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ABSTRACT: Dietary studies in marine mammals areditranally performed by

stomach contents analyses, which may be insuftiderdetermine long-term dietary
preferences of these upper-level predators. Thagpyi objective of this study was to
test the efficiency of trace metal measurementsamplementary tools in dietary
studies. Variations in cadmium (Cd) exposure thiotlge diet and its effective renal
levels in the short-beaked common dolplielphinus delphisvere investigated to

study the long-term feeding ecology of this predatdhe neritic and oceanic waters of
the Bay of Biscay. Based upon previous stomachetstanalyses, the main prey
occurring in the diet of common dolphins were asaty/for their Cd contents. Results
showed that cephalopods, and especially oceanicc@ids and Histioteuthids,

constituted a major source of Cd for common dolphiastimated Cd intake would
-1
therefore be 12 times higher in oceanic common hdofp (1400 + 65 pg day

compared to neritic ones (120 = 30 ug_(ll)aybxccumulation of renal Cd concentrations
with age was 5 times higher in by-caught oceanilpidos than neritic ones (p <
0.0001). At the neritic area scale, renal Cd acdatimn rate was 2 times more
important in by-caught individuals compared to mtiiags (p = 0.002). Thus, the use of
Cd concentrations in by-caught individuals congtiduan efficient complementary tool
to assess the existence of dietary segregationebatweritic and oceanic common
dolphins from the Bay of Biscay. On the contratye tuse of Cd data in stranded

animals to infer about their feeding ecology wolitve to be considered cautiously.
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INTRODUCTION

The short-beaked common dolphelphinus delphiss generally considered to be the
most common small cetacean inhabiting the tempesatiers of the north eastern
Atlantic. Indeed, its distribution covers a largea which extends from about 35°N to
60°N, with most sightings off south western Englaswlthern Ireland, Brittany, and in
the Bay of Biscay (Forcada et al. 1990, Evans 18@4nmond et al. 1995). No overall
population data are available, but the MICMesure de I'lmpact des Captures
Accessoires1993) and SCANSSmall Cetacean Abundance in the North and adjacent
Seas 1994) surveys provided an estimate for the sumpeeiod of about 120 000
individuals in the Celtic Sea and south west of @irea, from 6 to 20°W and 43 to 51°N
(Goujon 1996). The short-beaked common dolphin jgekagic species that mainly
occurs over the continental shelf, notably aroure 100-200m depth contour, or over
areas with prominent underwater topographic feat(Erans 1982). The presence of
this species in offshore waters has also been teghae.g. in northern Scotland (Weir et
al. 2001) and in the northern Pacific Ocean (Fer&rWalker 1995). In the Bay of
Biscay, short-beaked common dolphins show a widgridution since they are
observed both over the continental shelf, the siddfe and in deep oceanic waters
(Forcada et al. 1990, Brereton et al. 1999). Intemg Forcada et al. (1990) suggested a
bimodality in distribution by depth for the Nortlan of the Bay of Biscay and proposed
the occurrence of two different common dolphin dapans in the north-east Atlantic,

one neritic and one oceanic.

Although distributions of cetacean species can nofiee related to physical

oceanographic features such as water depth, itkédylthat prey abundance and



movements are the most important factors in detengi the occurrence and
movements of cetaceans (Gaskin 1982, Evans 198zerS& Payne 1988).
Furthermore, varied diet exhibited by short-beak®inmon dolphins in different
geographic regions (Klinowska 1991, Young & Cockci®94, Santos et al. 1996) has
been taken to imply that they are opportuniste, that their diet is likely to reflect the
fish and cephalopod occurrence in the area wherg thed. Hence, dietary studies
could also be used to monitor the habitat prefereraf these long-lived upper-level
predators. Consequently, if the spatial segregatibrtommon dolphins previously
proposed by Forcada et al. (1990) exists in the &aBiscay, oceanic dolphins may
exhibit different diet composition than neritic anpavithout yet excluding gene flows
between populations. Such dietary differences apeaed to be emphasised since the

neritic and oceanic areas constitute two diffeemusystems.

The present study aimed at comparing dietary pates of common dolphins from
the oceanic and the neritic areas. The “oceaninipéas originated from fishery by-
catch in the deep waters off the Bay of Biscay (®@m1992-1993) while the “neritic”
samples comprised by-caught animals from the cental shelf (winter 2004-2005)
plus stranded animals from the French Atlantic td2601-2003). Some previous
stomach content analyses were carried out on tin@lsa collected from 1992 to 2003
(Pierce et al. 2004). Results showed that thg ppecies present in the stomachs of
stranded and “oceanic” common dolphins were charatic of each habitat. In
addition, “oceanic” common dolphins would consun@etiines more cephalopods than
the “neritic” ones. Although stomach content ana$ysan effectively provide valuable
data about the food consumed, results are likehgflect the diet only on a short time-

scale, i.e. a few days. Such a “snapshot” of tled dan be problematic since these



dietary studies relied on stomach contents fromnsiied and by-caught animals. The
difficulty of ensuring that samples are represeveabf the population is all the more
important for strandings, which can include a higimber of sick animals. Unhealthy
animals may have fed on prey or prey sizes thatalaepresent the diet of the healthy
specimens (Pierce & Boyle 1991). Furthermore, kgkezs could be biased towards
animals feeding on commercially important fish ireas frequented by fishermen
(Santos et al. 2001). Moreover, food preferenceduated by this method can vary with
both season and year (Santos et al. 2004), whicHimwét valuable long-term insights
into dietary preferences. The use of both straratet! by-caught dolphins, combined
with the fact that the “oceanic” sample was cobecbver a limited period (summer
months) compared to the “neritic” one (around tkeary, means that we cannot be sure
that the animals sampled offshore did not movenshare area in other seasons. For
those reasons, additional analytical technique® wequired to provide a longer time-
scale view of a cetacean’s diet and to identifyeptél dietary segregation between

neritic and oceanic common dolphins.

Analyses of the fatty constituents of blubber aridsi@able isotopes of carbon and
nitrogen in tissues have recently received conalerattention since these techniques
may potentially overcome some of the difficultidgtt arise using stomach content
analyses, providing insight into food preferenceg.(Rau et al. 1992, Borobia et al.
1995, Abend & Smith1997, Iverson et al. 1997, Hobsbal. 1997, Guitart et al. 1999,
Dahl & al. 2000, Das et al. 2000a, Walton et alD@0Hooker et al. 2001, Lea et al.
2002, Born et al. 2003). However, the integratidrih@se elements generally occurs
over some weeks in the case of fatty acids in thieder (Thiemann et al. 2003) and 1-2

months for stable isotopes in the muscle (HobsorClark 1992), which remains



insufficient to assess the existence of a long-tdratary segregation between habitat
for these long-lived predators; common dolphinsidgity reaching 20-30 years old
(Ferrero & Walker 1995). Stable isotope analysekard tissues (teeth and bone) can
yet provide information about diet on a much loniyae-scale (e.g. Tieszen et al. 1983,
Hobson 1993) but no hard tissues from the “oceasdehple was available for dietary

analyses.

Thus, the present work explores the utility of &raement measurements to provide
additional information on diet. Some previous stsdiunderlined the potential
efficiency of trace elements to provide long-temsights into both feeding and habitat
preferences of such upper-level predators (e.g.aNadal. 1995, Sanpera et al. 1996,
Monaci et al. 1998, Das et al. 2000a, Dietz e2@00, Kunito et al. 2002, Born et al.
2003, Das et al. 2004a). Indeed, the natural onfitrace elements (Nriagu 1996) has
involved adaptations of marine organisms facingphesence of toxic metals in their
environment. Thus, marine mammals have developpdcd#ées to accumulate high
levels of some of these metals during their lifea@&mann & Muir 1984, Aguilar et al.
1999) with the ability to detoxify them through feifent mechanisms (see reviews by
Cuvin-Aralar & Furness 1991 and Das et al. 2000[)us, the concentrations of
cadmium (Cd) can be particularly elevated in thenkys of marine mammals (Dietz et
al. 1998), in which the biological half-life of Gd more than 10 years for mammals
(Elinder 1982, Stoeppler 1991). Given that the npaEthway of exposure to this metal
for marine mammals is diet (Aguilar et al. 19995 @&hat the major source of Cd is
feeding on cephalopods (Bustamante et al. 19982#00Cd concentrations in the
kidneys of these top predators may constitute aasige of the consumption of

cephalopods over a long time-scale. Indeed, theoli§&l as tracer of diet has already



been shown when applied on grey seals from theeFwiands (Bustamante et al.
2004). The author highlighted the fact that Cd Ileve seals were not in accordance
with the stomach contents analyses (limited tosiimamer months), emphasising also
that the use of stomach contents data alone isuftitient when considering feeding

over a longer time-scale.

Therefore, the present study employs a relatively approach to investigate common
dolphin feeding preferences by examining both stesrh exposure to cadmium
through the diet and effective levels in commotplm tissues. The approach is based
on the hypothesis that if common dolphins havengierm affinity to specific feeding
areas, which are characterised by different biaitand chemical environments,
significant differences in long-term metal signatuirmight allow us to distinguish
common dolphins from each area. The objectiveshef gaper were: (1) to provide
baseline data on levels of cadmium concentrationghé prey previously found in
stomach contents; (2) to estimate a short-termevafuhe exposure to Cd through the
diet for each area, based upon the proportion®f found in stomachs; (3) to compare
renal Cd levels in common dolphins from each af&iace common dolphins from
nertic and oceanic areas differ in their consunmpiad cephalopods on a short-time
scale, the hypothesis that Cd concentrations im kigneys could discriminate dietary

preferences on a long-time scale can be testatiédse two Atlantic marine food webs.



MATERIAL AND METHODS

Study area

The Bay of Biscay is a sector of the northeastetantic between 1 to 10°W and 43 to
48°N. This area is characterised by a variableadcs of the shelf-edge from the
coastline (Fig. 1). Indeed, continental shelf wiglries from 60 to 100 nautical miles
(NM) in the northern part of the bay (up to 45°Nidas reduced to 25-30 NM in the
southern part, reaching 3 NM at the latitude of @ag@breton trough. In this study, the
oceanic and neritic areas have been distinguisiBedogential habitats for common

dolphins for the north part of the Bay of Biscag, up to 45°N.

Dolphin sampling

Between 2001 and 2003, 37 stranded common dolghihmales and 20 females) were
sampled by theRéseau National Echouag®NE), co-ordinated by th€entre de

Recherche sur les Mammiféres Mar{i@RMM) from La Rochelle (France), along the
North French Atlantic coast, i.e. from 45 to 48Mg. 1). The state of decomposition
was noted as: 1) very fresh, less than 48 hotes ééath (blood still separates serum);
2) fresh (blood does not separate serum, cloudg)eye3d) slightly decomposed (skin
peeling, moderate smell of decomposition). Giveat tihne continental shelf covers a
large area at these latitudes and that the sangplgdals were relatively fresh, these
dolphins were assumed to have been feeding indhtcnarea. After the necropsies, all

the collected tissues (i.e. kidney for Cd analysmed teeth for age determination) were



stored at —20°C until processed in the laboratioryaddition, this “neritic” sample was
completed by 10 by-caught animals (2 males andrtalies) which were collected over
the continental shelf-edge in winter 2004-2005. Theeanic” sample comprised 10
individuals (5 males and 5 females) by-caught duralbacore drifnet fisheries in
oceanic waters from May to September 1993, betwi&erand 50°N and 9° and 20°W
(Fig. 1). This collection was conducted by thetitut Francais de Recherche pour
I'Exploitation de la Mer(IFREMER) from Brest (France) as part of a studytbe
impact of this fishery on small cetaced@ERDAU program, see Goujon et al. 1993).
Tissue samples were taken at the fishing site evreh immediately in liquid nitrogen
and then kept in a freezer (-20°C) until metal geed in the Oceanology Laboratory

(Liege, Belgium; Das et al. 2000a).

Other parameters determined during the samplirigdied total length (cm) and gender.
Age was determined at the CRMM of La Rochelle. pracedure consisted of counting
Growth Layer Groups (GLGs) from tooth sectionsuassg that one GLG equals one

year (as described by Perrin & Myrick 1980).

Prey sampling

Results from previous stomach content analysesvatidhe collection of the main prey
of common dolphins, aiming to cover the range pésifound in stomach contents. This
prey sampling was composed of 7 species of cepbdlamd 11 species of fish (see
Table 1). These prey were collected during IFREME&uNdfish surveys in the Bay of
Biscay, from the continental shelf to the shelf@dg autumn 2001 to 2003 (EVHOE

cruises survey). During these campaigns, oceamiciep were also collected by pelagic



trawling over the shelf-edge in the early nigheysamples were immediately frozen at
-20°C on board and then stored at the laboratoty use. After species determination,
each individual was weighed and measured and, oteimglatively small sample sizes,
prey of similar size from a same trawling for sevespecies were pooled. Metal

analyses were carried out on whole prey in ordeeflect the exposure to predators.
Heavy metal analyses

All equipment used in the sample processing wasaneld, and subsequently
decontaminated for 24 h in a solution comprise@Mml HNG; (65%) and 50 ml HCI
(36%) to 1 L of Milli-Ro quality water. Fresh samplwere freeze-dried and ground to

powder. Each sample was then treated in duplicate.

Prior to Cd analyses, 2 aliquots of approximated 2ng of each homogenised dry
sample were digested with 3.5 ml of 65% HN& 60°C for 3 days. The digested
contents were then diluted to 10 ml in milli-Q gtawater. Then Cd contents were
assayed using a flame (Varian 250 Plus) with dauteibackground correction, and

graphite furnace (Hitachi Z-5000) atomic-absorptgpectrophotometer with Zeeman

-1
background correction. Metal concentrations inugssare reported in pg gvet weight

(wet wt).

Quality control was assessed using dogfish livelLDQ and DOLT-3 (NRCC). These
standards were treated and analysed under the sandaions as the samples. Our

results were in agreement with the certified valgrespectively 20.6 + 0.4s20.8 £ 0.5
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-1
for DOLT-2 and 19.2 + 0.4519.4 £ 0.6 pug g dry wt for DOLT-3). Detection limits

-1
were 0.002 and 0.4 pg giry wt, for furnace and flame AAS, respectively.
Data treatment

Statistical analyses were performed using XL-STAIT the concentrations which were
below the detection limit were replaced with “dummglues” that were half of the

detection limit (Gibbons & Coleman 2001).
Calculation of exposure to metal through the diet

Cd levels in whole prey were used to calculateedgosure to this metal through the
diet. This calculation took into account the basatabolic rate of common dolphins
(BMR; eq.1), the field metabolic rate (FMR; eq.2)dathe daily consumption rate of

prey (DCR; eq.3).

0.75
(1) BMR = 70 .W

(2) FMR = BMR . AE . AM
(3) DCR = (FMR . ) / EV,

(4) Exposure itoj Zito; DCR . [Cd]

-1
The basal metabolic rate (BMR, in kJ dayvas estimated according to the standard
mammalian metabolic model of Kleiber (1975), reastigated for marine mammals by

Hunter et al. (2000). An average body mass (W,ghd& 90 kg has been used for
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common dolphins (Collet 1981). BMR was convertedietd metabolic rate (FMR, in

kJ da)_ll) by multiplying BMR by factors accounting for asslation efficiency (AE)
and active metabolism (AM). Assimilation efficienayas assumed to be 80% following
Hinga (1979), resulting in a multiplication factaf 1.25. Active metabolism in
cetaceans has been established at approximatel$ #rmes BMR (Hinga 1979, Santos

1998). A value of 2.5 times BMR was chosen at tiearbottom of that range (Kenney

-1
et al. 1997). The daily consumption rate (DCR, iday ) was obtained by multiplying

the reconstituted biomass of each prey, Bee Pierce et al. 2004) in the diet by the

-1
FMR, divided by the energetic value of each preyi(BEn kJ g ; see Table 1)

according to the values of Evans (1987) and Desarec(unpublished data, see Table
-1
1). Finally the exposure to Cd (eq.4, in ug dathrough the diet was obtained by

-1
multiplying the DCR by the level of Cd in whole grdCd], in ug g wet wt) for all
prey occurring in the diet of common dolphins. fEsties of uncertainty are based upon

Cd concentrations standard deviation for each prey.
Variations of metal concentrations in common dathghi

The variations of Cd concentrations in dolphins evarvestigated using analysis of
covariance (ANCOVA, Quinn & Keough 2002). As theeaig an important factor
influencing the accumulation of metals (Aguilaraét1999), this parameter was used as
the co-variate in the ANCOVA. The factors testedaveuccessively the parameters
state of decompositipmenderand origin of samplesand their first-order interaction
with age depending of the suitability of each sampling. aWhsignificant, the

ANCOVA was followed by Fisher multi-comparison st
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RESULTS

Exposure to Cd through the diet

Cd levels of the prey species examined in thisystud given in Table 1, along with the
mean length of the individuals sampled, their eetcgvalue and their proportion and

size in the diet of common dolphins from neriticlateanic areas.

Cephalopods exhibited much higher levels of Cd thsines, with respective mean

-1
concentrations of 0.291 + 0.302 and 0.022 + 0.04& pwet wt. The high variability

exhibited among cephalopods (104%) is partly du¢heo specimen off euthowenia

megalops which exhibited the highest concentration of 1|.Bj2gil wet wt (Table 1).
Moreover, a comparison between families of cephlalogvealed decreasing levels of
Cd with Cranchids > Histioteuthids > Ommastrepmtdsoliginids (Fig. 2). In the case
of fish, the maximal levels were obtained in ClulseiScombrids and Carangids, in

which concentrations were at least twice thoséefather fishes (Table 1).

Taking into account the contribution by weight athk prey to the diet, a 12 times more
elevated exposure to Cd was obtained for oceamuramn dolphins compared to neritic
ones (Fig. 3). This particularly elevated estimatior offshore (1400 + 65 pg ddyis

linked to the important contribution of cephalopadshe calculation (98%, see Fig. 3),
and especially that oTeuthowenia megalopf86%). On the contrary, the relative
contribution of fish in the calculation for inshareached 88% (Fig. 3), which accounts

for the low exposure obtained. Furthermore, it $thdne underlined that the calculation
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of exposure through the prey analysed is represeataf the diet for neritic dolphins
but the exposure may be under-estimated for ocedoiphins since the total
proportions in mass of the prey in diet analysedev@! % for inshore and 53.6% for
offshore (Table 1). The lower percentage of they mealysed for the oceanic area is
linked to the difficulty of collecting all the oce& species for which both occurrence

and diel vertical migration pattern are poorly kmow

Given that the specimen dfeuthowenia megalopwas the prey which showed the
highest contribution in the calculation for oceadiglphins, the same approach was
conducted without this species. The under-estimatiothe resulted exposure was also
emphasised since a further 17% of prey were nat (iBable 1). However, this second
calculation indicated a 2 times higher Cd expodareoceanic dolphins compared to

neritic ones (Fig. 4).

Renal Cd levels in predators

Table 2 shows the results of ANCOVA on Cd concémng found in the kidney of
common dolphins from both the neritic and oceansas of the Bay of Biscay. Firstly,
ANCOVA confirmed the significant influence of agen €Cd concentrations (p <
0.0001). The state of decomposition of strande@hdnt did not significantly influence
Cd concentrations (p = 0.938). In addition, theerawno significant differences in Cd
bioaccumulation between male and female for by-baugceanic” dolphins and
stranded animals (p > 0.05), which enabled us @ @b individuals from each area for

the further comparison.
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Thus, the origin of samples and the age were th& mgportant factors explaining renal
Cd variability in dolphins (p < 0.0001) with 52.566 the observed variation being
explained by age and 43.2% by the interaction isf fdctor and the origin of samples.
Indeed, Cd concentrations in “oceanic” by-caugHphklims were about 4 times higher
than “neritic” ones (p < 0.0001), with respectivean levels of 16.3 £ 14.0 and 4.35 +
2.89 pg ¢ wet wt. The high standard deviations are the apnesece of the increase of
concentrations with age, with a 5 times higher cdt€d bioaccumulation in “oceanic”

by-caught dolphins than in “neritic” ones (Fig. 5).

Moreover, among “neritic’ samples, stranded aninaddgplayed 2 times less Cd levels
(and 1.66 + 1.64 puggwet wt) than by-caught ones (p = 0.002 ; Tablaljough the
range of concentrations was similar for the two gias(i.e. 0.15 - 9.34 and 0.34 — 9.08

ng g* wet wt. Respectively for stranding and by-catch).

DISCUSSION

Elevated concentrations of Cd in marine mammalsusteally ascribed to a diet in
which cephalopods and/or crustaceans predominaegiidaka et al. 1982, Honda &
Tatsukawa 1983, Noda et al. 1995, Sanpera et 86,19as et al. 2000a, Szefer et al.
2002, Kunito et al. 2002, Bustamante et al., 2094}, attempts to compare the intake
through the diet with effective levels in predatoesnain scarce (Caurant & Amiart-
Triquet 1995, Bustamante et al. 1998). Hence, ghidy aimed at calculating a global
Cd exposure for common dolphins from the Bay otBysexamining a combination of
prey species which occur in a high mass propoiitiotine diet. Although the selection

of these prey species was based upon stomach @nfitys stranded and by-caught

15



individuals, the reliability of the prey chosenrapresentative of the short-term diet can
be supported by the relatively high number of sttmeontents analysed (n > 60 for
each area), which may avoid too high an influencea-individual variation. Note

that the individuals analysed for metals constdwtesub-sampling of the one used for

stomach content analyses.

Dietary sources of Cd for common dolphins in the Baof Biscay

As expected, cephalopods exhibited 13 times higbarlevels than fish (Table 1),
which is in good agreement with previous studiean@®maka et al. 1982, Sapunar et al.
1989, Bustamante 1998). Cd is mainly bioaccumulatedhe digestive gland of
cephalopods reaching up to 98% of the total bodynGibme species (e.g. Miramand &
Bentley 1992, Bustamante et al. 2002b). The higlavailability of Cd in the digestive
gland indicates a high potential for the troph@nsfer of this metal to top predators
such as marine mammals (Bustamante et al. 2002a)s, Tgiven that crustaceans
occurred at less than 1% in mass in stomach (Perad. 2004), cephalopods may

constitute a major source of Cd for common dolpmrthe Bay of Biscay.

Among cephalopods, the highest Cd level was fowrdaf single specimen of the
Cranchid squidreuthowenia megalopsith a concentration of 1.32 pg gvet wt. Even

if the number of the prey analysed was low and rhtl allow any robust statistical

analyses, Cd levels in squids would be differemivben families with a decrease of Cd
concentrations in the following pattern: Cranchidslistioteuthids > Ommastrephids >
Loliginids (Fig. 2). Minimal data exists for Crandhl and Histioteuthids, but the

Ommastrephids have also higher burdens of Cd thanLbliginids for the Bay of

16



Biscay, the Celtic Sea and around Faroe IslandstéBuwante et al. 1998). Loliginids are
considered as a neritic family while Histioteuthasd Cranchids are rather found in the
oceanic area (Clarke 1985, Nesis 1987). Given @mmastrephids occur in both
inshore and offshore waters, with migrations owergl distances between feeding and
breeding grounds during their life cycle (Nesis 798hey are likely to integrate the
exposure to Cd from both areas and to exhibit atsmmtermediate burden compared to

the strictly oceanic and neritic cephalopods.

Both Teuthowenia megalopasnd Histioteuthissp. are found mostly in the productive
waters of northern temperate Atlantic Ocean (V@851 Voss et al. 1998). Likewise, it
is now well-established that the geographical iistron of Cd in offshore waters is
similar to that of the labile micronutrient phospi® (Boyle et al. 1976, Frew & Hunter
1992). Like phosphate, Cd is enriched in the serfaaters of upwelling regions
relative to areas of lower productivity and is agell in the surface ocean relative to the
deeper waters because of its uptake by organisiinge aturface and regeneration from
sinking biological debris deeper in the water catu(Boyle et al. 1976). As the main
Cd source for cephalopods is dietary (Koyama €2@0, Bustamante et al. 2002b) and
the oceanic squids of this study were collectedr de shelf-edge, the elevated
concentrations of Cd in Histioteuthids and Cranshithy be due to the consumption of
prey highly contaminated in Cd in the mesopelagaens. However, the question arises
about the validity of using prey caught over thelshdge while dolphins have been
sampled over deeper waters. As the vertical waikman distribution of Cd over the
shelf-edge did not differ than that from the opeream (Cotté-Krief et al. 2002),
cephalopods from the oceanic part of the Bay ot®&ismay also feed in productive

waters which may expose them to high levels of@uden that Cd has a long biological
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half-life in cephalopods (Bustamante et al., 2002b)s likely that most of the Cd
assimilated through the diet is stored during thertslife of squid, leading to the very
high levels observed. This hypothesis is suppoigdother studies on oceanic
cephalopods which also reported very high Cd camagons in their tissues (e.g.

Martin & Flegal 1975).
Dietary segregation between oceanic and neritic carmon dolphins

The exposure estimated for common dolphins in tteanic area reached 1400 + 65 g

day_l with 98% of this intake owing to the consumptidncephalopods (Fig. 3), and
especiallyT. megalopgcompare Fig. 3 and Fig. 4). This estimation gbasure to Cd
in the oceanic area may be biased since only oaeirapn of T. megalopscould be
collected. However, this estimation could be exgeédb remain under-estimated since
only 53.4% of the prey occurring in the diet of éanic” dolphins were analysed (Table
1) and that the uncollected prey comprised ceploalop (Gonatidae and
Onychoteuthidae, i.e. 22% of the overall diet). @suncertainties of the estimation,
the exposure to Cd calculated for the oceanic wa&a 12 times higher than the one

obtained for the neritic area (Fig. 3).

In contrast to the oceanic dolphins, the exposstenated for neritic mammals took
into account a larger proportion of their diet,w&4% (by mass) of the prey present in
stomachs being analysed (Table 1). Although thetrilmution of fish for neritic
dolphins was elevated (88%), cadmium levels wekernteeless increased (Fig. 4) by
the important consumption of the fatty fisi&ardina pilchardiug35.6%), Trachurus

trachurus (18.3%) andEngraulis encrasicolug11.7%), which exhibited the highest
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levels of Cd among fishes (Table 1).

Such an elevated global exposure for offshore diegpbompared to inshore ones is the
consequence of a far higher importance of cephd®pothe diet of dolphins from the
oceanic area compared to the neritic one, i.e.98%54.8% (Pierce et al. 2004). Yet,
the difference in Cd exposure through the consuwmptf cephalopods may be
emphasised by the higher impregnation of Cranchidiistioteuthids and
Ommastrephids consumed by oceanic dolphins compatbdhat of Loliginids, being
the main source of cephalopods for neritic dolphihable 1). The consideration of
variations of the exposure between gender, agesedaand/or seasons would be

necessary to better understand the transfer oh@dgh the diet at the population scale.

When looking at effective renal Cd concentratiamgammon dolphins, age and origin
of samples were the two factors explaining the @dations in dolphins (p < 0.0001;
Table 2). At the neritic scale, stranded animadpldiyed 2 times less Cd levels than by-
caught ones (p = 0.002). The Cd levels found inkideey of the stranded common
dolphins collected between 2001 and 2003 wereigelas to those previously obtained
by Holsbeek et al. (1998) for common dolphins steahbetween 1977 and 1990 in the
same area (Fig. 6). Therefore, the observed diftere of renal Cd levels between
stranded and by-caught “neritic” animals may alather be the result of the sample
source than inter-annual variations. Indeed, stdndnimals may not be really
representative of a healthy population, whichksli to affect metal concentrations for
this biological material.

However, the Cd levels in by-caught common dolpliisplayed a similar trend to that

obtained by the calculation of the exposure, thamm@d levels being 5 times higher in
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“oceanic” dolphins compared to “neritic” ones. Sudifferences in Cd levels between
areas could be attributed to temporal variationsCaf in the environment since
“oceanic” dolphins were collected in 1992-93 wher&aeritic’ ones were sampled in
2004-2005. The combination of our data with thokélolsbeek et al. (1998) would
suggest that Cd levels in the kidney of common liokp from the Bay of Biscay would
have not changed during these last 20 years (FigAwell, Cd levels in the neritic
prey from the present study are similar to thoswipusly reported (e.g. Amiart-Triquet
et al. 1983; Bustamante et al. 1998). Thus, thermksd difference of renal Cd levels
between “neritic” and “oceanic” common dolphins nago be the consequence of a
long-term integration of Cd in two distinct food g

Such differences in Cd levels between differenasneave already been reported and
were attributed to variations in feeding behaviaorong areas (Hanamaka et al. 1982,
Szefer et al. 2002, Born et al. 2003), chemicakewptoperties (André et al 1990, Noda
et al. 1995, Monaci et al. 1998), or metabolismn{faa et al. 1996). Concerning
common dolphins from the Bay of Biscay, the vao@as of renal Cd observed may
indeed be the consequence of different dietaryepeates between areas, but the high
concentrations exhibited by “oceanic” dolphins nmalgo reflect a signature of the
particular geochemical conditions that would ocofishore. As well, the low carbon
stable isotope “delta” reported for muscle of “aued common dolphins were
consistent with an oceanic feeding behaviour onidtime scale (i.e. some months;
Das et al. 2000a). Therefore, we can assess tlstepge of a long-term dietary
segregation between common dolphins from inshodecéishore waters of the Bay of
Biscay. The higher rate of Cd bioaccumulation ie #idney of “oceanic” dolphins
compared to “neritic’ ones (p < 0.0001 ; Fig. Sukebbe linked to the clear difference

in bioavailability of Cd in the prey (Bustamante &t 2002a) and to their different
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feeding behaviour. However, the eventuality of #edénce in metabolism of dolphins
between areas could also be envisaged. In thisexppnthe analysis of both
morphometric data and growth curves will enable imeestigation of biological
characteristics for these groups of dolphins. Mbemn that, the combination of dietary
studies, biological characteristics and genetid¢ allbw us to determine the degree of
differences between these two groups of commonhilzdpand to assess the existence
of two populations in the Bay of Biscay, as pregigusuggested by Forcada et al.
(1990). The identification of common dolphin stocks the north-eastern Atlantic

would also be relevant in term of conservation erahagement of these populations.

CONCLUSIONS

This investigation showed that the consumption ephalopods was a major Cd
exposure route to common dolphins, providing insgh the feeding behaviour of both
prey and predators. At the prey scale, the eleviteels of Cd obtained in oceanic
cephalopods would be the consequence of their igedehaviour and the chemical
particularity of the area where they feed. Theeamiibn of more samples of oceanic
squids is however mandatory to confirm the differenrdens seen in coastal and
oceanic cephalopods, and to determine the Cd himlityain oceanic cephalopods in

order to evaluate its potential for the transfetoi predators.

The concordance of the estimation of the Cd exmoduough the diet and effective Cd
levels in predators constitute a preliminary stafpe the modelling of the
bioaccumulation of this metal in marine mammalsthle future, the estimation of the

exposure to Cd through the diet would have to tate@account the variability of each
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parameter involved in the calculation of the FMR,veell as variations linked to age

classes and gender.

In addition, this approach appeared to be an efficiool to get a better knowledge of
the ecology of common dolphins in the Bay of Bissayce the use of Cd as a metallic
tracer confirmed the existence of a dietary sedr@geetween oceanic and neritic
dolphins on a long-term scale. Genetic techniquéshave to be used to improve

knowledge in the state of the two identified gromb£ommon dolphins in the Bay of

Biscay. Finally, the differences of Cd levels betwestranded and by-caught animals
would have to be confirmed with a larger samplibgi the obtained results make

metals in stranded animals to be considered calyiou

Acknowledgementdhis work was supported by the European progra@C#T (EC:

EVK3-CT-2000-00027) and by research grant from @wonseil Régional de Poitou-
Charentesof V.L. We are very grateful to all the participandf the French national
stranding network (RNE) for the collection of dailplsamples and to IFREMER for
facilitating the prey sampling. We wish to thank Guerra and A. Gonzalez of the

Instituto de Investigaciones Marinas for the spedietermination of oceanic squids.

22



CAPTION TO FIGURES

Fig. 1.Delphinus delphisLocations of sampling of oceanic (n = 10) and me(it = 37)

dolphins from the Bay of Biscay, the 200m isobagnf indicated with a black line.

-1
Fig. 2. Mean £ SD Cd concentrations (ugwet wt) in whole body of 4 cephalopods

families from the bay of Biscay.

Fig. 3.Delphinus delphisContribution of fish (in white) and cephalopod! @@milies,

-1
in black) in the Cd exposure (g dayof neritic and oceanic dolphins, with respective

percent of explanation through the diet of 94% 58®%%.

Fig. 4. Delphinus delphisContribution of fish (in white) and cephalopod tfvaut

-1
Teuthowenia megalops black) in the Cd exposure (ug dayof oceanic and neritic

dolphins with respective percent of explanatiomtigh the diet of 94% and 36.6%.

-1
Fig. 5. Delphinus delphisRenal Cd (ng gwet wt) as a function of age in neritic (in

white) and oceanic (in black) dolphins.
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Table 1. Characteristics and Cd levels of the pregurring in the diet of common

dolphins from the bay of Biscay.

PREY IN DIET PREY ANALYSED FOR Cd
TAXON
Family Mass frequency Length (cm) Length (cm) Cd levelsiy g* w. wt) n EV
Species Inshore  Offshore Mean+SD Mean+SD Mean+ SD dean (kI &)
FISH
Carangidae
Trachurus trachurus 18.3 11.7+35 14.1+0.03 0.039+0.007 0.08046 3* 5.8
Clupeidae
Sardina pilchardius 35.6 19.2+3.2 19.8+0.2 0.048 +0.017 0.02960 3 10.5
Sprattus sprattus 4.7 114+2.1 7.5+0.04 0.028 £+0.001 0.02020. 3* 8.3
Engraulidae
Engraulis encrasicolus  11.7 121+26 11.7+0.2 0.019+0.004 0.01%22 3* 6.7
Gadidae
Merlangius merlangus 3.1 19.7+4.1 14.1+0.3 0.005 + 0.000 3* 41
Micromesistius poutassou6.9 12.2+42 14.1+0.2 0.012+0.003 0.00918. 3* 45
Trisopterus minutus 3.7 8.0+3.6 85+0.1 0.016 £0.003 0.013-0.01 3* 5.7
Gobididae 1.0
Pomatochistus minutus 45+05 6.4+£0.11 < 0.002 < 0.002 3* 48
Myctophidae
Notoscopelus kroeyeri 29.5 46+2.0 7.6+0.9 0.017 £0.010 0.009 -8.02 3 6.5
Paralepididae
Arctozenus risso 0.6 13.0+2.7 13.1+1.8 0.020 £0.008 0.01126.0 3 5
Scombridae
Scomber scombrus 6.2 20.0+£7.7 275+1.1 0.041£0.006 0.03946. 3 9.2
CEPHALOPOD
Cranchiidae
Teuthowenia megalops 170 11.6+27 18.1 1.32 1 5
Histioteuthidae
Histioteuthis sp 6.3 23+8.0 263+055 0500+0.146 0.38568.6 3 5
Loliginidae 2.8 185+115
Loligo forbesi 19.1+£3.2 0.077+£0.015 0.060-0.090 3 5
L. vulgari 16.8 +6.3 0.113+0.010 0.102-0.121 3 5
Ommastrephidae 0.2 14.3
lllex coindetii 13.7+4.8 0.220+£0.026  0.200 - 0.250 3 4.9
Todarodes sagitattus 13.7 0.28 0.230-0.320 2 5
Todaropsis eblanae 149+13 0.216 £+0.147 0.121-0.385 3 55

Length refers to standard length for fish and tathedlength for cephalopods ; n : number of samples

analysed ; n* : when samples were pooled ; EV,gstar value.
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Table 2.Delphinus delphisSignificance of the factors influencing Cd concatitins in

the kidneys of neritic and oceanic dolphins (aredylsy ANCOVA).

Factor Sampling Areas

Co-variable

Interaction Inshore Offshore
State of decomposition p=1 0) -

Age p < 0.0001 (99.3) -

State of decomposition x Age p=0.938 (0.7) -
Gender p=0.669 (0.8) p=0.915 (0.1)
Age p <0.0001 (96.7) p=0.006 (97)
Gender x Age p=0.443 (2.5) p=0.495 (2.9
Area p=0.002 (3.7)

Age p <0.0001 (57.7)

Area x Age p <0.0001 (38.6)

Significant values are in bold characters and teecgnt of the variability explained by each factor

variable is indicated in brackets.
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