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Summary: The choice of fishing gear and catching strategy should be taken into consideration in the management of fish 
stocks. Here, paired fishing trials in a pelagic recreational fishery compared the catch composition, catch rate and size selec-
tivity between handline and trolling fishing methods in Iranian coastal waters of the Gulf of Oman. Total catch rate was 1.06 
fish hr–1 vs 0.88 fish hr–1 for handline and trolling, respectively, a 17% difference which was significant (p<0.05). Generally, 
the handline method captured more fish than trolling for most species, but size selectivity tended to be species-specific per 
gear type. The handline fishing method captured larger talang queenfish (Scomberoides commersonnianus), while trolling 
captured larger narrow-barred Spanish mackerel (Scomberomorus commerson), pickhandle barracuda (Sphyraena jello) and 
Indian threadfish (Alectis indicus). Technical measures, such as gear restrictions, could be applied to recreational pelagic 
fisheries management in the Gulf of Oman. Such measures could improve species-specific exploitation patterns. 
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Estudio comparativo de pesca pelágica recreativa entre las artes de línea de mano y curricán en el golfo de Omán, 
Irán
 
Resumen: La selección del equipo de pesca y la estrategia de captura deben ser consideradas en la gestión de stocks pesque-
ros. En el presente estudio se muestran resultados de tipos, tasas y selectividad de talla de las capturas en una experiencia 
comparativa de artes de pesca en aguas costeras del golfo de Omán, Irán. Las tasas de captura finales para las artes de línea de 
mano y curricán fueron de 1.06 y 0.88 peces h–1 respectivamente, mostrando un significativo 17% de diferencia entre ambas 
(p<0.05). Por lo general, el arte de línea de mano resultó en una mayor tasa de captura multiespecífica, sin embargo la selec-
tividad de talla se observó arte-dependiente. En el arte de línea de mano se observaron capturas de mayor talla para la especie 
“talag queenfish” (Scomberoides commersonnianus), mientras que para el curricán fueron la caballa o verdel (Scomberomo-
rus commerson), barracuda (Sphyraena jello), e “Indian threadfish” (Alectis indicus). En conclusión, la implementación de 
medidas técnicas, como restricciones en las artes de pesca, podrían ser aplicadas en la regulación de la normativa de pesca 
recreativa para la gestión general pesquera con el objetivo de la mejora en los patrones de explotación especie-específica del 
golfo de Omán.
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INTRODUCTION

Fishing has been a major source of food for cen-
turies and also an important recreational activity for 
decades in many countries (Valdimarsson and James 
2001, Welcomme 2001). Small-scale fisheries contrib-
ute about half of global fish catches and provide exten-
sive employment to approximately 37 million people, 
of whom around 90% are in Asia (FAO 2016). Coastal 
fisheries supply daily food and serve as one of the few 
sources of income for many coastal populations in the 
Gulf of Oman region. In southeastern Iran, much of the 
fish consumed in coastal rural areas is caught by artisa-
nal or subsistence fishers. Additionally, some catch is 
sold, which significantly contributes to the livelihoods 
of these small-scale commercial fishers. Many people 
who rely on fisheries are in a lower income group and 
their livelihoods depend directly on the sustainability 
of the fishing industry. Today, awareness of the im-
pact recreational fisheries have on fish populations has 
increased, and it is recognized that estimating recrea-
tional fishing effort and catch is necessary for sustain-
able fisheries management (McPhee et al. 2002, Jones 
and Pollock 2012).

Small-scale fishing vessels in the Gulf of Oman 
have increased in both number and efficiency, in-
creasing from 857 to 2019 small handline and trolling 
vessels between 2011 and 2015 (IFO 2017). This has 
heightened the conflicts among various fisheries and 
user groups and intensified competition for use of lim-
ited resources. This significant temporal expansion of 
the fishery has likely increased the fishery’s impact on 
pelagic species populations. A dramatic decrease in pe-
lagic species landings over the past decade, exacerbat-
ed by a lack of regulations, has raised concerns about 
the sustainability of this fishery (Al-Hosni and Siddeek 
1999, Niamaimandi et al. 2015). Despite the serious-
ness of this issue, studies on pelagic fish captures by 
fishing gears in the Gulf of Oman are scarce (Paigham-
bari and Eighani 2017) and entirely missing for the 
Iranian coastal waters. This has drawn attention from 
the government regarding the appropriate management 
for consistent production and use of environmentally 
friendly fishing gear. In the Gulf of Oman recreational 
fishery, there are no management regulations or size 
limitations, and fish stocks could potentially become 
depleted due to long-term unsustainable harvesting.

Artisanal fisheries for pelagic species occur 
throughout coastal waters in southeastern Iran within 
the Gulf of Oman, and catches include the Indian 
threadfish (Alectis indicus), the narrow-barred Spanish 
mackerel (Scomberomorus commerson), the pickhan-
dle barracuda (Sphyraena jello) and the talang queen-
fish (Scomberoides commersonnianus). These species 
account for more than 90% of the annual production 
of the fishery (approximately 10000 t) (Herrmann et 
al. 2018). These pelagic species are targeted using 
several types of small-scale fishing gears that include 
handline and trolling. Handline and trolling gears are 
somewhat species-selective; the selectivity of such line 
gears is affected by the fishing strategy used with re-
spect to the vertical and horizontal distribution of the 

target species (Løkkeborg and Bjordal 1992). Previous 
studies indicated that the handline method has low size 
selectivity for some pelagic species in the Persian Gulf 
recreational fishery (Paighambari and Eighani 2017). 
The catching processes of trolling and handline are 
different. Trolling is a towed gear, while handline is 
a static gear. Although not aimed at improving the se-
lectivity or efficiency of particular gears, many other 
studies have compared alternative and/or competing 
fishing methods, including longlines versus gillnets 
(e.g. Santos et al. 2002, Stergiou et al. 2002, Erzini 
et al. 2003) and longlines versus trawls (e.g. Hovgård 
and Riget 1992, Otway et al. 1996, Fauconnet et al. 
2015). In most cases, these comparisons were done to 
reduce sampling bias and improve resource estimates. 
An indirect benefit, however, it is that these studies 
provided information on the relative selection between 
different gears and methods. Generally, these studies 
conclude that static gears are typically more size- and 
species-selective than towed gears (e.g. Løkkeborg and 
Bjordal 1992, Huse et al. 1999, Stergiou et al. 2002). 
Additionally, we hypothesized that a more mobile 
species would have a higher chance of encountering 
the fishing gear than a less mobile one. The potential 
benefits of such a lateral approach towards improving 
the selectivity of problematic gears are explored in the 
following experimental case study comparing passive 
and towed artisanal fishing gears for pelagic species in 
Iranian coastal waters of the Gulf of Oman.

The main objective of this study was to compare 
catch rates and size selectivity among different com-
mon fishing methods (handline and trolling) for catch-
ing pelagic species in the Iranian coastal waters of the 
Gulf of Oman. Differences in catch composition, catch 
rate, and size selectivity between capture methods 
can be used to determine the type of fishing approach 
recommended for Gulf of Oman recreational fishers to 
implement sustainable fishing practices. 

MATERIALS AND METHODS

Study area

Data were collected on board artisanal fishing ves-
sels in the Iranian coastal waters of the Gulf of Oman, 
Chabahar region (60°44′E and 25°16′N), between Oc-
tober and November 2017 (Fig. 1). Fishing took place 
approximately 15 km from the coast at depths ranging 
from 5 to 15 m. 

Gear description

Handline was defined as a simple form of hook-
and-line gear which consisted of a hand-held single line 
with rod, weight, and one or more hooks spaced along 
the far end of the line (Eighani et al. 2018). Fishers 
deployed a handline with a baited hook over the side 
of the boat, and once a fish was hooked, immediately 
hauled it in by hand. In this experiment, the handline 
consisted of a 30-m monofilament mainline with a di-
ameter of 1.5 mm. The weight of the lead (sinker) at the 
end of the fishing line was 2 kg.
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Trolling refers to the towing of a hook with arti-
ficial lures or natural baits near the water’s surface 
from a moving boat (NRC 1988, Mohri et al. 2017). 
It is an active fishing method whereby a line with 
hooks is attached behind the vessel and trolled at 
a specific speed, so that the hooks reach a desired 
depth where the target species is expected to be 
present; the fish are attracted to the bait and move 
towards the gear. The lengths of the towing rope and 
branch line and their interval are dependent on the 
target species, distribution density and swimming 
depth. Here, polyamide line of 3 mm diameter was 
used as the main line. The length of line was 30 m. 
No.4/0 corkscrew heavy-duty brass swivels were 
used. The dorsal end of the swivel was attached to 
one end of the main line permanently by splicing. On 
arrival at the fishing ground, the line was shot into 
the water. When the shooting operations were over, 
the boat was propelled at a speed of 3 to 5 knots. 
Once a fish was hooked, it was hauled in by hand. 
After the removal of the fish, the line was shot once 
again, and the same pattern was repeated.

Data collection

Trip duration and total length of each individual 
caught were collected by onboard fishery observ-
ers using standard forms and procedures. The same 
hook and bait size were used in all fishing operations. 
Mustad 6/0 J-hooks were used, as is common in the 
fishery. Whole sind sardinella (Sardinella sindensis) 
(14±3.2 cm; mean ± standard deviation) were used as 
bait. Fishing trips were carried out daily from dawn to 
dusk. The duration of each trip varied between 5 and 
13 h. Gears were used in separate vessels and paired, 
i.e. both gears were fished simultaneously enabling 
a paired comparison. For all trips, experiments were 
carried out by the same samplers for each vessel. The 
same two wooden 7-m-long boats with 30 hp engines, 
as typical for the commercial fishery, were used for the 
daily fishing trips. All fishers fished in the same loca-
tion during trials. All characteristics of the fishing gear 

and practices (e.g. hook placement, deployed number 
of hooks of each style per set, bait size and type and 
setting time) were standardized throughout the study. 

Statistical analysis

For the following analyses, a replicate was con-
sidered as one day of fishing, which produced a 
comparative pair between gear types. Fish catch-at-
length was analysed by comparing the proportion 
of the catch between trolling and handline gears at 
each length class following the methods of Holst and 
Revill (2009). This analysis uses polynomial gener-
alized linear mixed models (GLMMs) to fit curves 
of the expected proportions of catch length using 
the MASS package (Venables and Ripley 2002) of 
R (R Development Core Team 2009). This method 
uses low-order polynomial approximations (cubic, 
quadratic, linear, or constant) to fit the proportions 
at length retained by each fishing method. Paired 
analysis enables conditions between gears to be as 
close as possible; however, variation between pairs 
can still exist and be included in the model estimates 
as a random effect. Therefore, “pair” was considered 
a random effect in our model and the fixed effect was 
“length”. The model used a binomial GLMM with a 
logit link function to fit each polynomial followed by 
subsequent reductions of terms until all showed sta-
tistical significance (p<0.05) based on Wald t-tests, 
with removal of one term at a time to determine the 
best model fit (for additional details see Holst and Re-
vill 2009). A proportion of 0.5 indicated no difference 
in catch between the two gears for the specific length. 
A proportion of 0.75 indicated that 75% of fish at a 
specific length were caught by trolling and 25% by 
handline. SIMPER analysis (cut off 90%) was used to 
identify the important taxa that contributed to overall 
dissimilarity between gears.

Catches of the number of individuals between 
paired handline and trolling fishing methods were 
analysed with linear mixed models (Bayse et al. 
2016, 2017). The dependent variable was “Catch 
rate”, and was standardized as the number of fish 
caught per hour. Additionally, catch rate data was 
non-normal, and thus was log transformed to meet 
the assumptions underlying liner modelling. For each 
model the independent variable was “Gear”, which 
was a categorical variable labelled as either handline 
or trolling, enabling the comparison of catch rates 
between the different gear types. The random effect 
was “pair”. Since this was a paired analysis, enabling 
as close to the same conditions between gears as pos-
sible, variation between pairs can still exist and be 
included in the model estimate as a random effect. 
Models were fitted using the lme4 package of the R 
statistical software (Bates et al. 2013, R Development 
Core Team 2009). Models of each gear type were 
compared with likelihood ratio tests, and used the χ² 
test statistic to determine the difference in deviance 
do−da, where da is the deviance of the full model and 
do is the deviance of the constrained model, to an α of 
0.05 (Bates et al. 2013). 

Fig. 1. – Map of the study area in the Iranian coastal waters of Gulf 
of Oman, Chabahar region (in the box).
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RESULTS

In total, 42 experimental handline trips were made, 
totalling 288 fishing hours, and captured 305 speci-
mens. All captured species included greater lizardfish 
(Saurida tumbil), Indian threadfish (Alectis indicus), 
narrow-barred Spanish mackerel (Scomberomorus com-
merson), obtuse barracuda (Sphyraena obtusata), pick-
handle barracuda (Sphyraena jello) and talang queenfish 
(Scomberoides commersonnianus). For experimental 
trolling, 307 specimens were captured for 42 trips and 
354 fishing hours. The main species captured were In-
dian threadfish, narrow-barred Spanish mackerel and 
obtuse barracuda (74% of catch) for handline gear, and 
pickhandle barracuda, narrow-barred Spanish mackerel 
and talang queenfish (87.6% of catch) for trolling.

Length analysis was carried out for species that had 
enough individuals captured across a reasonable range 
of lengths. For Indian threadfish, catch-at-length de-

creased linearly where smaller fish were captured more 
by trolling (<45 cm) and larger fish by trolling (>65 
cm; Table 1; Fig. 2). Narrow-barred Spanish mackerel 
catch-at-length had a quadratic relationship with small-
er fish (<75 cm) and larger fish (>110 cm) captured 
more often via trolling, and sizes between these lengths 
showed no difference between gears (Table 1; Fig. 2). 
Large pickhandle barracuda (>90 cm) were captured 
by trolling, with an increasing linear relationship (Ta-
ble 1; Fig. 3). Talang queenfish catch-at-length results 
showed a linear relationship in which smaller fish were 
captured by handlining (<40 cm) and larger fish by 
trolling (>65 cm; Table 1; Fig. 3). 

Indian threadfish and obtuse barracuda were cap-
tured more often by handline gear, which had catches 
61.9% and 66.7% higher than trolling, respectively 
(Table 2). For other species, the catch rate was similar 
between gears and showed no significant differences 
(p>0.05; Table 2). 

Table 1. – Generalized linear mixed model parameters for Indian threadfish, narrow-barred Spanish mackerel, pickhandle barracuda and 
talang queenfish in which model and parameter refers to the chosen model [constant (β0), linear (β1), quadratic (β2), or cubic (β3)]. Estimate is 

the value of the slope or intercept; SE, standard error of the estimate; and df, degrees of freedom.

Species Model Parameter Estimate SE df t-value p-value

A. indicus Linear β1 24.792 0.068 46 –6.909 <0.001
β0 25.263 4.392 46 5.753 <0.001

S. commerson Quadratic β2 36.385 0.001 93 3.316 0.001
β1 36.600 0.237 93 –3.294 0.001
β0 36.381 11.022 93 3.301 0.001

S. jello Linear β1 –3.724 0.016 137 4.072 <0.001
β0 –3.788 1.338 137 –2.832 0.005

S. commersonnianus Linear β1 –7.718 0.028 73 5.135 <0.001
β0 –7.863 1.725 73 –4.559 <0.001

Fig. 2. – Length frequency of Indian threadfish (A) and narrow-barred Spanish mackerel (C) from trolling (solid line) and handline (dashed 
line) gear. Catch proportions [trolling/(trolling + handline)] between gears (circles) and GLMM-modelled proportions of catch-at-length by 
trolling and handline gear for Indian threadfish (B) and narrow-barred Spanish mackerel (D). Predicted mean is the black line and grey areas 
are the 95% confidence intervals. A value of 0.5 indicates an even split between gears for the specific length; a value of 0.75 indicates that 

75% of fish caught at this length were captured by trolling and 25% by handline gear. 
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The SIMPER analysis showed a significant differ-
ence between the two gears for captured fish, with a 
dissimilarity average of 23.53%. The species that were 
responsible for the dissimilarity in catch composition 
were Indian threadfish, pickhandle barracuda and 
narrow-barred Spanish mackerel (Fig. 4).

DISCUSSION

This study is the first attempt to determine the catch 
efficiency between different fishing methods com-
monly used in the Gulf of Oman recreational pelagic 
fishery. This comparison provided evidence that the 
handline fishing method captured fish at a higher rate 
than trolling, but size selectivity between gears was 

Fig. 3. – Length frequency of pickhandle barracuda (A) and talang queenfish (C) from trolling (solid line) and handline (dashed line) gear. 
Catch proportions [trolling/(trolling + handline)] between gears (circles) and GLMM-modelled proportions of catch-at-length by trolling and 
handline gear for pickhandle barracuda (B) and talang queenfish (D). Predicted mean is the black line and grey areas are the 95% confidence 
intervals. A value of 0.5 indicates an even split between gears for the specific length; a value of 0.75 indicates that 75% of fish caught at this 

length were captured by trolling and 25% by handline gear. 

Table 2. – Observed mean catch rate (fish hr–1), standard error of the mean, percent catch rate change, likelihood ratio statistics (χ2), and 
p-values between paired handline and trolling trials. * denotes statistical difference at an α of 0.05.

Species Mean catch rate
(fish hr–1) SE % Change χ2 p-value

S. tumbil Handline 0.11 0.03 –27.3 2.373 0.123
Trolling 0.08 0.02

A. indicus Handline 0.21 0.08 –61.9 3.905 0.048*
Trolling 0.08 0.02

S. commerson Handline 0.20 0.04 10.0 0.002 0.962
Trolling 0.22 0.04

S. obtusata Handline 0.09 0.04 –66.7 6.264 0.012*
Trolling 0.03 0.02

S. jello Handline 0.24 0.05 41.7 0.006 0.938
Trolling 0.34 0.07

S. commersonnianus Handline 0.21 0.01 –42.9 2.517 0.113
Trolling 0.12 0.03

Total catch Handline 1.06 0.06 –17.0 9.442 0.002*
Trolling 0.88 0.05

Fig. 4. – Percent dissimilarity for captured species between handline 
and trolling fishing gear.
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species- and fishing method–specific. Larger individu-
als were captured by trolling for all species except In-
dian threadfish, and narrow-barred Spanish mackerel 
showed a quadratic relationship in which small and 
large fish were captured more often by trolling. These 
results show that static (handline) and active (trolling) 
gears compete for many of the same pelagic species 
and have different impacts in terms of catch rate and 
size selectivity.

Fish swimming speed increases with body length 
(Beamish 1978, He 1993). For two of the four species 
investigated, larger fish were captured more often by 
trolling. This is likely explained by larger fish hav-
ing an increased swimming capacity and having an 
increased ability to catch up with bait moving at the 
trolling speed. Indian threadfish showed the opposite 
relationship, smaller fish being captured more often by 
trolling. For narrow-barred Spanish mackerel, smaller 
and larger fish were captured more often by trolling, 
and no difference between gears was found for sizes 
in between. These differences are likely expressed 
as differences in habitat preference. While each gear 
fished the same length of line, a weighted handline 
likely fished close to the length of the line (30 m), 
whereas the trolling gears would have been higher in 
the water column due to the speed of the vessel. Juve-
nile Indian threadfish are often solitary, and found in 
shallow water (Fischer et al. 1990), and as adults In-
dian threadfish can be found in schools near the bottom 
(Von Westernhagen 1974). These life history traits are 
likely what is influencing the opposite trend of Indian 
threadfish being captured more often at shallow depths 
by the shallower-fishing trolling gear, and at depth 
at larger sizes by the deeper-fishing handline. Gener-
ally, narrow-barred Spanish mackerel are shallow-
water predators at all sizes (Blaber et al. 1995), and the 
shallow-water preference in habitat for this species is 
likely what led it to be captured by trolling more often 
at multiple sizes. 

In terms of capture rate, the only differences ob-
served were for Indian threadfish, obtuse barracuda and 
all fish combined. Differences between Indian thread-
fish were likely due to the depth preferences described 
above, and obtuse barracuda are a very small fish rela-
tive to the others captured (maximum length 55 cm; 
May and Maxwell 1986) and would probably rarely be 
able to catch up with the speed of a passing trolled bait. 
Total catch was higher due to the cumulative effects 
of several fish either being significantly captured more 
by handline gear (Indian threadfish; obtuse barracuda) 
or species that showed higher catches for handlines 
(greater lizardfish; talang queenfish).   

Pelagic, predatory species were the most captured 
species in this study, and of these species, trolling se-
lected for larger individuals. Narrow-barred Spanish 
mackerel, pickhandle barracuda and talang queenfish 
are all voracious marine predators, and it is not surpris-
ing that more were caught by the active fishing method 
(Wilson et al. 2015). Additionally, narrow-barred 
Spanish mackerel and pickhandle barracuda use a swift 
ram-feeding strike, can feed on fish larger than their 
jaw gape (Grubich et al. 2008), and use acute visual 

and olfactory senses to locate prey (Sinha 1987), all 
attributes that logically led to capture by trolling. 

A common perception is that more active individu-
als tend to be more exploratory and willing to take 
risks and are thus more susceptible to capture (Biro 
and Dingemanse 2009). A number of recent studies 
have suggested that bigger, more active, and explora-
tory fish are likely more vulnerable to angling due to 
presumed associations with higher growth rates and 
metabolic needs (i.e. higher foraging rates) (Redpath 
et al. 2010, Uusi-Heikkila et al. 2008). Depending on 
what gear is being used, both passive and towed har-
vesting techniques might disproportionately target fish 
based on their behavioural attributes. The link between 
behaviour and the selective nature of a range of fishing 
gears is often emphasized (Biro and Post 2008, Løk-
keborg et al. 2010, Arlinghaus et al. 2016). From an 
ecological and sustainable fisheries management per-
spective, fishers should match the appropriate fishing 
method to the targeted species to prevent the capture of 
unwanted or undersized species. For example, fishers 
should avoid the capture of small fish by trolling to 
target pickhandle barracuda and handlining to target 
Indian threadfish. We suggest that further research 
should focus on how exploited fish populations re-
spond behaviourally to passive and towed harvesting 
techniques.

A number of studies have compared different gears 
in terms of catch rates, efficiency and size selection 
(Huse et al. 2000, Halliday 2002, Stergiou and Er-
zini 2002). Wibowo et al. (2018) reported that troll-
ing caught substantially larger fishes than longline in 
southern waters of the Indian Ocean. Catch efficiency 
and composition were quite different between Hawaii’s 
troll and handline fisheries (Sharma et al. 2003). With 
information on fishing effort, the results of compara-
tive selectivity studies can be used to improve man-
agement by, for example, leading to a more rational 
and objective distribution of licences among gears 
(Erzini et al. 2003). Although management decisions 
require an integration of information on catch, effort 
and harvesters for both commercial and recreational 
sectors, little attention has been paid by policy-makers 
to the monitoring of recreational fisheries. There is 
need for timely and accurate biological, social and eco-
nomic recreational fishing data to evaluate this activity 
(Pitcher and Hollingworth 2002, Pawson et al. 2008, 
Arlinghaus et al. 2010).

Many fisheries, including the Gulf of Oman pelagic 
fishery, use different fishing gears to target the same 
species. However, catching the same species with dif-
ferent techniques can lead to various consequences, 
including negative environmental and socio-economic 
impacts, especially for artisanal fishers. Hence, evalu-
ating overall sustainability of these tools could of-
fer a relevant approach to promoting healthy marine 
ecosystems, and to open discussions about shifting 
from high- to low-impact fishing practices (Fuller et 
al. 2008). Discards and bycatch are among the most 
important issues when fishing gears are compared, 
and little is currently known about them regarding the 
different fishing techniques in the Gulf of Oman. In 
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order to maintain a diverse, healthy ocean, it is neces-
sary to address the overall impact of fishing through an 
ecosystem-based approach (Chuenpagdee et al. 2003, 
Arlinghaus et al. 2016). 

Factors causing variation in the vulnerability of 
different species and size groups to different fishing 
gear are important for the development of optimal 
harvesting strategies and the rational use of living re-
sources (Erzini et al. 2003). Catch rates, catch compo-
sition and length frequency distributions are affected 
by the type and size of hooks (Patterson et al. 2012, 
Garner et al. 2014), catch strategy (Bjordal and Løk-
keborg 1996) and bait (Moreno et al. 1992, Eighani et 
al. 2018). However, further research will be required 
to investigate the effect of hook and bait type on the 
Gulf of Oman pelagic fishery. Based on our results, 
the difference in size selectivity and catch rate between 
handline and trolling fishing gear can improve the fish-
ing strategy and lead to a more conservation-oriented 
management of the fishery. 
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