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1. Introduction

   Thermal environment is an important leading to genetic 
divergence of population[1], due to the important role of 
temperature on a biochemical and physiological process[2]. 

Temperature stress may eventually reduce the organism’s 
competition and reproduction abilities[3]. Environmental 
stress that threaten the functional integrity of an organism 
result in the expression of a set of genes the protein 
products of which serve to protect the organism from 

PEER REVIEW                          ABSTRACT

Objective: To determine the effect of prior heat shock on the CTMax of differently acclimated 
Portunus pelagicus (P. pelagicus) as well as the time course of the changes in CTMax post heat 
shock.
Methods: Crabs P. pelagicus were held in laboratory aquaria in tanks, which were supplied 
with filtered and aerated seawater. Crabs were acclimated at 20 °C, 25 °C, 30 °C and 35 °C for 3 
weeks before their CTMax was determined. The CTMax was recorded for each crab as the median 
temperature during the 5 min period when a crab was not able to right itself, the average CTMax 
was calculated. The effect of heat shock on subsequent CTMax was measured. Crabs were heat 
shocked at temperature 1 °C lower than the CTMax for 20 min, followed by either 0.5 h, 1 h or 1.5 
h recovery at 20 °C. The same procedure was repeated at other acclimation temperatures (25 °C, 
30 °C and 35 °C).
Results: Temperature acclimation of P. pelargicus from 20-35 °C progressively increased the 
CTMax. Acclimation at 35 °C the CTMax was 42.66 °C, whereas acclimation at 20 °C the CTMax was 
39.8 °C. In P. pelagicus acclimated, at 20 °C the CTMax values after heat shock were significantly 
higher than crabs in control for 30 min, 1 h and 1.5 h after heat shock. In the 25 °C and 30 °C 
acclimated crabs, the CTMax values after heat shock were significantly higher than control only 
in 30 min and 1 h after heat shock. No significant differences in 35 °C acclimated crabs between 
control and heat shocked crabs were found after recovery for 30 min, 1 h, or 1.5 h. 
Conclusions: Heat shock caused significant rises in the CTMax, however, this increase was 
progressively reduced with longer recovery times at the acclimation temperature. For 20 °C 
acclimated crabs, the increased CTMax was still evident after 90 min, but for 25 °C and 30 °C 
crabs, the response was over after 90 min. Heat shock of 35 °C crabs was problematical, the CTMax 
gave no increased thermotolerance. It must be concluded that the combination of a high heat 
shock temperature and CTMax determinations were too damaging.
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the deleterious effects of the stress[4,5]. These proteins 
were first reported in Drosophila melanogaster during 
exposures to high temperature and so the term “heat 
shock proteins” (HSPs) was applied[6]. Subsequently, a 
range of other environmental stresses have been shown 
to induce HSPs, and the term “stress proteins” has also 
been used to describe these proteins[7]. There are many 
reports that evidence the expression of HSPs in response to 
environmental stresses[5,8-10]. Under natural and laboratory 
conditions, some of these studies have shown how HSPs 
levels vary over hours in response to thermal stress[11,12]. 
HSPs play an important role in maintaining cellular 
functions under environmental stress[13-18]. The stimulus 
for the production of HSPs of several different families, is 
suggested to be the stress induced appearance of denatured 
proteins with exposed hydrophobic residues. The HSPs 
bind to these exposed protein sites affording protection 
from further damage, but these HSPs also have a role in 
restoring function when the stress has abated[4,18]. However, 
in stressed cells, denatured proteins may be refolded and 
function restored, a function of the molecular chaperones, 
or they may be broken down by a cellular protease[19]. 
   The CTMax, widely used as an index of organism heat 
tolerance, is proposed by Lutterschmidt et al. to be of 
ecological relevance[20], because it is the temperature 
at which an organism is unable to organize locomotor 
activity effectively, it would not be able to escape harmful 
conditions. Furthermore, Huey et al. found that the CTMax 
and the optimal temperature for an organism are co-
adapted[21]. This implies that the CTMax is genetically 
correlated with performance and activity at intermediate 
temperatures.
   The criterion used here for thermal tolerance is the 
temperature at which the righting reflex is lost after 
the crabs were turned onto their dorsal surface (loss of 
righting response). Recently, there are several studies on 
thermotolerance and heat shock in different crab species[22-

28]. 
   The climate of the Red Sea is the hottest and driest in the 
world and the rainfall is minimal, mostly in winter. Mean 
sea surface values range between 17.5 to 27 °C in February, 
whereas 32 °C in Augest and September. Temperature 
extremes occur mostly in inshore waters, high values of 36 
to 38 °C have been recorded in the Southern Red Sea[29]. 
Eurythermal crustaceans survive the environmental 
temperature by developing several capacities and resistance 
adaptation to change their behavior, physiology, growth 
and metabolism[30]. There are many studies on Portunus 
pelagicus (P. pelagicus) in different subjects such as growth 
and survival, biological aspects, reproductive biology and 
biochemical constituents[31-34]. No previous studies of the 
heat shock effects on the CTMax of this species occur.
   The aims of the study were to determine the effect of 

prior heat shock on the CTMax of differently acclimated P. 
pelagicus as well as the time course of the changes in the 
CTMax post heat shock. Comparison will be made with an 
earlier study on the role of acclimation in determining the 
CTMax, to assess the importance of the two strategies.  

2. Materials and methods

2.1. Crabs

   Individual P. pelagicus were obtained from Thule 
Corniche, Red Sea, Saudi Arabia. Experiments were carried 
out between July and October 2013. Crabs of similar size 
were chosen of carapace width 7-14 cm. Crabs were held 
in laboratory aquaria in tanks, which were supplied with 
filtered and aerated seawater. Crabs were fed twice a week 
with shrimp and the seawater was changed twice a week at 
least.

2.2. Determination of CTMax

   Crabs were held for at least 3 d at seawater temperature 
prior to acclimation. Then they were acclimated at 20 °C for 
3 weeks before their CTMax was determined. Four groups 
of three crabs were used. The first group was placed in 
seawater at 20 °C and was then slowly heated at a rate of 
0.2 °C/min using a programmed heater. The righting reflex 
was tested by turning the crab onto its back by hand, and 
5 min was allowed to right itself. The CTMax was recorded 
for each crab as the median temperature during the 5 min 
period during which a crab was not able to right itself. 
Then the crabs were transferred back into seawater at 20 °C 
to recover. This protocol was repeated with other groups. 
The average CTMax was calculated using the pooled data 
for all 12 crabs. The same procedure was used with crabs 
acclimated at 25 °C, 30 °C and 35 °C.

2.3. CTMax after heat shock

   The effect of heat shock on the subsequent CTMax was 
measured. Three groups of three indvidual P. pelagicus 
were chosen that had not previously been heat shocked. 
They were heat shocked at temperature 1 °C lower than 
the CTMax value for 20 min, followed by either 0.5 h, 1 h or 
1.5 h recovery at 20 °C. The same procedure was repeated 
at other acclimation temperatures which were 25 °C, 30 °C 
and 35°C. Crabs acclimated at 35°C were heat shocked at 
temperature 2 °C lower than the CTMax of control. This heat 
shock temperature was necessary because exposure 1 °C 
below the CTMax was damaging for some individuals, so the 
anomalous results were obtained.
   Data were analyzed by using an independent student’s 



Suhaila Qari/Journal of Coastal Life Medicine 2014; 2(8): 609-613 611

t-test and One-way ANOVA for significant differences. The 
level of significance used was P<0.05.

3. Results

   Table 1 shows the CTMax of P. pelagicus acclimated 
at 20 °C, 25 °C, 30 °C or 35°C and of the heat shocked 
crabs. The CTMax pre-heat shock of 20 °C acclimated 
crabs was (39.00依0.12) °C, and post-heat shock CTMax 
was significantly increased to (40.18依0.25) °C after 30 min, 
(39.90依0.23) °C after 1 h and (39.93依0.05) °C after 1.5 h. In 
25 °C acclimated crabs, the CTMax pre heat-shock was 
(40.07依0.33) °C and after heat shock, the CTMax values were 
between (42.2依0.21) °C after 30 min and (41.6依0.24) °C after 1 
h. There was no significant different between control and 
post-heat shock after 1.5 h recovery (P>0.05). Acclimation 
at 30 °C pre-heat shock, the CTMax of P. pelagicus was 
(41.25依0.26) °C and after heat shock, the CTMax was (42.23
依0.34) °C after 30 min. There was no significant difference 
between control and post-heat shock CTMax after 1 h and 
1.5 h recovery. The CTMax pre-heat shock of P. pelagicus 
acclimated to 35 °C was (42.66依0.40) °C. The CTMax of heat 
shocked crabs was (43.08依0.25) °C after 30 min and (41.5依
0.76) °C after 1 h, but there was no significant difference 
between control and post-heat shock in both 0.5 h and 1 h 
at the different time courses of heat shock. 
Table 1
Thermal tolerance of P. pelagicus acclimated at 20 °C, 25 °C, 30 °C and 35 °C 
and the effect of heat shock in different time courses.
Acclimation 
temperature 
(°C)

CTMax pre-
heat shock 

(°C)

CTMax after 
30 min heat 
shock (°C)

P
CTMax after 
60 min heat 
shock (°C)

P
CTMax after 
90 min heat 
shock (°C)

P

20 39.08依0.12 40.18依0.25 0.000 8 39.90依0.23 0.006 39.93依0.05 0.001

25 40.07依0.33 42.20依0.25 0.000 5 41.60依0.24 0.004 40.80依0.21 0.070

30 41.25依0.26 42.23依0.34 0.040 0 42.03依0.24 0.050 40.75依0.14 0.300

35 42.66依0.40 43.08依0.25 0.200 0 41.50依0.76 0.600 - 

Data are expressed as mean依SE. The heat shock degree is 1 °C less than the 
CTMax pre-heat shock at 20 °C, 25 °C, 30 °C, whereas 2 less than the CTMax 
pre-heat shock at 35 °C.

4. Discussion

   The CTMax values for non-heat shocked crabs were 
consistent with those presented for P. portunus in a 
previous communication[35]. Increasing acclimation 
temperatures from 20-35 °C significantly increased the 
thermal tolerance, which agreed with many previous 
studies with decapod crustaceans[22,23,27,36,37]. However, 
the values calculated for the acclimation response ratio. 
Claussen indicated a moderate acclimation ability in this 
species[38]. The values obtained increased with rising 
acclimation from 0.198 (20-25 °C), 0.236 (25-30 °C), 0.282 (30-
35 °C) which correspond with the low values obtained in the 

previous study[35]. It has been reported that the acclimation 
response ratio between 0.1-0.18 for the intertidal species 
Carcinus maenas (C. maenas) was much lower than those 
for the subtidal species Cancer pagurus (C. pagurus) which 
were between 0.41 and 0.56[22].
   The results of the present study also showed the changes 
in CTMax at different times after heat shock for crabs 
acclimated to 20 °C, 25 °C, 30 °C and 35 °C. Heat shock 
caused significant rises in the CTMax (except for 35 °C 
acclimated crabs) after 30 min, however this increase was 
progressively reduced with longer recovery times at the 
acclimation temperature (60 min and 90 min). For 20 °C 
acclimated crabs the increased CTMax was still evident 
after 90 min, but for 25 °C and 30 °C crabs the response 
was over after 90 min. Heat shock of 35 °C crabs was 
problematical, a heat shock temperature of low CTMax 
gave anomalous results, where CTMax was lower than in 
pre-heat shock crabs, even using heat shock temperature 
2 °C below the CTMax gave no increased thermotolerance. 
It must be concluded that the combination of a high heat 
shock temperature and the CTMax determinations were too 
damaging.
   A number of recent studies on crabs have emphasized 
the relationship between habitat temperatures and life 
styles of different crab species and their thermotolerance. 
It has been reported that warm acclimation increased 
greater in subtidal species than in intertidal species[23]. 
A similar result was found for C. maenas and C. pagurus 
by Cuculescu[22]. Stillman et al. concluded that upper 
thermal limits of a species evolved in response to maximal 
habitat temperatures[23], and so may be close to habitat 
temperature maxima. Hopkin et al. have also reported 
that C. maenas may experience rock pool temperatures 
in summer close to the CTMax[24]. Madeira et al. reported 
intraspecific differences in thermal tolerance and in HSP 
expression in Pachygrapsus marmoratus that reflected 
different habitat usage[27].
   Kelley et al. reported that thermal tolerance of C. maenas 
from southern populations were greater than those from 
northern habitats[26], that reflected the differences in 
habitat temperature, but the northern populations gave a 
greater response to a change in acclimation temperature. 
They also found that the southern populations expressed a 
higher level of HSPs than the northern populations.  
   What emerges is that crab species that are intertidal in 
distribution have relatively poor acclimation responses. 
However, they have a high inherent thermal tolerance and 
a robust heat shock response and are likely to have higher 
constitutive expression of HSPs than subtidal species. This 
adaptive strategy has value for crabs that experience daily 
short term fluctuations in temperature with the tidal cycle, 
and may also be exposed to near lethal temperatures. As 
Stillman et al. suggest those intertidal species are likely to 
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be adversely affected by global warming that would affect 
their distribution[23].
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Comments 

Background
   The climate of the Red Sea region is the hottest and driest 
in the world and the rainfall is minimal, mostly in winter.
Temperature extremes occur in inshore waters, with 
high values of 36 to 38 °C recorded in the southern Red 
Sea. Eurythermal crustaceans survive in environmental 
temperature by developing several capacity and resistance 
adaptations to change their behavior, physiology, growth 
and metabolism. The present study is focused on the 
intertidal zone crabs P. pelagicus in the Red Sea that is 
characterized by marked diel temperature fluctuations.
  
Research frontiers
   The aim of present research work was to determine 
the effect of prior heat shock on the CTMax of differently 
acclimated P. pelagicus as well as the time course of the 
changes in CTMax post heat shock.

Related reports
   CTMax is widely used as an index of organism heat 
tolerance. Environmental stresses that threaten the 
functional integrity of an organism result in the expression 
of a set of genes the protein products (hsps) of which serve 
to protect the organism from the deleterious effects of the 
stress.
   Temperature acclimation of Portunus pelargicus from 
20 to 35 °C progressively increased CTMax. In P. pelagicus 
acclimated, at 20 °C the CTMax values after heat shock were 
significantly higher than in control crabs 30 min, 1h and 
1.5 h, after heat shock. In 25 and 30 °C acclimated crabs, 
the CTMax values after heat shock were significantly higher 
than controls only 30 min. and 1h after heat shock. No 

significant differences in 35 °C acclimated crabs between 
control and heat shocked crabs were found after recovery 
for 30 min, 1 h, or 1.5 h. 

Innovations and breakthroughs
   No previous information exists on the thermal tolerance 
of a tropical crab species. The research also explored 
the relative importance of acclimation and heat shock 
as strategies to survive in a fluctuating high temperature 
environment.
  
Applications
   P. pelagicus is a commercially important species in Saudi 
Arabia as well as in other tropical countries. The proposed 
climate change could present additional thermal stress to 
this and other tropical species, this research provides new 
information that enables evaluation of that issue.

Peer review
   This research study acclimation and heat shock of the 
tropical crab species. The result conclude that heat shock 
caused significant rises in CTMax, however this increase 
was progressively reduced with longer recovery times at 
the acclimation temperature. This research provides new 
information that enables evaluation of that issue.
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