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Abstract: This study was carried out to investigate the effects of different temperature on incubation period,
and reproductive performance of berried female blue swimming crab, Portunus pelagicus. The results showed
that the temperatures significantly affect the incubation period, fertilization and hatching rate of egg.  The egg
incubation  period  decreased exponentially from 8.33 to 6.67 days with increasing temperature in the range
28-34EC.  The best fertilization and hatching rate of eggs were obtained at temperature in the range 28-30EC
and 28-32EC, respectively. Relationship between temperature and incubation period, fertilization and hatching
rate of eggs was found to be quadratic.
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INTRODUCTION

Estimates of duration time of the incubation period,
especially in the case of edible species, are among the
most important information concerning hatching and
spawning process.  This information is required prior to
establishment of a good hatchery management program,
which would ensure the sustainable production of larvae
and juveniles of cultured species.

Most works on incubation period and reproductive
performance have been established on marine and
freshwater fish species, and limited studies have been
conducted on crabs, mainly on commercially exploited
species such us S. serrata  and P. pelagicus.  Incubation
in other crustacean groups such as the barnacles[26], the
copepods[4] and brachyuran[33,21,15,] have been studied in
relation to temperature.  Temperature is also a variable
that is known to affect the rate of egg development[16,3,13]

larval survival rate and development in many
brachyurans[22,34,23,13,]. However, little is known about
temperature effects on incubation period and reproductive
performance of individual blue swimming crab species.
The objective of the present study was to determine the
effect of temperature on incubation period and
reproductive performance of berried female blue
swimming crab, P.  pelagicus, under cultured conditions.

MATERIALS AND METHODS

Twelve ovigerious crabs (body weight of 126.4 to
268.4 g and carapace width of 106.39 to 140.58 mm) were
held in 125 liter aquaria at density of 1 individual/ 75 liter
with gentle aeration. Females were not fed during the
incubation and hatching period.  Different temperature
levels (28, 30, 32, and 34EC) were designated as
treatments A, B, C and D with each temperature level
replicated three times. Temperatures in the aquaria were
controlled using thermoregulated electric heaters.  Salinity
(30 ppt) and temperature measurements were performed
with a direct reading digital salinometer (YSI model 58
oxygen meter, Yellow Springs Instrument Co., Yellow
Springs, OH, USA).  

Stage of embryonic development was determined by
examining eggs that were periodically removed from the
crab.  The egg incubation period was determined as the
number of days from spawning to the hatching days.
Samplings for egg fertilization rate were conducted on the
6th and 8th day.  Egg samples were taken from different
points of the egg mass.  Fertilized eggs were pigmented,
irregular  in  shape  and  manifested  eye formation while
unfertilized eggs were unpigmented, spherical and
uniformly  dark or a black mass.  Number of eggs counted
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ranged from 500 to 700.  Percentage fertilization rate of
eggs was computed as follows[21].

FE
FR 100%

FE UFE
= ×

+

Where: FR = Fertilization rate (%)
FE = Fertilized eggs
UFE = Unfertilized eggs

Upon hatching, the total number of zoea larvae
produced was estimated from six, 50 ml aliquot water
samples taken from the hatching tank[21]. The newly
hatched zoea, and unfertilized eggs were counted from the
sample and hatching rate was calculated using the
following formula:

HZ
HR 100%

TNE(HZ UFE)
= ×

+

Where: HR = Hatching rate (%) 
HZ = Hatched zoea 
TNE = Total number of eggs
UFE  = Unfertilized eggs

The data of incubation period (days) and reproductive
performance (%, egg fertilization  and  zoeal hatching
rate)  were tested using one way ANOVA and Duncan’s
Multiple Range test was used to compare the  differences
among treatments[30].  Arcsin transformation was done in
the analysis of the data in percentage.

The relation ship between temperature (t) and
incubation period (IP), fertilization rate (FR) and hatching
rate (HR) were analysed using statistical computer
software, SPSS version13.0, for significant correlation
between them 

RESULTS AND DISCUSSIONS

Incubation Period: Data (Table 1) showed that
incubation period had significantly been (p<0.05) affected
by the temperature level.  The highest temperature (34EC)
resulted  in  the  shortest  (p<0.05)  incubation  period
(6.67±0.41 days). Regression analysis found the
relationship to be quadratic (IP = -0.0417t2 +
2.3167t–23.9; R2 = 0.6900; p<0.05; Fig. 1). 

This study showed that the temperature significantly
affected the incubation period of P. pelagicus eggs.
According to Wear[33], Heasman and Fielder[16], Choy[3],
Zeng et al.[35]  and Hamasaki[13], temperature is one of the
most important factors in regulating egg development for
several brachyuran species including Scylla
paramamosain[14]. In a similar study, the lower
temperature  slow down the incubation period of 10 newly
berried Palaemon serratus females[28].  He tested three
different temperatures (10, 15 and 20EC) and found that
20EC gives the fastest incubation period (28 days),
whereas  at  10EC  and  15EC,  the  incubation  period is

Table 1: Mean±s.e. Incubation period of berried female blue
swimming crab, P.   pelagicus at different temperatures.
Means within a given column with different superscripts
were significantly different (p<0.05).

Treatment  (n =3) Incubation period (days)
A (28oC) 8.33±0.41a

B (30oC) 8.00±0.00a

C (32oC) 7.67±0.41a

D (34oC) 6.67±0.41b

Fig. 1: Relationship between mean temperature (t) and
incubation period (IP) of berried female blue
swimming crab, P. pelagicus.

prolonged to 95 and 58 days, respectively. Heasman and
Fielder[16] reported that duration of successful incubations
for S. serrata varies from 20 to 30 days where the shortest
incubation period is achieved at inversely rising
temperature.   In this study, the egg incubation period of
P. pelagicus lasted for 6.67-8.33 days; it decreased
exponentially with increasing temperature in the range
between 28EC-34EC.  A similar pattern was observed by
Wear[33] and Hamasaki[15] with British decapod crustacean
and S. serrata, respectively.

The  relationship  between   temperature   and  the
egg  incubation  period  from  spawning  to  hatching  in
S. paramamosain and the biological zero and threshold
temperature were estimated as 12.19 and 13.98EC,
respectively[14].  Heasman and Fielder[16] and Zeng et al.[35]

applied Bělehrádek’s equation to the relationship between
temperature and egg incubation period from spawning to
hatching for the mud crab species as S. serrata.
Parameters  of  the  equation estimated by Zeng et al.[35]

are  similar  to   those   estimated   by   Hamasaki[14]   for
S. paramamosain.  On the other hand, the equation curved
proposed by Heasman and Fielder[16] shows a different
locus from both S. serrata[15] and S. paramamosain[14].
The mud crab species based on current nomenclature[17]

examined   by   Heasman   and   Fielder[16]  is  not clear,
but  the  crab  used  by  Zeng  et al.[35] is almost certainly
S. paramamosain according to Li et al.[18].  The lower
temperature merely slow down the rate of egg
development, and the present study did not reach the
lowest limits of egg tolerance.
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Fig. 2: Relationship between mean temperature (t) and
egg fertilization rate (EFR) of berried female blue
swimming crab, P. pelagicus. 

Table 2: Mean±s.e. Egg fertilization rate (%) of berried female blue
swimming crab, P. pelagicus incubated at different
temperatures.  Means within a given column with different
superscripts were significantly different (p<0.05). 

Number of eggs  
Treatment -------------------------------------- Fertilization rate
(n=3) Fertilized Total (%)
A (28 oC) 662.67±5.31 718.00±1.87 92.29±0.57a

B (30 oC) 669.00±2.57 713.33±3.19 93.78±1.38a

C (32 oC) 625.33±2.46 713.67±1.78 87.63±1.96b

D (34oC) 513.33±6.42 715.33±2.16 71.77±1.11c

Fertilization Rate: The percentage of successful
fertilization rate at different temperature level was
generally high ranging from 71.77-93.78%.   The
fertilization rate (%) decreased with increasing
temperature (p<0.05). The highest fertilization rate was
achieved at 28EC and 32EC, whereas the lowest (p<0.05)
fertilization rate occurred at 34EC with 71.77±1.11 %
(Table 2).  The relationship between temperature and egg
fertilization  rate  was  quadratic  with  an equation of
EFR = -1.0846t2 + 63.858t - 845.53 (Fig. 2). This 
relationship    was    found    to   be   highly  significant
(R2 = 0.9682; p<0.05)

Temperature exerts a strong effect on marine teleost
eggs[ 1 , 2 ]  and embryonic[ 7 , 3 3 , 9 , 1 0 ] and larval
development[29,19,27] of decapod crustaceans.  At tolerable
levels, temperature controls metabolic and development
rates[8].  Extreme levels of temperature can result in
mortality during egg incubation or cause developmental
anomalies that reduce fertilization rate and larval viability.
In this study, the optimum temperature of egg fertilization
rate of blue swimming crab was in the range of 28 to
30EC and the lowest fertilization rate occurred at high
temperature of 32 to 34EC.   Temperature $ 32EC seemed
to inhibit the egg growth and development.

Effects of temperature on fertilization rate of decapod
crustacean eggs are poorly known.  However, embryonic
development duration under different temperatures are
described   in   several    studies.     Garcia-Guerrero  and

Fig. 3: Relationship between mean temperature (t) and
hatching rate (HR) of berried female blue
swimming crab, P. pelagicus. 

Table 3: Mean±s.e. Zoeal hatching rate (%) of berried female blue
swimming crab, P. pelagicus at different temperatures. Means
within a given column with different superscripts are
significantly different (p<0.05).

Number of eggs
Treatment -------------------------------------------- Hatching rate
(n=3) Zoael hatching Unfertilized Total (%)
A (28 oC) 530,545.75± 126,211.85± 656,757.60± 81.09±1.96a

107,204.10 37,889.78 142,504.60
B (30 oC) 552,342.82± 127,755.1± 680,097.93± 80.90±1.02a

194,240.51 38,002.04 327,815.54
C (32oC) 509,519.02± 136,294.77± 645,813.79± 77.95±1.89a

229,278.47 47,828.73 277,015.56
D (34 oC) 361,370.24± 266,731.25± 628,101.49± 57.79±1.07b

58,219.73 53,264.17 111,454.89

Hendrikx[11] determined the embryonic development from
recently spawned eggs to hatching lasts 14 days for
Aratus  pisoni  and  15  days  for  Goniopsis pulchra at
26-28oC. Reported that the embryonic development of
mangrove crab, Ucides cordatus, takes 19±1 day at 27EC.

Hatching Rate: Temperature (28, 30, 32 and 34EC)
significantly influenced (p<0.05) hatching rate (Table 3).
Similar to fertilization rate, the highest zoeal hatching rate
of P. pelagicus eggs was achieved at lower temperatures
(28-32EC), whereas the lowest hatching rate of eggs was
found at 34EC (57.79±1.07 %). Statistical analysis using
ANOVA with DMRT test demonstrated that zoeal
hatching rate reared at 34 % was significantly lower than
those at other temperature.  The relationship between
zoeal hatching rate and temperature was found to be
quadratic (HR= -1.2483t2 + 73.753t - 1006.9; R2 =
0.9400; p<0.05; Fig. 3).

In series of studies on the hatching process in aquatic
invertebrates, Davis[6] found that the egg size decapod
crustaceans increases during incubation  due to either a
slow but steady osmotic swelling of the inner egg
membrane  or  to  swelling  of  the embryo itself.  In both
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cases, Davis considered that the size increase is brought
about by uptake of water which increases the internal
pressure of the egg up to the time hatching.  

Some environmental factors related to hatching
success have been examined.  Gillet[12], experimenting
with landlocked Swiss Arctic char, reported that survival
rate of eyed eggs is slightly better when parents collected
from the field are maintained at 5oC than when they were
kept at 8oC.  Egg survival is also higher if females are
collected later in the season.  Steiner[31] reported that the
hatching of landlocked Austrian Arctic char eggs is
slightly higher at 5 and 7oC (about 90 %) than at 3 and
8oC (about 85 %).

Regretfully, the effect of temperature to hatching rate
on tropical marine crab eggs is poorly known.  In the
present study, the optimum temperature for best hatching
rate of egg blue swimming crab, P. pelagicus, was found
at the range of 28 to 32oC with mean of 77.95 to 81.09 %,
respectively.  Higher temperature (34oC) seemed to inhibit
the egg growth and development, while the number of
hatched zoea decreased markly (57.79 %). Consequently,
a high zoeal mortality was related with the low
fertilization rate at 34oC.  Watanabe[32] reported that
hatching success of Epinephelus  striatus eggs is high
(avg. = 82.5 %) at  all  temperatures  within the range of
26-30oC, but mortality of yolksac larvae is accelerated at
high temperature.

The result of this study also demonstrated that
hatching of P. pelagicus eggs was improved if eggs were
incubated at low temperature.  It is not known whether
this was related to advanced development at fertilization
rate.  A similar observation was also reported and
described by Lucyzynski[20] for vendace (Coregonus
albula).  In her study, low temperatures used only at late
stages to delay hatching; the juveniles had little or no yolk
at hatching and needed to feed.  The effects of these
temperatures on early survivorship, given adequate food
were not reported.  Survival after swim-up may be
improved by warm temperatures, which young char may
choose in the wild. 

Research has indicted that incubation temperature
affects the rate of embryonic and larval development from
zoeal stages through to early crab stages[24,25,33,16,15].
Increasing water temperature during the incubation period
accelerates the rate of embryonic development in
crabs[33,16,15].  Consequently by manipulating water
temperature, crab culturists can control the time of
hatching. Although temperature manipulation is an
attractive management option[5], there is evidence that
shortening the incubation period by increasing the
temperature  will  significantly  affect  the fertilization
rate  and  hatching  rate  of  the   blue   swimming  crab,
P. pelagicus.  According to Wear[33] rising water
temperature to achieve rapid incubation period can disrupt
the normal interval between the spawning of successive
egg batch and cause significant reduction to the egg
membrane.
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