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Animal Ecology of Torrential Streams.”

By Sunder Lal Hora, DSc, FRSE,FNI,
Assistant Superintendent, Zooloqical Swivey of India, Calcutia

COLOGY 11z that branch of biological
seience which deals with the responses
of organisms to the physical and biological
factors 1n thewr environment  Such res
ponges are popularly known as adapta
tions , and for theiwr proper understanding
1t 18 of the paramount mmportance that the
structure and the behawviour of an orgamsm
should be correlated with the factors in 1ts
halhtat Just as an anunal orgamsation is
very diversified and thereby we are enabled
to recogmse genera and species on the nature
of certain morphological characters, sumi
larly an environment 18 composed of a large
number of factors, whah show an unhmited
range of gradations  Adaptation sizmfies
correlation of an ammal orgamsation with
158 habitat and so long as the varving grada
tions 1 a particular environment are not
thoroughly wunderstood, the finer adjust
ments of the animals to their respective
external conditions cannot be grasped In
certain cases, where there are marhked differ
ences between the habifats of groups of
anumals  generally belonging to distinet
eenera, or families or to distantly related
species, it 13 easv to mdrcate that the charac
ters separating oune from another are adap
tive, but when closely alhed speues lhiving
i an apparently homogeneous environment
are studied then 1t becomes difficult to real
1ze that the mmute differences separating
them possgess any adaptive sigmficance, for
though our knowledge of the classsification
of species has made grcat progress, our
knowledge of their habits and habitats is
very meagre The fact should not be over
lookcd that habitats are as difficult to define
ak are the species
I have been working on the fauna of
Torrential Streams m India for about seven
teen years and I confess that 1t was onlv
when I undertook the study of the Invirte
brate fauna, that I became aware of the
gradations m this speaahzed envivonment
This knowledge has clearly indicated to me the
mary elious correlation that evists befween

* Read at the 26th Meeting of the Indian Science
Congress in the Section of Zoology at the discussion
on  Amimuol Ecology in Relaton to India, ' and published
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the orgamsation of a toriential anmniil
and 1tg habitat A ficld collec tor usnalls
sweeps the bed of a shallow stream with lus
bag net and transfers his catch to a tube
containing some aleohol and labels the
entire lot from a dJear, rapid iunning
stream with rocks bed and httle vezctation
This matertal 1n the hands of musenm
workors 18 nusleading and suggosts that 1n
a single habitat ail Tmds of iornis are met
with ~0 that thc obyvious conclusion 18 reach
ed that there aie no adaptations for part
cular habitats For instance a stulent of
mayfy nymphs would hind the shrnmp hke
lavvae of B {iv and the diswe bke lame of
Heptagennde, such as Lion, Iiving to.ether
i a hill stream, and unless the « onditions
under which these two forms hve are known
1t wounld be dafficult to speak of either of the
two forms as hewng adaptive

Just as the study of an  orgapnism as a
whole 15 of the greatest »alue, similarly
L would strongly advoecate that i all eeolo
gical work the envivoninent should be studied
as a whole Tut there arc rmutations In
classifving animis we rely on certan

characters  which we consider to be of
paratiount unportance , sumilarlv i the
clagsification of habitats we have to rely on
certain  factors in an environment Just
as 1mportance of characters varies with
different tavonomasis, samilarlv the mmpor
tance of environmental  factors °  varies
with different ecologists Hubault! 1n s
treatment of the mvertebrate fauna of the
torrents has rehied on the oxvgen contents
and the low temperature of the water, and
has attached a secondary 106lc to the rate of
flow of water In the course of my work
I*® have bcen impressed by the fact that the
swiftness of the (urrent and the nature of
the substratum are the tham factors and the
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otirers, though of great value, for the exist
cnce of the amimals, are themselves 1n a
great measure dependent on the rate of flow
of water To utihse the advantages afforded
by the physico chemical properties of the
cool and highly oxygenated waters of
brooks, in the first place 1t 15 esvential that
the animalg should be able to mwntam theiwr
hold 1n swaft currents The followin2 classy
fication has therefore, been bascd on the
rate of flow of v ater at different strata and
1t has been observed that animal orzanisa
tion shows a definile c(orrelation to this
factor 1n the environnient

A brook consists of a series of rapids, falls
and pools, and generally flows over & rocky
bed with tufts of mosses and weeds covermg
rocks and stones here and thcrc  The fauna
of the pools 1y different from that of the
rapids and again the anunals that hic on
rocks 1n a rapud arc dafferent fron those that
live 1n moss If thcre 15 sand mm thce bed
then we find burrowing ammals which are
different from the rest Let us confine our
attention to the shallow, rocky part of the
stream and here again we must remdinher
that the current at the botfont and sides 18
mueh less than that i the centie at vy ot
agbout three hfths of the depth [1om the
bottom  VWe meet with a gradation m the
fanna corresponding with the gradation in
the flow of the (urrent Let us select a
amall portion of thc bed 1o swift current for
more thorough mnvestigation  The stounes
are looscly placed on one another <o that
interspaces are left between them through
which water flows at a considerably <lower
rate and the (urrent at the bottom wunong
shingles and pebbles 18 probably negheibie
The rock inhabiting ammialy of the brooks
can thus be divided nto 3 strata (1) those
that I've on the exposed surfaces of rocks,
(11) those that live 1n the mterspaces and
crevices amone rocks and stones, and (m)
those that hve among shringle at thce bottom
Thus according to their posiftons 1n the
currents the anumuals are provided with Jla
borate means of attachment and are corres
pondingly moditied 1 scveral wayvs to offer
mimamuin  resistance to the current  The
plant inhating animaly of the torrents are
also of three kinds Those, hke the larve
of Tipula that live among roots are shelter
ed from the current and are the least modified
for thus habuat Others like the larve of
Phalactocera  and  Nephelopteryr entangle
themselves among plants by mecans of
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chitinous processes and lastly thie Inrva of
Semulium, Chironomads, ete, live on plants
attached by means of their extremities so
that they dangle freely in the current
Though these animals are differently mod:
fied for attachment, which 1s dne to the van
ous ways 1n which thev are affected by the
current, yet mm response to the high percent
age of oxvgen in the water they have all
reduced their oulis The animals of each
habttat can be further divided according to
the nature of theawrr food Most members of
the torrential fauna feed on alge and shme
covermmg rocks and ~tones, but some have
evolved highly complicated devices to stramn
mi roplanktonic orgamsms out of the rish
me curvents and there are few, like the
nymphs of [ofa, which are predaeceous

In broad outline the factors indicated
aboy ¢ 1nfluence groups of animals and mould
them to similar hnes The finer gradations
of these very factors distinguish  spectes
Take for example, the three species of
Batis disembed by Dodds?t from Colorado
hving on rocks in swift currents ° B tricay
datus with three caudal eerci lives 1in currents
fowing at the rate of 5 feet per sccond
B utermedins, 11 which the middle caudal
eircus 18 decidedly shorter, hives i waters
flowing as much as 8 feet per second and
finally B bicandatus, mn which the middle
cocus 18 represented by a vestige only lives
1 places where the water flows at the rate
ot 10 feet pcr second The reduction of the
middle (1rcus ecan thus be correlated with
the mcrcased swiftness of the current and
such a rcduction can be traced among the
nymphs of other mayflies also The reduc
tion of the middle circus 15 accompanied by
the taperingz of the body posteriorly so that
the stream hike moulding of the body 1s
carrled to the extrcme posterior end 1t 1s
clear then that minute difference between
specles can be correlated with the intensities
of coertam factos i the enyironment

It us now consider the dafferent body
forms of brook mhabitants They are grace
fully stream lined so that the water glides
over them smoothly and no dead water
area or eddv formation takes place m the
neighbourhood of the animal The animals
that swim or swing in the current, are

* DDodds G 5 * Mayflies from Colorada * Trans
Amer FEwut Sec, 1923 49, 93-114
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cvlindrical so as to present a stream hne to
the current on all sides, whereas those that
lie flat on the bottom are stream lined along
the exposed surface and flattenel along the
opposmg surface The animals eifher beecome
greatly elongated or they assume limpet
ltke formg In the case of the aeroplane
struts 1t has been found that both forms are
equally effective in 1educing resistance  But
1t may be asked why sonme ammals assume
one form and the others a different form
This differentiation 1in the ultimate form 1s
due to the iitial form with which an organ
1sm starts 1ts hife mn rapid waters, for 1
nature it seems to be a rule that, with
whatever immtiative an organismi may he
endowed 1n the heginning, it 18 through the
continunous moulding of the same niaterial
under different sets oI conditions tnat diffcr
ent forms are produced New structures do
not arise de novo, the old structures by taking
on new functions are so altered, and conse
quently alter the entire orgammsation, that
sometimes the genetic affimby between the
two allied forms can be hardly disccrned

It 18 sometimes advanced as an argument
agamst adaptations that samilar forms are
found m different habitats, but the point to
be considered in each case 18 whether 1t 18
adjusted to live or not i the place where
1t 18 found Two different looking dragonfly
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larvee are found chinging to plants in swiit
currents Macromia 1tda, a fat-bodied
larva, belongs to the bottom dwelling Iabel
hilmae and Matrone basilars, to the weed
dwelling Calopterygma  Both forms being
useful for reducing resistance arc retained
without great change, whereas 1 response
to the pulling action of the current the legs
have become elongated and are spidery
The spidery legs ¢nable the ammal to swing
bciore the current without losmmg  hold of
the substratmin Herc 1s an nstancc show
me divergence 1 forty but convergente m
the organs ¢f attachment

In concluswon, 1t may be stated that for
a proper appreciation of orgamie evolution
or adaptation 1t 18 of the greatest importance
that the characters of an ammal and the
factors consthitutmg 1ts habitat should b
my estrgated at the same fime, for it s dith
cuit to concerve of a hving ammal aput from
its environment  Ecoologleal studies alone
will help us to elmimate all chances of con
fusion arising out of the similarity of struc
tures under apparently diffcrent conditions
or of the divergence of characters undcr
apparently wlenfical conditions My studies
have shown that sometnnes an 1dentical
factor 18 found m operation under different
conditions and 1ice w8y
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By M L Bhatia, MSc,
Lecturer wn Zoology, U miversity of Lucknow

URING the course of studv on the
anatomy of Hwudwmaria granulosa
I have come across some i1nteresting varia-
frons 1t 18 considered deswrable to record
them for the information of those mnterested
in this particular group of animals The
variations have been noticed 1 the
number and arrangement of sensille and
eyes, the posterior sucker, the structure of
the crop {stomach), the absence of some of
the testes, and the extension of vasa defer
ecutia 1 segments where there are no testes
and where they serve no function
I Nensille (the gegmental receptor
organs) —Typeally there are t dorgal and

[ y——

* Read hefore the Indian Science Congress 1932

Gratiolet Whitman's method of segmentation is follow
ed 1n this paper

3 ventral pairs of sensille on the first annwlus
of each somite 1n Hurudwmaria, but several
specimens show duferent kinds of variations
Moore mentions, ' Not mfrequently sensiils
are divided into two or three small ones, or
may be absent or 1n a changed position, but
such cages are obviously individual vana-
tions  All variations in sensilla that 1 have
noficed come more or less under the de-
seription given by Moore

11 Eyes —The normal nuinber of eyes
in thhs species 18 five pawrs Moore states,

In Mirudidee there are almost wnvariably
5 pairs formmng a regular arch on somites
(L 1o V1, suggesting the name ten eyed
leeches ' These 10 eyes are metamerically
disposed wn segments 1, 2, 3, tand b, a palr
being mresent 1 each segment Moore
accepts that eyes are varable in Erpobdellidip



