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Abstract

A presumed conservation benefit of circle hooks is that they reduce catchability 
(q) and therefore bycatch of non-target species. While these changes may benefit a 
fish stock, they are difficult to incorporate in a stock assessment context, particularly 
for models that rely on fishery-dependent data, because few experiments exist that 
quantify the effects of circle hooks for a given species over appropriately large spatial 
scales. Consequently, to develop management advice, it may be necessary to model 
assumed changes in q within the adopted stock assessment model framework. 
Here we present a case study of bigeye tuna (Thunnus obesus Lowe, 1839), a highly 
migratory species managed by the International Commission for the Conservation 
of Atlantic Tunas (ICCAT), and explore the management implications of changes in 
q within a multi-fleet, age-structured assessment context. This study demonstrates 
that changes in q on the order of ±30% are sufficient to cause notable differences 
in the magnitude of common management reference points estimated by stock 
assessment models. Relative to a base model that assumed a constant q, models that 
incorporated a theoretical reduction in q produced higher estimates of spawning 
stock biomass and maximum sustainable yield, and lower estimates of fishing 
mortality while a theoretical increase in q had the opposite effect. The magnitude 
of the change was dependent on the number of fisheries affected. We conclude that 
carefully designed studies are essential to quantify the effects of a proposed gear 
change and to inform the appropriate parameterization of stock assessment models.

Commercial longline fisheries operate throughout the tropical, subtropical, and 
temperate oceans of the world, targeting a number of species including yellowfin 
tuna (Thunnus albacares Bonnaterre, 1788), bigeye tuna (Thunnus obesus Lowe, 
1839), bluefin tuna (Thunnus thynnus Linnaeus, 1758), albacore (Thunnus alalunga 
Bonnaterre, 1788), and swordfish (Xiphias gladius Linnaeus, 1758). While some (e.g., 
Yamaguchi 1989) argue that longline gear can be more selective than other commer-
cial gears, significant bycatch of non-targeted species often occur, including seabirds, 
billfishes, and sea turtles. Due to the perceived potential to enhance live release of 
bycatch species, particularly sea turtles and billfishes (NMFS 2004) and other fishes 
that must be released due to size or bag limits (GMFMC 2008, NMFS 2011), several 
management organizations mandate or promote the use of circle hooks in hook-
based fisheries (ASMFC 2003). 

Circle hooks appear to support substantially higher release survival for sea turtles 
(Watson et al. 2004, Gilman et al. 2006, Epperly et al. 2012), billfishes (Prince et al. 
2002, Kerstetter and Graves 2006), and tunas (Curran and Bigelow 2011, Serafy et al. 
2012) over conventional J-hooks or Japanese-style tuna hooks and may be an effective 
conservation tool (Cooke and Suski 2004, Serafy et al. 2009). However, as a substan-
tive change in fishing practice, hook changes can have multiple consequences for 
the fishery and the ecosystem (Kaplan et al. 2007). To quantify the population-level 
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impacts of the transition from traditional J-hooks (or tuna hooks) to circle hooks it is 
necessary to incorporate such changes into a stock assessment model. 

When examined in this context, hook changes operate on at least three model in-
puts: (1) release mortality, (2) size or age selectivity of the fishing gear, and (3) catch-
ability or q, the fraction of the population captured with one unit of effort. Due to 
the mechanical properties of circle hooks, they tend to lodge in the corner of the jaw 
rather than in deep tissues. This results in improved survival during the hooking 
process (Cooke and Suski 2004, Serafy et al. 2009), and since the entire hook must fit 
in the mouth and the gap between the point and the hook shank must also fit around 
the jaw, they tend to be size selective (Cooke et al. 2005). Lastly, circle hooks can po-
tentially alter catch rates (Kerstetter et al. 2006); however, differences in catch rates 
between circle and J-hooks, when they exist, are often species, fishery, or situation 
specific (Cooke and Suski 2004, Serafy et al. 2009, Curran and Bigelow 2011). 

While it is possible to estimate q, selectivity, and release mortality parameters 
before and after a change in hook type, the available data are seldom adequate to 
support this objective, particularly when stock assessments rely on fishery depen-
dent data. Instead, it is generally preferable to obtain estimates of the effect of hook 
changes on these parameters from field studies, and to use these effects in the model 
without estimation, or to use informative priors. 

The specific intention of this research was to explore, within a multi-fishery stock 
assessment framework, the sensitivity of commonly used management reference 
points to changes consistent with a switch from traditional J-hooks (or tuna hooks) 
to circle hooks. To simplify the analytical procedures, we chose to modify a single 
parameter, q. In the absence of clear guidance as to the magnitude and direction of 
expected changes in q, we examined a range of possibilities.

Methods

The use of circle hooks became mandatory for US pelagic longline vessels fishing in the 
Atlantic in August 2004 (NMFS 2004). To explore the potential implications of this gear 
change, we used a case study, the recent age-structured multi-fleet stock assessment of 
Atlantic bigeye tuna as accepted by the International Commission for the Conservation of 
Atlantic Tunas (ICCAT) in 2010 (Anon 2011). During this assessment, tuned virtual popula-
tion analyses (VPA) were conducted using the VPA-2BOX software featured in the ICCAT 
Software Catalog (Porch 2003). All data inputs and parameter specifications are described in 
detail in the assessment report (Anon 2011), and will not be reiterated here. The specific run 
explored during the present study is referred to as “VPA Run 2” in Anon (2011).

Within the ICCAT convention area, bigeye tuna is a primary target species for many com-
mercial longline and some baitboat fisheries. In addition, juvenile bigeye tuna are often caught 
by purse seiners in association with skipjack and juvenile yellowfin during fishing operations 
on natural or artificial floating objects such as fish aggregating devices (FADs). During the 
2010 assessment, 9 fleets were considered, 7 longline fleets (Brazil, Japan, Uruguay, Taiwan, 
United States, Mexico, and Morocco), and 2 surface fishing fleets (Azorean baitboats and the 
European purse seine). Tuning indices were available for each of these fisheries, with the ex-
ception of the Mexican longline. Note that all indices were fishery dependent and no surveys 
were available for Atlantic bigeye tuna. Fleet-specific catch-at-age was used to estimate the 
selectivity of each fleet. These and the total catch-at-age were estimated from the available 
catch-at-size information using an age slicing procedure (Anon 2011). 

During the 2010 assessment, the catchability coefficients for each index were assumed to 
be constant over the duration of the index and estimated using a concentrated likelihood 
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formula (Anon 2011). For the present study, changes in catchability were applied as of January 
1, 2005, to either the US pelagic longline fleet only, or to all longline fleets. The following 
changes were considered: 30%, 20%, and 10% reductions in q; constant q (as in the 2010 mod-
el); and 10%, 20%, and 30% increases in q. Because the VPA model, as currently programed, 
does not allow a change in q applied to a single year, changes in q were incorporated by adjust-
ing the abundance indices directly using Equation 1.

1I I
qy

y= + D
l

								         (Eq. 1)

where I'y is the adjusted annual index value, Iy is the unadjusted annual index value, and  is the 
change in q expressed as a proportion (i.e., a 30% reduction is equivalent to a Δq of −0.3). The 
adjusted indices are shown in Figure 1. It was not necessary to adjust the Moroccan longline 
index as it began in 2005. No changes were made to the q coefficients of the baitboat or purse 
seine fleets. 

Deterministic management reference points, including current stock status and MSY, were 
estimated using PRO2-BOX (Porch 2002), a related software package also available in the 
ICCAT software catalog. In stock assessment terminology, it is common to express the pres-
ent stock status using the spawning stock biomass ratio [SSB/SSBMSY: the present spawning 
stock biomass (SSB) relative to the level required to support long-term maximum sustainable 
yield (MSY)] and the fishing mortality ratio [F/FMSY: the current fishing mortality rate (F) rela-
tive to the level required to support long-term MSY]. According to the ICCAT Convention 
(ICCAT 2007), stocks are designated overfished if SSB/SSBMSY is <1.0. Likewise, stocks are 
undergoing overfishing is F/FMSY if >1.0.

Results

Changes in q applied to the US pelagic longline fleet alone were sufficient to cause 
small differences in common management reference points estimated by the stock 
assessment model. The accepted base model, which did not specifically incorporate 
a change in q due to circle hooks, produced the following estimates: SSB2008/SSBMSY 
= 0.703, F2008/FMSY = 1.244, and MSY = 85,499 t (Table 1). When a theoretical 30% 
reduction in q was applied, the estimated metrics changed as follows: SSB/SSBMSY 
increased by 7.8% to 0.757, F2008/FMSY decreased by 7.9% to 1.146, and MSY increased 
by 3.4% to 88,402 t (Table 1). A theoretical 30% increase in q had the opposite effect, 
SSB/SSBMSY decreased by 4.9% to 0.668, F2008/FMSY increased by 5.8% to 1.316, and 
MSY decreased by 2.5% to 83,350 t (Table 1). As expected, less substantial changes 
in q had smaller effects (Table 1). The stock status results were also overlaid on a 
phase diagram which facilitates comparison of the estimated stock level relative to 
a commonly-used management reference (i.e., level at MSY). When the change in q 
was applied to a single fishery, the US pelagic longline, the estimated stock status 
in 2008 was located within a single quadrant of the phase diagram (overfished with 
overfishing occurring) across the examined changes in q (Fig. 2A). 

When a theoretical 30% reduction in q was applied to all longline fleets, more 
substantial changes were noted. Relative to the base model described in the previ-
ous paragraph, the estimated metrics changed as follows: SSB/SSBMSY increased by 
42.4% to 1.001, F2008/FMSY decreased by 28.6% to 0.888, and MSY increased by 11.5% 
to 95,325 t (Table 2). A theoretical 30% increase in q had the contrary effect: SSB/
SSBMSY decreased by 22.4% to 0.545, F2008/FMSY increased by 42.8% to 1.777, and MSY 
decreased by 16.7% to 71,234 t (Table 2). Smaller changes in q had less substantial 
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Figure 1. Bigeye tuna indices of abundance with constant q (bold solid line), and with changes in 
q applied to 2005 (see legend). Available time series are on the left, detailed views of 2002–2008 
are on the right.
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effects. It is important to note that in this case, the phase diagram includes model 
results located in three quadrants, ranging from very poor stock condition to healthy 
stock condition (Fig. 2B). 

Discussion

Here we demonstrate that failure to account for true changes in q, such as those 
caused by a change in gear configuration, can be sufficient to cause substantial inac-
curacy in commonly estimated management reference points. This inaccuracy can 
have serious consequences for the success of fisheries management plans, which are 
often based on a specific probability of achieving a desired objective (e.g., 50% chance 
of recovery to SSB greater than SSBMSY within 10 yrs). The problem is most severe 
when the changes are applied rapidly and simultaneously to a number of fleets. Rapid 
changes in gear configuration within a national fishery are not unusual as regulations 
generally have a single effective date across the fishery. Additional fleets may subse-
quently adopt the change if it has demonstrable conservation benefits and main-
tains a sufficient catch rate for the target species. During this experiment, changes in 
catchability were applied to (1) the US pelagic longline fleet alone or (2) to all longline 
fleets on a single date. These scenarios were intended to allow comparison of two 
extreme possibilities and to bracket the potential effect.

We chose to evaluate the implications of a change in q using a case study, the re-
cent age-structured, multi-fleet stock assessment of Atlantic bigeye tuna. This was a 
useful and practical illustration as intentional releases of bigeye tuna are believed to 
be rare, and therefore, live releases could be assumed to be negligible (Anon 2011). 
For species with non-negligible live releases (e.g., marlins) the effect of hook type on 
releases and release mortality must also be considered.

Here we restricted our analyses to variations in q, and applied these changes di-
rectly to the US pelagic longline index alone, or to all longline indices. Other ap-
proaches are possible within a stock assessment modeling framework. For example, 
one could create two sets of indices broken at the gear change, and estimate addi-
tional index-specific q parameters. However, unless the magnitude of the change in q 
is known from scientific studies, or can be constrained with an informative prior, it is 
not likely that sufficient information will be available to obtain a defensible estimate 
of the change in q. This is particularly evident when gear changes are made across a 

Table 1. Estimates of (and percent change) common management reference points, including 
SSB2008/SSBMSY, F2008/FMSY, and MSY with changes in q applied only to the US pelagic longline 
fishery. SSB = spawning stock biomass, F = fishing mortality, MSY = maximum sustainable yield, 
q = catchability.

Change in q
SSB2008/SSBMSY

estimate (% change)
(F2008/FMSY)

estimate (% change)
MSY

estimate (% change)
Decrease 30% 0.757 (+7.8%) 1.146 (−7.9%) 88,402 (+3.4%)
Decrease 20% 0.738 (+5.0%) 1.179 (−5.3%) 87,451 (+2.3%)
Decrease 10% 0.719 (+2.4%) 1.210 (−2.7%) 86,378 (+1.0%)
No change 0.703 (+0.0%) 1.244 (+0.0%) 85,499 (+0.0%)
Increase 10% 0.690 (−1.7%) 1.268 (+1.9%) 84,597 (−1.1%)
Increase 20% 0.679 (−3.4%) 1.293 (+3.9%) 83,854 (−1.9%)
Increase 30% 0.668 (−4.9%) 1.316 (+5.8%) 83,350 (−2.5%)



BULLETIN OF MARINE SCIENCE. VOL 88, NO 3. 2012750

Figure 2. Phase plot of stock status relative to a common management reference level [i.e., maxi-
mum sustainable yield (MSY)] due to change in q applied to (A) US pelagic longline fishery only 
and (B) all longline fisheries.

fleet within a single calendar year because any change in q will be confounded by a 
concurrent change in abundance.

During the most recent years, 2005–2010, the US pelagic longline fishery com-
prised a small fraction (<1%) of the total catches of Atlantic bigeye tuna while the 
remaining longline fleets caught approximately 54%, and the baitboat and purse 
seine fleets were responsible for about 45% (Anon 2011). However, the indices of 
abundance were not weighted by the catch or by fishing effort in the 2010 stock 
assessment model. Rather, all indices were equally weighted. Therefore, the US 
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pelagic longline index may have had more influence on the stock assessment results 
than the fleet-specific landings imply.

The extent of the examined change in q (±30%) was similar in magnitude to the 
reported change in catch rates of tunas from other studies. For example, Curran and 
Bigelow (2011) reported a 10% increase to 40% decline in the catch rates of many pe-
lagic species captured by Hawaii-based tuna longliners, although some changes were 
more extreme. It is interesting to note that Curran and Bigelow (2011) report that hook 
type had no significant effect on the catch rates of bigeye tuna, which implies that the 
resulting change in catchability was low. Although that result may be applicable to the 
present study, the objective of our research was to explore the implications of failing to 
account for a change in catchability within a multi-fleet, age-structured stock assess-
ment model. Thus, we expect that the general conclusion is applicable across modeling 
platforms and species whenever significant changes in catchability are not adequately 
accounted for within the model structure and/or inputs.

This evaluation would have been needless, even contraindicated, if the indices of 
abundance had been derived from scientific surveys that used a standardized gear 
configuration, or if the fishery-dependent indices had fully accounted for all changes 
in q. Although a standardized index was developed for the US pelagic longline fishery 
that accounts for a variety of variables including: year, area, season, fishing target, 
and some aspects of fishing operation (Ortiz and Cass-Calay 2011), hook type could 
not be fully accounted for due to the rapid transition to circle hooks, which caused a 
lack of contrast between year and hook type. Other unquantified changes in q may 
also have occurred in fisheries targeting bigeye (e.g., due to a change from shallow 
to deep sets, or from rope to monofilament gear). These changes may be of simi-
lar or even greater magnitude than those considered during our study and, like the 
change due to circle hooks, they are not thoroughly understood or accounted for by 
the stock assessment model or the index standardization process. Nonetheless, as-
sessments of bigeye tuna, and other species, frequently consider the possibility that 
unspecified changes in q are reflected within the data inputs and attempt to account 
for these changes using a variety of techniques. Thus, the changes in q explored here 
should be interpreted as the potential unaccounted change in q rather than the 
total magnitude.

To fully characterize the effects of a change in gear configuration within a stock as-
sessment model framework, it is necessary to examine the effects of gear changes on 
release mortality, and size and/or age based selectivity of the fishing gear in addition 

Table 2. Estimates of (and percent change) common management reference points, including 
SSB2008/SSBMSY, F2008/FMSY and MSY with changes in q applied to all longline fisheries. SSB = 
spawning stock biomass, F = fishing mortality, MSY = maximum sustainable yield, q = catchability.

Change in q
SSB2008/SSBMSY

estimate (% change)
(F2008/FMSY)

estimate (% change)
MSY

estimate (% change)
Decrease 30% 1.001 (+42.4%) 0.888 (−28.6%) 95,325 (+11.5%)
Decrease 20% 0.873 (+24.3%) 0.999 (−19.7%) 92,402 (+8.1%)
Decrease 10% 0.778 (+10.8%) 1.114 (−10.4%) 89,202 (+4.3%)
No change 0.703 (+0.0%) 1.244 (+0.0%) 85,499 (+0.0%)
Increase 10% 0.645 (−8.3%) 1.379 (+10.9%) 81,742 (−4.4%)
Increase 20% 0.588 (−16.3%) 1.577 (+26.7%) 75,668 (−11.5%)
Increase 30% 0.545 (−22.4%) 1.777 (+42.8%) 71,234 (−16.7%)
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to changes in q. Furthermore, since these changes can operate simultaneously, the 
implications for management are difficult to predict. Studies of the effects of hook 
type on q, selectivity, and release mortality of bigeye tuna do not show consistent 
results. A recent study (Curran and Bigelow 2011) compared large-size 18/0 circle 
hooks against Japanese style tuna hooks and also against size 9/0 J-hooks and found 
no significant difference in q for bigeye tuna landed by Hawaii-based longliners. 
There was also no significant difference in the mean length of bigeye across hook 
comparisons. These results were generally consistent with an earlier study by Kim 
et al. (2006). In contrast, Pacheco et al. (2011) conducted longline field trials in the 
western equatorial Atlantic Ocean and demonstrated a significantly higher catch-
ability for bigeye tuna on 18/0 circle hooks compared to J-hooks. Similar inconsisten-
cies are also noted for other pelagic species including billfishes, sailfish, swordfish, 
and yellowfin tuna (Kerstetter and Graves 2006, Kerstetter et al. 2006, Kim et al. 
2006, Diaz 2008, Serafy et al. 2009, Ward et al. 2009, Pacheco et al. 2011). Such com-
parisons among hook effect studies are fraught with difficulty, as results are often 
confounded by the use of different hook types and sizes, different bait selection and 
baiting techniques, insufficient samples sizes, and inadequate experimental designs 
that do not permit robust statistical inference (Curran and Bigelow 2011). Thus, care-
fully designed studies are essential to improve our ability to quantify the effects of a 
proposed gear change, and the potential implications for management. 
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