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Abstract

Lateralization of cognitive functions seems todxeeptionally widespread in
nature and have been demonstrated to occur inpfeuttixa. Previous studies using
fish as models have suggested that social behaveugh as schooling may covary
with behavioural lateralization at the populatievdl. Here, we assess the strength,
degree and repeatability of behavioural laterabzain schooling fish. Two of the
species studiedA(lorhynchus flavidus and Gasterosteus aculeatus) were found to
express population-level symmetry in the directmnlateralization whereas one
species Ammodytes hexapterus) showed no indication of population-level
lateralization. We also provide evidence that beiraV lateralization is repeatable
over time. From our cross-species comparisons welgde that population-level
lateralization is not necessarily related to a gregs life-style. Further studies
should test repeatability over longer periods ofetiand the role of lateralization in

schooling behavior.

Introduction

Important advance within the burgeoning field ohéeoural ecology have
revealed that fundamental traits previously regardexclusively human are
widespread in nature. A key human trait now comneidego be ubiquitous among
species as diverse as mammals, birds, fish, angutstand reptiles is the division of
cognitive function in either brain hemisphere, (ftrorough reviews see e.g.
Bradshaw 1988, Drea 1996, Bisazza et al. 1998Hhoiiglara et al. 1999). Laterality
may be broadly defined as when responses derived terebral lateralization are

manifested in behavioural side bias. Individuals ipopulation may exhibit the same
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pattern of lateralization and express symmetryhm direction of bias. Conversely,
profound variation in laterality may be expressetiveen individuals within a single
population, with each individual expressing a temyefor either a left- or right- bias
even though no symmetry in lateralization at thpytation level occurs (Rogers and
Andrew 2002). Over the past two decades, teléskttias emerged as important
model organisms for studying many aspects of cafdhteralization (Bisazza and
Brown 2011). In fish, the phenomenon of laterahtys been shown to have far-
reaching implications for a diverse range of bebars with ecological significance.
For example, important studies have documentedsdiym relationship between the
degree of lateralization and performance in scingobehavior (Bisazza and Dadda
2005), spatial orientation (Sovrano et al. 200%) even escape performances (Dadda
et al. 2010)..

Belonging to a social group of animals may infevaadages in terms of food
acquisition and predator avoidance (Pitcher e1@82, Magurran 1990). Needless to
say, the cohesion of such units is dependent orchsynous maneuvers by the
individual members. Accordingly, is has been suggkshat bias for turning
preference at the population level will occur thigher degree in social species since
it promotes the coordination among individuals (Bsgand Andrew 2002).
Empirical evidence in support of this hypothesismes from a cross-species
comparison involving 16 species of fish from 13elént families. All species with a
social behavior also expressed laterality at theufation level whereas more solitary
species tended to express laterality at the indalitevel (Bisazza et al. 2000).

In this study, we investigate the direction andersfith of behavioral
lateralization in three species of schooling feshgl test the repeatability of lateralized

behavior in detour tests.
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Materials and methods
(a) Fish species

The species included in the study were Tubesnauitolhynchus flavidus),
Sandlance, Ammodytes hexapterus) and three-spined sticklebaclGdsterosteus
aculeatus), all known to show marked schooling behaviour (Lamgh 1962, Hart
1973, Ward et al. 2002). Beach seining around $an Jslands, Washington USA
was the primary method of collection, although amadxroumos population of
sticklebacks was sampled by dip-netting in a neaésyuary. The fish were
transported to Friday Harbor Laboratories and hduseeawater flow-through tanks
at a temperature of 11.12+0.91°C and under nafight conditions. Tubesnouts
(N=73), sandlances, (N=51) and sticklebacks, (N+38) were all acclimatized for

at least three days before behavioural assays.

(b) Lateralization
We used a standard detour test to assess individinavioural lateralization

(Bisazza et al. 1998a). Fish were transferred atdouble T-maze runway with a
narrow channel with barriers at both ends (fig. Ajior to behavioural assays, we
blocked one end of the runway were the fish wediraatised during two minutes
preceding the behavioural assay. When this time dlapsed, the fish were given
access to the runway and coaxed with a dip-nel tinetisubject were halfway into the
runway. At this point, it was left to swim freelpé without influence of the operator
until it faced the opaque barrier where it madedbeision to turn right or left. The

detour behaviour to the left or the right when tisé faced the barrier was observed
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and resisted by a direct observer as well as byeowamera placed above the maze
and facing down. Videos were recorded on “mov — gdpérmat’ using H264
Webcam deluxe ver3.68. The test apparatus weredsdal compensate for size-
differences between species (sandlance and tubeszRcm length x54cm width
x15cm width channel with the barriers placed 15 amay from runway ends,
sticklebacks 122cm length x 40cm width x7cm widtlarnel with the barriers placed
7 cm away from runway ends). Water depth in theemaas 10 cm for sandlances
and tubesnouts, and 4 cm for sticklebacks. Alllgriaere conducted within the
natural light regime in order to match the circadiaythm of the study species. For
each individual, we conducted ten consecutive striallowing for a relative
lateralization index to be calculated. The indesaisging from -100 to 100, where the

extreme values correspond to total left and riggs lrespectively.

Figure 1. Schematic representation of the doubieaZe apparatus. Fish could swim
along the runway (alternately in opposite direcipheft/right turning directions were

recorded. OB: opaque barrier, DA: Decision area

(c) Repeatability of Lateralization
To determine whether lateralization is repeatabler dcime we tested 50

tubesnouts for lateralization following the procestudescribed in b). After the detour
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test each fish was tagged with a code of 3 coldsial implant elastomer
(Northewest Marine Technology, Inc.) (VIE heredften the following day the

lateralization tests were repeated for the tagpd f

(d) Data and statistical analysis

To make a comparison between fish and illustratr thateralization, a
relative lateralization index (Lr hereafter) (Bigazet al. 1998) (formulal) was
calculated:
[(Turn to the right - Turn to the left) / (Turn toe right + Turn to the left)]*100

Formula 1

In Lr index, fish were attributed a value that raddpetween -100 (10 turns to
the left) and 100 (10 turns to the right).To asmeriaterality, a one-sampled t-test
was performed on the mean value of the distribubbrLr by testing it against a
theoretical mean (0) expected for random decisitirtbis discrepancy was found to
be significant, the population was defined as &ised.

To determine whether lateralization is repeatabler dime we preformed a
Wilcoxon matched pair test to compared the valdgbetwo lateralization tests and
ascertained if an individual had maintained the es¢ateralization trend, or if it had

changed its preference.

Results

. Lateralization

Definition of lateralization in different coastalecies:
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Tubesnouts

73 tubesnouts were tested for lateralization witdetour test, and a bias
towards right turns was discovered to exist atpihygulation levelf(test = 3.262,p =
0.0017;n = 73; mean = 12.88). Figure 2 shows that this [adjmn is moderately
lateralized to the right, the mean is displacedht® right of 0, which would be the

expected mean value of a random distribution.

30
25 A
20

15 A

Frequency

10 —

0 . — j

-1060 -8¢  -60 40 -20 G 20 40 60 50 100

Lr Index

Figure 2 — Frequency distribution of the relatiateralization index L) for
tubesnouts. A value of -100 represents a fish WiHeft turns in 10 trials; O value
corresponds to a fish with 5 turns to the left &durns to the right; 100 value

corresponds to a fish with 10 turns to the right@ntrials.

Sand lances

51 sand lances were tested for lateralization vatldetour test, and no
statistical bias for asymmetrical left or rightiarwas discovered at the population
level ( test = 1.139,p = 0.260;n = 51; mean = -5.49). In figure 3 is visible thenno
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laterality of this population, the distribution gmilar to a normal distribution of

random choice events.
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Figure 3 — Frequency distribution of the relatiweteralization index L) for
sandlances. A value of -100 represents a fish ®@Heft turns in 10 trials; O value
corresponds to a fish with 5 turns to the left &durns to the right; 100 value

corresponds to a fish with 10 turns to the right@ntrials.

Sticklebacks

Two populations of sticklebacks were tested lateatibn with a detour test; a
marine population (N=36) and a anadromous popula{io=48). The marine
population shows a bias to left turns, at the pafpoh level { test = 7.14,p =
<0.0001;n = 36; mean = -32.78). The figure 4 shows thatdis&ibution of thelLr is
skewed to the left. The mean shows a high displacétno the left of 0O, meaning that
this is a highly lateralized population, differéndm a population ruled by random
choice. The same general results were found foratedromous population of

Lucas J., Branco P. & Hulthén K. 8



sticklebacks. A bias towards left turns was discesieat the population level fest =

7.32,p = <0.0001;n = 48; mean = -30.83). The figure 5 shows the samm@ as
Figure 4 distribution of ther is skewed to the left, showing a mean highly dispth
from 0, meaning that this is a highly lateralizedpplation, different from a

population ruled by random choice.
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Figure 4 — Frequency distribution of the relatiatetalization indexL{) for the
stickleback’s marine population. A value of -10Pnesents a fish with 10 left turns in
10 trials; O value corresponds to a fish with Sw¢uto the left and 5 turns to the right;

100 value corresponds to a fish with 10 turns &oright in 10 trials.

. Repeatability

The Wilcoxon Matched Pairs test shows that theeerar statistical significant

differencesif = 50,Z = 1.094,p = 0.274) between the score attained by each fish i

the two trials.
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Figure 5 - Frequency distribution of the relatiaeralization indexL{) for the
stickleback’s anadromous population. A value of0-18presents a fish with 10 left
turns in 10 trials; O value corresponds to a fisth\s turns to the left and 5 turns to

the right; 100 value corresponds to a fish withtdr@s to the right in 10 trials.

Discussion

Between-species comparisons have shown that behblateralization at the
population-level seems to covariate with socialdwsbrs, such as schooling (Rogers
and Andrew 2002). Given that that behavioral ldizstion in the same direction
infers advantages in terms of school cohesion alghraent, we predicted
population-level lateralization for the social aschooling species included in this
study. First, tubesnouts tended to express a $naalltowards left turns in our detour
trials. Secondly, strong biases for left turns wérand in both the marine and
anadroumous population of sticklebacks. It is Edéng to note that bias seems to be
shared by sticklebacks living in very different @omments, (i.e. saline and brackish

water). In addition, Aulorhynchidae (tubesnoutsyl &aasterosteidae (sticklebacks)
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are two closely related species (Nelson 1971). Elewe conclude that the results for
these two species are in line with previous obsemsa of turning bias in the same
direction for congeners of social species. (Bisazal. 2000). However, sandlances,
another species known to aggregate into schoolsveshmo indication of population
level lateralization. Consequently, this result egpto be in contrast to earlier
findings (Bisazza et al. 2000). However, althougho®ling behavior may serve as an
effective defense against predation in a numbefistf species (Neill and Cullen
1974), prey also parade alternative defense ta&iggy-strategy in the sand lance to
reduce the risk of predation is to bury in the sesit when not foraging and during
overwintering (Reay 1970, Pinto et al. 1984) We sthspeculate that this
complementary and more sedentary defense stratexyy dacrease the need for
lateralization in the same directions as conspecifLateralization of the brain is
something that appears to be ubiquitous among &rgnoaips (Vallortigara et al.
1999), but as this work shows, lateralization resgs may or may not tend to be
homogeneous in a population. When they are we adsateralized population, when
they are not we have lateralized individuals iroaarall non lateralized population.

This work also proved that behavioral lateral bidgen present is something
repeatable over time. It is not something of randdrance; it is part of the animal’'s
personality and as such the animal is coherent wheasing sides.

To conclude, our results suggest that behaviotakdhzation is repeatable
over time and might be, at the population leveleature shared by closely related
species. Lateralization appears not to be necéssalated to schooling behavior.
Further work should focus on testing repeatabdirgr longer periods of time, and on

testing the direct influence of lateralization aheol formation and behavior.
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