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Abstract: Eyestalk ablation was used for inducing molting in the freshwater crayfish, Procambarus clarkii at the laboratory 
conditions. The results exhibited that, both of unilateral and bilateral eyestalk removal accelerated molting rate than in non-
ablated or intact individuals of this species. The use of unilateral eyestalk removal has low effect, induced molting at the 6th 
week and reached 100% at the end of the 16th week, compared with starting molting at the 8th week for control, which did not 
exceed than 40 % for molted individuals at the end of experiment, with 20% mortality for each. On contrast, the bilateral 
ablation has high effects and induced molting rapidly at the first and second weeks for the two experiments. It was associated 
with high mortality rates, averaged 28.33%for ablated individuals of the two experiments, increased gradually to 51.67%and 
80.0% for individuals of the premolt stages, which showed signs of molting but were unable to complete molting cycle and 
died at the end of the last week of each experiment. Repeating molting was recorded for only one bilateral ablated animal after 
11 days, but no molting was noticed for control group, with mortality of 20 %.The percentages of increments in body 
dimensions included body length, carapace length, chelae length and total body weight were calculated. Most ratios of 
increments, except only total body weight, were high in ablated males than ablated females, as well as clearly higher in normal 
molted males and females than ablated ones, but declined sharply to 3.30±2.91% in total body weight for bilateral ablated 
males.  
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1. Introduction 

The red swap crayfish, Procambarus clarkii belongs to 
family Cambaridae. The individuals of this species live in 
many freshwater bodies of the south-central U.S.A., 
particularly Louisiana [1]. During the last decades, the 
occurrence of this species extended to other countries 
including Europe, Australia and China [2], and introduced 
into the Egyptian freshwaters via a private fish farm during 
early 1980's [3&4]. During the last decade of the twentieth 
century, this species became one of the faunal components of 
the Egyptian freshwaters habitats and provides about 4.6 tons 
of the annual yield [5] and represents a new natural protein 
resource with high nutritive value. At the present time, this 
species became requested among freshwater fisheries, and 
consumes by many Egyptian peoples as cheap food, with 
high protein, instead of the other high expensive marine 

shrimps and lobsters [4, 6, 7]. 
As it well known, the growth of crustaceans depends 

mainly on molting which is a biological and physiological 
tool accompanied with increasing size, weight and length and 
controlled by environmental and endocrine hormones [8]. 
However, there are several factors that affect molting 
processes, among which eyestalk ablation. Removal of 
eyestalk induces molting by direct affecting the endocrine 
system of the crayfish [1&9]. The first direct evidence for 
hormonal control of molt was given by [10], where they 
found that removal of both eyestalks from the crayfish 
Orconectes virilis caused an acceleration of molting, while 
injection of the contents of eyestalks into the body of an 
eyestalkless animal delayed molting activity. These 
investigations were supported by many workers comprised [1, 
9, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20]. 

The relations between growth and molt intervals in the 
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eyestalkless crayfish, Procambarus clarkii were also 
documented by several studies. Successive molting was 
studied by [15&21]. While the effects of bilateral eyestalk 
removal on molting of juveniles Procambarus clarkii was 
treated by [22]. Similar studies were also carried out on 
shrimps and prawns [18, 19, 23]. 

The objective of this study to accelerating molting by 
using eyestalk removal and evaluate increments rates in both 
ablated and normal individuals of the introduced freshwater 
crayfish, Procambarus clarkii within the Egyptian freshwater 
drainage canals and Nile River to use for increasing size and 
improvement production. 

2. Materials and Methods 

2.1. Animal Collection 

The specimens of Procambarus clarkii were collected 
alive from River Nile tributaries at Al-Kanater Al- Khairiya 
(Qalyoubia Governorate, Egypt), during June, July and 
August 2010. They were transported to the laboratory in the 
Faculty of Science Al-Azhar University, Naser City, Cairo. 
Sex was determined, and each animal was weighed to the 
nearest 0.01g after blotting excess water with absorbent 
tissues using an electric balance with an accuracy of 0.01g. 
All body length, carapace length and right chela length were 
measured by a Vernier caliper with an accuracy of 0.01 mm. 
All specimens were mature and varied from 6.5 to 10.5 cm in 
standard length and from 9.1 to 48.25 g in the total body 
weight.  

The collected crayfishes were divided temporary into 
groups and kept for two weeks in water tanks containing 
fresh water (50 L), aerated with air pumps at room ambient 
temperature, with oxygen concentration up to 7-8 mg/L, and 
pH varied from 7.8 to 8.0, and fed on commercial pellets, 
frozen fish meat and squids. Tanks water was changed at the 
end of each week, with aerated water under the same 
conditions. Molting stages were determined according to 
[8&24]. 

2.2. Eyestalk Ablation 

A total of 100 mature specimens (52males and 48 females 
all were in the inter molt stages), were used for eyestalk 
ablation during this study. The surgical removal was used for 
both unilateral and bilateral eyestalk ablation according to 
[18,19,23], where the eyestalk extirpation of the X-organ 
sinus gland complex was successful ablated. To reduce 
mortality to the minimum level, the sterile surgical blades 
were used for eyestalk removal. During ablation, the 
specimens were held in pre-cooled water in order to reduce 
heartbeat, loss of haemolymph and to control bleeding. All 
changes in carapace characters denoting to molting signs, 
number of molted individuals, repeating molting and 
mortality rates for the two experiments were recorded and 
calculated. 
 

2.2.1. Unilateral Ablation Experiment 

For unilateral eyestalk ablation, 20 specimens were used, 5 
control and 15 individuals were ablated by removing one 
eyestalk. The ablated individuals were divided into three 
groups (5 specimens in each) in aquaria of 30 x 40 x 60 cm, 
and compared with 5 eyestakless or intact individuals. This 
experiment extended for 16 weeks, during the period from 
the 28th of August to the 24th of November 2010, under the 
prevailing ambient temperature and natural photoperiod, with 
water temperature ranged between 23º and 25ºC, 
conductivity varied from 0.5 to 0.56 ms, and dissolved 
oxygen ranged between 7.6 to 8 mg/L. 

2.2.2. Bilateral Ablation Experiments 

For bilateral eyestalk ablation, 60 specimens were 
bilaterally ablated, and 20 specimens for controls these were 
divided into two experiments as following: 

� The first experiment was experienced during the period 
from the 10th to 31st July, 2010. Total of 40 individuals 
thirty (30) bilateral ablated specimens were divided into 
three groups (10 in each), and compared with control 
(10 normal specimens). Both of the treated and control 
groups were put in aquaria of 30 x 40 x 100 cm, with 
water temperature varied between 28˚ and 29˚C, 
conductivity 0.4 - 0.6 ms, dissolved oxygen 7-7.8 mg/L, 
at the natural photo period.  

� The second experiment was carried out from 7th to 21st 
August 2010 on 40 animals (30 treated and 10 controls) 
under the same prevailing laboratory conditions.  

2.3. Molt Increments 

The ratios of increments in body dimensions (total length, 
standard length, carapace length and chelae length, as well as 
total body weight) were calculated by the difference between 
the values of these dimensions before and after molting 
process according to the following formula: 

Increments (%)  =
�� − ��

��

∗ 100 

Where L1= length or weight before molting, and L2=length 
or weight after molting. 

Statistical analyses by using (MINITAB 14) program, 
student T- test was used to evaluate the significant differences 
between values of these dimensions. 

3. Results 

3.1. Eyestalk Ablation 

Results in tables (1&2) show the pronounced effects for 
eyestalk ablation on the onset and duration of molting and 
mortality rates in the freshwater crayfish Procambarus 

clarkii. The hypotheses that tested in these experiments was 
accelerating molting by eyestalk ablation to reduce 
intermolt period and fasting growth. The effects of these 
treatments differ significantly according to the type of 
eyestalk ablation. 
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3.1.1. Unilateral Eyestalk Ablation 

Results in table (1)exhibits the onset of molting and 
mortality rates for the unilateral eyestalk ablated individuals 
compared with a control group in an experiment carried out 
for 16 weeks. These results revealed that, only three ablated 
individuals were died during the first 3 weeks (one in each), 
represented 20.0 % (mortality) of total. The remaining 12 
individuals (amounted 80 % of the total), were molted by 
the end of the last 16th week. First appearance for molting 
was recorded at the 6thweek, where two individuals were 
molted (13.33%). Molting continued through the following 
successive 5 weeks (from 7th to the 11thweeks), amounting 
91.67% from all molted individuals, and showed a high 
ratio at the 9th week (20.0 %). The last animal had been 
molted at the last (16th) week, giving 80% of the all 
eyestalk ablated individuals and 100% of the all live treated 
animals.  

For control group, only two animals molted at the 8th and 
13th weeks, representing 40% of all specimens, with low 
mortality rate (20 %), represented by death of only one 
animal during the 8th week (Table 1). 

3.1.2. Bilateral Eyestalk Ablation 

For bilateral ablation, the results of the first and second 
experiments are shown in Table (2). These results exhibit 
that, the effect of bilateral eyestalk ablation on molting is 
more effective, and induced molting at the1st and 2nd weeks 
for the second and first experiments respectively, but was 
accompanied by high mortality. For the first experiment, 
seven specimens molted during the 2nd week, amounting 
23.33 % from the whole individuals and stayed with this 
ratio till the end of the 3rd week. Out of the molted animals, 
only one repeated molting rapidly at the 3rd week after 11 
days from the first one represented 3.33% of the total 
number of individuals and 14.28 % of the molted ones. 

Mortality rates for these experiments were high, 
particularly at the first week. It was represented by death of 
7 individuals (23.33 %), but declined to 4 (13.33 %) at the 
2nd week. The remaining 12 individuals (40 % of the total) 
reached the late premolt stage (D4), and were very close to 
ecdysis. They were characterized by the appearance of 
molting suture between the first abdominal segment and 
hind edge of the cephalothorax (carapace), and have large 
gastroliths. However, these specimens were in a bad healthy 
case, very exhausted, move slowly, and were unable to 
complete molting. They died at the end of the 3rd week, 
increased mortality into 76.66 % (Table,2). 

On the other hand, no evidence for molting was noticed 
for control group, but 3animals died during the first and 
second weeks, represented 30.0 % of the whole individuals 
(Table 2). 

The same pattern was noticed for the second experiment 
(Table, 2). The results showed that, molting rate was very 
low, started at the first week with 3.33%, increased to 13.33% 
at the 2nd week, and amounted 16.66 % from the whole 
individuals. Mortality rate was high and represented by 
death of 6 animals without referring any signs of molting, 

from which 4 were died during the first week, followed by 
two at the 2nd week, amounted 20.0 % from all. In spite of 
the other 19 animals (63.33 %) reached the premolt stage 
(D4), and were closely to ecdysis, but were unable to molt, 
and died at the end of the 2ndweek, increased mortality to 
83.33 %.  

For control group, no signs for molting were recorded, 
and mortality rate was very low (10%), represented by only 
death of one animal at the first week (Table 2). 

3.2. Percentage of Increments 

3.2.1. Increments in Unilateral Eyestalk Ablated Animals 

The increments in body dimensions for unilateral ablated 
animals are presented in Table (3) and Figure (1). These 
data exhibit that, the maximum increments were 16.52± 
14.29 and 13.15±7.71 % in total body weight for both 
ablated males and females, respectively, while the minimum 
ratios were6.66 ±2.91 and6.21±3.29 % in standard length, 
for the same sexes, respectively. However, the ratios of 
increments in male's total length, standard length, and 
chelae length averaged 8.79±3.70, 6.66±2.91, and 
8.07±6.02 %, respectively. These ratios are being slightly 
higher in males than females, and were statistically 
significant for chelae length only (T-test =1.235, P < 0.05). 
On contrast, the average percentages of increments in 
females' total body weight was higher in females than males, 
with slightly increase in females' carapace lengths but 
without significant difference with males (T-test= 0.72, P > 
0.05).  

In comparison with the molted non-ablated or intact 
males, all increments in unilateral ablated males were lower 
than normal ones without significant statistically (T-
test=0.53, P > 0.05). Only exception was recorded in the 
total body weight, which was slightly higher in ablated 
males (13.15±7.71%) than that in normal males 
(12.11±6.32%). The reverse was recorded in the increments 
of the total length and carapace length in ablated females, 
which were slightly higher than normal females. While as, 
the ratio of increments in the standard length was very close 
between the two groups. However, the increments in total 
body weight of unilateral ablated females were significantly 
higher in ablated females than normal females, and the 
reverse was noticed for increments in chelae length (Table, 
3, Figure, 2), which was significantly higher in non-ablated 
molted females than ablated animals (T test=2.12, P < 0.05).  

3.2.2. Increments in Bilateral Eyestalk Ablation 

All bilateral ablated animals were males (Table, 3). The 
percentage of increments was varied from 3.30±2.91% in 
body weight to 10.01±6.74 in total body length. All 
increments in body weight, standard length, carapace length 
and chelae length were lower in bilateral ablated males than 
normal molted ones (Table, 3), but the increments in the 
total length was the exception, being slightly higher in 
ablated males (10.01 ± 6.74 %) than normal non-ablated 
ones (9.62 ± 5.09 %). The sharp decline in the increments 
of total body weight to 3.30 ± 2.91 % represents the lowest 
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value for increments during this work. Morever, the 
increments in repeated molting animal were relativelly low 
compared with control and other single molted one. 

4. Discussion 

The present knowledge about molting suggests that, 
molting is hormonally controlled by at least two hormones. 
These are: 1) - The molt inhibiting hormone: which is a 
peptide [25], is formed in the X- organ – a discrete group of 
neurosecretory cells bodies located in the eyestalk, 
transported in their axons to the sinus gland, stored there and 
released by the sinus gland into the blood to inhibit of the Y- 
organ molting hormone during the intact period of the 
intermolt [24]. 2) – The molting hormone: secretes by Y- 
organ, which is an endocrine gland, situated just posterior of 
the esophagus [8, 24, 26, 27]. The crustacean molting 
hormone has identified as 20-hydroxyecdysterone, a 
molecule similar to insect ecdysone, except it has an OH- 
group at the 20 position [28]. Although the roles of the Y- 
organ and its secretion ecdysone are well established, there is 
controversy, or lack of information, about other aspects of the 
control of molting, particularly the role of cephalic gland 
situated in the antennal segment of O. lomosus as mentioned 
by [24&28].  

Several studies and documents revealed that, removal of 
eyestalk or eyestalk ablation had a significant effect on 
molting in crustaceans, particularly decapods [8, 17, 18, 19, 
20, 29]. Removal of eyestalk or the Y- organ inhibitor during 
the intermolt results the release of molting hormone and a 
series of morphological and histological changes are begun 
which culminate in ecdysis [24&27], and followed by the 
onset of a molting cycle, characterized firstly by the 
gastroliths formation [13&24].  

In P. clarkii, removal of eyestalk promotes molting and 
increases the growth increments over several molts despite 
the increased mortality in these animals[13&24].The molting 
periods for ablated individuals, declined from 151.5 days in 
control to 39.1 days in ablated ones during five successive 
molting as mentioned by [24].  

During the present study, a remarkable inducing for 
molting was recorded by both unilateral and bilateral eyestalk 
ablation. It was also found that, the effect of bilateral ablation 
was greatly higher than unilateral ones. The results showed 
that, molting processes were initiating rapidly at the first and 
second weeks for the bilateral ablated individuals, but 
delayed to the 6thweek for unilateral ones. However, the rapid 
initiating molting at the bilateral individuals was 
accompanied by high mortality rates in comparison with that 
of the unilateral treated individuals, and all bilateral ablated 
individuals were died at the end of the second or third weeks. 
Moreover, repeating molting was recorded for the bilateral 
individual after 11 days from the first one. 

Therefore, the present results are in agreement with the 
previous findings, particularly, those mentioned by [13&24] 
on crayfish P. clarkii from USA, and [20] on the narrow-
clawed crayfish, Astacus leptodactylus from Iran. They 

reported that, there was a high mortality rate in bilateral 
eyestalk- ablated and a high survival rate in unilateral ablated 
animals, however, the present results denoted to shortest 
interval molting period than mentioned by [13&24] on the 
same species (P. clarkii) from USA. Also, the same results 
were reported by [30] on Homarus americanus, [33] on 
Astacus astacus, [31] on Orconectes virilis, [32] on Astacus 

astacus, [17] on Procambarus clarkii, [19] on Metapenaeus 

lankesteri and M. dobsoni, and [30] on Metapenaeus 

monoceros. All these studies confirm that, eyestalk ablation 
is shortening molting periods and initiating molting cycle, 
but bilateral ablation is more effective and associated with 
high mortality. [29] reported a rapid increase of ecdysteroid 
and a significant shorter molting interval in destalked 
Macrobrachium rosenbergii prawns in comparison with 
intact ones.  

[18]Found that, removal of eyestalk leads to weight 
increase and osmolality decrease of haemolymph. But [34] 
stated that unilateral eyestalk ablation has been employed to 
induce ovarian maturation and spawning with varying 
success in many crustaceans. It can also be used to shorten 
the molt interval and to stimulate gonad development in 
decapods as mentioned by [18]. Although the bilateral 
eyestalk ablation shortens the molt interval, it can also cause 
additional mortality, because ablation simultaneously 
removes the four ganglia in each eyestalk, a considerable 
portion of central nervous system [17&33]. Therefore, 
ablation induced hormonal imbalance or stress, which often 
results in high mortality[16&18]. The same results were 
recorded during this study by death of premolt individuals 
which were very exhausting and could not complete molting, 
increasing mortality rates. The death of these individuals may 
be due to hormonal imbalance or stress as mentioned by [16]. 

The present data showed that, there are observed 
significantly increments in body dimensions for unilateral 
ablated individuals particularly for males than females except 
body weight, which may be attributed to sexual dimorphism. 
However, the lower increments in most body dimensions of 
bilateral ablated males than normal or non ablated ones may 
be attributed to the effects of ablation as results of hormonal 
imbalance or stress as mentioned by [16] or stopping feeding 
under the stress of these effects. Therefore, these results are 
in contrast with that mentioned by [27]which indicated 
increasing the frequency of molting which accelerates the 
size increase of body dimensions beyond that in normal 
animals by eyestalk ablation. This may be due to abnormal 
increase in water uptake since there is no increase in total 
nitrogen as mentioned by [27].  

5. Conclusion 

The present study provides an idea about increasing body 
dimensions slightly beyond the hypothetical size and 
improvement production of this species by controlling 
molting cycle and mortality at local mass production; but 
further studies on the effects of the environmental factors are 
still needed. 
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(mix: ablated and non-ablated, unil: unilateral ablation) 

Figure (1). Percentage of increments in molted specimens (bilateral and unilateral eyestalk ablated individuals) and non-ablated (naturally molted individuals) 

in both of males, females and sex combined. 

Table (1). Ratios of molting and mortality rates for unilateral eyestalk ablated and control individuals of P. clarkii from the Egyptian freshwaters. 

 Groups 

Weeks 

Unilateral ablated specimens Control 

Molting rate Mortality rate Molting rate Mortality rate 

No. % No. % No. % No. % 

1st - - 1 6.67 - - - - 

2nd - - 1 6.67 - - - - 

3rd - - 1 6.67 - - - - 

4th - - - - - - - - 

5th - - - - - - - - 

6th 2 13.13 - - - - - - 

7th 2 13.13 - - - - - - 

8th 1 6.67 - - 1 20 1 20 

9th 3 20.0 - - - - - - 

10th 2 13.13 - - - - - - 

11th 1 6.67 - - - - - - 

12th - - - - - - - - 

13th - - - - 1 20   

14th - - - - - - - - 

15th - - - - - - - - 

16th 1 6.67 - - - - - - 

Total 12 80.0 3 20.0 2 40.0 1 20.0 
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Table (2). Molting and mortality rates for bilateral eyestalk ablated and control individuals of P. clarkii from the Egyptian freshwater. 

Treatments 

Experiments 

Bilateral ablated specimens Control 

Mortality rate Molting rate Exhausted Premolt Mortality rate Molting rate 

No. % No. % No. % No. % No. % 

Exp. (1) 
(weeks) 

1st 7 23.23 - - - - 2 20 - - 

2nd 4 13.33 7 23.33 12 40.00 1 10 - - 

3rd - - 1(*) 3.33 " " - - - - 

Total 11 36.66 7 23.33 12 40.00 3 30 - - 

Exp. (2) 
(weeks) 

1st 4 13.33 1 3.33 - - 1 10 - - 

2nd 2 6.67 5 13.33 19 63.33 - - - - 

Total 6 20.0 6 16.66 19 63.33 1 10 - - 

Average ±SD 17 28.33 13 20.0 31 51.67 4 20.0 0 0 

(* Denotes to repeating molting, Exp.= experiment). 

Table (3). Percentages of increments in naturally and ablated molted individuals (average ±SD). 

Parameters Standard length Body weight Chelae length Total length Carapace length 

(cm) % (gm) % (cm) % (cm) % (cm) % 

U
n

il
at

er
al

 a
b

la
ti

on
 

♂ 

Average 
± SD 

0.55±0.22 6.66±2.91 3.07±1.57 13.15±7.71 0.28±0.25 8.07±6.02 0.81±0.30 8.79±3.70 0.33±0.15 6.95±3.61 

Range 0.6-0.7 7.8-8.2 2.9-5.6 15.9-17.8 0.16-0.89 4.6-21.3 0.9-1.1 9.3-13.1 0.24-0.25 4.8-5.8 

♀ 

Average 
± SD 

0.52±0.25 6.21±3.29 4.14±3.97 16.52±14.29 0.20±0.07 6.43±3.15 0.75±0.32 7.99±3.83 0.35±0.17 7.50±4.09 

Range 0.2-0.9 2.1-11.3 1.47-4.5 4.57-24.3 0.13-0.27 3.24-11.2 0.3-1.2 2.91-13.3 0.19-0.59 3.7-13.2 

B
il

at
er

al
 

ab
la

ti
o

n 

♂ 

Average 
± SD 

0.56±0.51 7.21±7.04 1.24±0.77 3.30±2.91 0.22±0.16 5.25±3.76 0.92±0.58 10.01±6.74 0.26±0.15 5.53±3.33 

Range 0.1-1.3 1.1-18.1 0.1-1.8 0.3-6 0.03-0.35 0.7-9.12 0.4-1.6 4.1-18.8 0.2-0.5 1.59-10 

N
at

u
ra

l 

♂ 

Average 
± SD 

0.80±0.36 10.76±5.45 2.51±1.28 12.11±6.32 0.42±0.14 12.56±5.08 0.85±0.44 9.62±5.09 0.41±0.22 9.15±5.22 

Range 0.3-1.5 3.9-21.1 1.1-4.68 2.2-21.9 0.16-0.58 4.6-19.8 0.4-1.8 4.4-20.9 0.14-0.85 3.1-20 

♀ 

Average 
± SD 

0.52±0.31 6.42±3.97 2.18±0.95 13.72±11.52 0.25±0.04 9.31±4.30 0.66±0.34 7.05±3.71 0.33±0.18 7.29±4.05 

Range 0.2-0.9 2.2-11.3 1.2-3.4 4.2-32 0.2-0.23 4.4-11.9 0.4-1.2 4.1-13.3 0.1-0.6 2-13.2 
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