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Abstract

Biopsy sampling is an effective technique to cdlleetacean skin and blubber samples for
various biological studies. However, determining timpact of this research practice is
important, as impact may vary among sites, spemielsgear used. We examined the short-
term behavioural reactions of four small (160-278 ia length) delphinid specieSténella
longirostris, Stenella attenuata, Tursiops aduncus and Peponocephala electra) to remote
biopsy sampling around the island of Mayotte°g2S, 4510'E, SW Indian Ocean). Two
scales of behavioural reactions were considerethelbehavioural reaction of the individual,
and 2- the reaction of the focal group to which tdngeted individual belonged. Three main
categories of behavioural responses were definddebasis of the character and duration of
behavioural response: low, moderate and strong 3inidy underlines that biopsy sampling
induces moderate reactions of individuals. No wsgecific variations of responses, at the
scale of individuals or focal groups, were obseniadther words, smaller delphinids were
not more reactive than larger ones. No effect oligrsize was observed on the strength of
behavioural reactions. However, it was clear thapsy success during sampling sessions
was higher in species with large group size. Fnail the spinner dolphinS( longirostris),

we investigated whether initial behavioural staffieced the level of reaction. Resting and
socialising groups showed a stronger responserthiing and travelling groups. This study
confirms the limited impact of remote biopsy samglin small delphinids, especially in the
spinner dolphin. However, as a precautionary aggroa situations where it is possible,
biopsy sampling of milling and travelling dolphimgay be preferred.

Keywords: animal welfare, delphinids, group reactions, imtinal reactions, Indo-Pacific
bottlenose dolphin, melon-headed whale, pantrogieatted dolphin, spinner dolphin, remote

biopsy sampling.



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Effect of biopsy sampling on small delphinids

Introduction

In wildlife studies, some invasive techniques mayused to collect biological samples to
answer a variety of questions which may be of paldr relevance for management and
conservation purposes. It is critical that the iotpE such research practices is quantitatively
assessed and managed, as the process of samplgionlinay negatively impact individuals
and/or populations over a range of scales (e.griey, individual stress, individual/group
displacement, change of behaviour, etc.).

The use of skin and blubber biopsy samples from-femging cetaceans is a widespread and
powerful technique to answer many questions, inoigopulation genetics (stock identity,
social organization, population size, phylopatenetic connectivity, Amos & Hoelzel 1990;
Bérubéet al 1998), feeding ecology and trophic relationshipma stable isotope and fatty
acid analyses (Hermaat al 2005; de Stephanit al 2008; Grosst al 2009), and pollutant
analysis (Godardt al 2004). In order to collect samples, modified cbosgs, rifles and hand
held biopsy poles have been used, both for largesamall cetaceans, including delphinids
(Weinrichet al 1991; Barrett-Lennaret al 1996; Kritzeret al 2002; Bilgmannret al 2007).
The behavioural effect of biopsy sampling has beeestigated in large whales, such as right
whales Eubalaena glacialis andE. australis, Brownet al 1991; Beskt al 2005), humpback
whales Megaptera novaeangliae, Weinrichet al 1991; Clapham & Mattila 1993), other large
balaenopterid whales (Gauthier & Sears 1999), afohthids such as short-beaked common
(Delphinus delphis, Bearzi 2000), bottlenose dolphifiu¢siops spp., Kritzenet al 2002,
Bilgmann et al 2007; Gorgoneet al 2008) and Indo-Pacific humpback dolphiSosa
chinensis, Jefferson & Hung 2008).

The International Whaling Commission considers syopampling to be acceptable, since no

long-term effects (change of behaviour) have bdewa on individuals and populations
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(International Whaling Commission 1991). Levelsshbrt-term reactions to biopsy sampling
could potentially vary among species, populationd @dividuals. However, for both small
and large cetaceans, the behavioural impact ofspisampling is generally considered to be
low. Responses from the animals can be typifiedeastions to a noxious stimulus of brief
duration and low-to-moderate amplitude (Weinrettal 1992; Beskt al 2005; Bilgmannret

al 2007; Jefferson & Hung 2008). In small cetaceansase of death has been reported in a
short-beaked common dolphin, underlining that rermbpsy sampling is not without risk
(Bearzi 2000). Consequently, the use of less ineasampling techniques may be preferred.
Other methods include skin swabbing and faecal BaghgHarlin et al 1999; Parsonst al
1999). However, these techniques provide a limatedunt of material, and DNA may not be
of sufficient quality to undertake multiple markeasalyses and other analyses (such as
pollutant analyses, for example). Biopsy samplsigenerally preferred for molecular genetic
studies (Parsonat al 2003) and other analyses such as those of stadti@pes (Groset al
2009). In addition, the use of remote techniquesgia gun or a crossbow, is more effective
than a pole system for studies of population stinecnd parentage because animals can be
sampled even if they do not bowride. Remote samgplatso allows the individual
identification of targeted dolphins (Bilgmamhal 2007). Proper identification of bowriding
animals is generally not possible (good photogiapudie).

The objective of this study is to characterize stenm reactions of four small delphinid
species to remote biopsy sampling: the spinnerhdol(Stenella longirostris, 160-208 cm),
the pantropical spotted dolphirBiénella attenuata, 160-260 cm), one of the smallest
delphinids, the Indo-Pacific bottlenose dolphifursiops aduncus, 230-270 cm) and the
melon-headed whalePéponocephala electra, 240-278 cm), one of the least known
delphinids. This study provides, to the best of kmowledge, the first information on the

effect of biopsy sampling on these species.



99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123
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In order to collect skin and blubber samples fabk isotope, genetic and histopathological
investigations, remote biopsy sampling was condufttam December 2004 to October 2008.
Levels of behavioural reactions were recorded ai tifferent scales: 1- the individual
reaction of the sampled dolphin and 2- the behamiowaction of the focal group to which
the targeted animal belonged. The latter compooktite study has not been investigated in
previous studies for any other cetacean, as fareagre aware, and allows understanding the
impact of remote biopsy sampling at a broader sdade groups and not only targeted

individuals.

Materials and methods

Study area

The island of Mayotte (45°10’E, 12°50’S), which part of the Comoros archipelago, is
located in the northern Mozambique Channel (weskedian Ocean) between Madagascar
and Southeast Africa (Figure 1). Its surface as€76 kni. This territory is composed of two
main islands: the main inhabited island, on the @ad on the barrier reef, a smaller inhabited
island. The other islands are small islets dispatdl over the lagoon. The island of Mayotte
is characterized by the presence of high marine mmalndiversity (22 species including 12
delphinids; Kiszkaet al 2007). The most common species are the spinngrhugl the
pantropical spotted dolphin, the Indo-Pacific ttdse dolphin and the melon-headed whale;

these are resident year-round (Kisgkal 2007).

Biopsy collection
From December 2004 to September 2008, small-basebeetacean surveys were conducted
throughout the year in Mayotte waters in sea coyt not exceeding Beaufort 3.

Observation effort concentrated mostly on the lagaond over the insular slope in adjacent



124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148
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waters of the barrier reef. Biopsy attempts weralenapportunistically, when groups and
individuals were easily approachable and when d¢mmdi were optimal (Beaufort < 2,
dolphins closely approaching the boat). Optimal tivelaconditions allowed stability of the
research boat and better chances to sample thalansoccessfully and safely. Several types
of boats were used: a 7-m catamaran equipped wahfour-stroke, 60-hp outboard engines;
a 7-m mono hull boat equipped with two, two-strok@shp outboard engines; a 6.4-m cabin
cruiser equipped with one, four-stroke, and 150etboard engine; and a 10.8-m cabin
cruiser equipped with two, four-stroke, 115-hp @atll engines. Biopsies were collected by
using a crossbow (BARNETT Veloci-Speed® Class, §8dkaw weight) with Finn Larsen
(Ceta-Dart, Copenhagen, Denmark) bolts and tipst @&mm long, 5-mm-diameter). A
conical plastic stopper caused the bolt to reboafter the impact with the dolphin. The
dolphins were hit below the dorsal fin when suffidly close (3-10 m) to the research boat.
Focal groups/individuals were approached under pavspeeds of 1-4 knots. Blubber and
skin biopsy samples were preserved individually99% ethanol before shipping and
subsequent analysis. Biopsy sampling was conducieder French scientific permit
#78/DAF/2004 (September 10, 2004) and permit #0BE/MBEF/2008 (May 16, 2008) after

examination of the project by Conseil National detéction de la Nature.

Behavioural observations

During biopsy sampling sessions, an observer recblethavioural reactions of dolphins at
two different scales: the targeted individual ahe focal group with which the targeted
individual was associated. The focal group wasngefias a group of dolphins engaged in the
same activity and travelling in the same directiShane 1990). Three levels of behavioural
reaction were defined for individuals and focalugs. These reactions followed Hooleeal

(2000) and were adapted for the species investigatthis study:
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1. No reaction: the individual and focal group coné@duo show the same behaviour as
before the biopsy attempt;

2. Moderate reaction: the individual or the focal grauodified its behaviour but gave
no prolonged (>5 min) evidence of behavioural disance; reactions included e.g.
acceleration, twitch and immediate dive and simphenediate dive. A dive was
considered as a behavioural response to biopsylsanwhen it lasted more than 5
minutes;

3. Strong reaction: the individual or the focal groomdified its behaviour in a
succession of percussive behaviours (strong andt-kyed reactions), including
escape from the research boat of the individuainarfocal group (leaping, breaches,

tail slaps).

Data analysis

We investigated the occurrence (events and theipgstions) of reactions described above
and factors responsible for the variability of t&@ts (group size, species, activity), at the
scale of hit/targeted individuals as well as fogedups. Group size was defined prior to
biopsy sampling as the number of animals at thé&asarwithin five body lengths of each
other (Smolkeret al 1992). The estimates of group size were more agighfor spinner
dolphins, pantropical spotted dolphins and meloadiee whales, as group size for these
species was important (mostly > 50 individuals)tdbmining absolute group size was not
possible for large groups of delphinids. The premhamt behaviour was recorded as the
activity displayed by the majority of the animalstbe group during the first 10 minutes.
These data were collected during scan samplingeotoup (Mann 1999) using six different
behavioural categories: travelling, milling, regtirieeding/foraging, playing and socializing

(Shane 1990).
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Analysis of individual behavioural reactions weradentiated when the animal was missed
(the bolt did not reach the animal) or hit. An widual is considered as hit when the bolt
reached the body. There was no differentiation betwbiopsy hit providing or not providing
a sample. We tested how group size may affect ichd@al behavioural reactions, especially
for the most frequently sampled species, the spimiodphin. For this species, we also
investigated the effect of initial behavioural stain the levels of reaction and the long term
effect of biopsy sampling. In this later case, wpdthesised that avoidance behaviour would
increase across the study period. Significanceh®f increase has been tested using a
Pearson’s correlation. For comparisons, Fisher texasts, Kruskal Wallis tests and
contingency table analyses were performed using.J®M2 (R Development Core Team,

2009).

Results

Biopsy sampling was undertaken from December 20eptember 2008 (n = 271 attempts,
n = 193 samples). Four species (spinner dolphintrppical spotted dolphin, melon-headed
whale and Indo-Pacific bottlenose dolphin) congtitiu96% of the biopsies sampled (n = 259
attempts, n = 181 samples). Other species incltiieéraser’s dolphin_égenodel phis hosei,

n = 7), the common bottlenose dolphifiusiops truncatus, n = 2), the Indo-Pacific
humpback dolphin (n = 2) and the short-finned piitiale Globicephala macrorhynchus, n

= 1), but this data was not been included in thigl\s We used three types of vessels to
undertake biopsy sampling, but no significant défeces of individual behavioural reactions
were found between boat types (all species combjied3.7,df = 6;P = 0.391).

Among the four species, no significant inter-speailifferences in reactions were recorded,

both at the scales of individuals (Fisher exadt s 0.9) and groups?(= 0.643). Sampling
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success (a hit) varied between species from 68% (Table 1). On 34 occasions overall, the
hit was successful but no sample was retained enhilbpsy tip. Individual behavioural
reactions to remote biopsy sampling were recorde@%? occasions (180 hits, 72 misses),
while focal group behavioural reactions were reedrdn 271 occasions (193 hits, 78 misses).
There were no statistical differences between iddal behavioural reactions between biopsy
hits and misses (all species combined, Fisher dgatP = 0.068). Similarly, at the scale of
focal groups, no significant differences betweeapby hits and misses were found (all
species combined, KW test;= 0.702;df = 1; P = 0.402).

At the individual scale, 94% of individual react®owere moderate, i.e. twitch and immediate
dive, and simple immediate dive (Figure 2, Table Sfyong reactions (tail slap, leaping,
successive breaches and escape) only represented [28havioural responses of individual
dolphins. Escape and leaping was only observegiimer and spotted dolphins. Increase of
speed was observed once in a bottlenose dolphupdiable 2).

Group behavioural reactions were frequent (54%aofiding sessions), with dive being the
commonest moderate reaction (45%, Figure 3, Tabl8tlong reactions of focal groups were
rare, representing only 4% of responses. Thesengstreactions consisted of increased
swimming speed or escape (Table 2, Figures 2 and 3)

We did not find any correlation between group sire behavioural reactions (Fisher exact
test;P = 0.431). However, there is a clear relationshépMeen the mean specific group size
and the mean number of biopsies collected per Bispssion (Table 1). The average number
of biopsies collected during each session was omeedt for the Indo-Pacific bottlenose
dolphin, which had the lowest mean group size (@4l

On six occasions, hit dolphins were observed balwmg just after being sampled (fresh
wound of the biopsy hit observed below the dorsabf in adjacent areas). These cases were

observed in the pantropical spotted dolphin (nevénts), spinner dolphin (n = 2) and Indo-
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Pacific bottlenose dolphin (n = 2). During samplgegsions, significant signs of avoidance of
the research vessel by groups were observed orodeasions: in spinner dolphins (n = 2,
after one and four biopsy attempts) and in melaadbd whales (n = 2, after one and six
biopsy attempts).

We hypothesized that group reactions to biopsy sagqgvould differ according to activity
(milling/travelling, resting, socializing, and plag). We tested this for spinner dolphins, as
the dataset for that species was the largest. thstatal difference was found between group
reactions and initial behavioural states in whipmser dolphin groups were engaged (Fisher
exact testP = 0.041). Spinner dolphins predominantly showexiranger response to biopsy
sampling when resting and socialising. When millamgl travelling, reactions were moderate.
We did not observe changes of dolphin reactionsréase of avoidance behaviour) to the
research vessel prior to biopsy sampling over thdysperiod (nearly four years; Pearson’s

correlationy = 0.324,P > 0.05).

Discussion

In this study, we observed behavioural reactionfoof delphinid species to remote biopsy
sampling. The biopsy success reached 65-78%, whidonsistent with previous studies.
This was mostly due to the high accessibility af targeted species. They generally came
close to the research vessel, especially dolphinheogenusenella, often coming to ride
waves created by the bow of the boat. No significater-species differences were found in
reactions to remote biopsy sampling. Indeed, thallsst species (spinner and pantropical
spotted dolphins) did not have a higher occurresfcenoderate reactions than larger ones
(Indo-Pacific bottlenose dolphin and melon-headdthle), as might have been expected.

However, the strongest reactions, such as breasteesscape, occurred (but were very rare).

10
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Such extreme reactions were only observed in thallemspecies, especially spinner and
pantropical spotted dolphins. However, due to theals sample size for Indo-Pacific
bottlenose dolphins and melon-headed whales, wenoaexclude that these species could
also react strongly, like spinner and spotted dakpho.

The mean number of biopsies per session was griestepecies with a larger mean group
size, i.e. melon-headed whales, spinner and paoaloppotted dolphins. In larger groups,
animals are more accessible for biopsying, as therenore individuals to choose from. This
is likely to be not just a function of the behaviar the group reaction, but also because of
the higher number of individuals.

Despite the fact that we used three different tygfelsoats, no differences in reactions were
found among boats. These differences have beemuated in other studies, with generally
stronger reactions when smaller boats were usdgni@nnet al 2007). However, in this later
study, sampling was done on bowriding dolphins, @redboat types and length differed to a
much larger extent than in the study presented here

Delphinids around Mayotte exhibited short-term hébaral reactions to biopsy attempts,
characterized by acceleration, twitch and immediiate and simple immediate dive. Strong
reactions to biopsy sampling were previously reedrdn common bottlenose dolphins
(Parsonset al 2003). Conversely, reactions of common bottlendskphins appear to be
minimal in other areas such as in eastern US (Gargbal 2008). Dolphins of all species
sampled react in a similar fashion to biopsy hitgl anisses. This has been previously
documented for other species such as the Indoi®&cimpback dolphin (Jefferson & Kung
2008), meaning that the hit of the bolt on the whtes a significant effect on the reactions of
dolphins at the proximity of the impact. In the dtupresented here, focal groups were
frequently impacted by biopsy sampling, meaning tlkeanote biopsy sampling does have a

broader effect on small cetaceans, i.e. on adjacentiduals belonging to the group. This

11
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effect was also greater on species constitutingllsgraups, i.e. Indo-Pacific bottlenose
dolphins, as the biopsy success decreased durmglisg sessions for such species. The
group behavioural reactions of spinner and panted@potted dolphins were relatively low,
apparently because they formed larger aggregatidmsever, results underlined that there is
a variability of reactions according to initial lzetoural state. Indeed, for the spinner dolphin,
we observed that the animals had stronger reactmrasmote biopsy sampling when resting
and socialising. When milling and travelling, reacs were more moderate. This suggests
that remote biopsy sampling should be preferablydaoted during travelling and milling

activities.

Animal welfare implications

Overall, conducting remote biopsy sampling is dffecon small delphinids and induces a
limited short-term (less than 5 minutes) behaviburgact on hit and missed individuals,
including in the smallest delphinid species (esmfcidolphins of the genu§&enella).
However, we observed that biopsy sampling doeonlytimpact hit individuals, but groups
to which the targeted individual belongs. No loegat effect of biopsy sampling was
observed, such as an increase of avoidance ofebearch vessel of the animals. This
confirms that the method has no long term impact tbe@ animals. However, as a
precautionary approach, our findings suggest thapdy sampling may preferably be
conducted when the animals are milling or travgllilowever, it is critical to reconsider

practicing biopsy sampling to answer scientific gfigns.
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Table 1: Number of attempts, biopsy samples catbend sampling success in delphinids

sampled around the island of Mayotte from Decer2bé# to September 2008.

Number of Mean arou Average n
n attempts n samples % success biopsy siz% P biopsies/
Species sessions session
Stenella longirostris 137 96 70 30 70.5 3.2
Stenella attenuata 77 50 65 20 78.5 25
Peponocephala electra 23 18 78 5 310 3.6
Tursiops aduncus 22 17 77 15 6.3 11

Table 2: Individual and focal group behaviouralcteans of Senella longirostris, Senella
attenuata, Peponocephala electra andTursiops aduncus to remote biopsy sampling (numbers

represents events).

Senellalongirostris  Senellaattenuata Peponocephala electra  Tursiops aduncus

Individual reactions

Twitch and dive 83 21 8 10
Successive breaches 1 1 0 0
Tail slap 2 0 0 0
Escape (leaping) 1 0 0 0
No reactiol 1 0 0 0

Group behavioural reactions

Dive 41 19 7 9
Increase swimming speed 2 0 0 0
Escape 1 1 0 1
No reactiol 40 28 10 6
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Figure captions

Figure 1: Location and map of the study area.

Figure 2: Individual behavioural reactions of detptis (Senella longirostris, Senella
attenuata, Tursiops aduncus andPeponocephala electra) to a biopsy hit or miss.

Figure 3: Focal group behavioural reactions of kiglipls &enella longirostris, Senella

attenuata, Tursiops aduncus andPeponocephala electra) to a biopsy hit or miss.
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