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Abstract. In order to establish a method to identify the sex of H. labeo by quantifying morphological
characteristics and analyze their fecundity, 19 morphological characteristics and the condition factor from
180 H. labeo individuals (123 for modeling and 57 for verification) were collected from the Jinjiang
River in China, were measured, standardized and analyzed; and 81 female individuals of H. labeo with
stage 11l or IV of ovarian were randomly collected for analyzing fecundity in this study. Based on the
data, six morphological characteristics were screened from the 19 total morphological characteristics by a
stepwise discriminant method and used to establish discriminant equations. The correct identification rate
was 93.50% and the verified accuracy rate was 91.23%. The individual absolute fecundity (F) of H. labeo
in the Jinjiang River was 25945.57 + 19519.32 eggs. The F of H. labeo positively related to body weight,
net weight, gonadal weight, and age, but negatively related with the body length, body weight x body
length, maturity coefficient, and body fat. These results provided important reference information for the
protection of wild H. labeo in the Jinjiang River.

Keywords: community ecology, heteromorphism, morphological discrimination, multivariate analysis,
reproduction

Introduction

Sexual discrimination and fecundity are two fundamental research topics in fish
population ecology and aquaculture, and their results provide important information to
conserve wild fish resources and carry out artificial propagation (Macinnis and Corkum,
2000; McEvoy et al., 2009). Sexes can be distinguished by the differences in body size,
body color, and secondary sex characteristics for fish with obvious heteromorphism
(Jiang et al., 2019a, b). However, it is very hard to distinguish the sexes of fish that do
not have obvious heteromorphism, such as Gadus morhua (McEvoy et al., 2009),
Acrossocheilus wenchowensis (Xu et al., 2006), Acanthorhodeus chankaensi (Chen et
al., 2013a), and Eryghroculter ilishaeformis (Chen et al., 2013b). Although anatomy
and observation of gonad can accurately identify sex, there are a lot of limitations in the
use of anatomy and other sex identification methods, which are not conducive to
protecting studied fish and implement artificial reproduction. Ultrasound has been used
for determining sex in some marine fish species (Davie et al., 2003; Glebe et al., 2003;
McEvoy et al., 2009). However, this method does not suit to stream fish species. In
addition, accuracy rates of this method are influenced by the maturity of fish (Martin et
al., 1983). Methods that identify male and female individuals by quantitative indicators
of body shape characteristics have been successfully applied in many fish, such as llisha
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elongate (Ni and Chen, 2003), Aniguilla japonica (Guo et al., 2011), Hemibarbus
maculatus (Tuo et al., 2020), and Scatophagus argus (Wu et al., 2014). Applying
discriminant equation established according to fish morphological characteristics, the
accuracy of sex identification can be as high as 85% (Guo et al., 2011; Wu et al., 2014).

Fecundity generally refers to the average number of mature eggs per female before
spawning. Fecundity is an important biological characteristic, which reflects the
adaptability of species or population to environmental changes and is related to the
supplement of the population (Yatuha et al., 2018). Its change reflects the influence of
the environment and adaptability of a population (Yin, 1995; Santangeli et al., 2017).
Individual fecundity is not only related to genetic characteristics, environmental factors,
nutritional status, and fishing pressure (Wootton, 1990; Niemuth and Klaper, 2015;
Santangeli et al., 2017), but also related to biological indicators such as age, body length,
and body weight (Macinnis and Corkum, 2000; He et al., 2007). The relationship
between individual fecundity and its biological indexes can not only correctly evaluate
the change of the fish population, but also provide a basis for the protection and
management of fishery resources.

Hemibarbus labeo is a cyprinid fish that occurs all over East Asia, such as eastern
mainland China, Japan, and Korea (Lin et al., 2007; Wang et al., 2016). Most
individuals of the species are bottom-dwellers in streams and feed on aquatic insects
(Lin et al., 2007). Unfortunately, due to habitat destruction and human over-
consumption, its wild populations have been seriously threatened in the past decades
(Lin et al., 2007). Although polymorphic microsatellite loci in the fish have been
isolated and characterized, their population structures, especially sex composition and
fecundity of their populations are still rarely investigated. One of the main reasons that
block the investigation is there is no obvious difference in external morphology between
male and female H. labeo. To provide technical support for the sex investigation of H.
labeo, we established a technical method to identify the sex of H. labeo by quantifying
its morphological characteristics, and we also analyzed the fecundity of H. labeo in the
present study. Our results provided an important technical reference for the
investigation and conservation of H. labeo population.

Materials and methods
Study area

Jinjiang River is a first-class tributary on the left bank of the lower reaches of the
Ganjiang River. The basin is in the western part of Jiangxi Province. The average river
width of the sampling section is 126.46 m, and the average flow velocity is 0.21 m/s.
The average water depth of the nearshore is 0.77 m. The river is sand and gravel
bottom, and the water quality is national class Ill according to the Environmental
Quality Standards for Surface Water of China (GB 3838-2002).

Sample collection

The animal study was reviewed and approved by the Institutional Animal Care and
Use Committee (IACUC) of Hunan Agricultural University (permit number 20171009).
To sexual discrimination, a total of 123 individuals of H. labeo were collected from the
Shanggao section (114°28" - 115°10" E, 28°02' - 28°25’ N) of the Jinjiang River in
Jiangxi Province of China from March to December 2014 for modeling. Other 57
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individuals of H. labeo were collected at the same section of the Jinjiang River from
January to November 2015 for verification. To analyze fecundity, 81 female individuals
of H. labeo with stage Ill or IV of ovarian maturity were randomly collected from the
Shanggao section of the Jinjiang River from March to December 2014. The fish
samples were caught by screen meshes (the mesh size is 2 cm), ground cages (the mesh
size is 0.5 cm), and electrofishing techniques. The samples were put into a container
with oxygen pumps for continuously oxygenation and quickly transported to the
laboratory for temporary feeding. Before morphological measuring, the samples were
anesthetized by anesthetics MS-222 (50 mg/L) for 5 min.

Morphological analysis

Body length (L), head length (LHL), head height (Lnn), head width (Lnw), snout
length (LsL), postorbital length (LrL), eye diameter (Lep), interorbital width (Liw), mouth
breadth (Lmg), mouth length (Lmw), body highness (Lgn), caudal peduncle length (LcL),
caudal peduncle height (Lcn), the distance between snout and pelvic fin (LpsL), pectoral
fin length (LerL), caudal fin length (LcrL), the distance between snout and dorsal fin
(LpsL), dorsal fin coxal length (LorL), and the distance between pelvic fin and anal fin
(Lrarp) Of each sampled individual were measured using a ruler and Vernier calipers
(Fig. 1). Then the fish samples were dissected and distinguished male and female
through naked eye observation of their gonads. Gonads of the samples that could not be
sex identified were fixed by 10% formalin solution and identified their sex through
histological observation as previous studies (Li et al., 2000; Blazer, 2002). Bodyweight
(W), gland weight (W), and net weight (W,) were weighed by ML-T precision
electronic balance with 0.01 g of the accuracy (Mettler Toledo, Switzerland). The data
were accurate to two decimal places. The condition factor (K), and gender
heteromorphic index (GHI) were calculated as Equations 1 and 2:

W
K =100 XE (Eq.1)
Lonin

il

where K was the condition factor, W was body weight, L was body length, GSI was the
gonadosomatic index, L,,,,was the mean of the body length of the fish with shorter body

length, and L, was the mean of the body length of the fish with longer body length.

To overcome the influence of individual size differences on the local morphological
characteristics, the 18 proportional morphological characteristics were calculated by
dividing the measured morphological data of each fish by its body length.

Fecundity analysis

Fecundity was calculated by weight method (Ni, 2000), i.e. took the whole ovary and
weighed, then counted all the eggs that begin to deposit yolk or had already deposited
yolk of 0.1 -0.5 g front, middle and rear ovary, respectively. The individual absolute
fecundity (F) was calculated with the average value of the three parts of the ovary, i.e.
F =total number of eggs / (sample weight x whole ovary weight). The relative
fecundity of body length (FL), relative fecundity of body weight (Fw), maturity
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coefficient (GSI), and body fat (K) were calculated according to Equations 3, 4, 5, and
6, respectively:

F
Fr=+ (Eq.3)

F
FWZE (Eq-4)

Wy
GSI= 7 100 (Eq.5)
w

=15 %100 (Eq.6)

where FL was the relative fecundity of body length, F was the individual absolute
fecundity, L was the body length, Fw was the relative fecundity of body weight, W was
the body weight, W, was the net weight, and Wy was the gonadal weight.

Eight intact scales in the second row above the lateral line of the middle and anterior
sides of the fresh fish were taken to age identification according to previous reports (Xie
et al., 1988; Xu et al., 2009). After taking photos with DMBA300 microscope (Motic,
China), the scale diameter and wheel diameters of scales were measured with Motic
Images Advanced 3.2 software (Motic, China).

~ 5cm

LpsL " Lparp

~5cm

Figure 1. External morphologic images and morphological measurement characteristics of
male (A) and female (B) H. labeo. All of 19 morphological characteristics of each sample were
measured. L, body length; L, head length; Lun, head height; Lsi, snout length; Lp., postortital
length; Lep, eye diameter; Lwi, mouth length; Len, body highness; Lci, caudal peduncle length;

Lch, caudal peduncle height; Lps, distance between snout and pelvic fin; Leg., pectoral fin

length; Lcr, caudal fin length; Lost, distance between snout and dorsal fin; Lor, dorsal fin

coxal length; Learp, distance between pelvic fin and anal fin
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Data analysis

Data were expressed as mean =+ standard deviation (S.D.). The comprehensive
indexes with the largest eigenvalue vector were calculated and selected from the
morphological characteristics. Kolmogorov-Smirnov test for normal distribution and
Levene’s Test for equality of variances was conducted firstly, then independent t-test
was used to compare the body length, body weight and the comprehensive indexes of
male and female, and One-way ANOVA with Tukey-Kramer post-hoc test was used to
compare the fecundity indices among different age groups. The principal components
with larger contribution rates were determined by the principal component analysis
(PCA). Stepwise discriminant regression was used to further analyze and screen out the
characteristics with significant differences between male and female populations, and
the discriminant equations of female and male were established. Five correlation models
(linear correlation, power correlation, exponential correlation, logarithmic correlation,
quadratic correlation) were used to fit the relationship between individual fecundity and
L, W, Wn, Wg, age, GSI, K, and LxW. The best correlation model was the one with the
largest coefficient of determination R2. The multiple parameters between the individual
fecundity and the biological indexes were described by multiple stepwise regression
equation. All statistical analyses were completed by R (R Core Team, 2014) and SPSS
19 software. The significant level was set to p = 0.05.

Results and discussion
Morphological characteristics and sexual discrimination

The body lengths of the female modeling samples (50/123) were ranged from 13.00
to 29.00 cm (20.90 +£3.39 c¢m), and their body weights were range from 43.10 to
432.88 g (202.07 + 103.26 g). The body lengths of the male modeling samples (73/123)
were ranged from 11.00 to 25.00 cm (17.17 +£3.17 cm) and their body weights were
ranged from 25.96 to 260.00 g (105.32 + 63.91 g) (Table Al in the Appendix). Although
there were significant differences between female and male in body length (Independent
t-test, t=6.15, p<0.001) and body weight (Independent t-test, t=5.90, p <0.001),
there was a large overlap between male and female modeling H. labeo (Fig. 2). The
GHI of the modeling group was 0.18. The body lengths of the female verification
samples (28/57) were ranged from 11.60 to 34.00 cm (20.75 + 4.23 cm), and their body
weights were range from 27.50 to 629.00 g (206.71 + 136.29 g). The body lengths of
the male verification samples (29/57) were ranged from 11.60 to 25.5 cm
(18.15+4.0cm), and their body weights were range from 25.50 to 361.10g
(136.05 +91.40 g). Similarly, although there were significant differences between
female and male in body length (Independent t-test, t=2.63, p=0.011) and body
weight (Independent t-test, t = 2.44, p < 0.018), there was a large overlap between male
and female verification H. labeo (Fig. 2). The GHI of the verification group was 0.13.

The PCA of morphological characteristics of H. labeo samples showed that 86.38%
of the variation was explained by the first two principal components extracted (Table 1).
For the first principal component, L, LuH, Law, Lsi, Lee, Liw, LeH, Lparp, Lere, and Lpre
exhibited large negative load factors, and K exhibited large negative load factors in the
second principal component (Table 1). Most of the screened morphological
characteristics were significantly different between female and male modeling samples.
The scores of the first principal component of females and males were significantly
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different (independent t-test, t =-5.47, P <0.001), but no significant difference was
detected in the second principal component (independent t-test, t =-1.20, P > 0.05).
Taking the first and second principal components as the X- and Y-axis, the male and
female samples overlapped greatly, and only partial samples were distinguished
(Fig. 3A).
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Figure 2. Body length and body weight distributions of male and female H. labeo. (A), density
distributions of body length of modeling samples; (B), density distributions of body weight of
modeling samples; (C), density distributions of body length of verification samples; (D), density
distributions of body weight of verification samples

Six morphological characteristics with significant discrimination effect of sex, i.e.
Le., Lmw, LeH, LcH, LerL, and Lpr., were screened from the 18 proportional
morphological characteristics and condition factor through backward stepwise
discriminant analysis (Wilks’ Lambda: 0.3494; F (6,116) = 35.9992, p < 0.001), and the
discriminant formulas of H. labeo were established as Equations 7 and 8.
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¥y=-327.54+1143.57Lp; +111.70L55-+89.83L 55+ 1047 5TL g +545.30 Ly +235236 L0 (EQ.7)
¥y=-338.85+1296.42Lp; +3.91L,7-27.26L55r+1351.29L 0 +686.96Lpz; +2192.87Lp5  (EQ.8)

If Y1 > Y>, the fish was female, otherwise it was male. The frequency distribution was
obtained by calculating the discrimination score of each individual. It showed that the
model could distinguish the sex of H. labeo (Fig. 3B). The six morphological
characteristics of the 123 fish individuals were substituted into the discrimination
equations, and Y1 and Y> were calculated respectively for sex identification. After
anatomical verification, only 8 samples were misjudged in terms of sex, with a
misjudged rate of 6.5% (Table 2). The results of male and female discrimination of 57
H. labeo individuals in the verification group showed that the accuracy rate of male and
female discrimination was 93.10% and 89.28%, respectively, and the comprehensive
accuracy rate was 91.23% (Table 3), which was consistent with previous studies in
other fish (Ni and Chen, 2003; Guo et al., 2011; Wu et al., 2014).

Table 1. Loading factors of each morphological characteristics on the first two axes of
principal component analysis

. . Loading factor
Morpholopical variables
P1 P2
L -0.98 0.12
L -0.90 0.15
Lun -0.97 -0.03
Lhw -0.94 -0.08
Ls. -0.93 0.09
Lpo -0.94 0.03
Liw -0.95 -0.16
Lep -0.84 0.17
Lve -0.89 0.06
Lm -0.88 -0.15
Len -0.92 -0.28
Leo -0.81 -0.13
Lcn -0.97 -0.07
LpsL -0.93 0.20
LprL -0.93 0.00
Lerl -0.91 -0.05
LpsL -0.94 0.16
LorL -0.94 0.12
Lrarp -0.84 0.19
K -0.34 -0.90
Variance explained 80.53% 5.85%

Morphological characteristics with the main contribution to each factor are highlighted by bold

L, body length; L, head length; Luy, head height; Luw, head width; Ls., snout length; Lp., postortital
length; L, interorbital width; Lep, eye diameter; Ly, mouth length; Lms, mouth breadth; Lgn, body
highness; Lci, caudal peduncle length; Lcw, caudal peduncle height; Les, distance between snout and
pelvic fin; Ler, pectoral fin length; Lcr, caudal fin length; Lpsi, distance between snout and dorsal fin;
Lort, dorsal fin coxal length; Learp, distance between pelvic fin and anal fin; K, condition factor
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Figure 3. Principal component analysis profile (A) and frequency distribution of discrimination
values of stepwise discriminant function analysis (B)

Table 2. Discriminant analysis results of stepwise discriminant function analysis based on
standardized morphological data of H. labeo

Sex | Identified sex Predicted result Accuracy of Total accuracy of
3 Q discrimination (%0) discrimination (%o)
Male 73 71 2 97.26
93.50
Female 50 44 6 88

Table 3. Results of discriminant verification for 57 H. labeo samples

Sex Identified sex Predicted result Accuracy of Total accuracy of
Male Female | discrimination (%) discrimination (%)
Male 29 27 2 93.10
91.23
Female 28 25 3 89.29

As an important issue of fish reproductive capacity, sex ratio and sex differences in
behavior have always been concerned by fish ecologists and aquaculture experts
(Teixeira and Musick, 2001; Kumar et al., 2006). Identification of fish sex is an
important prerequisite for calculating the sex ratio of the fish. However, for fish that
does not have obvious heteromorphism, there was no suitable method to identify the sex
of freshwater fish living in stream except for anatomical identification and ultrasonic
identification of the sex for marine fish. Our results provided an accurate method to
identify the sex of H. labeo. However, the data collection of fish morphology is still
tedious work, which also limits the wide application of the current method of sex
distinguish by quantitative morphological characteristics. In view of the development of
computer technology, especially the automatic image recognition technology (Reeder et
al., 2004), the development of automatic recognition and acquisition of fish
morphological data technology methods and software will greatly make up for the
shortcomings of the technology and contribute to the wide application of the
technology. In addition, although our results showed that using six morphological
characteristics with significant discrimination the effect could distinguish the sex of H.
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labeo, considering fish morphological parameters probably changed with the
environment changes (Poulet et al., 2005; Michel et al., 2017), whether the discriminant
formulas suited for other H. labeo living in other habitats still needs further verification.

Biological indices and individual fecundity of H. labeo

A total of 81 female H. labeo individuals were analyzed. The individuals were
composed of six ages and were mainly 1™ and 2" age (Table Al). The minimum age of
sexual maturity was 0. The average body length and body weight of all female
individuals were 20.82 + 4.26 cm, and 207.11 + 133.39 g, respectively. The F, F, and
Fw ranged from 1142.20 to 87047.68 (25945.57 + 19519.32) eggs, 96.80 to 3481.90
(1158.88 + 716.48) eggs per cm, and 13.03 to 296.32 (126.29 + 62.09) eggs per gonad.
There were significant differences in the F (one-way ANOVA, F =12.877, p < 0.001)
and F. (one-way ANOVA, F =7.096, p < 0.001) among different age groups, and the F
and F_ increased with age (Table Al). There was no significant difference in the Fw
among different age groups (one-way ANOVA, F=1.063, P >0.05). The F and F_
increased with age, while the Fw fluctuated with age in a certain range (Table Al). The
results of correlation analysis between the F and biological indexes of H. labeo showed
that the F had a power correlation with the GSI and K, quadratic correlation with body
weight and net weight, linear correlation with body length, gonad weight, body length x
body weight, and age (Fig. 4; Table A2).
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Figure 4. Correlation between absolute fecundity and biological indices of H. labeo in the
Jinjiang River. F, absolute fecundity

The sexual maturity age of H. labeo was more than 4" years in Heilongjiang River
basin (Nicholsky, 1960), and it was 2" years in the Yangtze River and its tributaries
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(Department of Fish Research, Hubei Institute of Hydrobiology, 1976). Our results
showed that sexual maturity age of H. labeo in the Jinjiang River was 1" year, which
indicated that the sexual maturity age of H. labeo in the Jinjiang River was younger.
Comparing with other fish species in the same genus, the sexual maturity age of H.
labeo in the Jinjiang River was the same with H. medius in the Beijing River in
Guangdong of China (Lan et al., 2010), and H. maculates in the South Lake in
Wuchang of China (Gong et al., 1990) and in the Yuanhe River in Jiangxi of China
(Tuo, 2013), which showed that the adaptation mechanism of Hemibarbus in river and
lake that locate at the middle reach of the Yangtze River under the current
environmental pressure and fishing pressure, because of females from populations with
high predation pressure mature earlier and at a smaller size (Reznick et al., 2004).
Increasing the number of breeding population was conducive to the generation of more
offspring, to supplement the shortage of natural population. The relative fecundity is
used to reflect the reproductive strategies of fish (Yin, 1995). The higher Fw indicated
that the eggs of H. labeo in the Jinjiang River were a small size and large amount. The
lack of nutrients might lead to less yolk accumulation. Simultaneously, it reflected the
compensatory adaptation of H. labeo in the Jinjiang River to environmental changes.
This was a natural reproduction strategy formed under specific environmental
conditions (Zufiiga-Vega et al., 2017). It showed the current situation of resource
decline. The breeding strategy of H. labeo in the Jinjiang River tended to r-strategy to
resist environmental pressure and ensure the continuation of the race.

Multiple parameter relationships between the individual fecundity and biological
indexes of H. labeo

The relationship between the F and the L, W, W,, Wy, age, GSI, K, and LxW was
fitted by multiple regression analysis, and the regression equation was as Equation 9
with R2 = 0.689 (N = 81).

F=38718.49-2828.99L+312.39W+216.18 W, +53.54 W-9.08 "x L+730.75age-126.62G S[-8093.95K (Eq.9)

The stepwise regression equation between the F and biological indexes was as
Equation 10 with R? = 0.665 (N = 81).

F=-7080.098+265.28217-4.520 WL (Eq.10)

Equation 9 showed that the F increased with the increase of W, Wn, Wy, and age, but
decreased with the increase of L, WxL, GSI, and K. Equation 10 showed that the F was
positively correlated with the W and negatively correlated with the WxL.

The individual fecundity of fish is not only related to the essential characteristics of
species and environmental conditions, but also significantly related to biological
indicators (Kraus et al., 2000; Macinnis and Corkum, 2000; Vrtilek and Reichard,
2016). Our results showed that the F was positively quadratic correlated with W and Wh,
which was similar to Hemibarbus maculates (Tuo, 2013), Pelteobagrus fulvidraco (Liu,
1997), Schizothorax lissolabiatus (Xiao and Dai, 2010), and Opsariichthy shidens (Li et
al., 2010). The relationship between the F of H. labeo in the Jinjiang River and body fat
was not significant, which was similar to Coregonus ussurinsis (Dong et al., 1997),
Pseudosciaena crocea (Zheng and Xu, 1964), Culter aloumus (Wang et al., 2007), and

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(3):1783-1797.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1903_17831797
© 2021, ALOKI Kft., Budapest, Hungary



Tuo et al.: Fish sex discrimination and fecundity
-1793 -

Xenocyprism icrolepis (Liu et al., 2010). Our results also showed that the F of H. labeo
in the Jinjiang River was significantly affected by the biological index of W. Therefore,
the relationship between body weight and fecundity could be used to predict the
absolute fecundity of H. labeo in the Jinjiang River.

Distribution of egg diameter and spawning type of H. labeo

The frequency analysis of egg diameter distribution showed that there were two egg
diameter groups in stage 11l ovary of H. labeo (Fig. 5A). The range of egg diameters of
H. labeo in stage 11l ovary was 0.53 - 1.50 (1.18 + 0.40) mm. The frequency distribution
of egg diameter in stage 1V ovary showed a three-peak pattern. The ranges from left
peak to right peak were 0.50 - 1.20 mm, 1.25 - 1.60 mm, and 1.7 - 2.15 mm (Fig. 5B),
which were the 3 phases, 4 phases, and 5 phases of ovum, respectively. According to
the variation trend of the maturity coefficient and the duration of the breeding period, it
could be preliminarily inferred that the annual oviposition of H. labeo was three times.

(A) (B)

254 204

Frequency
Frequency

| n Tl

T T T T T
250 500 750 1.000 1.250 1.500 50 1.00 1.50 2.00 250

Eggs diameter (mm) Eggs diameter (mm)

Figure 5. Distribution of eggs diameter of H. Labeo with /7 (A) and /I (B) maturity stages of
ovaries

Conclusion

Using six morphological characteristics with a significant discrimination effect could
distinguish the sex of H. labeo, and the comprehensive accuracy rate was 91.23%. The
F, FL, and Fy of H. labeo in the Jinjiang River ranged from 1142.20 to 87047.68
(25945.57 +£19519.32), 96.80 to 3481.90 (1158.88 + 716.48) per cm, and 13.03 to
296.32 (126.29 + 62.09) per g. The F of H. labeo in the Jinjiang River increased with
the increase of W, Wy, Wg, and age, but decreased with the increase of L, WL, GSI, and
K. However, whether the discriminant formulas suited for H. labeo living in other
habitats still needs further verification. In addition, based on the results of this study, the
automatic identification of sex and the automatic evaluation of fecundity of H. labeo
need to be further studied.
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APPENDIX

Table Al. The biological indices and individual fecundity of H. labeo

S Age
Biological indices
0* 1* 2" 3" 4* 5*
Sample amount 2 21 33 16 4 5
Mean+S.D. | 11.65+0.21 | 17.46+2.37 20.43+1.89 23.01+2.14 24.68+2.59 31.08+4.10
L (cm) Range 11.5-11.8 13.6-20.6 16.5-23.5 18.3-26.5 22.5-28.2 24.5-35.0
W (@) Mean+S.D. | 27.65+0.78 |111.60+52.85| 184.51+56.62 | 255.45+68.29 |331.12+160.51| 575.28+130.59
Range 27-28 40-211 78-281 116-354 187-543 378-700
W, (@) Mean+S.D. | 24.40+1.98 | 93.84+43.21 | 149.05+42.83 | 215.29+60.44 |255.00+111.39 | 497.10+130.01
Range 23.0-25.8 36.6-158.4 60.3-225.9 104.8-319.8 | 153.2-403.2 285.0-612
W, (9) Mean+S.D. 1.05+0.92 9.48+9.46 20.76+13.01 | 21.79+11.14 | 48.25+36.35 70.82+18.39
Range 0.4-1.7 1.1-40.3 3.2-47.9 4.2-44.7 20.9-98.0 50.3-96.0
Gs| Mean+S.D. 4.47+4.13 9.79+6.27 13.43+7.00 10.4445.51 17.11+5.80 14.58+2.83
Range 1.55-7.39 2.12-25.44 2.83-27.78 3.01-20.20 11.38-24.31 10.78-17.65
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K Mean=£S.D. 1.55+0.21 1.63+6.26 1.70+0.19 1.73+£0.22 1.61+0.22 1.65+0.23
Range 1.40-1.70 1.37-2.26 1.34-2.29 1.41-2.15 1.35-1.80 1.35-1.94
Mean+S.D 3285.38+ 13409.47+ 21989.13+ 38930.96+ 42605.51+ 58892.63+
E o 3030.92 7087.29 12873.63 22665.99 20767.20 16459.62
Rande 1142.20- 2009.23- 2785.44- 7717.99- 26348.63- 33276.32-
9 5428.57 23615.80 47876.85 87047.68 71608.60 77107.20
= Mean+S.D. [284.42+265.34|762.48+374.30| 1043.54+570.67 |1665.24+912.92|11677.38+627.19| 1899.57+475.03
L
(amount/cm) Range 96.80- 98.01- 156.49- 335.56- 1171.05- 1073.43-
472.05 1319.64 2172.33 3481.91 2539.31 2223.88
Fu( ) Mean+S.D. |117.34+106.32| 136.03+77.99 | 119.90+48.72 | 150.15+70.73 | 129.56+9.24 | 105.00+30.79
amoun
W g Range 42.15-192.50 | 13.03-296.32 | 25.99-195.98 | 27.00-276.94 | 118.99-140.92 | 59.40-144.03

L, body length; W, body weight; W, net weight; W, gonadal weight; GSI, maturity coefficient; K, body fat

Table A2. Regression equation between individual fecundity and single biological indices of
H. Labeo in the Jinjiang River

Biological Individual fecundity
indices Fw F Fu
F =-45943.04 + 3452.90L F =-2.25L2 + 202.04L - 2031.38
L (cm) P >0.05
R?=0.569, P <0.01 R?2=0.374,P <0.01
F =-0.11W? + 186.37W - 6026.11 F = -0.007W? + 7.915W - 54.598
W (9) P >0.05
R?=0.658, P <0.01 R?=0.486, P < 0.01
F = -0.19W,2 + 243.79W, - 7722.61 F =-0.01W,2 + 10.02W, - 102.38
W (9) P>0.05
R?=0.660, P <0.01 R?=0.498, P <0.01
F =11480.47t - 10580.13 F =-37.035t? + 0.27t - 348.51
Age P >0.05
R?=0.448, P < 0.01 R?2=0.299, P <0.01
F = 661.29W, + 11398.12 F =-0.127Wy2 + 29.69W, + 619.56
W, (9) P>0.05
R?=0.477,P <0.01 R?=0.325, P <0.01
F =3.275LW + 10066.12 F =-8.35E + 0.27LW + 224.53
LxW (cm*g) P >0.05
R?=0.562, P <0.01 R?2=0.482, P <0.01
F = 0.58GSI?- — 0.039 — 0.032
Gsl 258GS| + 7.58 F =11506GSI F =618.09GSlI
R?2=0.08, P <0.05 R?=0.075, P <0.05 R?=10.066, P < 0.01
F = 3882.62K304 F = -1148.851K? + 5540.21 - 4680.51
K P >0.05
R?=0.168, P <0.01 R?=0.190, P <0.01

L, body length; W, body weight; W,, net weight; W, gonadal weight; GSI, maturity coefficient; K, body fat
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