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Abstract
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Abstract: Xenoestrogenic effects have been reported in thicklip grey mullet, Chelon labrosus, used as
pollution sentinel organisms in estuaries in the Southeast Bay of Biscay with intersex gonads described
in populations from some contaminated estuaries. Despite evidence of reproductive stress in this
catadromous fish species, knowledge of mullet reproductive movements and connectivity between
estuaries is lacking. This study investigates the population structure of C. labrosus using otolith shape
and elemental signatures of 60 adult individuals collected from two estuaries found in the Southeast
Bay of Biscay (Gernika and Plentzia). All samples were collected in June–July 2020. Otolith shape
analysis was determined using elliptical Fourier descriptors, while elemental signatures (Sr:Ca, Li:Ca,
Mg:Ca, Mn:Ca, Co:Ca, Ni:Ca, Cu:Ca and Ba:Ca) of whole sagittae were determined by inductively
coupled plasma mass spectrophotometry. Both natural tags were analyzed with univariate and
multivariate statistics to determine whether these signatures are geographically distinct and can be
used to assess the degree of separation between individuals. The data showed significant differences
in the otolith shape and elemental analyses, with canonical analysis of principal coordinates plots
identifying two different groups, each one belonging to each estuary of origin. Differences in whole
otolith elemental signatures between locations were driven by Sr:Ca, Li:Ca, and Ba:Ca. Sr:Ca and
Li:Ca ratios were higher in Plentzia than in Gernika, while Ba:Ca was higher in Gernika. The high
re-classification success rate using both tools obtained from stepwise linear discriminant function
analysis supports these findings and suggests that Gernika and Plentzia individuals passed enough
time in separated water compartments and should be regarded as two different population units.
This could suggest that the intersex condition in mullets from Gernika is due to life-long exposure to
xenoestrogens after homing during early larval development in that estuary, without migrations to
other estuaries. Acknowledgements: Project funded by Basque Gov. (IT1302-19), Spanish MCIN and
EU-FEDER/ERDF (PGC2018-101442-B-100) and EU H2020 (Assemble+ 730984).

Keywords: Chelon labrosus; otoliths; shape and elemental signatures; population structure

Biol. Life Sci. Forum 2022, 13, 71. https://doi.org/10.3390/blsf2022013071 https://www.mdpi.com/journal/blsf

https://doi.org/10.3390/blsf2022013071
https://doi.org/10.3390/blsf2022013071
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/blsf
https://www.mdpi.com
https://orcid.org/0000-0001-7541-0184
https://orcid.org/0000-0003-4841-0079
https://orcid.org/0000-0002-5605-8434
https://orcid.org/0000-0002-8021-4783
https://orcid.org/0000-0002-1297-3198
https://orcid.org/0000-0002-2831-025X
https://doi.org/10.3390/blsf2022013071
https://www.mdpi.com/journal/blsf
https://www.mdpi.com/article/10.3390/blsf2022013071?type=check_update&version=1


Biol. Life Sci. Forum 2022, 13, 71 2 of 2

Author Contributions: Conceptualization, A.N., I.C. and A.T.C.; Formal analysis, A.N.; Investigation,
A.N., I.C. and A.T.C.; Methodology, A.N., A.A., E.P., O.D.D.C., M.O.-Z. and A.T.C.; writing—original
draft preparation, A.N.; Writing—review and editing, A.N., I.C. and A.T.C.; Supervision, I.C. and
A.T.C.; Funding acquisition, I.C. and A.T.C. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was supported by the Strategic Funding UIDB/04423/2020 and UIDP/04423/
2020 through Portuguese funds provided by FCT, and by the Basque Government (IT1302-19), Spanish
Ministry of Science and Innovation (MCIN) and EU-FEDER/ERDF (PGC2018-101442-B-100) and EU
H2020 (Assemble+ 730984).

Institutional Review Board Statement: Not applicable (animals obtained through fisheries).

Informed Consent Statement: Not applicable.

Data Availability Statement: Dataset available upon request and after author’s evaluation.

Conflicts of Interest: The authors declare no conflict of interest.


