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Abstract: Stock of pufferfish Lagocephalus sceleratus was evaluated using specimens that collected monthly from the 
commercial fishing boats at landing sites along whole the Egyptian Mediterranean coast during 2012. Specimens were ranged 
from 5 to 83cm (TL) in length with an average 43.01± 13.5cm and total weight from 2.1-5400g with an average of 
1103.27±850.83 g. The length-weight relationship revealed negative allometric growth for males, females and combined sexes 
with insignificant difference between males and females at (P > 0. 05). The highest condition factor (1. 13) was recorded for 
immature/smaller fishes while the lowest value 0. 86 was recorded for largest female individual. Age determination by two 
methods (length frequency analysis and vertebrae) revealed seven years old with no significance difference between mean 
lengths at age of two methods at (P > 0. 05). Von Bertalanffy growth parameters for combined sexes of length frequency were L∞ 
= 106.34 cm, K = 0.17 year-1 and to = 0.0228 year-1, while they were L∞ = 101.63cm and K = 0.189 year-1 and to = 0.1186 for 
vertebrae data. By using data of length frequency, the population parameters were, total mortality (Z=1. 01 year -1), natural 
mortality (M= 0. 347 year-1), fishing mortality (F= 0. 663 year) and exploitation ratio (E= 0. 657). The length at first capture (Lc) 
was 32. 34cm, while length at recruitment (Lr) was 25. 95cm. Yield per recruit (Y/R) at current parameters was 447.26g. The 
maximum sustainable yield per recruit (MSY) was 467. 42g, at fishing mortality (FMSY) 0.403 year -1 Which is lower than current 
fishing mortality. The (Y/R) at the biological reference points (F0. 1 & Fmax) were 423.72 g and 467.42g respectively. The fishing 
mortalities at these points were 0. 203 year-1 and 0. 403 year-1 for F0. 1 and Fmax respectively giving lower values than current 
fishing mortality reflecting over-exploitation status. Inspite of, the fishing of pufferfish is prohibited by the Egyptian law, its 
stock in the eastern Mediterranean is overexploited but still growing well and the younger individuals are in good condition 
reflecting a good adaptation in new habitat, and explain the illegal trade of this species in different markets. The over exploitation 
suggests reduce it or Y/R to level of F0. 1 for the point of conservation regardless its poisonous effect. The importance of present 
data of such species could emphasis the need of special management plan for conserve and better use of economically valuable 
fishery resources. 
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1. Introduction 

Mediterranean Sea is considered as one of the main 
hotspots of marine bioinvasions on the earth, with an increase 
in rate of introduced invasives [1, 2]. These invasives might 
have entered through several pathways as Suez Canal, 
Gibraltar Strait, ship ballast water and accidental release 

among others [3, 4]. Puffer fishes are among those invasives 
that attracted the attention since its migration to 
Mediterranean Sea with a rapid distribution along different 
countries of the basin and sound social impact. These fishes 
are belonging to Family Tetraodontidae which contains at 
least 187 species within the recognized 29 genera of 
Tetraodontidae [5].The silver stripe blaasop L. sceleratus [6] is 
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considered a famous puffer fish species, it expanded its 
distribution widely from indopacific regions in tropical waters 
[7, 8] to different Mediterranean countries, including Turkish 
water as reported in [9, 10, 11]; Jaffa along the Israeli coast 
[12]; Rhodos as cited in [13,14]; Heraklion Bay, Cretan Sea 
[15]; from Lebanon coast by Carpentieri, et al., [16]; Aegean 
Sea, Greece [17, 18]; gulf of Gabes, Tunisia [19]. In the 
Egyptian Mediterranean waters, it was recorded in 2007 from 
Sallum Gulf, [20] and from Alexandria fish market in 2008 
[21]; also it was recorded from Sicily [22, 23], from the 
Adriatic by [24]; from the coasts of Spain [25] after being 
recorded off the coast of Algeria by Kara et al. [26] and from 
Malta [27]. Due to its impacts results from the wide expansion 
of L. sceleratus, it becomes an ecological and economic issue 
which must be addressed, constantly studied and monitored as 
mentioned in [28, 29, 4]. 

Most of the scientific works that studied puffer fishes over 
the world were focused on its toxicity with little information 
about the biological aspects. Similar in Egypt, toxicology has 
got more intention particularly for Red Sea puffer fish species, 
while few studies had conducted some biological aspects as 
cited in [30]. For the Egyptian Mediterranean waters, one 
available study has studied fishery and biology of puffer fishes 
especially L. sceleratus as Ph. D thesis. The present work is a 
part of that thesis and aimed to study age, growth and 
population parameters of the common lessepsian pufferfish 
Lagocephalus sceleratus as a basic knowledge for this species 
with evaluation of its stock status. 

2. Material and Methods 

2.1. Study Area 

The present investigated area extended along the Egyptian 
Mediterranean coast from El-Arish eastward (34O 12' 36" E 
and 31O 15' 00" N) to El-Sallum westward (25O 08' 42" E and 
31O 30' 00" N). Specimens of L. sceleratus were collected 
monthly from landing sites and different commercial fishing 
boats that catch puffer fish along the whole Egyptian coast 
during the period from January to December 2012 (fig. 1). 

2.2. Age and Growth Parameters 

Length–weight relationship was calculated using 795 
dissected specimens, based on power equation: W = a Lb 

according to [31 Where W is the total weight in gram (g), L is 
the total fish length in cm; a is the intercept and b is the slope 
of the equation (exponent "b"), this exponent equal 3 for fishes 
means isometric growth and when the value of (b) is higher or 
lower than 3 for fishes of allometric growth. Then the 
exponent "b" was tested statistically to determine whether the 
growth is allometric or isometric [32] Snedecor (1956). The 
condition factor (K = 100 x Wgut \ L3) was calculated 
according to [33], where Wgut = Gutted weight in gram. 

 

Figure 1. The study area along the Egyptian Mediterranean coast. 

Age was determined by two methods, indirect by the 
analysis of length frequency distribution of [34], using 
subroutine of the Fi-SAT software as cited in [35]. The second 
method was direct by reading of the vertebrae. The trunk 
vertebrae No. 3 was carefully removed and placed in boiling 
distilled water for 2-3 minutes, cleaned from tissues, and 
stored dry. Age was determined by counting the opaque rings 
on the vertebral centrum. Sometimes, the whole vertebrae 
were not clear to be examined or read true rings, especially in 
small to moderate specimens. So, the concave centra of the 
vertebrae was cutting with a sharp knife into two sections, and 
placed dorsally up in a V-shaped slit in a block and examined 
on a dark background with reflected light using binocular 
microscope at (25x) magnification. 

Growth parameters (L∞ and K) of Von Bertalanffy (VBGF) 
were estimated from the Length- at-age data subroutine in 
Fi-Sat II program for length frequency distribution data, while 
they were estimated according to [36, 37], for data of 
vertebrae. 

The constant (to) was calculated by rearranged formula of 
the von Bertalanffy equation: Ln [1 - (Lt/L∞)] = - k* to + k*t 

The slope (b) of the previous straight line equation is equal 
to (k) and the intercept (a) equal to (-k*to) then: to = - a / b 

Growth performance index (Ø = Log k + 2Log L∞) was 
computed according to [38] Where: Ø = growth performance 
Index. 

2.3. Population Parameters and Management 

The results of length frequency distribution method were 
used to estimate the population parameters. Total mortality (Z) 
was estimated by the analysis of catch curve of [39] as Ln N = 
a + b*t Where: N = Number of fishes in relative age group; t = 
relative age corresponding to the midpoint of the length class. 
The slope (b) is equal to (-Z). 
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Natural mortality coefficient (M) was computed by 
equation of [40]. 

Log M = - 0. 0066 – 0. 2790 Log L∞+ 0. 6543 Log k + 0. 4634 
LogT 

Where T is the annual mean water temperature of the 
Egyptian Mediterranean water and was sit as 21. 3 C º [41]. 

Fishing mortality coefficient (F) was estimated as F = Z – M 
by [42]. 

Survival rate (S) was computed from the following equation: 
S = e – z [43]. 

Length at first capture (Lc) was estimated as Lc = L¯ - k (L∞ 
- L¯) / Z according to [42] 
where L¯ is the mean length of the catch. While its 
corresponding age (tc) obtained by using the von Bertalanffy 
growth equation (tc = -1/K ln (1 – Lc / L∞) + to). 

Length at recruitment (Lr) was estimated as Lr = L¯ - k (L∞ - 
L') / Z according to [5], where L' is the length of fish at which 
fishes are under full recruitment (Cut off or the smallest length 
in the catch), and corresponding age (tr) was computed by the 
conversion of Lr using (von Bertalanffy formula) tr = -1/K ln 
(1 – Lr / L∞) + to 

Exploitation ratio (E) was calculated as E = F / Z according 
to [45]. 

The yield per recruit (Y/R) was estimated based on [42] that 
rearranged in [46] as follows: 

Y/R = F e-M (Tc – Tr)* W∞* [(1/Z) – (3S/Z+K) + (3S2 /Z+2K)- 
(S3/Z+3K)] 

Where: S = e –k (Tc – to), W∞ = asymptotic body weight that 
obtained through length weight relationship for converting L∞. 

Biomass per recruit (B/R) model expresses the annual 
average biomass of survivors, it is estimated as following: B/R 
= (Y/R) / F according to [42] 

Biological reference points are precautionary reference 
points derived from the yield-per-recruit analyses. The most 
known points that estimated her include Fmax, the 
(fully-recruited or limit point) fishing mortality rate which 
produces the maximum yield per recruit; and F0.1 (target point) 
the fishing mortality rate corresponding to 10% of the slope of 
the yield-per-recruit curve at the origin [47], and computed 
using the following formula: V = Y/R -0. 1 B0 F according to 
[48] 

Where V is the function of yield at the obtained yield per 
recruit (Y/R), B0 is the virgin biomass per recruit (unexploited 
stock) when the value of fishing mortality equal zero, and “F” 
is the fishing mortality at 0. 1. The results were treated 
statistically by using Microsoft Excel program, in addition to, 
one-way analysis of variance (ANOVA) test was conducted 
using STATISTICA (data analysis software system) version (8) 
[49]. 

3. Results 

The length–weight relationship of Lagocephalus sceleratus 
was studied by using the 795 fish (408 males, 371 females and 

16 unsexed). Samples were ranged between 5 - 83 cm (Total 
length) with an average of 43.01± 13.5 cm and total weight 
from 2.1-5400g with an average of 1103.27±850.83 g while 
the gutted weight ranged from 1. 9-4890g with an average of 
970.06±733.15g. The exponent "b” of the relationship 
equation was less than 3 showing negative allometric growth 
mode of males, females and C. sexes for both total and gutted 
weights as arranged below (Table 1). 

Table 1. Length-weight relationship equations for males, females and C. sexes 

of L. sceleratus using Total and gutted weight. 

W = 0.012 L2.957 r = 0.984 Males 
W = 0.013 L2.933 r = 0.997 Females 

W = 0.013 L2.938 r = 0.996 
All specimens 
(Combined sexes) 

Wgut = 0.013 L2.908 r = 0.994 Males 
Wgut = 0.014 L2.896 r = 0.997 Females 

Wgut = 0.014 L2.901 r = 0.997 
All specimens 
(Combined sexes) 

Applying t-test on the data of mean weight-at-length for 
males and females showed insignificant difference (P > 0. 05), 
therefore the relations was applied for combined sexes as 
shown in figs. (2, 3). 

 

Figure 2. Length-weight relationship in C. sexes of L. sceleratus using total 

weight. 

 

Figure 3. Length-weight relationship in C. sexes of L. sceleratus using gutted 

weight. 

The annual average of condition factor (K) was 0.97±0.089 
for combined sexes where males and females were almost 
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similar and constant all over the year except in July it was little 
higher. The immature individuals showed slightly higher 
condition factor than mature individuals with fluctuations 
along years with slightly increase during June (fig. 4). 
According to length group, the condition factor exhibited 
decline trend as the length increase. The highest value was 
observed for smaller length groups of males, while, the lowest 
values for largest length group of females (fig. 5). 

 

Figure 4. Monthly changes of condition factor (K) according to maturation 

for C. sexes. 

 

Figure 5. Trend of condition factor (K) according to length groups for males, 

females and C. sexes. 

Age was determined using 1736 specimens of L. sceleratus 

sorted into different length groups with length interval of 3cm 
for length frequency analysis, in addition to reading of 190 
vertebrae for validation of the age, (Figs. 6 & 7) both methods 
showed seven years old. The mean lengths at each year of life 
for both methods are shown in Table (2). For length frequency 
analysis, the mean Length at the end of each year of life for all 
samples were 18.03, 32.70,42. 54, 52.23, 60.5, 68.5 and 76.5 
cm for 1st, 2nd, 3rd, 4th, 5th, 6th and 7th years of life respectively. 
Age composition for unsexed specimens revealed that age 
group III was most abundance (40. 53 %) followed by age 
group IV (26.52 %); while age group VII was few (0. 20%) as 
shown in Fig. (8). 

The specimens were sorted in to males, females for reading 
of vertebrae. The results showed seven years old for both 
sexes. The statistical test (t-test) showed no significant 
difference at P > 0. 05 between the length at age of both males 
and females. Therefore, the mean lengths at the end of each 

year of life for combined sexes were estimated as 18.01, 34.03, 
43.73, 52.76, 61.23, 68.92 and 74.95cm for the sequences 
years respectively. 

 

Figure 6. Length frequency distribution for C. sexes of L. sceleratus using 

Bhattacharya method. 

 

Figure 7. Whole Vertebrae of L. sceleratus (Female, VII age groups, 76cm 

TL). 

 

Figure 8. Age composition of L. sceleratus using Bhattacharya method. 

 

 

 

 

 



 
American Journal of Life Sciences 
2015; 3(6-1): 83-93 
Published online November 28, 2015 (http://www.sciencepublishinggroup.com/j/ajls) 
doi: 10.11648/j.ajls.s.2015030601.22 
ISSN: 2328-5702 (Print); ISSN: 2328-5737 (Online)  

 

Table 2. Mean lengths at each year of life for L. sceleratus by both methods. 

Age 

group 

Bhattacharya Vertebrae 

Mean Length 

(cm) 

Males Females C. sexes 

Mean length (cm) 
Length range 

(cm) 
Mean length (cm) 

Length range 

(cm) 

Mean length 

(cm) 

Length range 

(cm) 

0  0 0 0 0 0 9-14 
I 18. 03 18. 56 16-25 17. 47 14-24 18. 01 14-25 
II 32. 7 34. 98 24-38 33. 08 23-40 34. 03 23-40 
III 42. 54 44. 83 38-52 42. 78 38-51 43. 76 38-52 
IV 52. 23 53. 59 49-59. 4 51. 94 46-57 52. 76 46-59. 4 
V 60. 5 62. 51 50. 9-69 59. 94 50-69 61. 23 50-69 
VI 68. 5 69. 98 65. 5-72 67. 86 66-71 68. 92 65. 5-72 
VII 76. 5 75. 94 70-78 73. 96 66. 5-76 74. 95 66. 5-78 

 

Von Bertalanffy growth model was fitted using age-length 
data for combined sexes of both ageing methods. For length 
frequency analysis, the growth parameters were estimated as 
L∞ = 106.34 cm, K = 0.17 year-1and to = 0.0228 year-1, while for 
vertebrae data as L∞ = 101.63cm and K = 0.189 year-1 and to = 
0.1186. Growth performance index (Ø) was found to be 3. 28 
and 3.289 for all samples derived from Bhattacharya and 
Vertebrae methods respectively. 

Population parameters were calculated as shown in Table 

(3): total mortality (Z) by length converted catch curve 
method is shown in Fig. (9) was estimated as 1.01 year -1, 
natural mortality (M) = 0.347 year -1, fishing mortality (F) = 
0.663 year -1, survival rate (S) = 0.364 year -1 and exploitation 
ratio (E) = 0.657. The length and age at first capture (Lc & Tc) 
were estimated as 32.34 cm and 2.156 year for respectively. 
While the length and age at recruitment (Lr & Tr) were 
estimated as 25.95cm and 1.67 year respectively. 

Table 3. Population parameters of L. sceleratus from the Egyptian Mediterranean water. 

Sex Lagocephalus sceleratus (Mediterranean coast, Egypt) 

C. sexes 
Z (year -1) M (year -1) F (year -1) S E Lc (cm) Tc (year) Lr (cm) Tr (year) W∞ 

1.01 0.3468 0. 663 0.364 0. 657 32.34cm 2.156 ear 25.95 1.67 10606.57g 

 

 

Figure 9. Length converted catch curve of total mortality of L. sceleratus. 

Using W∞ = 10606.572g, yield and biomass per recruit 
(Y/R and B/R) were estimated as 447.26 & 674.61g 
respectively at current (F) = 0.663 year -1 and Tc = 2.156 year. 
The maximum sustainable yield per recruit (MSY) was 
467.42g; it is estimated at fishing mortality (FMSY) 0.403 year 

-1 Which is lower than current fishing mortality. 
By changing the values of age at first capture with fishing 

mortalities levels, the yield per recruit showed an increase as 
the increase of age at first capture (Tc = 3.156) reaching 715. 

32g and the biomass per recruit 1078. 91g at the same current 
fishing mortality ((F) = 0.663 year -1) Figs. (10 a, b). 

Moreover, the yield per recruit has increased to reach the 
maximum sustainable yield (MSY) with increase of age at 
first capture (Tc) and fishing mortality giving value of 715. 
359g at fishing mortality (FMSY) 0. 703 year -1 and higher Tc = 
3.156. Generally, the yield per recruit at current parameters (F, 
Tc and E) was lower than that obtained at the optimum 
exploitation (E = 0.50) and those of maximum sustainable 
yield per recruit at (F = 0.403 year-1) and (E = 0.537), although 
the current fishing mortality was higher than those at optimum 
exploitation and maximum sustainable yield per recruit 
showing high level exploitation. 

The yield per recruit at the biological reference points (F0. 1 

& Fmax) were 423.72 g and 467.42g respectively (Fig. 11). The 
fishing mortalities at these points were 0. 203 year-1 and 0. 403 
year-1 for F0. 1 and Fmax respectively giving lower values than 
current fishing mortality 0. 663 year-1 that gave yield per 
recruit (447. 26 g). The yield per recruit (467.42g) at Fmax was 
higher than that obtained at present fishing mortality Fpre. and 
at F0. 1. The biomass per recruit at different biological 
references showed higher percentage (41.23 %) of the target 
reference point (F0. 1) than those of Fmax (22.91%) & Fpresent or 

current (13.33%). The obtained results showed that present fish 
population is overexploited; the fishing mortality should be 
reduced to the certain levels at which the values of Y/R at F0. 1 
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can get. 

 

 

Figure 10. a;Yield per recruit (Y/R) and b; biomass per recruit (B/R) in gram 

of L. sceleratus at different values of fishing mortality (F) and age at first 

capture (Tc). 

 

Figure 11. Yield per recruit and biomass per recruit curves of L. sceleratus 

showing biological reference points. 

4. Discussion 

The effective management of a fish stock is of important for 
the sustainable of that stock [42, 50]. The present observed 
total length of L. sceleratus from the Egyptian Mediterranean 
waters ranged from 5 to 83 cm regardless sex. This range is 
wider than that reported by [30] from Suez Gulf, Red Sea, 
Egypt (18. 5-78. 5 cm); by [51] from Antalya Bay, Turkey’s 
Mediterranean Sea (12.5 -65 cm); from Israeli coast (5-56.5 
cm) by [52] and from Lebanon coast (20.5-73.5cm) by [53]. 
The variations in length range may due to variations in the 
period of samples collection and fishing gear selectivity, 
however the presence of present length range as larger one 
may indicates the suitability of new habitats and its 
establishing well. Simon and Mazlan [5] stated that length 
range of L. sceleratus from estuarine water, Peninsular 
Malaysia was 11.2-18.3 cm very smaller than that of the 
present and other studies. This may due to that usually the 
estuarine areas characterized by shallow water, the smaller 
size of samples from Malaysia supported by that the small size 
puffer fish prefer the shallower coastal area cited in [54]. For 
applied ichthyological studies, ‘b’ of length-weight 
relationship seems to be important as a key parameter in 
estimating population growth [55, 5]. From table (4) the 
present values of exponent “b” were 2.938 and 2.901for total 
weight and gutted weight respectively, both of them were less 
than “3” for all samples reflecting negative allometric growth. 
This mode of growth was nearly the same as those recorded by 
[56, 30, 5, 51, 52, 57, 53]. While, the present results differed 
from that of [58] who reported that “b” value3.018 was 
slightly higher than “3” (Positive allometric growth).This 
difference may due to variations in habitats, biological, 
environmental conditions, or even the used of narrow length 
range where the later author used length range (11.2-18.3 cm). 

 

 

Table 4. Length weight relationship parameters, absolute (K) conditions of L. sceleratus from different locations. 

Author Location 
No. 

samples 

L. range 

(cm) 
W. range (g) Sex a b r 

Collection 

period 
K 

Kulbicki et al. 
(2005) 

----- ----- ------ ----- C. sexes -------- 2. 920 --------- ------- -------- 

Sabrah et al. 
(2006) 

Suez Gulf ------ 18. 5-78. 5cm 82. 9-5100g 
Males 0. 016099 2. 9044 0. 99 

October 2002 to 
June 2003 

-------- Females 0. 020902 2. 8418 0. 991 
C. sexes 0. 018712 2. 8676 0. 994 

Simon & 
Mazlan (2008) 

Estuaries of south 
Johore, Peninsular 
Malaysia 

148 11. 2-18. 3cm 
13. 41-275. 
31g 

C. sexes 0. 0133 2. 99 0 .88  2006 & 2007 13. 057±0. 

Michailidis 
(2010) 

Cyprus  6. 0-77. 0cm 3. 0-5600g C. sexes --------- 3. 018 --------- --------- --------- 

Aydın (2011) 
Antalya Bay, 
Turkey’s 
Mediterranean Sea 

656 12. 5-65cm 
22. 8-3463g Males 0. 012 2. 974 0. 997 Dec. 2008 

to Janu. 2010 
1. 14±0. 10 

29-3465g Females 0. 011 2. 984 0. 997 1. 13±0. 10 
 C. sexes 0. 012 2. 979 0. 998  1. 14±0. 10 

Edelist ( 2012) Israeli coast ---- 5-56. 5 cm  C. sexes 0. 0225 2. 820 0. 991 2008 -------- 
Başusta et al. Iskenderun Bay, ----- 8. 9-78. 4cm 7. 59-4750g Males 0. 0381 2. 6446 0. 969 Sept. 2011 to --------- 
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Author Location 
No. 

samples 

L. range 

(cm) 
W. range (g) Sex a b r 

Collection 

period 
K 

( 2013) Mediterranean, 
Turkey 

15. 4-52. 3cm 37. 04-1324g Females 0. 0138 2. 915 0. 986 
march 2012 

Kalogirou 
(2013) 

Rhodes, Eastern 
Mediterranean Sea 

----- To 64cm ----- ------- 0. 0164 2. 8932 0. 999 2008-2009 -------- 

Boustany et al. 
( 2015) 

Lebanon coast, 
Mediterranean sea 

132 20. 5-73. 5 82. 79-5170g C. sexes 0. 143 2. 99 0. 975 
Jan2011-Jul. 
2012 

-------- 

Present work 
(using gutted 
weight) 

Mediterranean 
coast, Egypt 

795 5-83 cm 1. 9 – 4890g 
Males 0. 013 2. 908 0. 994 

2012 
0. 97±0. 092 

Females 0. 014 2. 896 0. 997 0. 97±0. 079 
C. sexes 0. 014 2. 901 0. 997 0. 97±0. 089 

Present work 
(using total 
weight) 

Mediterranean 
coast, Egypt 

795 5-83 cm 2. 1-5400g 
Males 0. 012 2. 957 0. 984 

2012 
---- 

Females 0. 013 2. 933 0. 997 ----- 
C. sexes 0. 013 2. 938 0. 996 ----- 

 

Condition factor (k) is used as indicator of the well being 
and relative robustness of the fish population; it can be varied 
with length, weight, season and habitat for the same species 
[59]. In the present work, the variation of condition factor of L. 
sceleratus during the whole year showed the slightly 
fluctuations showing no obvious trend to sharp increase or 
decrease, except the highest value (1. 03) which recorded in 
July and this may correlates to spawning activity. The present 
annual average values of conditions which were slightly near 
“1” for males, females and C. sexes indicating suitable 
conditions for growth of such species in Egyptian 
Mediterranean waters with no obvious difference in condition 
between males and females. Regardless the values of 
conditions, this trend was in agreement with that of [51] from 
Antalya Bay, Turkey’s where its males, females and combines 
sexes had nearly the same values of conditions, while the 
similarity with those of [14] from Rhodes, Eastern 
Mediterranean Sea that situated in the same trend of 
fluctuation along the year with the increase in summer 
confirming good condition in Mediterranean Sea.. 

From another point of view, the present results disagreed 
with that of [5], of L. sceleratus from estuaries of south Johore, 
Peninsular Malaysia, who stated high value of the mean of 
condition factor (K) that was 13. 057 ± 0. 2008. This 
difference may due to using another index (K = 1000W/L3) to 
estimate the well being of this species instead of the present 
index (K = 100W/L3), even during the use of same index, its 
value is still higher than present value, and this may attribute 
to variations in it habitats, length range used which confirmed 
by the present study where the smaller length group had higher 
condition factor. The present condition also does not seem to 
be affected much or obviously by reproductive activity, this 
may lie in the major importance of the liver as an organ for 
storage as supported by [60]. 

Regarding maturation, the mature individuals who showed 
slightly increase during July referring the constant well being 
for this species along different months and the increase during 
July may relate to spawning activity. According to length, the 

condition factor decreased as the fish increase in length 
reflecting the accordance with growth pattern which was high 
during small length groups then decreased along larger length 
group, this pattern may due to the requirements of maturation 
for these large length groups. Le- Cren [31], stated that the 
condition values equal to/or greater than one reflect good 
condition of growth, in the present work the values of mean 
the conditions were slightly equal to “1” for male, female and 
C. sexes, and also through classification into immature and 
mature individuals, the average values were nearly equal “1” 
which indicates that this species showed good growth mode & 
condition in new habitats. 

Puffer fishes and other non-indigenous species (NIS), have 
been established their selves in the ecosystem of the Eastern 
Mediterranean suggesting that the conditions are becoming 
more and more suitable for the growth, reproduction and 
survival of tropical species offering the aliens various 
advantages when competing with native species [61, 29, 62, 
63]. Age and growth are the most important characteristic 
features and specific for each fish species. They have an 
adaptive property, ensured by the unity of the species and its 
environment [64]. The maximum age of L. sceleratus 

estimated by both methods (length frequency and vertebrae) 
was seven years old. This result agreed with the result of [51] 
on the same species from Turkey’s Mediterranean Sea. While 
it disagreed with the results of [30] from the Gulf of Suez; Red 
Sea, Egypt, they reported that the maximum age of L. 

sceleratus was ten years (Table 5). This difference may be due 
to different habitats, number of specimens; however this 
confirms the suitability and favorable conditions for this 
immigrant fish to Mediterranean Sea as new ground to reach 
seven years old within larger length range than red sea. 
Regarding age composition, it is evident that age group III was 
dominated the catch and more abundance (40. 53 %) followed 
by age group IV (26. 52 %); indicating the effect of fishing 
gear selectivity particularly long line which consider the main 
fishing methods used to catch pufferfish targeting larger and 
older fishes as cited in [54]. 

Table 5. Calculated lengths at age groups of L. scelertus from different localities. 

Author Location L. range (cm) Method 
Age groups (Calculated length cm) 

0 I II III IV V VI VII VIII IX X 

Sabrah et 
al. (2006) 

Suez Gulf, Red Sea, 
Egypt 

18. 5-78. 5cm L. F 18. 5 24. 27 34. 2 44. 2 50. 98 56. 15 61. 11 65. 43 69. 94 74. 4 78. 8 
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Author Location L. range (cm) Method 
Age groups (Calculated length cm) 

0 I II III IV V VI VII VIII IX X 

Aydın 
(2011) 

Antalya Bay, Turkey’s 
Mediterranean Sea 

12. 5-65cm L. F ---- 17. 08 27. 03 37. 42 44. 5 53. 53 59. 97 -- --- --- ----- 

Present 
work 

Mediterranean coast, 
Egypt 

5-83cm 
L. F ------ 18. 03 32. 7 42. 54 52. 23 60. 5 68. 5 76. 5 --- ---- ----- 

Vertebrae ----- 18. 01 34. 03 43. 76 52. 76 61. 23 68. 92 74. 95 ---- ---- ----- 

Table 6. Growth parameters (K; L∞ and to) and growth performance index (Ø) estimated for L. sceleratus from different localities. 

Author Location Method L∞ (cm) K (year-1) to (year) Ø 

Chan and Liew (1986) Malaysia ------- 18 1. 5 ----- 2. 69 

Sabrah, et al. (2006) Gulf of Suez, Red Sea, Egypt. 
L. frequency 82 .3  0 .191  ------ 3. 11 

L. frequency 81. 1 0. 26 ----- 3. 23 

Aydın (2011) Antalya Bay Turkey’s Mediterranean Sea  126. 11 0. 099 -0. 43 3. 20 

Present work, 2011, 2012 Mediterranean coast, Egypt 
L. frequency 106. 34 0. 17 0. 0228 3. 28 

Vertebrae 108. 78 0. 17 0. 1186 3. 289 

 

The highest growth in length 18. 03 & 18. at the first age 
group for length frequency and vertebrae respectively, 
disagreed with those of [30] in Suez Gulf, Red Sea, Egypt and 
that from Antalya Bay, Turkey’s Mediterranean Sea by [51] 
who reported that the highest growth in length was observed at 
the second and third age group. This difference may due to the 
difference in number of age group for the different studies. 
While, the poor growth pattern after the first year of life may 
be associated with the onset of maturity, which often causes a 
discontinuity in the growth curve [42]. 

Growth parameters (L∞, K and to) and growth performance 
(Ø) are the basic input data into various models used for 
managing and assessing the status of the exploited fish stocks, 
these parameters facilitate the comparison between growth of 
fishes belonging to different species or to the same species at 
different times and different localities. From table (6), the 
present estimates (L∞, K and to) are disagreed with those of 
[65, 30, 51]. Such difference may be attributed to difference in 
length range, the method used to evaluate asympotitic length 
or due to the environmental conditions under which a fish 
lives as mentioned by [66]. Moreover, the difference may be 
related to the number of specimens and growth in length in 
relation to specifity to age groups of each population which 
play important role in investigation of growth parameters. 

Growth performance index is used to compare the growth 
rate of fish species with other species [38]. The present indices 
of (Ø) were 3. 28 and 3. 289 for both methods of length 
frequency and vertebrae respectively, they were larger than 
those obtained by [65] from Malaysia; and [30] from Gulf of 
Suez, Red Sea, Egypt and from Antalya Bay Turkey’s 
Mediterranean Sea by [51] indicating better growth 
performance of the Mediterranean population. 

Due to the insignificant difference between the both 
methods of aging (length frequency and vertebrae) and the 
high number of specimens that used in length frequency. The 
data of length frequency for all samples regardless sex were 
used to be basic input data for population dynamics and stock 
assessment of L. sceleraus from the Egyptian Mediterranean 
waters. Any population of species is maintained by the 
equilibrium between its birth and death rates [67]. The 

instantaneous total mortality coefficient (Z) in the present 
study was estimated as 1.01 year-1, with fishing mortality (F) 
equals 0.663 (65.64%) reflecting an over-fishing condition on 
the stock of puffer fish in the Egyptian Mediterranean waters. 
The present survival rate (S) was found to be 0. 364. The 
lower value of survival rate confirmed the critical situation of 
the present investigated stock. The optimum exploitation rate 
was suggested as 0.50 where the optimum fishing mortality 
equal the natural mortality (F = M), if this value was highly 
more than the optimum value (0.5) this revealed that this fish 
is over exploited fish as suggested by [45].The present 
exploitation rate was 0.657 revealing the overexploitation 
status of L. sceleratus in the Egyptian Mediterranean waters 
regardless the Ministry decree of prohibiting fishing of Puffer 
fish. 

The length at first capture (Lc) and (Lr) and that of first 
sexual maturity (Lm) as well as their corresponding ages 
consider as indicators for stock status. The present values of Lc 

and Lr were estimated as 32.34 cm and 25.95 cm respectively, 
they were lower than the mean length of the catch of the 
present population (L- = 43. 003cm) explaining the higher 
fishing mortality. The length at first sexual maturity (Lm = 
38.5cm) that calculated by [66] for the same population was 
higher than the value of length at first capture (Lc = 32.34 cm) 
indicating difficulties of puffer fish to spawning at least once 
before being fished. 

The yield per recruit model predicts the ratio of the mass of 
fish caught during the life span to the initial abundance when it 
enters the fishing grounds [42], it is one of the basic 
assessments of fish stocks [68]. The yield per recruit is 
affected by many factors as the age at first capture as cited in 
[69]. So, the present yield per recruit (Y/R) at sequence of 
fishing mortalities with various values of age at first capture 
decreased with the increase of fishing mortality. While Y/R 
increase with the increase of Tc till it reaches its maximum 
then it decreases. 

The maximum sustainable yield per recruit at current age at 
first capture was observed at E = 0. 537, or less than the 
current exploitation rate (E = 0.656) reflecting the high 
pressure on stock suggesting reduce the exploitation rate to be 
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less than optimum E value (i. e. 0.5) or E = 0.466 and fishing 
mortality F = 0.303 (decrease to 29.07 % of the current value 
of exploitation rate) to produce Y/R = 459.89 g (increase with 
2. 75 % of the current value of yield per recruit) and B/R to 
1517. 0 suggesting increase the current tc from 2. 16 year to 
3.16 year to reach E = 0.466 and F = 0.303 (decrease 29. 07% 
of the original value) to produce Y/R = 653.725g (increase to 
29. 65% of the value at current tc at this rate of exploitation) 
and B/R = 2157.507g. This rate of exploitation (E = 0.466) 
insure the increase of yield per recruit at current and higher 
length at first capture with further increase in fishing effort. 

Biological reference points could use as indicators for the 
state of a fishery at which management plans should be set or 
for optimizing the limit of fishing mortality. The present 
values of Fmax & F0. 1 were found to be less than the current 
fishing mortality (0.663) which gave 447. 26g (Y/R). The 
present value of Fmax was 0. 403 year -1 gave 467. 42gY/R, 
while the value of F0. 1 was 0. 203 year -1 gave 423. 72gY/R. 
Inspite of the fishing mortality at maximum sustainable yield 
(Fmax) was reported as lower than present fishing mortality, it 
has gave Y/R that was higher than those obtained at both of 
F0.1 and Fpres. The Fmax as a reference point it is not a preferable 
in fisheries management and beyond the point (Fmax) 
overfishing occurs and the population collapses. So, the better 
one that used as biological reference points is F0. 1, hence, the 
fisheries status of L. sceleratus in the Egyptian Mediterranean 
water reaches over exploitation level suggesting reduce it to F0. 

1. 
In conclusion, the phenomenon of lessepsian migration of 

puffer fish L. sceleratus to the Egyptian Mediterranean water 
reflect a good adaptation to new habitats that supported by a 
wide length range from smaller to larger individuals with 
seven age groups. In addition to an ideal condition factor with 
higher growth in length (than the same species from Red Sea 
where this species migrated from) is confirming an active 
physiological status to be adapted and established in the new 
habitats. In spite of, these species are prohibited by the 
Egyptian law as a commercial catch, the present findings 
showed high level of its exploitation of its stock explaining the 
illegal trade of this species in different markets regardless its 
poisonous effect. The importance of biological data of such 
species could emphasis the need of special management plan 
for conserve and better use of economically valuable fishery 
resources. 
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