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To explore the external morphological differences of golden pompano in different 
geographical populations, eight quantitative traits of 210 samples from seven golden 
pompano populations were measured. Multivariate statistical methods, such as principal 
component analysis, discriminant analysis, cluster analysis, and One-way ANOVA, were 
used to compare morphological differences among the populations. Principal component 
analysis extracted the top five principal components with a cumulative contribution rate 
of 85.79%, of which the first three principal components could explain seven 
morphological features. The principal component scatter plot showed that the NH, CH, 
and LL populations had similar morphology. Using the stepwise discriminant method to 
establish the classification and discrimination functions of the seven populations, the 
discrimination accuracy of the DL population was 93.3% for P1 and 87.5% for P2, which 
was the highest, and the comprehensive discrimination rate was 71.4%. The clustering 
relationship diagram showed that the populations were divided into three branches, and 
the CH and NH populations were closest. In contrast, the DL and HF populations were 
farthest from the other populations. One-way ANOVA showed significant differences 
(P<0.05) among all traits of the populations, and the morphological differences between 
the HX and DL populations were the largest. The results of this study showed specific 
differences in the external morphology of golden pompano among different populations. 

INTRODUCTION 

In fish classification, the difference in external morphology 
is the most intuitive. External morphology analysis is the 
simplest and most commonly used among the several fish 
population identification methods. Therefore, morphome
try is often used to identify species and inter-species by 
measuring the phenotypic traits of the fish body. Morpho
logical analysis frequently identifies inter-specific differ
ences between different geographic populations, such as 
serranid fishes. Cavalcanti et al.1 determined the morpho
logical traits of six serranid fish families, Ruiz-Campos re
ported morphological differences between different pop
ulations of Oncorhynchus mykiss,2 and Elliott performed 

morphological analysis on Orange roughy (Hoplostethus-
atlanticus) captured from different geographic populations 
and found significant differences between them.3 

Traditionally, morphometric methods were based on the 
method proposed by Hubbs et al.,4 measuring indices such 
as head length, body length, body height, and caudal pe
duncle from different directions and then comparing quan
tifiable and measurable traits individually. This single mor
phometric method is effective for species-level 
identification but often fails to identify subspecies-level 
populations.5 Multivariate statistical methods can compen
sate for this single identification method. Principal Com
ponent Analysis, Discriminant Analysis, and Cluster Analy
sis can more intuitively display the degree of differentiation 
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and proximity between different populations. Neves used 
external morphometrics combined with principal compo
nent analysis and discriminant analysis to study geograph
ical populations of Spondyliosoma cantarus captured in 
seven different geographical regions along the east-west 
Atlantic coast, showing that there were stable morphologi
cal differences among the four populations.6 

Trachinotus ovatus, also known as the golden pompano, 
is widely distributed in the world, mainly distributed in the 
East and South China Seas in China. Its meat is tender and 
fat, grows rapidly, and is highly adaptable, making it one 
of the main economic fish species in Chinese marine aqua
culture.7,8 During the growth and development of fish, ex
ternal morphological characteristics are obtained through 
inheritance, which is mainly determined by genes. Studies 
have shown that differences in morphological characteris
tics are not entirely caused by heredity factors,5 and that 
environmental factors may also cause differences in mor
phological characteristics at key stages of fish growth and 
development.9,10 Therefore, because of the geographical 
distance and growth environment, the morphological char
acteristics of golden pompano populations in different lo
cations may show a certain degree of differentiation. Still, 
research has yet to examine the morphological differences 
between different populations of golden pompano. There
fore, this study used traditional morphometric measure
ment methods combined with multivariate statistical 
methods such as principal component analysis, discrim
inant analysis, cluster analysis, and One-way ANOVA to 
compare the morphological differences between golden 
pompano populations in several coastal areas of China to 
provide a reference basis for the rational utilization of spa
tial population structure and population resources of dif
ferent populations of golden pompano in coastal areas of 
China. 

MATERIALS AND METHODS 

SAMPLE COLLECTION 

Golden pompano samples were collected from seven dif
ferent geographic locations in China, including Zhanjiang 
City, Guangdong Province, Shenzhen City, Guangdong 
Province, Lingshui Li Autonomous County, Hainan 
Province, and Beihai City, Guangxi Zhuang Autonomous 
Region. Twenty 210 fresh samples of golden pompano were 
randomly selected from each sampling site, frozen, and 
shipped to the laboratory. Morphological characteristics 
were measured after thawing in the laboratory. The specific 
sampling times, locations, and body length information are 
listed in Table 1 . 

DATA MEASUREMENT 

Traditional morphological methods are used to measure 
the golden pompano. The traditional morphological indica
tors measured include total length (TL), body length (BL), 
body depth (BD), head length (HL), snout length (SL), eye 
diameter (ED), eye spacing (ES), length of caudal peduncle 

(CPL), and depth of caudal peduncle (CPD). To make the 
measured data more accurate, the shape of the fish was 
straightened, and a ruler was placed under the fish during 
measurement. Images of fish and rulers were taken using a 
high-definition digital camera.11 The taken photos are im
ported into Adobe Photoshop 2021, and the length value of 
each trait parameter was calculated by using the number of 
pixels occupied by the scale of a ruler in the photo, which 
is accurate to 0.1 mm; an electronic digital vernier caliper 
measured the eye spacing, accurate to 0.1 mm. A schematic 
diagram of morphological measurements is shown in Fig
ure 1 . 

STATISTICAL ANALYSIS 

Microsoft Excel software was used to process the data to 
eliminate the influence of fish body size on character pa
rameters during data analysis and improve data accuracy. 
The body length, body depth, head length, snout length, 
eye diameter, eye spacing, length of caudal peduncle, and 
depth of caudal peduncle were standardized by dividing the 
total length,12 and eight new proportional characters were 
obtained. The data of these eight proportional traits were 
imported into SPSS 24.0 software for multivariate statisti
cal analysis, including principal component analysis, dis
criminant analysis, cluster analysis, and one-way analysis 
of variance (One-way ANOVA). 

In SPSS software, “analysis-dimension reduction-factor” 
was used to conduct principal component analysis, and ex
tract eight principal components and their eigenvalues, the 
contribution rate of each principal component, and the cu
mulative contribution rate according to the order of size. 
Scatter plots were drawn based on the scores of the first 
and second principal components to compare the variabil
ity and similarity of the seven golden pompano populations 
and to determine their morphological differentiation.13 

Discriminant analysis of 210 samples from seven golden 
pompano populations was carried out using the stepwise 
discriminant method. The first two typical discriminant 
functions were extracted according to the eigenvalues, and 
scatter plots were drawn using these two functions.14 We 
established a discriminant classification function for eight 
proportional traits and predicted and classified the original 
samples according to the classification discriminant func
tion. We calculated the discrimination accuracy rates P1 
and P2 and the comprehensive discrimination rate.15 The 
calculation formula is as follows. 

Discrimination accuracy P1: 

Discrimination accuracy P2: 

Comprehensive discrimination rate: 

Where Ai is the number of tails correctly discriminated by 
the ith population, Bi is the number of tails involved in dis
criminating the ith population, Ci is the number of tails 
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Table 1. Information on sample collection for seven populations of golden pompano.           

Population 
code 

Sampling location 
Sampling 

time 

Number 
of 

samples 

Size (mm) 

Range Average 

HX 
Dongdi South Road Fisherman's Wharf, Xiashan 

District, Zhanjiang City, Guangdong Province 
Sep. 

2021 
30 199.7~263.9 219.2 

JG 
Fucheng Town, Yinhai District, Beihai City, Guangxi 

Zhuang Autonomous Region 
Sep. 

2021 
30 158.1~221.3 196.5 

HF 
Caotan Town, Suixi County, Zhanjiang City, 

Guangdong Province 
Sep. 

2021 
30 208.4~250.0 225.5 

NH 
Nan'ao Town, Dapeng New District, Shenzhen City, 

Guangdong Province 
Oct. 

2021 
30 167.5~218.3 190.7 

CH 
Xincun Town, Lingshui Li Autonomous County, 

Hainan Province 
Oct. 

2021 
30 191.0~261.8 223.0 

LL 
Xincun Town, Lingshui Li Autonomous County, 

Hainan Province 
Oct. 

2021 
30 206.4~281.7 230.0 

DL 
Li'an Town, Lingshui Li Autonomous County, Hainan 

Province 
Oct. 

2021 
30 224.4~277.5 254.5 

Figure 1. Schematic diagram of morphology     
measurement of golden pompano.     
A: Total length (TL); B: Body length (BL); C: Body depth (BD); D: Head length (HL); E:  
Snout length (SL); F: Eye diameter (ED); G: Length of caudal peduncle (CPL); H: Depth 
of caudal peduncle (CPD) 

awarded to the ith population, and n is the number of pop
ulations. 

The Euclidean distance was calculated using the shortest 
system clustering method of Euclidean distance among the 
seven populations. A population clustering relationship 
tree was constructed to compare the distance between the 
populations. 

One-way ANOVA was performed using SPSS 24.0. To test 
the significant difference of each proportional character be
tween different populations of golden pompano,16 0.05 was 
selected as the significance level, and 0.01 was selected as 
the highly significant level. Duncan’s method was used for 
multiple comparisons. 

RESULTS 

PRINCIPAL COMPONENT ANALYSIS 

In SPSS, through principal component analysis of eight 
proportional traits of golden pompano, eight principal 
components were extracted, and the cumulative contribu
tion rate was 100%. The characteristic values, contribution 
rates, and cumulative contribution rates of each principal 
component are listed in Table 2 . After sorting by the con
tribution rate of each principal component, the contribu
tion rates of the first five principal components were 
35.948, 22.244, 11.678, 8.949, and 6.971%, respectively. The 
contribution rates of principal components 4 and 5 were 
relatively small, indicating that the two principal compo
nents explain the morphological differences between dif
ferent groups at low rates. The cumulative contribution rate 
of the first five principal components was 85.79%, which 
meets the requirement that the cumulative contribution 
rate is greater than or equal to 85%, indicating that the first 
five principal components can better explain 85.79% of the 
morphological differences between different golden pom
pano populations. 

According to the factor loading values of each principal 
component, BL/TL, BD/TL, ED/TL, ES/TL, and CPD/TL, 
which play a key role in principal component 1, have cor
responding loading values of 0.687, 0.670, 0.618, 0.694, and 
0.646, respectively, all of which are greater than 0.600, and 
the contribution rate is relatively large. In other words, 
principal component 1 mainly explains the five propor
tional traits of BL/TL, BD/TL, ED/TL, ES/TL, and CPD/TL. 
The indicator with the highest contribution rate in prin
cipal component 2 was SL/TL, with a load value of 0.778. 
Principal component 2 mainly reflected the morphological 
characteristics of the snout. In principal component 3, the 
indicator with the highest contribution rate was CPL/TL, 
with a load value of 0.778, and principal component 3 
mainly reflected the morphological characteristics of the 
tail. Therefore, the first three principal components could 

Analysis of morphological differences among different populations of golden pompano (Trachinotus ovatus)

Israeli Journal of Aquaculture - Bamidgeh 3

https://ija.scholasticahq.com/article/75267-analysis-of-morphological-differences-among-different-populations-of-golden-pompano-_trachinotus-ovatus_/attachment/159145.png


Table 2. Factor loading values and the contribution rate of the principal components of seven populations of                
golden pompano.   

Character Parameters 
Load value 

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 

BL/TL 0.687* -0.373 0.344 0.129 -0.092 -0.421 -0.124 -0.228 

BD/TL 0.670* -0.274 -0.532 -0.090 0.046 -0.273 0.169 0.281 

HL/TL 0.579 0.559 -0.029 0.453 -0.030 0.064 -0.309 0.214 

SL/TL 0.261 0.778* 0.321 0.088 0.287 -0.132 0.339 -0.015 

ED/TL 0.618* 0.459 -0.127 -0.189 -0.554 0.117 0.128 -0.135 

ES/TL 0.694* 0.208 -0.059 -0.532 0.341 0.105 -0.226 -0.102 

CPL/TL 0.520 -0.456 0.601* -0.134 -0.077 0.225 0.084 0.280 

CPD/TL 0.646* -0.429 -0.218 0.376 0.187 0.321 0.151 -0.222 

Eigenvalues 2.876 1.780 0.934 0.716 0.558 0.452 0.352 0.333 

Contribution rate (%) 35.948 22.244 11.678 8.949 6.971 5.645 4.399 4.166 

Cumulative contribution 
rate (%) 

35.948 58.192 69.870 78.819 85.790 91.435 95.834 100.00 

* Variables marked with asterisks on the value indicate that there is a major contribution in this principal component (load value > 0.600). 

Figure 2. The first and second principal component       
scatter diagram of the golden pompano populations        

explain the seven proportional traits better. According to 
the factor scores of principal components 1 and 2, a scatter 
plot (Figure 2 ) can be drawn, intuitively showing the differ
ences between different populations. According to the scat
ter plot of principal component 1 (PC1) and principal com
ponent 2 (PC2), there was a lot of overlap between the NH, 
CH, and LL populations, and the boundary between popula
tions was not obvious, indicating that their morphological 
differences were similar. There was no overlap between the 
HX and LL populations, HX and DL populations, JG and LL 
populations, and LL and DL populations, indicating certain 
morphological differences between the above populations. 

DISCRIMINANT ANALYSIS 

Based on eight morphological proportionality traits, dis
criminant analysis was conducted on seven populations of 

golden pompano, and the stepwise discriminant method 
was adopted. The analysis results showed that all eight 
proportionality traits had significant meaning for the dis
criminant classification (P<0.05); therefore, all eight pro
portionality traits entered the discriminant function, and 
the discriminant classification function of golden pompano 
populations was constructed. According to these functions, 
the original samples were discriminated against and 
grouped. The discriminant function is expressed as follows: 

Where X1 = BL/TL, X2 = BD/TL, X3 = HL/TL, X4 = SL/TL, X5 
= ED/TL, X6 = ES/TL, X7 = CPL/TL, and X8 = CPD/TL. 

When determining the population affiliation of a sam
ple, the numerical values of the eight proportional traits of 
the sample were substituted into the above seven functions, 
and the function with the maximum function value was 
the population category of the sample. The discrimination 
results are presented in Table 3 . The comprehensive dis
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Figure 3. Scatter diagram of typical discriminant      
functions 1 and 2.     

crimination rate of the seven populations was 71.4%, and 
the discrimination accuracy rate of P1 was between 40% 
and 93.3%, while P2 was between 60.6% and 87.5%. Among 
them, the discrimination accuracy rates P1 of the JG, CH, 
and DL populations are all above 80%, and the discrimi
nation accuracy rate P1 of the DL population is as high as 
93.3%, and P2 is 87.5%; thus, the discrimination accuracy 
rate of the DL population is the highest. After discriminant 
analysis, the number of tails classified into each population 
was as follows: HX had 33 tails, accounting for 15.7% of the 
total; JG had 32 tails, accounting for 15.2% of the total; HF 
had 24 tails, accounting for 11.4% of the total; NH had 19 
tails, accounting for 9.0% of the total; CH had 33 tails, ac
counting for 15.7% of the total; LL had 37 tails, accounting 
for 17.6% of the total; DL had 32 tails, accounting for 15.2% 
of the total. 

In the stepwise discriminant analysis process of SPSS, 
two typical discriminant functions were extracted accord
ing to an eigenvalue greater than 1. The scatter diagram 
drawn according to these two typical discriminant func
tions is shown in Figure 3 . It can be seen from the figure 
that the sample points of the populations of NH, CH, and 
LL are closely distributed and overlapping, and there is no 
overlap between the HX and DL population, JG population 
and the LL population, LL population and the DL popu
lation. This is consistent with the results of the principal 
component analysis, indicating that the NH, CH, and LL 
populations are closely related, and there are specific mor
phological differences between the other three populations. 

CLUSTER ANALYSIS 

Cluster analysis can intuitively display the distance of mor
phological relationships between populations. This study 
performed cluster analysis on eight proportional traits of 
seven golden pompano populations to obtain the Euclidean 
distance between populations (Table 4 ). A dendrogram of 
the clustering relationship was drawn according to the Eu

clidean distance (Figure 4 ). It can be seen from Figure  
4 that the CH and NH populations first formed a branch 
and then formed a branch with the LL population. JG and 
HX populations gathered into a branch, and so did DL and 
HF populations. The three large population branches were 
grouped. Overall, the seven golden pompano populations 
were divided into three groups: CH, NH, and LL, JG and HX, 
and LL and HF. The degree of genetic differentiation be
tween the CH and NH populations, the JG and HX popu
lations, and the DL and HF populations is the closest, and 
the genetic relationship is relatively close. The degree of 
genetic differentiation among the CH, NH, and LL popu
lations is relatively close. The morphological difference is 
small, consistent with the principal component and dis
criminant analysis results. 

ONE-WAY ANALYSIS OF VARIANCE 

Using the one-way ANOVA method in SPSS software, a 
single-factor variance analysis of eight proportional traits 
of seven golden pompano populations was conducted, and 
multiple comparisons of the proportional traits of each 
population were conducted. Results are shown in Table 5 . 
The variance analysis results showed statistically signifi
cant differences (P<0.05) in all population proportion traits. 
Results of multiple comparisons showed differences in six 
indicators between the HX and LL populations, JG and LL 
populations, LL and DL populations, and JG and NH pop
ulations. The differences between the HX and LL popula
tions were reflected in the BL/TL, HL/TL, SL/TL, ED/TL, ES/
TL, and CPD/TL. Differences between the JG and LL pop
ulations were reflected in the BL/TL, SL/TL, ED/TL, ES/TL, 
CPL/TL, and CPD/TL. Differences between the LL and DL 
populations were reflected in the BL/TL, BD/TL, ED/TL, ES/
TL, CPL/TL, and CPD/TL. Differences between the JG and 
NH populations were reflected in BL/TL, BD/TL, SL/TL, ES/
TL, CPL/TL, and CPD/TL. Differences between the HX and 
DL populations were evident for all eight indicators, in
dicating that the morphological differences between these 
two populations were significant. 

a,b,c,d,e,f In the same row, values with the same super
script mean no significant difference (P>0.05). In contrast, 
values with different superscripts mean statistically signifi
cant differences (P<0.05). 

DISCUSSION 

The golden pompano is widely cultivated in southern China 
as a main economic fish species in Chinese seawater aqua
culture. The main farming areas are Guangdong Province, 
Guangxi Zhuang Autonomous Region, and Hainan 
Province.17 These areas are geographically distant, and 
farming management practices and environmental condi
tions differ from location to location. This study investi
gated morphological differences among seven different ge
ographic populations of golden pompano, and the results 
showed that the degree of difference varied among different 
populations. Although the morphological differences be
tween some populations were significant, there was still 
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Table 3. Results of discriminant analysis of seven populations of golden pompano.           

Population 
Predictive classification Discriminant accuracy 

Comprehensive discriminant rate 
HX JG HF NH CH LL DL P1 P2 

HX 20 4 3 0 0 3 0 66.7% 60.6% 

71.4% 

JG 2 24 2 1 0 0 1 80.0% 75.0% 

HF 5 2 19 0 0 1 3 63.3% 79.2% 

NH 5 0 0 12 4 9 0 40.0% 63.2% 

CH 1 1 0 2 25 1 0 83.3% 75.8% 

LL 0 1 0 4 3 22 0 73.3% 59.5% 

DL 0 0 0 0 1 1 28 93.3% 87.5% 

Total 33 32 24 19 33 37 32 

Percentage 15.7% 15.2% 11.4% 9.0% 15.7% 17.6% 15.2% 
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Table 4. Euclidean distance between seven populations of golden pompano.         

Population HX JG HF NH CH LL DL 

HX - 0.017788 0.033018 0.028958 0.034172 0.027400 0.045930 

JG 0.017788 - 0.027176 0.034678 0.033848 0.033721 0.042700 

HF 0.033018 0.027176 - 0.057878 0.056139 0.047886 0.018416 

NH 0.028958 0.034678 0.057878 - 0.015844 0.025312 0.071019 

CH 0.034172 0.033848 0.056139 0.015844 - 0.030222 0.069149 

LL 0.027400 0.033721 0.047886 0.025312 0.030222 - 0.058118 

DL 0.045930 0.042700 0.018416 0.071019 0.069149 0.058118 - 

Figure 4. Dendrogram of cluster analysis of seven       
populations of golden pompano.     

some variation among them, and it was impossible to use 
this basic morphological analysis to identify all popula
tions. This indicates that the differences resulting from 
this morphological variation are unstable. To some extent, 
stable morphological differences can reveal population 
growth, mortality, and reproductive rates.18 

Single-factor variance analysis (Table 5 ) showed that 
different parts of the body that reflected the differences 
among different populations were different. Although there 
were differences in the six indicators between the HX and 
LL populations, JG and LL populations, LL and DL popu
lations, and JG and NH populations, there was no signifi
cant difference in body depth and length of caudal peduncle 
between the HX and LL populations, no significant differ
ence in body depth and head length between JG and LL 
populations, no significant difference in head length and 
snout length between LL and DL populations, and no sig
nificant difference in head length and eye diameter between 
JG and NH populations. Discriminant analysis of eight pro
portional traits showed the overall accuracy of the samples 
classified into the CH and DL populations was the highest. 
In contrast, the classification rate of the NH population was 
the lowest, which may be related to its slight morphologi
cal variation. The comprehensive discrimination rate based 
on the discriminant formula established from the eight pro
portional traits was 71.4%, indicating that using the for
mula to differentiate group characteristics is reliable for 

many well-preserved and differently-sized golden pompano 
samples. 

In early research, the differences in morphological char
acteristics among populations were often attributed to ge
netic factors,19 but genetics only accounted for the major
ity. Body shape is a product of individual development,6 

and studies have shown that the morphological characteris
tics of fish are more susceptible to the influence of external 
environmental factors among vertebrates. Therefore, envi
ronmental factors’ influence on fish growth and develop
ment cannot be ignored, and variation in morphology has 
environmental and genetic influences.20‑22 In this study, 
the HX and DL populations showed the greatest morpho
logical differences, with all eight morphological indicators 
showing significant differences. Their living environments 
were different. Hainan Island is located at the southern
most tip of China, with slightly higher water temperatures 
than the Zhanjiang area. The waters near Hainan Island are 
more open, with better biological abundance, water con
ditions, and dissolved oxygen, so this living environment 
may exert different selection pressures on these two pop
ulations. Franssen et al. reported that the similarity in ex
ternal morphological characteristics might be due to insuf
ficient selective pressure from fish living environments,23 

making the effect of genetics more pronounced. Principal 
component analysis (PCA), known as the Karhunan-Loeve 
transform, is an effective data analysis method. This an
alytical approach can use a few features to describe the 
training samples, reducing the dimensionality of multi-di
mensional data.24,25 Therefore, PCA exhibits the character
istics of dimensionality reduction, correlation removal, and 
energy concentration. The scatter plot of the principal com
ponents in this study showed overlap between the different 
populations, possibly due to weak environmental pressure 
and genetic effects. The influence of genetic differentia
tion on phenotypic morphological differences cannot be ig
nored; however, the strength of the environmental impact 
and genetic differentiation requires further studies. Zhang 
et al. studied the genetic differentiation of the Chinese 
Gizzard Shad Clupanodon thrissa using morphological and 
molecular markers. Results showed no significant morpho
logical differences between them, but there was significant 
genetic differentiation.26 At the same time, some scholars 
have proposed that the morphological differences between 
species, especially subspecies, are consistent with molecu
lar differences. 27,28 
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Table 5. Result of one-way analysis of variance on character parameters of seven populations of golden pompano.                

Character Parameters 
Population 

HX JG HF NH CH LL DL 

BL/TL 0.804±0.012cd 0.797±0.018de 0.792±0.015ef 0.812±0.016ab 0.807±0.012bc 0.819±0.014a 0.788±0.018f 

BD/TL 0.416±0.015b 0.418±0.024b 0.395±0.016c 0.443±0.020a 0.446±0.021a 0.425±0.018b 0.381±0.024d 

HL/TL 0.216±0.011a 0.208±0.022bcd 0.205±0.010cd 0.213±0.018ab 0.210±0.013abc 0.200±0.013d 0.203±0.010cd 

SL/TL 0.036±0.006b 0.040±0.005a 0.035±0.003bc 0.034±0.006bc 0.030±0.005e 0.030±0.006de 0.033±0.003cd 

ED/TL 0.049±0.004a 0.048±0.005a 0.045±0.008bc 0.048±0.008ab 0.044±0.006bc 0.042±0.008c 0.037±0.003d 

ES/TL 0.093±0.006b 0.096±0.006a 0.088±0.003c 0.093±0.005b 0.086±0.006c 0.089±0.005c 0.082±0.004d 

CPL/TL 0.125±0.010a 0.113±0.010b 0.111±0.012b 0.127±0.013a 0.116±0.012b 0.129±0.006a 0.112±0.012b 

CPD/TL 0.061±0.007b 0.057±0.007c 0.049±0.008d 0.066±0.006a 0.064±0.003ab 0.065±0.006a 0.056±0.005c 

a,b,c,d,e,f In the same row, values with the same superscript mean no significant difference (P>0.05). In contrast, values with different superscripts mean statistically significant differences (P<0.05). 
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From the hatching of fertilized eggs to the death of fish, 
environmental pressure plays a constant role in life history. 
Meng and Austin et al. suggested that morphological dif
ferences among different populations might also be due 
to environmental differences during spawning and juvenile 
fish development.29 The larval and juvenile stages are crit
ical periods in fish development; thus, environmental pres
sure may be greater. Huang et al. found a significant cor
relation between body length, depth, and weight during 
the early development of the golden pompano.30 Therefore, 
this study suggests that when identifying different geo
graphical populations of the golden pompano using tradi
tional morphological data, it is essential to consider more 
features related to body length and depth. Targeted man
agement strategies based on differences in body length can 
aid the breeding of golden pompano seedlings. 

It is challenging to achieve precise results when using 
the combined approach of morphology and multivariate 
statistics to identify different populations in this study. 
One reason for this is that the sample sizes of different pop
ulations vary. During data processing, morphological fea
ture data are usually normalized by their body length or to
tal length ratio as the trait value for multivariate statistical 
analysis. This method was applied to the raw data used in 
this study. However, even for the same fish population, the 
range of phenotypic morphological ratios can differ at dif
ferent developmental stages. Therefore, this approach only 
partially reduced population differences and did not elimi
nate the influence of different fish sizes on the research re
sults. 

Analyzing the morphological differences among differ
ent populations helps understand the population differ
ences and structure of the golden pompano. It can aid in 
developing management and breeding strategies targeted 
at different ecological populations. This study demon
strates that, although the morphological approach can 
identify some golden pompano populations, a more accu
rate distinction of different populations requires a combi
nation of molecular biology methods for a more scientifi
cally precise judgment. 

CONCLUSIONS 

This study combined external morphological features and 
diversified statistical methods to analyze different geo
graphical populations of golden pompano and found dif
ferences in their morphological characteristics. The first 
three principal components could better explain the orig
inal eight proportional traits. NH, CH, and LL populations 
had the most similar forms, whereas the HX and DL pop
ulations had the greatest differences in form. There were 
specific differences in certain traits between other popula
tions, and the degree of differentiation of the populations 
could not be identified by basic morphological analysis. 
The discriminant analysis showed an overall high accuracy, 
with the DL population having the highest discrimination 
accuracy. The study of fish morphology for different ge
ographical populations provides new perspectives for un
derstanding the spatial structure of populations and de
veloping targeted farming management strategies. In the 
future, it will be necessary to jointly explain the mech
anisms of morphological differentiation of different geo
graphical populations from environmental effects and ge
netics perspectives. 
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