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Introduction

Belonging to Scombridae family,
longtail tuna (Thunnus tonggol) is an
economically important  epipelagic
species  inhabiting  tropical  to
subtropical regions of the Indo-Pacific,
and is found almost exclusively in the
neritic waters close to landmasses and
rarely in offshore, turbid waters and
estuaries (Froese and Pauly, 2015).
Longtail tuna catch by gillnet fleets is
done in the coastal waters of different
countries including Iran, Indonesia,
Pakistan, Malaysia, Oman, Yemen,
India and Thailand (Pierre et al., 2014,
Geehan et al., 2016). This species is
one of the smallest species of the genus
Thunnus, but relatively large compared

with other neritic species of tuna
(Griffiths et al., 2010). This species is
commonly found around 40-70 cm and
to a maximum of 145 cm in fork length
in the Indian Ocean (IOTC, 2016).
Longtail tuna feeds on fishes,
crustaceans and cephalopods
(Abdussamad et al., 2012). Nominal
catch data were extracted from the
I0TC (Indian Ocean Tuna
Commission) Secretariat database for
the period 1950 - 2015, given that total
catches of longtail tuna rapidly
increased between 2004 and 2012,
when catches reached a maximum of
170,359 t and currently this has
declined and reached total catches of
132,723 t in 2015 (IOTC, 2017). The
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annual catch of longtail tuna in 2011
was reported as 80877 t in southern
Iranian waters (Persian Gulf and Oman
Sea). Regarding overexploitation, total
catch of longtail tuna has decreased to
59647 t in 2015 (IFO, 2016). The
International Union for Conservation of
Nature (IUCN) listed the longtail tuna
stock as a critically endangered species
(IUCN, 2015; Collette et al., 2015). As
a passive fishing gear, gillnets are
widely used in small-scale fisheries
fleets to catch demersal, benthic and
pelagic species (Fabi et al., 2002). The
gillnet fishery is the most important
among the fishing methods in the
Iranian waters of the Persian Gulf and
Oman Sea. The main target species of
the multifilament drift gillnet fishery in
waters of the Oman Sea are large
pelagic fish, especially tuna such as
longtail tuna, yellowfin tuna and
skipjack tuna. As a mathematical
function, fishing gear selectivity
describes a proportion of fish in each
size class that is retained from a
population by effort unit of fishing
gear. Various approaches have been
used to estimate the selectivity of
fishing gear (Millar and Fryer, 1999).

There are two main approaches for
estimating selectivity curves including
direct and indirect methods. In the
indirect method, data on the size
distribution of the fish population being
fished is not available in most gillnet
selectivity operations. Thus, the size
frequency distribution of the fish
population and the selectivity curves
are calculated simultaneously (Hovgard
and Lassen, 2000). Presented by Sechin
(1969) and Kawamura (1972), "Sechin™

formula is an indirect method in gillnet
size selectivity. This method is simple
and widely used to determine size
selectivity of fishing gear using the
morphological characteristics, and body
girth rather than fish length of the
captured fish. Different studies have
been done on gillnet size selectivity
using the Sechin method (Ehrhardt and
Die, 1988; Santos et al., 1995; Santos et
al., 1998; Fabi et al., 2002; Ozekinci,
2005; Hosseini et al., 2017). In Iranian
waters of the Oman Sea, studies and
published data on the size selectivity
of gillnets are scarce. Therefore, this
study aimed to determine the size
selectivity of multifilament gillnet for
longtail tuna in the Iranian waters of
the northeastern Oman Sea.

Materials and methods

This study was conducted from October
2016 to May 2017. The study area was
included in the main tuna gillnet fishing
grounds in northeast Oman Sea (in
southeastern Iran) (25° 08’ N - 60° 43’
E ; 25° 10’ N, 60° 25’ E) in front of the
Chabahar Harbor. Samples were
collected wusing multifilament drift
gillnets of local fishermen that were
182.88 m long, 14 m high, with hanging
ratio of 0.5 and stretched mesh sizes of
100, 110, 130 and 165 mm (with Twine
No. 210D/30 or 36). Fishing operation
consisted of setting the drift gillnets 1
hour before sunset and hauling them
after 10-12 hours. After any fishing
operation, sampled longtail tuna
specimens were removed from the nets
and separated from the catch. For each
specimen, fork length (FL), head girth
(Ghn) and maximum girth (Gmax) Were
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measured to the nearest lower cm and
total body weight was measured to the
nearest 50 g (Kaymaram et al., 2013).
Sechin model, modified by Reis and
Pawson  (1992), was used for
determining selectivity. The cumulative
normal distribution (®) was used to
determine the percentage retained and
the percentage passing the gills. The
following equation was used to
determine length distribution of fish
small enough to enter a mesh beyond
the head:

P (Ghj<2m)=®[(2m - Gy;) o 1]

and similarly that of fish too large to
pass through the mesh is calculated
using the following formula:

P (2m<Grnaxj) =1- @ [(2M—Grnaxj) Omaxi ]

Finally, using the Sechin model,
selection curve is determined using the
following equation:

Selection (S;)=®[(2m-Gy;) or; )] {1- ®
[(2M-Grax) Omaxg 1}

In this equation S; is the selectivity in
the ji length interval, Gp; is mean head
girth in the jy length interval, op; IS
standard deviation of head girth, Gmayj
is mean maximum girth in the jy, length
interval, omaxj IS Standard deviation of
maximum girth, 2m is the mesh
perimeter and @ is cumulative
standardized normal distribution
function (u=0 and o=1). The Excel

software was used for analysis. Sechin
added coefficients to this formula to
account for body compressibility at
retention point and elasticity of netting
material (Sechin, 1969; Kawamura,
1972; Ehrhardt and Die, 1988; Santos et
al., 1995; Santos et al., 1998; Fabi et
al., 2002; Ozekinci, 2005; Hosseini et
al., 2017). In this study, these were not
used because they were insignificant to
the relevant data.

Results and discussion

Fork length of 477 specimens measured
and recorded ranged from 32 to 90 cm.
The mean fork length was obtained as
55.15+0.61 cm. The relationships
between head girth and fork length, and
maximum girth and fork length was
obtained by fitting the linear regression
for longtail tuna. The relationship
between head girth and fork length was
obtained as: Gp=0.5379 FL+0.4955
(R?=9823) and the relationship between
maximum girth and fork length was
calculated as: Gmax=0.5879 FL+0.5095
(R?=9849).

Figs. 1, 2, 3 and 4 show the estimated
drift gillnet selectivity curve (line) and
length-frequency distribution (bars) of
longtail tuna for 100, 110, 130 and 165
mm mesh sizes.
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Figure 1: Estimated drift gillnet selectivity curve (line) and length-frequency distribution (bars) of
longtail tuna for 100 mm mesh sizes in Oman Sea.
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Figure 2: Estimated drift gillnet selectivity curve (line) and length-frequency distribution (bars) of
longtail tuna for 110 mm mesh sizes in Oman Sea.
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Figure 3: Estimated drift gillnet selectivity curve (line) and length-frequency distribution (bars) of
longtail tuna for 130 mm mesh sizes in Oman Sea.
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Figure 4: Estimated drift gillnet selectivity curve (line) and length-frequency distribution (bars) of
longtail tuna for 165 mm mesh sizes in Oman Sea.

Using Sechin method, optimal catch
size of 100, 110, 130 and 165 gillnet
mesh sizes were determined as: 35, 38,
46 and 57 cm, respectively. Moreover,
selection coefficient (K=mesh size/
Optimal catch size) was calculated as
0.285, 0.289, 0.282 and 0.289,
respectively. This study investigated the
multifilament drift gillnet selectivity for
longtail tuna as one of the most
important pelagic fish species in the
Iranian waters of the northeastern
Oman Sea. Relationship between head
girth or maximum girth and fork length
of longtail tuna and the correlation
coefficient values () were high for all
obtained linear regressions. All girth-
length regressions were found to be
linear. Fisheries management and
research often require the use of
biometric relationships such as weight-
length which, among other uses, is
applied when estimating the production
and biomass of a fish population.
Similarly, other relationships can be
very useful, such as morphometric
relationships relating to different body
dimensions, e.g. length and girth

(Mendes et al., 2006). It is widely
accepted that fish morphology strongly
influences the retention by fishing gear.
The probability of a fish being retained
by a given mesh is thus primarily
determined by the relationship between
the body shape and the mesh opening.
Consequently, girth and its associated
dimensions (height and width) have
been considered as critical parameters
in understanding the gear selection
process (Reis and Pawson, 1992). Girth
data have Dbeen used to describe
selection patterns during indirect
selectivity experiments with gillnets
(Reis and Pawson, 1999; Kurkilahti et
al., 2002) and to estimate selectivity
even in the absence of experimental
data (Sechin, 1969). Moreover, girth-
length  relationships  have  been
important in gillnets selectivity studies
to understand the selection pattern of
species that differ in behavioral and
morphological characteristics (Campos
and Fonseca, 2003). Nowadays, the
Sechin approach has been commonly
used for determining size selectivity of
gillnets and wvarious fish species.
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Optimal catch size of 100, 110, 130 and
165 cm gillnet mesh sizes for longtail
tuna were determined as: 35, 38, 46 and
57 cm, respectively and selection
coefficient (K) was calculated 0.285,
0.289, 0.282 and 0.289, respectively.
Since the fish mostly retained were
snagged by pre-operculum or orbital
girth and were being fished less in the
gilled than in the wedged position, there
is no overlapping between selectivity
curves and size frequency (Millar and
Fryer, 1999; Hosseini et al., 2017). The
shape of Sechin's selection curves is
dependent on the difference between Gy,
and Gmax. When the difference is small
the selection curve will appear narrow,
whereas a large difference will lead to a
wide selection curve. The differences
may be linked to the morphology of the
anterior part of the fish (Hovgard and
Lassen, 2000). In this study, due to the
isometric growth of longtail tuna and
the small difference between G, and
Gmax, the selectivity curves were bell-
shaped, the shape of normal distribution
and narrow. Attention must be drawn to
the fact that fish retention by fishing
gear is primarily related to girth rather
than to length. This research is the first
documented study on selectivity of
multifilament drift gillnet for longtail
tuna in Iranian waters of the Oman Sea.
The information on the girth-length
relationships and gillnet selectivity can
be useful in the technical design for
selective fishing gears, particularly for
gillnets.
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