Pre prints.org

Article Not peer-reviewed version

Using Muscle Element Fingerprint
Analysis (EFA) to Trace and Determine
the Source of Hypophthalmichthys
nobilis in the Yangtze River Basin

Chao Song, Chengyao Yang , Feng Zhao i , Jilin Xie , Hong_Tao i , Xiaorong Huang , Ping_Zhuang

Posted Date: 9 July 2024
doi: 10.20944/preprints202407.0667v1

Keywords: Hypophthalmichthys nobilis; element fingerprint analysis (EFA); Yangtze River basin; lake;
traceability

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/2626342
https://sciprofiles.com/profile/3677697
https://sciprofiles.com/profile/3408421
https://sciprofiles.com/profile/423852
https://sciprofiles.com/profile/925949

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 July 2024 d0i:10.20944/preprints202407.0667.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Using Muscle Element Fingerprint Analysis (EFA) to
Trace and Determine the Source of
Hypophthalmichthys nobilis in the Yangtze

River Basin

Chao Song 2, Chengyao Yang 2, Feng Zhao *, Jilin Xie 2, Hong Tao >*, Xiaorong Huang !
and Ping Zhuang !

1 East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
songc@ecsf.ac.cn

2 School of Environment and Architecture, University of Shanghai for Science and Technology,
Shanghai 200093, China

* Correspondence: zhaof@ecsf.ac.cn (F.Z.); taohong@usst.edu.cn (H.T.)

Abstract: Hypophthalmichthys nobilis are widely distributed in the Yangtze River basin and its related lakes.
They are an important economic fish species and are a famous cultured species known as the "Four Famous
Domestic Fishes" in China. Currently, with the fishing ban in the Yangtze River basin, fishing for H. nobilis in
natural water bodies of the Yangtze River basin has been completely prohibited. In order to identify the sources
of H. nobilis appearing in the market, further control and accountability, it is necessary to trace the sources of
H. nobilis in the Yangtze River basin and its related water bodies. Therefore, this study identified and traced
different sources of H. nobilis through muscle element fingerprint analysis (EFA). The results show that H.
nobilis from different stations have characteristic element compositions. The characteristic element of H. nobilis
from Wuhan (WH) is Pb, which is significantly higher than that in other stations; the characteristic element
from Anqing (AQ) is Hg, which is significantly higher than that in other stations; and the characteristic element
from Taihu (TH) is Al, which is significantly higher than that in other water areas. Multivariate analysis selected
different spatial distribution patterns of 4 discriminant elements ratios (Pb/Ca, Cr/Ca, Na/Ca, Al/Ca) in the
muscle of H. nobilis in the Yangtze River basin and its related lakes. The study suggests that the screened
discriminative elements can be used to visually distinguish different sources of H. nobilis, and to quickly trace
and verify the origin of newly emerging samples. Therefore, the use of selected discriminant element
fingerprint features to trace the origin of new samples has been proven to be feasible. By further discriminating
and verifying the muscle element fingerprints of new samples, the discrimination rate is high. Therefore,
Multivariate analysis for muscle element fingerprint can be used for origin traceability of samples of unknown
origin in market supervision.

Keywords: Hypophthalmichthys nobilis; element fingerprint analysis (EFA); Yangtze River basin; lake;
traceability

Key Contribution: Hypophthalmichthys nobilis is an important fishery resource in the Yangtze River
basin and its related lakes. With the implementation of the Yangtze River Fishing Ban policy, it is
necessary to trace and determine the source of H. nobilis that appear in the market. This study is
based on the analysis of differences in element fingerprints in muscle samples. Using discriminant
methods in multivariate analysis, four different element ratios were selected from 19 element ratios
to trace the different sources of H. nobilis. Positive control (PC) validation analysis was conducted
to demonstrate the effectiveness of the four selected element ratios compositions in distinguishing
and tracing the sources of H. nobilis in the Yangtze River basin. This discrimination method can be
used to trace the origin of H. nobilis in the market, which can meet the discrimination needs for
unknown source samples of H. nobilis in market supervision and has important application value.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Hypophthalmichthys nobilis is an economically important fish species in China, widely distributed
in the major water systems in the eastern part of China [1]. H. nobilis is mainly cultured in the middle
and lower reaches of the Yangtze River, and eastern and southern coastal areas of China, such as
Hubei, Jiangxi, Guangdong, Hunan, Jiangsu and Anhui provinces [2]. In the 1970s, the United States
introduced H. nobilis, and it is now widely distributed in the Mississippi River basin [3]. H. nobilis is
one of the important "Four Famous Domestic Fishes" in China, which is the main freshwater
aquaculture fish, and the significant stocked fish and pond culture species, with high economic value,
high protein and low-fat nutritional value, and is an important dietary source of fish [1]. In recent
years, with the impact of environmental pollution, engineering construction, and overfishing, the
fishery resources in the Yangtze River have continued to decline. In order to better protect the aquatic
resources in the Yangtze River and its related water bodies, the "Ten-Year Fishing Ban" was
implemented from January 1, 2020, prohibiting the fishing of natural H. nobilis resources in the main
stream and important tributaries of the Yangtze River. As a result, the natural catch of H. nobilis has
decreased. Some traders, in pursuit of profit, are resorting to illegal fishing of H. nobilis in the natural
water bodies of the Yangtze River. Therefore, it is crucial for the management and accountability of
illegal fishing activities to discriminate and trace the origin of H. nobilis found in the market.

Currently, there are various methods for discriminating and tracing aquatic species from
different sources, such as a single method based on individual morphological characteristics [4],
otolith morphology [5], genetic sequences [6], fatty acid composition [7], isotope differences [8], and
element fingerprint analysis (EFA) [9], or a combination of these methods for discrimination [10,11].
EFA has been proven to be a very useful technology for distinguishing biological species or
populations and has been widely applied in studies related to the geographical tracing of aquatic
species and safety assessments of aquatic products [9,12-14]. The elements in EFA can come from
otoliths, whole body, and muscles, etc [5,15,16]. In the past, otoliths EFA have commonly been used
in various ecological studies of fish [17-20], especially in studies related to the life history [21,22].
This method typically requires complex sample preparation procedures and advanced instrument
equipment [23]. Given the different targets of application, difficulties in sample collection, and
discrimination sensitivity of different methods. For H. nobilis in this study, with its larger size
reaching a maximum length of 146 cm, and typically around 60 cm in length, using whole body as
samples poses challenges due to the large sample size [1]. Obtaining otoliths from H. nobilis is difficult
due to its hard skull, which results in high processing and time costs. Therefore, to facilitate the
determination of the source of unknown-origin H. nobilis samples in market supervision, this study
selected muscle tissue of H. nobilis from different sources and analyzed their element fingerprint
patterns to trace the origins of different H. nobilis samples.

In recent years, EFA has been applied to the identification of illegally sourced aquatic products
in the market and the differentiation of water products from different sources [24-26], hence in this
study, for the traceability determination of aquatic products in the market, a simpler method was
chosen by using only a part of fish muscles instead of the whole body or small otoliths as
experimental materials. The aim of this study is to distinguish H. nobilis samples from different
sources in the Yangtze River basin and its related lakes using EFA of muscle. By proposing a more
convenient, cost-effective, and less sample-consuming method, the results of this study can guide the
traceability discrimination of suspicious samples in market monitoring by collecting a small amount
of local muscle samples, and are expected to provide technology and methods for the traceability and
management of illegal fishing of this species in future market supervise.
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2. Materials and Methods
2.1. Sampling Sites, Sample Collection, and Processing

From September to December 2023, seventeen individuals of H. nobilis were selected from three
stations in the Yangtze River basin: Wuhan (WH), Anging (AQ), and Taihu (TH) (Figure 1, Table 1).
To authenticate the new source samples, five individuals were randomly selected from AQ as
positive controls (PC-AQ). All samples were captured using gill nets. Upon boarding the ship, fish
samples were labeled with sampling point coordinates and placed in plastic bags. The samples were
then frozen at -20°C until processed in the laboratory.
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Figure 1. H. nobilis sampling stations.

Table 1. Basic parameters of H. nobilis samples from three stations in the Yangtze River basin.

Groups Stations Collection = Number Standard Wet Weight (g)
Month Length (cm)
WH Wuhan November 2 64.90+4.10 4927.0+1105.9
AQ Anging September 5 70.08+2.30 5648.0+497.3
TH Taihu December 5 65.16+8.20 4912.0+1711.1
PC-AQ Anging September 5 59.61£5.53 3760.0+1435.6

In the laboratory, all samples were thawed. Standard lengths were measured in centimeters, and
fresh weights were measured in grams (+0.1 g). All samples were rinsed six times with Milli-Q water
(Millipore Corp., USA), dissected with stainless steel surgical knives, and the dorsal muscles were
cut into small pieces for thorough drying. After 24 hours of freeze-drying, the samples were ground
into fine powder using a tissue grinder and immediately placed into a desiccator before analysis.

Each dry sample (0.5 + 0.005 g) was placed in a digestion tube, 10 ml of purified HNOs (MOS
Reagent, Sinopharm Chemical Reagent Co., Ltd., China) was added, and left to stand for 3 h. Then 2
ml of purified HCIOs was added to each tube. Finally, an electric hot plate was used to digest all
samples, and the fully digested samples were quantitatively transferred to a 100 ml calibration flask
containing Milli-Q water [15].

d0i:10.20944/preprints202407.0667.v1
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2.2. Elemental Analysis

Total concentrations of 20 elements in pre-digested samples were measured using the
instruments and methods of ICP-OES (Agilent, 720ES) and ICP-MS (Agilent, 7700) [27-29]: mercury
(Hg), lead (Pb), chromium (Cr), cadmium (Cd), copper (Cu), zinc (Zn), nickel (Ni), arsenic (As),
sodium (Na), magnesium (Mg), potassium (K), iron (Fe), aluminum (Al), manganese (Mn),
molybdenum (Mo), strontium (Sr), barium (Ba), titanium (Ti), vanadium (V), and calcium (Ca).
Calibration standards were prepared from multi-element mixed calibration standard reserve
solutions (Cd, Pb, Cr, Cu, Zn, Ni, As, Mg, Fe, Al, Mn, Sr, Ba, Ti, V; Standard number: GSB 04-1767-
2004; Hg, Standard number: GSB 04-1729-2004; Na, Standard number: GSB 04-1738-2004; K, Standard
number: GSB 04-1733-2004; Ca, Standard number: GSB 04-1720-2004; Mo, Standard number: GSB 04-
1737-2004; National Nonferrous Metals and Electronic Materials Analysis and Testing Center,
National Standard (Beijing) Inspection and Certification Co., Ltd, China). All these analyses were
repeated three times.

2.3. Data Analysis

In order to eliminate individual differences among different stations, the raw data on the content
of the 19 elements were first divided by the content of Ca to obtain the data on the ratios of the 19
elements to Ca, which were expressed on this basis [26]. One-way analysis of variance (ANOVA) was
performed on the elemental ratios from different stations in order to test the differences between the
groups at a significance level of a=0.05 for each element [30]. The multivariate analysis models were
then used to detect spatial patterns in these three stations [31]. First, principal component analysis
(PCA) was applied to detect the overall pattern of elemental variation. Stepwise linear discriminant
analysis (LDA) was applied to develop a set of discriminant functions that were derived from the 19
elements ratios that were able to discriminate between different groups. The discriminative element
ratios selected through stepwise discrimination are used for traceability discrimination of new source
samples. Hierarchical cluster analysis (HCA) was applied to further explore the reasons for the
elemental composition differences in muscles of H. nobilis from different stations [32,33]. Statistical
analysis was performed using the software IBM SPSS Statistics 25.0.

3. Results
3.1. Elemental Fingerprints Composition

Non-parametric tests were conducted on the 19 elements ratios in the muscle of H. nobilis from
different stations in the Yangtze River basin to analyze the differences of elemental composition
among them. The results showed that there were significant differences (P<0.05) in the 4 elements
ratios (Hg/Ca, Pb/Ca, Al/Ca, Mn/Ca) in the muscle of H. nobilis among the three groups, while the
differences of the remaining 15 elements ratios were not significant (P>0.05) (Table 2).

Table 2. The 19 element ratios in the muscle of H. nobilis from different stations in the Yangtze River
basin (mean + SD).

Index WH AQ TH 95% confidence P

Hg/Ca  0.0250:0.0071=  0.0860:0.0483>  0.0100£0.0071=  0.0139~0.0744  0.011
Pb/Ca  0.0400£0.0141=  0.0040+0.0055>  0.0120+0.0045°  0.0041~0.0232  0.019
Cr/Ca  02450£0.1909:  0.0720:0.0303*  0.0920:0.0683:  0.0474~0.1710  0.218
Cd/Ca  0.7000:0.74952  0.33800.1853*  0.9380:0.6492:  0.3008~0.9959  0.227
Cu/Ca 04600+0.36772  02420:0.0746>  0.3920:0.1417¢  0.2311~0.4506  0-300
Zn/Ca 47850:0.2758:  9.1340+3.0404°  6.5100+2.8400:  5.8488~9.4495  0.304
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Ni/Ca  0,0350£0.0071:  0.0280+0.0045:  0.0400+0.0187¢  0.0258~0.0425  0.289
As/Ca 0.200+0.1697: 0.0940£0.0241=  0.1360+0.0602:  0.0814~0.1769 0516
Na/Ca  03050:0.0778:  0.5600£0.2651=  0.3660+0.2552:  0.2783~0.5950  0-252
Mg/Ca  (.2300+0.0424 0.3480+0.1596*  0.3040+0.1974»  0.2087-0.4113 0755
K/Ca 3.3750+1.4354:  4.3580+2.2346+  2.8900+1.6509  2.3950~4.7700 0421
Fe/Ca  00150£0.0071=  0.01400.0055:  0.0160+0.0055:  0.0117~0.0183  0-832
Al/Ca  01850+0.0354=  0.1800£0.0925:  2.4180+1.4107>  0.2029~0.0238 0017
Mn/Ca 1 1750+0.0495% 2.8080+1.418¢ 0.52600.1673>  0.6951~2.4749  0.014
Mo/Ca  01250+0.0495:  0.1100£0.0557=  0.0420:0.0192=  0.0500~0.1184  0.056
Sr/Ca 34550£1.9445:  3.9280+1.5340:  2.2260+0.4769:  2.2500~4.0300  0-167
Ba/Ca 0.4300+0.2687 1.2600+0.6401=  1.13600.6241=  0.6732-1.4668 0224
Ti/Ca 5.3250+£0.3606°  5.2300£0.1037@  4.5520+1.0059  4.5066~5.4200  0-384
V/Ca 0.0150£0.0212:  0.0120+0.0045¢  0.0220+0.0130:  0.0093~0.0240 0421

Note: The same letters after the standard deviation in the same line means that the difference is not significant
(P>0.05) and including the different letters means that the difference is significant (P<0.05).

One-way ANOVA was performed on the 19 element ratios in the muscle of H. nobilis to compare
the differences in elemental composition among the three groups. Significant differences (P<0.05)
were observed in the ratios of two elements (Hg, Pb) between WH and AQ groups, two elements (Pb,
Al) between the WH and TH groups, and three elements (Hg, Al, Mn) between AQ and TH groups.
The four element ratios (Hg/Ca, Pb/Ca, Al/Ca, Mn/Ca) with significant differences identified among
the three stations were selected for quantitative analysis (Figure 2). Looking at the differences in
element ratios among different groups, the Hg/Ca ratios in AQ was significantly higher than that in
other groups, the Pb/Ca ratios in WH was significantly higher than that in other groups, and the
Al/Ca ratios in TH was significantly higher than that in other groups (P<0.05). Mn/Ca ratios in WH
showed no significant difference with that in AQ and TH, respectively (P>0.05). Therefore, the Hg/Ca,
Pb/Ca, and Al/Ca ratios can be used as characteristic indicators for the AQ, WH, and TH groups,
respectively.
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Figure 2. Element to Ca ratios of H. nobilis muscle from three stations in the Yangtze River basin (WH,
AQ, and TH). WH: Wuhan; AQ: Anging; TH: Taihu. Different letters (a, b) denote significant
differences between groups of samples.

3.2. Principal Component Analysis (PCA)

To screen and determine the main characteristic elemental indicators in the composition of H.
nobilis groups from different stations, PCA was performed on the ratios of 19 elements. A total of 5
principal components (PC1 to PC5) were derived (Table 3).

Table 3. Principal component matrix and contribution of 19 element ratios in the muscles of H. nobilis
from three stations in the Yangtze River basin.

Principal Component

Variable
1 2 3 4 5
Hg/Ca 0.679 -0.703 0.037 -0.020 -0.036
Pb/Ca -0.243 0.452 0.595 0.245 0.453
Cr/Ca 0.501 0.601 0.598 0.063 -0.130
Cd/Ca 0.296 0.895 -0.183 -0.034 0.103
Cu/Ca 0.534 0.753 0.196 -0.099 -0.254
Zn/Ca 0.876 -0.233 -0.120 0.083 0.205
Ni/Ca 0.385 0.775 -0.244 0.252 0.242
As/Ca 0.522 0.739 0.360 -0.098 -0.168
Na/Ca 0.826 -0.227 -0.209 0.399 -0.053

Mg/Ca 0.824 0.006 -0.296 0.468 -0.052
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K/Ca 0.921 -0.152 0.004 0.260 -0.105

Fe/Ca 0.773 0.409 -0.173 -0.337 0.008

Al/Ca 0.094 0.696 -0.600 0.332 -0.039
Mn/Ca 0.657 -0.729 0.073 -0.001 0.012
Mo/Ca 0.779 -0.294 0.500 0.069 -0.070

Sr/Ca 0.747 -0.360 0.301 -0.292 -0.133

Ba/Ca 0.504 -0.321 -0.568 -0.471 0.153

Ti/Ca 0.533 -0.028 0.151 -0.201 0.767

V/Ca 0.380 0.611 -0.191 -0.605 -0.102
Characteristic Value 7.426 5.581 2.237 1.543 1.091
Contribution Rate 39.085 29.371 11.773 8.122 5.740
Cumulative Contribution 39.085 68.456 80.229 88.352 94.092

As shown in Table 3, the top 5 indicators contributing to PC1 were K, Zn, Na, Mg, and Mo, while
the top 5 indicators contributing to PC2 were Cd, Ni, Cu, As, and Mn, and the top 3 indicators
contributing to PC3 were Al, Cr, and Pb. It was observed that the top 5 elemental indicators in PC1
did not show significant differences among the samples from different stations. PC2 only showed a
significant difference in the element ratios of Mn, between AQ and TH. On the other hand, Al in PC3
was significantly different between TH and WH, as well as TH and AQ, while Pb was significantly
different between WH and AQ, as well as WH and TH (Table 2, Table 3).

In the scatter plot formed by PC1 and PC2 (Figure 3a), the main elemental indicators from
different stations were close to each other, with only a few elemental indicators showing differences.
As indicated by the main elemental indicators in PC2, Mn showed no significant difference between
WH and AQ, as well as between WH and TH, so the scatter plot formed by PC1 and PC2, the
elemental composition of WH merged with AQ and TH (Figure 3a). As there were no significant
differences for the main elemental indicators of Pb and Al in PC3 between AQ and the other groups,
so the scatter plot formed by PC1 and PC3, the elemental composition in AQ was distributed between
WH and TH (Figure 3b). On the other hand, Mn in PC2 from AQ and TH, Pb in PC3 from WH and
other two stations, and Al in PC3 from TH and other two stations showed significant differences.
Therefore, on the scatter plot composed of PC 2 and PC 3, there are more differences in the elemental
composition of the three groups, each of which is relatively concentrated and distinct (Figure 3c). It
can be seen that through the scatter plots formed by PC1 and PC2 as well as PC1 and PC3, the three
groups could not be effectively distinguished as the main elements (K, Zn, Fe, Mg, Na) in PC1 showed
no significant differences among the different groups, indicating overall similarity in the elemental
composition of H. nobilis muscle from different stations. However, through the scatter plots formed
by PC2 and PC3, a preliminary differentiation of the three groups could be made, primarily because
the main elements Mn in PC2, and Pb and Al in PC3 showed certain differences among the three
groups. Especially in terms of the composition of minority elements in PC3, there are significant
differences between Pb in WH, and Al in TH compared to the other two stations, indicating that the
differences between samples from different stations are mainly manifested in the few characteristic
elements in PC3.

d0i:10.20944/preprints202407.0667.v1
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Figure 3. Scatter diagram of PC1 and PC2 (a), and PC1 and PC3 (b), and PC2 and PC3 (c) of 19 element
ratios in the muscles of H. nobilis from three stations in the Yangtze River basin.

3.3. Discriminant Element Screening

LDA was conducted on the composition of 19 elemental ratios in H. nobilis muscle from different
stations in the Yangtze River basin, resulting in a discriminant equation with 4 elemental coefficient
as independent variables, including 4 elemental ratios of Pb/Ca, Cr/Ca, Na/Ca and Al/Ca (Table 4).
From the discriminant coefficients of each element ratios, it can be seen that Pb/Ca had the largest
coefficient in WH, while Al/Ca had the largest coefficient in TH, indicating that Pb and Al were the
main differential elements among the three stations.

Table 4. Classification function coefficient of 19 element ratios in the muscles of H. nobilis from three
stations in the Yangtze River basin.

Discriminative

WH AQ TH
Elements
Pb/Ca 19468.862 5120.551 780.090
Cr/Ca 1369.079 348.931 47.029
Na/Ca 293.634 91.816 10.597
Al/Ca -174.431 -47.715 -3.683
Constant -586.832 -45.315 -5.429

The results of the stepwise discriminant analysis showed an overall discriminant success rate of
100.00% among the 12 individuals of H. nobilis from the three stations. The results of the cross-
validation were consistent with the stepwise discriminant results (Table S1). The three groups in the
discriminant analysis scatterplot were scoped with circles, which showed that the elemental
composition of H. nobilis in the three groups can be clearly distinguished (Figure S1).

In order to further confirm whether the four selected discriminative element ratios can be used
to determine the unknown source samples, the positive controls of PC-AQ, and the elements ratios
from three stations of WH, AQ and TH were analyzed (Figure 4). The Pb/Ca ratios in WH was
significantly higher than that in other groups, the Al/Ca ratios in TH was significantly higher than
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that in other groups, the Cr/Ca and Na/Ca ratios showed no significant difference among these four
groups. There was no significant difference of these four discriminative elements ratios between AQ
and PC-AQ. It can be seen that the WH samples can be distinguished by Pb element ratios from these
four groups, and the TH samples can be distinguished by Al element ratios, while the composition
of the four discriminative elements between AQ and PC-AQ is relatively consistent, which is
expected to identify and trace the source of samples from different sources by the composition
differences of these four discriminative elements ratios.
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Figure 4. Element to Ca ratios of H. nobilis muscle from three stations in the Yangtze River basin (WH,
AQ, and TH) and the positive control of AQ (PC-AQ). Different letters (a, b) denote significant
differences between groups of samples.

3.4. Traceability and Verification Analysis

In order to further verify the source of the newly collected samples, LDA of the four discriminant
elements ratios of H. nobilis muscle from three stations in the Yangtze River basin and the PC-AQ
group were performed, and scatter plots of discrimination (Figure 5).
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Figure 5. Scatter plot of scores based on the first two canonical discriminant functions for 4 groups of
WH, AQ, TH and PC-AQ.

Figure 5 clearly showed that the PC-AQ group and AQ group are fused into one group, so PC-
AQ group were included into the AQ group for further verification in the subsequent discriminant
analysis, and the overall discriminant success rate of the total samples from AQ was obtained to be
100% (Table 5). The results showed that, with the addition of the PC group, the overall discrimination
success rate of 17 H. nobilis individuals from the three stations was still 100.00%. The results of cross
verification were consistent with the results of stepwise discrimination (Table 5). It can be seen that
the new samples can be effectively traced by these four discriminant elements ratios that have been
screened.

Table 5. Results of discriminant verification analysis for H. nobilis from different sources in the
Yangtze River basin by the 4 discriminant elements ratios in the muscles.

Prediction Category Comprehensive
Discriminant
Method Groups AQ+PC- Discrimination
Accuracy (%)
PN TH Rate (%)
WH 2 0 0 100.0
Stepwise
AQ+PC-AQ 0 10 0 100.0 100.0
Discrimination
TH 0 0 5 100.0
WH 2 0 0 100.0
Cross
AQ+PC-AQ 0 10 0 100.0 100.0
Verification
TH 0 0 5 100.0
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4. Discussion

In this study, based on the biological characteristics and ecological habits of H. nobilis [1], muscle
tissue was selected as the research material to analyze the elemental composition in the muscle of H.
nobilis from different stations in the Yangtze River basin. The differential elemental composition of
H. nobilis muscle was preliminarily screened, and a few key discriminative elements were further
screened through discriminant analysis methods for traceability and judgment of new source H.
nobilis samples. In this study, due to the large size of H. nobilis, it is difficult to obtain whole body and
otoliths [1,34,35], as well as the presence of incomplete individuals in the market, and it is not suitable
to obtain whole body and otolith samples. Therefore, compared to larger whole body and small
otoliths, muscle tissue has a smaller sample size and easier sample acquisition, which can better meet
the sampling needs of market regulation and is the best research materials.

There are various discrimination and identification methods for samples from different sources
or populations, including individual morphology, otolith morphology, isotopes, fatty acids,
molecular methods, etc [4-8]. However, the above methods have some shortcomings in the
discrimination and traceability analysis for different sources of H. nobilis in this study. For example,
using molecular analysis methods [36] to identify population differences are not entirely effective
due to the similarity for the same species. Traditional otolith microchemistry analysis can
differentiate fish populations from different regions and is relatively stable and unaffected by
external factors [5]. However, this method is usually applied to the study of populations with
different habitat records [37,38]. Moreover, the cost of otolith detection is high, and complicated
pretreatment is needed [39]. In contrast, EFA used in this study provides a more accurate indicator
for distinguishing river sections based on the accumulation of elements in muscles from the
environment during growth [40]. Additionally, the cost of muscle element analysis is lower, requiring
only simple pre-treatments [12]. Therefore, based on the stability of element accumulation in muscles
and the unique advantages of EFA in sample processing and analysis, this study selected this method
to trace and determine the source of samples from different stations.

In order to further explore the reasons for the successful use of the muscle EFA method to trace
and verify the sources of different H. nobilis samples, the HCA was conducted on the identified 4
discriminative element ratios in the muscles of H. nobilis from different stations. The results showed
the minimum distance was 0.042 between WH and AQ, while the maximum distance was 5.005
between WH and TH (Table S2). The cluster dendrogram showed that the difference between WH
and AQ was relatively small, while TH exhibited greater differences from the other two stations
(Figure S2). It is possibly due to the fact that WH and AQ are sections of the Yangtze River that are
open and interoperable with each other, with fewer differences, whereas TH is a relatively closed
lake with greater differences from the other two stations (Figure 1). For the reasons of the differences,
we can discuss them through the elemental content characteristics of the watersheds. Some studies
pointed out that Pb pollution is mainly distributed in the middle reaches of the Yangtze River [41,42],
so the Pb contents in the muscle of H. nobilis from WH in the middle reaches of the Yangtze River is
greater than that from the other two stations. The reason for the higher Al content in TH may be the
developed Al industry in Wuxi and the surrounding areas, with bauxite smelters and aluminum
manufacturing plants around the TH watershed, discharging industrial wastewater with a high Al
content [43,44]. The study of the source distribution and composition of heavy metals in the
sediments of the lower Yangtze River and estuaries showed that the concentration of Hg in AQ
section is relatively high compared to the other two stations [45]. Through above analysis, it was
found that the differences between samples from different sources are related to the ecological habits
of H. nobilis and the geographical distribution of the key elements composition in different stations.

Overall, in this study, the EFA method can be used to determine and trace the origin of H. nobilis
from different sources. This is closely related to the geographical distribution characteristics of the
sampling stations for H. nobilis in the Yangtze River basin, the biological and ecological habits of H.
nobilis, and the stability of accumulated discriminative elements in H. nobilis muscles. On this basis,
a series of methods such as, One-way ANOVA, PCA, LDA, and HCA in multivariate analysis were
used to screen out a few key discriminant elements for traceability and validation of H. nobilis samples
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from different sources, ensuring the credibility and effectiveness of the discriminant results. At the
same time, by selecting a small number of key discriminative elements from multiple elemental
compositions and successfully applying them to the discriminative verification of new source
samples, the simplicity of the analysis method and its operability in market supervision applications
are ensured, which has important practical value.

5. Conclusions

This study utilized multidimensional statistical analysis to investigate the differences of 19
elements ratios in the muscle of H. nobilis from different stations in the Yangtze River basin. The
study successfully identified the main elements in the muscle tissues from three stations and selected
4 differential elements for further analysis and verification, demonstrating the feasibility and
effectiveness of using muscle element fingerprints to differentiate H. nobilis from different sources.
The study preliminarily identified Al, Mn, Hg, Pb as the main differential elements in the muscle of
H. nobilis from three stations, with Pb and Al being the primary elements used to distinguish H.
nobilis from different sources. The results of this study provide technical support and theoretical
basis for the source identification of H. nobilis from different stations in the Yangtze River basin.

Supplementary Materials: The following supporting information can be downloaded at The following
supporting information can be downloaded at the website of this paper posted on Preprints.org. Table S1: Results
of discriminant analysis for 19 element ratios in the muscle of H. nobilis from three stations in the Yangtze River
basin; Table S2: Euclidean distance among 4 discriminant elements ratios in the muscles of H. nobilis from three
stations in the Yangtze River basin. Figure S1: Scatter plot of scores based on the first two canonical discriminant
functions for the 19 elements ratios in the muscles of H. nobilis from three stations in the Yangtze River basin;
Figure S2: Clustering dendrogram for 4 discriminant elements ratios in the muscles of H. nobilis from three
stations in the Yangtze River basin. Samples from AQ station include AQ group and PC-AQ group.
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