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Introduction

The common sole Solea solea (L.) is a commercially important and widely distributed flatfish of the North-East Atlantic. For the Bay of Biscay stock, sole nurseries display differences in terms
of quantity and quality. In fine the measure of the quality of a habitat for juveniles of a particular species is expressed by the contribution to the recruitment into the adult population.
Understanding this connectivity between juvenile and adult habitats, i.e. evaluating the contribution of each nursery to a single adult stock appears essential in terms of stock management.
However, this critical link is still missing for the Bay of Biscay sole stock.

Determining if nurseries could be discriminated using otolith elemental composition analysis constitutes the first step in evaluating the relative contribution of these nurseries into the adult Bay of Vilaine (1) Q
stock. The aim of this study was to compare otolith elemental signatures of sole juveniles from two different ages (0-group and 2-group) captured at the same time in the six main nurseries of

Bay of Biscay along the French Atlantic coast. Loire estuary (2) A

Bay of Bourgneuf o
[OF

Material and methods

Originally these GO and G2 juveniles samples comes from two different studies : GO were sampled in

order to analyze adults otoliths (G3+) from the same cohort using LA-ICPMS, whereas G2 juveniles were

sampled with the objective of analyzing G3 (first reproduction) otoliths of the same cohort using SB-ICP-

MS. Here we took advantage of these two separate samples / analysis for a comparison exercise.

Pertuis Breton (4),

Pertuis d’Antioche (5) O

Fish collection and otolith preparation

0-group and 2-group sole juveniles were collected in 6 nurseries (embayed and estuarine) as part of the
IFREMER sole nursery survey in the Bay of Biscay (Table 1; Fig. 1) during September/October 2003
using a beam trawl at 5-20 m depths. Fish were immediately frozen and stored individually at -20°C. Tt j‘;" iz, BT "f" = ‘TILL' s "5*; pass (14 iz T s (A sl e ) h
Subsequently fish were measured, weighed after which the sagittal otoliths were extracted, thoroughly SO e e Atlantic Ocean

cleaned of adhering tissue and then individually stored in plastic tubes. Only left otoliths were selected Site TSRS D] i) IR V3 S () MR OF S P 1 Bay Of Biscay
for multi-elemental analysis. Otoliths were cleaned and decontaminated under a laminar flow positive ; E;; z gi ﬁg z gi g? i g:g gg
pressure fume hood by: (1) immersion in ultrapure water, (2) immersion in 0.1% HNO3 for 1 min GO 3 126117 147446 31405 21
(induced less than 2 % loss in otolith weight), (3) double immersion in ultrapure water, (4) air dried for 24 4 1215+9.4 136 +3.5 2.8+03 10
hours and (5) stored in decontaminated polypropylene tubes. 5 109.6 +7.5 93%21 25%03 20
6 102.9 +10.1 8.1:2.6 1904 28
Sample analysis 1 2438+18.6 1432+39.3 12329 52
Multi-elemental composition was determined in whole otoliths using solution-based inductively coupled 2 234.1:136 124.8 £ 26 11318 31
plasma mass spectrometry (SB-ICP-MS, Thermo Element 2). The preparation for analysis was E2 3 2337£115  1129£202 11319 52
permed  aclss 100 dean oom d .
Otoliths were dissolved in 15N HNO3 and diluted proportionally to otolith mass (x1500) in ultrapure 6 252.4+19.5 151.7 455 143427 50 Fig. 1. Locations of the 6 main Solea solea nurseries sampled along the French
water. The following elements were selected and quantified in Low or Medium resolution as follow: Li, (e Gy E e A0E)
Ga, Rb, Y, Ba, Na, Mg, Mn and Sr. To ensure precision and accuracy the NIES 22 otolith standard was
measured at the beginning, the middle and the end of each session. El;l:és b::;r; Iids‘z Fr::’;i;‘:lv :;\é::;\lratmns of otolith in ppm for 0-group and 2-group sole Table 3. Results of ANOVAs comparison for individual element (mean centered) collected 6 different nurseries.
GO G2 GO G2
Data analysis Concentration (ppm) Concentration (ppm) [= B = B2
Data were mean centred. Differences between estuaries were analyzed for each element using ANOVA. Li 0.37 £ 0.06 0.31+0.03 Li 21.231 R 9.669 o
Otolith multi-elemental compositions were compared using MANOVA. Linear discriminant function Ga  005£002 0.05£0.02 Ea L - foco% -
analysis (LDFA) was used to classify individuals to the different sampling sites. The individuals from sb O'g_gff'gz Oggffgl 5 b 7i.8i15e35 . ;6?25’86“ e
each site were represented in the first two factors plane of the LDFA for illustrative purposes. The Ba 1.16+0.41 1+031 Ba 11.82 ok 9.421 s
functions generated were then used to classify fish according to nurseries. A cross-validation using Na  2951.82 +207.67 2865.03 + 173.51 Na 10.07 53 1.278 ns
jackknife method was applied to determine the classification accuracy. m fg-ig : iz 154;{*22-1555 mg 222-20‘1‘77 0 (EQ) i:-gg; ol
St 2057.3%222.06 2030.85 + 20353 Sr 10.789 ok 10,573 o
. Results
: . . Mean otolith element concentrations were similar between GO and G2 for the measured G0
. ' elements except for Rb, Mg and Mn that was lower in G2 (Table 2). Mean centred 4| Comrect ectassigyation = 5% Q
) 0 ’ I | . element concentration displayed spatial patterns relatively consistent between GO and G2 ' . . ® Q .
: ‘ o ooml with significant difference between sites except Y and Mg (for G0) and Na for G2 (Table o
= | g | i : 3; Fig. 2). Some sites showed however clear difference in element concentrations %" e Q !
. ‘ QE‘l ) * between GO and G2: for instance site 3 (Li), site 2 (Ga and Ba), site 4 (Y), site 5 and 6 § 3 e Q ° °©
AN | (Mg). Multi-elemental composition was significantly different between sampling sites for 2 Q - ° ° °
’ - ! both GO (MANOVA, F = 8.496, P < 0.0001) and G2 (MANOVA, F = 14.305, P < 0.0001). 1 O ° . ° .
s —* ' : v The LDFA correctly classified 69 % of GO and 60 % of G2 individuals to their respective o
S S R P S S A nursery of origin (Fig 3 and 4). Best reclassification scores were obtained for Bay of 0 1 2 3 4 s 6
Bourgneuf (site 3), Pertuis d'Antioche (site 5) and Gironde (site 6) for GO and Pertuis o Site of oricin
: : Breton (site 4) and Gironde (site 6) for G2. Individuals from Loire estuary (site 2) were Correct reclassification = 60%
, . S L poorly reclassified especially for G2 individuals. ° ] ° . Q
. ‘ . s : 2s . ° ° O .
X . »
of d s B . ° o
. : a o
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A J % 2 | @4 1 O o o . °
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Es s e rs s e g Fig. 4. Reclassifcation of sole juveniles to the sampling groups based on linear
T =4 . N discriminant function analysis . Circle size is scaled relative to reclassification
, g ' success in %.
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, E W : = ‘ C Discussion - conclusion
a P : 2 . T
I ml ) o - 0 ) 0-group and 2-group sole from the six main nurseries of the Bay of Biscay displayed
' ¢¢I % E multi-elemental signatures that allowed to correctly reclassify the individuals to their
. . S PRI @ - i i i i nursery of origin with 69% and 60% correct reclassification for GO and G2
: . 4 2 o 2 4 respectively. These results confirm previous studies performed on Solea solea GO
12 3 4 5 6 1 2 3 4 5 6 Discriminant var 1 juveniles: in the Bay of Biscay _(De Pontual et al. 2000)_ on the Portuguesg coa_st_
o (Vasconcelos et al. 2007) and in the North Sea (Cuveliers et al. 2010) using similar
approaches.
. . | ' ) . . Although relatively consistent multi-elemental patterns between GO and G2 could be
’ “ . identified, some sites showed clear difference in element concentrations between
K - I GO0 and G2. These differences might be due to both interannual variability in otoliths
= =1 | « signatures and the potential movements of juveniles between sites. We also need to
' ! g ° consider that fish integrate elements into otoliths differentially with age. Finally,
. . ‘ E i analyzing G2 otoliths multi-elemental signatures implies to perform SB-ICP-MS only
£ ' . on G3 for further analysis on adults. These different points are serious limitations for
e ‘. f the use of G2 juveniles otoliths for further identification of adults nurseries origin.
1 2 3 4 5 6 1 2 3 4 5 6 a E :
In conclusion, this study provides otolith elemental signatures of 0-group and 2-
EIG" < : group s_ole_SoIea solea in _the Bay Qf Biscay with higher discrimination power and
X less limitations for GO otoliths. Otolith elemental signatures of 0-group sole can
. EIGZ subsequently be used to determine the relative contribution of the different nurseries
: ! ; ; ; ; to the adult stock using Laser Ablation ICP-MS (LA-ICP-MS). In the future, within
] " 2 o 2 7 nurseries interannual and spatial variability of otolith signatures should be identified
+ in order assess more precisely the origin of adult fish.
Fig. 2. Comparison of element concentration (mean Breemiar i
centered) in otoliths of 0-group and 2-group Solea
« : ;‘7:2;3'"”‘“ in & iferent nurserles of the Bay of Fig 3. Representation on the fist factorial plane from the linear discriminant analysis performed s
on the six sampling sites using 9 elements for 0-group (A) and 2-group sole juveniles sampled
De Pontual et al. 2000. Oceanologica Acta 23: 497-513

from the Bay of Biscay
Y Y Vasconcelos et al. 2007. Marine ecology progress series 350: 117-126

Cuveliers et al. 2010. Marine ecology progress series: 401: 211-220
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