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ABSTRACT
While the landings in coastal waters have not been high in recent years, the
European eel is treasured in Egypt for its high sale value (its price averaged
200 LE per kg in 2019-2020). The size selectivity and catch rate of European
eel, Anguilla anguilla using small hooks were studied in Bardawil lagoon
using two hook styles, J- style and C- style. Catch size, catch rates, and
selectivity were monitored during 24 sets in the commercial longline fishery
operating in Bardawil lagoon where circle (size 2/0, 3/0 and 4/0) and J-style
(size 13) hooks were deployed. The targeted European eel was fished during
three months October, November and December during 2019 and 2020. A
considerable amount of undersized eel was caught as bycatch by both styles
but in more quantities by J-style. Catch rates for European eel were
significantly (P < 0.05) higher for circle hooks. This study in Bardawil lagoon
longline fisheries indicates that a change in terminal gear from J-style hooks
to circle hooks may reduce bycatch mortality. The catch rate (number of ﬁsh
per 100 hooks) was signiﬁcantly lower for the J-style hooks. The capture of
illegally sized or immature eels was very high in J-style hooks. The estimated
Lc (the fish length corresponding to a 50% chance of capture) indicated that
the C-style size 3/0 is the best hook design to catch European eels.

INTRODUCTION
The European eel Anguilla anguilla (L.) is distributed and exploited in fresh,
brackish and coastal waters in almost all of Europe and along the Mediterranean coasts of
Africa and Asia (Moriarty and Dekker 1997). European eel is a commercially and
recreationally important fishery target species. In the last decades, the eel has experienced
dramatic stock declines and has been listed as critically endangered. To reduce fishing
mortality, several European countries have closed the fishery or introduced stricter
management measures which increase the likelihood of catch-and-release in the
recreational fishery (Weltersbach et al., 2016).
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The declining of European eel documented on the Atlantic Ocean in recent decades
(Dekker et al., 2003; Knights, 2003; Baltazar-Soares et al., 2013; Aalto et al., 2016) was
may be related to changes in ocean conditions affecting the survival of leptocephali (the
transparent leaf-like larvae) that are born in the Sargasso Sea (Schmidt, 1923). This
decline may also be related to reductions in the size of the spawning population of the
species (Dekker, 2003&2004), driven by anthropogenic factors such as habitat loss,
pollution, parasite introductions, and overﬁshing (Haro et al., 2000; Feunteun, 2002).
The fishing mortality on bycatch species resulting from longline fishing may be
reduced by decreasing interaction rates or decreasing the mortality of fish at the time of
haulback. Recent attention has been given to circle hooks (a hook with the point turned
perpendicularly back to the shank) as a means to reduce fisheries mortality. In contrast to
J-style hooks, circle hooks tend to slide over soft tissue and rotate as the eye of the hook
exits the mouth, frequently resulting in the hook catching in the jaw (Cooke and Suski,
2004). In the longline fishery, a higher proportion of fishes caught in the mouth or jaw
should result in less physical damage to the fish and probably higher rates of survival at
haulback and after release for bycatch species.
In Bardawil lagoon, the European eel is targeted by the longline fishery especially
J-style hooks size 13. This longline fishery operates mainly in the lagoon between
October and December. The number of hook deployed is 300 hooks per set and the
soaking time from sunset to just before sunrise (less than 10 h) (Salem, 2018; Mehanna et
al., 2020; Aabed, 2020; Mehanna et al., 2021). This hook style and size had its dangerous
impact on the eel size selectivity and mortality.
Because the effective fishery management requires a good knowledge on fishing
gears, the present work was done to evaluate the impact of hook style and size on size
selectivity and catch rate of European eel in Bardawil lagoon, Eastern Mediterranean,
Egypt.
MATERIALS AND METHODS
1. Study area
Bardawil lagoon (Fig. 1) is one of the northern lakes in Egypt and it is a part of
the Mediterranean coastal lands of Sinai. It is an important source of local and economic
fishes in North Sinai, and it plays an essential role in the fish production in Egypt, where
it produces very economically important species of fishes such as seabass, seabream,
sole, grey mullet, eel, meager and white grouper. Bardawil lagoon is a shallow
hypersaline lagoon, with total area of about 685 km2 extends for a distance of about 95
km, from a point 45 km east of Port Said and extending to a point 18 km west of ElArish. Its maximum width is 22 km and The average depth is 135 cm with a maximum
depth next to Boughaz I and II. A long sand-bar, 200–1000 m wide maximum, separates
the lagoon from the adjacent Mediterranean. (Mehanna, 2006; Mehanna and Khalil,
2006; Mehanna, 2013; Salman, 2014; Farouk, 2014).
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Fig. 1. Bardawill lagoon

2. Experimental procedures
Two hook styles were applied in this study, J-style that commonly used by
fishermen and the circle style that many studies recommended it. After consulting local
longline fishermen, we decided to use two common hook types in the experimental trials:
the strong J-style hooks (Fig. 2) (No. 13 with a bend width of 9.9 mm, total length 23.6
mm) and three different sizes of weak C- style hooks size no. 3/0 (with a bend width of
9.9 mm), 4/0 (with a bend width of 7.1 mm) and 2/0 (with a bend width of 11 mm) as
shown in figure 3. The longlines used in this study consisted of monofilament mainline
60 mm and 30 mm leaders. The space between leaders was approximately 3 m. Each
longline consisted of 100 hooks. Four long-line selectivity trials have been carried out
twice monthly during two fishing seasons (2019 and 2020) from October to December.

Fig. 2. J style hooks of size 13
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Fig. 3. C style hooks of different sizes

Four baskets were prepared each of 350 hooks; one for each C-style hook size and
one for J-style hook size 13. The baskets were deployed twice a month for three months
(fishing season of line fishery) from October to December, 2019 and repeated in 2020.
Line setting was started in the evening and completed before sunset and the hauling
began at dawn and took 7-9 h which is the usual style of commercial shallow set longline
fishing boats working in the lagoon. Samples were taken directly to the laboratory. The
catch data of the European eel were analyzed and the catch rate was analyzed and
compared between the two hook styles used.
3. Biological measurements
Length measurements of European eel specimens were taken for total body length
to nearest millimeter and sorted afterwards in sequential length groups of one centimeter
interval. Eel were classified into two groups: target (adult, ≥ 46 cm TL) and undersized
(juvenile ≤ 45 cm TL) to examine differences in catch rates by hook style.
4. Size selectivity and Length at first capture (Lc)
Logistic selectivity curves were constructed using the general SELECT model
(Millar, 1992), after Erzini and Castro (1998), who employed the methodology proposed
by Kirkwood and Walker (1986) and Wulﬀ (1986):
Si,j = 1/1+e-bi(lj-L50i)
where Si,j is selectivity for hook size i and size class j, bi is the slope of the selectivity
curve, lj is the size class j and L50i is the length at 50% selection for hook size i.
RESULTS AND DISCUSSION
A growing interest in catch-and-release recreational angling has lead to gear
developments intended to reduce injury and mortality of ﬁsh that are released (Muoneke
and Childress, 1994). Circle hooks have gained a due care in recent years for their
apparent conservation beneﬁts relative to conventional J-style hooks (e.g. Montrey,
1999), and the use of circle hooks is now encouraged by outdoor media, tackle
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manufacturers, resource management agencies, and conservation organizations. In
addition, circle hooks are legislatively mandated for some specialized ﬁsheries. In this
study we compared between the J-style and C-style hooks selectivity and determine the
most appropriate style to catch European eel in Bardawil lagoon.
1.

Line fishery description
The lines methods including the trolling hand line and long line has become
widely used for catching seabass, grouper, meagre and recently European eel in Bardawil
lagoon. The principle is to use baited hooks on lines. For longline in Bardawil lagoon, the
mainline is of 300 to 450 m length to which 250 to 300 branch lines are attached. Each
branch line has a hook of about 2 to 5 cm length and about 0.8 to 1.5 cm width. The baits
used in this method are small shrimps and grey mullets and the main catch is eels and
groupers. In the hand-line, hooks are used individually to catch single fish, while light is
used to attract fishes. This method of fishing is operated only to catch the nocturnal fishes
and its main catch is Dicentrarchus labrax and D. punctatus. The boats are used the two
long and hand line techniques, where each boat has one to three fishermen (Mehanna et
al., 2021).
2. Number, size and yield of ﬁsh caught
During the fishing trips, 1215 European eel, Anguilla anguilla, were caught by various
hook treatments. In total, 405 ﬁsh ranging in size from 25 to 61 cm (Fig. 4) were caught
using the standard J hook style size 13 of which 76% were undersized (≤ 45 cm TL). The
average total length was estimated at 38.4, 52.1 and 41.6 cm TL for immature, mature and
total sample, respectively.

Fig. 4. Length distribution of European eel caught by J-style in Bardawil lagoon

A total of 810 eel were caught with the C hook style; 390, 260 and 160 specimens in
hook size 4/0, 3/0 and 2/0 respectively. The largest hooks (sizes 4/0) are caught more ﬁsh
than the smallest ones. With circle hooks, the speciﬁc ﬁsh sizes caught by the three hook
sizes were signiﬁcantly diﬀ erent. The total eel length ranging from 38-64, 35-87 and 30-59
cm TL for hooks 4/0, 3/0 and 2/0 respectively (Fig. 5). Also, the percentage of immature eel
caught by circle hooks was very small except for hook size 2/0 forming 30%, 15% and 56%
of the total samples by 4/0, 3/0 and 2/0 respectively. The average total length of the eel
caught by different sizes of C-style was estimated at 49.9, 59.5 and 43.9 cm for 4/0, 3/0 and
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2/0 hooks respectively. It is clear that the C-style size 3/0 was the best one among the
different hook sizes.

Fig. 5. Length distribution of European eel caught by C-style in Bardawil lagoon

Average eel yield caught with different hooks used in this study was 50.3, 58.1, 97.3
and 45.3 Kg for J hook size 13, C hook 4/0, 3/0 and 2/0 respectively. The yield of different
hooks styles and sizes were significantly diﬀ erent and the C style size 3/0 was the best one.
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3. Size selectivity and catch rate
After testing all hooks, the best C-style hook was the size 3/0. Slopes and sizes at 50%
selection and the corresponding logistic selectivity curves for the four hook types are given
in Fig. 6. The length at first capture of A. anguilla for the J-style hook of size 13 was 39.5
cm, while its value for C-style hooks was 41.3, 50.4 and 38.1 cm for sizes 4/0, 3/0 and 2/0
respectively.

Fig. 6. Selectivity curves of European eel caught by different hooks in Bardawil lagoon

In many selectivity studies on longline ﬁsheries, the catch rates are much higher for
small hooks than for large hooks (Erzini et al., 1996, 1998, 1999; Halliday, 2002). In our
results, larger hooks were less eﬃcient at catching smaller eel and more eﬃcient at catching
larger ones. Also, the yield produced by the diﬀ erent hook sizes showed a fluctuation
among hooks types. Finally, we present hook style and size as a good measure for
conservation target stocks in our commercial and recreational ﬁshery. The results obtained
from this study are a good tool for fisheries managers, ecologists and biologists as it may
help in resource conservation in commercial and recreational marine ﬁsheries.
Our results came in accordance with the previous studies that investigated the influence
of circle hooks on catch rates and at-haul mortality rates of target and bycatch species to
determine their potential as a management tool. Forster (1973) who found that the circle
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hook seems to be more effective than the traditional J-hook for capturing gadoid species and
smaller elasmobranchs, but not macruid species and larger elasmobranchs. Nicholson and
Jordan (1994) advised by switching to circle hooks to increase retention and decrease
bycatch mortality in the Gulf of Mexico. IPHC (1998) stated that the circle hooks have been
used for years by commercial fisheries in the U.S. Pacific Northwest and are currently
mandatory in the U.S. pelagic longline fishery. Other studies have shown reduced rates of
serious injury with circle hooks (e.g, Skomal et al., 2002) and increased rates of post-release
survival (Horodysky and Graves, 2005). Falterman and Graves (2002) made a comparison
between circle hook and J hook mortality and hooking eﬃciency in the pelagic longline
industry (CPUEs were higher using circle hooks, both for target ﬁsh (yellowﬁn tuna) and
bycatch (15 other species). They found that mortality rates were lower for circle-hookcaptured ﬁsh, both for the target and bycatch species. Overall, more than 95% of circlehooked ﬁsh were hooked in the jaw and had lower rates of gut hooking relative to J-hooked
ﬁsh. Also, circle hooks have been reported to reduce the rate of deep hooking events in tuna,
shark, billfishes, and sea turtle species in several pelagic longline fisheries and consequently,
circle hooks have been proposed as a conservation measure to reduce mortality for
vulnerable bycatch species that have high rates of interaction with longline gear (Falterman
and Graves 2002; Cooke and Suski 2004; Kerstetter and Graves 2006; Read, 2007; Rice et
al., 2012; Godin et al., 2012; Graves et al., 2012). Burns (2019) said that he encourage
tackle manufacturers to continue to develop new hook designs that have the potential to
provide conservation beneﬁt to caught and released ﬁsh.
CONCLUSION
In conclusion, catch rates, size selectivity and mortality of bycatch in line fisheries
are influenced by a number of variables including hook size and design (Forster, 1973;
Anon., 1983; Skeide et al., 1986; Bjordal and Løkkeborg, 1996). In our study we have
focused on hook style because of its effect on reducing the bycatch mortality and for
minimizing the capture of undersized fish. Our results indicated that circle hooks were
more frequently hooked in the jaw, and less frequently hooked in the gut than
conventional J hook types so the C-style is better than the J-style as overall the mortality
rates were consistently lower for circle hooks than J-style hooks.
This study is part of PhD research on the selectivity of line fisheries in Bardawil
lagoon for the first time, which will hopefully contribute to the improved management
and utilization of commercially important species in the lagoon. As circle hooks have
rapidly become popular among commercial and recreational anglers worldwide, based on
the assumption that their use helps in the conservation of ﬁsheries resources, we need to
make more detailed studies to support these assertions. Government and Fisheries
research institution along with different agencies and interested bodies must give a due
care to this kind of scientific research to protect the marine ecosystem and commercial
fish stocks from overexploitation and destructive fishing gears.
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