
Introduction

Stocks of Atlantic sailfish Istiophorus platypterus,
blue marlin Makaira nigricans, and white marlin
Tetrapturus albidus have been identified as overex-
ploited or fully exploited by the International Com-
mission for the Conservation of Atlantic Tunas
(ICCAT), for more than two decades (ICCAT 1998).
The most current summaries of stock status for
Atlantic sailfish and marlin note the historically high
rates of fishing mortality observed in recent years
(ICCAT 2000). Under the current harvest rates, the

stock status and biomass for these species are expected
to continue to decline. In response to the need to
reduce mortality, particularly for the marlins, ICCAT
mandated a 25% reduction in landings from 1996
levels, to be implemented by 1999. Given the current
prohibition on retention of billfish in the U.S. com-
mercial longline fishery and the increasingly restric-
tive management measures imposed on the U.S.
recreational billfish fishery (SAFMC 1988), alterna-
tive approaches for reducing mortality are warranted.

Recent reports indicate that circle hooks used in
rod and reel recreational fisheries for striped bass
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Abstract.—This study evaluates the performance of circle and comparable-size “J” hooks on Atlantic and Pacific
sailfish Istiophorus platypterus and, to a lesser extent, on Pacific blue marlin Makaira nigricans. Terminal gear
performances were assessed in terms of fishing success, hook location, and bleeding associated with physical
hook damage and trauma. Evaluations of trolling with dead bait took place off Iztapa, Guatemala, during the
spring and summer of 1999, and assessment of drifting/kite fishing with live bait took place off South Florida,
during the summer of 1999.

Three hundred and sixty Pacific sailfish were caught in Iztapa, Guatemala, to assess terminal gear perfor-
mance; 235 sailfish were on circle hooks, and 125 were on “J” hooks. Circle hooks used on sailfish had hooking
percentages (i.e., fish hooked/fish bite) that were 1.83 times higher compared with “J” hooks. Once the fish were
hooked, no difference in catch percentage (i.e., fish caught/fish hooked) between hook types was detected. Sig-
nificantly more sailfish were hooked in the corner of the mouth using circle hooks (85%), as compared with “J”
hooks (27%). In contrast, significantly more sailfish were deep hooked in the throat and stomach with “J” hooks
(46%), as compared with circle hooks (2%). Only one sailfish (1%) was foul hooked using circle hooks, while
11 (9%) sailfish caught on “J” hooks were foul hooked. Sailfish caught on “J” hooks are 21 times more likely to
suffer hook-related bleeding than those caught on circle hooks.

Seventy-five Atlantic sailfish were caught using circle hooks in the South Florida live bait recreational fish-
ery to assess possible differences in hook performance between circle hooks with and without an offset point. No
difference in catch percentage or bleeding was found between circle hooks with: no offset; minor offset (about 4
degrees); or severe offset points (about 15 degrees). However, the percentage of deep hooking in the throat and
stomach for circle hooks with a severe offset (44%) was comparable to the deep hooking percentage for “J” hooks
(46%) used in the Guatemala study. A comparison of circle and “J” hook catch rates of Pacific sailfish and blue
marlin, using logbook catch statistics from recreational fishing off Iztapa, Guatemala, was also conducted. In gen-
eral, use of circle hooks resulted in measures of fishing success that were comparable to or higher than “J” hooks.
Circle hooks also minimized deep hooking, foul hooking, and bleeding. Thus, the use of circle hooks has con-
siderable potential for promoting the live release of billfish into recreational fisheries.
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Morone saxatilis, chinook salmon Oncorhynchus
tshawytscha, and Atlantic bluefin tuna Thunnus
thynnus have been shown to reduce deep hooking
significantly, and thus promote the live release of
these species (Grover et al; Lukacovic and Uphoff
Jr; Skomal et al, all this volume). Circle hooks have
been used for many years in both commercial
pelagic and demersal longline fisheries, but rod and
reel recreational fisheries for sailfish and marlin
have not traditionally used circle hooks as the pri-
mary terminal gear. Although nonconsumptive fish-
ing practices (i.e., catch-and-release fishing) among
U.S. recreational billfishermen in the Atlantic
started in the late 1960s, and has increased dra-
matically in recent years to about 90% release (Far-
ber et al. 1997), it was only recently that advances
in circle hook rigging techniques using natural bait
allowed increased use of circle hooks for
trolling/pitch baiting or live bait drifting for sailfish
and marlin1, 2. This study was initiated in response
to requests for more information on the use of cir-
cle hooks for catching billfish, in order to promote
the live release of these important resources
(USDOC 1999). Specific objectives were: to com-
pare hooking and catch percentages between ter-
minal gear (circle and “J” hooks) used in the
trolling/pitch bait recreational fisheries for billfish;
to assess the hook location and degree of hook-
associated physical damage and bleeding between
terminal gears; and to evaluate the different levels
of offset points in circle hooks relative to catch per-
centages, hook location, and bleeding in the live bait
recreational fishery for sailfish.

Materials

Terminal Gear Comparisons Using Dead
Natural Bait

We defined circle hooks as hooks having a point that
is perpendicular to the main hook shaft, whereas “J”
hooks are defined as hooks having a point parallel
to the main hook shaft (Figure 1). Iztapa, Guatemala,
was chosen as the primary research site because of
high seasonal catch rates for sailfish and local coop-

eration of the fishing fleet, insuring that sufficiently
high sample size targets could be obtained in a min-
imum amount of time for a species that is commonly
known as a rare event species (Prince and Brown
1991). The fishing fleet in Iztapa, Guatemala con-
sisted of five modern recreational vessels 30–40 feet
in length, all of which participated in the study, the
F/V Captain Hook, the F/V Magic, the F/V Inten-
sity, the F/V Pelagian, and the F/V Classic.

In order to promote valid comparisons of termi-
nal gears, both hook types were rigged in the same
manner on the forehead of ballyhoo Hemiram phus
brasiliensis (Figure 1). Ballyhoo are the bait of
choice for trolling/pitch baiting Pacific sailfish off
Iztapa, Guatemala, and were used in this study. Our
choices of hooks were the Mustad2, 3 short shank “J”
hook (size 6/0, model 9175) and the Eagle Claw2, 3

circle hook (size 7/0, model L2004), which has a
minor offset point of less than four degrees. An off-
set is a deviation of the hook point relative to the
main axis of the hook shaft. The Mustad “J” hook
has no offset point and a silver finish, while the cir-
cle hook has a pearl gray finish. The difference in
hook color between hook types helped facilitate
identification of hooks embedded in live sailfish at
boatside, where hook location and hook-related

Figure 1. Terminal gears rigged on ballyhoo Hemirammphus
brasiliensis, used in the troll/pitch bait recreational fishery
for billfish in Iztapa, Guatemala. Top, long shank “J” hook
(Mustad model 3407, size 8/0), used prior to 1998; middle,
short shank “J” hook (Mustad model 9175, size 6/0); and
bottom, circle hook (Eagle Claw model L2004, size 7/0),
used in this study.

1. Fogt, J. 1999. Circle of life. Marlin Magazine 18(3):44–50.
2. Rizzuto, J. 1998. Get to the point. Marlin Magazine 17(3):46–50.
3. The mention of commercial products or entities does not imply endorsement by the National Marine Fisheries Service or the

authors.
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damage assessment were conducted. Circle hook
styles and sizes are not consistent between models,
nor do they correspond to hook size for traditional
“J” hooks1,2. Although the commercially-listed sizes
of the two hooks used in this study were different
(“J” hook was 6/0 and circle hook was 7/0), the
actual sizes of the hook types were almost identical
(Figure 1). Traditional hook setting techniques of
jerking the fishing rod vertically were used for sail-
fish caught on “J” hooks. These techniques were
modified for circle hooks1, 2 to a more passive
approach, by simply reeling the line tight as the fish
swam away from the vessel.

Catch/Hooking Performance and Hooking
Injury: A fish bite was considered to be a strike that
resulted in the line being pulled out of the outrigger
pin while trolling, or a bite witnessed visually dur-
ing pitch bait fishing. Visual confirmations of species
identification were made to ensure sailfish catch-
and-hooking percentages were only for sailfish.
Hooking percentage was defined as the number of
fish hooked divided by the number of fish bites. A
fish was considered hooked when it took drag and
continued to remain on the line for at least 10 sec-
onds. Catch percentage was defined as the number
of sailfish brought close enough to boatside for the
crew to touch the leader (i.e., a catch), divided by
the number of sailfish hooked.

Fish injuries associated with hooking were char-
acterized by evaluating hook location, as well as
incidence and amount of bleeding. When possible,
fish were pulled out of the water by the crew using
the upper bill, and the head of the fish was lifted onto
the gunnel of the vessel, the mouth opened, and the
hook location and amount and source of bleeding
were noted (Figures 2, 3, 4, and 5). Since the recre-
ational fishery of Iztapa, Guatemala is almost exclu-
sively catch and release; more detailed evaluations
of hook damage using autopsy examinations of dead
fish were not made. If hook location and amount and
location of bleeding were unclear prior to release,
these data were not recorded. Hook location cate-
gories included: corner of mouth or jaw hinge (Fig-
ure 2); lower or upper jaw; deep hooked, including
hooks lodged inside the mouth, throat or deeper, the
upper/lower palate, pharynx, esophagus, gill arch,
or stomach (Figures 3 and 5); and foul hooked (i.e.,
hooks lodged outside of the mouth; Figure 4). Some
typical foul-hooked locations included the upper

Figure 2. Eighty-five percent of sailfish caught on circle
hooks had them lodged in the hinge of the jaw. Arrow indi-
cates hook location.

Figure 3. Forty-six percent of sailfish caught on “J” hooks
had them lodged inside the mouth, throat, gill arch, esoph-
agus, pharynx, or stomach(i.e., deep hooked). Arrow indi-
cates hook location.

Figure 4. Nine percent of sailfish caught on “J” hooks were
foul hooked, such as this hook, which lodged on the outside
of the upper bill. See text for definition of foul hooking.
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bill, operculum, dorsal musculature, and eyeball.
The amount of bleeding was subjectively cate-

gorized into three general levels based on the vol-
ume of blood observed: severe bleeding; moderate
bleeding; and minor bleeding. The general location
of bleeding was noted whenever possible, but data
on source of bleeding could not be taken consistently
because not every fish could be examined out of the
water.

Gear Specific Fishing Success in Guatemala: A
comparison of catch rates reported by the Iztapa
recreational fleet was conducted to evaluate the fish-
ing success for Pacific sailfish and blue marlin. Cap-
tains in the fleet have kept detailed logbook records
of the number of fish bites and fish caught since
1993. The analysis used the catch data information
from the fishing year June 1996 through June 1997,
when the fleet used “J” hooks exclusively, and from
the fishing year June 1998 through June 1999, when
the fleet had switched entirely to circle hooks.
Because there was no overlap in periods between the
use of the two hook types in time, it was not possi-
ble to distinguish catch rate effects due to the fish-
ing gear used and changes in stock abundance
between years. This limitation would apply to any
statistical analysis using these data. Thus, we
assumed that the stocks were equally available in
number and spatio-temporal distribution between
the two consecutive years. Standardized catch rates
were computed using a generalized linear mixed
model (GLMM) that discriminated between effects

on catch rates due to seasonality, boat-captain char-
acteristics, and hook type. Catch rates were defined
as the number of fish caught per day (CPUE).

Evaluation of Circle Hooks in the South Florida
Sailfish Live Bait Fishery

Three types of Eagle Claw circle hooks with dif-
ferent degrees of an offset point were used to assess
hook performance in the live bait fishery for sail-
fish off south Florida. Eagle Claw3 model 197 L has
an offset point of 15 degrees (severe), model L2004
has an offset point of about 4 degrees (minor), and
model L2004 EL has no offset point (all hooks were
size 7/0). These differences allowed us to compare
catch percentages and potential hook damage
among circle hooks with different degrees of off-
set. Two live bait-fishing techniques were involved:
drifting with flat lines with and without weights, and
live bait fishing with kites. The primary live baits
of choice were Atlantic thread herring Opisthonema
oglinum, blue runner Caranx crysos, and bigeye
scad Selar crumenophthalmus. Occasionally,
smaller baits were used, including round scad
Decapterus punctatus and scaled sardine Harengula
jaguana (pilchards). Three south Florida charter
boat captains, who specialize in live bait fishing for
sailfish, participated in this study during the sum-
mer of 1999.

Statistical Analyses

The chi-square goodness-of-fit procedure (Steel and
Torrie 1960) was used to examine the null hypoth-
esis that there were no differences in catch percent-
ages, hooking percentages, hook location, or
associated bleeding between terminal gears in the
sailfish fishery off Guatemala. In cases where the
number of observations per cell was lower than the
number of degrees of freedom, Fisher’s exact test or
Odds ratio test was used instead (Shoukri and Pause
1999). For comparisons of data with more than two
levels per factor, a Cochran-Mantel-Haenszel
(CMH) test was used. This test evaluates the asso-
ciation between X and Y (row levels) in any of the
strata (Shoukri and Pause 1999). Chi-square and
CMH tests evaluated whether or not there is inde-
pendence between two factors. If the null hypothe-
sis was rejected (i.e., nonindependence between
factors), a correspondence analysis test was carried
out to show the degree of association among levels,

Figure 5. Upper palate wounds incurred by sailfish were
exclusively “J” hook-related injuries. The depth and loca-
tion of this upper palate laceration (lower arrow) also
resulted in hemorrhaging in the eye (upper arrow).
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based on a weighted principal components evalua-
tion (Manly 1994). Similar procedures were also
used to evaluate differences associated with the
degree of offset in circle hooks used in the live bait
fishery for sailfish off South Florida. Catch rates
(CPUE) for blue marlin and sailfish, based on cap-
tains’ logbooks of the recreational fishing fleet in
Guatemala, were evaluated for differences associ-
ated with hook type by using a Generalized Linear
Mixed model (GLMM) approach (SAS 1997).

Results

Terminal Gear Comparisons Using Dead
Natural Bait

From March through May 1999, a total of 590 sail-
fish bites were recorded off Iztapa, Guatemala (Table
1). Of these, 461 sailfish were hooked, and 360 were
caught, examined at boatside, and released. The
number of sailfish hooked and caught on each ter-
minal gear are as follows: 300 were hooked on cir-
cle hooks and 235 of these were caught, while 161
were hooked on “J” hooks and 125 of these were
caught (Table 1). Circle hooks showed significantly
higher (p < 0.002) hooking percentages compared
with “J” hooks (Table 2). Odds ratio tests indicated

that, on average, circle hooks were 1.83 times more
likely to hook a sailfish than a “J” hook (Table 2).
In contrast, once a fish was hooked, the catch per-
centage (78%) was virtually identical for each type
of terminal gear. Chi-square and CMH tests indi-
cated that the percentage of hook location also dif-
fered significantly (p < 0.001) between circle and
“J” hooks (Table 2). The correspondence analysis
was then used to determine particular associations
between hook type and hook location levels. This
test showed that circle hooks were closely associ-
ated with hooking in the corner of the mouth, while
“J” hooks were closely associated with deep hook-
ing and foul hooking (Table 2; Figure 6).

Seventy-one of the 125 sailfish caught on “J”
hooks were observed bleeding, as compared with 14
of 235 sailfish caught on circle hooks (Table 1). This
difference was highly significant (p ≤ 0.001), and
the Odds Ratio test indicated that a sailfish caught
on a “J” hook was 20.75 times more likely to bleed
compared with one caught on a circle hook (Table
2). Analysis of the degree of bleeding associated
with the two types of terminal gear indicated a sig-
nificant difference (p < 0.001; Table 2). Correspon-
dence analysis showed that “J” hooks were highly
associated with minor/moderate/severe bleeding,

Table 1. Circle and “J” hook comparisons for Pacific sailfish caught in the recreational dead bait fishery off
Iztapa, Guatemala, from March through May, 1999. See text for descriptions of terminal gear and definitions of
catch and hooking percentages, hook locations, and degree of bleeding.

“J” Hooks Circle Hooksa

number % number %

Fishing success
bites 225 365
fish hooked 161 72 300 82
fish caught 125 78 235 78

Hook location
hooked in corner of mouth 34 27 200 85
hooked in lower or upper jaw 21 17 30 13
deep hooked 58 46 4 2
foul hooked 11 9 1 0.4
unknown hook location 1 1 0 0

Bleeding
severe bleeding 32 26 6 3
moderate bleeding 23 18 4 2
minor bleeding 16 13 4 2
no bleeding 54 43 221 94

Bleeding source
gills 13 3
gut 8 1

eyes 1 0

a. offset 4º
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while circle hooks were associated with no bleed-
ing (Figure 7, Tables 1 and 2).

Bleeding from the gills was found in 10% of the
sailfish caught on “J” hooks and 1% of the sailfish
caught on circle hooks. However, circle hooks were
not found embedded in gill arches or filaments,
whereas numerous “J” hooks were found lodged in
these structures. After closer observation, it was
determined that monofilament frequently became
caught behind the gill plates during the fight, regard-
less of the type of terminal gear. Monofilament com-
ing into contact with the gill structure appeared to

irritate the gill filaments and resulted in mostly mod-
erate or minor bleeding. This was the only injury we
documented during the study that could not be
directly attributed to hook damage, and monofila-
ment irritation of the gills was observed in sailfish
caught on both terminal gears. However, in cases of
severe bleeding from the gills, most of these
instances were due to hook damage and not monofil-
ament irritation.

Gear -Specific Fishing Success in Guatemala

Catch data derived from captain’s logbooks included
species, number of fish caught, bites, and number of
fish raised, number of fishing days per month, and
vessel name from 1996 through 1999 (Table 3; Fig-
ure 8). Sample sizes for sailfish and blue marlin dur-
ing both fishing years (1996/1997 sailfish N = 5,778,

comparison of circle hook and “j” hook performance 7

Figure 6. Distribution of hook location by hook type from
Pacific sailfish caught off Iztapa, Guatemala (A. bar width
is proportional to sample size). Hook locations were charac-
terized as corner of mouth, upper/lower jaw, deep, and foul
hooked. See text for definitions of hook locations.
Correspondence analysis plot (B).

A

B

Figure 7. Distribution of degree of bleeding by hook type
(circle and “J” hooks) for Pacific sailfish (A. bar width is
proportional to sample size). Bleeding was characterized as
none, minor, moderate, or severe. See text for definitions of
bleeding categories. Correspondence analysis plot (B).

A

B
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blue marlin N = 60; 1998/1999 sailfish N = 6,639,
blue marlin N = 46) were high (Table 3). As men-
tioned earlier, if we assumed that availability and
stock density was similar between the 1996/1997
and 1998/1999 fishing years, differences in catch
rates could be attributed to the terminal gear used.
Thus, analysis of catch rates (catch per unit effort
[CPUE] = number of fish/fishing day) was per-
formed for sailfish and blue marlin using a GLMM
model assuming a lognormal error distribution with
autoregressive covariance structure (Littell et al.
1996). This covariance model accounts for large cor-
relations for nearby time observations within each
boat compared with distant observations. The fac-
tors included in the GLMM were quarter grouping

of monthly CPUEs, hook type (“J” hook and circle
hook), and boat. The boat effect was considered a
random factor. First-level interactions of main fac-
tors were also evaluated. The CPUE model can be
expressed as

(1)

where Xi is the vector of fixed factors of hook type
and quarter, di,j is the random block factor boat, and
e is the normally distributed error. The mean CPUE
for each hook type was estimated from the least
square means (LSMeans), and this variable was used
as a test for significance between hook types. The
Akaike’s Information Criterion (AIC) and Schwarz’s

logCPUE X d ei i

i

ij ijk= + + +
=
∑β β0

1

8 prince, ortiz, and venizelos

Table 3. Summary of catch statistics for Pacific sailfish and blue marlin from captains’ logbooks of the recre-
ational fishing fleet in Iztapa, Guatemala, by hook type and species. “J” hooks were used during the fishing year,
June 1996–June 1997, and circle hooks were used during the fishing year June 1998–June 1999.

"J" Hooks(1996/1997) Circle Hooks(1998/1999)

Sailfish(n) Blue marlin(n) Sailfish(n) Blue marlin(n)

Fishing days 776 776 517 517
Billfish raises 13,344 134 15,198 102
Billfish bites 10,297 106 11,610 85
Billfish caught 5,778 60 6,639 46
Catch percentage a (%) 56 57 57 54
Nominal CPUE (std mean)b 7.443 (0.489) 0.2011 (0.0669) 12.015 (0.884) 0.2617 (0.0533)

a. Catch % = number caught/number bites
b. CPUE = number caught/number fishing days per month.

Figure 8. Nominal (diamonds) and estimated (horizontal line) catch per unit of effort (CPUE) based on logbook data for
Pacific sailfish and blue marlin by quarter (1, 2, 3, and 4), hook type (Circle and J-type hooks), and boat from the recre-
ational fleet off Iztapa, Guatemala.
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Bayesian Criterion (SBC) showed that the autore-
gressive covariance model explained the overall vari-
ability (Table 4) better than the compound symmetric
and unstructured covariance models (Littell et al.
1996). For sailfish, the model results showed that the
hook-type factor was significant, and the mean esti-
mated CPUEs were 10.25 sailfish per fishing day for
circle hooks and 6.34 sailfish per fishing day for “J”
hooks (Table 4; Figure 9). In contrast, for blue mar-
lin, model results showed that hook type was not a
significant factor, and mean estimated CPUEs were
0.174 blue marlin per fishing day and 0.167 blue

marlin per fishing day for circle hooks and “J” hooks,
respectively (Table 4; Figure 9). Only, in the case of
blue marlin, the quarter was a significant factor,
reflecting the seasonal character of the blue marlin
fishery off Iztapa, Guatemala.

Use of Circle Hooks in the South Florida
Sailfish Live Bait Fishery

Seventy-five sailfish were caught on circle hooks
using live bait in the recreational fishery off South
Florida (Table 5). Analysis of catch percentages (fish
caught/fish bites) using the CMH test showed no dif-

comparison of circle hook and “j” hook performance 9

Table 4. Generalized linear mixed model (GLMM) analyses for Pacific sailfish and blue marlin catch rates  from
logbook reports of  the recreational fisheries off Iztapa, Guatemala for two separate fishing years, June
1996/June 1997 and June 1998/June1999.

Sailfish Blue marlin

Covariance structure models

Unstructured compound Autoregressive Unstructured Autoregressive 
Description matrix symmetric (1) matrix (1)

Observations 88 88 88 53 53
Residual log likelihood -74.376 -76.778 -76.954 -61.689 -60.278
Akaike’s Information criterion -76.376 -78.778 -78.954 -63.867 -62.278
Schwarz’s Bayesian criterion -78.795 -81.197 -81.373 -65.738 -64.150

Model Summary
Class Level Values

Hook type 2 Circle   J-type
Quarter 4 Jan-Mar Apr-Jun Jul-Sep Oct-Dec
Boat 5 CaptHook Classic Intensity Magic Pelagian

Blue marlin Test for fixed Effects
Source NDF DDF Type III F p > F

Hook type 1 44 0.04 0.834
Quarter 3 44 11.17 0.0001

Least Square Means Difference of LS Means for Hook type
Hook type LSMean Std error df Difference Std err Diff t p > [t]

Circle -1.7573 0.1375 44 0.0384 0.18202 0.210 0.8339
J-Type -1.7957 0.1328 44

Sailfish Test for fixed Effects
Source NDF DDF Type III F p > F

Hook type 1 79 10.85 0.0015
Quarter 3 79 0.72 0.5403

Least Square Means Difference of LS Means for Hook type
Hook type LSMean Std error df Difference Std errDiff t p > |t|

Circle 2.3210 0.1122 79 0.4797 0.1456 3.29 0.015
J-Type 1.8413 0.1102 79
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ferences associated with the three categories of off-
set circle hooks (Table 6). Similar results were
obtained using Fisher’s exact test if the samples from
minor offset and no offset were combined and com-
pared with the severe offset category. However, the
analysis of hook location indicated that the level of
circle hook offset and hook location were not inde-
pendent (Table 6). Correspondence analysis revealed
that severe offset circle hooks were highly associ-

ated with deep hooking, while minor and no offset
circle hooks were associated with jaw and corner of
mouth hook locations (Table 6; Figure 10). Bleed-
ing was analyzed by grouping minor and no offset
observations and this category was compared with
severe offset circle hooks using the Fisher’s exact
test. Results indicated no statistically significant dif-
ferences in bleeding between the offset categories
(Table 6).

10 prince, ortiz, and venizelos

Figure 9. Estimated mean (LSMean) CPUE by hook type and 95% confidence intervals for Pacific sailfish (A) and blue mar-
lin (B) based on logbook data from the recreational fleet off Iztapa, Guatemala. Long shank “J” hooks were used during
the fishing year 1996/1997, and circle hooks were used during the fishing year 1998/1999.

A B

Table 5. Atlantic sailfish caught using live bait and circle hooks with different offset points off south Florida.
Severe and minor offset hooks had 15º and  4º offsets, respectively. See text for definition of offset point, catch
percentage, hook location, and degree of bleeding. The model of Eagle Claw circle hooks used in this study is
given in parentheses.    

Offset Circle Hooks

Severea(L197) Minorb(L2004) Nonec(L2004 EL) Minor & None combined

number % number % number % number %

Fishing Success
Fish hooked 18 22 47 69
Fish caught 16 89 18 82 41 87 59 86

Hook location
Corner 2 11 7 32 12 26 19 28
Jaw 3 17 4 18 7 15 11 16
Deep 8 44 3 14 3 6 6 9
Foul 0 0 0 0 0 0 0 0
Unknown 3 17 4 18 19 40 23 34

Bleeding
Severe 1 0 0 0
Moderate 0 0 2 2
Minor 0 0 1 1
None 15 18 38 56

a. Eagle Claw model number L197 with 15º offset
b. Eagle Claw model number L2004 with 4º offset
c. Eagle Claw model number L2004EL 
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Discussion

Fishing Success

One of the first concerns in attempting to change the
terminal gear in any recreational fishery is that such
a change will negatively impact fishing success1, 2, 4.
This study showed that catch percentages were unaf-
fected by a change in hook type using the different
terminal gears during dead bait trolling/pitch bait-
ing for sailfish in Iztapa, Guatemala. Catch per-

centages for sailfish and blue marlin obtained from
captain’s logbooks in previous years were also con-
sistent with these results. Analysis of standardized
catch rates from captain’s logbooks indicated that
for Pacific sailfish, the number of fish caught per fish-
ing day was higher during 1998–1999 year, when
the fleet used circle hooks. However, this analysis
could not differentiate between increases in fish
availability and hook type catchability. Sailfish catch
percentages were also high for circle hooks fished

comparison of circle hook and “j” hook performance 11

Table 6. Atlantic sailfish caught on circle hooks with three different offset points in the live bait  recreational fish-
ery off south Florida. Samples for no offset and minor offset were combined into a single category for the analy-
sis of bleeding. 

No Minor Severe statistic Odds 95% confidence 
Comparison offset offset offset Test value p ratio bounds

Catch percentage = Chi-square
fish caught/ fish bites 87% 82% 89% Contingency table 0.507 0.776 N/A

Cochran-Mantel-
(41/47) (18/22) (16/18) Haenszel 0.501 0.778 N/A

Hook location
Corner of mouth 12 7 2 Chi-square 17.205 0.009

Contingency table
Deep 3 3 8
Upper/lower Jaw 7 4 3 Likelihood Ratio 15.859 0.015

Chi-square
Unknown 19 4 3 Fisher's Exact test 0.014

Bleeding Severe /Minor
Yes/No 3 / 59 1 / 15 Fisher's Exact test 0.626 0.804 0.077 8.387

4. Jordan, J. 1999. Going full circle. Big Game Fishing Journal 12(3):52–62.

Figure 10. Distribution of hook location by degree of offset in circle hooks from Atlantic sailfish caught off South Florida
(A. bar width is proportional to sample size) and correspondence analysis plot (B).
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with live bait off Florida. However, it should be
noted that catch percentages and catch rates for cir-
cle hooks depended on the novel forehead hook
placement used to rig the baits, as well as a certain
amount of training to implement a more passive
approach to setting circle hooks. Our findings on
fishing success were similar to those reported by
Skomal et al. (this volume), who found no statisti-
cal differences in recreational catch rates between
circle hooks and “J” hooks in the dead chunk bait
fishery for juvenile Atlantic bluefin tuna.

Circle hooks fished in the manner described in
this study were found to have a higher hooking per-
centage for sailfish compared with “J” hooks, and
this result was corroborated with field observations.
For example, it was observed that “J” hooks often
dehooked during the fight when sailfish jumped out
of water, and this was less likely to occur with a cir-
cle hook. The curved point of the circle hook
appeared to reduce dehooking under these circum-
stances. Recreational anglers have noticed similar
advantages of using circle hooks while targeting tar-
pon Megalops atlanticus in South Florida. In many
Florida locations, circle hooks are now the terminal
gear of choice for tarpon fishers because of their abil-
ity to hold in place, despite the fact that this species
is known for dramatic leaps out of the water4. Sko-
mal et al. (this volume) reported that once Atlantic
bluefin tuna were hooked, there were three times as
many instances of dehooking using “J” hooks, as
compared with circle hooks. Overall, catch per-
centages (sailfish, blue marlin), hooking percent-
ages (sailfish), and catch rates (sailfish) reported in
this study generally were comparable with or were
higher for circle hooks than for “J” hooks. These
results are likely to encourage recreational billfish-
ing constituents, who might not otherwise be recep-
tive to changes in their fishing tackle, to consider the
use of circle hooks as a terminal gear alternative to
“J” hooks.

Physical Injuries Due to Hooking

It was beyond the scope of this study to measure
release mortality directly, due in part to the difficulty
of holding billfish in captivity (Post et al. 1997; de
Sylva et al. 2000) and the prohibitively high cost of
using pop-up satellite tags to monitor postrelease sur-
vival (Graves et al., unpublished data). However,
hook location, physical hooking injuries, and amount

of bleeding between hook types were evaluated in
this study, and these data provide insight into sur-
vival potential. Hooks found in the jaw hinge or
mouth, or fish bleeding from these locations, were
not considered life threatening. Conversely, hooks
found in the upper palate, throat, pharynx, esopha-
gus, or stomach, and fish showing lacerations or
bleeding from these areas, were considered poten-
tially lethal. The lack of autopsies to examine hook-
related injuries closely prevented estimates of
potential release mortality in this study. Skomal et
al. (this volume) were able to conduct detailed autop-
sies on Atlantic bluefin tuna in their hook-damage
study and produced estimates of 2% potential release
mortality for bluefin tuna caught on circle hooks and
28% potential mortality for tuna caught on “J”
hooks. Nevertheless, difficulties in holding tuna and
billfish in captivity or making direct in situ mea-
surements continue to hinder release mortality stud-
ies of many species.

The results of this study clearly indicate that the
use of circle hooks can minimize deep hooking and
foul hooking in the recreational trolling/pitch bait
fisheries for sailfish. Numerous other studies have
found similar results for a wide variety of species,
including striped bass (Lukacovic and Uphoff, this
volume), Atlantic bluefin tuna (Skomal et al., this
volume), and chinook salmon (Grover et al., this
volume).

Although deep hooking was considered to be
potentially lethal, sailfish and marlin are very large
species that may not necessarily die if deep hooked
in the throat, pharynx, esophagus, or stomach. For
example, on numerous occasions, rusty hooks have
been found in the stomachs of large billfish that
appeared to be healthy otherwise (E. Prince, author’s
personal observation). In addition, it is common for
all billfish to evert their stomachs outside their mouth
once hooked (Harvey 1989; Figure 3). This appears
to be a protective mechanism used by billfishes to
dislodge bones and other indigestible materials that
they routinely consume (Rivas 1975; ICCAT 1999).
Therefore, having a bone or hook penetrate the stom-
ach of a billfish may not necessarily result in mor-
tality, unless it also injured a vital organ and/or
initiated a lethal infection.

Only one sailfish mortality was documented dur-
ing this study. This individual was caught on a “J”
hook, which appeared to have cut one of the major
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gill arches. The assumption was that this fish bled
to death. Conversely, some of the injuries that were
not associated with deep hooking could also be
potentially lethal. For example, several instances
were documented where “J” hooks were foul hooked
in the eye. If eye injuries result in blindness, then
this injury could potentially affect survival because
Istiophorids are highly dependent on daytime sight
feeding in the upper portions of the water column
(Rivas 1975; Block at al. 1992). Blindness in one
eye would negatively impact peripheral vision and
could seriously inhibit the ability of these species to
feed. Numerous instances were also documented
where “J” hook injuries that were not foul hooked
could have caused eye damage. For example, in
some cases, “J” hooks caused deep lacerations to the
upper palate (Figure 5), which, on occasion, affected
the occipital orbit and resulted in hemorrhaging in
the eye. These types of injuries can be deceptive and
are particularly difficult to observe in fish at boat-
side because, in most cases, the lack of tissue in the
upper palate results in the hook dehooking from its
initial location and rehooking in another area.
Although these fish would appear lively alongside
the boat, upper palate injuries could be potentially
lethal, due to eye damage. Upper palate injuries can
also affect the integrity of the cranial cavity by mak-
ing this area susceptible to infection. Belle (1997)
reported that numerous juvenile Atlantic bluefin tuna
caught on trolled cider plugs with “J” hooks suffered
upper palate injuries. However, these injuries were
not immediately evident upon capture and were only
detected after conducting autopsies on mortalities
observed in the tuna held in a sea pen for up to two
weeks. Belle (1997) hypothesized that upper palate
injuries suffered during capture resulted in cranium
related infections, and these infections likely caused
delayed mortality in bluefin tuna.

Perhaps the most significant finding in this study
was the evaluation of bleeding, which indicated that
sailfish caught on “J” hooks were 20 times more
likely to bleed compared with those caught on cir-
cle hooks. This result was supported by correspon-
dence analysis of the degree of bleeding, in which
sailfish caught on “J” hooks were associated with
severe, moderate, or minor bleeding, while sailfish
caught on circle hooks were associated with no
bleeding. The reduced bleeding of circle hook caught

sailfish has been cited as the primary reason why
recreational anglers are voluntarily promoting the
use of circle hooks over “J” hooks for dead bait
trolling/pitch bait fishing for these species1, 2, 4.

Although small sample sizes for the main treat-
ments in the live bait study precluded more rigor-
ous statistical analysis of fishing success, hook
location, and amount of bleeding (Table 5), several
trends in these data are noteworthy. For example, the
severe offset deep hooking percentage (44%) was
two to three times higher than minor or no offset deep
hooking percentages. This result was a bit surpris-
ing because, prior to this finding, we had consistently
experienced much lower overall deep hooking per-
centages (< 10%) using circle hooks. Lukacovic and
Uphoff (this volume) also found a high deep hook-
ing percentage (46%) on striped bass, using the same
model severe offset circle hook as used in this study.
Malcoff (personal communication5) examined the
use of circle hooks on summer flounder Paralichthys
dentatus and found that the severe offset in the cir-
cle hook used resulted in higher deep hooking per-
centages than expected. The association of severe
offset circle hooks and high rates of deep hooking
have management implications because any bene-
fits of minimizing deep hooking rates realized when
using circle hooks can be circumvented by bending
the circle hooks with pliers to increase the degree of
offset.

Conclusions

The current high rate of fishing mortality and
depressed stock status of most Atlantic Istiophori-
dae justify development of alternative approaches for
reducing hook-induced mortality for these species.
One such approach would be the modification of ter-
minal gear in order to reduce hook-related injuries
and trauma experienced during catch-and-release
fishing (Muoneke and Childress 1994). This study
compared circle hook and similar-sized “J” hook
performance, while trolling/pitching dead bait or
drifting live bait for billfish, methods commonly
used by anglers targeting these species. Rates of
fishing success and hooking percentage were com-
parable or higher for circle hooks compared with “J”
hooks. In addition, use of circle hooks resulted in
lower rates of deep hooking, foul hooking, and
bleeding compared with “J” hooks. During live bait
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5. M. Malcoff, personal communication.
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experiments, severe offset circle hooks were asso-
ciated with increased deep-hooking percentages that
were similar to percentages observed for “J” hooks
using dead bait (46%). Given the multiple benefits
of minimized hook-related injury, along with com-
parable or improved fishing success and hooking
percentages using circle hooks in dead or live bait
recreational fisheries for billfish, this terminal gear
appears to have potential as a means to promote the
live release of these species.
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