous outgrowths 
help to increase friction and impart greater security to the movements of the larva. 
The flat scale-like body is also advantageous, for it offers very little resistance to the 
flowing water. 

When at rest the body is arched and is so shaped in streamlines that the resistance 

~~~~~~0 _ 

TEXT-FIG. 4.-The miarginal area of a Psephenus-like larva, a --lateral and radially expanded tergal 
shield. x 50; b = a portion of the distal part of the same. x 300. 

offered to the current is the least possible, and the resultant pressure, instead of dis- 
lodging it, holds it down firmly to the substratum. Near its free edge each of the 
lateral and radially extended expansions of the thoracic and abdominal tergal shields 
is furnished with a dense continuous fringe (Plate 17, fig. 9; fig. 4a). This fringe can 
be divided into two parts, the distal part consisting of long hair-like setao situated at 
short distances from one another, and a proximal part of flat rod-like structures which 
are denticulated along their margins and lie close to one another, forming a continuous 
flaccid rim at the margin. Distally eaclh rod terminates in a pair of strong spines, from 
the middle of which a seta arises (fig. 4b). At the base of these rods, but ventral to 
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them in position, is a series of strong spines directed towards the periphery. On the 
ventral surface of each rod near the proximal end there are a few short spines directed 
outwards. The arrangement of the spines described above is such that they enable 
the animal to stem the current flowing in the same direction in which they are placed. 
It is obvious, therefore, that only the structures of the side of the animal opposing 
the current are in use at one time. The advantage of the superficial radial symmetry 
is also clear, for in whichever position the animal rests there are sufficient spines to 
prevent it from slipping. If the animal be lifted vertically upwards (this never happens 
in nature) from its centre, then theoretically, according to the direction of the spines, 
they should offer no resistance, but by this pull a temporary sucker will be created 
which would resist the upward lifting of the insect. The animal, however, is so small 
that I could not perform this experiment successfully. 

The accompanying figures (Plate 17, fig. 9; Plate 18, fig. 1, and text-fig. 4) clearly 
show the complicated structure of the margin of the larva. BOVING (1926, p. 381) 
also referred to the structure of this region, but had not appreciated the significance 
of the various parts. 

A study of the marginal region of a young larva of the Psephenid type shows that the 
entire complicated apparatus of the adult is due to the modification of the cilia* usually 
present in aquatic larvae. It is possible to trace all the stages in the evolution of the 
mature structure. Along the distal end of the anterior border of the lateral expansions 
are rows of spines followed posteriorly by a narrow area of lighter chitin. The spines are 
directed towards the periphery and provide movable articulations between the various 
shields. The lighter areas of chitin indicate where the late:ral expansions telescope 
one into another. This arrangement enables the larva to coil itself like a Trilobite. 

Helodidcw.-The onisciform larva) of a species of Ielodes (probably H. minutus LINN.) 

were found living in mosses and in accumulations of dry leaves and twigs in the course 
of a small, rapid-running, clear stream near Peebles (Scotland). The larva, when 
removed from its hold, partially coiled itself. 

The margins of the segnients are laterally extended and the animal closely resembles 
a Trilobite in appearance. The legs are very muscular and are provided with groups 
of strong distally directed spines, which undoubtedly prevent the animal from slipping. 
All along the margin of the body there are strong bristle-like spines directed posteriorly. 
On each segment the spines increase in length towards the posterior end and the last 
two spines on each side of the segment are greatly elongated. It is by means of these 
chitinous prolongations that the larvae are enabled to entangle themselves in mosses 
growing in swift currents. HUBAULT'S figure of H. minutus shows all the salient 
features to which reference has been made above. 

* I have examined a Psephenus larva in the collection of the Zoology Department of the University of 
Edinburgh and have found that its marginal region is provided with long, stiff hairs which are not 
differentiated like those described above in the Indian Psephenid larvae. This indicates that Psephenoides 
is better adapted to live in torrents than PsephenWs. 

2 E 2 
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Diptera.* 

I have made personal observations only on the larvae and pupae of the Simuliidae 
and the Blepharoceridae, and to a limited extent on those of the Chironomidae. In 
the case of some of the other families I give below a brief summary of our knowledge 
regarding the torrent-inhabiting forms. Attention may be directed here to the habits 
of the Empid flies, of wlich seveial species were collected at different places at 
EDalhousie anid in the Chamba Valley. The flies were found clinging to the edges of 
rocks over whiclh the water was rusling, or to the damp, moist surfaces of rocks anid 
crevices, placed so close to the main rush of water that they were drenched with the 
spray. Several pairs were seen in copula' in such localities. 

The behaviour of the Emnpid flies that I observed at Dalhousie is similar to that of 
the Blepharocerida&.t It is probable that they belong to the sub-family Clinoceratinae, 
the members of whiclh are kniown to " frequent ruining water, some resting beside 
waterfalls or on water-splaslhed rocks in swift streams, or even amphibiously entering 
the water " (MELANDER, 1927, p. 7). Clinocera is known from Western Himalayas, 
and it is probable that my specimens belong to this genus.: These insects moved 
sideways in fits and starts, but their movements were very quick. They always preferred 
the shady side of the rock and were quite common towards the evening. In the earlier 
part of the night they were found in abundance and were strongly attracted to artificial 
light. The flies sometimes rested at one place for quite a long time, taking to flight 
when disturbed. 

The convergence in outward form between the Blepharoceridae and the Dalhousie 
Empids is still further remarkable. The latter have long thin legs, provided with spurs 
and spines on different parts to enable the animal to anchor itself on rocks. They 
bend on their flexible legs when hit by the spray of water, but instantly regain their 
former position without having lost their hold in the interval. 

Psychodidce. 

Of this family, HIUBAULT has given a short account and has referred only to the 
larva of Pericoma, which he found among mosses in rapid waters. This larva is found 
entangled among mosses by means of chitinous spines with which the body is densely 
covered. MIALL and WALKER (1895, pp. 141-143) have very clearly indicated the 
function of these spines as follows: " It seems probable that these long and stiff hairs, 
all pointing backwards, like those which project from the dorsal shields, save the larva 

* M1r. F. W. EDWARDS has read through the section on Diptera and has made valuable suggestions. 
My sincere thanks are due to him for his kind help. 

t TILLYARD, 'Australian Zoologist,' vol. 2, pp. 166, 167 (1922). 
X Mr. F. W. EDWARDS has very kindly informed me that the Empids I collected at Dalhousie belong to 

the genus Clinocera. In his experience Clinocera " are usually very active and difficult to catch, taking 
alarm very easily." 
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from being swept away by a sudden rush of water. Buried, as it commonly is, in 
well-rooted, filamentous algee, the larva has only to keep its head upstream to offer a 
most effective resistance to the current, while it will not be seriously hindered in 
travelling head-first throtugh the weeds." This description applies with but little 
modification to most of the animals that live in similar situations in the hill-streams 

The larva of Ulonyia lives in clear running water it is similar to the larva of 
Pericoma except that it is provided with "' two rows of acute, lanceolate, foliaceolis, 
branclhia-like appendages " down the back (MIALL an(d WALKER, P. 152). 

The nmost remarkable Psychodid larvae are those of the genus Maruina described and 
figured by MULLER (1895) from Brazil. These occur in company with the Blepharocerid 
larvee of the genus Curupira; but their habitat is somewhat different. The larve of 
the Belpharocerida are found in the course of a swift current on bare rocks, while those 
of Marutina " live on rocky walls, covered with a slippery carpet of algae, and kept 
moist by the spray of the waterfalls or by the drops of water running down from above" 
(p. 479). The larvae are greatly flattened and ovoid and their ventral surface is provided 
with eight suctorial discs, the last of which is placed on the penultimate segment. 
MULLER'S figures of the disc of Maruina show a close similarity between its structure 
and that of the disc of a very young Blepharocerid larva. In both the circular disc 
is provided with radially arranged spines in the periplheral region, followed towards 
the centre by a series of small blocks of chitin of various shapes and sizes (see fig. 6). 
The centre of the disc is a plane surface of undifferentiated chitin. From the figures 
alone it is not possible to discuss the structure of the disc of Maruina in any great 
detail, but its general similarity with the disc of a Blepharocerid larva is remarkable 
anid provides an illustration of convergence. 

Tipulidc. 

Several genera of Crane-flies include aquatic species. HUBAULT (1927) discusses the 
representatives of the following that have been found in torrential streams- 
Dicranomyia, Phalacrocera, Pedicia, Dicranota and Tipula. According to ALEXANDER 

(1920) there are three categories of the aquatic larvae of Tipulidae, niamely (1) 
Phalacrocera and Triogma, which live on suibmerged vegetation; (2) Dicranomyia, 
Pedicia, Triogma, Dolichopeza, etc., which live in very rapid water on or in submerged 
mosses; and (3) Elliptera and Antocha, which live in silk cases under water on bare 
rocks in cascades. These groups are arranged according to the degree of modification 
they exhibit for aquatic life as well as for life in rapid waters. By a study of the various 
forms named above it is possible to trace almost all the steps of the adaptation which 
have enabled the larvae to live in torrential streams. 

Larvae of Phalacrocera and Triogma are provided with elongate leaf-like or spine-like 
projections, with a thick cuticle, which is denticulated or serrated in various ways for 
enabling the animal to hook itself to weeds in case of a sudden rush of water. The 
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Phalacrocera larva is further enabled to " cling to a moss-stem by its large anal hooks, 
and, thus secured, it may at times be observed to sway its body from side to side, as if 
to promote respiration. It creeps from stem to stem by grasping with the mandibles and 
the anal hooks alternately. When alarmed, it curls itself up like a caterpillar " (MIALL 

and SHELFORD, .1897, p. 344). The larvae of Dolichopeza and Tipula are provided with 
backwardly directed spines on their bodies, while in the larvae of Dicranomyia the 
abdominal and the thoracic segments are armed with dorsal and ventral transverse ridges 
on the basal annuli. The larvae of Dicranotoa and Pedicia are characterized by the presence 
of defi.nite pseudopods bearing adhesive spines. In Dicranota " the 6th, 7th, 8th, 9th. 
and. 10th segments* bear paired retrac-tile processes, which resemble the pseudopods 
of caterpillars, an.d end in triple crowns of chitinous hooks. Beneath these are many 
regular rows of still smaller hooks, which form transverse rings. The terminal surface, 
enclose(d. by a circle of hooks, is inclined a little backwards in the two foremost pairs of 
pseud.opods, a little forwards in the others. The pseudopods can be retracted com- 
pletely by means of their attached muscles " (MIALL, 1893, p. 238). MIALL'S excellent 
description and figures of the pseudopods of Dicranota correspond closely with the 
structure and mechanismi of the so-called lateral suckers of the larvae of Deuterophlebia 
(p. 227). The convergence be-tween the two struc-tures is noteworthy. 

The arrangement of the spines in several transverse rings on the pseudopods has a 
biological significance. The distal row of spines contains the longest spines, which 
decrease in size in proximal rings. After every eecdysis probably the upper whorl of spines 
is discarded and the lower one takes on its function. Even in the case of accidental 
injutry to the distal whorl the proximal whorls are more or less ready to take on its 
function. In animals living in torrential streams the necessity of such a mechanism 
is obvious. In the disc of the sucker of Blepharocerid larvae a sim.ilar arrangement 
is found (p. 222). 

The larva, of Pedicia differs from that of Dicranota in the position of its abdominal 
feet. Besides the abdoninal appendages on the body, the hair-like outgrowths enable 
the animal to entangle itself among weeds, as described by MIALL and WALKER for 
the larva of Pericoma (1895, p. 143). 

The larvee of the genus Elliptera live in elongated and somewhat flattened cocoons 
of mud and silk which are placed with the current on dripping rocks near waterfalls 
and rapids. These are arranged, in longitudinal rows with .short spaces between. 
When nearly full-grown, the larva crawls to a less exposed place and spins its cocoon, and 
when ready to emerge as an adult the pupa makes its way through the end of the cocoon 
away from the current. The third to the ninth abdominal segments of the larva are 
provided with ridges on the dorsal as well as on the ventral surfaces ; the dorsal ridges 
are provided with spines. 

* There is a discrepancy in IMMs's 'Textbook of Entomology' regarding the position of the pseudopods 
of Dicranota. On page 611, he says, " In Dicranota five pairs are evident on segments 7 to 1 ," but on 
page 616 he describes the same structure on segments 6 to 10. The latter is right. 



AND EVOLUTION OF THE TORRENTIAL FAUNA. 209 

The most remarkable among the Tipulid larvae are those of the genus 4ntocha. 
ALEXANDER (1920) says: " Both larvae and pupa spend their entire lives in cases on stones 
in water-usually in running, well-aerated water, and often in the most rushing 
torrents " (p. 800). ALEXANDER further remarks that, "As a rule, the larval cases 
are made on rubble or rounded stones, a crevice or a groove caused by iniequalities of 
the rock surface covered over being the simplest and commonest place chosen. The 
inequalities in the rock are bridged over by a silken mud- or silt-covered case?, which is 
very delicate and laterally fimbriated with the young larva, but become much firmner, 
thicker and more compact with the older larva and pupa. . . . The pupa lhas two 
powerful hooks at its caudal end, enabling it to fasten to the case. In most cases the 
pupa hangs with the current, head downstreamn, like the pupa of Blepharocera and 
unlike the somewhat similar appearing pupa of the Simuliidoe, whiclh rests with the 
head upstream* agaiinst the current, the pupa case being open at the cepahlic end 
only " (p. 801). It may be noticed tllat in its habitat and its habits of case building 
the larva of Antocha shows great convergence to certain Lepidopterous and Trichop- 
terous larvae of torrential streams. " Dr. NoYES found larve of Antocha in a small 
rapid-flowing stream near Ringwood Hollow, and there the cases were covered with 
tiny pebbles, and it was quite impossible to distinguish them sutperficially froim 
associated caddis-worm cases " (ALEXANDER, 1920, p. 802). Indeed, it is a fine illus- 
tration of the effect of environment in moulding to a comminion form the shelters of these 
two widely different groups of insects. 

ALEXANDER has described in detail the arrangement of the setse on the body of th-e 
larva and of the pupa of Antocha. These setae enable the animalto hook itself botl 
to the substratum below and to the silken covering above. 

Chtronornidw. 

The larvwe of the midges offer several initeresting examples of adaptation for life in 
rapid waters. Their bionomics and modifications have beein studied by THIENEMANN 
(1926). They are provided with two pairs of pseudopods: the anterior pair is situated 
on the prothoracic and the posterior pair on the anal segmenlt. Botlh pairs are provided 
with chitinous claws. 

In all the typical hill-stream forms the anterior prolegs are less strongly developed 

* So far as I ami aware the Simiuliidl pup2o are fouId with the head pointing downistrealmi. I have slhowni 

them in their iiatura] position in imiy fic, 7 b, in the ' Journ. Bombav Nat. Hist. Soc.,' vol. 32, p. 121 (1927). 
The pupal case of the Simiuliidse is open at the cephalie end only, and if the head-l were to be directed upstream 
the rush of water would disturb the pupa and initerfere with the emergenlce of the fly. The. arrangemiienit 
and form of the hooks oni the body of the putpa also inldicate that it lies in the case with its head. poiintinig 
downstreanm. HUBAULT (p. 338) observes, " Ainisi que l indiqdle TONNoIR. sur une des figures dle soIl 

travail, les nyinphes de Simulies, comme celles de Blepharocerides presentent, dans leurs cocons, un rheotro- 

pisime negatif qui facilite la sortie de l'imiago." The miiatter was referred to Mr. F. W. EDWARDS, who has 
confirmed mny observations about the position of the Siinuliid pupw. 
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and are capable of being entirely retracted, especially in the Tanypinae. The posterior 
prolegs are, however, more strongly developed, longer, and furnished with claws of greater 
length than those of the sluggish water forms. In certain species the curved ends of 
the claws are strongly pectinated (HUBAULT, 1927, fig. 35c) and provide the animal 
with a better grip. 

Thlere is anotlher point to wlich attention inay be directed. The Chironomnid larvae 
that live in swift currents hiave acquired the lhabit either of-livinig without a case or of 
living in silken nets, e.g., Tctnytarsus. Dt'amesa, Prodliarnesa, Orthocladius, Tanypus, 
etc. are witlhout tubes, probably because in rapid waters, instead of the tube being 
advantageous in providing slhelter and safety it would be an encumbrance. The 
reduction of their anterior pair of prolegs can be correlated xvith the loss of cases in 
these forms, for according to LEATHERS (1922) these appenidages are mainly used in a 
Chironomid larva for building, the tube or any other type of silk net. Reference inay 
here be made to the Trichopterous larvae living in swift currents which are either free- 
living or have secreted silk nets. The convergence in these respects between the 
representatives of these two groups may be noted. 

Althouigh these hill-stream Chironomids do not secrete material used in forming 
cases, nevertheless they are provided witlh well-developed salivary glands. LEATHERS 

(p. 47) inakes the following observation regardinig the larva of Orthocladius: The 
larva apparently do not make use of their well-developed silk glands for the purpose 
of building tubes. It seemns probable that they would not be so well developed unless 
they had somie important function." He considers that their development is correlated 
with the nature of the food. The larva of most of the genera named above either live 
on rocks or oni plants in a swift current and are thus comparable in their imode of life 
to the larvae of Szimullium. Fronm analogy it appears to ine probable that the develop- 
ment of extensive salivary glands in the two groups of animals is correlated witlh a 
coinmon mode of life. In the case of the Simulian? it is known that the secretion of 
these glands provides a substratum into which the hooks on the prolegs are fixed, andl 

possibly the secretion of the salivary glands of Orthocladiuts and other hill-stream 
Chironomidaw is used for the same purpose. 

Mr. F. W. EDWARDS has very kindly directed my attention to the two characteristic 
Chlironomid genera of the torrents Cardiocladius and Charadromnyia. The larvae of 
the former are free-living on rocks and plants in waterfalls ancd swift currents and 
pupate in strong cocoons spun on rocks, stones and waterweeds (SAUNDERS, 1924). 
JOHANNSEN (1905, P. 183) has referred to the habits of the American species 
(Thalasso?ny?lia=Cardiocladius), as follows: "The larvae of the two species of which 
they are known live in rapidly-flowing water. Here the larva spins upon the surface 
of the rock a cocoon so loose, transparent, and open that it is not hiddeni by it, thougll 
it prevenits the larva from being washed away." The larvae of the Charadromyia 
" construct tough silken galleries over the rock or other submerged surfaces, preferably 
where the water rushes over the rock ledges with greatest force. These whitish silkeni 
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galleries are quite noticeable in these situations, and it is astonishing that they are 
not often beaten to pieces after a heavy mountain shower " (TERRY, 1913, p. 294). 

Clhironomnid larvee lhave been found associated with other aquatic insects on several 
occasions, and without much consideration such occurrences have been recorded as 
instances of commensalism. HUBAULT (1927, pp. 161, 311) may be consulted for 
references on the subject. It may be remarked that the torrent-inhabiting animals 
hiave acquired sedentary habits to a marked degree, for in rapid-flowing waters moving 
about is a dangerous pastime and the animals show a tendency to lie as closely as 
possible to the substratum wlich they grip by mrleans of several types of ingenious 
devices. This statozoic habit, to use WILLEY'S ternl,* is so well nmarked that the 
animals will cling to aniy object that furnishes them with proper support: Psephenus 
larvae lhave been found on bivalve shellst and Ancyli have been found adhering to 
water beetles.: Papal cases of Simulium larvae are often found superposed on one 
another.? In a small collection from- the stream flowing near the Chamba Hydro- 
electric Power Station, three Blepliarocerid pupse harboured Simuliid pupa,. All such 
instances of an accidental nature should not be confused witlh commnensalism or any 
other kind of animal association. 

Simuliidcw. 

The Simuliidae liave received considerable attention in recent years and a great deal 
of knowledge has accumulated regarding the bionomics of these insects. Very little 
work has so far been done on the Indian forms, though they are found in great abund- 
ance in all the hill-streams that I have visited. In a clear, rapid-running, small stream 
below Dumpep, in the Khasi Hills, the larvae and pupse were found in masses on the 
water-plant Eriocaulon miserum and also on the upper surface of the bare rocks situated 
in the shallow and rapid-running current. Whether on plants or on rocks the larvee 
selected a situation as close to the surface of the water as possible, and the pupoe in 
this attempt were often found to be superposed on one another. The larve were common 
on mosses encrusting the slanting rocks of a rapid, but were never found on bare rocks 
forming the lips of falls. Usually there is little vegetation in the mountain torrents of 
India, and the larvm of the black flies are found in groups on bare rocks in moderate 
currents. In February and March, 1927, the whole of the stream bed of the head- 
waters of the Narbadda River, near Pharisemar (Rewa State), in places where there 
was a rapid, was found literally covered with the larvae and pupae of the Simuliidee. 
In such places the rocks were covered with long filamentous alge. The pup e were 
found along with the larvae, but the larvae appeared to have been very particular about 
the choice of the places where they made the cocoon, for I found the pupal cases 

* WILLEY, ' Convergence in Evolution,' p. 37 (London: 1911). 

t KELLICOTT, 'Canadian Entomologist,' vol. 15, p. 192 (1883). 
1 JOHNSON, 'Nautilus,' vol. 17, p. 120 (1904). 
? PURI, 'Parasitology,' vol. 17, p. 330 (1925). 
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generally on the apices of weeds or on small protuberances of rocks. Some were even 
found on the pupae of the Blepharoceridae. This position probably helps the insect 
at the time of eclosion. 

As regards the normal mode of progression of the larvae I fully agree with PuRV's 
observations (1925, p. 297). The movements are characte:ristic and can be readily made 
out by watching a larva on a glass slide in a drop of water. It must, however, be 
observed that whlen the larva detaches its anterior or posterior appendage from the 
substratum there is a violent contraction of the animal and a sudden sharp pull is 
noticeable. Besides the normal mode of progression I have studied the movements of 
an animal when it crawls on a dry surface (a glass slide was used for the purpose). In 
these circumstances the movements are slow and all the details of the mechanism can 
be properly made out. After a quivering movement of certain parts of the head a 
"drop " of secretion is poured out from the salivary slit. The front part of the head 
is now applied to the substratum immediately in. front of the secretion and the body 
is pulled up into an arch. The thoracic proleg is bent forwards so as to grip the sticky 
secretion with its crown of hooks. With the proleg as pivot the body is pulled up so 
that for a short time the body forms an. arch. on the thoracic appendage, whicli itself 
is vertical in position. An instant later the leg is bent anteriorly and the body is 
dropped forwards. By repeating these movements the larva is able to progress slowly, 
and it was observed that after a dozen paces the animal was unable to secrete the 
sticky juice, in spite of the efforts it made by slhaking its head. Sometimes the larva 
was so exhausted that it could not pull its leg from the sticky secretion and in such 
cases the gripping action of the hooks and their relation to the salivary secretion could 
be seen very beautifully under a microscope. On a wet surface, however, the larva 
could travel a much longer distance in the same way, and when a number of them were 
allowed to crawl on a slide the tracks of their movements were clearly indicated. A 
photograph of these tracks was published in 'Nature' of April 23, 1927. 

Up till quite recently it had been considered that a Simulium larva was provided with 
definite suckers, which enabled it to cling to rocks and weeds in swift currents. TONNOIR 

(1923, a, pp. 163-172), in his work on the modes of fixation and the progression of these 
larvae, made it abundantly clear that no sucker-action. was involved in the fixation of 
either the anterior or the posterior appendage; but he made one mistake in an other- 
wise excellent chain of reasoning. He observed that, " La dissection montre, d'ailleurs, 
qu'il n'existe pas de faisceaux musculaires destines a la formation de cette coupe." 
PURI (p. 311) observed " that there are fairly strong muscles connected with the centre 
of the disc (Plate 8, fig. 10) and that they contract when the larva fixes itself by its 
posterior end. But in spite of the presence of these muscles the larva cannot fix itself 
effectively without the further help of the sticky salivary secretion; a fact which 
may mean that the saliva helps to fill up the spaces between the hooks and thus to 
form a complete rim .all round. There is no doubt, however, that a larva remains 
fixed to the substratum mainly by means of the hooks which firmly grip the salivary 
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secretion, but it is not possible to say how far the sucking action of the appendage 
helps the larva at the monient when it first attaches itself to tlhe support. The first- 
stage larva has a pair of long hairs arising from the middle of the circular area surrounded 
by the rows of lhooks, and it is therefore very improbable that this appendage- functions 
as a sucker, at least in the first-stage larva." 

The above passage clearly shows that PURI had a vague idea regarding the funiction 
of the posterior appendage and that he had not understood the action of its muscles. 
I made extensive observations on this point in nature and came to the conclusion that 
TONNOIR's explanation of the mechanism of the so-called " suckers " of the Simulium 
larva was correct, but the action of the various muscles described by PURI and the 
elucidation of the natuire of the salivary secretion wvhich according to PURI " ll.elps to fill 
up spaces between the hooks," required furthier consideration. It was witli this object 
in view, and not with the intentioni to lay clainm to a discovery (as misunderstood by 
TILLYARD, ' Nature,' July 30, p. 154, 1927), that I communicated a short note to ' Nature' 
on this suibject. 

The fixation of the Simulium larva to the substratum is effected by mneans of the 
sticky salivary secretion and the hooks of any one o-f the following structures: the 
posterior appendage, the thoracic proleg and the labrum. The posterior appendage is 
the chief organ of attachment, but when the animal is not feeding, it curls itself up in 
a loop and takes hold of the silk threads by means of the hooks on the thoracic proleg 
(HORA, 'Journ. Bombay Nat. Hist. Soc.,' vol. 32, p. 121, fig. 7b, 1927). It is possible 
that the hooks on the outer face of the labrum assist the animal while it rests in this 
position; but the hooks on both the labrum and thoracic proleg comne into play when the 
larva looses its hold on the substratum and hangs by means of the silk threads in the 
rushing current. In these circumstances the animal hauls itself up by alternately using 
the hooks on these two structures (HORA, Op. cit., fig. 7c). 

Posterior appendage (fig. 5a).-The body of the larva is greatly dilated posteriorly 
and at the extreme end is flattened into a disc-like area, whiclh bears several rows of 
radially arranged, strongly chitinized hooklets in the peripheral region. The arrange- 
ment of these hooks is markedly interrupted in the mid-dorsal region and sliglhtly so 
in the mid-ventral line. There are from 11 to 17 hooks in each of the rows (fig. 5b) 
except the first three or four oni each side of the medio-dorsal line. All the hooks are 
directed towards the periphery. 

The nature of these chitinous hooks has not been understood so far. I shall hiere 
describe their structure, reserving discussion of the probable mode of their evolution 
for another place (p. 262). In Canada balsam preparations each " hook" (fig. 5c) 
appears to consist of a flat base externally produced into two spine-like outgrowths, 
one of these being much longer and stronger than the other. r'lihe wlhole of this 
structure is so arranged on the appendage that the two processes are directed towards 
the periphery of the disc. The relative form and length of the spines differ somewhat 
writh their distance from the centre of the disc. Whllen magn1ified each 11ook is seen to 

2 ]: 2 



214 SUNDER LAL HORA: ECOLOGY, BIONOMICS 

consist of a stout basal portion and a inore slender hook. The two components of each 
hook diverge from each other like the two arms of the letter " V." In the angle between 
the two components is a notch into whichl the thread of secretion readily slips; the 
thread is then more securely held by the hook. Of the two arms of the hook, the outer 
sickle-shaped one is free and is the one that functions, while the other lies againist the 
body wall of the aniimal, partly embedded in it, to give support to its working partner. 
The mechanical principle involved is that of the lever of the third type (p. 262). 

The muscles of the posterior appen-dage are described by PURI (1oc. cit., p. 321) as 
follows: " The posterior sucker with its circlet of hooks is provided with numerous 
muscles, originating chiefly in the eighth abdominal segment, though a few are attached 
to the seventh. Arising from the lateral and the ventral surfaces, they stretch to all 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'i 

TEXT-FIG. 5.-Tlhe posterior appendage of a &)'t9uivalm- larva. ab ---- posterior appeiidage laid flat oii a 
slide. x 150; note the mnedio-dorsal (lower) and the lnedio-venltral regioils where the rows of .pines 
are iiiterrupted ; b =a portion of the appendage shlowiillv arranlgemliet of spinies in rows. x 500; 
c =the, differeilt forms of spines. x 1,000. 

points in the ci'rcle except the medio-dorsal, which is devoid of liooks. A pair of slender 
muscles arZises from the lateral wall of the eighth segment and is inserted upon thle 
middle of the disc. A very stout muscle, originating dorsally from the anterior end 
of the seventh segment, and dividing into two strands, is also attached within this 
space. Thle arrangement of these muscles of the posterio-r appendage is very cOn1- 
plicated and can best be followed by reference to PI. VIII, fig. lo." 

In determining the function of the posterior appendage it seems to me tllat undue 
im-portance has been attached to the p)resence, or absence of muscles in ethecnt-re of 
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the disc, and I fail to see why the presence of the muscles in the centre should lead to 
the conclusion that the organ functions as a sucker. When a larva fixes its posterior 
disc in the salivary secretion, it is observed that the various parts of the disc are moved 
slightly. This movement is, in all probability, caused by the numerous slender muscles 
inserted in the various parts of this structure, with the object of enabling thle larva to 
fix its hooks in the secretion. The strong muscles that are attached in the cent-re of 
the disc are certainly meant to enable the animal to detach its so-called " slucker" 
from the secretion. I have already pointed out that these movements are violent anid 
can be readily noticed. Both the prongs of the hook are directed towards the periplhery, 
and to disengage them a pull in the opposite direction is needed. It is by the action of 
the strong muscles in the centre that this pull can be given. The crotchets on the 
abdominal appendages of a Lepidopterous larva have tlleir hooks directed towards the 
centre of the disc and the muscles perform quite a different function there. A typical 
abdominal leg of a Lepidopterous larva " is a fleshy, more or less conical, retractile 
projection whose apex or planta is rounded and flat. The latter is provided with a 
series of hooks or crotchets which aid the larva in locomotioin, and to the centre of 
the planta is attached a muscle by means of which it can be completely inverted" 
(IMMS, p. 403). The points of similarity and dissimilarity between the functioning 
of the disc of a Simuliurm larva and of the abdominal leg of a Lepidopterous larva 
may be noted. 

Trhere are two other points in the arrangement, of the hooks oil thle posterior appendages 
which require further elucidation. These are, firstly, the presence of the lhooks only 
in the peripheral region of the disc, and seconidly, the interruption of the rows bothi in 
the mid-dorsal and mid-ven-tral lines. The presence of hiooks only in the peripheral region 
inakes it possible to pull them out of the secretion by contraction of the centre of the 
disc. For the proper fixation of the hooks into the salivary secretion it is essenltial tllat 
tlhe disc should be brought as close as possible to the substratum. Thls would necessitate 
the expulsion of water by adpression, and the two regions where the rows are interrupted 
allow the passage of water. Once the fixation is effected the larva hangs from the silk 
threads and tlhe water freely flows under its posterior disc. These interrupted regions 
recall the valvular gateway to be seen in the sucker of a Blepharocerid larva (p. 222); the 
foriner allows the water to pass both ways, wlhereas in the latter the water can pass fronm 
the cavity of the sucker (a true functional sucker), but is prevented from entering it. The 
posterior disc is strengthened along its dorsal border by the posterior limbs of an 
X-shaped sclerite, and there are a few simple scales lying external to the anterior limb 
of this structure. 

Thoracic proleg and labrum.--The prothorax is produced on the venitral surface inito 
a median appendage known as the thoracic proleg. This consists of a proximal and 
a distal portion; the latter is capable of being retracted into the former and at its 
extremity bears radial rows of small hooks. Belhind the crown of hooks there is a 
triangular chitinous plate lying latero-dorsally, with its anterior border produced into 



216 SUNDER LAL HORA: ECOLOGY, BIONOMICS 

pointed processes arranged in groups of three to five. The proleg is supplied withi a 
nutmber of fairly strong muscles. The labrum is almost semicircular, is directed down- 
wards and overhangs the mnouth, and on its dorsal or anterior surface in the mnedian line 
is an elonigated patch of strong distally directed lhooks. The hooks on the thoracic proleg 
and on the labrum are of the same kind as those found on the posterior appendage, but 
those on the labrum are very much shorter. 

The thoracic proleg and the labrum work in opposition to haul up a larva along the 
silk tlhread to its former support. PURI (10c. cit., p. 297) noticed that for this purpose 
the larva uses the proleg and the mouth-parts " like a hand to hand " rope-climb. 
According to my observations, of the mouth-parts only the labrum functions in this 
process. In an earlier paper (1927b, p. 121, fig. 7c) I have given a diagrammatic repre- 
sentation of the progression of the larva during this process. In the first position the 
animal is seen to be fixed to the thread by means of the hooks on the labrum and on 
the proleg when these two structures are wide apart. The proleg slides forwards and 
its apex comes to lie close to the labrum. Now the labrum slides forwards and the 
two structures separate again. It should be noticed that both the structures remain 
constantly in touch with the thread, and tllat a sliding movement of only one of them 
takes place at a time. The various movements described above can1 be watched by jerk- 
ing the larva from a support, when it will hang by a thiread in the same way as a spider 
does, and then keeping it in the middle of a tube full of water. In these circumstances 
it was observed that the larva continuously moved its hinder end from side to side, and 
when by chance the posterior appendage came in contact with the thread, the larva 
adopted the characteristic looping movements for progression along the thread. 

The thoracic proleg is strengthened in the dorso-lateral region by a chitinous plate, 
which is prodcuced anteriorly into pointed processes arranged in groups of three to five. 
When this appendage works in opposition to the labrum the area of greatest stress will 
be the dorso-lateral region. The structure of the chitinous plate shows that it gives 
rigidity to the area, combined with a certain amount of flexibility at the anterior end 
(the region of the pointed processes). 

Salivary Secretion.-The salivary glands are well developed and occupy the greater 
part of the abdominal cavity. They are filled witlh a thick secretion which coagulates 
in water and is not soluble in spirit. It is poured out on the substratum in the form of 
two flattened threads applied side by side, which are very sticky and very strong. 
I have indicated their nature in a former paper (1927b, p. 122). The salivary secretion 
furnishes a substratum for the attachment of the hooks and plays as important a role 
in the fixation of the larva as the hooks on the various appendages. At the point of 
attachment these fine silk threads are spread out into a flower-like pattern by the close 
application of tlle appendage. 

Pupa.-The pupa is more or less enclosed by the cocoon manufactured by the larva 
from its sticky salivary secretion. The pupa lies loose in the cocoon, except for the 
fact that the spines on the ventral side are entangled in a numnber of fine silk threads 
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arising from the posterior end of the floor. In preserved specimens the pupa can be 
easily taken out of the cocoon, but under natural conditions, where the current strongly 
presses the dorsal wall of the cocoon against the pupa, the forwardly directed hooks on 
the dorsal surface of the pupa become fixed in the dorsal wall of the cocoon and anchor 
the animal. PURL (loc. ci,t., pp. 330-333) has described in detail the arrangement of 
the spines on the body of the pupa. The function of these becomes evident wvhen it is 
remembered that the pupa is always found with the hiead pointing downstream (p. 209), 
which condition is essential for the emergence of thle fly in a rushing stream. The head 
and the wing-sheaths on the ventral surface are covered with chitinous papille which 
help to increase friction. 

Blepharoceridce. 
According to KELLOGG (1907, p. 3), the larvae and pupoe of the Blepharoceridae, 

"like the lip of a fall, the rocks of cascades, and the sides of a pot-hole in which the 
water, is ever whirling and boiling." TONNOIR (1924, p. 8), in his account of the 
Tasmanian Blepharoceridae, states that " L'habitat des larves est naturellement different 
suivant les especes; on peut les ranger, sous ce rapport, en deux categories: (a) la 
premiere, comportant E. tasmaniensis et E. similis, a des larves qui exigent une eau 
tres oxygenee et, par consequent, tres rapide et ecumante, comme celle d'une cataracte 
ou au bas d'une chute; ceci fait que l'on ne trouve guere ces larves que sur le roc, 
toutes les autres pierres etant emportees par le courant violent d'un tel cours d'eau; 
(b) les larves de la seconde categorie, celles de E. ferruginea et E. fluviatiltis (et probable- 
ment aussi celles de E. montana et E. contfinis, s'il faut en juger d'apres l'habitat de 
l'imago), se contentent d'une eau beaucoup moins rapide, bien que, dans certains cas, 
j'ai rencontre la larve de E. ferruginea avec celle de E. similis: d'ordinaire on les 
trouve fixees sur les pierres du1 fond, en compagnie des larves de Simuliumn, d' Eph6rmneres, 
de Plecopteres et de Trichopteres." 

In the course of my field-work I have been greatly impressed by the peculiar habitat 
selected by the larvee and pupe in different parts of India. In Novemnber, 1926, I 
made observations on the animals inhabiting a small torrential stream below Dumpep, 
in the Khasi Hills (Plate 15, fig. 2). It is a clear swift-running stream with rapids and 
falls in its course. After a great deal of search only two Blepharocerid larvee were 
found on the upper surface of a stone, lying in a narrow channel through which water 
was flowing with a tremendous rush. A couple of miles away from Dumpep is another 
stream, known as Pun-Wa-Sherra (Plate 16, fig. 2) which flows in a series of falls and 
rushes down witlh great speed to join the Nong-Priang stream below Cherrapunji. Here 
masses of Blepharocerid larvae were found on the lips of falls or on steep bare rocks. 
Very few specimens were present on the rocks forming the general bed of the stream. 
In December, 1926, I was working on the fauna of smnall streams in the neighbourlhood 
of Pashok, Darjiling Himalayas, where the pupae and larvw of the net-winged midges 
were only found on the rocks of the rapids and were absent from the immediate neigh- 
bourhood of falls. They were found in small group.s on the upper surface of stone,s in 
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the swiftest current and were consequently more widely distributed in the stream-bed 
than those of the former category. In May-June, 1927, I noticed at Dalhousie, in the 
Western Himalayas, that the Blepharocerid larvae were neither present on the lips of 
falls, nor on the rocks of the rapids, but were present in great number on rocks and 
stones at the base of falls over which water fell with a tremendous crash. It may be 
remarked that occasionally larvae and pupae are found in other places in the same stream, 
but the habitats described above are very characteristic. 

The young larvae are usually found in moderate currents,* eitlher at the sides of 
rocks near a fall wlhere they are kept moist by the intermittent splashing of water or 
on the lower sides of rocks over which the water is falling. In both situationls it is 
possible to correlate the size of the larvae and the rapidity of the flow in which they 
live. The flies lay their eggs either on wet rocks at the sides of the falls, where they 
are kcept moist by spray or on tlhe under surfaces of stones. Hatching otut in these 
situations the larvTu gradually make their way into the swiftest part of the current. 
Sever:al other authors have also noticed that the eggs are laid in currents of moderate 
strength. 

Usually it is mnentioned that pupae are found in similar situations, and according to 
IIIJBAULT the pupLi actually prefer swifter currents than those in which the larva live. 
Ile observes: "Arrivee a maturite, la larve bien souvent change une seconde fois de 
place et choisit un nouvel endroit, ou' le courant est encore plus fort: par exemple le 
rocher sous la lame d'eau de la cascade elle-m8me, ou bien celui qui, place sous la chute, 
la regoit de plei1i fouet" (p. 304). This may be true for those species that live in 
rapids; their behaviour will correspond to that of the Sirnuliurn larvae that are found 
in company with them in such situations. My observations on those forms that live 
on the lip of a fall or on a rock at its base are different. About the time of pupation 
the larvae seek comparatively sheltered places. They often choose small pits on the 
rocks or retreat to the banks of a stream. In the Khasi Hills they were found on 
vertical rocks over which the water trickled down from a fall and kept them moist. 
At Dalhousie they were usuially found on the sides of the rocks and not on their upper 
surfaces. 

KELLOGG found the pupe in the same places as the larvee " with heads pointing 
downstream " (1907, p. 3), whereas KOMAREK and WIMMER remark that " the pupa 
is found in the same places as the larva. The pupae are apt to occur like the larvae 
closely clustered together with the heads pointing upstream " (1922, p. 66). HUBAULT 
found the pupa with the heads pointing downstream. I have always found the pupoe 
with the head pointing downstream and this has a marked biological significance, 
namely, the facilitating of the emergence of the adult insect. It may, however, be 

* Regarding the larvwe of Phcanocladius, a Chironomid, HUBAIJLT (p. 352) makes similar observations. 
He says: "I1 faut noter la migration des larves de Phwenocladius: jeunes, on les rencontre massees sur 
places de ponite, dans les algues qui couvrent certain rochers des rives, mouilles par les eaux; developp6es, 
elles vivent accrochees aux pierres des cascades." 
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remarked that in this position the pupa presents an inverted stream-line form to the 
current and, as will be shown later, the animal is absolutely fastened to the substratum 
by a sticky secretion. 

Of all the animals that inhabit torrential streams the larvee of the Blepharoceridee 
are the best adapted to hang on to bare rocks in the most tumultuous situations. In 
most of the larvae the body is slightly depressed, and it is only in a few that a regular 
limpet-like form is attained. By virtue of half-a-dozen ventral suckers, each of wNThich 
is capable of powerful and independent attachment to the stones, these larvte manage 
to live in the swiftest part of the current. The suckers have become so important that 
the body has become segmented secondarily, so that the nmajor divisions of the body 
conform to the suckers and not to the original body segments. I shall have occasion 
to discuss this point at some length later (p. 230). With the help of these suckers, used 
as feet, the larva walks over the stones unider the swiftest water by its characteristic 
lateral undulating miovemeents. Besides the suckers the larvae. are provided with 
certain accessory organs of attachmient which mechanically help the animal to stem the 
current. In order to study these devices I propose to divide my entire collection into 
two groups, irrespective of the taxonomic position of the various forms in each group, 
namely (1) those larva- which possess well-defined lateral appendages and in which the 
body is constricted between each division (2) those in which the body has assumed a 
chiton or limpet shape and the lateral appendages are not well defined.* The body is 
mnarked into six divisions, but is not constricted between these divisions. I shall first 
describe the structure and mechanism of a sucker, which is common to both the forms 
and which is by far the most complicated and efficient organ of attachmnent that I have 
to deal with in this paper. It may be remarked that the occurrence of true suckers is 
very rare in the fauna of the torrential streams. 

Sucker.-The most conspicuous organs of attachment are the ventral suckers. 
These have received considerable attention. at the hands of several workers. KELLOG 

(1903, p. 204) was the first to describe the structure of a sucker and the manner of its 
working, but his description is meagre and is of a general nature. It is to KOMAREK 
(1914, pp. 1-28) that we are indebted for a detailed account of the various parts of the 

* Mr. F. W. EDWARDS, in a letter to me dated May 4, 1928, writes as follows: " In mily holiday in Corsica 

I searched specially for Blepharocerid larvae and obtained four species. I remembered what you said 

abouit the chiton-like larve being found especially in places where the water was falling on to themi, and 

sure einough in such places I found small black larvae something like the one in your photograph. How- 

ever, these larvse were not confined to such places, nor did they always have the ' chiton ' shape; somle 

which certainly belong to the same species have the normual body-constructions, and I am led to 

believe that the chiton-like larvwe have simply contracted thenmselves, either in preparation for pupatioin, 
or because of the force of the water compelling them to take the firmest possible hold. My larvac seemi 

to be those of Apistomyia elegants, which is rather nearly related to Hcammatorhhina." These observations 

are very interesting in showing the direct effect of environment in the moulding of the form. I have 

observed that all young larva are constricted between the division-s and it is oiily in g,rown-up animals 

living in fiercest currents that the chiton shape is developed. 
VOL. Gccv.-VIII 2 G- 
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apparatus and for ah attempt to explain the r6le of each in the harmionious working of 
the entire structure. In several cases I am not in agreement with KOMAREK'S descrip- 
tion and with his explanation, but to avoid unduly lengthening the following account 
I have purposely refrained from discussing the points of difference in detail. It 
should, however, be understood that where my conclusions happen to difler upon any 
point, it is not due to my overlooking the observations of previous workers on the 
subject. A brief reference may, however, be made to the recent observations of 
HOFENEDER (1928). His account of the morphology and physiology of the sucker 
agrees with that of KOMAREK in most respects, but he gives a better description of 
rod-like structures in the outer layer, and his interpretation of their function is more 
correct. He considers the valvular gateway at the anterior end of the sucker as an 
inlet for the flow of water into the sucker to disengage it, but with this view I do not 
agree. In the Indian species only one type of rod is found in the outermost layer, 
whereas HOFENEDER and KOMAIREK found two types of rods alternatingf with each other. 

Each sucker, as seen in lateral view in a fully distended condition, appears as a vase- 
shaped structure, of which the base is represented by the general cuticular covering 
of the body at the base of the sucker. It originates as a tube whlich widens gradually 
towards the distal end and terminates at the apex in a broad, sloping rimn. Two black 
bands are visible in this view, one near the apex representing the black margin of the 
disc and the other near the base of the tube representing the rim of the chitinous piston 
which works the sucker. When seen from the ventral surface a sucker (fig. 6) appears 
as a rounded and radial structure with a series of concentric bands lying at different 
levels of the sloping sides of the vase-shaped structure. Generally there are three light 
yellow and two dark rings, besides the outermost delicate and dull white fringe anld the 
rounded web-like sculptured disc fornming the centre of the disc. In some cases I have 

observed three dark bands enclosed by four light rings. In ny preparations the outer- 
most layer forms a continuous fringe round the sucker and consists of a delicate 
chitinous sheet. The chitin is thickened along radial strands, so that oni superficial 
examination a fringe of hairs seems to surround the sucker. This delicate structure 
is liable to shrivel in various ways and may appear as slhown by KOMAREK in his figure. 
A close study of this structure shows that it is in reality a continuation of the outer 
chitinous layer that forms the outside of the vase-shaped sucker. Internal to this is 
the broad, light yellow ring. Under a high-power magnification it is seen to consist 

of a series of rods lying flat, side by side, at short intervals. All my preparations show 

rods of only one kind (fig. 6). At the distal end each rod is curved inwards forming a 
crotchet at the extremity. Internal to the rods is the first black band; it consists of 
three or four layers of small, deeply pigmented, chitinous blocks of various sizes and 
shapes. Immediately following these blocks towards the centre is the second light 
yellow ring. It consists of a series of rods more or less similar to those described in 

the first light ring, with this difference that the rods are here continued right to the 
bottom of the sucker as chitinous strands. In the middle of their lengths, or slightly 
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more in the distal half, the chitinous strands are deeply pigmented, forming the second 
dark ring, and then the remaining proximal portion of the strands forms the third or 
the innermost light yellow ring. Forming the centre of the disc is the circular piston; 
the polygonal markings represent the attachment of the muscles or the tendons of the 
miuscles on the inner surface. 

As on the outside, the inner surface of the vase-shaped sucker is covered by a delicate 
thin and transparent chitinous layer. The area of this membrane that covers the outer- 
most layer of rods (the layer does not extend to the tip of the rods) is provided with 
small spines on its ventral surface; all the spines are directed towards the centre and 
literally cover the whole of the surface. 

The radial symmetry of the disc of the sucker is initerrupted (fig. 6) on the anterior 

k'L~ 

TEXT-FIG. 6.-Sucker of a Blepharocerid larva as seen f roni the ventral surface. (Diagrammatic, nmiodified 
after KO-mANLEK.) 

side and a V-shaped space is left blank in that region; the apex of the V is directed 
towards the centre of the disc. Forming the two arms of the V are two rods of the 
outermost light layer; they support membraneous flaps concave outwards and convex 
towards the centre of the disc. In this region the arrangemnent of the cl-litinous blocks 
and of the other layers is interrupted. Near the apex of the V the chitin is arranged 
into concentric circles, the centre of which is formed by the apex of the V. 

In the central light yellow banid there are six funnel-shaped depressions (fig. 6) which 
appear on superficial examination as clear spaces; these are placed on the anterior- 
lateral border of the disc and are absent from the posterior part. They are radially 
arranged. In some of these I have found long pointed sickle-shape(d spinies, as figured 
by KOMAREK, and in some short tube-like structures, as figured bv CAMPBELL (1921, 

fig. 1i30). 
2G 2 
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Generally speaking, the disc of the sucker as seen from the ventral surface appears 
to consist of threads of chitin radially arranged and lying side by side. They appear to 
originate from the bottom of the cup, and after passing through various pigmented 
regions ternminate at tlhe apex forming a fringe of " hairs." This is all that is shown 
in the figures of the structure of the disc by mnost authors. I have indicated above 
the structure of the various regions and will now discuss the functions of the various 
morphological units. 

Rim.-The outermost layer forming a fringe to the whole structure is very flaccid. 
By the pressure of the current it spreads out evenly on all sides of the sucker and is 
closely pressed against the substratum, thus preventing the entrance of water into the 
cavity of the vase-shaped structure. In young specimens this layer is not so clear, 
and I have been unable to find it in my preparations. 

Outer layer of rods.---In young individuals the structure of this layer can be easily 
made out. Each rod is a flattened rib-like structure, broader at the base and gradually 
tapering towards the distal end, where it forms a crotchet. When a sucker is applied 
to the stone, these rods lie flat on the substratum and grip the stone by their terminal 
hooks. In this way they prevent the flexible walls of the tube from collapsing when 
a vacuum is created inside the tube. It may also be noted that the minute spines on 
the ventral surface of the membrane covering the under side of these rods are also used 
for the same purpose. 

Layer of chitinous blocks.-The function of these chitinous blocks seems to be to give 
mobility and strength to the layer of rods described above (cf. the carpal and tarsal 
bones in vertebrate limbs). The rods may be deflected under the pressure of a strong 
current, but they do -not break and ultimately they readjust themselves in their old 
positions. 

The structure of the disc inner to these blocks shows only the above described two 
layers in the process of development. From the base issue strands of chitin, after a short 
distance these become deeply pigmented, and beyond this region they exhibit the 
structure of the rods with developing hooks at their apices. The pigmented region 
ultimately breaks up into a series of blocks, and the ends become differentiated into 
rods. As soon as the outer layer is cast at the time of ecdysis, the inner layers are 
ready to replace it and thus the efficiency of the sucker is never impaired. It is also 
evident that these hooked rods must play a very important role in the formation of 
thie sucker, because ample provision is made to replace them as soon as they are 
cast off. 

Valvular gateway (fig. 7).-It is evident that before a vacuunm can be created, the 
water filling the tube of the sucker must be expelled. The valvular gateway allows 
the exit of water from the cavity of the sucker, but the arrangement of its membraneous 
flaps is such that no water can get in. It has been pointed out above that at the apex 
of this V-shaped structure the neighbouring chitin is arranged in concentric half-rings. 
This shows the direction of the force with which the water is ejected and the lines of 
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the flow of water before it is finally pushed out. CAMPBELL terms it " Valve gateway 
of sucker " and shows all the salient points in its structure in his fig. 127 (p. 283). 

Funnel-shaped depressions.-The position and nature of these depressions has already 
been noticed, but little is known of their function. It appears to me probable that 
they are used to let in water wlhen the animal begins to disengage its sucker. The hollow 
spines or tubes that are found inside them prevent the sudden inrush of water; each 
structure acts like a valve that allows the water to flow in only. 

The presence of these f-unnels along tlle lateral borders only of the sucker can also 
be explained. These have such narrow apertures that on account of the capillary 
action, it will not be possible for water, unless forced, to pass through them. This is 
done in two ways, firstly the pressure of the current pushes in the water, and secondly, 
the vacuum inside the tube sucks in the water. 
When it is remembered that these larvee lie in the -- 
current, with their longitudinal axes at right angles - 7 

to the direction of the flow, it will be seen that 
these small valvular apertures are on the lateral 
borders of the disc to take advantage of the current. / ----C 
It is also evident that the three funnels on the 
leeward side of the sucker will be of less use. It is 
also obvious that one big aperture to let in the water 
would have been distinctly harmful to the animal, 
for a sudden rush of water inside the sucker might TEXT-FIG,. 7.-The valviilar gateway of 

tear away the larva froml its support. the sucker of a B3lepharocerid. (highly tear away the larvafrom its support. magnifiedl, d-iagramumatic). a::== open- My explanation of the action of these apertures is magbifiedirammatic 
a op - 1n~~~~~~~~~~g; b m-1em1brano US flap C -- rOd 

as follows: when a sucker is applied to a stone the supporting the mmnbl)rauiv. 
outer rinm lies flat on the substratunm, the dorso- 
ventral muscles push the piston down (not upwards as remarked by all other workers) 
and the water is expelled from inHFside the tube; the piston then comnes back to its 
position and a vacuum is created. The rim then lies flat on the stone and the funnel- 
shaped apertures are now closely applied to the surface of the stone. When the insect 
begins to loosen the hold of its sucker the tube of the sucker is pulled up by certain 
dorso-ventral muscles that lie lateral to the mruscles of the piston. Irn this action the 
innier portion of the rim is lifted from the substratum, and the funnel-like apertures 
now free from the surface let in the water. The whole of the actioni becomes clear 
from a study of the figure which I reproduce here from KoMA1)IEK (fig. 8). 

Piston.-In very young specimens I have not been able to trace any structure corre- 
sponding to the piston whiclh is so characteristic of the suckers of the mature larvae. 
Strong muscles are attached on the inner surface of the piston, the edge of wllich is 
strongly chitinized and deeply pigmented. Two great muscle,bundles run dorsally and 
diagonally from each sucker, and after traversing the body cavity are attached to the 
dorsal walls. These muscles are responsible for the creation of the vacuulm, There 
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are other weaker muscles which act in the way described above to disengage the 
sucker. 

KOMAREK has described a number of large glandular cells and glands radially arranged 
and very closely connected with the sucker. These are, in my opinion, the mother-cells 
of glands of the chitinous secretion, which ultimately forms the rods, blocks, and other 
characteristic structures of the disc. 

Probable evolution of the sucker.-According to KOMAIREK the sucker was probably 
evolved as follows: "U Urspriinglichi waren wahrscheinlich an der betreffenden Stelle 
nur Driisen vorhanden und die Tiere lebten am Boden der Bache. Dort wo sich die 
Ventralseite mittels Driisesekretes an die Steine klebte, lag die Insertionsstelle, an 

Dr Epz EHesh Hklk1 

_ _Lo ~~~~~~~~~~~ChscA5 

,/' ~~~~~~~~~~~~TDr 
Ifesh __t A 

Al Ch-sk Ofn Chki Chh1: AhE 

TEXT-FIGO. 8. --MIedian section throuigh the sucker of a Blepharocerid larva tranisverse to the l)body axis 

(after KoMXiui.AEK). Ahl - the outer skin of the disc rings; Al free miiargin of the disc; Awo the 

outer wall of the sticker:; NMlt = chitillous support C; (i1 chitinous piston; Chschi the 

chitinous ring round the piston; Chsk -- the chitinous sac; Dr bicellular gland; EHesh the 

end of the skin layer; Ep epitheliumi of chitinous ring round the piston: Fpz epithelial cell 

layer: Hesh = the skin layer; HMkl = muscles of the skin layer KMkl mluscles of the piston 

Of z= central openina of the sucker; S1 secretion of glands: TDr = the tubullar gland; W 

marginal rillm. 

NOTE.-The above is a translation of K0oMIREKI,S explanation of his lettering. 

welcher sich die divergierenden dorsoventralen Muskeln vereinigten. Durch Kontrak- 
tion der letzteren konnte die weiche Haut der Ventralseite eingestiilpt werden; rings 
um dieses Centrum bildete sich eine wallartige Hautaussttilpung und dies war schon 
eine primitive Saugvorrichtung, die man als Anlage der hochorganisierten Haftscheibe 
ansehen kann." I have studied the probable development of the sucker in a series of 

young specimens in my collection. In the earlier stages each sucker corresponds to 

an abdominal leg of a Lepidopterous larva whose apex is provided with a series of 
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crotchets of equal length arranged in a " unriserial circle " (Uniordinal type of arrange- 
ment). All the hooks are turned towards the centre of the " planta " and can therefore 
be disengaged only by the muscles attached to the centre of the disc, by means of which 
the latter can be completely inverted. In the earlier stages these muscle attachments 
do not show a web-like pattern on the outside. Life in rapid waters demands a close 
application of the ventral surface of the animals to the substratum, and in this process 
the crotchets Will gradually come to lie flat on the disc an(d will be greatly compressed 
in the dorso-venitral plane. At a very early stage the valvular gatewvay makes its 
appearance. It is now possible to conceive that the muscles used for the inverting of 
the disc will help in the circumstances to drive axvay the water from the centre of the 
disc and to create a vacuum in the manner indicated above. The funnel-like depressions 
are represenited by triangular spaces which no doubt help by letting in the water to 
destroy the vacuum. It has been pointed out that the young larvae are found nlear the 
edge of the stream on wet rocks and graduially invade the sWift part of the current. 
There is a marked correlation between the behaviour of the larve to the current and the 
development of the sucker. In both these cases it is clearly seen that certain stages 
in the evolution of these insects are represented in tlheir ontogeny. 

Accessory oryans of attachment.-TInder this hieading I propose to describe a variety 
of structures that assist tlhe larva to anchor itself on rocks in swift currents. They 
are of the nature of mechanical devices similar to those described for the other groups 
of insects. It will be convenient to deal with the larvae of the two categories 
separately. 

Larvc with well-mnarked lateral appendages (Plate 17, fig. 10).-According to KELLOGG 
(1903, p. 203), " The larva is footless; but each body part (not body segment) bears 
a pair of small, unsegmented, pointed projections, situated on the ventral aspect of 
the lateral margin. This projection may be of slight use to the larva in locomotion, but, 
at best, only of sliglht use." I ain not familiar with the larvae of the American Blepharo- 
ceridae, but in the case of the Indian larvae, in which these appendages are well developed, 
there is no doubt that they lhelp the larva in locomotion and fixation. In young 
individuals a lateral appendage is narrow at the base and is expanded at the distal end 
into a circular disc. From the dorsal and a part of the lateral surface of the disc issue 
tufts of long hair-like processes. The ventral surface of the disc is covered with 
innumerable sniall hooked spines (Plate 17, fig. 11); the whole structure appears as a 
well-defined pad of orange-yellow colour. When highly magnified each spine is broad, 
strongly chitinized, and sharply hooked, the hooked tip being directed mesially and 
posteriorly. Buit at the distal margin of the appendage the spines are stronger and are 
directed outwards. 

The animal moves by lateral movements with its longitudinal axis at right angles 
to the current. In these circumstances the spines on the pads of the appendages are of 
great use to the animal for holding on to the substratum, while the spines on the side 
are of little use. In te case of the long spines at the end of the pad the order o-f utility 
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is reversed. Those on the leeward side prevenlt the animal from slipping, while those 
on the side on which the current impinges are of little use. So in this unidirectional 
current it is obvious that organs of one side of the animal only can be used at one tiine. 
In young larvw3 gToups of strong spear-like spines are present along the lateral borders 
at the base of the lateral appendages. These spines are driven into the unevenness of 
the rocks when the animals are pushed back by the current and help to anchor the 
larvae. 

Larvce wtith Chiton-like form (Plate 18, fig. 3).-In the larvae belonging to this category 
the lateral appendages, situated in ,small notches, are greatly reduced in size and are 
very strongly chitinized. They appear as dark blunt projections along the lateral 
borders and are provided with bristle-like hairs at their apices. Along the lateral 
borders the body is provided with strong and sharp spines, which enable the animal 
to anchor itself on the substratum (Plate 18, fig. 3). There are a few bristle-like spines 
on the ventral surface but these are very sparse. Forming the entire border of the 
venitral surface, with the exception of the region of the mouth, there are variously 
arranged rows of the tubercles. Under hiigh magnification each of these tubercles 
appears as a comb-lilce structure, with the spines directed towards the cenltre of the 
animal (Plate 17, fig. 12). With the help of these setose processes the larva is enabled to 
grip firmly the apparently smooth surfaces of rocks in torrential streams. At the 
posterior end the chitin is arranged in regular strands and forms a semicircular pad. 
This broad rim can be strongly pressed against the substratum and the whole animal 
sticks to the rock like a limpet. The entire organisationi of this type of larva shows 
remarkable adaptation for life in swift currents and, so far as I am aware, this larva is 
unparalleled by any other creature living in similar environmental conditions. 

Attention may here be directed to the dorsal armature of certain Blepharocerid 
larvae. It has long been known to the students of net-winged mnidges that in certain 
larvee the integument of the dorsal surface is produceed into wart-like or spine-like 
outgrowths, the nature of which differs in different species. These structures have 
been very usefully employed by some authors in distinguishing species, thouglh their 
true significance has never been realized. From a study of the principles of hydraulics 
and in view of the fierce currents inhabited by these larvae, it seemns clear that the 
dorsal armature is a device to reduce resistance to the cuirrent (p. 255). Their growth 
seems to depend on the nature of the current inhabited, and gradations exist between 
a nearly smooth dorsal surface and one with highly developed armature. 

In the European larvae the gradual evolution of tllese structures may be traced 
from the descriptions of KoMAREIK and AVIMMER (1922). For instance, the larvae of 
Liponeura from Zchenes-Zchali (p. 72), of L. platyfrons (p. 68), of Blepharocera armeniaca 
(p. 76), of Liponeura of Betscho and of L. caucasica (p. 70) form a series, showing the 
progressive reduction of the dorsal armature. 

Even where the integument of the larva appears to be smooth, an examination under 
the binocular microscope shows the remains of the warts here and there (Plate 3, fig. 13), 
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and the thick chitin of the dorsal surface appears to be broken up into a series of 
channels and ridges. The channiels, by roughening the surface, probably enable the 
animal to offer less resistance in tempestuous waters (p. 255). 

Pupa (Plate 17, fig. 16).-The pupa of the Blepharoceridae is strongly convex on 
the dorsal surface and flat on its ventral aspect by whichi it adheres. Thle dorsal body 
wall is highly chitinized and is generally of a dark brown colour. Each pupa is 
fastened to the rocks by six pads, three on each lateral margin of the ventral aspect 
of the abdomen; these pads are not like the suckers of the larva, whose hold can be 
voluntarily loosened, but they permanently attach the pupa to one spot. The attach- 
ment of the pupa is effected by a very sticky substance, and when a pupa is forcibly 
detached from the substratum three whitish pads can be seen on each side; the remnains 
of the hardened sticky secretion can be seen on each of these. 

The dorsal skin of the pupa, when magnified, shows a number of papille which cover 
the whole of the surface (Plate 17, fig. 15). These papillae appear to be studded with 
spines and warts of different kinds. Whlen a pupal skin is examined while still enclosed 
within the larva, these papillae are seen to be covered with spines of definite natture 
(Plate 17, fig. 14). Each papilla bears a strong spine in the centre with a crown of shorter 
spines all round it. It is evident that these structures must be of immense service in 
reducing resistance to the current. As the pupa becomes firmly attached to the suLb- 
stratum the spines are reduced and the smoothening of the contours is brought about 
by the rushing torrent. 

Deuterophlebiidce. 

The family Deuterophlebiidae was proposed by EDWARDS (1922) to accommodate 
certain remarkable Dipterous insects of doubtful affinity, but said to be allied to the 
Blepharoceridae. EDWARDS had only two male insects from Kashmir, which he 
described as Deuterophlebia mirabilis. Since then, Miss PULIKOVSKY (1924) has 
described the larvae and pupae of this genus from the Altai Mountains in Siberia. 
BRODSKY and BRODSKY (1926) have quite recently extended the known range of the 
genus to Turkestan in Central Asia. Through the kindness of Mr. F. W. EDWARDS 
I have examined the Siberian larvae and pupae in the collection of the British Museum. 

The larvae and pupae of Deuterophlebia are said to inhabit swift-running, clear streams, 
where they have been found in company with the Blepharoceridae. They cling to 
smooth rocks by means of seven pairs of grappling organs borne on the ventral aspect 
of the lateral abdominal outgrowths. "The larva turn continually the anterior part 
of their body from side to side and move by stretching in and out their pediform 
abdominal outgrowths " (PULIKOVSKY, p. 46). 

Each lateral disc of attachment is in the form of a thick rounded pad, the centre of 
which is smooth, while the periphery bears 10 to 13 rows of peculiar hooks. These 
hooks are so arranged on the disc that when the proleg is fully extended (fig. 9, b) they 
point towards the periphery, just like th,e crotchets on the posterior appendage of a 

VOL. CCXVIII.-B. 2 H 
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Simulium larva (p. 213). In this position they are capable of grappling oni to the rock 
and effecting an attachment to the substratum. At the time of loosening the hold 
the centre of the disc is pulled upwards by a set of muscles, in such a way that the 
claw-bearing surface is invaginated so as to form a narrow canal (fig. 9, a). The entire 
mechanism of relaxation and fixation is similar to that of the posterior disc of a 
Simuliurn larva (p. 213) or of the abdominal appendages of the Dicranota larva (p. 208). 
In Simulium the functional portion of each spine gets support from its greatly developed 
basal portion, while in Deuterophlebia the same end is achieved by a rather complicated 
mechanism (see PULIKOVSKY's description). 

Miss PULIKOVSKY has, however, explained the mechanism of attachment in a 
different way. According to her (p. 52), " special muscles draw in pads, though what 
muscles are used when the larva relaxes its hold is not evident; possibly those inserted 
at the outside of the prolegs. The sucking by drawing in the pad must be relaxed by 
the presence of the claw at the sides of the sucker. The comb-like plates form in 

C7.' 

TEXT-FIG. 9.-Diagram illustrating the mechanism of motion of larval proleg of Deuterophlebica (after 
Miss PULIKOVSKY). a = position at the time of detachment (contracted); b positioll at the time 
of fixation (extended); Chp = chitinous pad; cl- claws; msc - muscles. 

conjunction a surface parallel to the surface of the proleg with only smiall intervals 
between them. The sucking, however, is effected after the claws are all drawn in. 
The combs point downwards when the pad is drawn in, and evidently can hook to the 
substratum only by the drawing out of the pad and the claw-bearing surface. Special 
muscles moving separate claws or the full set of them were not detected." It seems 
to me that Miss PULIKOVSKY has misunderstood the physiology of the entire structure. 
As I have indicated above, no sucker-formation takes place, and the attachment is 
effected by the hooks which are inserted into small unevennesses of the apparently smooth 
rock. I have reproduced in fig. 9 two diagrams from Miss PULIKOVSKY's paper, illus- 
trating the mechanism of motion of the larval proleg, which show my point clearly 
and at the same time refute Miss PULIKOVSKY's theory of attachment. 

The pupa is more or less similar to that of the Blepharoceridee, except that in the 
former the uniformly oval outline of the body is caused by the lateral chitinous 
extensions of the body and not by the flattening of the entire body. Like the 
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Blepharocerid pupa it is attached to the s-ubstratum by means of a sticky secretion, 
which is applied on the ventral aspect on three pairs of pads. 

Some Observations on the Phylogeny of the Blepharoceridce and the Deuterophlebiidce. 

Mr. F. W. EDWARDS, in a letter dated January 10, 1928, has informed me that " The 
affinities of the Blepharoceridee and Deuterophlebiide are very doubtful, but the two 
families are probably somewhat allied. The latest opinion is that they are probably 
as nearly related to the Anisopodidee (Rhyphidee) as to any other family, although 
they have been placed near the Simuliidae. They are certainly among the oldest 
families of Diptera, and though we have no definite evidence, they probably originated 
as far back as the Jurassic." CRAMPTON (1926) writes on this point as follows: " The 
origin and affinities of the Blepharocerids are still a mystery, and the Blepharocerids 
form such an isolated group, that it is preferable to consider them as constituting a 
distinct superfamily, the Blepharoceroidea. It is extremely probable that the 
Blepharocerids arose from ancestors allied to the Anisopodid-like common ancestors 
of the Culicoids and Bibionoids." 

In classifying Diptera some authorities have attached great importance to the larval 
and pupal characters, while others ignore them altogether and base their divisions on 
the characters of the adult alone. EDWARDS (1926) has recently advocated that " a 
close study of the whole structure of the species is essential. Nor must such a study 
be confined to the structures of the adult, since the early stages can often provide 
most valuable information." The value of embryology in the study of phylogeny 
has long been recognized by zoologists, and here I propose to discuss the evidence 
afforded by the study of the Blepharocerid larvae towards an elucidation of their 
probable ancestry. These larvae are so highly specialized that hitherto no attempt 
has been made to investigate them with a view to ascertain their affinities with the 
more common Dipterous insects. The imagines have so far provided no clue to the 
phylogeny of the family. In these insects, where the adult state lasts for a short time 
and the greater part of life is spent in the larval condition, there seems to me no doubt 
that modifications in the larvae are recognizable long before any significant modification 
makes its appearance in the adult. This is shown by the great variety of larval forms, 
though the resulting imagines are similar (TONNOIR, 1924, LESTAGE, 1925). It is also 
clear that the modifications in the adult can be traced back to the specialization of the 
larva, and that the former are the direct outcome of the latter. In short, here literally 
" the child is the father of the man." The Bleplharoceridae and the Deuterophlebiida 
are characterized by a secondary venation in the wing, and this feature is directly 
correlated with the habit of the larva and pupa of living in torrential streams and the 
consequent sudden eclosion of the imago. It seems probable that a Blepharocerid- 
type of larva has evolved from the worm-like ancestral form common to all dipterous 
insects under the direct influence of life in flowing waters. 

2Hu2 
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It is known that the six body divisions of a Blepharocerid larva have been secondarily 
acquired, and that they mask the original segmentation of the insect which makes its 
appearance at the time of pupa-formation under the larval skin. TONNOIR (1923) has 
shown that the cephalic division (first division) " contains the thorax and the two first 
abdominal segments; each of the four following divisions contains one abdominal segment 
and the anal division the three last abdominal segments; thus the nine abdominal 
segments are represented." So the peculiar Blepharocerid larva reveals its ancestry 
at the time of pupation, when it consists of a head, a thorax, and nine abdominal 
segments. It appears to me probable that in such an ancestral form the median suckers 
were present on the second to the seventh abdominal segments. This arrangement 
of the organs of attachment would leave the anterior and the posterior ends of the animal 

TEXT-FIG. 10.-" Drawings showing form of caddis-worms. a = Case-bearing larva; b Caseless species 
from Rhyacophilid& " (after DODDS and HISAW, 'Ecology,' 1925). 

free to be swayed by the eddies in the current. Such a state of affairs is not conducive 
to life in rapid waters, and consequently the torrential animals either spread out their 
organs of attachment uniformly all over the surface or the free parts of the body are 
reduced so that the entire body is centralized round the organs of fixation. These 
two principles are beautifully illustrated by the modifications undergone by the free- 
living Trichopterous larvs (p. 197). The thorax, bearing legs, is increased in size and 
the abdomen is reduced, so as to bring the posterior pair of hooks as close to the 
anterior organs of attachment as possible (fig. 10, b). In the Blepharoceridae something 
of a similar nature has happened. The anterior free segments became telescoped in 
the first segment of the body bearing an adhesive device, i.e., second abdominal segment, 
while the last two free segments merged themselves into the seventh abdominal segment. 
In the least specialized Blepharocerid genus Edwardsina there is sometimes a deep 
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incision between the seventh and eighth abdominal segments and a very distinct 
demarcation between the eighth and nintlh abdominal segments. In Blepharocera and 
Hapalothrix this latter is missing, that is to say, the eighth and the ninth segments have 
completely fused; but this compound segment is somewhat distinct from the seventh, 
and in Apistomyia even this constriction is but faintly indicated (TONNOIR, 1923). 
In the chiton-shaped larvae all indications of the former segmentation have disappeared. 

The Psychodid larvwe show a series of forms which recall the probable stages through 
whichi the ancestors of Blepharocerids must hiave passed. I do not believe that any 
genetic affinity exists between the two families; the resemblances are the result of 
convergence. The larva of Psychoda minuta exhibits the ancestral worm-like form 
(MALLOCH, 1917, Plate 39), that of P. cinerea is somewhat flattened dorsoventrally, and 
that of P. superba is still further modified in the same direction. A larva figured by 
MALLOCH as Psychoda sp. ? shows this flattening to a marked degree, and then the 
final form so far known is reached in the larve of the genus Maurina from California 
(KELLOGG, 1901) and Brazil (MtLLER, 1895). In Maurina (Pericomna) the ventral 
surface is provided with adhesive discs, but no suckers. Consequently, in spite of the 
presence of eight broad discs the larvae of Maurina were observed by KELLOGG not 
holding so fast to the substratum as the larvea of the Blepharoceridae. 

The larvae of the Deuterophlebiidee have not departed to any great ex-tent from the 
general plan of the Dipterous larvae, though the head has been partly telescoped into 
the first thoracic segment and the third thoracic segment is greatly reduced. Un- 
fortunately we do not know the exact composition of the abdominal divisions. It 
seems to me probable that whereas the ancestors of Blepharocerids had flattened larvae 
to start with and ultimately developed median suckers (compare Psychodid larvae), 
the ancestors of the Deuterophlebiide had larva with seven pairs of abdominal prolegs 
which they used for locomotion, just as the larve of Atherix, Dicranota and others do 
at the present time. The indications are that the Blepharocerid2e and the Deutero- 
phlebiidae have been derived from totally different stocks, and that any resemblances 
which they exhibit are due to convergence. 

There is no doubt that the Blepharoceride are one of the oldest families among the 
Diptera. The transition from a worm-like anlcestral larva to the present larval form 
of the Blepharoceridae must have been brought about by a series of gradual changes 
extending over a long period, and it is, therefore, likely that the ancestors of Blephlaro- 
ceridae must have taken to life in running water at a very early period. 

PISCES. 

In dealing with the taxonomy of hill-stream genera I have included extensive 
biological notes on fishes, and an attempt has been made to correlate structural 
peculiarities with factors in the environment. ANNANDALE and I (1922) gave a short 
summary of the adhesive devices of fishes in our article on " Parallel Evolution in the 
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Fish an(d Tadpoles of Mountain Torrents"; while certain aspects of this problem 
were later dealt witli. more fully by ANNANDALE (1924). Since then a notable contribu- 
tion on the adlhesive sucker of Garra (= Discognathus) lhas been published by RAUTHER 
(1928), who apparently was not aware of the work done in India. 

Reference may here be made to KYLE (1926) regarding the organs of attachment in 
freshwater fishes. He says (p. 269): " Another form of attachment is the adhesive 
disc on the belly of the fish, and this would seem to be the almost natural apparatus 
for the purpose of stemming a current. And if structures arose and developed on 
account of their utility we should expect to find it (sic) in the freshwater forms, but it 
(sic) is onlv found in marine forms. The nearest approach to the condition in frcsl-i- 
water is Gastromyzon of North Borneo, in which the whole ventral surface of the belly, 
with the pectorals at the sides in front and the ventrals behind, form a large sucker, 
and is used by the fish to adhere to stones in the mountain torrents. Another fresh- 
water form, Pseudecheneis, lives in the rapids of the Ilimalayas and is provided with a 
transversely plaited disc between the pectoral fins. But apart from these examples, 
freshwater fishes manage to keep their places without sucking-discs." KYLE has 
used this as an argument to prove that structures do not arise and develop on account 
of their utility. In the following summary I shall indicate that all the hill-stream fishes 
that live on rocks in rushing waters are provided with adhesive discs, and the obvious 
utility of these devices is clearly indicated by the fact that the degree of development 
of an adhesive apparatus is directly correlated with the rate of flow of the current. 
Indeed, it seems impossible that any animal should be able to keep its place in 
tempestuous waters without an adequate means of fixation. 

KYLE (p. 269) has observed that " In the rapid streams of the Himalayas the 
Anabantoids use their movable spine to anchor themselves to stones." So far as I 
amii aware the Anabantoids are either found in estuarine waters or in the sluggish waters 
of the plains. The Anabantoids are labyrinthyform fishes provided with accessory 
organs of respiration. These fishes come to the surface often for their supply of oxygen, 
and if prevented from doing so they are " drowned." It seems to me highly improbable 
that the Anabantoids live in rapid waters anchored to stones with their spines, for 
they must rise to the surface for air, and in this act they would be liable to be swept 
away. 

Rouglhly speaking, the hill-stream fishes can be divided into four groups. (i) The 
first group comprises small species, such as Danio r-erio, D. cequipinnatus, etc., which 
are found in pools and pot-lholes in the beds of streams. Here they are not affected 
by the swiftness of the current and their form is of the ordinary type. On the rush of 
water they seek shelter under rocks and stones at the bottom of the pools. They are 
good swimmers and can make their way against a gentle current. (ii) The second 
group contains strong migratory fishes such as Barbus tor, Salmo salar, etc., and 
powerful fishes such as Trout and the various species of Orienus, Schizothorax, Labeo, 
Baritizus, etc., that live permanently in the course of swift streams. Th e members of 
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this group are cylindrical in form and possess a powerful, muscular tail. They are 
generally found in deeper pools, but are capable of progressing against the current by 
a sheer muscular effort, e.g., tlle leaps of salmon. After travelling a certain distance 
these animals get into deeper pools and take rest. Specimens of Barbus tor have been 
taken by me along with species of Orienus in the Western Himalayas in rapids about 
a foot or so deep. In such situations the fish shelter themselves among rocks or large 
pieces of stone, and in some of them the posterior lip is hypertrophied to act as an 
adhesive organ. (iii) To the third group I assign the small loaches which are so 
common in the hills of India, and the " Darters " of America (Etheostominae, Percida). 
They are found in all situations in a rapid stream and their elongated, cylindrical form 
enables them to live among shingles in a rapid; they are usually of small size and are 
very quick in their movements. The readiness with which they seek shelter among 
pebbles is simply marvellous. Some of them closely adlhere to rocks and the body is 
somewhat flattened. The lips are thick and fleshy, and the paired fins are more or less 
horizontally placed. (iv) To this last group belong all the flattened fish which either 
live on the upper surfaces of rocks or are found skulking under stones. They are 
provided with well-developed means of attaclhment eitlher in the form of definite suckers 
or as frictional devices. They crawl about on rocks in various ways, eithler by using 
alternately their lips and suctorial disc, the lips and the fins, or the pelvic and the pectoral 
fins. Some fishes are known to climb vertical faces of rocks for a considerable distance, 
for example, Garra in India, and Arges in the Andes (S. America). All of them are, 
however, capable of darting from one place to another with great speed, alnd this is 
due to the muscular action of their whip-like tails.* 

The formation of a true vacuum-sucker has been studied in two instances only, 
namely, in Garra and in Sicyopterus. They belong to widely separated families-the 
Cyprinidae and the Gobiidae respectively. Garra is abundant in the hills of India and 
other countries of Asia and Africa; while the other genus was studied in its native 
habitat in the Andamans by the late Dr. N. ANNANDALE. In outward forin and 
appearance the two fishes are very much alike and their mode of life is also similar. 
Garra adheres by means of a disc formed by the modification of the skin on the ventral 
surface. The morphology, histology, physiology and the probable evolutionl of the 
disc have already been dealt with, and recently RAUTHER (1928) has given more par- 
ticulars. In the development of Garra the various stages in the probable evolution of 
the disc are represented (HORA, 1921, pp. 639-643), and the earlier stages in the 

* In mnost of the hill-streami fishes the lower lobe of the caudal fin is distinctly longer and better developed 
than the upper. The powerful stroke of such a fin would result in raisilng the anterior end of the fish 
towards the surface. When darting from rock to rock in shallow rapid-rulnning waters, the fi,sh actuially 
moves with its head pointing towards the surface and thus obviates encountering any obstructions in its 
path. It is also remarkable that in certain Homalopterid fishes the marginal rays of the caudal fin are 
fused together to form a compact plate-like structure, which enables the fish to give a powerful stroke 
d uring progression. 
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development of the disc are found as permanent stages in the more primnitive species 
of the genus. A close study of the fishes of this genus has revealed a definite correlation 
between the rapidity of the flow and the development of the disc, and in the case of 
G. gravelyi and G. mullya I have been able to indicate that individuals of the same 
species living, in lakes and in adjacent streams are differently modified. Indeed, this 
extreme plasticity of the organism is a great difficulty in defining the precise specific 
limits of the various species of the hill-stream genera. 

Tlle genus Garrca is probably derived from sluggish-water fishes of the genus Cirrhina, 
by a series of gradual modifications induced by life in swifter and swifter currents. The 
differences between GCarra and Cirrhina are bridged over by such forms as Lissochilus and 
Crossochilus. The latter genus in its highest development is similar to the primitive 
species of Garra; for example, ANNANDALE'S G. adiscus from Seistan is as much a 
Crossochilus as a GCarra, and it is only for the sake of convenience that I regard it 
as Garra. 

Besides having sucking-discs papillated peripherally the fishes of the genus GCarra are 
provided with fringed and papillated lips. The papillse are beset witlh retroverted 
spines, which help in adhesion. In the highly specialized members of the genus Garra 
the outer rays of the paired fins are provided with adhesive pads and the disc is con- 
siderably reduced, as in GCarra kcempi from the Naga Hills. This transfer of the adhesive 
organ from the centre of the animal to the extremities is a remarkable feature of all the 
hill-stream animals. The disc of Sicyopterus, as in other members of the family, is 
formed by the union of its ventral fins. This modification appears to have been 
originally induced for life in the breakers on the seashore, but Sicyopterus garra from 
the Andamans appears to lhave perfected it while taking to life in swift currents. 

In all other hill-stream fishes the organs of attachment consist of papillated or 
striated pads of skin, which are beset with retroverted spines for clinging to stones. 
Such structures may be developed on any part of the ventral aspect of the animal 
that comes in contact with the substratum. The lips are usually hypertrophied and 
covered with papillse. The barbels are short and stumpy, and at their bases possess 
adhesive pads, as in Glyptosternum labiatum, or are covered with papillae, as in 
Pseudecheneis sulcatus. The chest and the outter rays of the paired fins are, however, 
the most suitable places for the development of the " discs," and in the following 
account attention will be directed chiefly to the modifications of these reg,ions. A short 
series of forms slhowing gradual development of the adhesive apparatus induced by the 
swiftness of the current is here considered, but for a detailed treatment of the subject 
my earlier work may be consulted. 

It has been supposed that the greatly enlarged lips of the hill-stream fisihes, such as 
the Loricariidae, form a sucker in conjunction with the mouth. It has been assumed 
that the lips are laid flat on the substratum and serve as the border of a sucker formed 
by a vacuum created by the mouth. In the highly specialized fishes of the Indian 
torrents, I have shown (1923, b) that the process of respiration continues even when the 
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fishes are closely applied to the substratu.m. In the circumstances it is impossible to 
conceive that a sucker can be created by the lips. Moreover, most of these fishes feed 
on the algal slinme, which they scrape off the rocks by tlheir specially modified jaws and 
teeth, and in ingesting this material advantage is taken of the current entering through 
the mouth. Even in such fishes as Gyritocheilus (Cyprinoidea) and Arqes (Loricariidec), 
in which the respiratory current is niot taken through. the mouth but is inhaled and 
exhaled through separate passages in tlle gill opening, the gill chamber is in direct 
communication with the oral cavity and it is not possible that the lips can form a 
sucker. The adhesion is, however, effected by the spinous papille on the lips and by 
the low pressure induced by the rapid-flowing respiratory current through narrow 
channel and passages (p. 259). 

It has been pointed out above that some of the loaches (Nemachilus, etc.) living in 
fast currents are somewhat flattened, and the paired fins in them are more or less 
horizontally placed. This increase of the adhesive surface by a close application. of 
the outer part of the paired fins to the substratum is better marked in the Homalop- 
teridae, some of the primnitive members of which, such as Glaniopsis and Crossostomna, 
are similar in form and behaviour to the flattened species of Nemachilus. Super- 
ficially, the line of demarcation between the families Cobitidw and Homalopteridw is 
very faint indeed. They have been separated from each other on the characters of 
the paired fin,s which are more horizontally placed in the Homalopteridw and in which 
some of the outer rays (at least in the pectoral fins) are simple. Such a change is 
evident among all tlle fislhes that clin.g to rocks by means of the lateral fins, and even 
among the Homalopteride a gradual broadeniing of the fins and an increase in the 
number of rays, both simple and branched., have been induced by life in stronger and 
stronger currents. These modifications are further correlated with the increased 
flattening of the body. Glaitiopsis and Crossostomna are more or less cylindrical, and 
among the species included in the genus Homdtaloptera all kinds of body-form occur. 
Some are like Nectachilus, whereas others are greatly flattened. 

From these depressed species a regular series of gradations can be traced through suclh 
genera as Parhonialoptera, Balitora and Hemirnyzon to the most specialized genus of the 
family, Gastrornyzon, in which the fins overlap one another and with the greatly flattened 
ventral surface of the animal convert the under surface into a disc-like structure. When 
the body is so depressed that the fins come in contact with the substratum, the outer ex- 
tremities of these fins are used for adhesion and consequently specialized skin-pads are 
developed on their ventral aspect. The outer rays become more and more specialized for 
the function of attachment and are brought closer to the body. This results in the inner 
rays being directed. upwards. In living fi.shes this inner portion of the fins is constantly 
in motion, and in this way helps to pump out leakage water from the ventral surface 
of the animal when closely applied to the rock. The negative pressure thus produced 
on the under surface keeps the animal fixed to the substratum. This constant flapping 
of thle inner rlays leads to the greater development of thle fins, till ultimuately th.ey overlap 
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and form a conmplete disc on the ventral aspect of the animal, which now becomes so 
closely applied to the rock that no water can enter on its under side (cf. the description 
of same process in the Heptageniid nymphs of mayflies, p. 188). It is usually con- 
sidered that by this arrangement of the fins a sucker is formed on the ventral surface. 
A sucker could be created only by the middle part of the animal being raised, but this 
would not be possible in the rapid current where the aninmals lie flat, closely pressed to 
the substratum. Moreover, I have not been able to find any mechanism by which 
the centre of the animal could be arched upwards. Nevertheless, there is no doubt 
that when lifted by the hand a vacuum-sucker is created. *Under normal conditions 
I.believe that adhesion is not the result of sucker-formation but is due to the action of the 
current produced by the fins, that is, to adpression, and to the adhesive pads on the fins. 

A parallel series of modifications is exhibited by the Siluroid fishes inhabiting the 
torrential streams of the Oriental Region-Sisoridae; of Africa-Amphilidae, and of 
South America-Loricariidae. Notes on the habits of the Sisoridw have already been 
published (HORA, 1923), while an acquaintance with the members of the other families 
was recently made by a study of the preserved material in the collection of the British 
Museumi. I have here to express my sincere thanks to Mr. J. R. NORMAN for giving 
ine facilities to study this material. 

The Sisoride furnish a remarkable series of forms, wlich in the degree of their 
modification clearly illustrate the direct effect of the environment. For example, the 
small fishes of the genus Nangra live at the bottom of rivers of the Indo-Gangetic plain. 
Life at the bottom has induced a heavier build and a reduction of the air bladder. 
Trhus modified they were in a better position to invade the swifter current where bottomn- 
life is more or less a necessity. The next genus in the series is Erethistes, most of the 
species of which live at the bottom, in deep but rapid-flowing waters, at the base of the 
hills. One species, E. elongatus, has invaded smaller streams and is found below the 
Darjiling Himalayas and in the Garo Hills. The whole of the ventral surface between 
the pectoral and the ventral fins is thrown into longitudinal folds which undoubtedly 
help the animal in adhering to the substratum. It may be remarked that in a 
cylindrical fish this is the part that first comes in contact with the substratum anid is 
consequently modified for adhesive purposes. Now the flattening of the animal coin- 
mnences and the adhesive disc becomes more and more restricted to the chest region 
of the fish. My genus, Laguvia, fromn the base of the Darjiling Himalayas, shows 
an advance on E. elongatus and leads to the genus Glyptothorax, in whiclh there 
are two types of fishes, (i) in which the thoracic disc is extensive and the outer 
ray of the paired fins is not provided with an adhesive surface, (ii) in which 
the thoracic disc is relatively much smaller, the form is greatly depressed anld 
the outer ray of the paired fins is furnished with an adhesive surface. 

All possible gradations occur between such formns as Laguvia and Glyptothorax pectinop- 
terus (HORA, 'Rec. Ind. Mus.,' xxv, Plate 4, 1923), and from the habitats of the different 
species it is clear that modifications have been induced by the direct effect of the 



AND EVOLUTION OF THE TORRENTIAL FAUNA. 237 

swifter and swifter current. By a further reduction of the thoracic disc and its ultimate 
disappearance, and by perfecting the adhesive pads on the outer rays of the paired 
fins, the fishes of the genus Glyptosternum can be derived from those of the genus 
Glyptothorax. In the former gen-us evolution has proceeded along different adaptive 
lines. Those that continued to live on bare rocks in swift currents perfected the 
adhesive devices along the same line as indicated for the Homalopteridae, till ultimately 
the wing-like pectorals overlapped the ventrals, as in G. macropterum from Burma, 
and formed a water-tight disc on the ventral aspect of the animal. Others on reaching 
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TEXT-FIG. 11.-Diagram illustratinig the probable evolution of the Sisorid Fislhes as induced by two of 
the main factors in their environment. 

the highlands of Central Asia found less strenuous conditions in the relatively calm 
and placid waters of the deep rivers, discarded their specialized garb and assumed a 
simplicity which made me believe at first that they were genuinely primitive species of 
the genus. This retrograde evolution (fig. 11) can be followed through such forms as 
G. davidi from China, G. hodgarti from Nepal to G. rnaculatum fromn Tibet, and G. 
stoliczkce from Kashmir and the adjacent regions. A similar series exlibiting retrograde 
evolution has been indicated among the Heptageniid nymphs of mayflies. 

Among the Amphilidee of Africa the form is greatly depressed and the paired fins, 
which are horizontally placed, undoubtedly help thle animal in clinging to rocks. Thve 
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fishes of the genus Phractura (Ph. fasciata, for example), are characterized by a flat 
body and a whip-like tail. In Doumea the form is similar to that of IJomaloptera. 
In D. typica the mouth is small and is surrounded by thickly papillated lips and tentacles 
wlhich help in adhesion. The paired fins are broad and the outer adlhesive ray is soft 
and flat. The highest development in this family is reached in the genus Amphilius, 
the members of which are superficially similar to Glyptosternum. The skin on the 

TE.XT-FIG. 12.-Outer pectoral rays dissected from fiii-mllelabranc to show the segmenlted nature of spinle 
in widelv separated Siluroid genera. a = Glvp?tothorax; b -- Ai-ges; c:= (7lyptosternuvt viiwi- 
gulerrce (REGAN); d-=Ampwhiliuls e = Glyptosternums stoliczkcce (DAY). a, c anld e are after 
ANNANDAT.E ( 1923) . 

ventral aspect of the adliesive ray is well-t}liickened and is covered with microscopic 
spines. On removing the envelopi'ng skin the ray is seen to consist of a spine, broad 
and bonv at the base, but segmented in its distal portion. Along its outer border it 
gives off soft, pointed, cartilaginous rays (fig. 12, d). In this connection the close 
convergence of the spine of Amphi'lius and of Glyptosternurn may be noted. Such a 
segmentedl struceture is tiseful for adhesion in current of varying rapidity in the hill- 
streams, for it easily bends before pressure. This would be impossible for a bony 



AND EVOLTUTION OF THE, TORRENTIAL FAUNA. 239 

structure. In this instance it may be noted that the production of similar structures 
has been induced by similar factors in the environment. 

The Loricariidae of South America constitute a family of remarkable Siluroid fishes, 
which are found only in the clear waters of the hill-streams. The various subfamilies 
anda genera show a series of gradual modifications by which these fishes have mnanaged 
to establish tlhemselves in swift currents. Unlike the other Siluroid fishes they are 
covered with a bony armour of scutes, which are spinose, with the spines directed 
posteriorly. In narrow crevices among rocks there is no doubt that these spines help 
the animal in fixation. The form is depressed and the paired fins are horizontally 
placed. The outer ray of the lateral fins is flattened and is provided on the ventral 
surface with strong retroverted spines for grappling on to the substratum. The moutlh 
is on the ventral surface, considerably behind the tip of the snout, and is bordered by 
extensive lips, which are closely studded with adhesive tubercles. 

In the Loricariidae the entire surface is covered with scutes, but life in swift currents 
demands a closer application of the ventral surface to the substratum and consequently 
the scutes on the under surface are gradually reduced. The function of fixation is 
thus shifted from the middle of the fish to the extremities, and in response to this the 
outer ray of the paired fins is greatly flattened and is segmented. In the specialized 
forms it becomes very flexible, at least in its distal portion. 

In the Hypoptopomatinae the chest is covered with thin scale-like scutes, arid among 
the Plecostominae the scutes on the ventral surface of Chcetostonmus (Ch. marginatus) 
are thin and smooth; while in Pseudacanthicus (P. serratus) and Ancistrus (A. cancanus) 
the ventral surface in front of the anus is naked and can be closely applied to the sub- 
stratum. In Neoplecostomca (Neoplecostominae) the body is naked on the ventral surface 
in front of the anal fin, except for a squarish patch on the chest. This is covered with 
numerous backwardly directed spines, and these no doubt function in the attaclhment 
of the animal just in the same was as the thoracic discs of the Sisoridam. The msost 
highly specialized Loricariid fishes are those of the subfamily Argiinae, which are 
naked and resemble the Amphilidae and Sisoridee in general form and build. There 
is no doubt that the nakedness of the body is secondarily acquired by Arges, by a 
further modification of such forms as Plecostoma. It is worthy of remark that in some 
species of Arges the skin in the region corresponding to the rectangular plate of 
Neoplecostoma is gTanular, indicating the last stages in the reduction of the scutes. 

The Argiinae lhave been observed to climb vertical rocks in rushing water by using 
alternately their lips and the ventral fins for adhesion (JOHNSON, 1912; EVERMANN 

and KENDAL, 1905). EVERMANN and KENDALL observed that these fishes can progress 
on land by using alternately their pectoral and pelvic fins. In Arges the lips are so 
closely applied to the substratum that tlhe normal mode of respiration is obstructed and 
the fishes " breathe " by taking in and expelling the respiratory current through the 
inhalent and exhalent apertures formed by the modifications of the gill opening. 

Attention may here be directed to the observations of EIGENMANN (1912) on 
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Rivutlus waimacui (= R. holmice). He writes that " R. waimacui showed remarkable 
powers of climbing the high steps in the creek bed. One would spring out of the water 
and remain attached by its tail to the side of the rock, whence it would leap to a still 
higher point." I have examined one of EIGENMANN'S specimens of this species in the 
British Museum. There is no adhesive structure in the caudal region of the fish, and 
how it could stick to rocks by its tail I am unable to explain. Most of the freshwater 
fishes have the habit of leaping out of the water occasionally, and this is especially true 
of the family to which Rivuluts belongs. EIGENMANN says that " At the time of my 
visit the water was confined to cracks in the long rocky steps forming the bed of this 
creek," and it seems probable that the Rivulus in jumping out of the water fell on a dry 
rugged rock, where its mucous secretion would help it to adhere for a short time till it 
jumped up again and reached another dry and rugged rock. 

BATRACHIA. 

In 1922, ANNANDALE and I gave a short survey of the organs of attachment of the 
brook-inhabiting tadpoles, pointing out that in general the modifications undergone by 
the Batrachian larvae are similar to those exhibited by the fish of mountain torrents. 
NOBLE (1927) has recently described the probable adaptations of the tadpoles of swift 
currents at some length. Through the kindness of Mr. H. W. PARKER I had an oppor- 
tunity of examining the highly modified forms of Amphibian larvae in the collection of 
the British Museum, and through the generosity of Dr. MALCOLM A. SMITH I have 
received some interesting material for study. My sincere thanks are due to these gentle- 
men for their kind help. 

It has already been pointed out (ANNANDALE and HORA, 1922, p. 506; HORA, 1923, 
b, p. 582) that the hill-stream tadpoles can be divided into three categories according to 
their habitats. Tadpoles of Rana alticola and R. malabarica are found in large pools 
where the current is a negligible factor and consequently the animals are not provided 
with any kind of adhesive apparatus. They are large and stout, with powerful tails, 
and are endowed with strong swimming powers. The second group comprises tadpoles 
of the section Rane Formosce of the subgenus Hylarana of the genus Rana, and all 
other tadpoles in which one or both the lips are gTeatly developed to form a " sucker " 
round the mouth. These tadpoles are usually found sticking to the sides of rocks or 
skulking under stones in rapid waters. They can be observed to crawl by the muscular 
action of the lips. In the flat form of the body and the stream-line curve of the dorsal 
profile the animals exhibit marked specialization for life in swift currents. The 
tadpoles of this group show different stages of evolution of the so-called " oral-sucker," 
and this can be correlated with life in waters of stronger and stronger current. The 
third category includes the funnel-mouthed tadpoles of Megalophrys, which are found 
in sheltered places in the course of swift currents or in pools and puddles in tlle bed of 
an intermittent hill-stream. The funnel mouth of these tadpoles has perhaps caused 
more discussion than any other single tadpole feature, and even now naturalists are 
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not agTeed as to its probable functions. I (1928) have critically reviewed the various 
suggestions and have tried to interpret the mechanism and functions of this peculiar 
structure from observations on the living tadpoles. 

The tadpoles of the swimming type require no further consideration here. Those 
of the second type can be subdivided into two groups, firstly, those in which a definite 
sucker exists behind the mouth, and secondly, those in which the lips alone form the 
requisite organ of attachment. The morphology and histology of the true ventral 
sucker of the tadpole of Rana afghana and its allies have already been described and 
the mechanism of the sucker explained (ANNANDALE and HORA, 1922). So far, we 
are acquainted with the peculiar structure of R. afghana only in its fully formed con- 
dition, but it seems highly improbable that suclh a structure could have arisen de novo. 
It seems likely that either the earlier stages have not yet been discovered or perhaps 
have been eliminated during ontogeny. To me it seems probable that the line of evolu- 
tion of the sucker will prove to be similar to the development of the sucking-disc of 
the fishes of the genus Garra (HORA, 'Rec. Ind. Mus.,' xxii, pp. 639-643, 1921). 
The efficacy of the sucker lhas been demonstrated already (HORA, 1923, b, p. 588) 
by showing that a tadpole could lift out of water an object about 60 times its own 
weight. 

The disc of Rana afghana is very extensive; it is almost as broad as the body and a 
little more than half its length ; it is provided with a free border, except at the anterior 
end, where the border is replaced by the posterior lip, which is fimbriated along tlle 
posterior border and is notched in the middle. The anterior and the posterior lips 
are continuous and at the corners of the mouth are thrown into folds, which fit into 
socket-like depressions at the anterior terminations of the free borders of the disc. The 
anterior lip is well developed, and is provided with series of tooth-rows all over its 
surface; even its free border is provided with a row of teeth.. When the lip is expanded 
the teeth are directed forward, but they are recurved at their tips and are pointed 
with a series of backwardly directed spines along their ventral aspect, which help in 
adhesion. The complicated arrangement of folds at the corners of the mouth is 
probably for tlle purpose of respiration. I lhave made no direct observations on this 
point, but it seems probable that by means of these folds the respiratory current is so 
managed that neither the efficiency of the sucker is impaired nor the mouth lifted from the 
substratum when a current of water is sucked in through the corners of the mouth. 

In preserved specimens the central portion of the disc presents the form of a saucer. 
Along its sloping sides the skin is hardened in places (fig. 13), and numerous patches 
of spines are developed, which undoubtedly help in the adhesion of the disc. In the 
centre the skin is thin and smooth, and through it tlle muscles of the disc are seen 
clearlv. 

As has been indicated above, these tadpoles live on rocks in swift currents, and under 
these conditions they have never been observed to swim. They crawl about on rocks 
with the head always pointing upstream, and the progression is effected thus: A 



242 SUNDER LAL HORA: ECOLOGY, BIONOMICS 

tadpole, quietly lying at the bottom, hlol(ds on to the substratum both by means of its 
disc an(l by means of the broad anterior lip. During progression the anteri;or lip is 
detached from the substratum by means of a pair of strong muiscles origiinating from 

the posterior border of the orbit and inserted on the maxillk; 
they pass below the eyeball and occupy the whole of the floor 
of the orbital region. By a contraction of these muscles the 
maxille supporting the broad upper lip are pulled upwards 
and backwards, and it seems probable that in this action the 
inasal region of the skull is also moved. On the relaxation of 
the muscles the anterior lip is thrust forward and takes liold 
of the substratum. Now the sucker is disengaged. a.nd brought 
as close to the anterior lip as possible. 13y repeating these 
movements the animal is able to progress fairlv rapidly in the 
fiercest currents. Sometimes, when alarmed, these tadpoles 
were noticed to dart fromn one rock to anothler, and in this 
mnovement advantage is probably taken of th1e powerful 
mnuscular tail, but the nmovements were too rapid to allow me 
to study the nmechanismn. 

About the habits of the frogs of this type (Rcana larutensis, 
for example) LAIDLAW (1900) remarks as follows: "'These 
hiandsome frogs are extremely common along the banks of the 
rapid jungle torrents running about the foot of Gunong Inas. 
They sit on the great boulders strewn along the course of the 
streanii, and when one approaches them, spring boldly into the 

TaXt- oFIG. 13. tdentral water, no natter how fiercely it may be pouring down. Soon 

Raspectofthe (adpoa- ofafter being disturbed they will again take up their station on1 
RamnaatiC)e the rock which they had quitted, and in such a position their 

colouring renders them well-nigh invisible." These frogs are 
provided with broad. discs on their toes, whiclh are studded with spinous outgrowths 
for increasing friction (HORA, 1923). From a study of the digital pads of the tree- 
frogs, NOBLE and JAECKLE' (1928) have concluded that tlese structures are fortuitous 
in their occurrence, and, therefore, no adaptive significance should be attributed to 
them. So far as I can judge their main argument for this view is that the digital 
discs are not only found in tree-frogs, but among others also that frequent rocks, etc. 
The point for consideration in such a study is whether in both these habitats 
frictional devices are necessary, or not, to prevent the aninmal from slipping. It is 
likely that a frog living on rocks needs these pads as much as a frog living on trees. 
It seems to me probable, however, tlhat the development of these pads was originally 
induced by a habit of living on rocks, and it was afterwards that the frogs became 
arboreal in their habits, and adapted themselves for such habitat by a further 
modification of their body and by perfecting the discs. Th .e exceptionally lonI g 
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hind-limbs of these animals enable them to swing before the current with its eddies 
without loosening their hold. 

It is clear from the above account that in R. afghana and its allies the lips and sucker 
share equally the function of attachment, but in most of the other hill-stream tadpoles 
adhesion is effected by the help of the lips alone. It has been hitherto considered that 
the broad lips provide a rim round the mouth which, acting as a sucker, creates a 
vacuum. This is not so, because the tadpole continues to " breathe " when it is 
attached to the substratum, and this necessitates a respiratory current flowing in from 
the mouth or from the nasal openings and passing out through the spiracle. In the 
case of the tadpoles of R. afghana and its allies, I have indicated that at the corners 
of the mouth the folds of the lips form respiratory channels, and the same is true 
regarding most of the tadpoles that adhere by means of their lips alone. But when 
the lips are so closely applied to the substratum that no water can enter into the mouth, 
the respiratory current enters through the nasal openings. In some tadpoles, for 
example Ascaphus truei, these openings become specially modified for this function 
(see NOBLE, 1927, for description and figures). It must be borne in mind that the 
respiratory current is also the food current of the animal. In most of the species 
with which I am acquainted (no direct observations on the living animals have 
been made) mnore or less well-developed channels exist at the corners of the 
mouth, and in this region the teeth are either feebly developed or are altogether 
absent. In certain tadpoles, such as Rana beddomnei, finger-like processes are 
developed in these grooves, probably to test or filter the food particles entering the 
buccal cavity. 

The adhesion is brought about by means of the rows of teeth or papillke that are 
present on the enlarged lips, and in the case of the tadpoles of Hyla of Santo Domingo, 
NOBLE (1927, Plate 9) has been able to indicate a definite correlation between the 
tooth-row number and the speed of the current. The known tadpoles of Ranidae and 
Bufonidoe could be arranged in similar series. It is evident, however, that the pro- 
gressive evolution of these structures is to be accounted for on the principle of change 
of function. For example, in Rana liebigii, a slightly modified hill-stream animal, the 
form and structure of the horny teeth on both the lips are more or less similar. Each 
tooth is a rod-like structure, flattened and spatulate for a short distance near the free 
end. This flattened portion is probably used for rasping off slime, and is serrated, with 
a series of distally directed teeth along its borders. The ventral aspect of the remaining 
part of the tooth is provided witlh strong recurved spines which are directed posteriorly. 
Thus, the distal portion of the tooth is used for scraping and the proximal for fixation. 
In the highly specialized tadpoles of Helophryne the teeth on the anterior lip are further 
modified and are used for the purpose of attachment only. Each tooth resembles a 
slightly curved rod, sharply pointed at its apex, and along the ventral border of each 
tooth is a series of powerful spines directed posteriorly (fig. 14, a). The teeth on the 
posterior lip are similar to those of Rana liebigii, but are much better developed 
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(fig. 14, b, c), and these rows of saw-like teeth present so many sharp points which hold 
on to the substratum. The respiratory current entering the mouth will carry with it 
the food scraped away from the substratum, but it is clear that the lips in conjunction 

with the mouth cannot form a sucker. The soft 
papillae with which the extremities of the lips 
are sometimes studded, are not provided with 

Ni 0 Q > l spines, but they undoubtedly serve to increase 
friction. 

In some tadpoles only one lip (posterior) is 
developed, while in others both lips are equally 
developed. These differences in the growth of 

the lips are probably due to the relative position 
of the mouth in the ancestral forms. For 
example, when a species with an anterior or a 
slightly inferior mouth takes to life in rapid waters, 

by holding to the rocks by means of its " teeth," 
those on the lower or posterior lip will be greatly 

cD c, b . affected, and consequently this lip will become 
TEXT-FIG. 14.-Teeth of Helophryne roses 

(highly magnified). a = grappling larger and larger under the influence of the 
tooth of anterior lip, side view; stronger and stronger currents. Sometimes it so 
b = partly scraping and partly grap- happens that the teeth do not keep pace with the 
pling tooth of posterior lip, side growing lip, which consequently becomes studded 
view; c = same as seen from ventral 
surface. with soft papilke for adhesive purposes. On the 

other hand, when a tadpole with a distinctly 
inferior mouth takes to life in rapid water it can employ both the lips for adhesion, and 
consequently both the lips are equally developed. The tadpole of Bufo penangensis 
(STOL.) may be taken as the type of the first group ; in it the anterior lip is small and 
bears only two series of teeth, while the posterior lip is greatly developed and besides 
bearing a series of teeth is thickly studded with short rounded papille. These tadpoles, 
according to FLOWER (1899), " live in the swift-flowing hill-streams, and are to be 
found where the torrent is rushing fastest, fixed to the face of granite boulders which 
obstruct the stream; a favourite place of theirs was a perpendicular wall of rock which 
the water fell over in a small cascade; they hold on so fast with their mouth that they 
canniot easily be pulled off, but have to be plucked away between one's finger and 
thumb. They move upstream and about the face of the rock by means of their 
mouth; when placed in a glass bowl they never lay on the bottom (as most tadpoles 
do), and seldom swam about, but fixed themselves to the glass sides. In captivity 
they died in a few hours, the still water probably not suiting them." As an instance 
of the second type, the tadpole of Helophryne may be taken. In this animal both lips 
are equally developed and are provided with several series of teeth. Short, thick 
papillae are situlated on the posterior lip near its hinder end. 
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Two distinct types of Megalophrys larva, are known. One type is heavily built and 
is provided with broad adhesive lips similar to those of Rana beddomei and R. liebigii, 
while the second type includes slim-bodied larvse provided with a curious umbrella- 
like structure surrounding their mouth. Of the known tadpoles of Megalophrys, two 
species belong to the former type, and six or seven to the latter. Regarding the 
habitat of the two heavily built species of Megalophrys, SMITH (1917, p. 273) remarks 
as follows: " In general characters these two tadpoles are alike, and on my visit to 
the hill I found them both inhabiting the same stream. While M. pelodytoides was 
at a higher level, where the water was shallow and the current swift, M. hasseltii lived 
lower down, in deep pools of nearly still water. The flat, rounded, body of this 
latter tadpole was in marked contrast to the flattened shape of the former, that 
lives continually in running water " (the correlation between the build of the body 
of these two tadpoles and their corresponding habitats may be noted). The habitat 
of the second type of larvea has so recently been discussed by me (1928) that it is 
unnecessary to recapitulate it here. Unfortunately our knowledge of the environ- 
mental factors is very backward, and though ANNANDALE was fully aware of the 
differences in the habitats of the two types of larvae, he assumed that they lived 
under similar conditions. 

As early as 1906, ANNANDALE (p. 292) compared the habitat of Rana liebigii with that 
of " Megalophrys montana," and observed that the tadpoles of R. liebigii " frequent the 
upper surface and sides of submerged stones, under which they hide themselves when 
alarmed; but the larvae of M. montana remain, at any rate during the day, in corners 
of the extreme edge of the same pools, generally among the vegetable debris which 
collects in such places." Again, in 1924, he wrote as follows (p. 17): " Generally 
speaking, the two types of tadpoles have a rather different habitat, those of 
slender shape and with an umbrella-like mouth inhabiting rapid-running streamlets, 
the other rather slower waters; but this is not always so. In hill-streams in 
Tenasserim I have found the two types together, that is to say, within a few feet of 
one another, those of the heavily built type skulking under stones, those of the 
other type in corners of the little pools." In spite of such a clear distinction 
ANNANDALE considered that the two types " exist in the same environment." I have 
elsewhere (p. 176) indicated that these apparently simnilar environments harbour 
totally different types of fauna, in correlation with the different conditions prevailing 
for existence. 

I have given these details because NOBLE, in a recent paper (1927, p. 76), relying 
on the similarity of habitat of the two types of tadpoles, has stated that " the expanded 
mouth may appear sporadically and suddenly in differelnt groups of Salientia." A 
hypothesis which takes for granted that such complicated structures " may appear 
suddenly " will not carry us very far towards understanding the true relationships of 
the various types. 

A somewhat modified "umbrella-mouth" occurs among the tadpoles of certain 
2 K2 
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species of Phyllobates,* Microhyla and Phyllomedusa. As the differences in the habitat 
in which most of these larvae and their close allies live have not been properly recorded, 
it is not possible to indicate the origin of the umbrella-mouth of these genera. A con- 
sideration of the probable conditions under which the funnel of the Megalophrys tadpoles 
may hiave been evolved may throw some light on the origin of the umbrella-mouth in 
others. 

There is no doubt that the tadpoles of Megalophrys pelodytoides and M. hasse7ltii are 
primitive, as compared with the funnel-mouthed tadpoles of the other species, and in 
fact they differ very little from the larvme of the western genus Pelobates. It has also 
been pointed out that the build of these animals is directly correlated with the rapidity 
of the current. It is easy to conceive that under the action of the stronger and stronger 
current the two lips became broader and developed an increasing number of tooth-rows. 
Thus modified they would superficially resemble the present-day tadpoles of Helophryne 
and Ascaphus. These types of lips when not fully expanded take a crenular form, 
and this condition is better marked in spirit specimens. NOBLE'S (1927, P. 61) figure 
of Ascaphus truei illustrates my point very clearly. I believe that these supposed 
highly developed ancestors of the funnel-mouthed tadpoles took to life in quieter waters 
or in sheltered places in swift currents. Under changed conditions the lips were no 
longer necessary for adhesion and were consequently held free from the substratum, 
and under the pressure of the water assumed the folded form so characteristic of the 
umbrella-mouthed tadpoles of Megalophrys under water. Even the disc of a lamprey, 
when not in action, is folded in a vertical wedge-shaped fashion (DAWSON, 1905, P. 91). 

The so-called changed conditions require further explanation. The continuous 
increase in the size of the lips must have been brought about by a continuous flow of 
water of increasing swiftness. Now suppose that on account of some change in the 
meteorology of the place the perennial streams become intermittent, liable either to 
break up into a series of pools and puddles which may dry up altogether or become rapid 
torrents generated by a single shower (such is the habitat of the funnel-mouthed larvae). 
The tempestuous waters of torrents colntain a high percentage of dissolved oxygen and it 
is knownthat animals tend to reduce their respiratory organs under such a condition. 
In fact, DODDS and HISAW ('Ecology,' V, pp. 262-271, 1924a) have been able to show a 
" definite correlation between gill area and oxygen content of the water." So when 
these tadpoles with reduced gills were left in pools and puddles with an ever-decreasing 
quantity of oxygen dissolved in the water, they would naturally come to the surface 
for inhaling the atmospheric air, and this habit would ultimately lead to the lungs 
becoming once more functional for respiration. 

* Regarding the habitat of the two types of tadpoles of Phyllobates, DUNN (1924, p. 11) remarks as 
follows: " These two sorts of tadpoles were common in the stream at La Loma. Those of latinasus were 
similar to Rana tadpoles in appearance and in actions. The tadpoles of talamanece seemed to remain in 
the deepest parts of the pools and were very active and darter-like in their movements." So there is a 
close similarity between the habitats of the funnel-mouthed tadpoles of Phyllobates and Megalophrys. 
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In the tadpoles of Xenopus lcevis the same thing happens as has been pointed out by 
BLES (1905, p. 812). He remarks that " the tadpoles are constantly rising to the 
surface for air, and do so more frequently the warmer the water is; it follows that the 
lungs are not only hydrostatic in function but also respiratory. Reducing the quantity 
of water has the same effect as raising the temperature." In the course of a swift 
current Megalophrys tadpoles have never been observed to rise to the surface, but when 
taken out and kept in a bowl of water it was " observed that the tadpole could not lie 
at the bottom for an indefinite period, but after every ten to fifteen minutes it came 
to the surface, remained there with its funnel expanded for a short timne and then sank 
under water with the funnel folded. When the funnel was expanded the tadpoles 
were observed to give out fairly large bubbles of air " (HORA, 1922, p. 9). When kept 
for a longer time in captivity they came to the surface more frequently, and the specimens 
kept in captivity by SMITH in a large bath with bricks and water-weed in it were found 
constantly hanging from the surface film. Thus, there appears to be a direct correlation 
between the quantity of oxygen in the water and the hanging of the tadpoles from the 
surface film. 

It is well known that the hill-stream animals die after a short time in captivity, 
because in still waters they do not find enough dissolved oxygen to sustain their 
activities, and the very fact that SMITH (1926, p. 985) was able to rear the Megalophrys 
tadpoles in a bath tub shows that they must be using their lungs for respiration. The 
Xenopus larvae have to rise constantly to the surface to effect an exchange of gases 
because they are not provided with any mechanism by which they can hang from the 
surface film indefinitely. The case of the Megalophrys tadpoles is different. Their 
broad lips, originally developed for the purpose of attachment, would expand at the 
surface under the influence of the surface tension (also partly by their own muscular 
action) and the rows of teeth by breaking through the surface film would form a 
mechanical support for the larva to hang from. It is clear, therefore, that under the 
changed environmental conditions a corresponding change in the form and function 
of the structures has taken place. 

Considerable attention has been paid to the feeding mechanism of the umbrella- 
mouthed larvae of Megalophrys. The process is exactly similar to that described by 
BLES (p. 813) for the tadpoles of Xenopus. He says: " They thrive best in water which 
is thick with the Flagellates. In this they float almost vertically in mid-water, rapidly 
undulating the posterior third of the tail and at the rate of 40 to 50 a minute take in 
gulps of the water. The water passes out through the spiracle ; the Chlamydomnonas are 
retained by the filters in the buccal cavity and drawn into a ciliated groove on either 
side of the pharynx. . . . When the water is clear they swim restlessly about like 
fish, as though searching for food, taking a gulp every now and then, as if to test the 
water, and then swimming on. As soon as fresh culture is poured in they immediately 
suspend themselves in mid-water and commence gulping regularly." The noteworthy 
point about this tadpole is that it possesses no horny teeth on the lips, which are 
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not employed for scraping away food from the substratum. The Megalophrys tadpole, 
like the Xenopus larva, feeds on mirco-planktonic organisms and consequently does 
not use the lips for scraping. The characteristic horny teeth of the normal type of 
larva are absent, but the inner surface of the funnel is covered with radiating rows of 
horny projections. It is well known that in still waters the micro-planktonic organisms 
tend to collect in the surface layers of the water, and that is the reason why Megalophrys 
tadpoles continue to feed at the surface. In this position they have the double 
advantage-plenty of food and access to atmospheric air. 

It is to be noticed that the lungs of the Xenopus tadpole are not such efficient hydrostatic 
organs as those of the Megalophrys larva, for the posterior third of the tail of the former 
tadpole continues to undulate rapidly to secure equilibrium and stability in nid-water, 
whereas the larva of Megalophrys achieves the same result by a slight bend of the body 
(HORA, 1922, p. 9, fig. 1, b). As I have indicated in previous papers, the Megalophrys 
tadpole is capable of feeding at all levels in the water, probably more efficiently under 
water because a current of water can be sucked in more easily. At the surface the rows 
of teeth form regular channels through which water flows to the mouth, the teeth serving 
two functions in the circumstances : firstly, of hanging from the surface film, and secondly, 
of allowing currents of water to enter the mouth. There is no doubt that they prevent 
larger particles of food from entering the buccal cavity. 

NOBLE (1927, p. 106) believes that " life-history frequently does not change when 
adult structures are modified, but remains as a good indication of relationship." This 
is true in the case of those animals whhich continue to live in their earlier stages in the 
same or similar type of environment; adults living under different conditions may 
diverge, but the larvae living under similar conditions remain alike. The reverse is 
equally true as pointed out by DUNN (1924, p. 12); larvae living under different conditions 
become dissimilar, whereas the adult remaining under more or less similar conditions 
look alike. The variety of larval types found in the genus Rana is to be correlated 
with a similar type of frog in all instances. Again, the two distinct types of Megalophrys 
tadpoles produce adults which can hardly be divided into two genera, and the samle 
is true of the other genera in which an umbrella-mouth has appeared in some of the 
species. I have shown a siinilar state of affairs among the insect larvae (p. 229). These 
instances clearly " support the precedence in time of function over form, and the 
possibility of apparent reversal of the biogenetic law, owing to different larval habits 
and similar adult habits " (DUNN, 1924, p. 12). 

It will not be out of place to refer briefly to the modifications undergone by the 
Caudata for life in rapid waters (see NOBLE, 1927, for detailed account). The formn is 
greatly depressed and the tail is muscular and powerful. The most remarkable point 
is that recurved claws are developed on the digital tips. These modifications are well- 
marked in such animals as Onychodactylus japonicus; this species differs from the 
larvae of all other Amphibia in having a fin on the outer edge of both fore and hind 
limbs. No observations have hitherto been reported on the utility and action of these 
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limb-fins, but from an analogy with fishes (p. 235) and certain insect larvee (p. 188) it 
seems probable that by the continuous flapping of these membranes the animal pumps 
out the leakage water from underneath its ventral surface when adhering to the sub- 
stratum. In this action a negative pressure is created on the ventral surface and the 
animal adlheres closely to the substratum. 

PHYSICS OF THE MECHANISM OF ATTACHMENT. 

The means whereby the animals of the torrents are enabled to live in the swift 
currents are, firstly, the devices which enable the organisms to offer less resistance to 
the current, secondly, the increase in the specific gravity, and lastly, the mechanical 
means by which fixation to the substratum is effected. 

Resistance-reducing Devices. 

"A body in steady motion through any real fluid, or at rest in a moving current, 
experiences a resistance whose magnitude depends upon the relative velocity, the 
physical properties of the fluid, the size and form of the body, and, at velocities above 
the critical, also upon its surface roughness " (GIBSON, 1923, p. 183). Throughout the 
preceding sections attempt has been made to indicate the close correlation that exists 
between the relative velocity of the current and the build of the animals. The rate of 
flow of water is subject to considerable variations in hill-streams, but probably the 
minute organisms living at the bottom are not greatly affected by it, since the 
greatest velocity of a stream is at a point wlhich is about 0-6 of its depth from the 
bottom. 

Size of the animal.-When discussing the adaptations of torrent-inhabiting animals, 
STEINMANN (1907, p. 141) directed attention to their small size, but HUBAULT (1927, 
p. 325) has dismissed it by saying that " Mais cette petite taille est-elle reellement une 
adaptation ? N'est-ce pas plut8t, comme l'aplatissement dorso-ventral, une circon- 
stance anterieure a l'entree des organismes en eaux vives ? " This is true to a certain 
extent, because from the very nature of the hill-streanms it is evident that animals of 
large size cannot find enough space to move about in them. But leaving aside this 
consideration, one finds that the size of an organism is governed by the rapidity of the 
current; for example, among mayfly nymphs the small shrimp-like animals of the 
genus Bwetis, and among Diptera the small larvse and pupse of the Blepharoceride and 
of the Deuterophlebiidse, have been able to establish themselves in very swift currents. 
The large apple-snails (Pila) of India are replaced in the hill-streams of the Western 
Ghats by Turbinicola, which is considerably smaller in size. Again, among fishes I 
have indicated that Garra is derived from Cirrhina-like ancestors (p. 234) ; the former is 
much smaller than the latter. The species of Garra, such as G. rupeculus, G. lisso- 
rhynchus and G. kempi, that live in swift currents are considerably smaller than the 
others, such as 0. mnullya and 0. jerdoni that live in relatively moderate currents. 
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The reverse is equally true. Glyptosternum stoliczkws and G. maculatum, which have 
secondarily taken to life in the deep and sluggish waters of the Highlands of Central 
Asia, are much larger than their relatives of the Himalayan slopes, from which they 
are undoubtedly derived (p. 237). 

It may be asked what utility the small size confers on the organism, for life in 
torrential streams. It is known that " at velocities below the critical, where the flow 
is 'stream-line,' the resistance is due essentially to the viscous shear of adjacent layers 
of the fluid. It is directly proportional to the velocity, to the viscosity, and, in bodies 
of similar form, to the length of corresponding dimensions. Thus, the resistances to the 
motion of small spheres at such velocities are proportional to their diameters " (GIBSON, 

1923, p. 183). It is clear from the above that any animal entering a swift current can 
reduce its resistance by decreasing its dimensions, the form remaining more or less 
unchanged. 

It must, however, be borne in mind that the animal, unlike an inanimate object, is 
also being influenced by the biological factors in its environment. For example, it is 
well known that food has a considerable effect, not only on the size of the animal, but 
also on the size of its progeny. In hill-streams the food is scarce and has to be collected 
by elaborate devices. Those animals that feed on the micro-planktonic food or on the 
slime covering rocks or stones (this is the source of food of the majority of the fauna) 
are smaller in size than those, like the nymphs of Perla and the large-sized larvee of 
Trichoptera, that feed on animal food, consisting of insect larvse, etc. These larger 
animals live on the under side of rocks or form barricades with small pebbles atthe 
bottom and are thus not affected by the swiftness of the current to any serious extent. 
It is evident, therefore, that small size is advantageous for torrent-inhabiting animals 
and is, therefore, a distinct adaptation. 

Form of the body.*-Though the advantage of a " stream-line form. " for rapid loco- 
motion through a fluid is well recognized by biologists, it appears that its trae significance 
has not been realized, since the mechanical principle involved has not been applied to 
the study of this type of form of the organisms. 

Suppose an object 0 is obstructing a stream flowing from A to B (fig. 15). The water 
is displaced at the front end of the body and will tend to flow at a greater speed over 
the body (p. 259) to converge at the hinder end a short distance away from the object. 
Thus, there will be an area of " dead water " which will have a low pressure. This 
would tend to pull the body in a backward direction. It is to minimise this " dead 
water " area at the hinder end that a tapering form is useful, for it allows the water 
to glide over smoothly in gentle curves and lessens the tendency towards eddy-formation. 

* Reference may here be made to GREGORY'S (1928) recent paper on the " Studies on the Body-forms 
of Fishes." He has described the body form with reference to certain partly inscribed rectilinear figures 
and in his account has explained the utility of the stream-line forms. The paper contains a comprehensive 
bibliography. 
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STANTON (1923, p. 82) has been able to demonstrate the usefulness of the tapering 
form experimentally, by using small model balloons of varying fineness of tail. In 

_ 
......... 

A 

TEXT-FIG. 15.- Showing lines of flow of water over an obstruction placed in its path. AB = bottom; 
L = surface level; 0 = object obstructing flow. 

fig. 16 a representation is given of his results. " It will be seen that in each case there 
is a dead-water region at the tail, the extent of which increases with the bluntness of 

the tail, and since it also increases with the speed of the flow, it is probable that the 

_y===~. v~ 

TErr-FIG. 16.-Models of balloons, showing usefulness of tapering form in lessening the tendency towards 

eddy formation (modified froin STANTON'S photographs). 

region will be large even in the case of a fine-tailed balloon of normal size at normal 

speed" (STANTON, 1923). In the case of the hill-stream animals, for example, a 

Baitis larva (fig. 18, c), this stream-line revetment of the body is carried backwards 
VOL. CCXVIII.-B 2 L 
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over a long distance to a point. The long, wlhip-like tails of some of the torrent fishes 
have a similar significance; by this device the animals obviate all tendencies towards 
the formation of " dead-water " area. 

It has been experimentally shown in the case of the struts of aeroplanes that the 
stream-line form offers less resistance to a fluid medium. The following table and 
figures, reproduced from GIBSON (1923, pp. 208, 209), show the correlation between 
the form of the strut in section and the resistance. 

Resistance of 100 feet 
Type of Strut. of Strut in Pounds at 

60 feet per see. 

Bleriot A ... ... _237 
Bleriot B ... ... ... 24*5 
Baby ... ... ... 7.9 
Beta ... ... ... 69 
B.F. 34 ... ... ... 7.2 
B.F. 35 ... 6.....13 

A B 

BLERIOT 

BFA 

B F. 3+ 

B.F. 3 5 

BABY 

TEXT-FIG. 17.-Cross-sections of various types of struts of aeroplanes (after GIBSON). 

It is clear from the above table and figure that the resistance offered by a tapering 
body, such as B.F. 35, is considerably less, and also in the form shown by the type of 
strut known as " Baby." In the hill-stream animals the form is still better adapted 
and the resistance that these animals offer to the current must be very small indeed. 
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The brook inhabitants are either greatly flattened dorso-ventrally or are cylindrical 
in form, with a long tapering body in all cases. In the flattened organisms the tail 
is sometimes long or whip-like, or the body is shortened and the animal assumes a limpet 
shape. From the diversity of the forms of animals met with in the torrents it has been 
assumed that there is no adaptation as regards body-form in this fauna. For example, 
HUBAULT says, regarding the dorso-ventral flattening, " Mais enfin l'aplatissement 
dorso-ventral est-il reellement une adaptation, une accommodation de l'organisme a 
la vie torrenticole ?-C'est douteux a mon avis; ce fut surtout pour l'animal une 
circonstance heureuse qui lui facilita 1'entree et la vie dans les eaux rapides." This 

a- 

TEXT-FIG. 18.-Body-for'ms (diagrammatic) of torrent-inhabitin'g animals, a, b, = forms of animals 

that dangle freely in the current ; d, e, f, g, h, 4, j = forms of animals that lie closely pressed to the 

substratum. d, e, f = showing progres sive modification towards tapering of the form (compare 
strut types B.F. 34 and B.F. 35). g, h, i = showing progressive modification towards limpet-like 
form (compare strut type Baby). a = Rhyacophilid Trichopterous larva; b = form of free- 

swimming fish such as Barbus tor ; c - Bcetis nymph ; d = a Balitora fish ; e = a Phractura fish ; 

f =a Farlowella fish; g = a Gastromyzon fish; h = nymph of Iron; i = a Psephenid larva, and 

j a Planarian. 

explanation is, in fact, no explanation. Animals with different forms live under different 

conditions, and in every case there is a fine adjustment between external form and the 
environmental factors. For example, the animals that dangle freely in the cu-rrent, 
such as the larvw~ of Simulium, the nymphs of Bcetis or the Aschninam living on bare rocks 
and amiong plants like Nephelopteryx, have a cylindrical tapering form. The current 
flows freely on all sides of these animals, and therefore on every side they must present 
a stream-line form, and this is only possible by assuming the cylindrical tapering form 
which they possess. As soon as they begin to rest on the suibstratum, the ventral surface 

is no inflence by te curent nd, terefoe, te stram-lnefrm is repaAceda byT a 

_~~~2 2 
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flattened surface. In those animals that lie closely pressed to the substratum, the 
ventral surface becomes flat and the dorsal stream-lined. The change from one form 
to the other is induced by the habits of the animal of resting on the substratum, as is 
shown in the case of the Sisoridee (p. 236). 

The dorso-ventrally flattened animals assume several forms. The most conspicuous 
and usually the most abundant of these is that in which the lower surface is quite flat; 
the head is broad in comparison with its length and often more or less spatulate, as a 
rule rather lower in front than behind. For offering less resistance two types of 
modifications take place, firstly the tail is elongated, as in Balitora (fig. 18, d), 
Phractura fasciata (fig. 18, e, Amphillidae) and others, to carry back to the posterior end 
the revetment of the stream-line form. In some individuals the snout is also produced 
into a long process, as in Farlowella amazonum (fig. 18, f) of the Loricariidae, to reduce 
the pressure exerted by the force of water at the anterior end. These modifications 
would correspond with the " B.F. 35 " type of strut section. Certain other animals 
shorten their tail and develop a more or less arched body, so that they take on the 
limpet shape, as in Gastromyzon, Iron, Psephenus, Prosopistoma, Ancylus and others. 
In this modification the form is that of the " Baby " type of strut section. This allows 
the currents to flow over the surface gently and uniformly. There is probably a further 
advantage in this form-it presents a stream-line on all sides, so that it can resist 
pressure from all sides. That is probably one reason why the animals of the rocky 
sea-shore, which adhere to the substratum, also develop a limpet-like form. 

There are certain animals in the hill-streams, such as the Planarians, which lie 
absolutely flat on the rock and are very thin. Such forms certainly offer little resistance 
to the current. The same can be said of the silken sheets of Lepidoptera and Antocha. 
As most of the hill-stream fauna lives in crevices among rocks it is evident that the 
dorso-ventrally flattened form is more useful. Some of these, such as Iron and the 
Blepharocerid larvse, live on the upper surface of bare rocks along with the cylindrical 
animals ; only the mode of attachment in the two cases is different (p. 178). It is worthy 
of remark that the larva of Sinulium, that hangs in the currents with its posterior end 
directed upstream, is broader at the posterior than at the anterior end (this is unusual 
with animals) in order to present a stream-line form to the current. 

The surface roughness.-So long as the velocities remain below the critical, " with 
stream-line motion there is no slip at the boundary of solid and fluid, and the physical 
characteristics of the surface do not affect the resistance " (GIBSON, 1923, p. 183). 
But " at velocities above the critical, where the motion as a whole is definitely turbulent, 
there would still appear to be a layer of fluid in contact with the surface in which the 
motion is non-turbulent. The thickness of this layer is, however, very small, and any 
increase in the roughness of the surface, by increasing the eddy formation, increases 
the resistance. At such velocities the resistance is due in part to the viscous shear in 
this surface layer, but mainly to eddy formation in the main body of the fluid. This 
latter component of the resistance depends solely on the rate at which kinetic energy 
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is being given to the eddy system, and is proportional to the density of the fluid and to 
the square of the velocity " (GIBSON, 1oc. cit.). 

Among fishes it is noticeable that the scales are reduced in those forms that live in 
swift currents; ANNANDALE and I (1920, pp. 154, 155) directed attention to this in the 
case of the fish. of Seistan. In fact, all Cyprinoid fishes, the Schizothoracinme and the 
Cobitid&e, that inhabit the Highlands of Central Asia, are characterized by small scales 
or by the total absence of them. There is no doubt that these fishes have been derived 
from normal Cyprinoid fishes with large scales. Similarly in the Andes at great 
altitudes the Loricariidae are represented by Arges (p. 239) in which the body is naked. 
Attention may also be directed to the reduction of the chitinous spines that occurs in 
most of the insect larvae living in rapid waters (p. 179). 

There is no doubt that the waters of the hill streams are turbulent in their flow, 

and in these circumstances a rounding-off of the contours of the animals living therein 

TEXT-FIG. 19.--Diagrammatic representation of a chiton-shaped Blepharocerid larva with dorsal armature 

showing the efficacy of the spines in reducing resistance in tumultuous currents. Broken lines 

indicate the area where water flows relatively slowly on account of the obstruction caused by spines. 
The swift current (full lines) glides over this area of slow-moving water and thus the animal actually 
lives in a medium where the tearing-away action of the current is reduced. 

is a great necessity, since it enables them to offer less resistance to the current. But 
there are some animals which live in the fiercest currents and still possess spines on 
the surface (Blepharoceridoe, p. 226). These structures under ordinary circumstances 
would be considered not only useless but distinctly harmful to the animals in rushing 
torrents. Though it may seem a paradox, it is nevertheless true that these processes 
help to decrease resistance. For instance, it is known that " in some such bodies as 

spheres and cylinders the law of resistance may change widely with. comparatively 
small alterations in the conditions; thus, for example, at certain speeds the resistance 
of a sphere may-actually be reduced by roughening the surface " (GIBSON, loc. cit., p. 207. 
The italics are mine.) The body of a Blepharocerid larva may be compared with a 
half-cylinder split longitudinally, and it is probable that the amazing variety of chitinous 
armature on the backs of these larvw (p. 226) is developed to reduce the resistance to 
the tempestuous currenits in which they live. The spines obstruct the current and 

make it flow at a lower velocity in the neighbourhood of the body (fig. 19). The very 
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swift current then glides smoothly over this area of relatively calm water. This 
instance shows how ignorant we are of the physical factors in the environment which 
ultinmately shape the organisms, and how difficult it is to understand the utility of a 
structure without knowing the requirements for which it is produced. The spines on 
the body increase resistance at certain velocities, but they decrease resistance at some 
higher velocities. The correlation of the production of the spines and the rate of flow 
of water will make it possible to understand properly the adaptations of animals which 
are provided with such devices and which inhabit torrential streams. 

Specific Gravity. 

Since the sinking or the floating power of an animal depends on its specific gravity, 
it is clear that those animals that live constantly near the surface (floating organisms), 
such as Globe-fishes, the Siphonophora, etc., must of necessity be lighter than the 
water; those that move up and down through the various depths of water possess 
hydrostatic organs to facilitate their movements (tlhe air-bladder and lungs of verte- 
brates), and lastly, those animals that have taken to life at the bottom must possess 
heavier bodies than the water, so that they may not have to spend energy in counter- 
acting the upward lifting action of water; this is true of all aquatic organisms, whetlher 
narine or freshwater. Most of the freshwater animals, especially of streams, are 
positively statozoic in their habits; for to establish themselves permnanently in fresh 
water they must either be fixed, or else be strong enough to withstand and make head- 
way against the currents of the streams and rivers they inhabit, otherwise they will, in 
the long run, be swept out to sea. 

The same argument applies with greater force to the fauna of the torrents, and 
consequently it is found that with a few exceptions, such as the funnel-mouthed 
tadpoles of Megalophrys, Ranodon, Ttpulid larvae, etc., the permanent inhabitants 
of a swift current are bottom-dwellers and are consequently of a heavier build than 
their allies of sluggish waters. The specific gravity is increased by the reduction 
of such organs as the air-bladder of fish (HORA, 1922a), the lungs of Batrachians 
(NOBLE, 1927, p. 38), and by a reduction of the abdominal cavity, partly induced 
by a change in the form and partly by the development of strong muscles both 
in the dorsal and ventral walls. In all cases, this change, either in the build of 
the animals or in its habits, is produced by the necessity of remaining as close as 
possible to the substratum. The reverse is equally true. For example, when an 
animal modified for life in hill-streams takes secondarily to life in deep and calm waters 
the hydrostatic organs become a necessity once more, and consequently either the old 
reduced structures are enlarged (lungs of Megalophrys tadpoles) or new structures are 
developed, and a direct correlation is thus established between the animal organisation 
and the environmental conditions. 

Can these modifications be considered as adaptations for life in rapid waters ? They 
undoubtedly are, but the critics must be satisfied on two points: firstly, why certain 
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animals living in rapid waters possess hydrostatic organs, and secondly, why certain 
animals living in calm waters exhibit similar modifications, such as have been con- 
sidered above in the torrential fauna ? It has been pointed out above (p. 177) that the 
funnel-mouthed tadpoles of Meyalophrys and the Tipulid larvae live in such situations 
where they are securely sheltered from the effect of the current, and when dislodged 
from their sheltered positions their buoyancy helps them to be lightly carried by the 
current. When in the dry season the stream breaks up into pools and puddles, the 
hydrostatic organs help the Megalophrys tadpole to tide over the unfavourable condition 
by enabling it to make use of the atmospheric air for respiration (HORA, 1928). 

The answer to the second question is obvious. In animals living at the bottom, 
either in still waters or in rushing torrents, the necessity of lying close to the sub- 
stratum is the same, and in both cases the end is achieved by an increase in specific 
gravity. For example, similar modifications have been induced in the brook-dwelling 
Sisoridae (p. 236) and the mud-fishes of India, such as Saccobranchus and Clarias. In 
these Siluroids the air-bladder is greatly reduced and is divided into two lateral 
chambers which are enclosed in bones. Similarly the caddis-worms that live at the 
bottom of deep lakes, and probably never visit the upper strata, build their cases of 
heavy material. Thus, it is seen that similar, complicated modifications take place 
in animals living under dissimilar conditions, but the purpose of the change tn the two 
cases is the same. I discuss this purposeness in evolution further on (p. 264). 

Mechanical Devices for Fixation. 

The mechanical devices whereby the animals secure adhesion to tlhe substratum are 
many and are of diverse kinds. I propose to deal with them under the following main 
headings: (i) sticky secretions, (ii) vacuum-producing devices, (iii) seizing devices, 
and (iv) hooking devices. 

Sticky secretions.-The secretion, by which the pupae of insects, such as Psephenoides 
(p. 203), Blepharoceridea (p. 227), Deuterophlebiidae (p. 228), etc., adhere, must be 
different from that by which a mollusc or a Planarian can progress on the rock and 
adhere at the sanme time. The animal surface coming in contact with the substratum 
may pour out the secretion, as in Protozoa, Polyzoa, Mollusca and Turbellaria, or the 
secretion may be formed in an internal organ (e.g., the salivary glands) and poured oat 
through special ducts on the substratum to which the animal applies its body, as in 
Blepharocerid and Deuterophlebiid pupae. In Simuliutm and certain Chironomids the 
secretion is poured out on the substratum, so as to form a network of silk threads into 
whiclh grappling hooks are inserted for attachment. In the Simulium pupa and in 
certain caddis-wornms the secretion is used in the manufacture of the tube which the 
animal inlhabits. In some cases this pupal tube is fixed to the substratum. Various 
modifications of this type of attachment occur. (For an account of these modifications 
reference may be made to the preceding sections.) 
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Vacuum-producing devices.-Under this heading are to be dealt with true " suckers" 
and other mechanical devices by means of which a reduced pressure is created on the 
ventral surface of the animal, so that it is closely adpressed to the substratum. The 
sucker, as I understand it, consists essentially of a disc which can be laid flat on a plane 
surface. In order to produce a " vacuum " its central part must be capable of being 
raised without disturbing the margin, which must remain in close contact with the 
surface to which it is applied. In the cavity produced by raising the central part a 
complete or a partial vacuum is created. Neglecting the pressure due to the layers of 
water, a complete sucker can resist a pull equal to the atmospheric pressure. So far 
as I am aware, suckers are not the normal modes of attachment in the fauna of the 
torrents. They are found in lampreys, in Garra (p. 233), in the tadpoles of the section 
Rana Formosae (p. 241), in the larvao of the Blepharoceridse (p. 219), and possibly in 
Sicyopterus garra, HORA, from the Andamans (p. 233). With the exception of the 
tadpole and the lampreys, in which the sucker is of a considerable size, the adhesion 
to the substratum is augmented by accessory organs of attachment, such as the pads 
on the outer rays of the paired fins of Garra and Sicyopterus, the papillated lips and 
the various kinds of spines found in Blepharoceridae. In swifter and swifter currents 
even the sucker of Garra is reduced and is replaced by pads on the fins. 

After discussing the structures of attachment in fishes in general, KYLE states that 
they are to be found more commonly in the marine than in the torrential fauna. He 
explains this as follows: " The origin of these discs must be referred, therefore, simply 
to the habit of resting on the bottom, and the necessary condition of their development 
appears to be the suitable position of either the ventral or pectoral fins. The sucker 
is only developed on the anterior half of the belly, that is, when the ventral fins are 
anterior. The absence of suckers in the freshwater fishes is thus accounted for by the 
fact that in most of them the ventrals are posterior." Except that the suckers have 
developed in response to bottom life in strong currents none of KYLE'S other conclusions 
is borne out by the facts adduced here. In my previous papers (1923b, r925, 1927), 
I have indicated the main reasons for the absence of suckers in the majority of the 
torrential fauna, but it is necessary to summarize here the main points. 

The currents of the sea and the breakers of the sea-shore are different from the flow 
of a torrential stream in two respects. Firstly, in the case of the latter the flow is always 
in one direction, whereas the marine currents flow in various directions. Secondly, the 
marine currents may attain a considerable swiftness, but they never rush at the rate 
of a mountain torrent. Under such conditions a sucker is more useful in marinie 
organisms, because in the first place it can resist pressure from all sides, and secondly, 
because the pressure is not. very great, and a relatively small sucker is capable of holding 
on. In torrents, on the other hand, there is a considerable pull in one direction, and to 
resist this the animal must have either a large sucker (tadpoles) or a series of them 
(Blepharocerida)). In the brook inhabitants, therefore, mrlore advantageous means are 
employed for adhesion. 
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The hydraulic principle involved in the formation of a vacuum on the ventral surface 
of flattened organisms, when they rest on the substratum, is the same as that which 
governs the flow of water through pipes, and this can be illustrated as follows: 

Suppose a constant current of water is flowing through a tLube A B in the direction 
indicated by the arrow in fig. 20. Let this tube vary 
in diameter so that it is muchi narrower at the poinlt C. 
It is evident that the water will be flowinig at a greater 
speed at C than at A, since the same amount of water A C B 

passes throughl A and C in a given time. Now suppose 

p= pressure at A. v= velocity at A, P2 - pressure at 
C, V2 = velocity at C, w = weight of 1 cubic foot of TEXT-FIG. 20.-Diagram illus- 

water, g force of gravity. By the principle of the trating the principle of flow 

conservation of energy, and neglecting frictional losses, ofrwiae throgh a P 

the suml of the pressure energy and the kinetic energy of 

a given quantity of the flowing water must remain constant. Therefore, by equating 
the energy we get-- 

Pressure energy at A, + velocity energy at A ) 2# 

= pressure energy at C, ( + velocity energy at C, (V22) 
w 2g 

or V +2? gw= + _2'- (per pounid of water). 

Now, since the velocity at C must be greater than the velocity at A (since the diameter 
is less at C), 2/W must be less than p,lw. This means that a " partial vacuum " is 

produced at C. 
Let this principle now be applied to the case of the flattened organisms such as those 

shown in fig. 18, d-j. The water entering below aTn animal at the anterior end would 

tend to spread under its broad ventral surface and consequently its rate of flow would 
be reduced and the pressure increased. This tendency is obviated by shooting out this 
water with considerable force, with the help of the inner rays of the pectoral fins in the 
fishes (p. 235), by the gill-lamellae in the IIeptageniid nymph.s (p. 188) and by the 
tail in Psephenus (p. 203) and Prosopistomca (p. 195). The currents thus produced 
result in lowering the pressure on the ventral surface and the animal is enabled 

to stick to the substratum. As a consequence of the increased flattening of the body 
the water is prevented from flowing underneath it. It has been shown that the lateral 

appendages, by overlapping one another and by meeting in front and behind on the 
ventral surface of the animal, convert it into a broad disc, which when applied to the 
substratum is probably water-tight. When such an animal begins to adhere, the 
water from the under side is expelled with a few vigorous strokes, and then the margins 
of the disc prevent any further water from flowing underneath it. In this process a 
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vacuum is formed and the animal adheres without much exertion on its part. The 
ventral surface, however, lies flat on the substratum and there is no sucker-formation 
whatsoever. 

In hill-stream fishes and tadpoles the lips are usually hypertrophied, and it has been 
assumed that in conjunction with the moutlh they form a sucker. In the preceding 
section I have indicated thiat this is not the case (pp. 234, 243). While studying the 
mechanism of respiration in the highly specialized Indian hill-streamn fishes, I observed 
(1923b, pp. 591-596) that only a small upper portion of the gill-opening is used for the 
exit of the water. It has also been shown above that the inspiratorv currenit enters 
through the channels at the corniers of the miouth. Tlhus, a flow through a narrow tube 
is established, and by increasing the rate of flow in this tuibe the fish can lower the 
pressure in the buccal cavity, and make the broad lips adhere to the substratum. 

Attention mnay here be directed to the interesting experiments performed by 
CUNNINGHAM (1893-95) to test the mechanism of attachment of Zeugopterus punctatus. 
" The fish are seen in aquaria to be nearly always adhering to the vertical sides, remain- 
ing in one place for a long time, and keeping themselves suspended in this way in a 
vertical position without any difficulty. . . . It was evident that the adhesion of 
the fish was not produced by ordinary sucker action--in other words, by hydrostatic 
pressure-because the space beneath the body was freely open to the outside water in 
front, dorsally and ventrally to the head. The posterior parts of tlle fin-fringes were in 
constant motion, moving in a series of vibrations from before backwards, together 
with the part of the body to which they are attached, and the effect of this miiotion was to 
pump out the water from the space between the body and the glass, its place being 
supplied by water which entered in front. The subcaudal fin-flaps were perfectly 
motionless, and tightly pressed between the base of the tail and the surface of the 
glass, so that any movement of them was impossible." AVith the help of carmine 
powder CUNNINGHAM was able to demonstrate that the current flowed with a greater 
speed below the animal than above it. This means a lower pressure on the under 
surface, which enables the fish to adhere. CUNNINGHAM was, however, unable to show 
any use for the subeaudal prolongations, for he noticed that the fish could adhere even 
when these structures were removed. 

In all hill-stream animals in which this method of vacuumil production is employed, 
a saucer-like disc is formed on the ventral aspect (Gastromyzon, Iron, etc.). By closilng 
the disc at the posterior end the animal is enabled to restrict the area for the exit of 
water, so that the current flows through it with great velocity and consequently the 
pressure is reduced. In Ztuegopterus the low pressure created, even after the renmoval 
of the subcaudal prolongation, was probably sufficienlt to support tle weight of the 
fish. No experiments were, however, performed to test whetlher the efficiency of 
adhesion was in any way affected by the removal of these structures, but it would 
seem obvious that their absence would be detrimenital in flowing water. 

Seizing devices.---I the precedin.g sections it has been indicated that spines or scales 



AND .EVOLUTION O:' THEi TORRENTIAL FAUTINA... 261 

on the ventral surface of the organisms inhabiting rocks in swifter and swifter currents 
tend to be reduced, till ultimately the ventral surface becomes smooth and flat andl 
can be closely adpressed to the substratum. In this action. advantage is taken of the 
principle of " seizing" for holding on to the substratum. When two surfaces, well 
fitted to one another, are brought together and the fluid separating them is expelled 
(either by the vacuum-producing devices already noticed or by the mechanical means 
to be presently described), they " adhere strongly together, or seize, partly oni accounlt of 
the -vacuLum between them, but more, since the effect takes place even ini a good 
vacuum, on account of molecular forces of attraction being brought into play. Seizing 
takes place more readily with bodies of the same than with those of different materials" 
(DUNCAN, 1904). The animals that apparently seem to adhere by means of sucker- 
formation, such as Gastromyzon and TrichLopterous larvw of the type of Lithax and 
Drusus (p. .198), i.n reality lie flat on. the substratum, and adhesion is su-cl-h cases is due to 
the power of seizing. 

Attention may be directed to the ridge-an.d-groove pattern found on the adhesive 
pads of most of the hill-stream animals, especially in fisl, e.g., the thoracic discs of 
CGlyptothorax and. Pseudecheneis and the fin-ray pads of Glyptosternum. At first I 
considered that thlese pads function in the same way as the ridge-and-groove patterns 
on motor tyres ; but it now seems to me that there is a considerable difference in the 
mechanism of the two. Motor tyres are grooved to inicrease their tractive effort, and 
this is effected by the flattening of the solid rubber :ridges, the consequence of which 
is that the edges become sharp and are thlerefore rendered more efficient in taking hold. 
of the unevennesses of the roads. In fishles, hl.owever, the grooves on the pa(ls serve as 
channels for the exit of water from underneath t-lec structure, so that it can be brouglht 
into intimate contact with the substratum. and "seizin.g can take place. The same 
is true of papillated surfaces. 

The ridges and grooves on the pad.s are either tran.sversely placed, as in Pseudecheneis, 
or more often are situated obliquely in a lo:ngitudinal direction as in. Glyptothorax and 
Glyptosternumn. Where the adhesive apparatus consists of a series of pads, they are 
placed obliquely in a longitudinal direction as in Balitoria, and :in. the lleptageniid 
nymphs. Probably the latter type is more useful, for it will not only resist the push. 
backwards but will also be able to stand the side-to-side pushl due to the eddies in the 
current. 

Hooking devices.-Animals living among plants possess strong gripping claws, which 
are denticulated along their inner borders to provide a firmer grip. Some, such as 
Phalacrocera, Nephelopteryx, etc., are beset witlh backwardly directed chitinous hooks 
on their bodies, which entangle them in the mosses or mats of algae when they lie with 
the head pointing upstream. Certain insect larva and Onyc hotlactylus japonicus 
(p. 248) are found on bare rocks, which they grip by means of strong recurved claws. 

Those animals that lie flat on the substratum have retroverted spines developed on 
thei.r adhesive pads. Since these pads are developed on t;he surface that lies in close 
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contact with the substratumn it is obvious that the spines would help to prevent the 
animal from slipping by interlocking with roughnesses on the surface of thle rocks. 
Moreover, as these animals lie at one place for a fairly long timrie, this type of mechanical. 
interlocking arrangement would be very effective. 

Throughout the preceding section it has been noticed tlhat there is a tendency in the 
hill-stream animals to transfer the adhesive pads from the centre of the animal to the 
extremities. This enables the animals to bring a large surface in contact with the 
rocks and thus increases the seizing power. Further, gripping by the extremities gives 
the animals a more stable equilibrium in the current. The formner, however, appears 
to me to be the more important factor. 

Much variation in fornm and structuire is exhibited by the spines on thie adhesive 
pads, and in some cases it is possible to trace their gradual specialization. On the 
adhesive pads of fish (HORA, 1922b) they, are simple, with a somewhat broader base 
a-nd a slightly curved tip (fig. 21, b). The terminal hooks are directed posteriorly, and 

OU 

TEXT-FIG. 21.-Form of spines foiind oni the a(dhcsive pads of torrent-inihabiting animals. (C lateral 

spine of a Blepliarocerid larva; b - spine on the adhesive pads of fisb ; c -- spine on the gill-lainellar 
pads of Hleptageniid nymphs; d ftspine on the posterior proleg of a Chironomlid larva; e -- ,spine 
on the posterior appendage of a Simuladium larva. 

by digging into the substratum prevent the animal from slipping. In tle Heptageniicke 
and others the main body of the spine (fig. 21, c) is directed against th1e current, but 
it is hooked at the tip, so that the termninal point acts in thle same way as the fish spine. 
An interesting series of modifications is found in those spines that h-ook on to a loose 
surface, such as vegetation or a silken network of threads. In Chironomids (fig. 21, d) 
the hooks on the posterior appendage are in the form of forks with two prongs. One 
of these functions for gripping, while the other lies embedded in the body wall and 
gives support to its partner. With the increased work on the outer prong the inner 
becomes considerably enlarged, till in the larva of Sirnuliurm it is better developed than 
the sickle-shaped portion of the spine that holds the thread (fig. 21, e). The principle 
on which such a spine functions is that of the lever of the third type, in which the fulcrum 
is at one end (the basal portion of the spine), the work is at the othler (thie sickle-shaped 
portion of the spine), and the force is in the middle. Thus, in this spine the strain of 
breaking is resisted by the broad base from which the two portions spring. The 
mechanism is similar to that of a tin-opener. 
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In this part of my work I have had the privilege of consulting Dr. J. B. TODD, 

Lecturer in Hydraulics in the Engineering Departmnent of the University of Edinburgh, 
and : have great pleasure in offering him. my sincere tlhan.ks for hi.s valuable help. 

EVOLUTION: DIVERGENT AND CONVERGENT. 

It may be indicated at the very outset that our conception of t1l.e relative importance 
of the two principles--Divergence and C(onvergence--has undergone a considerable 
clian-ge since the p-ublication of the Oriqin of Species. Accord.ing to DARWlN, " species 
are mul-tiplied and genera are formed " by the application of the principle of " Divergence 
of Character," while his reference to the opposite principl]e is only a passing one. BERGT 
(1926), on the other hand, says, " DARWIN represents evolutioln. as a process of 
divergence of characters. As a inatter of fact, predominative importanice belongs to 
convergence of characters." There is hardly any doubt that since DARWIN'S time 
extensive study of characters has shown that quite a number of apparently homogeneous 
genera and families are in reality polyphyletic in origin. Thus, in e-valuating the 
relative importance of characters the problem of the Mnorphologist has become very 
complicated indeed. Tn fact, a certain number of biologists have given up all ideas of 
useful adaptation and explain the variations or divergence in characters as due to somne 
innate tendencies of heredity. 

"Divergence of Character " *i.s a simple principle, for there is no doubt that as a 
general rule " the more diversified in structure the descendants from any one species can. 
be rendered, the more places they will.] be enabled to seize on, and the nliore their 
modified progeny will increase" (DI)A11wiN). Our present conception of classification, 
represented as the branches of the great " Tree of Life," is based on this principle. 
OSBORN in 1902 treated this subject from a physiological aspect and termed it " The 
law of Adaptive Rl1adiation." I)ARWIN had emph-asized the variations in clharacters, 
without giving any definite cause, beyond attribuLting to the organism a tendency to 
vary by chance, while OSBORN in his law expresses " inost clearly the idea of differ- 
entiation of habit in several directions from a primitive type." 

The prilnciple of divergence is simple anid. obvious anid is of a wide applicability. 
It may, however, be remarked that the force witlh wh]ich i)ARWIN launched this 
principle led subsequently to some unjustifiable conclusions, for most instances of 
divergence came to be regarded onl a priori grounds as ind.icating distant relationship 
and most instances of convergence to denote close affinity. It was under such. a mis- 
apprehension that GASKELL came to believe in the relationships of the fish Cephalaspis 
and the trilobites Paradoxides and. Olenellus. BIDDER (1927) has shown that the 
apparent similarity between the trilobites and. the fish is due to the fact that both 
were shaped to resist destruction from the torrential currents of the Silurian Seas. 
Similar forms are met with to-day among the fauna of the torrential streams, and I 
need only refer here to the larvae of the insects Prosopistoma (p. 194) and Psephenus 
(p. 202), both. of which ere at first regarded as Crustaceans of the Apus type. The 
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tergal and sternal shields of the Psephenid larve so overlap that a certain amount of 
movement of one segment over the other is possible. Thus, when a larva is disengaged. 
from its mooring, it coils and rolls, reminding one of the habits of tlle trilobites. Several 
animals have adopted this method of taking glancing blows lightly in the torrential 
currents. The Bornean fish Gastrromyzon is superficially not unlike the Silurian fish. 
Cephalaspis. 

This apparenit similarity in structure or hiabits, which animals living under similar 
conditions exhibit, is popularly known as "' convergence in evolution." .But recent 
work on. correlation between animal habitat and structure hias brought out a number of 
facts which are supposed to indicate that con-vergent evolution may occur in animals 
living under totally different conditions; and. vice versa, animals living under identical 
con-ditions exhibit divergent characters. This is a misapprehension. Convergence is 
the result of " independent functional adaptation to similar ends " (WJILLEY, 1.911). 

I wish. to direct special attention to the phrase, " similar ends," for it may happen that 
animals living under different environments niay have to respond in a similar fashion 
to a coinmon factor in the habitats, and this would lead independently to " functional 
adaptation to similar ends " resulting in tlle convergence of characters. For example, 
in the case of a strong swvimming fish in stationary waters and. of another fish. which leads 
a muore or less sedentary life in rushing torrents, the habitats of the two are totally 
dissimilar, yet in both cases the body is gracefully streanm-lined to offer less resistance 
to the current. Whether the fislh. nmoves tlh-rough the water, or the water glides over 
the fish, the physical principles involved. in the reduction of resistance to the -fluid 
mediuni are the same. It is also kniiown that as a rule larger eggs are characteristic 
of both the stream-breeding anc[ the tlerrestrial as against pond-breeding Amphibia. 
The large egg is not ani adaptation to the stream or terrestrial habitats, but is a 
provision which- gives the progeny a better start under unfavourable conditions (p. 175). 
In all thi.e hill-stream fishes the air-bladder i.s g-reatly reduced and in specialize(d forms 
i.t is eniclosed. ill two bony capsules. Similar mnodification of the bladder takes place in 
the mud-inhabiting Siluroids of India, such as Clarias and Saccobranchus. These two 
habitats are very dissimilar, but the reduction of the air-bladder increases the specific 
gravity of both types of animals, so that they can remain near the bottom in their 
respective habitats. 

Again, an interdigital web may develop in animals living under different conditions. 
It is developed in the Cormorant, Phalacrocorax ccarbo, living in. water, in the lizard, 
Palmiatoqeckco rangei living on sand, and in the frog, Rhacophorus volans, and in bats 
living in the air at times. In all these cases the end in view is the same, viz., to offer 
great resistance to the medium, aquatic, terrestrial or aerial, in order to obviate slipping 
or to aid in propulsion. Among torrential populations it is noticed that several larvae of 
Trichoptera (p. 197) and Chironomidse (p. 210) are not provided with sheltering cases but 
lead an open life on rocks in rushing currents. In these circuinstances the tubes, which. 
are characteristic of a mllajority of species of thlese families, are not manu:factured, 
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because these, instead of being advantageous in providing shelter and safety, become 
enlcumbrances. Among Chironomidae the larvae of the genus Metriocnemus (LEATHERS, 

1922, p. 33) are fouind only in the leaves of the pitcher-plant, Sarracenia. They pass 
their entire larval stage without manufacturing any tube. The aniimal burrows in 
the closely packed debris composed of the chitinous remains of insects at tbhe bottom 
of the pitchler ; in these circunmstances the t,ube would undoubtedlv be an encumbrance 
and is, therefore, nio longer formed. 

The habits of the caddis-worin, Neuronia postica, are of oreat interest (p. 199). 

Nornmally it is provided with a tube, but when entering s-Lbinerged debris it abandons 
the tube, and uinder these conditions it is as free-living as the larvae of the Rhyacophilide 
-the torrent-inhabiting Trichoptera. It is clear, therefore, that the convergence in 
the habits of both the sluggish-wvater formns and the brook-inhabiting aniimals has 
resulted fromii independent fulnctional adaptations to similar ends. Fromn the above 
it is clear that in all cases where similar structures or habits ha-X-e originated under 
apparently dissimilar conditions, a thoroughl study of the habitats and bioniomics of 
the organiisms would probably reveal that these adaptations fulfil similar ends. 

The statement that different types of structures are found in the same environmenit 
is, according to my experience, merely superficial. The more one realizes the gradations 
in the environment, the more clear it becomes that animals of different kinds occupy 
definite "' niches " in the samne habitat. 

Convergence of single characters is well recognized in all taxonomic studies, but the 
principle of Communal Coinvergence requires further consideration. In 1911, WILLEY 

remarked: " How far this community of habitats leads to structural convergence is 
not clear, because the anatomical characters of the associated foriis have not beeu 
worked out in sufficient details from this point of view." ANNANDALE and I have 
shown in a series of papers the remarkable evolutionary complex that lhas resulted inl 
the fauna of smlall streams in the Himalayas ancd elsewhere. As an. illustration of 
commiunal convergeince, attention may lbe clirected to the, body formis of brook- 
inhabiting) animals. Those that lie closely pressed against tlhe substratumni possess a 
flat ventral surface, and the dorsal surface is arched in gentle stream-lines. In quite 
a number of anim1ials of this habitat the body assumes a limpet-slhaped or chiton- 
shaped forn ; indeed, have not the liipets and the chiton.s assumned this formi in order 
to meet the rushlingo of the waves ? One may also refer to the insects of brooks (Plate 18). 
The Psephenid larva (Coleoptera): the Naucorid bug (Hemiptera) the Blepharocerid 
larva (Diptera); the nymph of Iront (Ephemeroptera) and the nymph of Icttnus 
(Odonata) illustrate conivergence towards a linmpet-shaped for iiin different orders of 
insects living under siillar conditions in torrents, and one could very easily add a 
number of examples from other groups of animals to this large series. 

It is clear from what I have stated above that divergence is the result of habitudinal 
segregation, or isolation, or some kind of "' Adaptive Radiation," and that divergence 
has to be attributel to dcifferences in thl.e ePnvironmePnt. It mnay seem a parxadox, but 
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convergence is also the result of some kind of adaptive radiation, and the cause of this 
is the similarity of an individual factor or factors in the environment. 

In 1924, ANNANDALE discussed certain instances of a peculiar type of evolution 
whlich hie termed "' I)ivergent Evolution." Though as we have seen above. divergent 
evolutioni has acquired a wvell-establislhed meaning,. I slhall for the present (lenote this 
peculiar type of evolution by the term used by ANNANDALE. Thiis " Divergent 
E3volutioni" (ANNANDALE) nmay be said to have occurred ivhen organisms related in 
general structure exhibit in the same or similar environmenit different modifications in 
structure or form or inistinet, anrd these modifications are correlated with the samne 
element it the environimlent." For instance, the freshlwater sponges living in muddy 
waters prevent thleir ostia fromi b)eing blocked tip aiid rendered illeffective by solid 

TEXT-FIG. 22.--Divergent mnodifications of fin-rays of the pectoral fins in two highly specialized genera of 
Hoiialopterid fishes. a = Balitora brucei, GRAY; b = Gastromnyzon borneensis, GUNTHER. 

particles held in suspension in the water wlhich enters them; the ostia in some are 
reduced, as in Tetilla dactyloidea var. lingua, while in others, as T. limicola, they are 
distinctly enlarged. In the former the reduction prevents the particles from entering 
into the channels, while in the latter their enlargement renders it possible for the 
animals to take in and expel the particles through the broad passages. These differ- 
ences, it seems probable, are due to individual variations in the ancestral forms of 
tllese sponges that migrated to the muddy waters. The forms with relatively smaller 
pores evolved along the line of further reduction in the size of the pores, while the 
opposite course was adopted by those that had larger pores to start with. Here, again, 
it is seen that the best use is made of whatever initiative or bias an organism possesses 
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in the beginning, and the two apparently contradictory adaptations actually solve the 
same problem by different methods. 

The highly specialized Cyprinoid family of Homalopterid fishes is characterized, 
among other things, by the position and structure of its paired fins, which are 
horizontally placed and are provided with a number of simple rays. The structure of 
these fins (fig. 22) in two highly modified genera-Balitora and Gastrornyzon-is very 
different. In Balitora there are a number of simple rays, apparently produced by the 
coalescence of the branches of an ordinary ray; whereas in Gastromyzon there is only 
one simple ray, the neighbouring rays, although appearing simple superficially, being in 
reality forked. In this case the primary branching is retained and each of these is then 
modified into a simple ray. The simple rays in the paired fins bear on their ventral 
aspect adhesive pads of skin, which enable the animals to stem tempestuous currents. 
So far as the adhesive efficacy of these two types of fin-rays is concerned, there can 
hardly be any doubt that both are equally efficient. In both cases I have been able to 
trace regular series by which these divergent modifications have occurred under tlle 
influence of the same factor in the environment. 

ORIGIN AND EVOLUTION OF THE T1 ORRENTIAL FAUNA. 

In 1922, I briefly alluded to the origin of the hill-stream fauna and indicated that 
it had been derived from the fauna of the sluggish waters of the plains by a step-by-step 
colonisation of the higher reaches. To support this hypothesis the evidence afforded 
by the distribution, comparative morphology, and embryology of the various forms of 
brook-inhabiting fish was adduced. HUBAULT (1927), from a study of the inverte- 
brate fauna of torrents, has come to a different conclusion. According to him the 
cold- and oxygen-loving animals of the brooks are a relic of the glacial period. He 
concludes as follows: ' j'ai essaye de donner quelques indications sur l'origine de la 
faune torrenticole actuelle, fille de la faune des glaciations, qui s'est largement propagee 
dans les cours d'eau par l'intermediaire des rives des nappes d'eau froide" (p. 366). 

In recent years I have studied the invertebrate fauna of torrents in detail, and in every 
group of animnals discussed in the preceding pages I have found evidence of step-by-step 
colonization. The animals have become gradually modified under the direct effect of 
the current, which appears to me of paramount importance in their habitat. Unfor- 
tunately, most of the invertebrates in my collection have not yet been determined and, 
therefore, I have to rely on vertebrates, especially fish, for a further treatment of this 
subject. 

EIGENMANN (1912) discussed the probable mode of population of the Guiana Plateau 
by fish, and came to the conclusion that " The evidence seems, then, to favour the con- 
clusion that the larger part of the fauna of the upper Potaro has been more or less recently 
acquired, and that the smaller part is composed of relicts of the original fauna of the 
G-uianla Plateau." Most of the species he found inhiabiting the plateau were identical with 
those in the plains below, and only three species, Heloqenes marmoratus, Pecilocharax, 

VOL. CCXVIII.-B. 2 N 



268 SUNDER LAL HORA: ECOLOGY, BIONOMICS 

and Lithiqenes villosus, were more or less endemic in the streams of the plateau. 
Litho(qenes is a highly specialized Loricariid fish and must have reached the plateau by 
climbing over rocks in the rushing torrents. The others resemble sluggish-water 
forms and have probably ascended by small rivulets or through backwaters at the 
edges of the streams. I believe, therefore, that even these endemic species have been 
derived from ancestors living in streams below the plateau. 

For some years I have been interested in the fauna of the Cherrapunji Plateau 
(Khasi Hills, Assam). The ascent to this plateau is precipitous from all sides and 
the heavy rainfall (458 inches per annum) is drained off by rushing torrents flowing in 
deep gorges. In the swift currents are found highly evolved hill-stream fishes, such 
as Balitora, Glyptothorax, Pseudecheneis and Garra, but at the edges and in pools the 
sluggish-water forms of the plains occur. The fish-fauna of the plateau (HORA, 1923b, 
p. 582) comprises Ophicephalus gachua, Danio cequipinnatus, and Barbus tor. The 
Snake-headed 0. gachua is a marsh-loving fish, and is known to wander from pool to 
pool in the dry season. This species must have ascended the steep slopes by frequenting 
the pools and puddles at the edge of the streams, and even on the plateau it is commonly 
to be found in such situations. D. cequipinnatus is a small fish which lives in pot-holes 
and deep pools and is capable of swimming against feeble currents; it has possibly 
reached the plateau by ascending small rivulets into which a stream breaks up in a 
dry season. B. tor is a muscular fish which, like the salmon, can swim against swift 
current. These three species are common in the plains, and there is no doubt that the 
fish of the plateau are derived from those of the plains; in fact, B. tor ascends every 
year for breeding purposes. As other instances the peculiar fish of the group Schizo- 
thoracinae, Cobitidee, Sisoridae, etc., of the Highlands of Central Asia may be cited. 
There is no doubt that all these fish have been derived from those that frequent the 
slopes of the Himalayas. They have been greatly modified secondarily, but they still 
retain certain impressions of their former environment. Indeed, there is no indication 
in this fauna which shows that it is indigenous and that it has not been derived from 
the fauna of the low-lying lands of the neighbouring countries. 

From TILLYARD'S table of the diflerent habitats of the dragon-fly larvee (p. 328) it 
is possible to trace the gradual evolution of the hill-stream forms and ultimately of 
those that are found in strong currents. Take, for example, the Gomphinae, which are 
commonly found either buried in sand or in debris in rapid waters. A small number of 
these are found at the bottom in still waters, but in running waters they seek safety by 
burrowing or by hiding themselves in the debris. The bottom form is retained by the 
debris dwellers, 'While the burrowing larva have become greatly modified. It is from 
the inhabitants of the debris that forms like Ictinus are ultimately to be derived. Take 
again the ?Jschninae, Lestina and Agrioninae; they are found among weeds both in 
still water and in running water. The long and slender body becomes greatly elongated 
under the direct influence of the rapid flow and the legs are greatly stretched. The 
Corduliin- and the Libellulin- are bottom inhabitants with flat and depressed bodies. 
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Under the action of the current the body is still further depressed and the ventral 
surface is flattened. The above consideration indicates that nature models the existing 
material and shapes it in such a way that, without any big jump, the animal gradually 
becomes adapted for life in a particular environment. 

It is believed that primitive life originated and flourished in the sea, while fresl 
waters were secondarily invaded by those forms which could either lead a fixed life 
or else were strong enough to withstand and make headmway against the currents of 
streams and rivers. The same argument applies with considerable force to the fauna 
of torrents. Just as it is possible to trace the various steps in the gradual colonization 
of the fresh waters by marine animals in the estuarine areas, so the actual origin of the 
torrential fauna can be traced by studying the animals of a stream, from the plains to its 
source in the hills. Indeed, the study of evolution in such abnormal habitats is not 
hindered by the absence of geological data, etc. To a naturalist these habitats are like 
open books in which he can read the process of evoluition for " Verily storm and stress 
are the mothers of evolution " (MAcBRIDE, 1927, p. 70). The importance of evolutionary 
factors can be realized more easily by a study of abnormal habitats, such as estuaries, 
swamps, torrents, etc., where environmental factors undergo considerable changes and the 
animals in accommodating themselves to these changes undergo striking modifications. 

What causes have impelled tlhe animals to migrate into rapid-flowing waters ? To 
understand these properly reference has to be made to the principle of " Divergence of 
Character" of DARWIN, of " Adaptive Radiation " of OSBORN, and " Opportunity 
Dispersal" of ROBSON (1928). Necessity and opportunity may be considered as the two 
causes which impelled the organisms to seek abode in swift currents. Of the necessities 
of animal existence there are mainly three-food, shelter from enemies, and propagation 
of the race. Considering only the individual requirements, the first two are of the 
greatest importance. Experience shows, however, that an animal often risks its life 
to attain food. Just as " national life is chiefly controlled by the desire to capture 
markets," so " animal life is chiefly concerned with the occupation of feeding grounds" 
(WILLEY, 1911, P. 114). The slime on the rocks may provide enough food for certain 
animals, while the swift current enables plankton feeders to strain large quantities, 
though brook water is usually poor in plankton. The rapid-flowing water continually 
stirs up sediment. There is no competition for space in this habitat; tlhose that can 
withstand the current will share in the booty. They will have the further advantage of 
cold and highly oxygenated water. It is thus clear that the search for food must have 
induced the animals to enter into swift currents. 

Opportunity has been another great factor in the population of the hill-streams. Only 
those organisms could take possession of these rich feeding grounds which could with- 
stand the current in one way or another. For instance, the flat, leaf-like form of the 
Planarians enabled them to crawl along the surface of stones at the bottom and to 
seek refuge in narrow crevices; the bottom-inhabiting Sisoridae by virtue of their 
higher specific gravity could with advantage enter into rapid-flowing waters; 

2 N 2 
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Sicyopterus garra, with its modified ventral fins, could hold on to rocks in swift currents, 
and the insect larvae, provided with grappling organs for terrestrial locomotion, adapted 
the same structures for clinging to the rocks; and lastly, the powerful swimmers nego- 
tiated swift currents by their muscular efforts, while some of these finding the flow 
too much for them took to bottom life and modified their skin into adhesive organs of 
different types. In some, silk-secretion evolved for the manufacture of tubes. etc., 
was used for the purpose of attachment. 

In short, the fauna of the torrents at every step provides ample illustrations of 
DOHRN'S "Theory of the Change of Functions" (DOHRN, 1875, pp. 60-76; MARSHALL, 
1894, pp. 53-62), which helps to explain the most serious objection against the theory of 
Natural Selection. On this point GOODRICH (1924, p. 141) writes as follows: "Of 
what use can a complex organ be before it is completed ? But this objection loses its 
force when it is remembered that organs rarely, if ever, can be said to 'begin.' Entirely 
new functions and entirely new organs are not suddenly (leveloped. All are evolved 
by the gradual transformation of, addition to, or subtraction from. something already 
there." The paired fins of fishes, evolved as balancing organs, take on the function 
of attachment; the gill lam.ella. of the Heptageniid nymphs become modified for attach- 
ment; and the broad-lips of Megalophrys originally evolved for attachment take on a 
totally different function in the funnel-mouthed tadpoles. In the case of the disc of 
Garra, it is clear that it starts as a callosity of the skin in the region where it touches 
the rock, but in the more highly evolved forms it is gradually perfected -under the 
direct effect of the current. The short, hair-like, chitinous outgrowth. on the body of 
the torrent-inhabiting insect larvae becomes transformed into strong spines to enable 
the animals to stem the current. The torrential fauna is full of such instances, though 
it must not be forgotten that it is not only the parts that are modified, the organism is 
modified as a whole. 

The fact that structural modifications are produced through change of functions 
seems to have led to a great confusion in the study of animal adaptations; for. example, 
HUBAULT (1927, p. 339) observes, "Cet aplatissement, cette petite taille ne sont-ils 
pas au contraire deux etats preexistants, qui ont facilite a ces organismes l'acces des 
eaux courantes ? " Quite recently PoPovIcI-BAzNosANu (1928) has come to similar 
conclusions from a study of the insect larvse inhabiting the torrents. Adaptation 
means the adjustment of an organism to the conditions of its existence; whether the 
animal was favourablv shaped when it entered a particular habitat, or was secondarily 
modified in response to environmental factors, matters little. Those of the former 
category would become adapted more easily than those of the second type. But the 
process of adaptation is soon realized when it is seen that small animals become still 
smaller and the dorso-venitrally flattened animals become still more flattened by taking 
to life in stronger and stronger currents. " With whatever initiative organisms may 
have been endowed at their origin, they have not escaped continuous moulding by their 
surroundings during their evolution " (BORRADAILE, 1923, P. 375). 
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What part has natural selection played in the evolution of the torrential fauna'? 
I wish to make it clear at the outset that natural selection is not a force, but a method, 
and " that the role of natural selection is to keep the organism in direct adaptation to 
its environmental relations, so that as these latter change thle organism changes with 
them" (KERR, 1926, p. 193). Suppose an animal capable of stemming a current 
flowing at the rate of x feet per second in a dry season, takes on a habitat where the 
current flows at the rate of x + y feet per second, in the rainy season. If x + y is only 
slightly greater than x then the animals may be able to stem it by eflorts on their part 
which would result in the increased efficiency of their organs of attachment. But if, 
on the other hand, x + y is considerably greater than x, the result would be that there 
will be a wholesale destruction of the animals, and there is no possibility of selection 
being made. The former case is nicely illustrated by the fishes of the genus Garra 
in their development, in their individual variability and specific differentiation. It 
has been indicated that hill-stream animals lay their eggs in places where water flows 
gently, and that the individuals of each generation gradually invade the swifter and 
swifter currents, which can be correlated with the increasing efficiency of their organs 
of attachment. During the monsoons, wlhen the streams are in flood in India, there is 
a very great destruction of the hill-stream animals and particularly of those in un- 
favourable situations. Under such stresses the animals are being continually improved 
and become more and more adapted to the environment. 

Thus, in the origin and evolution of the hill-stream fauna it is seen that divergent 
evolution is the starting-point, and the animals which are more favourably placed tllan 
others are the first to invade the swift currents. Under these new conditions a con- 
tinuous adjustment is made by the organism and natural selection keeps it in direct 
harmony with its environmental factors. I have purposely refrained from discussing, 
(i) what causes animals to vary, and (ii) how the modified characters are transmitted; 
but, as an ecologist, I have attempted only to explain how animals become adapted. 

SUMMARY. 

In the course of this work I have attempted to treat the ecology, the bionomics and 
evolution of the torrential fauna, with special reference to that of India. In studying 
the adaptations, attention has been mainly directed to the means wihereby organisms 
manage to stem the rapid flow of the currents. 

Of the physical conditions (pp. 174, 175) that influence the ecological distribution of 
the torrential fauna the principal one is the rate of flow of the current. The hiigh per- 
centage of oxygen in the water is another important factor, but it is dependent on the 
current to a very great extent. Shallowness and low temperature of the water are 
also of some importance. 

Among the biological factors (p. 175), food is the most important. The majority 
of the animals feed on the algae and slime that cover rocks and stones, but some 
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strain microplanktonic organisms out of the current. Onlv a few torrential animals 
are predaceous in their habits. 

In classifying the hlabitats (pp. 175-178), I have adopted PEARCE'S nomenclature, but 
have modified it considerably in view of direct observations in tile field. The entire 
classification is based on the swiftness of thle current, and the reasons for the proposed 
classification of the habitats are fully discussed. 

In studying the bionomics of the torrential fauna attention has been specially directed 
to the insects and the vertebrates, but a few observations on other animals are also 
recorded. In the account of the Plecoptera (pp. 178-182) the bionomics and the organs 
of attachment of the nymphs of the Perla-type are fully dealt with. Attention is also 
directed to the nymphs of the Nephelopteryx-type (p. 18]), whiich are cylindrical in shape 
and are furnished with hooking devices. 

Among Odonata (pp. 182-184) the torrent-inhabitants are of two types. Those that 
lie flat on the substratum are flattened dorso-ventrally, while those that grapple on to 
the rocks by means of their claws and swing before the current are cylindrical in 
form. The probable adaptations of the nymplhs of three families of Ephemeroptera- 
Lleptageniidse, Baetida and Prosopistomidae-are discussed. A reference is also made 
to the adhesive and anchoring devices found on their eggs. 

The genera of Heptageniidaw have been differently grouped into two subfamilies (p. 185) 
by LESTAGE and by HUBAULT. The former based his classification on the- character 
of the gill-lamellse; the latter on that of the caudal setee. The adaptive significance 
of these characters is discussed and their gradual evolution and modification, as induced 
by the swiftness of the current, are indicated in Ecdyonurus, Heptcqenia, Epeorus, 
Iron and Rhithrogena. The members of this family form a homogeneous assemblage, 
and a graphic representation of the relationships of the Heptageniid genera is given. 

Of the Beetide (pp. 191-194), members of the two subfamilies-the Bsetina, and the 
Ephemerellina-,are discussed. Nymphs of Bcetis cling to rocks and weeds with the 
help of their powerful claws and are met with in all kinds of habitats. In swift currents 
the stream-line form is better developed by a reduction in the number of the caudal 
setae from three to two, so that the stream-line revetment of the body is carried to the 
extreme posterior end. In the Ephemerellinae the structural modifications of the 
claws and the tracheo-branchiae of Ephemerella are discussed, and it is indicated that 
the differences can be correlated with variations in the environmental factors. Refer- 
ence is made to the supposed relationships between the Ephemerellinae and the 
Caeninae, and it is concluded that the gill chiamber is polyphyletic in origin and does 
not denote genetic affinity. 

The nymphs of Prosopistoma (pp. 194-196) adhere to rocks by creating a reduced 
pressure on their ventral surface, but no sucker formation takes place, as is commonly 
believed. 

In the account of the Iemiptera (pp. 196, 197) two types of Naucorid bugs are referred 
to. Differences in the anchoring devices of the plant-inhabiting and rock-inhlabiting 
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bugs are indicated. T'he attachment is chiefly effected by the spinous pad on the 
tibia and by the claw. 

The Trichopterous larvae of the swift currents (pp. 197-201) are of two kinds-free- 
living and those that manufacture some kind of shelter. The abdominal hooks and the 
claws are the organs of fixation. A detailed account is given of the eggs and oviposition 
of a species of Trichoptera (Lepidostomatinte) from Dalhousie. The fly lays its eggs on 
the lips of falls, a unique situation so far as is known at present. 

Lepidopterous larvae (pp. 201, 202) of the genera Aulacodes, Elophila, etc., live on 
rocks in swift currents under thin sheets of silk. The crotchets on the prolegs and 
the terminal claws on the thoracic legs enable the animal to stem the current. 

Of the Coleopterous larva (pp. 202-205), direct observations were made on the 
Dryopidae and Helodidae. Psephenus- and Psephenoides-like larvae are abundantly 
represented in the torrential fauna of India, and a detailed accounlt of their bionomics 
and the organs of attachment is given. It is concluded that adhesion is not the result 
of a sucker-formation. 

Certain Empid flies of the genus Clinocera (p. 206) were found in great abundance at 
Dalhousie. Their habits were studied in detail and their behaviour was found to be 
similar to that of tlle Blepharoceridae. 

The Psychodid larva (pp. 206, 207) of the genera Pericoma and Ulomyja live in moss, 
in which the backwardly directed processes on their bodies become entangled and 
prevent them from slipping. The larvae of Marttinc are dorso-ventrally flattened and 
are provided with a row of eight " suckers " on the ventral surface; the pupae are 
cemented to the rock and are similar in appearance to those of the Blepharoceridae. 

The larvae of the Tipulid genera Triogma and Phalacrocera anchor themselves in 
moss by their long leaf-like processes, which are denticulated and serrated in various 
ways (p. 207). The larvae of Tiptula live among roots of plants where they are not affected 
by the current, while those of Dicranota and Pedicia are provided with pseudopods 
which end in rows of chitinous hooks (p. 208). The larvae of Anttocha (p. 209) live under 
a shelter of thin-spun silk, and the pupa fixes itself to the case with two powerful hooks 
at the caudal end and lies in the current with the head pointing downstream. 

In the Chironomidae (pp. 209-211) the hooks on the posterior pair of pseudopods serve 
as the chief means of attachment. The tube, so characteristic of the sluggish-water 
forms, is discarded, because, instead of being advantageous in providing shelter and 
safety, it proves an encumbrance. Larvae of Cardiocladius and Charadromyia live under 
sheets of thin-spun silk, and are thus protected from being washed away. 

A general account of the biology of the Simuliide is given and the mode of fixation 
and progression of the larva is discussed (pp. 21 1--217). In a Simultumn larva the attach- 
ment to the substratum is effected by the salivary secretion and the hooks on the posterior 
appendage, the thoracic proleg and the labrum. The morphology of these structures is 
described and the exact mechanism of gripping by the hooks is explained. The function 
of the various mnuscles connected with the posterior appendage is also discussed (p. 214). 
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Special attention has been paid. to the study of the larvae and pupae of the 
Blepharoceridae (pp. 217-227). The chief organs of attachment are the suckers, but 
there are other mechanical devices also which eniable the animal to stem the current. 
The morphology and physiology of the sucker are discussed in detail. 

The remarkable larvae of Deuterophlebia (pp. 227-229) possess seven pairs of grappling 
organs. It has been hitherto believed that they act as suckers, but it is indicated that 
they take hold on the substratum by means of the claws. In the mechanism of their 
attachment the so-called suckers of Deuterophlebia correspond with the pseudopods 
of Dicranota. 

Observations are made on the probable phy7logeny of the Blepharoceridae and the 
Deuterophlebiide (pp. 229-231) as deduced fr om a study of their larval structure. The 
conclusion is reached that the members of the two families have evolved along two 
independent parallel lines and thlat the resemblances between them are due to con- 
vergence induced by life under simi.lar environmental conditions and not to any genetic 
affinity between the two. The probable mode of evolution of the Blepharoceridae is 
indicated by referring to the various forms exhibited by the larva of the Psychodidee. 
It is pointed out that the Blepharoceridae constitute one of the oldest families of the 
Dipterous insects. 

In fishes attachment to the substratum is effected either by the formation of a sucker, 
as in Garra and Sicyopterus, or more often by means of a reduction of the pressure on 
the ventral aspect by various devices. The corrugated adhesive pads are provided 
with spines which prevent the animal from slipping. It is indicated that the broad 
lips do not form a sucker in conjunction with the mouth, as has been believed hitherto 
(p. 234). Evolutionary series showing gradual modifications indulced by environmental 
factors are given in the case of the Homalopteridae (p. 235), the Sisoridae (p. 236) and 
the Loricariidae (p. 239). 

The brook-inhabiting tadpoles can be classified into three ecological associations, 
and the chief characteristics of these groups are discussed. In the larvae of Batrachia 
adhesion to thle substratum is effected either by the formation of a definite sucker, as 
in the tadpoles of the section Ranae Formosme, or by the hvpertrophy of the lips, which 
on the ventral aspect are covered with rows of teeth or papillae, as in the tadpoles of 
Helophryne. The structure and mechanism of the teeth are explained (p. 243) and 
reasons are given why in some tadpoles only one lip and in others both the lips are 
hypertrophied (p. 244). The probable mode of evolution of the funnel-shaped mouth of 
the Meyalophrys tadpoles is indicated, and it is concluded that the broad lips developed 
for the purpose of adhesion became modified into a funnel-shaped apparatus when 
the tadpoles took to life in sluggish waters. The reversion of the biogenetic law is 
discussed (p. 248) and a brief reference is miade to the modifications of the Caudata for 
life ill swift currents. 

In dealing with the physics of the mecihanism of attachimient attention is directed 
to the resistance-reducing devices to the specific gravity, and to the nechanical means 
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by which fixation to the substratum is effected. It is indicated that the resistance 
has been diminished by a reduction in the size (p. 249), by assuming stream-line forms 
(p. 250), by smoothing of the surface at a certain velocity (p. 254), anld by rougliening 
the surface at a different velocity. The adaptationial significance of these modifications 
is discussed and examples are given in each case. 

The mechanical devices for fixation are (i) sticky secretions (p. 257), (ii) vacuum- 
producing devices (pp. 258-260), (iii) " seizing " devices (p. 260), and (iv) hooking 
devices (pp. 261-262). 

In the course of this work numerous instances of parallel evolution are cited, and it is 
suggested that community of habitat has led to structural convergence. Conivergence 
implies reseinblances " which result from independent funictiona.l adaptation to 
similar enids" this basic idea of convergenice is explaine(d by citing several instances 

(pp. 264-265). Attention is also directed to a peculiar type of evoluttion (" i)ivergent 
Evolution " of ANNANDALE) anld to the causes that produce it. 

It has been supposed by certain workers (e.g., HUBAULT) that the torrential fauna is 
of glacial origini, but evidence is adduced to prove that this fauna has colonized the 
torrents by means of a step-by-step migration from lower levels (pp. 267--269). The 
cauises of this migration are studied (p. 269) and the part played by chlange of ftlnction, 
the principles of which were set forth by DOHRN (" Theory of the Clhan(ge of 
Functions "), is indicated with the help of several examples (p. 270). 

In the course of tllis work no attempt has been made to study the causes of variationis 
or tlhe mode of their transmission, but an effort has been made to show, froIm a puirely 
ecological point of view, lhow aniimals become adapted to their surroundings. 
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EXPLANATION OF PLAT ES. 

PLATE 15. -Torrenttial Streams iin Iudia. 

FIG. 1.--Ravi River below Clhamba, Western Himalayas. The series of Eplenlierellidl nyniphs (resembling 
Drutnella) referred to on p. 192, were collected here: 

FIG. 2.-Small Stream below Dumpep Dak Bungalow flowiing through a small creek over a series of steps. 
Mlost of the field-work was done in this place. 

PLATE 16.---l'orre utuid Stream)is int Indui/r. 

FIG. 1.---tDd-dchara fall in the course of tlie Narba(dda River, Central Provinces. 
FIG. 2.-Series of falls in the course of the Pun-Wa-Sherra Stream, Khasi Hills, Assani. 

The two photographs illustrate a similar type of enviromllent, but the fauna on the lips of the twvo falls 
was different, owiIng to the fact that in the Pun-Wa-Slherra Streanm the rocks were bare while those of the 
Dud-dhara fall were covered with nmoss (p. 177). 

PLATE 17.-Devicesfor Reduzcintg Resistance, andfor Adhesion. 

FIG. 1.-A portioil of the terguml of a Perlid inyilph (prob. Neoperla) showing arrangement of spines (p. 180). 
x 35. 

FIG. 2.--Dorsal suLrface of the fenmur of same showing arranlgement of spines (p. 180). X 15. 
FIG. 3.--Third gill-laniella of Epeorus (p. 187). x 26. 
FIG. 4.-First gill-lamella of same (p. 187). x 26. 
FIG. 5.--A portion of the spinous pad on the gill-lamellae of Iron showing finger-like projections from the 

basal region. The basal parts only of the marginal setae are showni (p. 188). x 185. 
FIG. 6.-Crawling leg of a Naucorid bug of the rock-inhabiting type (p. 196). x 12. 
FIG. 7.-Crawling leg of a Naucorid bug of the plant-inhabiting type (p. 197). x 12. 
FIG. 8.-An egg-miass of the Trichopterous fly (Lepidostomatin2e) from Dalhousie (p. 200). X 10. Note 

the gelatinous stranld by which the iimass is fixed to the substratumi. 
FIG. 9.-A portion of the peripheral region of a Psephenid larva showing arrangemnent of spines on rod-like 

structures (p. 204). x 215. 
FIG. 10.-A Blepharocerid larva with well-miiarked lateral appendages (p. 225.) x 13. 
FIG. 11.-A portion of a pad of time sanme, showing arrangement of spines (p. 225). x 1800. 
FIG. 12.-Papillw oli the veiltral ssurface of a chitomi-shapecd Blepharocerid larva, showing the comiib-like 

arrangement of their spimies (p. 226). x 670. 
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FIG. 13.---A portion of a Bleplharocerid larval cuticle from the dorsal surface, showinig cracks in the thick 

cuticle and wart-like processes distributed irregularly (p. 226). x 260. 
Fio. 14.--A portion of a Bleplharocerid pupal cuticle from the dorsal surface of a pupa still encilosed within 

the larval cuticle, showing spinous papillm (p. 227). x 350. 

FIG. 15.-A portion of the cuticle from a pupa of the samiie species whicll hliad been for soniie tiiiie living 

free in the torrent. The spines on the papillme have beenl rubbed of by the rushinlg current (p. 227). 

x 550. 
FiG. 16.-A Blepharocerid pupa (p. 227). x 11. 

All tllc figures are from direct microphotographs of my preparationls. Figs. 13, 14 and 15 illustrate 

devices for reducing resistance, wllile the others indicate the nature of adhesive surfaces. 

PLATE 18.-- Iiustratinq (' CojnveCgncc toards a Limipect-sha7pe in rdi/Jemr.t orders o(f Insects livinjunder the 
cownl itions found1 in Torre ?Ls. IlL ChICk case the ventnrl aspect is showvnb. 

FiG. I.- -alCleyoptura, a Psepbenid larVa frOili t11( ]iangra Valley (p. 203). x 8. The marginal friingre and( 
the legs are tlie chief organs of attachmient. 

Fic. 2.--Hemiptera, a rock-inihabiting Naucorid bug froimi Northern Butrmiia (p). 196). X 4. Tlhe. spinous 

pads and the central row of backwardly directed spinies are inidicated. 

FIG. 3.--Diptera, a Blepharocerid larva fromii Dalhousie, Western Himalayas (p. 226). x 33. Showing 
the central row of half-a-dozen suckers, the lateral spines, the papillw in the peripheral region and the 
se!micircuilar, striate(d, chitinious pad at the posterior end. 

FICG. 4.--Ephemieroptera, a nvnipli of Iron fromii the Kangra V.aIlley (p. 188). x 3. Slhowing the gill- 
laniellm forming a rim round the venitral surface of the body and the positions of their spinous pads. 

FIG. 5.-Odoniata, larva of Ictiinus rapax fromii S. India (p. 183). X 2. Showilg the six pairs of spinous 

pads. 
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