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ABSTRACT

Lateralization (eye preference) or handedness has been studied over the vears in different species
of Vertelorates in other to stuoy how. ﬂley perform mu'l_tiple tasks simultaneously with fespect_ to
‘their sui'\livel, tenac:lty, responses, detection, etc. Mirror and dyadic test were used to test,
detelmme and compare the aggressmn and lateralization levels of Nile t}lapia (Oreochromis
mlorzcus) with its own mirror 1mage an opponent and potential natul al predator, 120 apparently
heal_thy Nlle Tllapla about the same weight and length were used for the experimental trails,
Results showed that individuals showed more aggression towarcls the1r‘m1rror image than they
did towards the1r opponents in the dyadlc test. Left and right eye use in the both tests were
dlfferent Wlth 1nd1v1duals in both showmg d1fferent levels of lateralization. The 1nd1v1duals in the
’ dyadic test used there left c¢ye as much as they used theit right eye when viewing their opponento.
I—IoweVer, tests fish in the 1nit:or test ueed their left eye more than they used their right eye when
vieWing their opponents, so'they are left eye biased.Furthermore test fish were found to also use
their left eye more than they used their ri ight when viewing a predator. Fmdmgs were dlscussed
on how the Nile Tilap1a showed the various levels of aggressmn and interaction with their mirror
‘images, opponents and the eyea preferences during both aggressio;t testaandrwhile viewing a

predator.
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CHAPTERONE

1.0 INTRODUCTI__O:N

Lateralization is the partitioning of cognitive functions into one 11emi.sp1}ere of the brain

(Vallortigara & Rogers, 2005). Lateralization is the idea that fhe two halves of ﬂle brein

are functionally différent and that eac_h-he_misphere has functional specifications, e.g. the

left is dominant for language and the right excels at visual motor tasks. Cerebral
.‘laterahzatlon or “eye-~ preference” can be measured-in fishes by assessmg asymmetrles in

eye use (Facchin et al., 2009), Lateralization is deﬁned as the tendency by an md1v1dual
' to favor otie side of the body/eye over the other. It reflects the fact that the right and left
hemisphere of the brain can become specialized for certain tasks (Reebs 2008).
Laterahzatlon is believed by some authors to be related to evolution and individuals with
cerebral lateralization are able to fespond to multiple stimuli simultaneously (Reddon .&

Balshine, 2010). C . . o

in most vertebrate,' sense of sijght is an ideal measure for investigating brain lateralization.
fherefo1'e, with laterally placed eyes, images or information eetering each eye are
processed by the contralateral sides of the brain and this gives way and makes if easy to
*observe strik:ing left-right asyfnmetries n the use of the eye while performing differenf
task such as, .predator inspection, mirror image viewing, conspee1ﬁc recoémtlon and
| .other everyday behav1ou1 of the fish (Workman & Andrew 1986). Work done i in the last
decade has demonstrated fu_nctlonal specialization of left and right side ef the brain in
variety of species (Frasnelli et dl.,__‘2013). The inlportanee of lateralization in fish can be
seen in detection, cetegorization and response to ecological threa.ltrs such as predator, etc. |

(Clotfelter & Kuperberg, 2‘.007), S o ,




The body .of mémy fishes is compressed laterally, which means that each eye tends to face
Sideways. Therefore it is not always easy for a fish to inspect an object with both eyes. A
fish may mstead turn its side towards the Ob_] ect and mspect it w1th one eye only (Reebs,

2008) This mchcates that there may be preference for one side (or eye) over the other

(Reebs, 2008).

Individuals display a variety of behaviours, one of whﬁ:h is aggression. Aggression or
aggrqssive b;:haviour is pronouﬁced in fish during the breeding phase When' males of
many. specles establish and defend territories for reproductive purposes (Huntmgford &
' Turner 1987) Furthermore - aggression plays important roles in survival, helps
individuals monopolize _r_es'ources, mates and protect offspring (Ariyomo & Watt, 2012).
Individuals ma:y show'variaﬁon-in aggressiv_eness and this has been linked to differences
in behavmural lateralization (Reddon & Hurd, 2008). Aggressive 1nteract10ns of most
Verteﬁrdtes m popula“uon level is termcd to be bias towards the rlght hem1spherc of the
brain (left eye use) (Ariyomo & Watt, 2013) but other studies in some fish species
showed left hemisphere bias (right eye préférence) (Miklosi & Andrew, 1999 Bisazza &

de Santi, 2003).

This study Wés carried ouf with Oreochromis n%loﬁ:cus, (Nile Tilapia) one of the first ﬂSil
species éultured globally. The Nile tilapia is still the most widely cultured spc—:ciés of
:filapial-in'Africa, _The'j? ﬁre laterally cémpressed (111aking it a suitable speéies=for’ the
study) and deep bodied Wiﬂ.—l long_dorsal fins, _charadterized by an interrupted lateral line.
A peculiar characteristic of the Cichlid family of fishes. Nile Tilapia are tropical fish

endemic to fréshwa_ter in Africa, Jordan, and Israel and are being cultured in virtually all

i




types of production systems in both fresh and saltwater in the tropical, subtropical and

temperate climates (De Graaf & Janssen, 1996).

Traditionally, the mirror and dyadi_c testshave been used to measure aggression in species
(Ariyomo & Watt, 2012, 2013; Way ef al., 2015). The mirr_or test is used to measure
aggression of an individual tnowards its mirror image while the dyadic test is used to
meésuré aggfession of an individual towérdsl an opponent or a conspecific (Larson et al,
2006). In 'this‘study, both tests were used to measure aggression. énd'level of lateralization
eye prefereﬁ‘ce) of the teét fish. Fufthermo’re,. a separate test termed predatory ihspectioﬁ
fest (where test fish were allowed to view a predator) was also .conducte'd to establish eye

preference in test fish while viewing or inspecting a predator.

There_ are different studies.on the aggressive behaviour of several species of fish but this
study was based on a left eye/right hemisphere or Right eye/left hemisphere dominance |

in relation to aggressiveness and predator inspection in the subject (Oreochromis

1
&

niloticus).
L1 JUSTIFICATION FOR THE STUDY _

Oréoéh?omis:niloticﬁs has limited inforination as regard its aggressiveness and ‘eye-
-preference”, hlis researéh work Will- possibly p'ro-vide more information aé well as boost
otllér rescarcher’s interest towards conducting= further research on the fish. Hc;wever, fish
' ﬁay prbvidé.extremely Valuable material for the study of the genetics of behavioural
laterdlization and fo"r- the it;vc—:stiQation of the selective advantages associated with the

specialization of function of the two halves of the vertebrate brain (de Santi ez al.,2001).



‘However, most studies on Nile Tilapta are quite related to fish production or fish

maﬁagement due to importance of the species in tropics (Vijayen et al., 1997).

1.2 OBJECTIVES _oﬁ THE STUDY

The atm .of this research is to examine the extenf-to which the two hemispheres are
specializéd fqr aggressiveness through the succinct observation of the eyes. Moreéver, _
ﬂ1ere are some debates about Whethef interactions with a mirror image .and with a real

opponent measure the same aspects of aggression. (Larson ef al,, 2006; Spence et al.,

2008; Ariyomo & Watt 2013).
Therefore, the objectives of this study were to:

1. Deteﬁnine the .le'vel of aggression in Nile Tilapia while individuals were

| interacting with their mirror image in. a mirror test and opponents or .’conspeciﬁc
ina dyad.ic test. |

2. Compare the level of aggreSsion between a mirror image in the mirror test and
‘real opp.».on'ents or cénspeciﬁc in a dyadic test.-

3. Deten‘nine the .l‘evel of lalteralization' {eye preference) while viewing a mirror
image and arG;al opponent.‘ : o ' | ‘ h

4. Determine ‘the level of lateralization/eye-preference Wﬁile Viewing/inspecting a

7 ﬁrede_ltor.



CHAPTER TWO

2.0 LITERATURE REVIEW
' 2,.1_Taxron01ny of Nile Tilapia (Oreochromis niloticus)
- Species: Oreochromis niloticus (Linnaeus, 1758)
Family: Cichlidae

Order: Perciformes

Class: Actinopterygii

2.2 Description

The Nile Tilapia is characterized with a decp body covered with cyeloid scales, usually
appéarihg as silver colour with black/olive/Grey body bars with often flashes of red
colour during breeding season (Picker & Griffith, 2017). They can grow to a maximum
length of 62cm and weigh about 3.65kg at an estimated period of nine years of age. They
| possess an intérrupted,lafe‘rdl line with truncated caudal fin. They have 27-33 gill rakers,
16-17 spines and 11-15s0ft rays on the dorsal fin and 3 spines and 10-11 rays on the anal
fin (Bwanika et al., 2004)..

2.3 Habitat and Biology

Nile Tilapia_is known 1o be a tropical—bas:éd species that prefers to live in shallow water
with préferred tempgfature range of 31 to 36 °C. Nile Tilapia is an omnivorous grazer
-that fe_eds oﬁ phytoplankton, beriphyton, aqﬂati.c’ plants, small invertebrates-, benthic
famié, cietritﬁs and bacterial films associated wﬂh detritus (FAOQ, 2006). It can also filter

'its'; feed by entrapping suspended particles, that include bacteria and phytoplankton, on



-mucous in the buccal cav1ty (FAO. 2006) Spawning begins when the water temperature
feaches 24°C. The breedmg process starts when the male establishes a territory, digs a
, craterlike spawning nest and guards his territory, ripe female spawns in the nest, and
irﬁmediately the male fertili.zes. it. The fémale collects the eggs into her mouth and mox}es
off. Female Tilapia iﬁcﬁbates the eggs in h_ef mouth and broods the fry after hatching
until the Szolk_ sac is absorbéd. Incubating and brooding is accomplished in 1 to 2 weeks
(depending on tempe'rature) (FAO,.2006). After fry are released, they may swim back
into her mouth if danger threatens. Egg nuﬁlber is proportional to the boay weight of the
femaie. A IOOg female will produce about 100 eggs per spawn, while a female weighing
600-’1000ﬁgl can produce 1000 to 1500 eggs. The male remains and claims territory,
guarding the nest, ;md is able to fertilize eggs from'_,a succession of females (FA_Q, 2606).
-:Dlur'ing'cold period, spawning is sﬁﬁpressed. While the female is brooding, she eats little
or no;[hing, therefore the males are normally used for aquaculture production in other to
i:rﬁprove yield. Nile tilapia can live longer than 10 years and reach a weight exceéding 5
- kg (FAQ, 2006) |

2.4 Role of aggression in fish

Aggression fef_ers tb xne’gative attitude displayed - towards another member by applying
_ physical contact or force. Aggression is essential in the survival (:f a fish in.its
environmept.— According tb Reebs (2008),:.th'e most food goes to the animal that cats fast,
the fagtest animal occupies the best shelter, aﬁd the largest share of ‘egg;s are fertilizc?d,by
.those males that prodlice the fnost sperm, henc-e aggressive display is necessary for

su1v1val Aggressmn is noticed to be common in territorial fishes and _many sp001es of

tlsh have a dlver51ﬁed repertoire of responses during agonistic encounter, (Turner 1994).




However, if individuals from a social but slightly aggressive species are all placed within
-a wqter tank':for the first time, there is tendency for aggressive display such as nipping,
cha.éing of each other until one individual subsidies the other and a peckil;g order or
| hi’erarchy is :forme_d. The emergence of this pecking order invariably benefits every
member of the tank because fighting, nibbling and chasing are energy consuming and
potentially injurious (Reebs, 2008). Nonetheless the low ranking fish are prone to. not
neces.sarilly living the happiest existence because their access to food, mate, etc. Wﬂl
deﬁnitely.be limited and this predictably.affects other activities of _thetir lives (stunted

growth, stress, etc.) (Reebs, 2008)

Ac¢ording to most éuthors, aggressivencss in fish is triggered by the effect of some
growth lldnn_cines by controlling the use of nutrients in tissues syﬁthé:sis which will boosts
the _metabolié demand of the.ﬁsh' thereby resﬂtiﬂg in aggression to competé for their
dzllily-nee'ds. A number of factors affect the need for aggressi\'fe. display in fish which
ranges from pressure of mating, producing younger ones, intrusion from conspecific or
other species, light intensity, food, étc. Light intenéity influences aggressive behaviour,
because at lower iight level, fherc.is a high:risk of losing resources like mate and food

which triggers aggression.
2.5 Lateralization in fish

One of the most important and prominent characteristics of most vertebrates in relation to
th_eif nervous system is its laterality with each hemispheres of the brain having different

and likewise complementary funbtiqns and advantages. (Santi et al., 2000)




-

With reference to Santi et al., (2000) in terms of lateralization, vision is an ideal sensory

modality for studying and inveétigating brain lateralization. In animals with laterally

placed eyes most of the visual input entering the right or the Jeft eye is processed by the

'contralateral 81de of the brain, making it possﬂ)le to observe the strlkmg left-right

e_ts,ymmetries in the use of the eyes in viewing conspecifics, predator etc.

It is common among fish for pairs of individuals to leave their shoals in order to approach
and inspect a potential predator. Hence, the risk to be preyed upon is shared if both fish
simultaneously inspect the predator, but not if one of the fish remains at a distance. (Santi

et al., 2000) . ' . S
Z.6Plly§ico-cllemical parameters of water

Aqu&tib habitats are remarkably diverse with respect to the chemical and physical

properties of the water, for example; salinity varies between full-strength seawater and

near distilled water while pH may differ by as much as 6.0 pH units (Perry & Laurent,
1993). ‘Furthermore, aquatic environments especially the freshwater ecosystems, are

typically unstable and characterized by marked natural fluctuations of temperature, pH,

7 dissolved oxygen, dissolved carbbn—oxide and dissolved ions (Perry & Laurent, 1993).

These factors can affect the fish’s natural activities, therefore it is of essence to determine

and maintain a favorable condition for the fish species in other to have a good result.

&

2.6.1 Temperature

Temperature is the degree of hotness or coldness of a body. In the aquatic environment,

teinp_erattire is the major controlling factor (Barnabe, 1994). Temperat_ure affects the

“physical, chemical and biological processes in water bodies and also, the concentration of



many variables (Enujiugha & Nwanna, 2004). Usually, body systems will show a 50%
increase in activity for every,SOC_rise in temperature. Furthermore, studies have shown
that increased temperature increases the rate of chemical reactions and decreases the

sqlubility_ of gases (especially oxygen) in water (Enujiugha & Nwanna, 2004).
2.6.2 Dissolved oxygen

B?rnabe (1994) reported that oxygen is essential for living things/organisms. Tt is used in
the. oxidation of food, liberatillg the energy necessary for all vital activities such as
swimming, hunting; reprbductio_n, growth, etc. Dissolution of oxygen in water is
dependent on teniperature, af 5°C for instance, water.requires 12.7mg/l of oxygen to

become saturated, whereas at 20°C, 9. Img/l of oxygen is needed (Templeton, 1995).

1

According to Barnabe (1994), the aquaticr environment contains relativély little oxygen
(less than 10cm*/l, contrasting 206c1n3/10f air), thus, cdncentration of oxygen is close to
Satuxation (and sometimes super saturation) in the natural environin’eﬁt and varies from
8em’/] in. coid watef to 4.5¢m’/! in tropical waters, being less iﬁ marine watcré and
"shallow frcsh water because of the photosynthetic actlvmes of pla,nls Enujiugha &
Nywanna (2004) reported that high oxygen depleuon can be so severe to fish life, oxygen
content of natural waters varies with temperature, salinity, turbulence, the photosynthetic

- activity of algae and plants and atmospheric pressure.

Chapman &Kimstach (1992) notéd that dissolved oxygen concentrations below Smg/l
adversely affects tht.:::‘ functioning and survival of biological communities and below 2mg/1

may lead to the death of most fish. Different fishes have different minimum rc_quireménts

of dissalved oxygen below which they will die (Banarbe, 1994; Templefon, 1995). Ross




& Ross (2002) reported that oxygen is the .ﬁrst limiting component'of the aquatic
envirénment aﬁd thé minimum tolerated oxygen level varies with species. Tilapia, are
relatively hardy and will toler.;tte dissolved oxygen as low as 3mg/1.. |

2.6.3 pH |

pH is an éxp_fession of the hydfégen ion concentration of water (pH= -logyo [H']. Tt is a
-measﬁre of the acidity or alkal.inity of water which ris expressed on a scale betWéen 0 aﬁd
14 'Betweeﬁ_ ‘0 and 7, the water is acidic; it is neutral at 7 and basic above this value
(Barnabe, 1994). Enujiﬁgha & Nwanna (2004) stated that pH changes can drastically
affect the structure and function of ecosystem, bofh directly and indirectly, pH of any
watef bociy is dep'endgr}t on témperature and temperature affects physical, chemical and
biological prdcesses_; m water bodies.

pH has a Ve-rj'/- imﬁortant intluence on -the chemical énviro_nineﬁts, for example, the
equilibrium between NH," al;d NH; in water is shifted towards the formatiﬁn of NH;
whi'ch IS extfemely‘ toxic to fish as'ﬁH rises (Barna_bc; 1994), while lower pH can
adverselyﬂaffsct fishes' gills and can be detrimental to the growﬁh of denitl_‘ifying bacteria
(Coppe_r, 2064). The pH equﬂibriufn depends on rother interaétions, mainly the carboﬁ

dioxide carbonate system and pH governs the carbonate content of waters.

10




CHAPTER THREE
3.0 MATERIALS AND METHOD
3.1 Materials

Perspex, 1'ect'angular glass tanks (60 x 30 x 30), stopwatch, mirror (30x30), Microsoft
Media Player, Video. camera (Canon HD CMOS 32X optical 200M image stabilizer),

“plastic tanks to hold individual fish, R Statistical system software for data analysis.
3.2 Collection and Acclimation of Test fish (assessed via a dyadic contest)

A total of 120 appai‘ently healthy Nile Tilapia adults of about the same weight and length

were bought from Gbogo Farms, lkole-Ekiti and fransported to the Fish blology

laboratmy of the Federal Umversrty Oye Ekiti. Fish were fed with commercial feed twice -

daily.

- 3.3 Water quality parameter determination

During the exposure period of trial and experiment, the water temperature, dissolved
oxygen, and pH Weljé succinctly determined and scrutinize at intervals using standard
‘method's. | |

331 Temperature

' Tzempefature -was determined using mercury-in-glass thermometer calibrated in degree
centigrade (OC) It were mserted into the water in each of the plastic contamcrs
contammg deIdual fish then the 1eadmgs were taken ' |

3.3.2 pH

pH wﬁs determined -b‘y using a pH. m.et‘er.l_ The probe was inserted into the Sample botiles
containing the different containers holding the fish, and readings were taken. - |

11



3.3.3 Dissolved Oxygen (DO) Concentration
DO was measured using a dissolved oxygen meter, The probe was inserted into each
container holding the fish, .

3.4 Aggression test (mirror image and opponent)

Fish were initially houséd in groups in a large round plastic tanks. Fish were then
separated- and standard length (s't'andard léngth, measured from the tip of the snout to the
.caudqﬂl .pedunhcle) was measured using measuring tépe. Fish were then housed singly prior
to the sfart of the trials. The test fish were divided into two groups of 60 individuals each.
Tile first group of 60 individuals were tested for aggression by presenting them With_ a
mirror image in tﬁe mirror test (Fig. 1). In a different set of experiments, the second
group' of .60 inéiivi_duals \%,’ere tested for aggression by presenting them with an opponent
m.a dyadic contest. The ﬁfst grouﬁ of 60 individuals used in th.c—: mirror test were used as
the opponents in thé dyadic contests. The tést fish and their opponépts were size matched
_ in order to minimize the effect of size and also to ensure that smaller individuals do ,.not
react subm_issively to larger ones. Fresh Wéter were used for each trial.

For the'mir.ror test, a mirror was placed at the side of a rectangular tank (60cm X 30((_:m X
30cm) filled with water. A fish was added to fhe'téml{ and left to acclimatize for 60 s, A
i)iedé o‘f -opdque Perspex was used to cover the mirror -during acclimatization (Fig. 1).
~ Once the ﬁsh' had acclimatized, the Perspex was reméved and the aggressive interact_izons
(diépiays with erecf fins, bites, Inips and fast bouts of swimming towards the image) that a
fish conducted towards its -mirror image were recorded using a digital camera over' a

period of 5 minutes. Fish were then returned to their individual tanks once they had been

tested.

12
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Fig 1: Test of aggression towards mirror image. Rectangular glass tank dimension 600111
X 30c111 X 30cm, fish sw1mm1ng away from it mirror image (adapted from Ariyomo&
Watt, 2013)

"Fish were .left for 24 h.ours‘and then they .Were tested in a second exp?ﬁment for
gggfes;ioﬁ towards an opponent of the same species. Test fish Weré paired with opponent
fish, which were the ﬂsh used in the mirror test, The test fish and the opponent were
placed each in ,rectahgular tanks side by side, but the tanks were separated by an opaciue
Persp_éx during tﬁe aéclimatizaﬁon period (60 seconds), after which the Perspex was
removed and. the number of aggr¢ssive iﬁltcra.ctions were also recorded using a digital
camera, as before (Fig 2). To ensure uniformity in hlmger'lévgl, fish were fed ounly after
the experimental trials on_thé vday they were tested. Iish were returned to thei; individual

tanl%:spnce all the trials had been completed.

Fig 2. Expenmental setup for the aggression towards an opponent. Two rectangular glass
tankswith dimension 60cm X 30cm X 30cm placed side by sides (adapted from
Arlyomo& Watt, 2013)

13 - .




‘3.5 Lateralization Test -

The digital recordings of the test fish interacting with their mirror images anci opponents
| Were viewed (Ariquo'& Watt, 2013) using Microsoft Media Play.er, and the eye uséd by
~ each ﬁsh was noted every '2_ seconds for 5 minutes,-ba\sed on the angle of approach (Fig
3). In the mirror test, eye use was recorded when each fish is at an angle to the mirror
(Sovrano & Andrew 20.(l)6). In the opponent test, eye use was recorded only when the test |
fish was positioned ‘at an angle relative to the location of the opponent, éuch that it is
. lookiy;lg at the opponent (Eig‘4”).

Mirrad side of lank

B

" Right aye use Lon oy use

’_ Fig 3: Di&grammatic representation of eye use (Ariyomo& Watt, 2013). The arrows
show the limits:of the angle of eye use by test fish. | |

3.6 Predation inspectioﬁ test .

The preddtor inspection tesf was récorded for 5 minutes while the fish used in the mitror

test and tlloée-usea.{n the dyadid/oppongnt test were inspecting the predator, Clarias

7 gariejjirqzts, folléwing a 60 seconds acclimatization period, ].)ig'ital reCordings of each ﬁsh

Viewing/inspecting alive predator (Fig 4) was recorded and later viewed using Microsoft

Media Player__, aﬁd the eye used .by eéch fish was noted every 2 sercloﬁds for 5 minnutes,

based on the angle .of approach, eye use was recorded only when the test fish was

posifione_d at an angle relative to the location of the predator, such that it is looking at the

. predator (Fig'4).
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Fig 4: Experimental setup for the predator inspection test.

L

3.7 Statistical analysis ot

Thg rate of aggressive interactions (aggression) in the mirror and dyadic tests was
analyzed _uéing a. two-tailed t-test. Eye preference when viewing a predator was analyzed
using paired f—test. Left-and right uée in the mirror and dyadic tests was compared usuing a
.gen'e'r,aliz_ed linear mixed mode (GLMM) with binomial error distribution. Left and right
eyé use were -t}eated as repeated measure observations for each individual. Individual fish
was fitted as random effects in the model to avoid pseudo-replication. A ﬁodel Wiﬂl the
intercept only was ﬁttred- to determine the difference between eye use in either test. All
data“were analyzed using /mer functions from the “lme4” package (Pinheiro & Bates,
2000; Bates ét_ al., 2011) in R statistical software, version 3.5.1 (R Development Cbré

o

team 201 8).
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CHAPTER FOUR
4.0 RESULTS
4.1 Aggression in the mirror and dyadic tests

The number of aggressive interactions were significantly higher in the mirror test (méém
= 33.23) than in the dyadic test (mean = 24.97; t = 3.3674, p = 0.001 (twb—tailed), df=

115.45).

£
]
|

Number of aggessive interactions

Mirror test . Dyadic test

1

Fig 5: Mean (+ SE) number of aggressive 'interactions in the mirror and dyadic tests.
4.2 Lateralization: Eye use in the mirror and dyadic tests

"Bas:cd on the intercept, the mean left and right eye counts in the mirror test were not
quantitatively :different from the mean left and right eye counts in the dyadic test (Z =
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0.399, P = 0.69). However, there were signiﬁcant differences in eye-use in both test (Z =
7.713, P < 0.001). There was no significant difference in the left and right use in the
“dyadic test (P = 0'.83). However, eye use differed significantly in the mirror test (P <

0.001).

. ; Lefr-eye
50 : [l Right-eye

Eye use {counts)

Dyédic test Mirror test .

Fig 7: Mean (& SE) of left -and right use in the dyadic and mirror tests.

4.3 Eye use when \}'i‘e'wiug a predator

Left eye use was significantlyhigher than right eye use when viewing a predator (mean =

6.08; t=5.91, p <0.001 (paired t-test), d.f=59).
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CHAPTER FIVE

5.0 Discussion

1

The results carried out on Orgochromis niloticus (Nile Tilapia) revealed that individuals
showed more aggression towards their mirror image in the mirror test than they did
towards théir opponents in the dyadic tésf, with the number of aggréssive interactions in
mirror test béing signiﬁcantly‘high‘er than the dyadic test. A similar result was obs.c;wed
111 the test for cerebral Iateralizatioﬁ and its relationship to phylogeny and aggression in
Anabantoid fishes by Clotfelter & Kuperberg (2007) where they used fishes in genus
Bet'm. It is possible that the mirrﬁr image was p.erceived more as a rival whﬂes the
opponent‘ﬁsh was scen as j'ust a peaceful conspecific (Cantalupo et al., 1996; Barley et
al., 2000; Moretz et al,, 20072, b;—’Oliveiré & Canério, 2011) h_ence tﬁe difference in the

rate of aggressions. * -

v
[

In the lateraiizétion test, left and right eye use in the both tests Were different with
individuals in both tests showing differént'levels of 1ateralization.'The left eye bias
observed iﬁ ‘the mirror test is in accordance with previous results in similar
Itgsts/experim’ents (Bissaz-a et al,1988). Thi"s indicates that the test organism’ eye
.prcférehce fbllows a general specialization of structures on the right side of the nervous
sfsteinthqt'ciéals with social signal in most vertebrate (Bradshaw & Rogers, 1993).
However, the individuals in the dyadic test used there left eye as much as they used th_éir

right eye when viewing their opponents. It is not clear, from this study, why this is so,

given that all test fish came from the same population. A parsimonious explanation could -

be that individuals f')_,elrceived and reacted to the mirror image différenﬂy than they did to
a real opponent; Given that a, mirror image did exaotly_ what the test fish did while this
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may not be so in the opponent test. This may also explain why the rate of aggression was
higher in the mirror test than in the opponent test. This could also mean that the mirror
test and opponent test may not measure the same aspect of aggressiveness, at least in this

species. _ : )

L]

In the test for eye preference while Viewing a potential predator (Clarias gariepinus),
individuals used their left eye more th.an they used their right eye when viewing a
potegtial i)reéiator, an indication.. of a right hemisphere preference, This result is in ling
‘with a simiiar research work on other vertebrates, for example dog, Qaﬁz’s luéus
Jamiliaris, Where the experimental set-up consisted of the presentation of black silhouette
drawings of different animal models (a dog, a cat and a snake) to the dog’s right and left

visual hemisphere using two retro-illuminated panels, When stimuli were presented at the

same time in the two visual hemisphere, dogs preferentially turned the head with their left -

eye leading in response to alarming stimuﬁ, the snake sithouette that is considered to be

an alarming stimulus for most mammals. (Marcello ef a/., 2017) ’ .

Similarly, Blufo marinus toads were t_es,t'ed.in a group and were conipeti_ng for prey
(cricket) gigniﬁcantly tnore of their agonisﬁc étrikes at each other were directed to the left
than to the right visual hemisphere. In addition, striking at the eye of a conspecificﬂ was
..avoi'ded to a greater éﬁtent in tl;e right hemisphere than in fhe l.eft hemispheres.
(V.all‘c‘)rtigara"et al, 2002). This can only indicate that these Vertébrates are evolved to
viéual inspection of potential pfedator/prey by their left eye/right hemisphere of the brain,

~ agreat feature that has contributed tit her success in survival.
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5.1 Conclusion and Recommendation

~ Undoubtedly, there is quite a clear and explanatory connection and évidence of a
fpnctional lateralization in the Nile Tilapia and how specialized the hemispheres arc for
aggre.'ssiveness_. However, this study has provided evidence that disputes findings in other
studies that reportc;d that the uinteractidn of some lower veftebrate; with a mirror image
and real oppronent measure the same aspect of aggression. Given the difference between

the levels of aggression shown towards the mirror image by the Oreochromis niloticus,

compared to a conspecific.

This experiment revealed the level of lateralization while test fish viewed "a predator,
which is in line with the results of similar experiment of the left eye preference, an

evidence of the right hemisphere specialization.

The importance of lateralization cannot be overemphasized in the study of vertebrates’
sense of aftention, p:ei;petual processing, motor response and control, emotions and
iljhibition of re'sponsés, survival, adaﬁtation, feeding, tc—:rr'ito_riality, etc(V?illlbrtigara et al.,
2002). The tendency of a man to focus more on one side/part of the body is eﬁdent in
human where we refer tosome as being left handed and while somé-are right-handed.
_Thié tﬁis“ claim has_: been studied in cﬁher lower ‘animals in order to study brain
‘-functiohality?: in relatioﬁ to their survival (a hu.g;e part of the lifestyle of dany living
0rgé1nism). Therefore, the results obtained in ﬂlis study will contribute to the database of
uf_lilding-s in fateralization and hopefully stimulate the interest of other researchers-into

conducting further studies in Nile Tilapia.

21




REFERENCES

Ai‘iydmo,' T. O. & Watt, P. J. (2012), The effect of variation in boldness and
aggressiveness:on the reproductive success of zebrafish. Animal Behaviour, 83, 41-46. |
Arivome, T. O. & Watt, P. J. (2013). Aggression and sex differences in Lateralization
in zebraFish. dnimal Behavior, 86, 617-622. |

Barnébe, G. (ed.) (1994). Bidlogy and‘Eéology of Cultured species. = °

Bates, D., Maecchler, M. & Bolker, B. (201_1). Ime4: Linear mixed-effects models using

84 classes. R package version 0.999375-39. http://CRAN. R-project.org/package=lmed

‘Bisazza, A. & de Santi., A. (2003). Lateralizatio.n of aggression in fish. Behavioral Brain
Research, 141, 131-136.

' Bisazza, A., Facchin, L., Pignatti, R. & Vallortigara, G. (1998). Lateralizatio_n of
~detour behavior in: Peocilid Fish, the effect of species, gender and sexual motivation.
Behavior 'Bmiﬁ Research, 91, 157-164.

Bradsha_v%, J.1. & ‘Rogers, L.-J. (1993). The Evolution llof Lateral Assymetries,

Tl

Language, Tool use. New York's Academic Press. o
~ Bwanika, G. N,, Makanga, B., Kizito, Y. & Balirwa, J. (2004). Observations on the

biololg'y"of Nile Tilapia, Oreochromis niloticus L., in two Ugandan crater Lakes. African

Journal of Ecology 42(s1): 93-101

' -Can_talupo; C., Bisazza, A & Vallortigara, G. (1996). Lateralization of displays during
aggfessix}e and courtship behaviour in the Siamese ﬂghting fish (Betta splendens),

 Physiology and Behavior, 60, 249-252.

22




C‘hapman D. & Kimstach, V. (1992). The selection of water quality vanables In:
Water quahty assessments (Chapman, D. Ed). Chapman and Hall Ltd. London pp. 51-

119.' |
Cooper, D. M. (2004). Basic fish care. Fish care.htm,

Clotfeltel_’, E. D. & Kuperberg, F. 8. (2007). Cerebral Lateralization and its relationship
to phyiogeny and aggression in Anabantoid fishes. Bmz;n. Behavior Evolution. 69, 169-
175 ' . |

De Graaf, G. J. & Janseen, H. (1996). Artificial reproduction. anvd_ porid rearing of the
Afr_ican: Catfish Clarias gariepinus In Sub-Saharan Africa, A handbeok. FAQ Fisheries
Technical Paper. 362, 73pp. _

De Santi -A, _.'Bisazza A, Cappcllefti M. & Vallortigﬁra G. (2001). Prior eéxposuré té a
.. pi'ecllatOr influences lateralization 6f cooperative predator inspection in the guppy,
Pg;;‘eci.[ic_z reticiiluta. Italian Journal Zool_ogy, 67:175-8.

Earley, R. L., Hsu Y & Wolf L L. (2000). The use of standard aggression testing
- methods to predlct combat behawour and contest outcome in Rivulus marmoratus dyads
(Teleostel Cyprmodonudae) Ethology, 106, 743-761,

Enujiugha, V.N. & Nwanna, L.C. (2004). Aquatic oil pollution impact indicators.

Journal Applzcatmn Science Envzronmenmt' Management, 8, 1- 75 WWW b1011ne org.br/ja
' Facchin, L., Burgess, H. A Siddiqi, M., Granato, M. & Halperu, M. E (2009).
Retaini_ng the function of Zebra Fish epithalmic asymmetry. Philosophiéal Transaction of

the Royal Society (B),364, 1021-1032.

23




Frasnelli, E., Vallof*tigara, G., & Rogers, L. J. (2013). Left—ﬁright asymmetries of
behavior and‘nervous system ,in vertebrates. Neuroscience and beha‘vior;zl Research, 36,
1273-1291.

Food and Agrlcultural Organization of the United Nation (200(;) Flsherles and
“Aquaculture Department Cultured Aquatic S_pemﬁcatlon, Information Program,
Oreochromzs niloticus.

_ H”untingfordi F. A & Turner, A. K. (1987). Ammal Contlict. Chapman and Hall

Animal Behaviour Series, Chapman and Hall: T.ondon. ISBN 0-412-28750-1. 448 pp

Larson E. T. O’Mfllley, D. M. & Melloni, R.H. J (2006). Aggresmn and vascotin are
associated with dommant subordmate relationships in Zebra fish. Behavioral Bmm '
Research, 167, 94-102. - R

Marcello S., Serenella d' I’ & Augello Q. (2017). Lateralized func‘uons in the Dog
brain, Sj)mmetry 9,71. Doi: 103390/sym90500’71

_Miklosi A., Andrew, R. J. (1999). Right eye use associated with decision to bite in
_zebrafish. Be}:‘zavior Brain Research,. 105, 199-205.

Moi‘éti, J. A., Martins, E. P. & Robison, B. D. (2007a). Behavioral syndromes and the
e\}olutic')n of correlated behavior in zebrafish. Behavioral Ecology, 18, 556562, |
Moretz, J. A, Ma;rtins, E.P. & Robison, B. D. (2007b). The effects of carly and adult
social enyironﬁent on zebraﬂ’sh (Daniorerio) i)ehavior. Environmental Bz'elogy of Fishes,
80, 91-101. |

Oliveira, R. F. &.: éanério, A. V., M. 7_'(2011). Nemo ﬂu‘ougilﬁ the looking-glass: a

commentary on Desjardins & Fernald. Biology Letters, 7, 487-488.

24




Perry, S. F. & Lau'rent,. P. (1993). Environmental effects of fish gill structure and
~ Junction In: Fish Eco}ahysiology. Rankin, J C and Jensen, F. B. (eds.) Cllapmén and Hall,
. London. 230-264pp. |

Picker, M. D. & Griffith, C. L. (2017) Alien animal in South Afrma— composition,
mtroductlon history, orlgms and distribution patterns, Bothalia-African Bzodwerszry &

Conservation 47 (2), 1-19

Pinheiro., J. C. & Bates, D. M. (2000). Mixed-Effects Models in S and S-PLUS. 1st edn.

Berlin: Springer.

" R Development Core Team 2018. R: A language and environment for statistical

computing. Vienna: R Foundation for Statistical Computing. http://www.rproject.org.

Reddon, A. R. & Balshine, S. (2010). Lateralization in response to social stimuli in

Coopératively breeding Cichlid fish. Behavioural Processes, 85, 68-71.

Reddon, A. R. & Hurd, P. L, (2008). Aggression', sex and individual differences in

Cérebral lat'erélization in Cichlid fish. Biology Letters, 4, 338-340.

Ross; B. & Ross, L. G. (2002). Anaethetic and sedative techniques for aqudtic animals

" 2nd Edition. Blackwell Science Ltd.

Spence, R., Gerlach, G., Lawrcnce, C. & Smith, C._(ZOOS). The behavior and ecology

of the Zcbra Fish, "Dan-io rerio. Bic_)_logical Reﬁiews, 83, 13-34.

Sovrano, V.A., & ‘Andrew, R.J. (2006) Eye use dmmg Vlewmg a reﬂc—:ctlon

behavioural laterahzatlon n zebraﬁsh larvae. Behavioral Brain Research 167, 226-

231 .dm._o;‘;—l/l(), 1016/1.bbr.2003.09.021

25




Templeton, R.G. (1995). Freéhwater Fisheries Management. Second edition.
Vallortlgara, G. Angelo Bisazza, LesleyJ R. & Richard John, (2002) Comparatlve
vertebrate laterahzatmn Cambrldge University press, 2002, pp (94-98).

Vallortigara, G. and Roger, L. J. (2005) Survival with an assymetrlcal brain: an
advantage and disadvantage of cerebral lateralization. Behavior Brain _Science. 28, 575-
589, |

-Walker S. F (1980). .Lateraliz.ation of functions in the vertcbrates Brain: a review.
Brizé'sh Journal of Psychology, 71, 329 - 367.

Way G. P.; ‘Ruhl, N, Sneks_er, J. L., Kiesel, A. L. & McRobert, S. P. (20_15_). A
comparison of methbdolqgie_s to test aggression in zebrafish. Zebrafish, 12, 144-51,
Workman, L. & Andrew; ‘R.J.. (1986). Asymmetries of eye use in birds. Animal

Behavior, 34, 1582-1584.

26




