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Metabolic efficiency and regulation of body weight:
a comparison between life in hypogean
and epigean ecosystems

Jayant Biswas™

SUMMARY

In the present study metaholic cfficiency in the epigean and hyvpopean popula-
tions ol Nemocheilus everardl (Day) was examined, Different experiments were
conducted, in both populations, by keeping them cither mm restricted oxygen or
vestricted feeding conditions, including starvation. Fesults clearly show that the rate
of oxygen consumption [or the hypogean population was significantly less as
compared Lo its epigean counterpart, Further, resulis also supgest that the hvpogean
population has a tremendous capacity b maintain its metabalic activity and regulate
its body weight under severe conditions characterized by an absence or a limited
supply of food,

INTRODUCTION

Kotumsar cave, an ideal and simplified subterranean cave is
situated at the bank of the river Kanger in Kanger valley National
Park, India, (Lat: 183209 N; Long.: §1°56'05" E). Tt has a
remarkable constancy in various geophysical and chemical charac-
teristics, (Biswas, 1990}, Several true cavernicoles have been repor-
ted from this cave (Sinha and Agarwal, 1977; Biswas, 1990; Biswas
etal, 1950 a,b)

The subterrancan organisms are usually familiar with the
situations characterized by decreased and erratic food supply. The
reduction in respiratory intensity and a general decrease in activity
pattern in many cavernicoles reflect their physiological adapration
in food-limited environment. This phenomenon is often referred as
metabolic economy (Poulson, 1963; 19684).
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In the present study the epigean and hypogean populations of
MNemacheilus everardi (Day) were used. The former inhabits in the
Kanger river system, whereas the latter has successfully colonized
the Kotumsar cave. [t has already becn established that the
hypogean population exhibit several morphological, behavioural
and physiological divergence (Biswas, 1990; Biswas et al,, 1990a, b,
c; Biswas and Pati, 1991}, The ubject of the present investigation is ta
compare the metabalic efficiency between the epigean and hypogean
populations,

MATERIALS AND METHODS

Live specimens of Nemacheilus evezerdi belonging Lo epigean
and hypogean populations were collected from their natural habitat.
The tormer inhabits fast flowing hill streams and the latter is a cave
dweller. All fishes were brought to the laboratory and allow to adapr
separately in two identical aquaria (75 ® 30 = 30 cm). The cave
fishes were transported in a light tight container and kept inside a
dark room throughout the course of the study. A dim red light was
used inside the dark room in order to perform ditferent manipula-
tions on the fish. The water temperature varied between 26+1°C
during all experiments. The stock aquarium containing the river fish
was kept in the animal quarter, in natural daylenght conditions and
in the ambient temperature at Raipur (Lat: 21°14'N; Long.: §1°38'
E).

The fish chosen for different experiments were approximately of
the same snout to vent lenght ie.. 4.0=0,5 cm. Their body weight
was 385+ 10mg (n = 20; 10 each).

Experiment-f. Oxyvgen consumption by muscle tissue.

Four individuals, each lrom hypogean and epigean populations,
were randomly chosen and starved for a period of one week. On
seventh day, the muscle tissue was isolated carefully from each
individual and rate of oxygen consumption (ul O, /gfh) was monito-
red with the help of an oxvgen electrode.
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Experiment-2. Feeding diets and body weight,

Sixteen cave or river fish were chosen from the stock aguaria
and randomly divided into lour groups (Groups - A-TH of four each.
Each fish were maintained individually in a scparate one liter jar.
Prior to each experiment cach individual was weighed. Fishes of
group A" were fed with minced liver ad libitum. Fishes of group 'B’
and ‘C' were fed dailv with 3 mg/g and 1 mgfg body weight,
respectively. The fishes of group "D were starved throughout, The
water was changed every lourth day. On dav 31 each lish was
reweighed and the changes in body weight was compared. An
arc-sine transformation was made on each dawum. Data were
analyeed by analysis of variance (ANOVA) and Duncan's multiple-
range test (Bruning and Kinte, 1977; Duncan, 1935),

RESULTS

Fesults are summarized in ligures 1-3.

Cxygen consumption of muscle tissue: the rate of oxyvgen
consurmption by muscle tissue of epigean fish was higher as
compared to its hypogean counterpart (Fig. 1; P = 0.05). Furthermo-
re, hypogean fish survived longer than the epigean fish in an oxvgen
limited environment {Fig. 2: P < (.001).

Feeding diets and body weight: the results of ANOVA show a
statistically significant species effect as well as a diet effect.
However, the interaction effect was not statistically significant
which shows that both lactors are independent (Fig. 3). Body weight
of either epigean or hypopean tish declined lollowing starvation as
well as restricte feeding, However, the magnitude of decrement was
more marked in the epigean lish than in its hypogean counterpart

(P01,

RISCUSSION

Several direct or indirect technigues have been used to study the
metabolism in varieties of cavernicoles (see reviews: Poulson, 1964;
Vandel, 1965, Barr, 1968; Culver, 19282, Huppop, 1985), The first
systematic account on the cave adaptive features including the
measurement of metabolic rates was published by Poulson {1963},
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on a series of hvpogean Amblvopsid fish of different phylogenetic
age. He observed a maximum metabolic rate in the epigean
Chologaster apassizi over the troglobitic Tvphlichtvs subterranea and
Amphlvopsis spelaea to the most cave-adapted species Amblopsis
resae. Furthermore, Ercolini et al. (1987) drew identical conclusion
in comparing the rate of oxvgen consumption among a troglohite
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Fig. 1 — lijbiugldrnh |I]ui.T|.al1nEr rate of oxypen consumption by moescle tissue ol cave
[i'l‘r}'mgt‘lli] fish & river (epipean) fish, Inset showing the mean = 1 SE of cave and
river fish which differs significantly from cach ather (P fvoim t-test <0 A5)
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Fig. 2 — Histograms reprosenting survival time of either cave or viver fish in a closed
bottle. Right inset showing the mean = 1 SE of cave and river fish wich dilfers
significantly (P from -test <0001),

{Barbopsis devecchii), a troglophile (Phreatichtyvs andruzzii) and their
closest epigean ancestor (Puniius lateristripa).

As is known, dilferent biological activities mav maodify the
metabalic rate of a living organism, the influence of metabolism
modifyving factors can be eliminated when the oxvgen consumption
of a tissue can be monitored fn virro (Dickson and Franz, 1980
Biswas, 1990 Biswas and Pati, 1991). In the present study the
respiring rate of muscle tissue ol starved epigean or hypogean lish
was measured o1 virro and resules evidence a lower metabolic rate in
the hypogean fish. Further, a period of only one week slarvation
imposed a marked change in muscle tissue respiration, in the
epigean population anly, as comparced to its oxvdative metabolism
in full feeding condition, its values being 0427 = 0.1 glOglh
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Fig. 3 — Histograms illustrating percent change in body mass ol either cave or river
fish following starvation vr restricled leediog. The percent change io body oass was
courmputed relative to the initial body weight of an individual fish, (a) Differs from the
imewnn value of starved cave fish. (b) Differs from the mean value of starved river fish.
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(Biswas and Pati, 1991). These results could be tavourably compared
with those published earlier (Jeannel, 1929 Burbanck et al,, 1944;
Dresco-Deronet, 1939). 1t has been already demonstrated that the
tishes belonging to the cave population exhibit an air-gulping
behaviour which is completely absent in their epigean counterparts
(Biswas et al,, 1990a). Upon denied access to atmospheric oxveen,
hypogean fish survived 132 minutes longer than its cpigean relatives
(Fig. 2). Although the method employed was relatively crude, i
supports the above findings.

In anather experiment, it was found that the reduction in body
weight was always greater in epigean lish, irrespective of the feeding
diets. Under an ad fibitum leeding schedule, the hypogean fish
gained more weight as compared to its epigean relatives, Hippop
(1984) reported, that during a starvation period of 29 days the body
mass loss in the hypogean Asivanax mexicanus (alias Anoptichihivs
sp.) was only 9.3%, whereas a 16.5% bulk loss was recorded in its
epigean counterpart Asfyvarnarx fasciafus.

When food was supplied only at the rate of 1 mg/g body weight,
hvpogean lish lost less weight as compared to epigean fish. It is thus
clear that 1 mgfg body weight diet was as worse as starvation for the
epigean lish only. The cave fish with same food regimen (Img/g)
shows statistically significant change from its respective starved
group. Further, the food regimen (3mg/g) shows same effect for both
the populations (Fig. 3). This suggests that in a lood limited
environment hvpogean Nemacheilus evezardi has developed some
rmechanismis) to reduce energy expenditure,

ACKMNOWLEDGEMENTS

I am very much indebted to Dr. A K. Pati, Department of Bioscience,
Ravishankar University, Raipur (Tndia) whe kindly edited part of this manuscritp, 1
am also thankiul o Dr. B, B. Pd. Gupea, School of Lite-Sciences, NEHU, Shillong
(India), who provided facility for measuring tissue O consumption by oxygen
electrodes.

REFERENCES

BARR, T.C., Jr. 1988 Cave ecology and the evalution of (roglohites, pp. 23-102. In T
Dobzhansky, M. K. Hecth W.Co Steere (eds.), Evolutionary Biology IT Plenum
Pross, Mew-York.

BISWAS, 1. 1990, Biospeleology; behavioural and physiologic adaplations in oa
cavernicole. Ph.D thesis, Ravishankar University, Raipur, [ndia.

BISWAS, 1., A K. PATI and R.K. PRADHAN. 19200, Circadian and circannoal
rhythms in air-gulping behaviour of cave lish. I Interdise, Cvele Res. 210 257-244



28]
e

1. BISWAS

BISWAS, 1., AK. PATI, RK. PRADMAN and RS KANCGIE. 1990, Comparative
aspects of reproductive pliuse dependent adjustments in behavioural rhythms io
apigean and hypogean tish. Comp, Physiol. Ecol. 15: 134-139,

BISWAS, I, R.K. PRADHAN and A K. PATL 1990:. Studies on burying bebaviouwr in
epigean and hypogean fish: an example of behavioural divergence, Mem.
Biospeleol 17: 3341,

BISWAS, 1. and AK. PATL 1991, Influence of thyroid hormones on musele tissue
respiration in hypogean and epigean populativn of Oreonecrs evezardi [Day )
Inelian 1. Bxp. Biclogy 29 933-4936,

BRUMING, J.L. and B.L. KINTZ. 1977, Comnputational Handbook of Sltanstics, Soott.
Foresman, Glenview. 11

BURBANCK, W, (3., I. P. EDWARDS and M.P. BURBANCE. 1243, Toleration of
lowered oxvgen tension by cave and siream crayfish. Ceology 29 360-367.

CULVER, 0O, 1982, Cuve life. Evolution and Ecolopy, Harvard University Press,
Cambridge, Massachusetts and London.

PICKSON, GW.oand B FRANZ, 1980 Respiration rates, ATP turnover and adenylate
coerpy charge in excised gills ol surface and cave cray fish. Cemp. Biochem,
Plivsiol. 654 373-379,

DRESCO-DEROUET, L. 1959, Contribution a I'étude de la hologie de deus crustace
aguatiques cavermcoles: Ceecospliacromg burgundum D el Niphargus orcinus
wiref Ch, Vie et Miliea [0 321-346,

DUMCAN, TLE. 1955, Multiple range and multiple F lest. Biometrics 112 1-6.

ERCOLINI, A, B. BERTI, [. CHELAZZD apd G, MESSANA. 1987, Oxygen con-
sumption in hyvpogean and epigean cyprinids (Fisces), Maonit, ool Ial. Suppl, 22

o120 23-30.
HUPPOPR, K. 1985, The role of metabolism in the cvolution of cave animals, NS5
_ Bulletn, 47 (21: 13a8- 146

HUPPOP, K. 1986, Oxygen consumplion of Asvarer fesciarus (Characidae, Pisces): a
comparison of epigean and hypogean populations. Environ. Biol. Fishes, 17 (4
200- 304

JEARNMEL, R. 1929, Le vivarium du jardin des plantes de Vanmée 1928 Revae
d Histoire Matucelle, 10; 73-42,

POLULSOMN, TL. 1983, Cave adaptation o amblvopsid fishes, Amer. Midl. Bar 70;
2572940,

POULSOM, T.L, 1964, Animals 1o aguatic environments: animal in caves. pp, 749-77 1.
In D.B. Dill {ed. ), Handbook of Physiclogy, 1V, Amer. Phvs, Sec, 47,

SINHA. KM, and 5.0, AGARWAL. 1977, A new cavernicolous orthoptera Kempinia
shankart nsp. (Ovthoptera: Phalangopsidac) frem Madhya Pradesh. Ind. For. 103
(20 130-152.

VANDEL, A. 1965, Biospeleology, Pergamon Press,, Oxford, London,



