Journal Pre-proof

Fish stocks of Urophycis brasiliensis revealed by otolith fingerprint and shape in the
Southwestern Atlantic Ocean

Fernanda G. Biolé, Gustavo A. Thompson, Claudia V. Vargas, Mathieu Leisen,
Fernando Barra, Alejandra V. Volpedo, Esteban Avigliano

PII: S0272-7714(19)30484-6
DOI: https://doi.org/10.1016/j.ecss.2019.106406
Reference: YECSS 106406

To appearin:  Estuarine, Coastal and Shelf Science

Received Date: 16 May 2019
Revised Date: 18 September 2019
Accepted Date: 6 October 2019

ESTUARINE
COASTAL

AND

SISIEEESS CIENCE
A

B

Please cite this article as: Biolé, F.G., Thompson, G.A., Vargas, C.V., Leisen, M., Barra, F., Volpedo,
A.V., Avigliano, E., Fish stocks of Urophycis brasiliensis revealed by otolith fingerprint and shape in the
Southwestern Atlantic Ocean, Estuarine, Coastal and Shelf Science (2019), doi: https://doi.org/10.1016/

j-ecss.2019.106406.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal

disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier Ltd.



https://doi.org/10.1016/j.ecss.2019.106406
https://doi.org/10.1016/j.ecss.2019.106406
https://doi.org/10.1016/j.ecss.2019.106406

10

11

12

13

14

15
16

17

18

19

Fish stocks of Urophycis brasiliensis revealed by otolith fingerprint and shape in the

Southwestern Atlantic Ocean

Fernanda G. Biofé Gustavo A. ThompsdnClaudia V. Vargas Mathieu Leisefy Fernando Barfa

Alejandra V. Volpedd® Esteban Avigliant.

'CONICET- Universidad de Buenos Aires. Instituto kieestigaciones en Produccién Animal,
(INPA), Buenos Aires, Argentina.

’Departamento de Geologia, Centro de Excelenciaeaie@nia de Los Andes (CEGA) and Nucleo
Milenio Trazadores de Metales en Zonas de Subdagctidiversidad de Chile, Plaza Ercilla 803,
Santiago 8370450, Chile

3Universidad de Buenos Aires. Facultad de CienciasteNharias. Centro de Estudios
Transdisciplinarios Del Agua (CETA), Av. Chorroar®80, Ciudad Autonoma de Buenos Aires

C1427CWO, Argentina

Corresponding author: * estebanavigliano@ conicgtayo




20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Abstract

Brazilian codlingUrophycis brasiliensis is one of the main commercial coastal fish spet@s the
Southwestern Atlantic Ocean. Regardless of its @wion relevance, its stock structure remains
largely unknown. In this study, we used the otoittape and the core/outer edge multi-elemental
fingerprints (Li:Ca, Mg:Ca, Mn:Ca, Fe:Ca, Zn:Ca,:Réa, Sr:Ca, and Ba:Ca ratios) to evaluate the
spatial segregation of young (nursery areas) andt gstocks) stages of fish from the coast of
northern Argentina, Uruguay, and southern Brazilolith edge chemistry showed that several
elemental ratios were significantly different beéwecatching areas. Permutational multivariate
analysis of variance (PERMANOVA) (p<0.05) and quaidr discriminant analysis (QDA), with
jackknifed classification of 80.0% and 68.2% foolith core and edge, respectively, were effective
in discriminating between sampling sites considgnoung and adult life stages. PERMANOVA
analysis of otolith shape revealed multivariatensigant differences only between Argentina and
Brazil (p=0.0001) individuals, whereas no differesavere found between fish from Uruguay and
Argentina (p>0.05). QDA classification rates westatively low for Uruguay (48.0%) and values of
66.7 and 70.0% were determined for Brazil and Atigen respectively. Our results not only show
the presence of at least two fish stocks (Argentind Brazil), with a third potential stock in

Uruguay, but also suggest a strong spatial segoegaitiring ontogeny.

Keywords: Brazilian codling; nursery; SouthwesteAtlantic; population; sagittae otolith
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1. Introduction

World fisheries have shown a consistent declinéenduthe last three decades, where the biologically
sustainable extraction of marine fisheries resaihaes been reduced from 90% in the 1970s to 70%
in 2015 (FAO, 2018). Marine coasts have a highagiohl relevance because they are suitable areas
for spawning, feeding, and the development of monne fish species (Blaber and Blaber, 1980;
Shulman, 1985). On the other hand, coastal systemsulnerable to environmental impacts and
overexploitation due to increasing fishing presqW®rm et al., 2006). This is especially critical i
the coast of the Southwestern Atlantic Ocean (SA¥jch are important commercial and artisanal
fishery areas and where some relevant aspectgstogries management such as spawning areas,
presence of different stocks, connectivity, andclstetructure are still unknown for several fish
species. Brazilian codlingrophycis brasiliensis (Kaup, 1858) is one of the main commercial coastal
species from SAO, registering industrial and ani@gdandings that exceed 2,000 tons per year for
Argentina, Uruguay, and Brazil (CEPERG, 2012; DIN®MR016; MINAGRO, 2018; UNIVALI,
2014). This species inhabits relatively shallow evatfrom 23°S (Rio de Janeiro State, Brazil) to
45°S (Patagonia, Argentina) (Bovcon et al., 201dld&tein, 1986) and can be considered as a cross-
border resource. It follows then, that it is calito determine the stock structure and distrilvutio
order to develop comprehensive management plari(Cet al., 2013; Ricker, 1981).

Several methods have been used to determine fatksstsuch as capture-recapture methods,
population parameters (growth rate, reproductivaratteristics), abundance and richness of
parasites, genetics, otolith and scale shape awlyfssh morphometry, and microchemistry of
otoliths and fin spines (Avigliano, et al., 201%QdZin et al., 2013; Niklitschek et al., 2010).

Otoliths are acellular and metabolically inert dad structures present in the inner ear of tdleas
fishes (Campana, 1999; Panfili et al., 2002). Traleenents dissolved in the water are incorporated
and retained in the otolith structure as the fishwg (Avigliano et al., 2019; Campana, 1999; Kerr

and Campana, 2014). Because the trace elemenas@ueed during ontogeny and are not resorbed

3
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after deposition (Campana, 1999; Elsdon et al.8p@@e chemistry of the otolith core reflects the
environmental conditions during the early stagdifef whereas the outer edge represents the most
recent period of life (fishing area). Different bewques have been used for measuring the
concentration of trace elements in otolith zongs, core and edge (Avigliano and Volpedo, 2016).
Currently, Laser Ablation Inductively Coupled PlasnMass Spectrometry (LA-ICP-MS) is
considered the most powerful method because itigeeva high precision, spatially resolved
analysis of specific domains within the otolith,dawhich represent different ontogenetic stages.
Hence, the chemistry of the core and outer edge@remonly used to discriminate nursery areas
and fish stocks, respectively (Avigliano et al.12Zb; Avigliano et al., 2018b; Campana, 2014; Reis-
Santos et al., 2015).

On the other hand, the otolith contour (shape)ctvhs the result of both phenotypic and genetic
factors, has also been used to delimit stocks [Retoacher and Reichard, 2014; Vignon and Morat,
2010). In recent years, the combination of chamehd morphometry of otoliths has improved our
understanding of stock structures for several fjgbups from SAO (Avigliano et al., 2015, 2016,
2017; Avigliano et al., 2019; Soeth et al., 201%ipedo and Cirelli, 2006) and around the world
(Ferguson et al., 2011; Soeth et al., 2019; Taahal., 2015).

The present study tests the hypothesis of the peesef different stocks and nursery areas of
Urophysis brasiliensis in Southwestern Atlantic Ocean (Argentina, Uruguwad Brazil). In this
regard, the stock structure &f. brasiliensis was studied by using multi-elemental fingerprints
(Li:Ca, Mg:Ca, Mn:Ca, Fe:Ca, Zn:Ca, Rb:Ca, Sr:Gaj 8a:Ca ratios) in otoliths (core and edge)
from young and adult individuals. Moreover, Fourgdliptical analysis of otoliths was also used to

assess the spatial segregation of adult stages.

2. Materials and Methods

2.1. Study area and sampling
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The study area is located in the Southwestern Atl&cean between 25°S and 38°S, covering both
tropical and temperate regions. This coastal maamea presents a decreasing water temperature
gradient from north (~18-30°C) to south (~7-24°@Yyif@liano et al., 2016; Guerrero et al., 2010;
Lana et al., 2001).

A total of 175 fish were collected between July @hd July 2017 from catches by commercial
trawlers operating at three specific locationsla/iBesell (Argentina, AR), Piriapolis (Maldonado,
Uruguay, UR) and (Itajai, Parana, Brazil, BR) (Fagl). Fish were measured (total length = TL,
cm), weighted (g) (Table 1), and dissected to extrath sagittabtoliths.

In order to evaluate fish stocks it is highly reeoended to use individuals of similar age because
both otolith chemistry and morphometry can changénd ontogeny (Avigliano et al., 2017b; Kerr
and Campana, 201f8lonetheless, several authors have reported therpreof fake rings, not only

in U. brasilensis (Acufia, 2000; Andrade et al., 2004; Cavole et2411,8), but also itJ. tenuis (Clay

and Clay, 1991)U. chuss (Dery, 1988), andJ. cirrata (Martins and Haimovici, 2000). Therefore,
despite several attempts, a valid method to deterrfie age df). brasiliensis (and of other species
from the same genus) remains elusive (Cavole gP@l8). Herein, only fish with a total length
between 30 and 54 cm (TL, Table 1) were selecteg@dace the potential effect of size/age on the
studied variables (Avigliano et al., 2018b; Ferguss al., 2011). This TL range is within the

commercial size of). brasiliensis.

2.2.Otolith chemistry
Eighty-five left sagittalotoliths were randomly sub-sampled, weighted, dedned by using 3%
hydrogen peroxide and 2% HN@QMerck KGaA, Garmstadt, Germany) (Avigliano et, &017a).
Otoliths were later rinsed three times with ultregpwater (resistivity of 18.2 MOhnem) and dried
at room temperature. Otolith core-sections (thiskne 1000 um) were obtained by embedding the
sample in epoxy resin. Samples were later sectitna@sversely using a Buehler Isomet low-speed
saw (Hong Kong, China). Otolith sections were pgwdis using a 9 um-grit sandpaper and later

cleaned using an ultrasonic cleaner with ultrapuaiter for 5 minutes.
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Elemental concentrations were determined in otatitihhes and edges by using Laser Ablation
Inductively Coupled Plasma Mass Spectrometry (LARIKS) following the procedure described in
(Avigliano et al., 2019). The analytical isotopesre/’Li, **Mg, >°Mn, *"Fe, ®°Zn, ®Rb, #8Sr, and

138Ba. The first 300-50@um from the core and the last 350-60® from the outer edge represent
approximately the core radius and the last two deta@nnuli, respectively (Figure 3). The laser
ablation system used is a Teledyne Analyte G2 AxEineer (193 nm) coupled to an iCapQ
ThermoFisher ICP-MS. The otolith was pre-ablatethgi® spot size of 8am at 10-20 pum/s in

order to avoid possible surface contamination. Mesments were carried out using a circular

aperture of 65 um, an ablation rate of 5 um/spatieon rate of 10 Hz, and an energy density of 5

Jienf.

The ICP-MS was operated at a power of 1500 W uk&lmim as carrier gas with a flow of 6,000
mL/min. Prior to each analytical session, the LARMIS was tuned and monitored by analyzing the
NIST SRM 610 reference standartf(*/***Th" ratio between 0.95 — 1.05), oxide production
(ThO'/Th* < 0.5%), and double-charged productiti(/**Ca™ < 0.01%).The USGS MACS-3 and
the NIST SRM 612 reference materials were usedmsraary and secondary standard, respectively
(Jochum et al., 2011; NIST, 2012; Pearce et abB719The USGS MACS-3 is a synthetic calcium
carbonate pellet and was used as a primary starnmarause it has a similar composition as fish
otoliths, thereby reducing matrix effects (Avigl@net al., 2019; Avigliano et al., 2018a). Data
reduction was performed using lolite (Paton et 2011) and the X_Trace_Elements IS DRS
(Longerich et al., 1996). The concentration (mg/kf)xhe different elements was determined by

using**Ca (38.8 wt.%) as the internal standard (Yoshireigd., 2000).

Replicate analyses of the NIST SRM 612 referenceenad show the following recoveries: 92% for
Li, 85% for Mg, 96% for Mn, 87% for Zn, 100% for Snd 97% for Ba. The Fe and RbDb
concentration of NIST SRM 612 determined in thigdgtwas within reported values (Jochum et al.,
2011). Copper was not considered because at 188std the values were below detection limit

(0.07-0.18 mg/kg). Estimates of precision were wmheteed by the relative standard deviation
6
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percentage (RSD, %) of quadruplicate samples. R&Des below 7% were obtained (Table S1),
with the data indicating good precision (Currie99p The detection limits (DL) were estimated
from the standard deviation of the background isitgn(Campana et al., 1997). The DL (in mg/kg)
for the analyzed elements in otoliths were: Ba06,0~e: 7, Li: 0.05, Mg: 0.04, Mn: 0.2, Rb: 0.02,
Sr: 0.04, and Zn: 0.4. Elemental concentrationseweported as molar ratios relative to Ca

(mmol/mol).

2.3. Otolith shape analysis
The internal side (Tuset et al., 2008) of each trighgittal otolith (N=175, Table 1) was
photographed using a Nikon Coolpix L110 (15x optmaom wide) digital camera at the same focal
length and all images were taken with a black bemkgd. Then, the fields of the images were

digitally cleaned and a scale was added (1 x 1 Emally, the images were saved as BMP files.

Elliptic Fourier analysis (EFA) was used for assegslifferences in the otolith contour between
sampling sites (Avigliano et al., 2018c; Cramptb®95). This analysis allows the shape of an otolith
to be represented as a closed curve in a two dioradsoutline. This outline is a combination of

sine and cosine functions harmonically related ddetors), where each one is composed of 4

Fourier coefficients (FC) (Crampton, 1995).

Otolith images were digitized using the Shape bf8nare to perform the EFA (lwata and Hukai,
2002). The numerical contour of each otolith wasraeted by using a chain coding algorithm
(Crampton, 1995). According to Fourier power speotr{Crampton, 1995), the first 28 harmonics
achieved 99.99% of the cumulated power (Figuren®) leence, the otolith outline is represented by
112 FCs. The first harmonic was used to normalthedrCs, transforming these into invariant with
respect to size and rotation (Ferson et al., 198bis method transforms the first three FCs into

constants, resulting in a total of 109 variabletaad of 112.

2.4, Statistical analysis
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Elemental ratios and FCs were tested for normaliiy homogeneity of variance using the Shapiro-
Wilk and Levene’s tests.

Only the Li:Ca ratio of the otolith edge fulfillethe assumptions of normality and homogeneity
(Shapiro-Wilk and Levene’s tests, p<0.05). Afteg(bo+l) transformation, only the otolith edge
Mg:Ca and core Sr:Ca ratio met the assumptionsp(8h&Vilk and Levene’s tests, p>0.05). For this
reason, univariate differences between samplirgs sitere assessed by using parametric tests for
Li:Ca and Log(Mg:Ca+1) for edge and Log(Sr.Ca+1) ore, whereas non-parametric statistics

were used for all other ratios.

The total length (TL) and otolith weight effect time element:Ca ratios were assessed by using
Spearman or Pearson correlations, according tdulfigment of the normality and homogeneity
assumptions. No significant correlation were fouretween TL or otolith weight and elemental
ratios for both core and edge (p>0.05). ANOVA, daled by the Bonferroni test, was used to
evaluate univariate differences between sites ii®d.and Log(Mg:Ca+1) (edge) and Log(Sr:Ca+1)
(core). Kruskal-Wallis was used to test univariedenparisons between sampling sites for all other
elemental ratios. Permutational multivariate analysf variance (PERMANOVA), based on
Mahalanobis distance (Anderson, 2006) with 9999mpéations, was employed to test multi-
elemental differences in otolith core and edge dipgnts between catch areas. Because the
assumption of homogeneity of variance-covarianceriogs was not met (Box test, p<0.001),
guadratic discriminant analysis (QDA) was usedeadtof linear model to test the ability of the

ratios to classify fish into specific sampling sitgsing core and edge fingerprints, separately.

FCs were normalized to TL (mean 47.1 cm) for didicey allometric effects taking into account the
allometric relationshiph) (Lleonart et al., 2000). PERMANOVA was employedtést differences
in the otolith shape between catch areas, wher&as Box test, p<0.001) was used to test the
ability of data to classify fish into sampling site

Prior to QDA analysis, multicollinearity was assasdy obtaining the tolerance (Hair et al., 2014).

The classification prior probabilities were caldeth based on group numbers and sample sizes
8



192  (White and Ruttenberg, 2007). Discriminant reswese verified using the leave-one-out cross-

193  validation (Jackknifed classification matrix).

194  Statistical analyses were performed by using Syigand SPSS 19 softwares.

195

196 3. Results

197 3.1. Otolith chemistry

198 The otolith core Fe:Ca ratio was significantly lowe Brazilian waters than in Argentinian and
199  Uruguayan waters.(p <0.05). Otolith core Zn:Ca @aCa ratios were significantly higher in
200 Argentina than in Brazil and Uruguay (p < 0.05).@d&ratio was high in Argentina, intermediate in
201 Uruguay, and low in Brazil (p < 0.05), while Sr:@as higher in Argentina that in Brazil (p < 0.05).
202  No significant differences were found between sftasotolith core Log (Mg:Ca+1), Mn:Ca and

203 Li:Caratios (p > 0.05) (Table 2).

204 Regarding the otolith edge chemistry, the Li:Caoratas significantly higher in Argentina than in
205  Uruguay and Brazil (p < 0.05), whereas the Mn: Qi@ n&as high in Brazil, intermediate in Uruguay,
206 and low for Argentina (p < 0.05). The otolith edgeCa ratio was significantly lower in Brazil than
207 in Argentina and Uruguay (p < 0.05). The Rb:CaC8rand Ba:Ca ratios were significantly higher in
208  Argentina than in Uruguay and Brazil (p < 0.05). Bignificant differences were found between
209  sites for the otolith edge Mg:Ca and Zn:Ca ratjps>(0.05, Table 2). Multivariate analyses were
210 effective in discriminating between the three sangpkites for both edge and core. Specifically,
211 PERMANOVA analysis shows significant multivariatéferences between the three sampling sites

212 for both edge and core (4.4s4<6.1, p < 0.05).

213  Mean cross-classification rates of QDAs were higiderate for both edge (mean = 80.0%) and core
214  (mean = 68.2%) (Table 3 and Figure 5). For core,prcentage of well classified individuals was
215  lower for Uruguay (48.0%) than for Argentina andaBdl (60.0 and 93.3%, respectively). Based on
216 the QDA coefficients, the order of the discrimingtgpower of the variables was: Rb:Ca (-0.59),

9



217  Fe:Ca (-0.55), Sr:Ca (0.49), Ba:Ca (-0.47), Mn:€29), Zn:Ca (-0.048), Mg:Ca (-0.037) and Li:Ca
218 (-0.003). For edge, the percentage of correctlgstlieed individuals ranged from 68.0 to 86.7%
219 (Table 3 and Figure 5). For otolith edge, the QDxeféicient order was: Li:Ca (0.64), Mn:Ca (-

220 0.62), Ba:Ca (0.60), Rb:Ca (0.20), Fe:Ca (0.17);®4g-0.16), Sr:Ca (-0.084) and Zn:Ca (-0.082).

221 The prior probabilities were 0.29 for Uruguay, Of86Argentina and Brazil.

222 3.2. Otolith shape analysis

223  Multivariate analyses were effective to discrimaatites using FCs (Table 3). PERMANOVA
224 revealed multivariate significant differences betweArgentina-Brazil and Uruguay-Brazil (p <
225 0.05), but no differences were found between Uryagural Argentina (p > 0.05). QDA classification
226  rates were relatively low to moderate (mean = 6),5%nging from 48.0 to 70.0% (Table 3 and

227  Figure 5).

228 4. Discussion

229  The results obtained from otolith edge microcheryiahd shape analysis suggest the presence of at
230 least two fish stocks dfl. brasiliensis in the SAO. Otolith microchemistry and shape asialyare

231  effective and widely used tools for the discrimioatof fish stocks and nursery areas (Avigliano et
232 al., 2018b; Avigliano et al., 2017b; Callico Forato et al., 2017; Soeth et al., 2019). In this wtud
233 the otolith edge chemical signature was an effecipproach to discriminate Brazilian codling

234  stocks in three study sites.

235 In addition, core analysis revealed a marked sedgia@yduring the early stage of life for Argentina
236 and Brazil, suggesting the existence of at least twrsery areas. For Uruguay, the correctly
237 classified individual rate using core microchenyistras relatively low (48%), although significant

238  multivariate differences were observed (PERMANOVAs0.05). Moreover, this jackknifed

239 classification rate was nonetheless higher (0.A8) the prior probability (0.29), suggesting a non-
240 negligible segregation behavior during the earbgst This relatively high misclassification rate
241  could be due to limitations in the discriminant mowof the model used or to the presence of

10



242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

connectivity between stocks. Considering both apgmes simultaneously (core and edge

chemistry), the results suggest a high segregé#timugh life between the three studied sites.

Factors affecting the incorporation of trace eletmento the otolith calcium carbonate matrix are
element-species-specific and can be related tor@mwiental factors such as salinity and water
composition (Bouchard et al., 2015; Brown and Sey&009; Elsdon, and Gillanders, 2003; Martin
et al., 2004). Furthermore, in several marine gsdemperature, physiological, and genetic factors
can also affect the incorporation rate of spe@faments (Brown and Severin, 2009; Limburg et al.,
2015; Martin and Wuenschel, 2006). For exampleabse the salinity of marine environments is
relatively homogeneous, the otolith Sr:Ca and Bar&as can be relatively constant in several
marine fishes (Brown and Severin, 2009). In theses, Sr:Ca and Ba:Ca can be strongly influenced

by genetic factors and may not be a good habithtator (Brown and Severin, 2009).

On the other hand, in several euryhaline specietblith Sr:Ca ratio is positively correlated with
the water Sr:Ca and salinity, whereas the otoligh(B ratio may be negatively related to salinity
(Avigliano et al., 2018a; Tabouret et al., 201Mus, these ratios can be useful habitat indicators
environments with salinity gradients (Avigliano @t, 2018a; Daros et al., 2016; Tabouret et al.,
2010). Acufia Plavan and Sellanes (2007) and Acla&a® and Viana (2000) have reported tdat
brasiliensis can inhabit estuarine waters (it is found in saés higher than 18), and migrates among
coastal areas and the open sea, according to reginggl purposes, salinity and temperature changes.
Our results show that both the Sr:Ca and Ba:Cag#tinded to be higher in the core than in the edge
(Figure 4), therefore, the typical antagonisticatieinship reported in euryhaline fish was not
observed. Based on our data, we cannot recommengsthof the Sr:Ca and Ba:Ca ratios as markers
of displacement among environments with differeadingties. Nevertheless, additional studies are

needed to confirm the usefulness of these elenasrgalinity indicators.

The combination of otolith shape and chemistrylteen widely used to discriminate stocks because

it allows to obtain more robust information on tteck structure (Avigliano et al., 2014; Callico

11



267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

Fortunato et al., 2017; Soeth et al., 2019). Is study, the EFA allowed us to discriminate the
samples caught at the border of Brazil and Arganfirable 3). However, the shape analysis did not
allowed us to discriminate the Uruguayan populafrom the other two areas (Table 3 and Figure
5), which could be due to a connectivity betweeartlst or a weakness of the method to separate
certain groups. Brazilian codling otolith are vamggular (highly scalloped edges, Figure 2), which
could affect the discrimination power of EFA. Emmnmental factors such as depth, salinity, water
composition, and temperature — as well as genatazsbe responsible for inter-stock differences in
the otolith shape (Avigliano et al., 2017b; Campand Casselman, 1993; Cafas et al., 2012; Sea et
al.,, 2008; Tuset et al., 2003). Vignon and Mora®1@ have indicated that both genetic and
environmental factors play a significant role inetenining the otolith shape of the snappatjanus
kasmira. In that species, environment and nuclear and amdiodrial DNA have a synergistic
influences that control the otolith shape (Vignord éMorat, 2010). Nevertheless, in some cases
where there are no intraspecific genetic differeneavironmental factors (i.e., temperature, dglini
and feeding) are the main parameters that corfimlotolith shape variations (Vignon and Morat,
2010). In addition, a strong correlation betweea dbolith morphometric and genetic components

have been reported in several species such dsskil{fReichenbacher and Reichard, 2014).

The study area has a decreasing thermal gradiemt frorth to south with different climatic and
oceanographic features, depths, and several ttqgichtemperate estuaries (Avigliano et al., 2016).
These factors could imprint a distinctive shape enemistry in the otoliths, which could explain
some multivariate differences found betweenUhérasiliensis stocks. This is supported by several
studies which have reported different stocks otEsesuch asenidens barbus (Avigliano, et al.,
2019; Avigliano et al.,, 2015b, 2017byercophis brasiliensis (Avigliano et al., 2015a),
Micropogonias furnieri and Cynoscion guatucupa (Volpedo and Cirelli, 2006) from the same study
area by using otolith microchemistry. In additi@palding et al. (2007) divided the SAO into three
main marine ecoregions (Southeastern Brazil, Ren@e and Uruguay—Buenos Aires Shelf, Figure

1) based on oceanographic and faunal characteristieU. brasiliensis stocks from Brazil and

12
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Argentina found in our work seem to reflect the afstic biogeographic regions described by
Spalding et al. (2007), which is in agreement it stock delimitations of other species sucPR.as

brasiliensis (Braicovich and Timi, 2008) an@. barbus (Avigliano, et al., 2019).

On the other hand, the collection areas from Uryguad Argentina are within the same ecoregion
(Figure 1), which could also explain the relatioevIpercentages of classification found for Uruguay
(shape and microchemistry). Again, this could bes da: 1) high connectivity, 2) relatively

homogeneous environment, 3) discriminant poweheMariables used, or 4) a combination of these
factors. The environmental homogeneity is an ublikactor because the sampling sites from
Argentina and Uruguay have a different salinitynperature, and depth (Guerrero et al., 2010).
Regardless, it is clear that the relationship betwéhe otolith chemical composition and the

environment must be further tested.

The delimitation of stocks found in this work isnststent with those reported by Pereira et al.
(2014) that suggested the presence of 3 stock$1ianSIAO based on the analysis of parasite
assemblages. Unlike our study, Pereira et al. (R@bdlected samples from the three different
ecoregions (greater areas and more marked envirdahgifferences), which could contribute to a

better discrimination of the stocks.

Our results not only indicate the presence of hffie stocks, as previously reported by Pereird. et a
(2014), but also suggest a strong spatial segmyatiring ontogeny. Additional studies should
incorporate samples from the Rio Grande ecoregwmch we infer could correspond to the
Uruguayan stock. Moreover, the incorporation ofeotmethods such as genetics and otolith stable
isotopes could contribute to better evaluate theneotivity between these three areas and define

more appropriate stock management policies.
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575  Table 1: Summary of fish descriptive statistics #mand range) for each sampling site. N, sample

576  size; TL, total length (cm); W, weight (g); SD, stiard deviation.

577
N TL+SD W + SD
Otolith chemistry
Argentina 30  46.0 +3.4 (37.0-52.0) 904 + 221 (445-1365)
Uruguay 25 46.7 £6.9 (31.5-54.0) 1025 + 459 (232-1658)
Brazil 30 48.7+£4.9(30.2-54.0) 1004 £ 304 (193-1500)
Fourier descriptors
Argentina 86 44.6 £4.1(32.0-52.0) 844 + 212 (315-1365)
Uruguay 28 44.6+9.0(26.0-54.0) 931512 (142-1658)
Brazil 61  51.4+55(29.2-54) 1139 + 333 (179-1630)
578
579

25



580 Table 2: Statistics and p-values of the ANOVA (ishier) and Kruskal-Wallis (H) tests used to

581 evaluate univariate differences between sites. elirees of freedom.

Core chemistry (df=82) Edge chemistry (df=82)

Element:Ca ratio Statistic p Statistic p
Li:Ca H=212 0.3 F=17.5 0.0001
Mg:Ca H=2.39 0.3 F=2.54 0.08
Mn:Ca H=0.02 0.9 H=34.9 0.0001
Fe:Ca H=19.9 0.0001 H=239 0.0001
Zn:Ca H=17.5 0.0002 H=2.25 0.3
Rb:Ca H=226 0.0001 H=195 0.0001
Sr.Ca F=5.59 0.005 H=214 0.0001
Ba:Ca H=222 0.0001 H=223 0.0001

582

583 Table 3: Cross-classification matrix of the disdnamt analysis. The numbers represent the

584 classification percentage. N: sample size. Pergentat correctly reclassified individuals were

585 indicates in bold numbers.

N Argentina Uruguay Brazil
Otolith core chemistry
Argentina 30 60.0 20.0 20.0
Uruguay 25 28.0 48.0 24.0
Brazil 30 3.3 3.3 93.3
Mean 68.2
Otolith edge chemistry
Argentina 30 83.3 6.7 10.0
Uruguay 25 12.0 68.0 20.0
Brazil 30 6.7 6.7 86.7
Mean 80.0
Fourier descriptors
Argentina 86 70.0 16.7 13.3
Uruguay 28 16.0 48.0 36.0
Brazil 61 10.0 23.3 66.7
Mean 61.5

586
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587
588
589

Table S1: Mean concentration and standard deviaf#iD) obtained for the NIST SRM 612
(analyzed as unknown) in each analytical sessitnisRhot validated for NIST (Relative standard

deviation obtained <3.8%).

Replicates for NIST Concentration (mg/kg) Li Mg Ca Mn Fe Cu Zn Sr Ba

SRM 612

A Mean 36 56 84000 36 101 35 32 76 37
SD 1 2 2446 1 15 2 2 3 1

B Mean 36 55 82436 35 91 34 35 76 37
SD 1 2 2162 1 12 2 4 2 1

C Mean 36 56 83848 36 101 35 32 76 37
SD 1 2 2357 1 15 2 2 3 1

D Mean 38 60 84848 38 91 37 33 77 37
SD 1 2 2801 1 12 2 2 2 1

E Mean 36 56 85062 36 102 34 32 78 36
SD 2 2 2542 1 12 2 2 3 1

F Mean 37 59 87156 37 101 34 35 79 38
SD 1 2 2799 1 13 2 2 2 1

G Mean 36 56 85151 36 87 33 35 73 37
SD 1 2 2583 1 12 2 2 2 1

H Mean 38 59 86934 38 94 36 38 79 40
SD 1 2 2691 1 13 1 3 2 1

I Mean 38 59 84857 37 94 35 34 76 39
SD 1 3 3448 2 12 2 2 3 2

J Mean 37 57 86283 37 95 35 33 76 38
SD 1 2 2998 1 14 2 2 3 5

K Mean 36 55 86716 35 86 32 35 75 36
SD 1 2 2579 1 10 2 2 2 1

L Mean 35 54 85602 35 91 32 34 75 36
SD 1 2 2392 1 12 2 2 2 1

M Mean 35 55 83713 35 99 33 36 76 37
SD 1 2 2116 1 13 2 2 2 1

27



590

591

Mean 37 61 84716 38 102 37 38 78 40
SD 1 2 2611 2 13 2 2 2 2
Mean 39 62 85053 39 100 38 37 81 40
SD 1 2 2579 1 9 2 2 3 1
Mean 35 53 83776 34 95 32 33 74 36
SD 1 2 2239 1 11 2 3 2 1
Mean 38 57 86369 36 109 34 36 76 38
SD 2 3 3926 1 13 2 2 3 2
Mean 39 62 85053 39 100 38 37 81 40
SD 1 2 2579 1 9 2 2 3 1
Average of all the NIST 612 37 57 85089 36 96 35 34 77 37
analysed

SD 1 3 1306 1 6 2 2 2 1
Relative difference (%) eith 8 16 1 4 Inthe 9 14 1

respect to Jochum et al. (2011) range
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Figure 1: Study area map. Red areas show the sagrgtes otUrophysis brasiliensis. 1, Brazil; 2,
Uruguay; and 3, Argentina. Dashed lines delimiteberegions according to Spalding et al. (2007):

a, Southeastern Brazil; b, Rio Grande and c, UryigBaenos Aires Shelf.

Figure 2: Otolith ofUrophycis brasiliensis from each sampling site. A: Right sagittablith. D:

dorsal, V: ventral, A: anterior and P: posterior. Brazilian codling otolith shape outlines
reconstruction for successive cumulative contrioutof the first 28 harmonics of the elliptical
Fourier analysis (Fourier power spectrum = 99.99pM6tted line: original otolith outline; solid

line: the cumulative contribution of harmonics.

Figure 3: A:Otolith section ofUrophycis brasiliensis from Argentinian coast showing the core and
edge laser ablation area. The white arrows inditeeadirection of ablation. D: dorsal, V: ventril,
internal face, E: external face. B: element:Calteglogarithmic scale for better visualization)tbé

otolith edge.

Figure 4: Box plot showing the distribution of takemental ratios (mmol/mol) for otolith edge and
core of Urophycis brasiliensis from different sampling sites, including: medianighme); mean
(dot); 25th and 75th percentiles for Mn:Ca; Fe:Za,Ca; Rb:Ca and Ba:Ca ratios or standard error
for Li:Ca, Mg:Ca and Sr:Ca ratios (box); and thagea (bars). Different letters show significant

difference between sampling sites (p < 0.05, Tahle

Figure 5: Quadratic discriminant analysis W@fophycis brasiliensis otolith. AR, Argentina; UR,

Uruguay; BR, Brazil.
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Spatial segregation in young and adult stages of Urophycis brasiliensis was studied.
Otolith microchemisty and shape are potential tools for stock identification.

Results suggest the presence of at least 2 fish stocks and nursery areas.

High percentages of classification suggest low connectivity between popul ations.

The populations should be managed as separate groups.
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