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The climbing perch (Anabas
testudineus Bloch), a freshwater
fish, prefers larger unfamiliar
shoals to smaller familiar shoals

V. V. Binoy and K. John Thomas*

Animal Behaviour and Wetland Research Laboratory, Department of
Zoology, Christ College, Irinjalakuda 680 125, India

Shoaling is a behaviour pattern exhibited by several
marine and freshwater fishes. However, little infor-
mation is available on the social factors that form the
basis of shoaling preference in tropical freshwater
fishes. Here we analyse the effect of familiarity and
shoal size on the preference of individuals of Anabas
testudineus, a freshwater fish of the tropical region.
Our results show that given a choice, A. festudineus
preferred to spend more time with a familiar group
compared to an unfamiliar group of equal size. The
fish, however, preferred the larger group when two
unfamiliar stimulus groups of different sizes were
presented. The preference became significant when
the ratio of stimulus groups was 1:1.9 and highly
significant when the ratio was 1 : 4. A comparison of the
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influence of familiarity and group size showed that
A. testudineus had a bias for the larger unfamiliar
group to the smaller familiar group, when the ratio of
familiar versus unfamiliar stimulus shoals was 1 : 1.2
and the preference for a larger unfamiliar group was
highly significant when the ratio was 1 : 4. Hence, an
individual fish exhibited preference for joining a fami-
liar shoal only when the ratio of the size of the fami-
liar group to that of the unfamiliar group was 1: 1.
The adaptive advantage of this behaviour has been
discussed here.

FISHES of certain species associate with their conspecifics
to form shoals. A group of fish that remain together for
social reasons without any specific structure or form, is
termed shoal'. A number of factors affecting shoal for-
mation have been reported’ in different species of marine
and freshwater fishes of the temperate region. Understand-
ing shoaling behaviour is essential for effective aquacul-
ture practices and fisheries management. The benefits of
shoaling include dilution effects, early predator detection,
group defence and coordinated group manoeuvres'. All
the above-mentioned factors might increase the chances
of escaping from a predator and provide better opportuni-
ties for foraging under predation pressure’. However, aggre-
gation of individuals may heighten competition for re-
sources and the risk of transmitted parasites and diseases’.
The decision to group is thus taken according to relative
values of costs and benefits that accrue to individuals®™’.

The factors that determine preference for particular
groups include number®’, competitive ability® and parasitic
infection status of members™'®, Familiarity is another factor
that plays an important role in the formation of a shoal.
Certain species of fish prefer to join a group composed of
familiar conspecifics to those composed of members that
they have not encountered previously'"'>. The develop-
ment of familiarity is time-dependent and a long-lasting
phenomenon'. It has been shown that familiar groups
may even re-assort after enforced mixing with non-familiar
individuals'®, indicating the importance of familiarity in
shoal formation. However, the strength and influence of
familiarity as a shoal cohesion force has not been fully
investigated or understood". Some of the advantages attri-
buted to living with familiar individuals include maximi-
zation of shoal cohesiveness with a reduction in predation
risk'® or lower resource competition'’. Establishment of a
more stable social hierarchy in a familiar shoal may also
lower levels of aggression'®. In a complex habitat like
tropical waters, the decision to be associated with a group
contributes to the fitness of an organism in the context of
high predation risk'’, as well as mating/risk trade-off*’.
The degree to which individuals exhibit flexibility in deci-
sion-making can vary across populations and species, and
such flexibility is linked to morphology, predatory regime
or social structure®’.

The climbing perch is a medium-sized fish inhabiting
the freshwater ecosystems of India and other South-east
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Asian countries. The fish exhibits obligatory air-gulping
behaviour. It is omnivorous in habit and travels through
ephemeral inflowing waterways, and thus often ends up
on the land when the rain ceases.

To analyse the shoal size preference and the effect of
familiarity on group preference, Anabas testudineus (stan-
dard length 6 £2 (SE) cm) were collected from some
ponds of Irinjalakuda (10°25°, 10°18’47” N lat. and
76°17°19”, 76°12’48” E long.) Thrissur district, India dur-
ing February—April 2002 and transferred to the labora-
tory. They were kept in groups of twenty in glass tanks
(120 x 60 x 60 cm) for 14 days'’ to make them familiar
with each other. The tanks were filled with pond water up
to 40 cm and provided with a sand substratum. Artificial
food pellets (Marvel feeds, manufactured by Aquarium
Systems, India) were given to the fishes twice, daily.

It has been observed that acclimation is one of the major
factors that influence performance in preference tests (pers.
obs.); the fish moved freely and showed normal beha-
vioural patterns only after at least four trials in the experi-
mental set-up. Hence, all test fishes were given a single
trial each on four days in the experimental set-up in the
absence of stimulus shoals. The data thus obtained have
not been considered for analysis.

Experiments were conducted in a 70 1 aquarium (85 cm x
32 cm x 32 ¢cm) which was divided into three chambers —
two side chambers (16 cm x 32 ¢cm x 32 cm each) and a
central chamber (53 cm x 32 cm x 32 cm). The partitions
were made of perforated, transparent acrylic sheets. Three
sides of the aquarium were covered using black paper.
The test fishes were always introduced individually into
the central arena in a presentation cage made of transparent,
perforated acrylic sheets (15 cm x 10 cm x 27 cm) with a
sliding door on the top. The bottom of the presentation
cage was open so that the test fishes can be released into
the experimental arena by raising it. The water level in
the set-up was 28 cm. A compact fluorescent lamp (11 W)
was lighted on the top of the set-up. All tests were conducted
in a room isolated from all other cues such as unnecessary
noise, stray light, etc.

We conducted three types of choice experiments and
the basic protocol was the same in all the experiments. Two
stimulus shoals were introduced into the side chambers.
After placing the presentation cage at the centre of the
middle chamber, the test fish was introduced into it by
opening the sliding door on the top. Ten minutes were
given to the fish to assess the stimulus shoals on either
side of the arena. In order to avoid interference due to the
presence of the experimenter, the presentation cage was
suspended using a string tied to a pulley and the test fish
was released into the arena by lifting the cage. The time
spent by the test fish near either of the stimulus shoals
(within 10 cm from the side chamber; preference zone) or
in the central area (non-preference zone) of the middle
chamber was recorded with a stopwatch by the experi-
menter, sitting behind a black screen and looking through
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a horizontal slit on the screen. The time spent by the test
fish in the preference zone is taken as an indication of its
preference for the shoal present in the adjacent chamber.
The duration of each test was 6 min, after which the
fishes were removed from the testing arena and put back
into their home tank. No test fish was used more than once
with any stimulus shoal pair and new fishes were used
during in each trial. After the experiments, the fishes were
released into their native ponds.

To test the influence of familiarity on shoal preference
(experiment 1), two stimulus shoals, one familiar and the
other unfamiliar, of equal size (1 : 1 ratio) were presented in
the side chambers. The familiar shoal was composed of
ten fishes from the home tank of the test fish. The unfami-
liar shoal was composed of ten fishes taken from a dif-
ferent tank. At the end of the experiment, all fishes were
returned to their respective home tanks. Fishes for the sti-
mulus shoal were selected randomly from the home tank
with replacement, so as to get a different combination of
fish in each trial. We tested 42 fishes from seven different
groups.

The test fish spent only a little time in the non-prefe-
rence zone (< 0.5% of total time), indicating a higher degree
of shoaling behaviour in A. testudineus. When the mean
values for each experiment on shoaling preference were
considered, the test fish displayed a significant overall
preference for shoals consisting of familiar fishes (Figure
1; Wilcoxon matched pairs, signed rank testzz, T=217,
N=7, P<0.01; Statistical programme KyPlot””). The
result demonstrates that like many other fishes, A. testu-
dineus also has a tendency to join familiar conspecifics'”.

Shoal size preference was tested in another experiment
(experiment 2). Here the test fishes were presented with
two non-familiar stimulus shoals selected from two sepa-
rate familiarization tanks, in the following numerical size
combinations, i.e. 10 vs 10,9 vs 11,7 vs 13, and 4 vs 16
(ratio: 1:1, 1:1.2, 1:1.9, and 1 : 4 respectively)”. The
total number of individuals in stimulus tanks was kept
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Figure 1. Preference of individual climbing perch for familiar/unfami-

liar shoals. B, Mean percentage of time + SD spent near familiar shoal;
[, Mean percentage of time + SD spent near unfamiliar shoal. N/n = 6/42.
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constant (20) in all experiments. We tested 20 individual
fishes selected from groups other than those that formed
the stimulus shoals.

In the shoal size preference experiment (experiment 2),
the test fishes preferred to remain with the larger group
beyond a critical ratio. In fact, preference of the fish for
larger groups, as indicated by the time spent by the test
fish in the preference zone, increased with increase in shoal
size (Figure 2). The preference for any group was not
significant when the shoal size was in the ratio of 1:1
and 1:1.2 (10 vs 10 and 9 vs 11; T=67, N=20; P> 0.05
and T=158, N=20; P> 0.05 respectively). However, when
the shoal size was changed from 1:1 to 1:1.9, the fish
exhibited significant preference to the larger shoal (7 vs 13;
T=159, N=20; P<0.01). A highly significant preference
for the larger shoal was exhibited by the test fish when
presented with two unfamiliar shoals with a size ratio of
1:4 (4 vs 16; T=190, N=20; P<0.001). This shows
that the size of the shoal has a predominant effect on shoal
selection in this species. The European minnow, Phoxinus
phoxinus, also showed comparable behaviour in a similar
experimental situation'’,

To determine the trade-off point of familiarity against
shoal size (experiment 3), the test fish was given the same
stimulus combination as in experiment 2, except for the 1: 1
ratio test for which the data were taken from the mean
values of the outcome of all the seven groups in experiment
1. In contrast to the situation in experiment 2, the smaller
shoal was always composed of familiar fish and the lar-
ger shoal of unfamiliar fish. We tested 20 fishes indivi-
dually for each pair of shoals presented.

When the role of familiarity of a fish with other con-
specifics of a shoal in deciding whether to remain with
the familiar shoal or to desert it to join a larger unfamiliar
shoal was tested (experiment 3), it was observed that the
fish preferred a larger unfamiliar shoal to a smaller fami-
liar shoal (Figure 3). It is interesting to note that a highly
significant preference for an unfamiliar larger shoal to a

(%) spent near either stimulus shoal

10w 10 1Mw 9 1Bw 7

Stimulus shoal size

16w 4

Figure 2. Preference of individual climbing perch for larger/smaller
shoals. B, Mean percentage of time + SD spent near larger shoal; [, Mean
percentage of time + SD spent near smaller shoal. N/n = 20/80.
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Figure 3. Preference of individual climbing perch for larger unfamiliar/
smaller familiar shoals. B, Mean percentage of time + SD spent near
familiar shoal; [, Mean percentage of time + SD spent near unfamiliar
shoal. N/n =20/80.

smaller familiar shoal was shown only when the ratio of
the familiar shoal to unfamiliar shoal was 1:4 (4 vs 16;
T=188, N=20; P<0.001). However, the preference for
an unfamiliar larger shoal could be seen even at a shoal
sizeratioof 1:1.2and 1:1.9. (9 vs 11, T=110, N= 20,
P<0.05; and 7 vs 13; T=110, N=20; P<0.05). By
contrast, P. phoxinus was shown to share its time equally
between two shoals at a shoal size ratio of 1: 1.9 (7 fami-
liar vs 13 unfamiliar)"’. It has been suggested that famili-
arity benefits are perceived as equivalent at an approximate
doubling of the size of the unfamiliar shoal to that of
familiar shoal”. The tendency of the climbing perch to prefer
the larger unfamiliar group to smaller familiar group of
1.2 : 1 points to a heightened dependence on group-size
in its shoaling behaviour.

In the natural aquatic habitat, shoal formation and dis-
ruption are likely to occur due to several environmental and
anthropogenic factors. It is reported, for example, that shoal-
ing fishes have a natural tendency to move from one group
to another when they happen to encounter each other***’.
In such situations, the majority of fishes have a tendency
to join the larger group™®*®. Recently, Barber and Wright'®
have effectively compared the strength of preference of an
individual fish for remaining with familiar shoal mates
against those for other attributes of the group and found
that familiarity can influence the group preference.

The present study indicates that in A. festudineus, acqua-
intance with conspecifics of a shoal can inhibit group
desertion only to a limited extent. The lower limit value
for desertion from a smaller familiar shoal to larger un-
familiar shoal in A. testudineus seems to be in the ratio of
1:1.2, which is lower than that shown by P. phoxinus'.
It is reported that large size of prey groups considerably
decreases the hunting success of various aquatic pisci-
vorous predators®”*®. It is therefore possible that the pre-
sence of voracious predators like Channa punctatus or
Channa marulius in the natural habitat of A. testudineus
could have influenced the shoal preference of the species.
Support for this comes from the observation that a Channa
striatus of length 16-20 cm was able to swallow an
A. testudineus of length 4-6 cm (pers. obs.). In such a
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situation, the benefits of joining a larger unfamiliar group
outweighing the decision to remain with a smaller familiar
group, are quite tenable.
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The diversity of frogs and toads (Anurans) in tropical
evergreen forests has recently gained importance with
reports of several new species’. We describe here a
fossorial frog taxon related to the African Heleoph-
rynidae and Seychellian Sooglossidae from the West-
ern Ghats of India. This frog possesses a suite of
unique ancient characters indicating that it is a tran-
sitional form between Archaeobatrachians and Neo-
batrachians. Molecular clock analysis based on the
nucleotide diversity in mitochondrial 12S and 16S
genes dates this frog as a Gondwana relic, which
evolved 150-195 Mya during the mid-Jurassic period.

*For correspondence. (e-mail: rameshka@ ccmb.res.in)
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With this taxon, the evolution of endemism in the West-
ern Ghats and other Gondwana break up landmasses
is now dated much before the Cretaceous-Tertiary
boundary. We propose that sea level surges in the late
Jurassic® isolated tablelands creating insular amphi-
bian fauna. Reduction in area may have promoted
stochastic extinctions and resulted in amphibian ende-
mism. Qur study reinforces the conservation signifi-
cance of the Western Ghats as major global hotspot of
biodiversity. The habitat of this endemic amphibian
lineage is currently endangered due to various upcom-
ing dam projects, which is a cause of serious conserva-
tion concern.

THE Western Ghats mountain range in Southern India,
one of the Gondwanaland breakup landmasses, is amongst
the most important hotspots of biodiversity’. Recently the
Western Ghats and Sri Lanka have gained attention as
hotspots of amphibian diversity due to recent reports of
several undescribed taxa'*®. We present here an ancient
amphibian taxon, which provides new insights in our
present day understanding of the endemism and distribu-
tion of fauna and flora in the Western Ghats and other
Gondwanaland breakup landmasses and puts the evolu-
tion of several other anuran lineages in the middle Juras-
sic. A similar frog taxon has recently been described
under a newly erected anuran family from Western
Ghats®. In this emerging scenario, resolving the biogeo-
graphy and the evolution of endemism in these landmasses
becomes crucial in developing preemptive conservation
strategies. Our findings imply that a large amount of the
evolutionary history of amphibians is encompassed within
the Western Ghats, making it an important region for
conservation.

We provide here a detailed morphological and ontogenic
description of the taxon based on many specimens and
resolve its phylogeny using molecular data. We also put
forth a hypothesis on the evolution of endemism of amphi-
bians in the Gondwana breakup landmasses.

The study is based on three adult specimens: one male,
two females and four tadpoles. Adult specimens (BNHM
4214 to 4216) are deposited in the Bombay Natural His-
tory Museum, Mumbai and tadpoles (WII 659 to 662) in
the Wildlife Institute of India Museum, Dehradun. Tissue
samples from the male and one female were used for
genotyping. BNHM 4214, a mature male, SVL 52.8 mm
was found in Sankaran Kudi ca 600 ha rainforest fragment
in the Anamalais (10°14'46”N, 76°55’55”E) Tamil Nadu,
by K.V. on 20 May 2001 at 1730 h. BNHM 4215 (Figure
1), a gravid female, SVL 89.9 mm was collected along with
BNHM 4214; BNHM 4216, a gravid female was SVL
78.3 mm, collected from Murikkassery, Kothamangalam,
Ernakulam District, Kerala by Sr. Jose Mary, Alphonsa
College, Palai, Kerala. Additional specimens examined
were as follows: (i) A mature male, SVL 67.0 mm, col-
lected during July 1994 from Manimala River at Erumely,
Kottayam District, Kerala. This specimen is available at
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