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SUMMARY 
 European eel, Anguilla anguilla is listed as critically endangered by the International Union for 

Conservation of Nature. Demersal longlines are the main fishing method used to target this species in Bardawill 

lagoon. Three trials were conducted to investigate catches (catch composition, catch rates, by-catch and CPUE) 

using hooks size No. 13, 12 and 11 from November, 2017 to January, 2018. Nine fishing trips (9 one trip days) 

were carried out. Within each trip, two longlines per hook size, each one involving 350 hooks, were set during 

sunset. After one hour, the longlines were pulled out. A total of nine species were recorded in all treatments, 

1282 fish were caught, weighing a total of 194.71 kg. Catch rates (number of fish per 100 hooks) ranged 

between 3.3 and 9.5, with a decrease in catch rate with increasing hook size. Mean TL of eel were significantly 

different among the three hooks. Eels caught on small hooks (No. 13 and 12) had a significantly smaller mean 

TL (mean TL 43.9 cm) compared to eel caught on large hooks (No. 11, mean TL 45.1 cm). Catch rates of small 

eel (mean TL 39.5 cm) was highest in November followed by December and January.  The highest CPUE was 

achieved when small hooks (No. 13) were used compared to large hooks (No. 11). To reduce capture of small 

eels (mean TL 45.1 cm) fishermen in the demersal longline fishery in Bardawill Lagoon are encouraged to use 

large hooks (No. 11) with a bend width ≥12.7 mm. Furthermore, future management measures should introduce 

minimum landing sizes for European eel to avoid capture of small eel (mean TL 45.1) and thereby reduce 

fishing mortality preventing stock degradation of these economic valuable species.  
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INTRODUCTION 
 

 The demersal longlines became widely used in 
Bardawill lagoon targeting European eel (Anguilla 

anguilla, Linnaeus 1758) alongside other species, 
that may be below the mature sizes. The European 
eel, spend part of its life in Bardawill lagoon, Eastern 
Mediterranean as a visitor in its complex life cycle 
which reproduces in the open ocean. European eel 
has been listed as critically endangered by the 
International Union for Conservation of Nature 
(Jacoby and Gollock, 2014) and in Annex II of the 
Convention on International Trade in Endangered 
Species of Wild Fauna and Flora to control its trade 
(CITES, 2014). Stocks of this species obviously 
declined and being no longer within biologically safe 
limits, over-exploitation one of the reasons for that 
(FAO and ICES, 2007; ICES, 2012 and 2014). In 
recent years, European eels were heavily exploited by 
hook and line fishermen in Bardawill lagoon. 
Globally, efforts must therefore be made to save this 
important species where that complex life cycle, the 
late reproduction and long life span of eels render 
them vulnerable to over-exploitation. Globally, 
Anguillan eel have sharp declines to less than 10% of 
their population levels compared to the 1970s, in 
recent decades (Jacoby et al., 2015), and stock of 
European eels remains critical (ICES, 2015). Aalto et 

al., 2016 concluded that, research will have to focus 
on the south and east Mediterranean lagoons for 
studies on habitat loss, catches and effort of the 
European eel (hereinafter called ‘eel’). Our noticing 

of longline fishermen indicate that juvenile eels 
(below 50 cm TL) constitute a high percentage in 
current catches using mostly hooks size No. 12 and 
13. However, according to fishermen larger hooks 
(e.g. No 11) were not suitable for catching eel. So, a 
range of mitigation strategies should be applied to 
avoid catch of undersized eel by such fishing gear, 
where there is no legislation limiting the mean legal 
length (MLS). Thus, the current study aimed to 
provide a basis for determining the most suitable 
hooks size to reduce the capture of undersized eel in 
Bardawill lagoon. 
 
MATERIALS AND METHODS 
 
 The study was carried out in Bardawill lagoon 
(Figure 1). The lagoon is a natural depression and 
covers an area of ≈ 650 km2 with a depth of 0.3 to 3 
m (EEAA, 2008). It is located in the eastern 
Mediterranean Sea northern part of Sinai Peninsula, 
Egypt.  

 
Figure 1. Map of Bardawill lagoon 
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Demersal longlines operations targeting eel in the 
lagoon are restricted to the period between November 
and January. This study is based upon comparative 
catch data obtained from 27 fishing sets of different 
hooks sizes carried out in the demersal longlines 
fishery in Bardawill lagoon. The study was 
conducted between November 2017 and January 
2018 (the traditional fishing season for this gear). 
Fishers operating in the lagoon use “J” style hooks 
size No. 13. After consultation of fishers, we used 
three J-style hooks for this study: Nos. 13 (with a 
bend width of 9.9 mm), 12 (with a bend width of 11.5 
mm) and 11 (with a bend width of 12.7 mm) as 
shown in (Figure 2). 

 
Figure 2. Shapes and dimensions of hooks 

 
 The fishing area was based on recommendation 
from fishers. These were characterized by sandy-mud 
habitat and depths ranging from 1.5 to 2.5 m. The 
demersal longlines used in this study consisted of 
monofilament mainline 80 mm and 50 mm leaders. 
The space between leaders was approximately 2.85 
m. Each longline consisted of 350 hooks. Hooks were 
baited with small shrimp. Within each fishing trip, 
six longlines, two per treatment, were deployed. 
Fishing time was kept the same for all treatments.  
During the study period, nine fishing trips (one 
fishing trip equaled one day) were carried out; three 
fishing trips per month. Longlines were set during the 
nights only and retrieved after approximately one 
hour. Catches were iced, labeled and transported to 
the laboratory for processing. 
 In the laboratory, catches were sorted by species 
and total length (TL) measured to the nearest 0.1 cm 
and weighed. Eel were classified into two groups: 
target (adult, ≥ 50 cm TL) and undersized (juvenile < 
50 cm TL) to examine differences in catch rates by 
hook size. Length at first capture and minimum legal 
size were determined according to FAO database, 
annual reports of ICES and previous results (e.g. Eels 
(females) usually mature at sizes > 45 cm (Tesch, 
2003; and Durif et al., 2005). The 50 cm body length 
corresponds to the legal minimum capture size of eel 
in Germany (Weltersbach et al., 2018), 60 cm in 
Sweden, 50 cm in Poland (ICES, 2014), and 55 cm in 
Estonia (Bernotas et al., 2016 and Silm et al., 2017). 
Also, Seabream (Lm50 ≈21.6 cm Lt, Salem, 2011) and 
Sea bass (Lm50 ≈31.6 cm Lt, Ameran et al. 2008). 

which below Lm50 were considered as undersized to 
allow spawning at least once before capture to sustain 
their stocks. All the rest of the catches were 
considered as a by-catch. 
 Length at first capture (Lc50) value was 
determined for eel using the probability of capture 
from the pooled length frequency distribution curve. 
The catch data were standardized pooling all monthly 
fishing trips (2100 hooks). The mean Catch Per Unit 
Effort (CPUE) was calculated dividing the total 
weight (kg) by the pooled monthly fishing trips (2100 
hooks). 
 Differences in catch rates, sizes and mean CPUE 
of eel caught on different hook sizes (Each one n = 
6300 hooks) were assessed using ANOVA. 
 
RESULTS 
 
 A total of nine species were recorded in all 
treatments, 1282 fish were caught, weighting a total 
of 194.71 kg (Table 1). Catch diversity decreased 
with increasing hook size. Decreasing hook size led 
to increase fish catches; 71.54, 66.53, and 56.64 Kg 
with hooks size Nos. 13, 12 and 11, respectively. 
Catches were dominated by eel accounting for 81.7 
% by number and 83.3 % by weight, followed by a 
few species as Seabream (Sparus aurata) and Sea 
bass (Dicentrarchus labrax). There were significant 
differences (p < 0.05) in numbers of eel caught by 
hook size. 46.4% of eels caught on small hooks (No. 
13) versus 16.4% caught on large hooks (No. 11). 
Average total landing for eel caught on hook size No. 
11 was significantly different than those caught by 
Nos. 13 and 12 hooks. Also, there were significant 
differences (p < 0.05) in mean TL for eel between 
hook size No. 11 and others and non-significant 
between Nos. 13 and 12. Means of TL were 43.9, 
45.1 and 51.2 cm for each combination of hook size 
Nos. 13, 12 and 11, respectively. Sand flathead fish 

(Platycephalus bassensis) appeared in the catch in 
marked quantities as presented by 5.7% of total 
catches. 
 Mean catch rates (number of fish per 100 hooks) 
were 9.5, 7.5 and 3.3% for hooks size Nos. 13, 12 
and 11, respectively. Mean catch rates were 
significantly (p < 0.05) influenced by hook sizes.  
 Length-frequency distributions of eel for each 
hook size followed normal distribution as shown in 
Figure 3. The distributions are overlapping (no 
significant of differences in catch frequency) between 
the smallest hooks (Nos. 13 and 12) and catch 
frequency was significant (p < 0.1) decreases with 
the largest hook (No. 11). Lengths of eel ranged from 
32 to 83 cm (LT) for all hooks. The length 
distributions by hooks Nos. 13, 12 and 11 were 32 - 
72.5, 32.1 - 74.5 and 33.5 - 83cm, respectively 
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Table 1. Catches of species (number and weight) in three hooks size 

 
. 

 
Figure 3. Length frequency distribution of eels caught with various hooks sizes 
 
 Results indicated that, catch of undersized individuals and non-targeted species were significant (p < 0.05) 
and affected by hooks size. The highest catch of undersized eel (489 out of 599 individuals by numbers and 60% 
by weight of total catches) was recorded with the smallest hook size (No. 13), 356 out of 474 and 108 out of 209 
individuals by numbers as undersized eel and 50.8 and 23.2% by weight of total catches was recorded for hooks 
Nos. 12 and 11, respectively (Table 2 and Fig.4). 
 
Table 2. Target and undersized of species (number and weight) for three hooks sizes 

 

Total Total
no L(cm) S.D. TW (Kg) no L(cm) S.D. TW (Kg) no L(cm) S.D. TW (Kg) no Wt

Anguillidae
485 43.9 7.58 61.548 391 45.1 8.86 56.925 172 51.2 11.83 43.645 1048 81.7 162.1 83.3

Sparidae
14 20.0 1.58 1.664 7 21.7 2.41 1.192 2 22.8 1.05 0.395 23 1.8 3.3 1.7
2 15.8 0.90 0.148 2 0.2 0.1 0.1

Moronidae
23 23.6 4.46 3.266 17 25.2 4.21 2.776 21 33.5 8.19 9.572 61 4.8 15.6 8.0

1 27.3 0.151 1 0.1 0.2 0.1
Platycephalidae

59 20.8 3.28 4.456 50 22.5 3.14 4.781 11 25.5 2.88 1.777 120 9.4 11.0 5.7
Terapontidae

14 13.2 2.04 0.309 3 14.7 1.25 0.129 17 1.3 0.4 0.2
Sciaenidae

2.25 0.135 1 31.2 0.313 3 0.2 0.4 0.2
Serranidae

2 20.0 2.35 0.146 3 3.50 0.442 2 3.85 0.943 7 0.5 1.5 0.8
599 71.536 474 66.531 209 56.64 1282 194.712

% %

Croakers

Groupers
Total 

Sparus aurata

Diplodus sargus

Dicentrarchus labrax

Dicentrarchus punctatus

Platycephalus bassensis

Terapon puta 

Species
Hook size 13 Hook size 12 Hook size 11

 Anguilla anguilla

no TW (Kg) no TW (Kg) no TW (Kg) no TW (Kg) no TW (Kg) no TW (Kg)
Anguillidae

103 26.800 112 31.224 88 35.443 382 34.748 279 25.701 84 8.202
Sparidae

4 0.632 4 0.840 2 0.395 10 1.032 3 0.352
2 0.148

Moronidae
3 0.826 2 0.430 11 7.664 20 2.440 15 2.009 10 1.908

1 0.151
Platycephalidae

59 4.456 50 4.781 11 1.777
Terapontidae

14 0.309 3 0.1292
Sciaenidae

2 0.27 1 0.313
Serranidae

2 0.146 3 0.199 2 0.943
110 28.258 118 32.494 101 43.502 489 43.278 356 33.592 108 13.143

39.5 49.2 76.8 60.5 50.8 23.2

Target Undersize
Hook size Hook size

13 12 11 13 12

Platycephalus bassensis

Terapon puta 

Croakers

 Anguilla anguilla

Groupers
Total

%

Diplodus sargus

11

Sparus aurata

Species

Dicentrarchus labrax

Dicentrarchus punctatus
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Figure 4. Undersize of eel in hooks size 

 
 Monthly, catch rates of undersized eel varied 
considerably. Catches of undersized eel (mean TL 
39.5 cm) accounted for 80% (numbers) and 52.5% 
(weight) of the total catch in November followed by 
December, 72.9 and 44.9% and January 67.2 and 
40% respectively (Table 3). 
 There were overlapping lengths at first capture 
(Lc50) of eel between hooks Nos. 13 and 12 for the 

smaller lengths (undersized), but higher lengths as 
hook size increased indicating that eel size 
significantly increased with increasing hook size 
(Figure 5). The Lc50 was 42, 42.1 and 50 cm for eel 
captured with Nos. 13, 12 and 11-hooks, 
respectively. 
 

 
Table 3. Monthly catches of adult and undersized eel (number and weight) for different    hooks sizes. 

 
 
 

    
Figure 5. The length at first capture (Lc50) of eel for different hooks sizes. 

 
 The highest CPUE (23.85 Kg/boat/fishing day) 
was achieved by hook size No. 13, while the lowest 
CPUE (18.88 Kg/boat/fishing day) was achieved by 

hook size No. 11 and catches by hook size No. 12 
were 22.18 Kg/boat/fishing day respectively (Figure 
6). 

Months
Hook size no TW (Kg) no TW (Kg) no TW (Kg) no TW (Kg) no TW (Kg) no TW (Kg)

13 29 6.628 46 12.039 35 9.591 201 16.086 191 18.197 97 8.995
% 29.2 39.8 51.6 70.8 60.2 48.4

12 30 7.903 51 13.708 37 11.220 147 13.360 140 13.106 69 7.233
% 37.2 51.1 60.8 62.8 48.9 39.2

11 39 17.013 40 18.445 22 8.044 44 5.424 37 4.725 27 2.994
% 75.8 79.6 72.9 24.2 20.4 27.1

TW (Kg) 98 31.544 137 44.192 94 28.855 392 34.871 368 36.028 193 19.223
% 47.5 55.1 60.0 52.5 44.9 40.0

Nov., 017 Dec., 017 Jan., 018
Target Undersize

Nov., 017 Dec., 017 Jan., 018
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Figure 6. Catch per unit effort using different hooks sizes 

 
DISCUSSION 
 

 This study provides a preliminary assessment of 
the impact of different hook sizes on the catch of 
European eel, since there is no legislation limiting 
hook and line gear, which needs to be taken into 
account for future fishing operations in Bardawill 
lagoon. There is a lack of information on line gear, 
catch composition; catch rates and factors which 
affect them. The total weight of eel in the use of 
small hooks was significantly higher compared to 
large hooks. Hook size affected not only the numbers 
and weights of individuals caught, but also the 
diversity of the catch as a whole. Bream and terapon 
fishes were captured with hooks No. 13 and 12 only. 
The numbers and species composition of fish caught 
can be influenced by a number of variables such as 
hook size and design (Erzini et al., 1998) where they 
found that, smaller hooks (No. 15 and 13) caught 
more breams (Sparidae) than larger hooks (No. 11). 
Landings in weight and the diversity of species 
caught were lower with large hooks (No. 11). 
Decreasing the hook size led to higher catch rates of 
most species. Results indicated significant 
differences in target eel size and catch rate (number 
and weight) between the commonly used hook size 
(No. 13) and the other two hook sizes (Nos. 11 and 
12) used in this study. This result was confirmed by 
previous studies as Otway and Craig (1993), Alos et 

al. (2008) and Mongeon et al. (2013) which found an 
inverse relationship between catch rates and hook 
size where generally smaller hooks gave higher catch 
rates than larger ones. In a study conducted by 
Patterson et al. (2012) on the size of circle hooks, 
they found that, increasing hook size led to increased 
capture size and greatly diminished the diversity of 
the catch. This result differed from Ralston (1982); 
Bertrand, (1988), Fernö and Olsen (1994) which 

noted that different hook sizes did not notably modify 
catches. 
 Results showed apparent lack of differences in 
size distribution between small hooks and little 
evidence with the large hook while there were 
negatively relation among hooks size and the catch 
rates as the greater proportion of catch was achieved 
smaller hooks. Therefore, the hooks size could 
impact fishing effort and change the dynamics of eel. 
These results were confirmed by Erzini et al., 1999 in 
a study on different hook sizes, where they found the 
highest catch rates were obtained with the smallest 
hook. Catch rates are influenced by a number of 
variables in fisheries as hook size (Piovano et al., 
2010). Decline in catch rate with increasing hook size 
for all fishes was observed by Garner et al. (2014). 
 In spite of, peak frequency sizes of eel that has 
been caught in the all hooks were small (35-45 cm), 
increased of hook size led to catch the large fishes 
while reducing the number of smaller fish. Though 
the general overlapping of length frequency curves of 
different hook sizes, a size 11 hook offers the best 
result to reduce the young eels in fishery. The size of 
the hook affects the structure of the size and 
distribution of the length of the catch (Punt et al., 
1996 and Bayse and Kerstetter, 2010). It is not 
surprising that the catch size-frequency distributions 
of the different-sized hooks were often overlapping 
(Erzini et al., 1996; 1997 and 1999). 
 By-catch is critical component of fisheries 
management, as catch of undersized fishes and non-
targeted species represented a global fisheries 
problem (Davies et al., 2009). The present work 
revealed that landings of by-catch species were much 
higher for the small size hooks than for the large size 
hook. By-catch is high (>100% of targeted landings), 
moderate and low with hooks size No. 13, 12 and 11 
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respectively. This results that is consistent with 
previous research as Bacheler and Buchel, 2004. 
Hooks size was effective strategy to mitigate by-
catch in demersal longline fishery especially of the 
European eels. By-catch in 11 and 12-hook sizes are 
a contributing factor to the decline of threatened 
species as eels, basses and breams fishes. By-catch in 
11-hook size is moderate (23.2% of total landings) 
and does not include endangered species as breams 
fish. The size of the hook may be more important to 
impact on by-catch and small size of hooks that cause 
heavy fishing pressure on juveniles (Durai et al., 
2011 and FAO, 2014). Selectivity of the hooks is due 
to the choice of the hook itself in relation to the size 
of the fish. Small-sized fish can swallow a hook no 
bigger than a certain size. While large fish escape 
from that small size of hooks where the small hooks 
cannot hooked the large fishes. Portion loss has 
already been observed of the large fishes during the 
fishing operation by the small hooks. Therefore, by 
changing the size of the hook can control the side 
catch of small-sized fish satisfactorily. The results 
show that most of the catch was under 50 cm in 
length, more than 73% under the legal size of all eels 
catch. The results suggest that could be decreased the 
smaller sizes of eels by hook size regulations, where 
fishers can significantly decrease the catch of small 
eels by using hook size No. 11  instead of Hook No. 
13, however, it is difficult to eliminate the catching 
of young eels. This result corresponds with the 
findings of Campbell et al. (2014). In a study by 
Weltersbach et al. (2018), showed that anglers can 
reduce catch of small eels by appropriate hook 
choice. The increase of by-catch during November 
was due to the large diversity of stocks during that 
period and the increase in feeding activity compared 
to other months, e.g. Bream fish migrate in the latter 
half of November and the feeding activity of Terapon 
fish is reduced in December and January. 
 Although hooks size Nos. 13 and 12 could be 
regulate the lengths at first capture (Lc50) of target 
sizes of eels, the overlapping of the small lengths  
indicate that hooks would not mitigate undersized 
catch. Large hook No. 11 may be the most 
appropriate hook to use. Increasing the hook size 
used in a fishery can exclude undersized fish (Alos et 

al. 2008 and Campbell et al., 2014). 
 The results showed a significant increase in 
CPUE using the small hook. Similar results were 
obtained by Halliday, 2002. The smaller hook is the 
most widely used by fishermen and provides the best 
results for them in the short term, but it may be 
destructive to eel stock and some other important 
species in the long term. 
 

CONCLUSION 
 

 Study suggest that hooks size Nos. 13 and 12 
regulations do not efficiently target sizes to achieve 
reductions in by-catch, the by-catch and juveniles 
were negligible in the catches of hook No. 11. In the 
case of hooks Nos.13 and 12 by-catch and juveniles 
accounted dangerous numbers. To avoid catching 

non-target species or to reduce juveniles, then the 
largest hook (No. 11) should be the most preferable 
hook choice. Also, Eels of less than 40 cm should be 
released if caught by fishers. Fishing should be 
prevented by this gear during November of each year 
due to the high by-catches in this period, especially 
of bream fish. These are important recommendations 
for sustainable development of demersal longline 
fisheries in Bardawill lagoon, Eastern Mediterranean 
Sea. 
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والتخفيف من المصيد العرضي للثعLابين اCوروبيLة فLي مصLيد الخيLوط الطويلLة بمLنخفض البردويLل، شLمال التقييم اCولي 
  سيناء ، مصر

  
  محمد سالم احمد

  
  كليه اrستزراع المائي والمصايد البحرية، جامعه العريش

  
قبل اqتحاد الدولي للحفاظ على الطبيعة.  ضمن اqسماك المھددة باqنقراض منAnguilla anguilla) ( تم إدراج ثعبان السمك ا]وروبي  

]عداد، الصيد بالخيوط القاعية الطويلة (المدد) ھو طريقة الصيد الرئيسية المستخدمة qستھداف ھذا النوع. أجريت ث�ث تجارب لتقييم المصيد (ا
. اشتملت التجربة ٢٠١٨إلى يناير  ٢٠١٧بر من نوفم ١١و  ١٢و  ١٣حسب الخطافات أرقام  ا]نواع، المصيد العرضي وانتاجيه وحده الصيد)

خطافاً ،  ٣٥٠مدد) لكل حجم من الخطافات في كل رحله، كل خيط منھا ٢على تسعة رح�ت صيد (كانت الرحلة يومًا واحدًا). تم العمل بخيطين (
ع من اqسماك في جميع المعام�ت، شكلت تم تسجيل تسعة أنوا بعد ساعة واحدة تقريباً تم سحب الخيوط. .غروب الشمس قبلتم وضعھا في الماء 

٪ ، مع انخفاض ٩.٥و  ٣.٣سناره) بين  ١٠٠كجم. تراوحت معدqت الصيد (عدد ا]سماك لكل  ١٩٤.٧١٢سمكه، مما يزن إجمالي  ١٢٨٢نحو 
ارتبط اqنتاج سلبياً سواء عدديا او ووزنيا بحجم الخطاف بشكل معنوي. لوحظ ان المصيد العرضي كان  .في معدل الصيد مع زيادة حجم الخطاف

تم تسجيل الحد ا]قصى  .ضررًا لصغار الثعابينفي المصيد العرضي واqقل كان اqقل  ١١. الخطاف رقم ١٢و ١٣مرتفعاً مع الخطافين ارقام 
. تم تسجيل أعلى ١٢و  ١٣لوحظ تداخل ا]طوال الصغيرة عند الطول ]ول صيد مع الخطافين  ير.واqقل خ�ل ينا للصيد العرضي في نوفمبر

في حين تم تحقيق اقل مصيد من  ١٣بحجم الخطاف رقم  CPUE . تم تحقيق الحد ا]قصى للوحدة١١بواسطة الخطاف رقم  طول عند اول صيد
من ثعبان البحر ا]وروبي في مصايد الخيوط القاعية تحتاج إلى النظر في تقييم  . المصيد العرضي، q سيما الصغار١١خ�ل حجم الخطاف رقم 

لن يخففا من  ١٢و  ١٣رقمي  الخطافينوتشير النتائج إلى أن  المخزون المستقبلية وخطط ا¼دارة لتجنب تدھور مخزونات ھذه ا]نواع اqقتصادية.
كانت استراتيجيات التخفيف ھذه فعالة في  .ھو ا]كثر م�ءمة ل�ستخدام ١١لكبير رقم قد يكون الخطاف ا .المصيد العرضي وحمايه صغار اqسماك

  .منع الصيد العرضي لمعظم ا]نواع
 
 
 
 


