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Fig. 1  Larimichthys crocea and corresponding sagittal
otolith of Naozhou and Min-yuedong groups
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Fig. 2 Fish landmarks of Larimichthys crocea
1. Tip of snout (type III), 2. the anterior margin of the eye (type II),
3. the posterior margin of the eye (type II), 4. origin of dorsal fin
(type 1), 5. posterior end of dorsal fin base (type 1), 6. upper
insertion of caudal fin base (type 1), 7. tip of caudal fin (type III),
8. lower insertion of caudal fin base (type I), 9. posterior end of
anal fin base (type I), 10. origin of anal fin (type I), 11. origin of
pelvic fin (type 1), 12. distal tip of mandible (type II), 13. the
posterior margin of the operculum (type II), 14. upper insertion of
pectoral fin (type ), 15. lower insertion of pectoral fin (type I),
16. distal tip of caudal peduncle (type II).
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Fig. 3 Landmarks of left otolith of Larimichthys crocea
1. Posterior endpoint of otoliths (type III), 2. posterior dorsal notch
of otoliths (type II), 3. posterior dorsal protrusion of otoliths (type
1), 4. anterior dorsal protrusion of otoliths (type III), 5. anterior tip
of otoliths (type III), 6. the intersection of the vertical line drawn
from landmark 4 and the ventral outline (type I), 7. posterior
ventral notch of otoliths (type II), 8.posterior endpoint of sulcus
acusticus (type III), 9. the upper junction of the posterior and
middle parts of the sulcus acusticus (type I), 10 . the upper junction
of the anterior and middle parts of the sulcus acusticus (type 1),
11. anterior tip of upper sulcus acusticus (type III), 12. the lower
junction of the anterior and middle parts of the sulcus acusticus
(type I), 13. the lower junction of the posterior and middle parts of
the sulcus acusticus (type I).
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Fig. 4 Schematic diagram for otolith chemistry analysis
The arrow indicates the direction and path of laser ablation.
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Fig. 5 Principal component scatter plots for discriminating the Naozhou and Min-yuedong stocks of Larimichthys crocea

a. PCA plot of fish morphology; b. PCA plot of otolith morphology; c. Variation represented by the first two principal components
of fish morphology; d. Variation represented by the first two principal components of otolith morphology.
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Fig. 6 Larimichthys crocea fish and otolith deformation diagram
of Naozhou group using Min-yuedong group as a reference
a. fish deformation diagram of Naozhou group using Min-yuedong
group as a reference; b. otolith deformation diagram of Naozhou
group using Min-yuedong group as a reference.
Variations are magnified 3 times. The red solid line represents
Naozhou group, the blue dashed line represents Min-yuedong
group, and the black arrows indicate the morphological changes
of the Naozhou group relative to the Min-yuedong group.
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Tab. 2 Distance of fish or otolith landmarks in Naozhou and Min-yuedong groups of Larimichthys crocea

il % +SD HAHIRA X +SD e
2 b G i UER 25
disf:rfeﬁzf%ﬁsh A B fﬁ—@ﬁ‘( % B 1”; o distancﬂeﬁij otolith % |‘g-ﬂ_,{|—; L %#r; P

landmark Naozhou Min-yuedong landmark Naozhou Min-yuedong
1-12 0.134+0.014 0.124+0.013 0.0575 1-8 0.067+0.027 0.036+0.023 0.0009
1-13 0.259+0.011 0.257+0.014 0.6027 2-9 0.074+0.021 0.115+0.017 0.0000
2-3 0.064+0.003 0.060+0.005 0.0560 4-6 0.560+0.015 0.591+0.016 0.0000
4-5 0.608+0.015 0.619+0.014 0.0753 9-10 0.431+0.019 0.435+0.019 0.5058
4-11 0.266+0.011 0.283+0.010 0.0006 9-13 0.137+0.009 0.134+0.014 0.3530
8-9 0.201£0.014 0.203+0.014 0.6974 10-11 0.075+0.009 0.100+0.017 0.0000
9-10 0.088+0.009 0.095+0.008 0.0826 10-12 0.153+0.012 0.138+0.013 0.0008
14-15 0.052+0.003 0.056+0.003 0.0031 12-13 0.275+0.020 0.275+0.014 0.9497

T fRHIAR R R S 2R KR, Ho tn s BE B 28 5-8 S b s FE S b ifE 1.

Note: all fish landmark distances are standardized by body length, and otolith landmark distances are standardized by the distance between

landmarks 5 and 8.
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Tab.3 Element: Ca ratios of Larimichthys crocea otolith chemistry
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Ba/Ca 0.027+0.006 0.017+0.004 <0.0001 0.016-0.041 0.011-0.026 0.027 0.015
Mn/Ca 0.011+0.002 0.021+0.003 <0.0001 0.007-0.015 0.017-0.027 0.010 0.021
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Fig. 7 Variation in mean element: Ca ratios of all otolith samples from core to edge points, distinguishing the
two stocks of Larimichthys crocea
Shadow represents the confidence interval with a 95% confidence level.
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Tab. 4

Results of stepwise discriminant analysis based on Larimichthys crocea fish landmarks, otolith landmarks

and otolith chemistry respectively
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Stock discrimination of Larimichthys crocea from Naozhou and Min-
yuedong groups based on fish morphology, otolith morphology and
chemistry

YANG Min', QIN Jiao', GU Long" % LI Ruojing', ZHAO Na', ZHANG Bo'

1. Southern Marine Science and Engineering Guangdong Laboratory (Zhanjiang), Zhanjiang 524000, China;
2. College of Environmental Science and Engineering, China West Normal University, Nanchong 637002, China

Abstract: Larimichthys crocea, an economically important fish species along the coast of China, has faced severe
threats to its resources in recent years due to overfishing and loss of genetic diversity. To characterize the
phenotypic traits of the less-studied Naozhou group of L. crocea, a combination of fish morphology, otolith
morphology, and otolith chemistry was employed to discriminate the two stocks of L. crocea, the Naozhou and
Min-yuedong groups sampled in Zhanjiang and Zhangzhou, respectively. The results of the principal component
analysis indicated that the two populations could not be separated by the first two principal components of fish
morphology, but could be distinctly separated by otolith morphology. Analysis of variance (ANOVA) indicated
significant differences in fish and otolith morphologies between the two stocks (P<0.05). The deformation
diagram of fish morphology showed that Naozhou individuals were generally more elongated, with relatively
shorter pectoral fin bases than Min-Yuedong individuals (P<0.05). A deformation diagram of otolith morphology
revealed that the otoliths of the Naozhou stock were more compressed overall, exhibiting a thicker neck in the
sulcus and a relatively deeper first posterior dorsal depression than those of the Min-Yuedong stock (P<0.001).
Otolith chemical analysis revealed that the Ba/Ca and Sr/Ca ratios in the otoliths of the Naozhou stock were
significantly higher than those in the Min-Yuedong stock, whereas the Mn/Ca ratio was significantly lower
(P<0.0001). There were no significant differences in the Mg/Ca ratios (P>0.05). The Sr/Ca ratios exhibited the
most pronounced differences between the two stocks from the core to the edge of the otolith when compared to the
ratios of Ba, Mg, and Mn with Ca, with virtually no overlap at the measurement points. Discriminant analysis
results indicated that the discrimination accuracy based on fish morphology (85.2%) was lower than that based on
otolith morphology (100%) and chemistry (100%). The morphological differences between the two groups may be
related to the differences in water flow and temperature between their habitats, with the Naozhou group inhabiting
lower-flow and higher-temperature environments. Variations in otolith chemistry can be partly explained by
salinity and temperature. Fish morphology, otolith morphology, and microchemical analyses demonstrated
sufficient efficacy in the stock identification of the Naozhou and Min-yuedong groups of L. crocea. These findings
provide a scientific basis for stock discrimination and fishery management of L. crocea.

Key words: Larimichthys crocea; stock discrimination; morphology; landmarks; otolith microchemistry; Naozhou
group; Min-yuedong group
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