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ABSTRACT
The present work constitutes the first contributiorstudy the interactions between fish farm antpbieidae,
in the Tunisian coasts. From March to May 2015¢B8ounters of 142 groups of bottlenose dolpfimrgiops
truncatug were recorded. The total time spent in the preseri dolphins was 1185 min, with a mean encounter
duration of 18.29 £ 22.12 min. Group sizes was eanfgom 1 to 8 with a mean of 2.39 * 1.57 animaiedian
= 2.0). Schools containing calves were significatéirger than those containing only adults. Follogvithe
protocol of photo-identification, 43 dolphins weargividually photo-identified based on the longrtenatural
marks on their dorsal fin. Considered the valuesnohthly sighting rate (SR), 60.47% (n=26) of indials
were considered as resident (SR>0.5) and thenmesf] as frequent (0.25R<0.5).
The behavioral budget for this species showed tkeelgminance of activities characterized by oppastin
feeding (61.0%), not opportunistic feeding (4.0%gveling (18.0%) and socializing activities (16)0%
statistical difference was found between the buglgégroups with calves and those without calves.
Twenty-two photo-identified individuals which hatieen recaptured five or more times, were used ltulede
the coefficients of association (CoAs) with maximuatue ranged between 0.14 and 0.77 (mean = 0(028).
The results of permutation tests for non-random@asions, indicate that dolphins associates peetgally with
some individuals and avoids some others. Bottledo$ghins show non-random social behavior in eaticles

and depending on foraging categories
Keywords: Tursiops truncatugphoto-ID, group size, behavior, social structdisd farm, habitat use.

RESUME

Etude préliminaire des interactions entre le grand dauphin (Tursiops truncatus) et les fermes
d'aquacultures de I'Est de la Tunisie :Le présent travail constitue une premiére contigibua I'étude des
interactions entre pisciculture et delphinidés détes tunisiennes. Ce travail a eu lieu précisérdans une
ferme aquacole sise a Teboulba durant la périddatale Mars a Mai 2015. Au total 58 observationt &é
faites et ont permis le recensement de 142 grodpegands dauphin3rsiops truncatus La durée totale des
contacts avedursiopsétait de 1185 min, avec une durée moyenne de m@i2@ 22,12 min). La taille des
groupes variait de 1 a 8individus avec une moyatme,39 + 1,57 dauphins (médiane = 2,0). Les g®upe
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contenant des immatures (nouveau-nés ou/et juggrétaient significativement plus larges que ceanxtenant
uniqguement des adultes. Le protocole de photodfiteatton a permis d’identifier 43 dauphins surdase des
marques naturelles a long terme présentes au ndedeurs nageoires dorsales. Le calcul du taugcdimence
mensuel a permis d’identifier le modéle de résidethes individus observés. 60,47% (n = 26) des itdévont
été considérés comme résidents et le reste sosidénés comme fréquents (n = 17).

L’'analyse du budget comportemental a montré la dantge des activités relatives a l'alimentation oniste
(61,0%), non alimentaire opportuniste (4,0%), legages (18,0%) et les activités socialisantes ¢ajh,0ne
différence statistique a été mise en évidence eesebilans comportementales des groupes incluast d
immatures et ceux n’incluant que des adultes.

Vingt-deux individus photo-identifiés, recapturésccfois ou plus, ont été utilisés pour calcules tmefficients
d'association (CoA) qui atteint une valeur compeisre 0,14 et 0,77 (moyenne = 0,09 + 0,28). Lesltéts des
tests de permutation pour les associations nontoilés indiquent que les dauphins s'associent
préférentiellement a certains individus et en é¥itdautres. Les grands dauphins montrent un caempent
social non aléatoire dans chaque réticule et ectifitmdes catégories de recherche de nourriture

Mots clés: Tursiops truncatuspisciculture photo-identification, taille du gimme; modeéle de résidence, bilan
comportemental, structure sociale.

INTRODUCTION Lampedusa Island (Pace et al. 2006) and in thénort
of Sardinia (Diaz Lépez 2006 a; Diaz Lépez et al.
Bottlenose dolphinTursiops truncatusconsidered as 2001) . Many researches in the Mediterranean Sea
the most present dolphin in the Mediterranean Sediave been leaning to study bottlenose dolphin
(Notarbartolo di Sciara 2002; Astruc 2005), is a behavior next to the off-shore cages (Kemper et al.
coastal species protected under Habitat Directive2003; Diaz Lépez 2009; 2012). However, data remain
(Annex 1) (Dir. Habitat 92/43 CE) and classified i fragmented and disparate for very limited areas.
this region as vulnerable from the Red List IUCN However, in Tunisian waters, this aspect remains
(Bearzi et al. 2012). untreated. The present work is the first contritutio
This species is well known for its (i) foods-web study the interaction between bottlenose dolphith an
effects on fishery yields also called prey depletio fish farms in Tunisia.Thus, the goal of this
(Coll et al. 2007), (i) interactions with fishing investigation is to describe bottlenose dolphins
activities and depredation (Bearzi et al. 2001nJaii behaviour and social dynamics near to fish farm
et al. 2001) ; and (iii) interaction with aquacmé¢  based in group composition, habitat use, social
facilities (Diaz Lopez et al. 2001; Mitra et al.(Q ). structure and budget behaviour. The social dynamic
Interactions between cetaceans and fisheries arefa population plays a key role in many aspecissof
probably as old as the first human attempts tohcatc ecology and biology: it affects the genetic make-up
fish with a net (Bearzi 2002). Fishery can affect how diseases spread, and how animals benefit from
negatively cetacean conservation in three waystheir environment (Lusseau et al. 2005). Invesigat
accidental mortality, direct killing, depletion of the social dynamics, as well as behaviour, is an
cetacean prey resources etc. On another siddmportant factor for the management and the
cetacean can also affect heavily the fisheriesutijfito  conservation of bottlenose dolphin (Sutherland 3998
damage to fishing gear; reduction of the size or
quality of the catch; reduction of the amount ouea MATERIAL AND METHODS
of the catch; lower income; a real or perceived
ecological competition with cetaceans (Bearzi 2002) FIELD METHODS
Bottlenose dolphin visits to aquaculture faciktim This study was carried out from March to May 2015
the Mediterranean appear to be occurring within the eastern coast of Monastir, Tunidiag(re 1),
increasing frequency, probably owing to the rapid near to the off-shore marine fish farm for rearssg
expansion of fish farming in coastal waters (Reates bass Dicentrarchus labrax and gilthead sea bream
al. 2001; Karakassis, Pitta & Krom, 2005) and te th (Sparus auratp The area of fish farm was around
opportunistic behaviour of the dolphins. Increased125 hecta containing 24 cages located at depti® of 3
nutrient levels, complex substrate and provision ofto 36 meters and have a diameter of 22 meters. The
fish-feed in the proximity of the cages triggerpinic nets used are antifouling nets with a mesh siz8, of
enrichment and can attract potential bottlenosel?2, 15, 18 and 20 mm depending of fish size. The
dolphin prey. Bottlenose dolphins have beencages are located in the same area and were part of
regularly observed visiting fish farm cages in shar the same reticle. Total cages were arranged in for
of prey in several coastal areas in the Mediteaane reticules A, B, C and B+g.1).
such as in Cyprus waters (Bearzi 2002), around
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Figure 1: Map of the study area including the arrangeméotges

The feed distribution and maintenance operations ofndividuals estimated to be longer than 2.5 m or
the cages are made daily depending on weathecalves when body size is less than the length of an
conditions. Hence the presence of the feedadult (Diaz Lépez 2006b). A dolphin having a higher
distribution boat and other facilities do not affec degree of scarring, through intraspecific intei@tsi
either the bottlenose dolphins group formation orwas determined as “probable males” (Tolley et al.
their behavior. Dolphins were sampled from a boat1995). If calf was sighted in close proximity of a
during daily surveys (Blasi & Boitani 2012). Surgey particular adult more than twice, this adult was
were conducted in the morning in good light classified as a ‘probable female’ (Barnes 201 1jhdf
conditions and calm waters (sea state based odolphin genital area was seen, a definite distmcti

Beaufort scale less than 3). could be made. Under water observations help in sex
determination by direct observation of the genital
GROUP FORMATION slits. According to Diaz Lépez & Shirai (2008), sl

We define a group as one or more dolphins observedvere identified by a gap between the uro-genitial sl
in the study area at the same time and involvedtién and the anus, lack of mammary slits, or observation
same activities, allowing us to detect social of an erection. Females were identified by
association. Group size and composition wereobservation of mammary slits.

assessed visuallyn situ and data were verified later Individuals observed were photographed using a
with photographs and video taken during eachdigital camera Canon EOS 70D equipped with 18-55
sighting. Attempts were made to: mm and 75-300 mm telephoto zoom lens. Video
(i) photograph the dorsal fin with at least 5 piej  recordings were madga GoPro Hero4. Group sizes
in the same sighting, for each individual obserired variation was tested using a non parametric Kruskal
the groups excluding unmarked individuals, Wallis-test to assess the monthly difference ofugro
(i) choose only good quality photographs with the sizes. Composition fluctuations in-group size were
dorsal fin perpendicular to the plane of the tested using a non-parametric Mann-Whitney-U-test
photograph and dorsal fin broad enough to identifyto evaluate the difference between group sizes in
surely the individual, presence and absence of calves. Statistical
(i) identify individual based on presence of mark significance was tested at the< 0.05 level.

and notches, location and size of these two type of

marks on the trailing edge of the dorsal fin and IDENTIFYING INDIVIDUAL DOLPHINS FROM
directly behind the dorsal fin. Dolphins without PHOTOGRAPHS

marks are considered as unmarked individual and ar8est photographs taken of every dolphin in each
excluded from the social analysis to minimize encounter were selected and matched with a
recognition bias. catalogue of identified individuals. According to
Since that the exact age of individuals could n®t b Wilson et al. (1999), all of the type’s marks aszd
determined, individuals were assigned according toto identify individuals. If a match was not fourttie
their body size to one of two age classes: adutisnv  un-matched individual was given a unique
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identification code (T#) and added to the cataloguethe number of sightings that included dolphifbut
Identifications and details relating to group not dolphina. The coefficients of association (COA)
companionship, such as sighting period, locatiash an is ranging from zero to one, with zero representin

depth were recorded on a database. two animals never seen together, and one
representing two animals never seen apart. We
BEHAVIORAL SAMPLING AND MEASURES plotted the HWI in the different feeding categoffies

One of the main objectives of this study was theeach dyad against each other to determine whether
determination of the behavioral budgets of thestrength of association differed between both fegdi
bottlenose dolphins in order to assess the pemfent behavioral categories. We used a permutation test t
time that animals spent in different behavioratesta test for nonrandom associations for all data combin
According to (Weaver 1987) and (Bearzi 2005) aagainst the null hypotheses that dolphins associate
behavioral state is defined as a broad category ofandomly with one another. The same test was used
activities that integrates a number of individual to test for nonrandom associations in each retafes
behavior patterns into a recognizable pattern. Wefor nonrandom associations in each of the feeding
divided the observed behaviors into "Travelling", activities. The observed association matrix was
"Socializing", "Foraging" and "indeterminate" (Diaz randomized 3,000 times with 1000 trials per
Lépez & Shirai 2010). According to Diaz Lopez permutation for each analysis. Associations were
(2006a), we stratified the foraging groups into two permuted within daily sampling intervals to remove
exclusive categories: (i) opportunistic feeding whe possible demographic effects. The sociogram
the dolphins were engaged in feeding activitiesnfro facilitated a presentation of individual associatio
the fish farm, (ii) not opportunistic feedinghen the  data such that it was possible to assess the social
dolphins were engaged in feeding activities fathef  structure of dolphins identified during each yeér o
fish farm. In opportunistic feeding category sibsu study. In the sociogram, dolphins are represehyed
feeding categories can be observed and are dedcribeaumbers around the perimeter of the diagram. The
in Diaz Loépez (2006a). Behavioral data were thickness of the adjoining lines within the diagram
collected using focal group continuous samplingrepresents the strength of associations between
(Mann 1999). As mentioned by Hanson & Defran individuals.
(1993), the main activity of focal groups was
recorded every 3 min intervals, which is consideredRESULTS
as adequate time allowing both observation and
recording of dolphin behavior. The frequency ofsub SURVEY EFFORT
opportunistic foraging strategies observed wasDuring three months of study, 58 sightings were
compared to that expected if they occurred randomlyrecorded; 28 were surface encounters and 30
A Chi-square test was used to test for equalunderwater. During these, 142 groups of bottlenose
distribution of sub-opportunistic foraging straeg)i dolphins around the fish farm area were sightea Th
between observed and expected values (Diaz Lopettal time spent in the presence of dolphins wa511
2006a). The variation of group sizes was testedgusi min, with a mean sightings duration of 18.29 + 22.1
a nonparametric Kruskal-Wallis-test to assess bothmin.
the difference on group sizes.

GROUP FORMATION
SOCIAL ORGANIZATION 142 dolphins schools were photographed during the
The animals photographed in the same group andotal encounters. The group sizes of bottlenose
having the same foraging category were considerediolphins is ranged from 1 to 8, with a mean size of
associated. The Coefficient of Association (CoA) 2.39 + 1.57, median = 2.0 (SE=0.13). The most
illustrate the thickness of the Coefficient of frequently encountered group sizes contained a
Association (CoA) between dolphins gathered in thesolitary individual in 35% of cases followed by dga
same pod. We used the Half-Weight Index (HWI) asand triplets with 25% and 15% of encountered group

a measure of the CoA sizes, respectivelyF{g. 2).
The schools group sizes seemed to increase with the
HWI = 2N/ (Na+ Nb) progression of the study period, but the Kruskal-

Where N is the number of sightings that included Wallis-Test shows that no significant differences i
both dolphinsa andb, Na,is the number of sightings group sizes between months (d.f. =2; H=1.69; p =
that included dolphira but not dolphin b, andb is
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Figure 2: Frequency distribution graph of the bottlenose greiaes

0.443). From142 encounters recorded, 17.61% of thdoraging activities (65%%x= 15:04+12:24min) where
analyzed groups (n=25) have at least one immaturefeeding on fish farm is predominant (61%:=
Calves were sighted in all survey months. Groupsl4:19+12:17min) and only 4% of its time are devoted
containing calvesxE3.82+ 1.60) were significantly to not opportunisticactivities &= 21:17+13:33min).
larger than groups without calve=@.08+ 1.39) A Kruskal-Wallis-Test showed a significant

(Mann-Whitney-U-test, P <0.001). differences in feeding activities (d.f. = 1; H =.22; p
< 0.001). Inopportunistic feedingactivities, 4 sub-

BOTTLENOSE DOLPHINS FISH FARM categories were mostly notedrig. 4). Some sub-

FIDELITY AND HABITAT USE categories are seen more than others &mecitcling

Forty-three bottlenose dolphins including adultsl an cage are mostly sulepportunistic feedingategories
calves were photographically identified during the observed (44%) followed by "feeding rush"(25%).
study period. Each of them was seen at varying'Feeding during fish farm operations" (13%) and
frequencies up to a maximum of 31 times=( "carrousel swimming" (19%) are less observed. The
8.2815:89). We succeed to determine the age of 36requency of the different sub-feeding strategies w
adults and 4 calves, whereas 3 individuals arenot expected by chance or random (Chi-Square
remained with indeterminate age. 9 dolphins weretest=689.76, df = 5p< 0.01).

positively identified as males by lack of assoo@ati The mean group size of dolphin encountered near to
with a calf or observation of their genital sli@nly fish farm is compared with group size of bottlenose
one dolphin was identified as female based on thedolphin inhabiting far from the fish farm. 92 graup
observation of genital and mammary slits. 36 encountered are involved in feeding activities vlith
individuals (83.72%) of the animals archived groups foraging near the fish far=@.08+ 1.2) and
exhibited dorsal marks and are archived in photo-the rest foraging in offshorex£2.10+1.57). A

identification catalog. Kruskal-Wallis-Test showed a significant differeace
in group sizes foraging categories (d.f. = 1; H.#73
BEHAVIOURAL SAMPLING AND MESURES p = 0.05).

In order to being able to analyze how bottlenose

dolphin use the fish farm over time, the overall SOCIAL ORGANISATION

behavioral budget was representedrigure 3. The  The coefficient of association index was calculated
encountered bottlenose dolphins observed sharing itonly for the adult dolphins seen more than fiveetsm
time between socializing (16%3= 18:05+11:34min) 3000 random permutations were run and compared to
and traveling (18%;x=15:40+£13:07min) activities.

The remain of behavior budget is dedicated to
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Figure 4: Distribution of bottlenose dolphin sub-opportiitistrategies observed during the study period

the real data, the value of the SD was 0.99, companionships to be preferred or avoided, and it i
indicating that the real data were significantly not in any case haphazard (Tab. I). Likewise the
different from random. The mean coefficient of association analysis per feeding categories igrmiff
association was found to be significantly highearnth from random. The standard deviations of the real
the observed mean (random permujgg= 0.00006, association indexes were significantly larger tf@an
real nean = 0.18), this suggest that the observedthe random permuted data (p<0.001, Tab. II). All
individuals show preference or avoidance associations depending on feeding categories can be
associations tendency. In addition, the reel stahda seen in the sociogram (Fig. 5). It showed individua
deviation was found to be higher than the random on seen together and having the same feeding catsgorie
(SDreas = 0.21 versus SBRgem = 0.00007). The In terms of feeding aggregations; non opportunistic
distribution of CoAs for all individuals was clegrl Individuals (n=12) seem to have a stronger
skewed towards lower values with many of the association than their opportunistic equals (n=22).
sampled animals showing no association at all.addition the 12 aforementioned individuals (tho$e o
Coefficients of association index was ranged from Oopportunistic feeding) have also been seen aggrdgat
to 1.00, with mean of 0.09 (x 0.28). The maximum for opportunistic feeding behavior. These results
CoAs was ranged from 0.14 to 0.77. could explain the fusion-fission structure in this
Associations analysis of individuals, observed perbottlenose dolphin population, which is also
reticles, showed that individuals choose theirinfluenced by prey abundance around the fish farm.
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Table I: Individuals associations analysis per reticles

Reticles Reticle A Reticle B Reticle C Reticle E

Mean Real Random Real Random Real | Random Real Randoni
0.09797 0.00003| 0.08831 0.0000 0.08881 0.00403 88681 0.00003

3
S.D 0.21316 0.00007| 0.22672 0.00008 0.22¢672  0.00008 26@2| 0.00008
CV 2.17569 0.00073| 2.55284 0.0008p  2.55284  0.00085 5284 0.00085

Table 1l: Real and random data of half-weight indexes (HVEtspss the two feeding categories
Feeding categories Real Random P value
Mean SD Mean SD

Opportunistic 0.07099 0.12449 0.00002 0.00004 < 0.000
Not opportunistic 0.22172 0.32271 0.00007 0.00011 < 0.000
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Figure 5: Sociogram of bottlenose dolphins off Northeast#riunisia duringopportunisticandnot
opportunisticfeeding activities.

DISCUSSION basis, while others were presented less often. The
repeated observations of marked and unmarked
Interactions between fisheries and bottlenoseindividuals around cages suggest individual habitat
dolphins have been frequently reported and involveduse and preference for this area. The knowledge of
for almost all existing fishing gears, but their habitat use is necessary for defining boundaries to
interaction with marine fish farm have never beensuch areas and for understanding how these areas ar
studied in Tunisia. This study contributes to imro  used by the bottlenose dolphins.
the knowledge on the bottlenose dolphin’s intecacti Group size of bottlenose dolphins encountered én th
with marine fish farm, in the eastern Tunisian ¢eas study area is smaller than those observed duriag th
by studying demography, behaviour and socialprospecting survey of the National Institute of
structure pattern. Owing that this is the firstuttson ~ Sciences and Technologies of the Sea in 2003, where
the interactions between bottlenose dolphins andhe group size was constituted by groups of 1 to 8
aquaculture activities in Tunisia, we will compang with an average group size equal to 5 individuals
results with other site case studies. (Ben Naceur et al. 2004). The smaller mean group
By examining the results of this study, it is cléaat  size was also observed in the North-eastern of
the presence of bottlenose dolphins is regulahén t Sardinia (Diaz Lopez, 2006b; 2008; 2012) where the
fish farm area during the study period. Somemain average group size was recorded in 2006
individuals interacted with the fish farm on a regu ~ (X=4.35%0.37, Median=4). Therefore, group size was
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influenced by the presence of calves, in fact gsoup Anonymous reviewers and the editor made valuable
tending to be larger when individuals of this age comments, allowing me to improve the text, | thank
classes were present. The influence of calvesaogr them all.

size have been reported for several areas, as the
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