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To explore the optimal growth and reproduction temperature of Exopalaemon carinicauda, 
this study tested five temperature gradients (16℃, 20℃, 24℃, 28℃, 32℃) to determine 
the effects of different temperatures on the growth, digestive enzyme activity, ovarian 
development performance, ovarian nutrient concentration, vitellogenin, and sex 
hormone levels of E. carinicauda. The results showed that (1) Between 20℃ and 32℃, the 
survival rate gradually decreased with the increase of temperature. As the temperature 
increases, the final body weight and specific growth rate first increase and then decrease 
(P<0.05), with the fastest growth at 28℃; (2) The lipase activity first increases and then 
decreases with the increase of temperature (P<0.05), reaching a maximum value of 1.22 ± 
0.09 U/gprot at 28℃. The trypsin activity increased with the increase of temperature and 
reached a maximum value of 1695.45 ± 163.42 U/gprot at 32℃; (3) the gonadosomatic 
index and ovarian maturation rate increased with increasing temperature; the 
concentrations of total protein, total cholesterol, and triglycerides generally increased 
with temperature; the vitellogenin showed a trend of first increasing, then decreasing, 
and then increasing with the increase of temperature (P<0.05); and (4) at temperatures of 
24℃ and 28℃, the concentrations of gonadotropin-releasing hormone were relatively 
high and close. The highest estradiol concentration was 26.62 ± 1.49 ng/L at 
temperatures of 28℃. These findings indicate that 28℃ is a suitable temperature for 
promoting the maturation of the parent shrimp of E. carinicauda and may be 
recommended for a commercialized culture of this species. 

INTRODUCTION 

Despite the significant economic importance of many de
capod crustaceans, overcoming reproductive barriers in ar
tificial breeding remains a challenging issue for numerous 
species.1 The key premise for the development of crus
tacean ovary is the synthesis and accumulation of yolk, 
which is a process of consuming nutrition and energy, al
though the potential mechanism of the maturation of crus
tacean ovary is not clear, there is evidence that this process 
is affected by the combination of environmental factors and 
the endocrine regulatory system of crustacean itself.2,3 As 
an important environmental condition, temperature has a 
significant impact on a series of physiological activities of 
crustaceans. Taylor4 found that temperature variations sig

nificantly affect the respiratory rate, acid-base balance, and 
oxygen delivery by hemolymph in crustaceans. With the in
crease in temperature, the molting interval of Acanthomysis 
robusta is significantly shortened, the growth rate is signif
icantly increased, and the time to reach sexual maturity is 
considerably advanced.5 

Shrimps belong to animals with variable temperatures, 
and their metabolic rate change under the influence of am
bient temperature. The research of Lin et al6 shows that 
temperature directly affects the metabolism rate of Litope
naeus vannamei, within the appropriate temperature range, 
the higher the temperature, the faster the metabolism rate 
and growth rate of the shrimp. When the temperature ex
ceeds the optimal range, metabolic intensity surpasses nor
mal levels, leading to energy being diverted to stress re
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sponses. This reduces the energy available for growth and 
hinders gonadal development. When the temperature falls 
below the optimal range, shrimp experience reduced di
gestive enzyme activity and decreased metabolic intensity. 
This inadequate energy supply hampers shrimp growth and 
slows gonadal development. Generally, shrimps have a rel
atively complete reproductive regulation system, which is 
regulated by neuropeptides, hormones, neurotransmitters 
and other hormones. These hormone levels are adjusted 
with temperature changes.7 Temperature also influences 
the activity of digestive enzymes in shrimp. At typical cul
ture temperatures below 30℃, enzyme activity decreases as 
the temperature drops. This reduction impairs the shrimp’s 
ability to digest and absorb nutrients, subsequently affect
ing gonadal development.8 

Exopalaemon carinicauda, belongs to Decapoda, Palae
monidae and Palaemon, is mainly distributed in the coastal 
waters of China and the western part of the Korean Penin
sula. It is a very important economic shrimp in the coastal 
areas of China. Its annual output can reach more than 
50000 tons and the output value exceeds 500 million US 
dollars in China.9 It has the characteristics of strong re
productive capacity, but its parent shrimp ovary develop
ment is not synchronous, which makes it difficult to carry 
out large-scale artificial breeding. In practical production, 
selecting mature female shrimp often requires substantial 
human and material resources, posing challenges to the 
sustainable development of E. carinicauda commercial cul
ture.10 At present, the large-scale seedling cultivation tech
nology of E. carinicauda has not been effectively estab
lished. E. carinicauda is relatively easy to cultivate due to its 
strong adaptability to temperature and salinity. However, the 
impact of environmental factors on its growth and metabolism 
is often overlooked, hindering in-depth research on its phys
iology and biochemistry and limiting improvements in breed
ing efficiency, both in theoretical research and practical pro
duction. Therefore, this study intends to explore the effect 
of temperature on the growth and gonadal development of 
E. carinicauda by configuring different temperature gradi
ents, to provide a reference for determining the appropriate 
temperature conditions for the artificial culture of E. carini
cauda and the ripening of parent shrimp. 

MATERIALS AND METHODS 

EXPERIMENTAL ANIMALS 

The E. carinicauda used in the experiment was obtained 
from the offspring of the overwintering parent shrimp 
breeding population in the Key Laboratory of Marine 
Biotechnology, Jiangsu Ocean University. The breeding 
population was raised in the recirculating mariculture sys
tem, 20 female egg-carrying shrimp were randomly se
lected, and each egg-carrying shrimp was separately and 
stocked in a plastic water tank (38 × 26 × 20 cm) for in
cubation. During incubation, water temperature was kept 
at 25℃ and salinity at 24 ppt. After hatching, the female 
shrimp were removed to prevent the female shrimp from 
preying on the larvae. During the breeding of the larvae, ar

tificially cultured Nannochloropsis and Artemia salina nau
plii were fed. After the size of larvae reached 1 cm, they 
were transferred to different circulating water culture 
tanks, the larvae in each culture tank were a family, the in
dividual size reached 4.75 ± 0.26 cm after 3 months of cul
tivation. 

EXPERIMENTAL DESIGN 

In this experiment, five temperature gradients were set, 
which were 16℃, 20℃, 24℃, 28℃ and 32℃ respectively, 
and the water temperature was controlled with a special 
constant temperature heating rod for aquaculture. The sea
water was prepared with seawater crystals and pure water, 
the seawater was used after continuous aeration for 24 
hours. Each test group was equipped with 3 parallel tanks, 
and the specification of aquaculture tank was 55 cm 
(length) × 40 cm (width) × 30 cm (height). 30 shrimp were 
placed in each cage, and the test period was 30 days. 

DAILY MANAGEMENT OF BREEDING TEST 

During the trial, keep the salinity was stable at 24 ppt, and 
the light cycle was 8L:16D, black shading cloth was used 
to control the light cycle, pH was 7.8-8.1, and continuously 
aerated to make the dissolved oxygen in the water body>5 
mg/L. Formulated feed was fed twice a day (8:00, 17:00), 
and the feeding amount was 3% of the body weight of E. 
carinicauda. Plastic siphon was used to remove the exc
reta and any uneaten feed. Any dead shrimp was imme
diately removed. The residual feed was removed 1.5 hours 
after feeding, and the feeding amount was appropriately in
creased or decreased according to the feeding situation of 
E. carinicauda, and the water changed by 20% every day. 

SAMPLING AND DETERMINATION OF RELEVANT 
INDICATORS 

During the experiment, the number of molting times was 
recorded according to the number of head and breastplate 
molted everyday. After the experiment, the survival man
tissa and ovarian maturation mantissa of each group were 
counted, and 10 shrimp were randomly selected from each 
group. Sterile surgical blade and tweezers were used to dis
sect and take out the ovary and hepatopancreas, weighed 
the body mass, ovary mass, and hepatopancreas mass, and 
then quickly frozen them in liquid nitrogen. After the sam
ple was thawed, it still maintained the temperature of 
2-8℃, 9 times the volume of PBS (pH7.4) was added accord
ing to the weight to volume ratio of 1g:9ml, and centrifuged 
for 20 min at 2500 r/min after full homogenization under 
4℃, collected the supernatant and store it for testing. A mi
cro-sampler was employed to puncture the pericardial cav
ity of E. carinicauda, and hemolymph was extracted, the 
volume ratio of anticoagulant (Sodium citrate 50 mmol/L, 
EDTA-2NA 10 mmol/L, pH 7.3) and hemolymph is 1:1. After 
mixing, centrifuged at 4℃, 3500 r/min for 10 min to remove 
the blood cell precipitation, extracted the supernatant and 
store it in the environment of 4℃ for determination within 
24 hours. 
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Figure 1. The appearance difference between male and       
female  E. carinicauda.   
A: male shrimp; B: female shrimp; MP: male protrusion; EO: Ejaculatory orifice; CS: 
Closed seminal vesicle 

The concentrations of total protein (TP), total choles
terol (T-CHO), triglyceride (TG) and estradiol (E2) in the 
ovary were determined using the kit of Nanjing Jiancheng 
Bioengineering Institute and according to the instructions. 
The concentration of vitellinogen (Vg) in hepatopancreas, 
the activity of lipase (LPS) and trypsin (Trypsin) and the 
concentration of gonadotropin-releasing hormone (GnRH) 
in hemolymph were determined. The concentration of TP 
was determined by Coomassie brilliant blue method. The 
concentration of T-CHO was determined by COD-PAP 
method. The concentration of TG was determined by GPO-
PAP enzyme method. The concentration of E2, GnRH and 
Vg was determined by enzyme-linked immunocompetitive 
method. Enzyme-linked immunocompetitive method can 
be used for the quantitative determination of antigen and 
Hapten, and also for the determination of antibodies. Tak
ing the determination of antigens as an example, specific 
antibodies were adsorbed on a solid phase carrier, and 
added the antigen to be tested and a certain amount of 
known enzyme labeled antigen. They compete to bind with 
solid phase antibody, after washing and separation, the en
zyme-labeled antigen that binds to the solid phase was 
negatively correlated with the content of the tested anti
gen.11,12 

GENDER IDENTIFICATION AND OVARIAN DEVELOPMENT 
STAGING OF SHRIMP 

E. carinicauda is dioecious. In male shrimp, there is a 
pointed small protrusion in the center of the foot base in 
the fifth step, which is called the male protrusion. In female 
shrimp, the distance between the feet in the fourth and fifth 
steps is relatively wide, smooth, and flat, without an open 
seminal receptacle. The morphological differences between 
male and female shrimp are shown in Figure 1. 

According to Wang’s classification standard 13, the ovary 
development of E. carinicauda can be divided into five 
stages, i. e. stage I, II, III, IV and V. In stage I, the ovaries 
were completely transparent and located under the heart, 
visible after dissection. In stage II, the ovaries were translu
cent and visible through the exoskeleton. In stage III, the 
ovaries were gray, and ovarian membranes were covered 
with small black dots. In stage IV, the ovaries were yellow. 
Uncovered the transparent head breastplate of the shrimp, 
the oocytes were wrapped in the ovarian membranes which 

were covered with dark green or brown dots. In stage V, the 
mature stage, the ovaries were bright yellow, and the ovar
ian membranes were covered with dark green or tan spots. 
The undeveloped (stage I) and mature ovaries (stage V) are 
shown in Figure 2. In stage I of ovarian development, many 
Oogonium were distributed in the center of the ovary. The 
periphery of Oogonium is the oocyte in the prophase of 
yolk synthesis. In the stage V of ovarian development (ma
ture stage), section observation shows that mature oocytes 
were mainly present in the ovaries, with follicular cells dis
tributed around them. 

DATA ANALYSIS 

Survival rate (SR), specific growth rate (SGR), molting fre
quency rate (MF), gonadosomatic index (GSI) and ovarian 
maturation rate were calculated according to the following 
formula. 

In the formula, M is the survival number (tail) of E. carini
cauda in each group at the end of the test, and N is the 
number (tail) of E. carinicauda in each group at the begin
ning of the test; Wt is the average body mass at the end of 
the test (g), W0 is the average body mass at the beginning 
of the test (g); Mm is the number of molting shrimp (times) 
during the test, and Ns is the number of molting shrimp 
(tail); T is the test period (d); WL is the ovarian mass (g), 
and W is the body mass (g) of E. carinicauda; Nf is the man
tissa (tail) of ovarian development and maturity at the end 
of the test, and N is the mantissa (tail) released at the be
ginning of the test. 

SPSS 23.0 was used for one-way ANOVA analysis of the 
test data, the impact of possible covariates on the analysis 
results was excluded through covariance analysis, SNK test 
was used to analyze the significance of the differences be
tween groups, P<0.05 indicated that the differences were 
significant, all data were expressed in mean ± standard de
viation (Mean ± SD), and the chart was drawn using Origin 
2017. 

RESULTS 

EFFECTS OF DIFFERENT TEMPERATURES ON SURVIVAL, 
GROWTH AND MOLTING OF E. CARINICAUDA 

The effects of different temperatures on the survival, 
growth and molting of E. carinicauda are shown in Table 1. 
The survival rate of E. carinicauda reached the highest value 
of 84.44 ± 11.71% under environmental conditions with a 
temperature of 20℃. Between 20℃ and 32℃, the survival 
rate of E. carinicauda gradually decreased with the increase 
of temperature, and decreased to the lowest value at a tem
perature of 32℃, which was 61.11 ± 5.09%. 
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Figure 2. Observation on the appearance and histological Sections of the Ovary of            E. carinicauda.   
A: stage I; B: stage V; C: stage I histological section; D: stage V histological section; OG: oogonium; PR: previtelline synthesis oocytes; N: nucleus; NL: nucleolus; FC: follicular cell; 
MO: mature oocytes 

Table 1. Growth index of    E. carinicauda   at different temperatures. 30 shrimp were raised at 16℃, 20℃, 24℃, 28℃,             
and 32℃, and their growth performance was measured after 30 days.            

Groups Initial body weight/g Final body weight/g SR/% SGR/%·d-1 MF/times·(tail·d)-1 

16℃ 1.48 ± 0.04 1.97 ± 0.10b 77.78 ± 9.62a 1.10 ± 0.13b 3.81 ± 0.36 

20℃ 1.48 ± 0.07 2.06 ± 0.19ab 85.56 ± 8.39a 1.13 ± 0.15b 4.00 ± 0.19 

24℃ 1.47 ± 0.02 2.24 ± 0.07a 84.44 ± 11.71a 1.43 ± 0.22ab 4.67 ± 0.48 

28℃ 1.48 ± 0.04 2.31 ± 0.06a 80.00 ± 3.33a 1.58 ± 0.10a 4.74 ± 0.56 

32℃ 1.49 ± 0.02 2.27 ± 0.10a 61.11 ± 5.09b 1.45 ± 0.09ab 4.52 ± 0.13 

Note: SR: survival rate, SGR: specific growth rate, MF: molting frequency rate. The data is shown as Mean ± SD, different superscripts indicate significant difference between groups 
(P<0.05). 

Within the experimental temperature range, the final 
body weight and specific growth rate of E. carinicauda 
showed a trend of first increasing and then decreasing with 
the increase of temperature (P<0.05). It had the worst 
growth performance at 16℃, with the final body weight and 
specific growth rate being 1.97 ± 0.10 g and 1.10 ± 0.13 
%·d-1, respectively, and then increased with the increase of 
temperature. With the fastest growth rate at 28℃, the final 
body weight and specific growth rate reached 2.31 ± 0.06 g 
and 1.58 ± 0.10 %·d-1, respectively, which were significantly 
higher than those in the temperature 16℃ group (P<0.05). 
Under the temperature of 32℃, the growth performance of 
E. carinicauda decreased slightly, and the final body weight 
and specific growth rate were slightly lower than that of the 
temperature 28℃, with no significant difference (P>0.05). 

The changing trend of the molting rate of E. carinicauda 
under different temperature conditions was consistent with 
the final body weight and specific growth rate. As the tem
perature increases, the molting rate first increases and then 

decreases (P<0.05). The lowest molting rate was 3.81 ± 0.36 
times·(tail·d)-1 at 16℃, and the highest value was 4.74 ± 
0.56 times·(tail·d)-1 at 28℃, there was no significant differ
ence between the groups (P>0.05). 

EFFECT OF DIFFERENT TEMPERATURES ON DIGESTIVE 
ENZYME ACTIVITY OF E. CARINICAUDA 

The effect of different temperatures on the lipase activity 
of E. carinicauda is shown in Figure 3-a. It can be seen 
from Figure 3-a that the lipase activity of E. carinicauda in
creased first and then decreased with the increase of tem
perature in the test temperature range (P<0.05). At 16℃, 
the lipase activity was the lowest 0.19 ± 0.04 U/gprot, which 
was significantly lower than the other four groups (P<0.05). 
The lipase activity reached the highest value 1.22 ± 0.09 U/
gprot at 28℃, and decreased slightly at 32℃, there was no 
significant difference in lipase activity between 24℃, 28℃ 
and 32℃ groups (P>0.05). 
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Figure 3. Digestive enzyme activity of     E. carinicauda   at different temperatures.    
30 shrimp were raised at 16℃, 20℃, 24℃, 28℃, and 32℃, determination of digestive enzyme activity after 30 days. The data is shown as Mean ± SD, different superscripts indicate 
significant difference between groups (P<0.05). 

The effect of different temperatures on the trypsin activ
ity of E. carinicauda is shown in Figure 3-b. It can be seen 
from Figure 3-b that the trypsin activity increases with the 
increase of temperature in the test temperature range, the 
lowest value 300.90 ± 27.27 U/mgprot is at 16℃, and the 
highest value 1695.45 ± 163.42 U/mgprot is at 32℃. 

Figure 3 Digestive enzyme activity of E. carinicauda at 
different temperatures. 30 shrimp were raised at 16℃, 
20℃, 24℃, 28℃, and 32℃, determination of digestive en
zyme activity after 30 days. The data is shown as Mean ± 
SD, different superscripts indicate significant difference be
tween groups (P<0.05). 

EFFECTS OF DIFFERENT TEMPERATURES ON THE 
OVARIAN DEVELOPMENT PERFORMANCE OF E. 
CARINICAUDA 

The effect of different temperatures on gonadosomatic in
dex of E. carinicauda is shown in Figure 4-a. It can be seen 
from Figure 4-a that the gonadosomatic index of E. carini
cauda is lowest at 16℃, which is 4.36 ± 0.69%, and then, 
with the temperature rising, the gonadosomatic index grad
ually increases, reaching the maximum value 7.56 ± 0.46% 
at 32℃, which is significantly higher than the temperature 
16℃, 20℃ and 24℃ groups (P<0.05), and the gonadoso
matic index of the temperature 28℃ group is slightly lower 
than the temperature 32℃. 

The effect of different temperatures on the ovarian mat
uration rate of E. carinicauda is shown in Figure 4-b. It can 
be seen from Figure 4-b that the ovarian maturation rate 
of E. carinicauda continuously increases with the increase 
of temperature within the test temperature range. Among 
them, under the temperature of 16℃, the ovarian matu
ration rate was the lowest, 46.67 ± 5.77%, and rose to the 
highest level 63.33 ± 3.33% under the temperature of 32℃. 

EFFECT OF DIFFERENT TEMPERATURES ON THE 
CONCENTRATION OF MAIN NUTRIENTS IN THE OVARY 
OF E. CARINICAUDA 

The effect of different temperatures on the concentration 
of TP in the ovary of E. carinicauda is shown in Figure 5-a. 
It can be seen from Figure 5-a that within the test temper
ature range, the TP concentration in the ovary of E. carini
cauda increases with the increase in temperature, reaching 
the highest value 26.13 ± 1.39 g/L at 32℃. 

The effect of different temperatures on the concentra
tion of T-CHO in the ovary of E. carinicauda is shown in Fig
ure 5-b. Under the conditions of 16℃ and 20℃, the con
centration of T-CHO in the ovaries of E. carinicauda was 
relatively low, being 2.16 ± 0.28 mg/dL and 2.79 ± 0.23 mg/
dL, respectively, when the temperature reached 24℃, the 
concentration of T-CHO suddenly increased to 4.58 ± 0.34 
mg/dL, significantly higher than that of the temperature 
16℃ and 20℃ groups (P<0.05), the concentration of T-CHO 
in the temperature 24℃, 28℃, and 32℃ groups was at the 
same level, with no significant difference (P>0.05). 

The effect of different temperatures on the concentra
tion of TG in the ovary of E. carinicauda is shown in Figure 
5-c. The variation trend of TG concentration in the ovary of 
E. carinicauda was consistent with that of T-CHO concen
tration. Among them, the TG concentration in the temper
ature 32℃ group was the highest, reaching 16.53 ± 0.23 mg/
dL, significantly higher than that in the temperature 16℃ 
and 20℃ groups (P<0.05). 

EFFECTS OF DIFFERENT TEMPERATURES ON THE 
CONCENTRATIONS OF VITELLOGENIN AND SEX 
HORMONES IN E. CARINICAUDA 

The effect of different temperatures on the concentration 
of Vg in E. carinicauda is shown in Figure 6-a. Within the 
experimental temperature range, the Vg in the hepatopan
creatic tissue of E. carinicauda presents a trend of first in
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Figure 4. Ovarian development performance of     E. carinicauda   at different temperatures.    
30 shrimp were raised at 16℃, 20℃, 24℃, 28℃, and 32℃, measure ovarian development performance after 30 days. The data is shown as Mean ± SD, different superscripts indicate 
significant difference between groups (P<0.05). 

Figure 5. Concentration of main nutrients in the ovary of E.          carinicauda  at different temperatures.    
30 shrimp were raised at 16℃, 20℃, 24℃, 28℃, and 32℃, measure concentration of main nutrients in the ovary after 30 days. The data is shown as Mean ± SD, different superscripts 
indicate significant difference between groups (P<0.05). 

creasing, then decreasing, and then increasing with the in
crease in temperature (P<0.05). The concentration of Vg in 
the 20℃ group was the highest, at 2.67 ± 0.14 μg/mL, tem
perature 28℃ group had the lowest concentration, which is 
1.94 ± 0.21 μg/mL, significantly lower than the temperature 
of 16℃ and 20℃ groups (P<0.05). 

The effect of different temperatures on the concentra
tion of GnRH in E. carinicauda is shown in Figure 6-b. At 
temperatures of 24℃ and 28℃, the concentration of GnRH 
in the hemolymph of E. carinicauda was relatively high and 
relatively close, being 81.82 ± 4.03 ng/L and 82.67 ± 3.22 ng/
L, respectively, the difference between the two groups was 
not significant (P>0.05), but both were significantly higher 
than the temperature of 16℃, 20℃, and 32℃ (P<0.05). 

The effect of different temperatures on the concentra
tion of E2 in E. carinicauda is shown in Figure 6-c. There 
was no significant difference in the concentration of E2 in 
the ovarian tissue of E. carinicauda, among the temperature 
20℃, 24℃, and 28℃ groups (P>0.05), the highest concen
tration of E2 in the temperature 28℃ group was 26.62 ± 

1.49 ng/L, which was significantly higher than that in the 
temperature 16℃ and 32℃ groups (P<0.05). 

DISCUSSION 

EFFECTS OF DIFFERENT TEMPERATURES ON THE 
SURVIVAL AND GROWTH OF CRUSTACEANS 

In general, the population size and survival rate of crus
taceans peak at temperatures near their natural habitats, 
which is the result of natural selection. However, the sur
vival of artificially cultured crustaceans is influenced by the 
species’ own tolerance to temperature and the temperature 
of previous domestication.14,15 Environmental fluctuations 
associated with seasonal climate change are important for 
triggering physiological and behavioral adjustments in 
aquatic organisms. Temperature is considered to be one 
of the most important environmental factors affecting or
ganisms, the biological effects of these factors are complex 
and widespread,16‑18 and have significant effects on many 
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Figure 6. Concentrations of vitellogenin and sex hormones in        E. carinicauda   at different temperatures.    
30 shrimp were raised at 16℃, 20℃, 24℃, 28℃, and 32℃, measure concentrations of vitellogenin and sex hormones after 30 days. The data is shown as Mean ± SD, different super
scripts indicate significant difference between groups (P<0.05). 

physiological processes of crustaceans. For example, the 
oxygen consumption rate, food intake, and growth rate of 
Paralithodes camtschaticus increase with temperature, but 
the mortality rate significantly increases under high-tem
perature conditions.19 Under high-temperature conditions, 
the oxygen consumption rate of adult Cyclorapsus punctatus 
increases rapidly, while the oxygen consumption rate of ju
venile crabs shows a slow upward trend.20 The survival rate 
and growth rate of Macrobrachium amazonicum at 28℃ were 
significantly higher than those of the temperature 30 and 
32℃ groups.21 It can be seen that different species and de
velopmental stages can lead to differences in their appro
priate temperature environment. 

The results of this study show that the survival rate of 
E. carinicauda is higher at temperatures ranging from 16 to 
28℃, and significantly decreases at temperatures ranging 
from 32℃. This indicates that 16-28℃ is the suitable sur
vival temperature for E. carinicauda, and high temperature 
is not conducive to the survival of E. carinicauda, which is 
similar to the previous research results. This study shows 
that the molting rate and specific growth rate of E. carini
cauda gradually increase with the increase of temperature 
in the temperature range of 16 to 28℃, reaching the high
est value at 28℃. When the temperature is 32℃, the molt
ing rate and specific growth rate decrease, which may be 
due to the abnormal metabolic rate caused by excessive 
temperature, which consumes energy to resist temperature 
stress and leads to growth inhibition. At the same time, we 
have also observed that under high temperature conditions, 
white shrimp with ridged tail may have difficulty molting, 
or even fail to molt, leading to death. Based on the above 
analysis, we believe that 28℃ is the suitable temperature 
for the survival and growth of E. carinicauda. 

EFFECTS OF DIFFERENT TEMPERATURES ON THE 
GONADAL DEVELOPMENT OF CRUSTACEANS 

Sea water temperature has a significant impact on the 
growth and reproductive patterns of variable temperature 
on marine animals.22,23 The relationship between ovarian 
development and temperature provides important informa
tion for the life history of marine animals. Studies have 

shown that biological individuals in higher-temperature 
environments achieve sexual maturity with smaller body 
sizes than individuals in lower-temperature environ
ments.23,24 This phenomenon is known as the temperature 
size rule.25 From the perspective of biological adaptability, 
this phenomenon is explained as a compensatory mecha
nism for reproductive difficulties at low temperatures,26 as 
larger females typically have strong reproductive capacity. 
Higher temperatures can promote the early development 
and maturation of the ovaries of marine organisms, while 
low temperatures can delay the development of the ovaries 
of marine organisms, the ovaries mature only when they are 
large. 

The results of this study show that in the temperature 
range of 16 to 32℃, the gonadal index and ovarian matura
tion rate of E. carinicauda increase with the increase in tem
perature, but the difference between the 28℃ group and 
the 32℃ group is not significant, the concentration of TP, 
T-CHO, and TG in the ovaries also have the same trend, in
dicating that higher temperature conditions can promote 
the accumulation of nutrients in the ovaries of E. carini
cauda, leading to development and maturation, similar to 
the above research viewpoint. There is also an opinion that 
the ovarian development speed of crustaceans depends on 
the accumulation of temperature, that is, effective accu
mulated temperature, within a certain period, the higher 
the temperature, the more effective accumulated tempera
ture, and the faster the ovarian development speed of crus
taceans.27,28 Digestive enzyme activity reflects the abil
ity of organisms to absorb and assimilate nutrients, which 
plays an important role in the sexual maturation process 
that requires the accumulation of nutrients.29 Protein and 
lipids as the most important nutritional reserves support 
the development of crustacean ovaries.30,31 The results 
showed that the activities of lipase and trypsin in E. carini
cauda were higher at temperatures of 28 and 32℃, signif
icantly higher than those in other groups, indicating that 
28 to 32℃ was conducive to the digestion of food and the 
absorption of nutrients by E. carinicauda. In shrimp, Vg 
is commonly synthesized by the ovaries and hepatopan
creas, which undergo endogenous gene expression, while 
Vg synthesized by the hepatopancreas is transported to 
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the ovaries through hemolymph.32,33 In this study, under 
higher temperature conditions, the concentration of Vg in 
the hepatopancreas of E. carinicauda was relatively low, it is 
speculated that higher temperature conditions greatly pro
moted the physiological process of transporting Vg from 
the hemolymph to the ovary. Sexual hormones play an im
portant role in the molting, growth, and reproduction of 
crustaceans.34‑36 Estradiol is the main estrogen in the fe
male body. Mainly secreted by the ovaries periodically, it 
is closely related to the development and maintenance of 
the female reproductive system, the development and mat
uration of follicles, and the ovulation process.37 Go
nadotropin-releasing hormone is a peptide hormone se
creted by nerve cells, which can strictly control the central 
nervous system and regulate the physiological secretion of 
males and females.38The results of this study indicate that 
the concentration of estradiol in the ovary and the con
centration of gonadotropin-releasing hormone in the he
molymph of E. carinicauda increase with the increase of 
temperature in the range of 16 to 28℃. Therefore, we spec
ulate that 28℃ is the most conducive to the synthesis and 
secretion of sexual hormones in E. carinicauda, which is 
beneficial to its ovarian development. 

CONCLUSION 

Based on growth status, digestive enzyme activity, ovarian 
development and nutrient accumulation, as well as sex hor
mone levels, and comprehensive evaluation of the above 
indicators, the physiological and biochemical status of E. 
carinicauda is optimal at a temperature of 28℃. Therefore, 
the most suitable water temperature for the growth and re
production of E. carinicauda is 28℃. 

ACKNOWLEDGMENTS 

Thanks to Shenzhen AlphaFeed Co., Ltd and Jiangsu Ocean 
University for their support. 

This work was supported by the “JBGS” Project of Seed 
Industry Revitalization in Jiangsu Province 

(JBGS(2021)124), the Policy Guidance Program of Science 
and Technology Bureau of Lianyungang (GH2203), the Pri
ority Academic Program Development of Jiangsu Higher 
Education Institutions (PAPD), and the Postgraduate Re
search & Practice Innovation Program of Jiangsu Province 
(KYCX22-3386). 

AUTHORS’ CONTRIBUTION 

Conceptualization: Zhenhui Zhao (Lead), Zhiyu Pang 
(Lead), Deng Deng (Supporting), Jianhong Li (Supporting), 
Ning Wang (Supporting), Huan Gao (Supporting), Binlun 
Yan (Supporting), Kangyu Deng (Supporting). Investiga
tion: Zhenhui Zhao (Lead), Zhiyu Pang (Lead), Huan Gao 
(Supporting), Binlun Yan (Supporting). Writing – original 
draft: Zhenhui Zhao (Lead), Zhiyu Pang (Lead). Writing 
– review & editing: Zhenhui Zhao (Equal), Zhiyu Pang 
(Equal), Deng Deng (Equal), Jianhong Li (Equal), Ning Wang 
(Equal), Huan Gao (Equal), Binlun Yan (Equal), Kangyu 
Deng (Equal). 

COMPETING OF INTEREST – COPE 

The authors of this manuscript declare no conflicts of inter
est. 

ETHICAL CONDUCT APPROVAL – IACUC 

No ethical clearance was required for this study. 

INFORMED CONSENT STATEMENT 

All authors and institutions have confirmed this manuscript 
for publication. 

DATA AVAILABILITY STATEMENT 

All are available upon reasonable request. 

Submitted: February 25, 2024 CST. Accepted: May 28, 2024 
CST. Published: August 17, 2024 CST. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom

mons.org/licenses/by/4.0/legalcode for more information. 

Effects of different temperatures on growth and gonad development related indexes of the ridgetail white s…

Israeli Journal of Aquaculture - Bamidgeh 103



REFERENCES 

1. Jayasankar V, Tomy S, Wilder MN. Insights on 
molecular mechanisms of ovarian development in 
decapod crustacea: Focus on vitellogenesis-
stimulating factors and pathways. Frontiers in 
Endocrinology. 2020;11:577925. doi:10.3389/
fendo.2020.577925. PMID:33123094 

2. Chen HY, Toullec JY, Lee CY. The crustacean 
hyperglycemic hormone superfamily: progress made 
in the past decade. Frontiers in Endocrinology. 
2020;11:578958. doi:10.3389/fendo.2020.578958 

3. Hoang T, Lee SY, Keenan CP, Marsden GE. Ovarian 
maturation of the banana prawn, Penaeus merguiensis 
de Man under different light intensities. Aquaculture. 
2002;208:159-168. doi:10.1016/
s0044-8486(01)00713-x 

4. Taylor EW. Some effects of temperature on 
respiration in decapodan crustaceans. Journal of 
thermal biology. 1981;6:239-248. doi:10.1016/
0306-4565(81)90012-7 

5. Sudo H. Effect of temperature on growth, sexual 
maturity and reproduction of Acanthomysis robusta 
(Crustacea: Mysidacea) reared in the laboratory. 
Marine Biology. 2003;143:1095-1107. doi:10.1007/
s00227-003-1160-2 

6. Lin J, Li Q, Lin X, Xu Z. Experimental Study on 
Feeding and Growth of Litopenaeus vannamei. 
Marine Science. 2004;28:43-46. 

7. Li Q, Chen Y. Research progress on the effect of 
temperature on the growth and development of 
shrimp and crab. Jiangsu Agricultural Sciences. 
2019;47:26-31. doi:10.15889/
j.issn.1002-1302.2019.10.006 

8. Wu Y, Sun J, Zhou Z. The effect of temperature on 
the activities of main digestive enzymes in 
Fenneropenaeus chinensis and Marsupenaeus 
japonicus. Journal of Dalian Ocean University. 
2016;12:15-22. doi:10.16535/
j.cnki.dlhyxb.1997.02.003 

9. Zhang P, Hua S, Li Y, et al. Eexpression of the 
cyclin-dependent kinase 2 gene (cdk2) influences 
ovarian development in the ridgetail white prawn, 
Exopalaemon carinicauda. Aquaculture Reports. 
2022;25:101265. doi:10.1016/j.aqrep.2022.101265 

10. Liang J, Li J, Liu P, Li JT, Chen P. Research 
progress on the biological characteristics and 
artificial breeding of Exopalaemon carinicauda. 
Chinese Agricultural Science Bulletin. 2012;28:109-116. 

11. Torrini F, Caponi L, Bertolini A, et al. A 
biomimetic enzyme-linked immunosorbent assay 
(BELISA) for the analysis of gonadorelin by using 
molecularly imprinted polymer-coated microplates. 
Analytical and Bioanalytical Chemistry. 
2022;414:5423-5434. doi:10.1007/
s00216-021-03867-7. PMID:35028691 

12. Roh SG, Matsunaga N, Miyamoto A, Hidaka S, 
Hidari H. Competitive enzyme immunoassay for 
bovine growth hormone. Endocrine journal. 
1997;44:195-198. doi:10.1507/endocrj.44.195 

13. Wang L, Guo Q, Levy T, et al. Ovarian 
development pattern and vitellogenesis of ridgetail 
white prawn, Exopalaemon carinicauda. Cell Tissue 
Res. 2020;382(2):367-379. doi:10.1007/
s00441-020-03223-8 

14. Seefeldt L, Ebert D. Temperature-versus 
precipitation-limitation shape local temperature 
tolerance in a Holarctic freshwater crustacean. 
Proceedings of the Royal Society B. 2019;286:20190929. 
doi:10.1098/rspb.2019.0929 

15. Castaño-Sánchez A, Hose GC, Reboleira ASP. 
Salinity and temperature increase impact 
groundwater crustaceans. Scientific reports. 
2020;10:1-9. doi:10.1038/s41598-020-69050-7. 
PMID:32704064 

16. Ponce-Palafox J, Martinez-Palacios CA, Ross LG. 
The effects of salinity and temperature on the growth 
and survival rates of juvenile white shrimp, Penaeus 
vannamei, Boone, 1931. Aquaculture. 
1997;157:107-115. doi:10.1016/
S0044-8486(97)00148-8 

17. Stephens PJ. The effects of temperature and 
acclimation on crustacean nerve-muscle physiology. 
The Biological Bulletin. 1985;169:92-105. doi:10.2307/
1541390 

18. Henry Y, Piscart C, Charles S, Colinet H. 
Combined effect of temperature and ammonia on 
molecular response and survival of the freshwater 
crustacean Gammarus pulex. Ecotoxicology and 
environmental safety. 2017;137:42-48. doi:10.1016/
j.ecoenv.2016.11.011 

19. Siikavuopio SI, James P. Effects of temperature on 
feed intake, growth and oxygen consumption in adult 
male king crab Paralithodes camtschaticus held in 
captivity and fed manufactured diets. Aquaculture 
Research. 2015;46:602-608. doi:10.1111/are.12207 

Effects of different temperatures on growth and gonad development related indexes of the ridgetail white s…

Israeli Journal of Aquaculture - Bamidgeh 104

https://doi.org/10.3389/fendo.2020.577925
https://doi.org/10.3389/fendo.2020.577925
https://doi.org/10.3389/fendo.2020.578958
https://doi.org/10.1016/s0044-8486(01)00713-x
https://doi.org/10.1016/s0044-8486(01)00713-x
https://doi.org/10.1016/0306-4565(81)90012-7
https://doi.org/10.1016/0306-4565(81)90012-7
https://doi.org/10.1007/s00227-003-1160-2
https://doi.org/10.1007/s00227-003-1160-2
https://doi.org/10.15889/j.issn.1002-1302.2019.10.006
https://doi.org/10.15889/j.issn.1002-1302.2019.10.006
https://doi.org/10.16535/j.cnki.dlhyxb.1997.02.003
https://doi.org/10.16535/j.cnki.dlhyxb.1997.02.003
https://doi.org/10.1016/j.aqrep.2022.101265
https://doi.org/10.1007/s00216-021-03867-7
https://doi.org/10.1007/s00216-021-03867-7
https://doi.org/10.1507/endocrj.44.195
https://doi.org/10.1007/s00441-020-03223-8
https://doi.org/10.1007/s00441-020-03223-8
https://doi.org/10.1098/rspb.2019.0929
https://doi.org/10.1038/s41598-020-69050-7
https://doi.org/10.1016/S0044-8486(97)00148-8
https://doi.org/10.1016/S0044-8486(97)00148-8
https://doi.org/10.2307/1541390
https://doi.org/10.2307/1541390
https://doi.org/10.1016/j.ecoenv.2016.11.011
https://doi.org/10.1016/j.ecoenv.2016.11.011
https://doi.org/10.1111/are.12207


20. Winch JJ, Hodgson AN. The effect of temperature 
and salinity on oxygen consumption in the 
brachyuran crab Cyclograpsus punctatus (Crustacea: 
Decapoda: Grapsidae). African Zoology. 
2007;42:118-123. doi:10.3377/1562-7020(2007)42 

21. Bastos AM, Lima JF, Tavares-Dias M. Effect of 
increase in temperature on the survival and growth 
of Macrobrachium amazonicum (Palaemonidae) in the 
Amazon. Aquatic Living Resources. 2018;31:21. 
doi:10.1051/alr/2018010 

22. Olive PJW. Annual breeding cycles in marine 
invertebrates and environmental temperature: 
probing the proximate and ultimate causes of 
reproductive synchrony. Journal of thermal biology. 
1995;20:79-90. doi:10.1016/0306-4565(94)00030-M 

23. Reitzel AM, Miner BG, McEdward LR. 
Relationships between spawning date and larval 
development time for benthic marine invertebrates: a 
modeling approach. Marine Ecology Progress Series. 
2004;280:13-23. doi:10.3354/meps280013 

24. Lee HW, Ban S, Ikeda T, Matsuishi T. Effect of 
temperature on development, growth and 
reproduction in the marine copepod Pseudocalanus 
newmani at satiating food condition. Journal of 
Plankton Research. 2003;25:261-271. doi:10.1093/
plankt/25.3.261 

25. Atkinson D. Effects of temperature on the size of 
aquatic ectotherms: exceptions to the general rule. 
Journal of Thermal Biology. 1995;20:61-74. 
doi:10.1016/0306-4565(94)00028-H 

26. Angilletta MJ, Steury TD, Sears MW. Temperature, 
growth rate, and body size in ectotherms: fitting 
pieces of a life-history puzzle. Integrative and 
comparative biology. 2004;44:498-509. doi:10.1093/
icb/44.6.498 

27. Zhang Z. Discussion on the reasons of early 
maturity of pond crab. China Fisheries. 
1998;11:26-26. 

28. Hong W, Liu C. Experimental study on effective 
accumulated temperature, biological zero degree and 
temperature tolerance in larval development of 
Penaeus monodon. Journal of Fujian Fisheries. 
1997;3:1-6. doi:10.14012/j.cnki.fjsc.1997.03.001 

29. Janiak MC. Digestive enzymes of human and 
nonhuman primates. Evolutionary Anthropology: 
Issues, News, and Reviews. 2016;25:253-266. 
doi:10.1002/evan.21498 

30. Boucard CGV, Patrois J, Ceccaldi HJ. Exhaustion of 
lipid reserves in the hepatopancreas of 
Fenneropenaeus indicus broodstock in relation to 
successive spawnings. Aquaculture. 
2004;236(1-4):523-537. doi:10.1016/
j.aquaculture.2003.09.048 

31. Feng W, Zhao Z, Wang J, Han T. Nutrient 
Composition of Ovary, Hepatopancreas and Muscle 
Tissues in Relation to Ovarian Development Stage of 
Female Swimming Crab, Portunus trituberculatus. 
Animals. 2023;13(20):3220. doi:10.3390/ani13203220. 
PMID:37893944 

32. Cai S, Liu H. Biochemical characteristics and 
biosynthesis of vitellinogen in Decapods Crustaceans. 
Journal of Fisheries of China. 2017;41:150-158. 
doi:10.11964/jfc.20151010129 

33. Mu S, Kang X, Niu Z, Guo M. Research progress of 
vitellogenesis and hormone regulation in 
Crustaceans. Marine Science. 2004;28:66-70. 
doi:10.3969/j.issn.1000-3096.2004.06.015 

34. Lu J, Zhao W. Effects and regulation of 
reproductive hormones on ovaries in Decapod 
Crustaceans. Journal of Shanghai Ocean University. 
2001;10:166-171. doi:10.3969/
j.issn.1004-7271.2001.02.014 

35. Qi Y, Zhu D, Yang J, Su Q. Advances in the 
regulatory mechanisms of molting inhibitory 
hormones in crustaceans. Chinese Journal of Zoology. 
2010;45:165-170. 

36. Wei Z. Advances in the regulation of estrogen in 
crustaceans. China Fisheries. 2015;7:89-90. 
doi:10.3969/j.issn.1002-6681.2015.07.039 

37. Kumar A, Banerjee A, Singh D, et al. Estradiol: a 
steroid with multiple facets. Hormone and Metabolic 
Research. 2018;50(05):359-374. doi:10.1055/
s-0044-100920 

38. Bettocchi C, Rinaldi M, Sebastiani F. GnRH in the 
treatment of hypogonadotropic hypogonadism. 
Current Pharmaceutical Design. 
2021;27(24):2754-2756. doi:10.2174/
1381612826666201125113319 

Effects of different temperatures on growth and gonad development related indexes of the ridgetail white s…

Israeli Journal of Aquaculture - Bamidgeh 105

https://doi.org/10.3377/1562-7020(2007)42
https://doi.org/10.1051/alr/2018010
https://doi.org/10.1016/0306-4565(94)00030-M
https://doi.org/10.3354/meps280013
https://doi.org/10.1093/plankt/25.3.261
https://doi.org/10.1093/plankt/25.3.261
https://doi.org/10.1016/0306-4565(94)00028-H
https://doi.org/10.1093/icb/44.6.498
https://doi.org/10.1093/icb/44.6.498
https://doi.org/10.14012/j.cnki.fjsc.1997.03.001
https://doi.org/10.1002/evan.21498
https://doi.org/10.1016/j.aquaculture.2003.09.048
https://doi.org/10.1016/j.aquaculture.2003.09.048
https://doi.org/10.3390/ani13203220
https://doi.org/10.11964/jfc.20151010129
https://doi.org/10.3969/j.issn.1000-3096.2004.06.015
https://doi.org/10.3969/j.issn.1004-7271.2001.02.014
https://doi.org/10.3969/j.issn.1004-7271.2001.02.014
https://doi.org/10.3969/j.issn.1002-6681.2015.07.039
https://doi.org/10.1055/s-0044-100920
https://doi.org/10.1055/s-0044-100920
https://doi.org/10.2174/1381612826666201125113319
https://doi.org/10.2174/1381612826666201125113319

	Effects of different temperatures on growth and gonad development related indexes of the ridgetail white shrimp, Exopalaemon carinicauda
	Introduction
	Materials and Methods
	Experimental animals
	Experimental design
	Daily management of breeding test
	Sampling and determination of relevant indicators
	Gender identification and ovarian development staging of shrimp
	Data Analysis

	Results
	Effects of different temperatures on survival, growth and molting of E. carinicauda
	Effect of different temperatures on digestive enzyme activity of E. carinicauda
	Effects of different temperatures on the ovarian development performance of E. carinicauda
	Effect of different temperatures on the concentration of main nutrients in the ovary of E. carinicauda
	Effects of different temperatures on the concentrations of vitellogenin and sex hormones in E. carinicauda

	Discussion
	Effects of different temperatures on the survival and growth of crustaceans
	Effects of different temperatures on the gonadal development of crustaceans

	Conclusion
	Acknowledgments
	Authors’ Contribution
	Competing of Interest – COPE
	Ethical Conduct Approval – IACUC
	Informed Consent Statement
	Data Availability Statement

	References


