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ABSTRACT

Circle hooks have been promoted as an alternative to traditional J-hooks in
pelagic longline fisheries to minimize bycatch mortality and injury to sea turtles
and other marine wildlife. We evaluated the effect of hook type (circle hook vs
J-hook) on the catch and length composition of target and non-target species in
the Uruguayan pelagic longline fishery, for both American- and Spanish-style
longlines. The sample unit used for comparing catches was two consecutive sections
of the longline, each with a different hook type. For the American-style longline
39,822 hooks were deployed in 108 paired sections, and for the Spanish-style 45,142
hooks were deployed in 238 paired sections. The catch of albacore tuna, Thunnus
alalunga (Bonnaterre, 1788), was higher with circle hooks with both gears. The
catch of shortfin mako shark, Isurus oxyrinchus (Rafinesque, 1810), also increased
with the use of circle hooks, but only with the American-style longline. A decrease
was observed in the catch of pelagic stingray, Pteroplatytrygon violacea (Bonaparte,
1832), with both gears, though it was significant only with the Spanish-style longline.
The performance of circle hooks for other target species, such as swordfish, Xiphias
gladius (Linnaeus, 1758), and sharks, and for bycatch species including sea turtles
and seabirds remains unclear and requires further research.

The incidental catch of non-target species has been implicated as one of the main
factors leading to population declines of many large marine vertebrates (e.g., sea
turtles, seabirds, marine mammals, and sharks; Robertson and Gales 1998, Spotila
et al. 2000, Baum et al. 2003, Read et al. 2006). During pelagic longline fishing op-
erations, many of these taxa are incidentally wounded and/or killed when hooked
and/or entangled in the gear (Brothers et al. 1999, Hall et al. 2000, Lewison et al.
2004, Domingo et al. 2006a, Jiménez et al. 2010). Various bycatch mitigation mea-
sures have been tested and implemented by several pelagic longline fleets worldwide
(Gilman et al. 2007, Read 2007, Curran and Bigelow 2011, Lekkeborg 2011). Such
mitigation measures involve using new or modified technologies and devices, intro-
ducing changes to gear design, fishing operations, and/or onboard handling of the
catch (Hall et al. 2000, FAO 2009, Lekkeborg 2011).

Among the measures proposed to reduce sea turtle bycatch are setting the hooks
deeper in the water, using different bait (e.g., mackerel instead of squid), and chang-
ing the shape and size of the hooks (FAO 2009). Circle hooks have been promoted
as an alternative to traditional J-hooks in pelagic longline fisheries to minimize sea
turtle captures and injuries (Watson et al. 2005, Gilman et al. 2007, see review by
Read 2007). Some studies have shown that, apart from potentially reducing sea turtle
bycatch, circle hooks mostly lodge in the mouth instead of resulting in deep hook-
ing (e.g., in the esophagus or lower digestive tract), which may increase post-release
survival (Cooke and Suski 2004, Epperly and Boggs 2004). However, the results of
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studies comparing circle hooks and conventional hooks (J-hooks and tuna hooks)
in pelagic longline fisheries lack consistency due to a variety of factors (Cooke and
Suski 2004, Read 2007, Serafy et al. 2009). Hence, a recent review recommended the
use of circle hooks in specific pelagic longline fleets only after properly designed field
experiments have been completed, the results of which support the use of this hook
type (Read 2007). However, see Serafy et al. (2009) for a different view.

The loggerhead (Caretta caretta Linneaus, 1758) is the main sea turtle spe-
cies caught as bycatch in pelagic longline fisheries operating in the southwestern
Atlantic Ocean (Lépez-Mendilaharsu et al. 2007, Giffoni et al. 2008, Pons et al.
2010). Individuals from different genetic stocks converge in this region (Caraccio et
al. 2008), which is an important foraging and development area for juveniles and sub-
adults of this species (Domingo et al. 2006a).

The southwestern Atlantic incidental catch rates of loggerheads are among the
highest in the world (Domingo et al. 2006b, Giffoni et al. 2008, Sales et al. 2008),
occurring mainly in Uruguayan and adjacent international waters over the conti-
nental shelf and slope (Pons et al. 2009, 2010). Additionally, this region also has high
seabird (i.e., several globally threatened albatross and petrel species; Jiménez et al.
2009, 2010) and elasmobranch [e.g., Pteroplatytrygon violacea (see Table 1 for species
authorities); Domingo et al. 2005, Forselledo et al. 2008] bycatch levels associated
with pelagic longline fisheries.

In the present study, we compare the performance of circle hooks with that of
conventional J-hooks on the catch and length composition of target and non-target
species (retained and discarded) with American- and Spanish-style pelagic longlines.
We also analyze differences in the condition of the sea turtles caught with each hook
type upon gear retrieval, as well as hooking location.

MATERIALS AND METHODS

STUDY AREA AND SAMPLED FLEET

The present study was conducted over the continental slope in the Exclusive Economic
Zone (EEZ) of Uruguay and international waters north of the Rio Grande Rise (Fig. 1). The ex-
periment was conducted on vessels of the Uruguayan pelagic longline fleet. This fleet of nine
vessels uses an American-style longline, targets swordfish (Xiphias gladius), tunas (Thunnus
spp.), and pelagic sharks (mainly blue shark, Prionace glauca), and keeps its catch on ice for
about 20 d, except for a single freezer vessel, which employs a Spanish-style longline, targets
mainly blue shark, and makes trips lasting from 1 to 3 mo (Domingo et al. 2005, Jiménez et al.
2009). In our study, the performance of circle hooks and J-hooks was analyzed for each long-
line style as they present differences in their configuration (e.g., line materials, size of J-hook,
branch line configuration) and the main bait they use.

Specifically, 61 American-style longline sets were monitored during seven fishing trips
between August 2008 and December 2010. Four of these trips were conducted on two com-
mercial fishing vessels (total lengths = 22 and 26 m) and three on a Uruguayan research vessel
(total length = 37 m). The research vessel operated similarly to the commercial fishing vessels
using the same longline style, gear configuration, and with skippers and some crew mem-
bers of the commercial fleet. One-hundred-and-seven sets with Spanish-style longline were
monitored on a single 28-m long vessel in two commercial fishing trips (January—March and
June—August) in 2007.
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Figure 1. Study area and location of longline sets using American- and Spanish-style gears.

FISHING GEAR AND EXPERIMENTAL HOOKS

American-Style Longline.—The American-style longline gear consisted of a 3.6-mm poly-
amide monofilament mainline with polyamide or polyester buoy lines 9-36 m long. Four
types of buoys were used (foam bullets, rigid floats, polyform inflatable buoys, and radio-
beacons). Five 2.0-mm polyamide branch lines 12-14 m long were placed between buoys (Fig.
2A) at intervals of 10-14 s (approximately 50 m, range 42—56 m). Branch lines had two seg-
ments, one spanning from the mainline to a weighted swivel (75 g) and another from the
swivel to the hook. Each section of the gear was delimited by a radio-beacon, and had 75-300
hooks (160 was the most common number of hooks deployed) of only one type: the reversed
10° offset 18/0 circle hooks or the kirbed 10° offset 9/0 J-hooks (Fig. 3; J-hooks are the hooks
traditionally used by the fleet).

Spanish-Style Longline.—The Spanish-style longline gear consisted of a 5-mm polyethylene
multifilament mainline with buoy lines (similar to the mainline both in thickness and mate-
rial) 12-18 m long. Four different sizes of polyform inflatable buoys were used. Eight branch
lines 8.5-13 m long were placed between buoys (Fig. 2B) at a fixed interval of 32 m. Each
branch line had a terminal segment of three twisted wire threads close to the hook. Each
section of the gear was delimited by a radio-beacon, and had 96 hooks of only one type: the
reversed 10° offset 18/0 circle hooks or the straight (0° offset) 17/0 J-hook (Fig. 3; this J-hook is
the one commonly used on the vessel).

For all experimental trips, the longline was set over the vessel’s stern, typically after sunset.
However, some sets started prior to sunset (i.e., diurnal sets), finishing always at night. Early
in the morning, the gear was hauled onboard at the starboard side of the vessel.
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Figure 2. Pair of longline sections used as a sample unit during the experiment. (A) American-
style longline gear. (B) Spanish-style longline gear. Refer to the text for details on the buoy-line,
branch-line (B.L.), and main-line (M.L.) for each gear.

EXPERIMENTAL DESIGN

A pair of adjacent sections, one with only circle hooks and the other with only J-hooks, was
treated as the sample unit. This configuration was chosen for the experiment to minimize
interference with normal fishing operations, as alternating hooks would have caused delay
and complicated set maneuvers.

Most sections in the American-style longline had 160 hooks; infrequently, the number var-
ied from 75 to 300 hooks per section, but the number of hooks was the same for each member
of paired sections. The experiment with the American-style longline analyzed catch data from
a total of 39,822 hooks (50% circle hooks and 50% J-hooks) distributed in 108 pairs that were
deployed in 61 sets. Hooks were baited either with squid [Illex argentinus (Castellanos, 1960)
in 87% of the sets] or mackerel (Scomber spp. in 13% of the sets); the same bait was used for
the two hook types. All sections in the Spanish-style longline had 96 hooks. The experiment
with the Spanish-style longline analyzed a total of 45,142 hooks (50% J-hooks and 50% circle
hooks) distributed in 238 pairs that were deployed in 107 fishing sets. Hooks were baited with
mackerel in 62% of the sets, and in 38% of the sets there were 2 hooks baited with mackerel
for every hook that was baited with squid. The baiting regime was the same for the two hook
types. For both American- and Spanish-style longlines, the experiment was designed to keep
variables as consistent as possible except for the hook type.

DATA COLLECTION

There was 100% scientific observer coverage during hauling operations. Observers record-
ed the total catch (in number of individuals) and, when possible, identified the species and
measured the length of each specimen caught. Fork length (FL) was measured for all fish spe-
cies and minimum curved carapace length (CCL min) for sea turtles (following Bolten 1999).
In the case of sea turtles caught with American-style longline, the hooking locations, as well
as the condition of the animal at haul-back (dead or alive), were also recorded. Hooking loca-
tions were classified as: (1) external (hook lodged in flippers), (2) mouth (hooked in lower jaw,
upper jaw, jaw hinge or tongue), or (3) swallowed (hook swallowed, whether or not the shank
was visible).
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Figure 3. Circle hook and J-hooks employed during the experiment with their respective
dimensions.

DATA ANALYSIS

For most individuals caught (fishes and other taxa), statistical analyses were performed at
the species level. However, prior to statistical analysis some sharks and seabirds species were
grouped into higher taxonomic categories (i.e., genus or family). Thresher sharks (Alopias
spp.) include common thresher, Alopias vulpinus (Bonnaterre, 1788), and bigeye thresher,
Alopias superciliosus (Lowe, 1841). Hammerhead sharks comprise smooth hammerhead,
Sphyrna zygaena (Linnaeus, 1758), and scalloped hammerhead, Sphyrna lewini (Griffith
and Smith, 1834). The category Carcharhinus consists of the bronze whaler, Carcharhinus
brachyurus (Giinther, 1870), dusky shark, Carcharhinus obscurus (Lesueur, 1818), and oceanic
whitetip shark, Carcharhinus longimanus (Poey, 1861). The night shark, Carcharhinus signa-
tus (Poey, 1868), was analyzed separately. Since few albatrosses were caught with both gear
styles, species were pooled as Diomedeidae for analysis.

A randomization test was used to assess catch differences between hook types (see IATTC
2008). Randomization tests are particularly suitable for analyzing data that do not have a
specific probability distribution and have a high number of extreme or tied values (Manly
2007). These tests allowed examination of the null hypothesis of no differences in catches be-
tween adjacent sectional pairs, each with different hook types. The average differences in total
numbers of hooked animals in paired sections were used as summary statistics. Data were
randomized and resampled 99,999 times and scored for whether or not the resampled value
was equal to or greater than the original observed value. This process resulted in a probability
of randomness (P) estimate that was used as a measure of statistical significance against a null
hypothesis (Manly 2007, IATTC 2008, Curran and Bigelow 2011). If the null hypothesis was
not rejected, then all possible orders for the data were equally likely to have occurred.

To test for differences in mean length of the catch between circle hook and J-hooks, we used
Student’s t-tests (Sokal and Rohlf 1979). Also, Fisher’s exact test for count data was used to
test for significant differences in hook location and differences in status at haulback (i.e., alive
or dead, independent of hook location) between hooks types (Agresti 2007) in American-style
longline. For all analyses, significance was declared at P < 0.05.



504 BULLETIN OF MARINE SCIENCE. VOL 88, NO 3. 2012
REsuLTs

CATCHES

American-Style Longline.—The tuna catch with the American-style longline was
higher with circle hooks (Table 1); however, this difference was statistically signifi-
cant only for albacore (Thunnus alalunga, P = 0.00). Significanlty more shortfin mako
sharks (Isurus oxyrinchus) were caught with circle hooks than with J-hooks (P = 0.03,
Table 1). The catch of other commercially important sharks, including blue (Prionace
glauca) and porbeagle (Lamna nasus) sharks exhibited a similar trend, but the dif-
ferences were not significant (Table 1). There was a 24% non-significant decrease (P =
0.06) in swordfish catch with circle hooks as compared to J-hooks.

Thirteen albatrosses, including 11 Black-browed Albatross, Thalassarche mela-
nophrys (Temminck, 1828), and 2 Shy-type Albatross, Thalassarche spp., were caught
with J-hooks and 5 albatrosses [4 Black-browed and 1 Southern Royal, Diomedea
epomophora (Lesson, 1825)] were caught with circle hooks. However, there was no
significant hook difference (Table 1). The catch of these birds was concentrated in
just 7% of the paired sections.

We observed a 25% decrease in the catch of loggerheads with circle hooks, but this
difference also was not significant (Table 1). In addition, four leatherback turtles were
captured, two with circle hooks and two with J-hooks.

Spanish-Style Longline.—Overall, the catch of target species was higher with circle
hooks than with J-hooks (Table 1). For tunas, the difference was only significant for
albacore (P = 0.01). There was a large (P = 0.00) decrease in catches of the pelagic
stingray with circle hooks, representing just 10% of catches with J-hooks (Table 1).
Catches of swordfish increased about 6% with circle hooks vs J-hooks, but this in-
crease was not significant.

Six Albatrosses, 4 Black-browed, 1 Atlantic Yellow-nosed (Thalassarche chloro-
rhynchos Gmelin, 1789), and 1 Wandering Albatross (Diomedea exulans Linnaeus,
1758) were caught with J-hooks and only 1 Black-browed Albatross and 2 petrels (1
White-chinned, Procellaria aequinoctialis Linnaeus, 1758, and 1 unidentified) were
caught with circle hooks. The percentage of paired sections that caught seabirds was
only 2% of the total.

For loggerhead sea turtles, we observed a decrease of 45% in their catch with circle
hooks, compared to J-hooks (Table 1). However, this difference was not significant
(P = 0.15). The percentage of paired sections that caught loggerheads was 9% of the
total. Two leatherback sea turtles were caught as well, one with each hook type.

LENGTH DISTRIBUTION

Body length data were obtained for 72% and 25% of the individuals caught during
the experiments with the American-style and Spanish-style longlines, respective-
ly. There were no significant differences in the mean length of the analyzed species
(swordfish and blue shark in both longline types, and tuna and shortfin mako in
American-style longline).

Loggerhead sea turtles caught during the experiment ranged in size from 45 to 80
cm CCL min with a mean of 59 cm on American-style longline. On Spanish-style
longline the range was 53 to 73 cm CCL min with a mean length of 62 cm. There were
no significant differences in mean size between hook types for either American-style
(¢t=-0.22, P =0.85, n = 79) or Spanish-style longline (¢ = 1.14, P = 0.14, n = 22).
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HoOKING LOCATION AND CONDITION IN SEA TURTLES

Information about hooking location was recorded for 61 of the 84 loggerheads
caught with the American-style longline. Most of the hooks were found in the mouth
for both types of hooks (68% with circle hooks and 81% with J-hooks). Very few exter-
nal hooking events were observed for either hook type (12% and 3% for circle hooks
and J-hooks, respectively). The percentage of swallowed hooks was similar between
hook types: circle hooks (20%) as compared to J-hooks (17%). There were no signifi-
cant differences between hook types for any category of hooking location (P > 0.05).
For the American-style longline, the percentage of turtles that were observed dead
upon retrieval between circle hooks (43%) and J-hooks (32%) did not differ signifi-
cantly (P = 0.22). All loggerheads caught with circle hooks (r = 11) with Spanish-style
longline were alive when hauled onboard. Only one of the sea turtles caught with
J-hooks (n = 20) was dead.

DiscussioNn

Our results show that the use of 10° offset 18/0 circle hooks reduces the capture
of a few bycatch species and increases the catch of some target species as compared
to the kirbed 10° offset 9/0 J-hooks used in American-style longline and the straight
17/0 J-hooks employed in Spanish-style longline. Catches of albacore and shortfin
mako increased with circle hooks, while an opposite trend was observed in the catch
of pelagic stingrays. On the other hand, a decrease of 24%, though not significant,
was observed in the catch of swordfish in the American-style gear. As swordfish is
the main target species in this fishery, stakeholders might be reluctant to adopt circle
hooks. In the Spanish-style longline fishery, catches of swordfish showed a non-sig-
nificant increase of 6%, but as previously noted this fishery targets mostly sharks.

The bait used during the experiments is a recognized caveat to our study, as it was
a factor that could not be entirely controlled. Vessels that operate with American-
style gear mostly employed squid as bait, while the vessel that operates with Spanish-
style gear fished mainly with mackerel. However, in the experiments conducted on
commercial vessels the bait varied depending on its availability and the skippers’
preference, something likely to occur under typical fishing conditions. The bait com-
position did not vary within sectional pairs: the same bait type or mix of baits was
used in both sections of a pair.

TARGET SPECIES

Tuna catches with 18/0 circle hooks increased relative to J-hooks on both styles
of longline with significant differences only in the case of albacore. This increase in
tuna catch with circle hooks is consistent with prior studies conducted in different
parts of the world (Kerstetter and Graves 2006, Ward et al. 2009, Sales et al. 2010,
Pacheco et al. 2011). The catch of albacore with circle hooks was over twice the catch
with J-hooks. In particular, these results are consistent with those reported by Sales
et al. (2010) in the southwestern Atlantic Ocean.

We found no significant difference in the mean body size of tuna captured with
either hook type in American-style longline gear. This lack of difference in size selec-
tivity between circle hooks and J-hooks has also been documented (Kerstetter and
Graves 2006, Ward et al. 2009) in other longline fisheries.
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For vessels using American-style longline, there was a non-significant decrease in
the catch of swordfish. In contrast, in the experiments performed with Spanish-style
longline, although the main target species was the blue shark, there was a non-sig-
nificant increase in the catch of swordfish. This opposite trend could be explained by
the different bait used in each gear style: Watson et al. (2005) and Read (2007) found
that circle hooks significantly increase the catch rates of swordfish when they were
baited with mackerel instead of squid. There was no difference in the body length of
swordfish caught on the two hook types in either style of gear, which is also consis-
tent with other studies (Kerstetter and Graves 2006, Ward et al. 2009, Pacheco et al.
2011).

Catches of shark species increased with circle hooks; however, this was only signif-
icant for the shortfin mako in the American-style longline. Other studies found a sig-
nificant increase in catches of sharks, mainly blue sharks, with circle hooks (Watson
et al. 2005, Gilman et al. 2007, Sales et al. 2010). Some authors suggest that hooks
baited with squid result in an increase in shark catch rates while the use of mackerel,
either with circle hooks or J-hooks, results in a reduction of these catches (Gilman et
al. 2007, Read 2007). The effect of the bait type on the catches should be specifically
addressed in future research.

Recently, Afonso et al. (2011) found that the use of circle hooks reduces the rate
of deep hooking and increases the proportion of mouth hooking in shark species
(including blue shark). Watson et al. (2005) and Afonso et al. (2011) suggested that
the increase in blue shark catches using circle hooks could be misleading because
sharks that are deep-hooked by J-hooks probably bite the polyamide monofilament
leader and escape before being hauled on board. Although this could account for the
increased shark catch rates recorded in American-style longline using circle hooks,
this idea is unlikely to apply to the Spanish-style longline where the leader consists
of three twisted wire threads used to avoid shark loss.

SEA TURTLES

The highest values of loggerhead catch per unit effort in longline fisheries in the
southwestern Atlantic occur over the Uruguayan continental slope (Pons et al. 2009,
2010). The gear is a significant factor that affects the catch rates observed in this area
for this species. Specifically, vessels that use American-style longline have higher
catch rates of loggerheads than those that use Spanish-style longline (Pons et al.
2010). We observed a non-significant reduction of loggerhead bycatch with the use
of circle hooks in both gear styles. While our results are not conclusive, the potential
for circle hooks to reduce sea turtle catches may be greater where mackerel is used as
bait. Several studies found that circle hooks (18/0) baited with mackerel were more
effective at reducing sea turtle interactions than those baited with squid (Watson et
al. 2005, Brazner and McMillan 2008).

Most of the loggerhead hooking locations recorded in our study occurred in the
mouth for both circle hooks and J-hooks. Similar results were found by Brazner and
McMillan (2008), who recorded 89% of turtles hooked in the mouth with 16/0 circle
hooks and 87% with J-hooks. The percentage of loggerheads that swallowed hooks
was approximately equal for each hook type (approximately 20%), although few sea
turtles in this category were recorded. This was an unexpected result since several
studies, reviewed by Gilman et al. (2006) and Read et al. (2007), have suggested that
circle hooks reduce the proportion of turtles that swallow the hook and therefore the
post-release mortality rate. However, other studies found no differences in hook loca-
tion for loggerheads caught with J-hooks vs circle hooks (e.g., Carruthers et al. 2009).
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Only six leatherback sea turtles were caught over the course of the present study
and in equal number for each hook type. This species is typically hooked externally
or entangled in the mainline, branch lines, or buoy lines (Watson et al. 2005), as
observed in the present study. Therefore, hook type does not appear to have a major
effect on bycatch of this species in the fishery. However, sample sizes were small in
the present study.

OTHER BYCATCH SPECIES

Our results also indicate that circle hooks could reduce the bycatch of the pelagic
stingray in the Spanish-style gear (>90%). In the American-style gear, although the
catch was 45% lower with circle hooks, this reduction was not significant. After the
blue shark, the pelagic stingray is the second elasmobranch species most commonly
captured by the Uruguayan pelagic longline fleet (Forselledo et al. 2008). Although a
large proportion of specimens are discarded alive, post-release mortality is probably
high since most of the rays suffer severe trauma or even lose their jaws when discard-
ed (Domingo et al. 2005, Forselledo et al. 2008). The reduction in the pelagic sting-
ray catch we observed in the Spanish-style gear is consistent with the findings by
previous studies (Kerstetter and Graves 2006, Piovano et al. 2009, 2010, Curran and
Bigelow 2011, Pacheco et al. 2011). A possible explanation, as suggested by Piovano
et al. (2010), could be the relationship between the size of the gape of the stingray
mouth and the size and shape of the hook.

The bycatch of albatrosses is a major conservation issue in the Uruguayan fishery
because their catch rates are among the highest reported worldwide (Jiménez et al.
2009, 2010). Although we observed a tendency for J-hooks to catch more albatrosses
than circle hooks, this pattern was not significant. It should be noted that occasion-
ally paired sections were deployed in different light conditions. J-hooks in daylight
and circle hooks immediately after dusk. Considering that these species are captured
in the first seconds after the hooks are deployed and the time of the set (day or night)
is one of the main factors affecting their catch (Jiménez et al. 2009), the difference
in setting times may have confounded the hook type effect on albatrosses bycatch.
However, the potential of circle hooks to reduce albatross bycatch deserves further
research.

Our results show that the use of circle hooks reduces the capture of a few bycatch
species while increasing the catch of some target species. However, other factors
such as size and shape of hooks, gear configuration, type and size of bait, and time
of setting, among others, should also be considered in future studies (ICCAT 2011).
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