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a  b  s  t  r  a  c  t

This  study  addressed  the  influence  of hook  type  (circle  vs  J-hook)  and  leader  material  (nylon  vs  wire)
on  longline  catch  and  mortality  rates  of  target  and  bycatch  species  in  a pelagic  longline  fishery  targeting
swordfish,  Xiphias  gladius,  and tunas.  A  total  of 603  individuals  (53%  classified  as  bycatch)  were  caught
on  17,000  hooks.  Sharks  constituted  45%  of  the  bycatch.  Bite-offs  (i.e.  missing  hooks)  corresponded  to
∼33%  of the  shark  catch  and  occurred  mostly  on  nylon  leaders  (97%).  Hook  type  had  no  significant  effect
on  catchability  or  mortality  of  any  species  or groups.  However,  nylon  leaders  caught  more  bigeye  tuna,
Thunnus  obesus  and  all target  species  combined,  while  wire  leaders  caught  more  blue  shark,  Prionace
glauca  and all  sharks  combined.  If bite-offs  were  assumed  to be  undetected  sharks,  differences  in shark
catchability  between  leader  types  disappear.  Moreover,  significant  differences  in blue  shark  catch  rate
between leader  types  was  found  in  J-hook  treatments  only.  Higher  proportions  of  live  sharks  were  found
on wire  leaders.  The  catch  and  mortality  rates  of sharks  in  longline  fisheries  may  be  underestimated
when  monofilament  leaders  are  used.  This  study  highlights  the  need  for understanding  the  role  of every
longline  component  in gear performance  analysis.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Circle hooks, as opposed to J-hooks, have been suggested to be
an effective tool to reduce bycatch mortality in pelagic longline
fisheries (Cooke and Suski, 2004) because they tend to promote
hooking in the jaw (Afonso et al., 2011; Montrey, 1999; Pacheco
et al., 2011). Gut-hooked sharks show higher at-vessel (Afonso et al.,
2011; Kaplan et al., 2007; Kerstetter and Graves, 2006) and post-
release (Campana et al., 2009; Moyes et al., 2006) mortalities due to
damage to the esophagus and gastric wall (Borucinska et al., 2002)
than jaw-hooked specimens, whose survival rate should be reg-
ulated mostly by soak time (Diaz and Serafy, 2005; Morgan and
Carlson, 2010). Similar trends are found in teleosts (e.g. Horodysky
and Graves, 2005). On the other hand, circle hooks have been
also associated with higher catch rates of sharks (Watson et al.,
2005; Yokota et al., 2006; but see Curran and Bigelow, 2011),
which could compromise their effectiveness on bycatch mortal-
ity mitigation due to higher absolute mortality rates. However,
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heterogeneous catch rates between hook types could be ascribed
to post-hooking processes, further complicating the association
between hook types, catch rates, and mortality rates. For example, if
nylon is used in the terminal tackle of branch lines, then circle and
J-hooks may  exhibit different probabilities of allowing a hooked
shark to escape detection by biting through the leader, since gut-
hooked individuals (which are more common with J-hooks) would
have greater access to the nylon leader (Watson et al., 2005). As
a consequence, both catch and mortality rates measured for dif-
ferent hook types may  lead to differing levels of underestimation
when nylon leaders are used, which can confound interpretation of
longline gear performance studies.

Recently, it has been proposed that nylon leaders (as opposed
to wire leaders) reduce shark catch rate and, thus, fishing mortal-
ity (Ward et al., 2008), but only under the assumption that sharks
that bite through the leader subsequently survive, which is ques-
tionable in the case of swallowed hooks (Campana et al., 2009).
Regardless, the sustainability of longline fisheries would strongly
benefit from the optimization of the fishing gear towards increasing
target species selectivity and bycatch survivorship, which may be
achieved by simple adjustments to the gear configuration (Afonso
et al., 2011; Stone and Dixon, 2001; Swimmer et al., 2011). The
present study addresses the effect of hook type and leader mate-
rial on the catch rate and mortality of target and bycatch species,
particularly sharks, in a pelagic longline fishery.
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Fig. 1. Longline gear comparison. Circle (17/0; 10◦ offset) and J-hooks (10/0; 10%
offset) used in the experiment. Squares of the superimposed grid are 2.0 cm × 2.0 cm.

2. Materials and methods

During January 2011, 17 pelagic longline sets were conducted
from a commercial fishing vessel (30 m length) targeting swordfish
and tuna in the southwestern equatorial Atlantic, around 0–4◦S
latitude and 34–37◦W longitude. The longline was composed of
a nylon monofilament mainline (3.5 mm diameter and ∼90 km
length) and 1200 nylon monofilament branch lines (2.0 mm diam-
eter and ∼32 m length) equipped with an 80 g swivel, a leader, and
a hook. The longline was divided in 8 sections and each section con-
tained 30 floats with 5 hooks between floats. The float lines were
18 m in length so that the longline operated in the upper layer of
the water column. Bait was  squid, Illex sp. (∼70 g).

Although the longline contained 1200 hooks, our experiment
encompassed 1000 hooks per set (thus totaling 17,000 hooks).
Branch lines were outfitted with circle or J-hooks and nylon or
wire leaders, resulting in four treatments with 250 branch lines
each (CNYL: circle + nylon; CSTE: circle + wire; JNYL: J-hook + nylon;
JSTE: J-hook + wire) which were easily identified after attaching a
color-coded zip-tie to the snap of each branch line. Branch lines
were randomly arranged throughout the longline in each set. Circle
hooks were mostly size 17/0 (10◦ offset) and J-hooks were size 10/0
(10◦ offset) (Fig. 1). The nylon leader was a 0.2 m length, 1.2 mm
diameter, monofilament line, and the wire leader was a multifil-
ament, stainless steel line with similar dimensions. All catch was
identified to the lowest possible taxon and classified as dead or alive
following Falterman and Graves (2002).  All branch lines which pre-
sented broken or absent hooks (i.e. bite-offs) were identified and
the distance from the hook until the breaking point was recorded.
Only bite-offs inflicted on the leader (i.e. at a distance from the hook
inferior to 20 cm)  were included in the analysis.

Statistical analyses were conducted on species with N ≥ 40
(Table 1) and on two groups of combined species: sharks (selachi-
ans only) and target species. Target species comprised swordfish,
Xiphias gladius,  and tunas, Thunnus spp., while all remaining species
were considered bycatch (Table 1). A Chi-square goodness-of-fit
test with Monte Carlo simulated P-value (based on 10,000 repli-
cates) was used to compare the frequency of bite-offs between
hook types. To investigate the effect of hook type and leader mate-
rial on the catch rate of sharks, a second dataset was generated
so that bite-offs were included as caught sharks and results from
both datasets were compared. The catch-per-unit-effort (CPUE),
as the number of individuals caught per 1000 hooks, the rela-
tive mortality, as the proportion of dead individuals caught, and
the at-vessel mortality-per-unit-effort (MPUE), as the number of
dead individuals caught per 1000 hooks (Afonso et al., 2011)

of each type of hook and leader were compared for all species
and groups. Normality and homoscedasticity were assessed with
Shapiro–Wilk and Levene’s tests, respectively. Whenever data were
not normal, a square root transformation (

√
x + 0.5) was  applied

to fulfill parametric assumptions. Relative mortality data were
arcsine-transformed following a modification to the Freeman and
Tukey (1950) transformation (Zar, 1999). A 2-way factorial ANOVA
assessed for differences in both CPUE and MPUE between hook
and leader types. A post hoc power analysis was performed fol-
lowing Cohen (1983) to verify the probability of committing a
Type-II error. The dead:alive ratio of both hook and leader types
was compared with a Cochran–Mantel–Haenszel (CMH �2) test.
Additionally, the effect of leader type on blue shark, Prionace glauca,
CPUE was  assessed separately for each hook type with one-tailed,
paired t-tests after removing sets with zero catch within each hook
treatment. Such approach was  elected because it would exclude
samples with mutual zeros in both leader treatments, therefore
avoiding bias due to the absence of blue sharks from the exper-
iment which has no relevance to the comparison of fishing gear
performance. All the analyses were performed in R version 2.14.0
(R Development Core Team, 2011).

3. Results

A  total of 48 bite-offs were recorded, but in 11 occasions the line
had been bitten >20 cm away from the hook and so they were not
included in the analysis. All but one (97%) of the remaining bite-offs
(N = 37) occurred on nylon leaders. J-hooks showed a significantly
higher proportion (68%) of bite-offs than circle hooks (�2 = 4.5676,
P = 0.0492), although statistical significance was marginal.

Overall, 603 individuals were caught, of which 317 (53%) were
classified as bycatch. Sharks constituted 45% of the bycatch. Sword-
fish, bigeye tuna, Thunnus obesus,  blue shark, common dolphinfish,
Coryphaena hippurus, and pelagic stingray, Pteroplatytrygon vio-
lacea, were the most caught species (Table 1). The type of hook
and the interaction between hooks and leaders showed no effect
on the CPUE of all species and groups analyzed (Table 2); however,
statistical power was found to be generally low, with  ̌ varying
mostly between ∼0.27 and 0.4 except for target species (  ̌ = 0.06).
Significantly higher CPUEs of bigeye tuna and all target species com-
bined were observed on nylon leaders compared to wire leaders,
while the CPUEs of blue sharks and all sharks combined were higher
on wire leaders (Fig. 2 and Table 2). If bite-off events are included
in the analysis as undetected sharks, the differences between the
CPUE of all sharks combined on the two  leader types disappear
(F(1,64) = 0.049; MSE  = 0.074; P = 0.825) (Fig. 2). Bite-offs numbered
33% of the shark catch. Additionally, t-tests performed indepen-
dently by hook type for comparing blue shark CPUEs between
leader types found significant differences only in J-hook treat-
ments (tJ-hook = −2.1006, df = 26, P = 0.02276; tcircle = −1.110, df = 26,
P = 0.2772).

The bycatch exhibited varying trends of relative fishing mor-
tality (Table 1). Despite its low relative mortality (31%), the blue
shark emerges as the most impacted elasmobranch species when
considering MPUE, followed by the silky shark, Carcharhinus falci-
formis. The pelagic stingray had one of the lowest fishing mortalities
despite being frequently caught. The snake mackerel, Gempylus ser-
pens, exhibited highest MPUE among teleost bycatch, while the
sailfish, Istiophorus albicans, the blue marlin, Makaira niagricans,
and the common dolphinfish experienced comparably low mortali-
ties (Table 1). The comparison of both relative mortality and MPUE
between hook and leader types yielded no significant results for
any species or groups. Nevertheless, the absolute mortality of all
bycatch exhibited wider and higher values in J-hooks compared to
circle hooks, which was  not observed if considering sharks only
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