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Gillnet selectivity of the Indian oil sardine Sardinella longiceps fished in
the Sea of Oman
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ABSTRACT. The size selectivity of drift gill-nets for Sardinella longiceps was investigated in the Sea of Oman using a
range of 5 nets between 3.3 and 5.7 cm stretched mesh size. All nets had a hanging ratio of 0.5. A total of 1211 Indian
oil sardines were caught in the 5 experimental nets, the majority of which were retained by the 3.3, 3.8 and 4.5 cm mesh
nets. Peak selectivity was reached at 14.9 cm FL for the 3.3 cm mesh size increasing to 16.9 cm for the 3.8 cm mesh size.
The estimated and observed length frequency distributions were unimodal. A log-normal selection function indicated
that the highest selectivity was obtained when the length class to mesh size (l:m) ratio was 4.4. Sardinella longiceps’s rel-
ative abundance was estimated to be the highest at 16.4 cm FL, with numbers decreasing beyond this peak. This would
indicate that selectivity by gilling is optimal with a mesh size of 3.8 cm with nets having a hanging ratio of 0.5. This mesh
size appears to satisfy two criteria: high catch efficiency and protection of juveniles.
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Introduction

illnet selectivity is the quantitative measure of

the amount of fish caught within a size range

that is retained by the net and it is a function
of the probability of the fish encountering the net, the
chance of being caught and the intensity of the fishing.
Generally, one length class will be sampled most effi-
ciently with efficiency decreasing symmetrically to zero
both above and below this length class. Because gillnets
are highly selective for fish of certain sizes, knowledge
of the selection is necessary for both population as-
sessment and management of the fishery (Carlson and
Cortés, 2003). Selection curves can be used to set a mesh
size that can restrict the size of fish captured and hence,
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limit the catch of immature fish or reinforce minimum
landing size regulations. In this study we describe the
selection curve of the Indian oil sardine (Sardinella lon-
giceps) harvested in the Sea of Oman.

The Indian oil sardine is found in the north and west
Indian Ocean ranging from the horn of Africa, along the
Arabian Sea, Sea of Oman and Aden (excluding the Red
Sea and Arabian Gulf) and then eastward to the south-
ern coasts of India and Sri Lanka (Al-Abdessalaam,
1995). Small pelagic fish, including S. longiceps, occur in
abundance in Omani waters.

This species forms an important component of the
marine food web because it comprises the bulk of the
forage for large fish and other predators (Al-Barwani et
al., 1989). The Indian oil sardine and other sardines also
contribute significantly to the Omani marine fishery. In
2013 about 52544 tonnes of sardines were landed along
the coast of Oman, of which 8320 (16%) tonnes were S.
longiceps (Anonymous, 2013).

This species, as well as other sardines, is exploited
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Table 1. Estimates and their 95% confidence intervals for
the parameters of the selection equation for three mesh sizes
(3.3, 3.8 and 4.5 cm stretched mesh) with a hanging ratio =
0.5. The negative log-likelihood (log L) = -4345.944.

Parameter Value 95% Confidence Interval
k 4.4 4.3 -4.5
o 0.124 0.117 - 0.133

primarily by cast nets, beach seines and gillnets. As they
require little investment in manpower and equipment,
and are efficient in catching pelagic fish, gillnets are
widely used by traditional Omani fishermen. Because of
the decline in large pelagics (e.g. Scomberomorus com-
merson (Govender et al., 2006), human consumption of
sardines has increased, resulting in increased market
prices. These issues will likely result in over-exploitation
of sardines which may lead to a decrease in abundance in
the future. Based on late 1980s data, (Dorr, 1991) already
observed that sardines were caught at near optimum
levels. Although fluctuations in sardine abundance are
largely regulated by the environment (Kawasaki, 1991),
intensive fishing in coastal waters may reduce fish pro-
ductivity.

Seeing as the Indian oil sardine is considered one
of the key species in the Oman fishery, selectivity esti-
mates are potentially of great value in management and
research. Therefore, the main objective of this study was
to determine the gillnet selection parameters of the In-
dian oil sardine gillnet using nets of different mesh sizes
fished simultaneously on the same population.

Materials and Methods

Sampling was carried out monthly between September
2001 and July 2003 on board the RV Al-Jamiah, a 17.5 m
(overall length) multipurpose fishing boat. Green poly-
amide (nylon) gillnets of similar thickness (PA 210D x
6 plays) and of mesh sizes 3.3, 3.8, 4.5, 5.0 and 5.7 cm
(stretched mesh) were used. For each mesh size a gillnet
was constructed with 0.5 hanging ratio; thus 5 experi-
mental nets of similar fishing power were constructed
and joined together as a gang. For all nets, a similar
hanging ratio was used for the float line and the lead line
to restrict fish being tangled. All nets were made to the
same finished length of 25 m, giving a total length of 125
m and a fishing height of 3 m. The nets were rigged with
a 6 mm PE (polyethylene) float line fitted with several
PVC floats (113 g buoyancy) regularly distributed to give
a float line buoyancy of around 135 g/m, while the sink-
ing force employed for the lead lines had a force of 50
g/m. The order of mesh panels was randomized at the
beginning of the experiment. The nets were joined to-
gether with a 2 m gap between adjacent nets. This design
was chosen to avoid the effect of larger fish being led by
smaller mesh-sized nets into neighboring nets of a more
suitable mesh size (Hovgard, 1996; Madsen et al., 1999).
Each net was coded to enable identification on hauling.
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Fishing stations were selected in shallow waters in the
Muscat (23° 37’ N, 58° 35 E’) area. One end of the net
series remained attached to the boat by a rope and both
the net and boat was set to drift with the current. Fish-
ing was carried out a few hours before sunrise and the
net series was hauled-in after sunrise giving an average
fishing time of 4 hours. The total number of valid sets
was 34.

Catches were sorted by species and fork length (FL)
was measured to the nearest cm and the weight to the
nearest gram. Girth measurements at the snout, behind
the head and at maximum girth (before the dorsal fin)
were also recorded for each fish. Although girth mea-
surements were taken for all fish, fork length was used to
construct the selectivity curves because length is closely
related to mesh size as is girth (Reis and Pawson, 1999).
Gilled or wedged fish were used in the analysis while
tangled fish were excluded from the analysis as tangling
of fish is not a function of net selectivity.

Selectivity modeling

Hamley (1975) provided a review of the approaches to
estimate gillnet selection curves and more recently Hov-
gard and Lassen (2000) provided an updated review of
all methods, including new statistical approaches that
are based on general models for the selection process.

Cim = (N1 Sim) + error Eq. 1
The parameters for the selection curves in this study
were obtained using maximum likelihood (ML) (Kirk-
wood and Walker, 1987; Millar, 2000). Assuming that
fishing effort and fishing power are constant, the selec-
tion equation (Hovgéard and Lassen, 2000) is written as

2
Sim = exp l0.5 (ln(%) —In k> /02] Eq.2

where-?-is the predicted catch in length class [ for
mesh size m, g is the catchabilty co-efficient (assumed
constant for each / and each m), N is the number of
available fish and S is the selectivity function. We as-
sumed that the selectivity function followed a log-nor-
mal distribution i.e.

(0)"

Crom!

error =

exp (C’z,m) Eq.3

and that the error was Poisson distributed i.e. where
C is the observed catch, k is the predicted ratio of (I/m)
that has the maximum selectivity and o is the dispersion
factor around k.
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Figure 1. Observed (bars) and predicted (lines) numbers
of Sardinella longiceps caught with gillnets of varying
mesh sizes.

—log(L) = zl: > {Cl,m In (C’z,m) - él,m} Eq. 4

The estimates of the parameters k and o were ob-
tained by minimizing the negative of the log-likelihood
(log L), with constant values removed.

The 95% confidence intervals for the parameters k
and o were obtained using the likelihood ratio test (Leb-
reton et al., 1992).

Results

A total of 1211 Indian oil sardines were caught in the
5 experimental gillnets, the majority of which were re-
tained by the 3.3 (454), 3.8 (438) and 4.5 cm (301) nets.
Because catches obtained with the 5.0 (17) and the 5.7
cm (1) meshes were small, these data were not included
in the analysis. Almost all S. longiceps caught (gilled or
wedged) were observed to have meshes stretched tight
across their bodies in the region behind the gill cover to
the maximum girth. Some were observed to have twine
caught in their mouth (snagged) and some others were
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entangled. Only the first category was included in the
analysis, although the other two categories do not ap-
pear to affect their size selection as length distributions
were similar for all three categories of entrapment in the
nets.

As expected, the mode of the length frequency distri-
bution of S. longiceps for different mesh sizes increased
with mesh size (Fig. 1). The observed peak length for the
3.3, 3.8 and the 4.5 cm mesh gillnets were 16.1, 16.5 and
18.0 cm, respectively. The size range of fish caught by the
3.3 cm mesh size was 13-18 c¢cm, compared with 14-19
cm for the 3.8 cm and 14-20 cm for the 4.5 cm mesh size
(Fig. 1). The length distributions were unimodal except
for the 3.3 cm mesh size which showed a second minor
mode at 14 cm FL (Fig. 1)

Gill net selectivity

The estimated selectivity curves for S. longiceps ap-
peared bell-shaped (Fig. 2), which is to be expected for
fish that are gilled or wedged, as was confirmed during
fishing trials. Peak selectivity was reached at 14.9 c¢cm
FL for the 3.3 cm mesh size, increasing to 16.9 cm for
the 3.8 cm mesh size. The results indicated that the 3.3
and 3.8 cm mesh size had an equal selectivity for fish of
15.8 cm in length, whereas the 3.8 and the 4.5 cm mesh
sizes had an equal selectivity for fish of 18.3 cm length
(Fig. 2). The estimated parameter values and their 95%
confidence intervals are given in Table 1. Maximum se-
lectivity was achieved at an [:m ratio of 4.4 (Table 1). The
small confidence intervals indicate that the parameters
are well estimated (Table 1).

Discussion

There has been no previous attempts to estimate gill-
net selectivity parameters for the Indian oil sardine and
hence, comparisons cannot be made. The unimodal
nature of the selection curve is linked to the catching
process, namely gilling or wedging, whereas maxillae
enmeshing or entangling, which would have resulted in
either a sigmoid-shaped or a bimodal curve, was shown
to have been of little importance. Since the Indian oil
sardine has no spines or any other projections on its
body which could result in entanglement the shape of
the selection curve is therefore influenced by fish girth
alone. Girth being directly proportional to fish length
justifies the latter being used as a proxy for girth since
fish length is easier and quicker to measure. These find-
ings are in agreement with those of Reis and Pawson
(1999) and Santos et al. (1998), although both these
studies were investigating other fish species; they had
similar body shapes to S. longiceps. In contrast, sever-
al studies have used bimodal selection curves with two
distinct modes that are linked to two different catching
processes, wedging and entangling (Madsen et al., 1999).
Millar and Fryer (1999) used a bimodal selection curve
to describe plaice catch data in a trammel net experi-
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Figure 2. Selectivity curves for various mesh sizes for Sar-
dinella longiceps. The plotted lines have been smoothed.

ment while Madsen et al. (1999) used it for sole, plaice
and cod and Hovgérd (1996) used it for cod catch data.
While our data did showed a minor mode for the 3.3 cm
mesh net we regarded it as negligible for the model fit-
ting process.

Previous studies have indicated that S. longiceps
reaches first maturity at 15.93 cm total length in the
Sea of Oman (Siddeek et al., 1994). This total length was
transformed to a fork length using the equation:

TL=1.075FL+0.72 Eq.5

R2=0.96(H. Al-Oufi, unpubl. data).

Length at first maturity for this population is there-
fore equal to 14.1 cm FL. The length at first maturity is
slightly lower than the optimal catch size computed for
the 3.3 cm mesh size. In catches of the 3.3 cm gillnet,
individuals under the length at first maturity made up
slightly more than 11% of the catch, whereas this was
around 2% for the 3.8 cm gillnet and was virtually zero
for the 4.5 cm mesh. Although, a minimum landing size
has not yet been set for S. longiceps in the Omani fishery,
the results of this study show that in the interests for sus-
tainable fishing of S. longiceps it can be suggested that
gillnets with stretched mesh of 3.8 cm (with a hanging
ratio = 0.5) should be used. This would certainly increase
the average size caught when compared to the 3.3 cm
net. Catches obtained with the 4.5 cm gillnet were al-
ways small, confirming that the large mesh size targeted
only the larger individuals of the Indian oil sardine pop-
ulation in the Sea of Oman. The 3.8 cm mesh size gillnet
appears to satisfy two criteria: high catch efficiency and
protection of juveniles.

The use of smaller mesh sizes in this experiment may
have resulted in a better match between the overall se-
lectivity of the gang of nets and the relative Indian oil
sardine population abundance. However, it was consid-
ered more important to include those mesh sizes that
have direct applicability to gillnets used by local fishers.
Construction details of nets used in this study, such as
twine diameter and hanging ratio, is similar to that used
by the local fishers (Stengel and Al Harthy, 2002).

The shape of the selectivity curve depends on several
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characteristics of the fish and the net. Gray et al. (2005)
reported an overall reduction in mean catch associated
with an increased hanging ratio, although the results
were not significant. Of particular importance are the
physical properties of the twines used, such as exten-
sibility and elasticity (Klust, 1982). Low extensibility
and elasticity result in the loss of captured fish which
ultimately will influence the estimated selectivity. The
twines used to construct the experimental gillnets were
polyamide continuous filaments, which has high exten-
sibility coupled with high elasticity. Reported elasticity
was above 96% (Klust, 1982) which means that these
twines are almost completely elastic, a property that is
needed to hold the gilled fish securely while the gear is
in the catching process and during hauling (Klust, 1982).
Other factors, such as sex, ripeness and amount of food
in the gut, would also influence the girth of the fish and
hence the shape of the selectivity curves. To minimize
variation caused by reproduction and gut contents,
(Salvanes, 1991) proposed pooling samples for months
when food availability and temperature are the lowest.
This could not be achieved in this study as this would
have reduced sample sizes to unacceptably low num-
bers. Marquez-Farias et al. (2005) added oceanographic
currents as a possible factor affecting selectivity; since
strong currents can distort the shape of the meshes and
therefore select for fish sizes not captured under condi-
tions of a mild current. This effect was considered negli-
gible in this study.

There are limitations to this study. The study was lim-
ited to the Muscat area (for logistic reasons) and since
sardines generally school and migrate in similar age/
length classes it is quite possible that smaller/younger
or larger/older classes were not available for capture.
This research need should be accounted for in future
research.
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