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ABSTRACT

Sequential learning and value transfer ability of climbing perch collected from lentic and lotic
ecosystems were studied. The results indicate that the Anabas testudineus able to associate the
reward with a colour and capable of transfer the value sequentially to another colour.
Difference in habitat has marked influence on the ability for sequential learning and transfer of
value. Fish collected from lotic ecosystem exhibited higher ability for sequential learning and
value transfer as compared with fish collected from lentic ecosystem. Chemical parameters of
water and sediments of aquatic ecosystem have a determinant role on the maintenance of the life
of the fish, the physical parameters can alter the development of their behaviour and cognitive
abilities. Importance of natural habitat and population difference in the development of learning
capacity of thefish is discussed.

Key words: Anabas testudineus, Sequential learning, transiinference, lentic and lotic
ecosystem.

INTRODUCTION

Cognition, broadly defined, includes perceptiorarteng, memory, and decision making, in
other words, all ways in which animals take infotiora about the world through the senses,
process, retain, and decide to act on it can bedcas cognition [1]. The fish also posses
cognitive abilities like recognition of their far@l conspecifics [2] and are able to assess and
take a decision according to the benefit obtaimedifferent situations [3] to learn new foraging
skill, to understand and recognize predators andctuire internal representation of routes
learned [4].
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Traditionally, associative models of sequentialr@ay have assumed that the critical factor
controlling behaviour in sequential tasks is assomns between events in a sequence. According
to this view, the subject learns that one stim@&rselement of behaviour or an ordinal position
cue) predicts the next stimulus (or behaviourainelet) in a sequence [5]; [6]. Thus, according
to these models, sequence learning can be consiiadform of discrimination learning, and
factors such as the ability for stimulus discrintioa and stimulus generalization should be
important determinants of sequential learning. &epiosition models assume that sequence
elements become associated with their serial posjii-10]. Rule—learning (RL) models, on the
other hand, stress central organizational processethe domain of sequential learning, for
example, RL models propose that animals learn aistrules” to represent the structure they
find in sequences [11];[12]. Computational modeloagy sometimes provide unique evidence for
or against the notion that simpler processes cplaexcomplex behaviour of a given sort.

Sequential learning is an ability to encode andesgnt the order of discrete elements occurring
in a sequence. In sequential learning, the aniemink a series of events and associates the
outcome. It is suggested animal collect informataoxd form hierarchical representations to
facilitate sequential learning and memory [13-1C]imbing perch uses landmark and egocentric
movements to orient reward [18]. In fish seriarteng is studied in connection with transitive
inference, which involves, using known relationship deduce unknown ones (for example,
using A>B and B>C to infer A>C).An inference maydefined as “a conclusion reached on the
basis of evidence and reasoning (or) the proceskeoimind to think, understand, and form
judgments by process of logic”. This type learniegplains the transfer theory where the
member of each stimulus pair associated with a neamforced response acquires secondary
positive value from the positive member of the pa8]. Thus the serial learning in fish could be
attributed with the value transfer and associdgaening ability.

MATERIALS AND METHODS

Climbing perch, Anabas testudineus, Bloch (1792Joisnd mostly in canals, lakes, ponds,
swamps, medium to large rivers, brooks, floodet$ieand stagnant water bodies including
sluggish flowing canals .The test fish were cobéctrom two ecosystems and were acclimatized
with laboratory conditions for one week. Ecosystemwas a small channel with flowing water
(lotic) with fringe vegetations and ecosystem lisvghallow, murky, fowl smelling, and stagnant
(lentic) water with dense aquatic vegetations.

The apparatus for testing sequential learning wademn a large aquarium (85 x 32 x 32 cm)
which was divided into 2 chambers ‘A’ (40 x 32 x &), and ‘B’ (45 x 32 x 32 cm). The
chamber ‘B’ was further subdivided into 2 chambég; (45 x 16 x 32 cm) and ‘C’ (45 x 16 x
32 cm). Chamber ‘C’ was further divided into ‘CBQ(x 16 x 32 cm) and ‘C2’ (15 x 16 x 32
cm) as given in the figure (I). The partition beémethe ‘C2’ and ‘B1’ was transparent but
partition wall of ‘C1’ and ‘C2’ and ‘C1’ and ‘B1’ w&s opaque. All the four sides of the aquarium
were covered with black paper in order to prevetsort of disturbance. The chamber ‘C1’ and
‘B1’ remained connected with chamber ‘A’ via do@¢&sx 4 cm). The aquarium was filled with
pond water up to the height of 20 cm. The lightreewof this experiment was a CFL lamp (11
watts) hung on the top of the apparatus.
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Five laminated colour charts were used for assgsbmsequential associative learning ability of
the fish. These charts were attached on the marttiall between ‘A’ and ‘C1’ and ‘A’ and 'B1’
leaving the space for the doors.

Z, C,

E,

Figure.l : Diagrammatic representation of the appaatus used to test the sequential learning ability:
Top view.

C,

B 23

Figure. 2 : Diagrammatic representation of the appeatus used to test the sequential learning abilityTop
view when experimental set up reversed

i

The test fish was introduced into the presentatige (28 x 14 x 10 cm) using a hand net and
two minutes were given for the acclimation with #pgparatus. The cage was raised and fish was
released in to the experimental arena and six ménutere given for exploring the apparatus.
After this familiarization schedule the fish wakea back to its home tank. In order to avoid the
side bias, next day the partition wall between ‘@idd ‘C2’ was shifted to chamber B1, so as to
form a small chamber ‘B2’. The test fish was redéghgito chamber ‘A’ using the presentation
cage. This familiarization protocol was continuedffve days.

Figure.3: Color charts
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In this experiment the task given to the focal figds to associate blue colour with the presence
of conspecific. For that on the sixth day, a coogmewas introduced into chamber ‘C2’ and
colour charts were attached to the doors openirgpamber ‘B1’ and ‘C1’. The door leading to
‘B1’ was associated with Blue colour and that ofl*@as with Green colour. If the fish enters
into the chamber ‘B1’ through the door attachechvidtue colour, the fish can see a conspecific
(Blue+). For a shoal living fish like climbing pérd3] interaction with the conspecific is
considered as a reward. If the fish enters intoctr@mber ‘C1’, through the door attached with
Green colour it will not get any reward (Green—grélalso six minutes were given to the fish for
exploration of the apparatus. On the seventh daypértition wall between ‘C1’ and ‘C2’ was
shifted to chamber ‘B1’ to form a small chamber "BP5 x 16 x 32 cm) and the colour charts
(Blue and Green) were interchanged. The conspewidis placed in the small chamber ‘B2’.
This alteration was done in order to avoid the badytered learning of the position of
conspecific [20], which may alter the associatiearhing of the Blue colour with reward
(conspecific).

Sequential learning phase—I: On the eighth dayxpéement, the time taken by the focal fish to

enter into any one of the chamber was recordedsel fish were segregated into two groups. (a)
Those who have taken the correct decision (fishehgered the chamber with conspecific) and
(b) those who failed to take correct decision (fisat entered the chamber without conspecific).
The percentage of fish that have taken proper iecend the average time taken by the test fish
to take a proper decision was also noted. Thoketligt were able to associate Blue colour with
the presence of conspecific were tested in secaléaéirning phase Il.

Sequential learning phase II: The colour associatigidl reward was changed to Green (+), and

yellow chart (=) was placed at the door indicatimgreward. On the third day the experimental

set up was again reversed and the fish were teSiguthat were able to associate Green colour
with the presence reward were tested in Phasé $kqguential learning.

Phase Ill Fish were tested with Yellow (+) vs. Red colour. The fish that were able to
associate Yellow colour with presence of rewarg@hase Ill were similarly tested using another
combination of colour i.e., Red (+) vs. Violet r)phase IV. Sixteen individual fish from each
ecosystem (I and 1l) were tested using the aboveeuiure.

RESULTS

Analysis of sequential learning ability of fish Eadted from ecosystem | and ecosystem Il shows
that there was no significant variation in the smaks with which a decision is taken during a
binary choice situation (Mann Whitney U Test, U=18816:P>0.05: Fig.lll). However, the
percentage of individual fish taken the correctisien varied significantly in fish collected from
lentic ecosystem compared to those from lotic estesy (Kolmogorov—Smirnov Test; phase |
D=0.5;N=16;P<0.05,phasell D=0.3;N=16;P>0.05,ph4sellD=0.63;N=16;P<0.05,phaselV
D=0.43;N=16;P>0.05). 68 % fish collected from ecteyn | (Lotic) was able to select the
chamber with conspecific in phase |. When the aolassociated with the chamber with
conspecific was changed (value transfer) duringliand IV phases, respectively 50 %, 37.5 %
and 31.25 % fishes successfully associated andféaad the value with presence of conspecific
respectively. By contrast, only 37.5 % of the fesilected from ecosystem Il (Lentic) were able
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to associate colour with the presence of conspediiring phase I. The percentage of fish
successfully associated and transferred the valtle presence of conspecific in a sequential
learning task and the number of fish taking cordtision further decreased to 31.25 % (phase
I), 25 % (phase Ill) and 6.25 % (phase V) respety.
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40 - M Ecosystem |
B Ecosystem

30 -

20

10 -

0 - T T T

Phzse | Phase Il Fhase lll Phase IV

Percentage of fishes suceeded to reach
each phases

Figure 4: Percentage of climbing perch exhibitedeqjuential learning.

(A) PHYSICO-CHEMICAL PARAMETERS

(2Q)WATER

1. pH

In both ecosystems pH was around 6 which are §figltidic. In ecosystem | pH was 5.99 and
in ecosystem Il pH was 5.89.

2. TEMPERATURE
In two ecosystems studied, the temperature wasirnwithe range of 28°C to 32°C. The
temperature of ecosystem | was 30°C and in thenseecosystem it was 29°C.

3. ACIDITY
Acidity of water taken from ecosystem | was 4 niigéland of ecosystem Il it was 3 mg/ litre

4. ALKALINITY
Alkalinity of water sample from the ecosystem | véasg/ liters and in the ecosystem Il it was 7
mg/ litre

5. HARDNESS
The estimation of the hardness was shown a sligtiation. The ecosystem | showed a hardness
of 28.8 mg CaCo3/ litre and in the ecosystemWas 25.2 mg CaCo3/ litre.
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6. CHLORIDE
The chloride content of water from ecosystem | halkewn a value of 13.7 mg/ litre and in

ecosystem Il it was 14.7 mg/ litre.

7. SALINITY
Salinity has shown almost similar value in bothsssbems. In ecosystem | salinity was 0.4065

ppm and in ecosystem Il the value was 0.4607 ppm.

8. DISSOLVED OXYGEN
Dissolved oxygen showed a slight variation betw#em two ecosystems studied. The first

ecosystem showed a value of 7.2 mg/ litre and asystem Il it was 5.0 mg/ litre.

9. CHEMICAL OXYGEN DEMAND
Chemical oxygen demand showed marked variation degtvecosystem | and ecosystem Il. In
the ecosystem it COD was absent and in the ecosystbe value of COD was 4.0 mg/ litre
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Figure 3: Physico Chemical Parameters of water from ecosystem I and ecosystem IL

(b)SEDIMENTS

1.PH
PH was near 6 in the soils of both ecosystemshénetosystem | the pH was 6.4 where as in

ecosystem Il it was 6.2
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2. TOTAL SUSPENDED SOLIDS(TSS)
The total suspended solids in the soil of ecosystess 0.4 mhos / cm and it was 0.5 mhos / cm
in ecosystem |II.

3. ORGANIC CARBON
The amount of organic carbon in the soil of ecamyst and ecosystem Il studied was 0.50% and
0.40% respectively.

4. PHOSPHORUS (P)
The amount of Phosphorus in the soil of ecosystewas 16.2 kg/ha and 34.5 kg / ha in
ecosystem Il

5. POTASS UM (K)
The amount of Potassium in ecosystem | was 105hkgaind in ecosystem Il it was 210 kg / ha.
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Figure @ : Phaysico Chemical parameters of sedirnents from the ecosystern I and
ecosyetern I1.

DISCUSSION

Here the chemical nature of the water and sedsneoitected from these two ecosystems were
almost similar. However the depth, water veloaignsity of vegetation, turbidity, transparency,

and organic content of water and sediment wererifit (Figure.4 and figure.5). The Ecosystem
I was with clear flowing (lotic) water with fringeegetations. By contrast ecosystem Il was
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shallow, murky, fowl smelling, and stagnant (lepticater with dense aquatic vegetations .[21]
Reported that behavior links physiological functiwith ecological process. In another study of
Clarias gariepinus exposure to lethal and subletbatentration of soaps and detergent effluents
showed marked behavioural changes [22].

It is possible that one of the major reasons fa difference observed in the correlation of
cognitive abilities of the climbing perches is tegree of complexity seen in ecosystem | & II.
Further intense analysis is needed for unravelegstientific basis of environmental influence
on the cognitive abilities of animals. The resdlpcesent study shows that even though various
chemical properties of the water body in whichfigk live remain the same, the variation in the
physical factors can alter the cognitive abilitéshe fish. Additionally these results supports th
view that difference in degree of cognitive abéi#ti exhibited by the same species residing in the
different ecosystems to cope with the differentelevof selection pressure present in that
ecosystem [ 23]. A result comparable to that efghesent study was obtained by [24] using cod
larvae. The larvae reared in water with same pbysicemical parameters but different spatial
properties have shown a significant variation irticognitive abilities.

The results of the present study show that climlpegch possess the ability for sequential
learning. They were able to associate the rewatid avcolour and were capable of transferring,
the value sequentially to another colour. In estaw I, the percentage of learners was high in
each phase of the experiment compared to ecosyktémecosystem I, 31.25% of the fish was

able to transfer the value up to four combinatiofscolours; whereas in ecosystem Il the

percentage of fish that were able to reach thetliophase was very low i.e., only 6.25 %

(Figure.3).

This study complements similar work by [25] witltldid where focal males were shown pair
wise fights between five individuals (AtoE) overetleourse of several days. When presented
with A and E or B and D, the focal males spent mbmee beside the less threatening,
subordinate male. Likewise Chickadee songs possemimber of individually-distinctive
structural characteristics which conspecifics cae uo discriminate between individuals
[26].Focal males should therefore have been abjpetoeive the stimuli as separate individuals,
internalize the relative rank of those individutiisgugh the song contests)and then subsequently
recall and apply that information in novel situatiice. solo singing)

[27] Reported that only 4% of world’s fresh watesources are available in india and it could be
concluded that though the chemical parameters ¢émand sediments of aquatic ecosystem
have a determinant role on the maintenance ofithel the fish, the physical parameters can
alter the development of their behaviour and caogmitabilities. Hence future works will
elucidate a clear picture of evolution of cognitaeilities in fish and its role in adaptation to
different environmental conditions. The resultlod present study points to the role of the nature
of environment in shaping of behaviour and coggitmilities of the fish, climbing perch. Hence
future work is needed to elucidate evolution ofrdtige abilities in fish and its role in adaptation
to different environmental conditions.
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