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1. Introduction

ABSTRACT

Research on a wide range of fish species has revealed that deep hooking is perhaps the single most
important determinant of injury and post-release mortality in recreational fisheries. However, there is
little information on the best option for dealing with deeply hooked fish that are to be released; should
the line be cut or should the hook be removed? Using bluegill sunfish (Lepomis macrochirus) as a model
we investigated sublethal (e.g., swimming performance, physiological condition, injury levels) and lethal
consequences associated with removal of deeply ingested hooks versus cutting the line and leaving the
hook embedded in the esophagus, relative to shallowly hooked controls. Neither hook retention nor deep
hook-removal altered the swimming performance of the fish in this study relative to controls. However,
there was evidence of short-term physiological disturbance. For example, hematocrit was reduced for
fish that had hooks removed, consistent with visual observations of bleeding. In addition, blood glucose
levels tended to be higher and plasma Na* levels tended to be lower in deeply hooked fish that had hooks
removed indicating stress and ionic imbalance even 24 h after capture. During holding experiments we
noted the highest mortality levels in fish for which the hook was removed (33% after 48 h and 44% after 10
days). Mortality rates were lowest for the controls (0% after 48 h and 4% after 10 days) and intermediate
for the line-cut treatment (8% after 48 h and 12.5% after 10 days). After 48 h, 45.5% of the fish from the
line-cut treatment group were able to expel the hook originally embedded in their esophagus, and at
the end of the 10 day study, 71.4% had expelled the hook. Even with the hook left in the esophagus, fish
were able to feed although at lower rates than controls during the first 48 h of holding. By 10 days post-
capture, there were no differences in feeding rates as evidenced by growth patterns among the treatment
groups, nor were there differences in the hepatosomatic index. Collectively, the findings from this study
demonstrate that cutting the line is a more effective release method than removing the hook when fish are
deeply hooked. As such, angler education efforts should focus on disseminating this message to anglers
as well as encouraging the use of gear and techniques that minimize incidences of deep hooking (e.g.,
circle hooks, non-organic bait).

© 20009 Elsevier B.V. All rights reserved.

tality of fish is deep hooking (e.g., Pelzman, 1978; Taylor and White,
1992; reviewed in Bartholomew and Bohnsack, 2005). Deep hook-

Recreational angling is a popular activity around the globe
(Cooke and Cowx, 2004; Arlinghaus et al., 2007), and many of
the fish caught are immediately released after capture (Cooke
and Suski, 2005). A fundamental assumption of catch-and-release
angling is that the released fish survive hooking, landing, and
handling (Cooke and Schramm, 2007), but studies have revealed
that a proportion of released fish die as a result of the angling
event (reviewed in Muoneke and Childress, 1994; Bartholomew
and Bohnsack, 2005; Arlinghaus et al., 2007). One of the primary
factors that has been determined to influence the post-release mor-
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ing, characterized by the hook penetrating the esophagus, gills or
other sensitive tissue beyond the mouth cavity (e.g., pericardial cav-
ity, stomach, liver), can inflict more substantial physical injury than
shallow hooking. There are a number of factors that influence inci-
dences of deep hooking. For example, studies have revealed that
live or organic bait results in a significantly higher incidence of deep
hooking than flies or artificial lures (Taylor and White, 1992). More-
over, smaller lures or baits are more likely to be deeply ingested
than larger baits (Arlinghaus et al., 2008). Hook design can also
influence deep hooking. Circle hooks have been shown to generally
result in shallower hooking relative to conventional “]” style hook
designs (reviewed in Cooke and Suski, 2004). Angler experience
also has the potential to influence deep hooking rates as novice
anglers may be less able to detect strikes (Dunmall et al., 2001).
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Schill (1996) reported that fishing method (tight line versus slack
line) also influenced incidences of deep hooking. The attempted
removal of a deeply ingested hook can influence air exposure dura-
tion (due to protracted time to remove hook; Cooke et al., 2001)
and can cause significant damage to vital organs (Pelzman, 1978;
Aalbers et al., 2004), thus increasing the probability of mortality
following release. Based on the above data, researchers, manage-
ment agencies, and outdoor media outlets have been advocating the
use of gear and strategies that reduce incidences of deep hooking
(e.g., Pelletier et al., 2007). Nonetheless, deep hooking still occurs,
particularly when using single baited hooks, and it is unlikely that
innovations in gear or angling techniques will completely eliminate
deep hooking.

So what should an angler do when they have captured a fish that
is deeply hooked? Assuming that the fish is to be released (e.g., con-
servation measure, management regulation, culling), an angler can
either cut the line and leave the hook in place or use pliers, their fin-
gers, or some other hook removal device to manually remove the
hook. Some studies have indicated that fish mortality is reduced
when deep hooks are not removed (Mason and Hunt, 1967; Warner,
1979) or that there is no difference in survival between fish released
with or without hooks in place (e.g., Wilde and Sawynok, 2009).
Other studies have shown that some fish are capable of expelling
hooks that are left in (Schill, 1996; Diggles and Ernst, 1997; Aalbers
et al., 2004; Tsuboi et al., 2006; Dubois and Pleski, 2007) although
the time between deep hooking and evaluation of retention varies
widely among studies. Collectively, the evidence from these dis-
parate studies suggests that injuries resulting from hook removal
may be a greater threat to survival than the consequences of line-
cutting and hook retention. However, cutting the line and leaving
hooks in place may affect food consumption and growth (Schisler
and Bergersen, 1996; Aalbers et al., 2004), and have a number of
pathological consequences (e.g., Borucinska et al., 2001, 2002). Inci-
dences of deep hooking can be high when using organic baits (e.g.,
17% of rainbow trout, Schill, 1996; 14% of striped bass, Nelson, 1998;
12% of white spotted char, Tsuboi et al., 2006; 26% for brook and
brown trout combined, Dubois and Kuklinski, 2004; 2-10% for eight
species of tropical reef fish, Mapleston et al., 2007; 16% for black
bream, Grixti et al.,2008). Given that mortality rates of deep hooked
individuals are often high (e.g., 73% in cutthroat trout, Hunsaker et
al.,, 1970; 6-29% for brook trout, Dubois and Kuklinski, 2004; 36%
of sand flathead (Platycephalus bassensis), Lyle et al., 2007; 70% of
painted comber (Serranus scriba), Alés, 2008; 16% of black bream,
Grixti et al., 2008) and that significant post-release mortality has
the potential to negatively influence fish populations (Coggins et
al., 2007; Cooke and Schramm, 2007), there is a need to provide
anglers and managers with better information on whether to cut
the line or remove the hook when fish are deeply hooked. This is
particularly timely given the growing recognition that animal wel-
fare considerations are relevant to the recreational fishing sector
(Davie and Kopf, 2006; Cooke and Sneddon, 2007; Arlinghaus et al.,
2007). Clearly there is need for a comprehensive study that incorpo-
rates a combination of endpoints (lethal and sublethal) to evaluate
the risks and benefits of the two strategies for dealing with deep
hooking.

The purpose of this study was to determine the least damaging
catch-and-release practice—hook removal or line cutting in deeply
hooked fish. In particular, this study assessed the effects of hook
removal or retention on physical injury, feeding, swimming perfor-
mance, physiological condition, and survival. For all experiments
we compared these two treatments to shallowly hooked control
fish from which the hook was easily removed. The combination of
lethal and sublethal endpoints used here range from whole organ-
ism locomotor ability to the hepato-somatic index, and provide a
unique opportunity to understand the complete range of conse-
quences of each hook removal technique from an integrated short

and long-term perspective. Previous studies have tended to focus
primarily on salmonids (e.g., Warner, 1979; Schill, 1996; Dubois and
Kuklinski, 2004; Tsuboi et al., 2006) and usually evaluated only one
endpoint (e.g., mortality), which had made interpretation difficult
given the complexity of the issue. For example, although short term
survival could be higher in deeply hooked fish for which the line is
cut and the hook left in, there could be longer term impacts on fish
condition. Conversely, hook removal may result in immediate death
to a proportion of deeply hooked fish and influence feeding in the
short term, but in the longer term they may be able to recover.
The present study focused on adult bluegill sunfish (Lepomis
macrochirus) as a freshwater model species. Bluegill were chosen as
the study species because they are an important recreational fish in
North America and have a high tendency of deeply ingesting hooks
given that they are often targeted by anglers using small hooks and
organic bait (Cooke et al., 2003) and are a popular quarry of inexpe-
rienced anglers. In fact, because bluegill have a small mouth, hook
removal can be difficult such that deeply hooked fish either have
the line cut or have the hook pulled out. Although harvest rates for
bluegill can be high, anglers will often “cull” smaller individuals to
select larger fish for harvest, in some cases as a result of manage-
ment regulations. From a pragmatic research perspective, bluegill
can be readily captured in large numbers based on their abundance
and adjust quickly to captive holding facilities. Because of their
relatively small body size, it is also possible to standardize other
aspects of the angling event (e.g., air exposure, water temperature).
To effectively manage bluegill and other recreational fisheries and
to maintain welfare status, it is necessary to provide anglers and
mangers with credible guidance for handling deeply hooked fish.
To that end, the results of this study will be useful for providing
management agencies, conservation organizations, and ultimately
anglers with direction for determining the best angling practices.

2. Materials and methods
2.1. Field site and fish capture

All experiments were conducted at Queen’s University Bio-
logical Station on Opinicon Lake, Ontario. Opinicon Lake is a
mesotrophic natural lake with abundant populations of rock bass
Ambloplites rupestris, largemouth bass Micropterus salmoides, small-
mouth bass M. dolomieu, pumpkinseed Lepomis gibbosus and, in par-
ticular, bluegill sunfish L. macrochirus. Experiments were conducted
between May 8 and July 5, 2008. Water temperatures during this
time ranged from 12 °C to 23 °C. Cooke et al. (2003) and Gingerich
et al. (2007) reported that mortality rates for angled bluegill were
uniformly low for bluegills at various temperatures below 26 °C in
Opinicon Lake provided that there were not prolonged periods of
air exposure. Therefore, water temperature was not considered to
be a factor in bluegill mortality rates in this study. Individual study
components (e.g., the swimming performance assessment, physio-
logical assays) were conducted across a narrow (1 or 2 °C) thermal
range because of the influence of temperature on swimming ability.
Other study components (e.g., growth evaluations) involved expos-
ing treatment and control fish to the same thermal environment
simultaneously so temperature variation across a study period was
not relevant.

All fish were angled using rod and reels and all angling was
conducted either from a fishing boat or from docks that extend
out into the lake to a depth of at least 1 m. Commercially avail-
able barbed J-hooks (Jeros Brand, Rahway, NJ; model K5BH10,
snelled baitholder style, bronze material, thin wire, size 10 with
a 6 mm gape) were used for angling. These hooks were appropri-
ate to target bluegill (Cooke et al., 2005) and are routinely used by
anglers. Organic bait — small worm pieces measuring approximately
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5mm x 5 mm - were used by all anglers. Air exposure duration for
all fish caught, whether deep or shallow (controls) was standard-
ized at 60 s, including removal of hook and enumeration, to control
for the negative impacts of air exposure and to eliminate differential
handling times and air exposure durations as a factor in the anal-
ysis. Previous research on bluegill in Opinicon Lake revealed that
there was negligible mortality as a result of air exposure of this
duration at the temperatures observed in this study (Gingerich et
al., 2007). Angler expertise ranged from novice to expert, however,
all handling (e.g., once the angler had landed the fish) was con-
ducted by experienced research staff to eliminate the influence of
angler expertise on fish handling. Our intention was not to charac-
terize deep hooking rates. Instead, we intentionally let fish “nibble”
for sufficiently long periods to ensure that some fish were deeply
hooked. Experiments focused on fish that were >130 mm in total
length and were carefully balanced across all treatment groups
and experiments such that there were no significant (P<0.05) dif-
ferences in size (overall mean total length + SEM =167 £+ 3 cm). All
experiments were conducted in accordance with the guidelines
of the Canadian Council on Animal Care as administered by the
Carleton University and Queen’s University Animal Care Commit-
tees and with scientific collection permits provided by the Ontario
Ministry of Natural Resources.

2.2. Experimental treatments

For all experiments, fish were classified upon capture as either
shallowly hooked (hooked in the lip), deeply hooked (hooked in
the gullet), or hooked in other locations (e.g., roof of mouth, gills,
eye). Fish in the shallow and deeply hooked groups were individu-
ally marked with small numbered anchor tags (Floy Manufacturing,
WA) while fish hooked in other locations had the hook removed and
were released. The shallowly hooked fish were designated the con-
trol group, and the hook was carefully removed. The deeply hooked
fish were randomly assigned to one of two treatment groups; one
in which the hook was removed with surgical hemostats using a
steady pull on the line or hook (the hook-removal treatment group),
and one in which the line was cut about 1 cm from mouth of the
fish and the hook was left in place (the line-cut treatment group).
Following hook removal or line cutting, the fish was examined
for injury in the mouth and presence of blood was determined to
be “none,” “moderate” (less than 0.1 ml), or “severe” (more than
0.1 ml). All fish were then placed into a 1m? round tank holding
approximately 7001 of water and held for further experimentation
(see below).

2.3. Short term feeding, injury, and survival

To test the effects of hook retention or hook removal on short-
term feeding behaviour and survival, 44 bluegills were angled
within a 12 h period. Each fish was numbered and assigned to one
of the three treatment groups; 12 fish were assigned to the line-
cut group, 12 fish were assigned to the hook-removal group, and
20 fish were controls. The fish were then placed in a single 1 m3
round tank holding approximately 7001 of water and held for 48 h.
Tanks were flow through and were housed outside under natural
photoperiod. Fish experienced diel fluctuations in water temper-
ature consistent with water temperatures in the lake. Every 6h,
mortalities were recorded and the deceased fish were removed
from the tank. Approximately 24 h after capture the fish were fed
approximately 50 g of frozen blood worms. They were fed again the
following morning, 1 h prior to the end of the 48 h holding period.
At the completion of the holding period, the mortality rate was
assessed and recorded. Fish were then removed one at a time from
the holding tank and their stomachs were emptied with gastric
lavage using a syringe. The stomach contents were transferred to

individual vials for freezing and later analysis (see below). Immedi-
ately following the flushing process, each fish was weighed. Before
flushing commenced, the fish belonging to the line-cut treatment
group were visually examined to determine hook location. Fish in
which the hook was not visible from the mouth were euthanized
and a necropsy was performed to determine the internal location
of the hook and to verify that the hook did not affect stomach
flushing.

In the lab, stomach content samples were defrosted and distilled
water was used to wash stomach contents from the vials into a
crucible. The samples were then dehydrated in a drying oven for 2 h
at 60°C. The dried samples were weighed and the final dry weight
was used to calculate the mass corrected stomach contents of each
fish (i.e., stomach content mass was expressed as a percentage of
fish mass).

2.4. Long term feeding, injury, and survival

To test the effects of hook retention or hook removal on long-
term feeding behaviour and survival, 75 bluegills were angled
within a 3 h period. Upon capture, each fish’s initial weight and
total length were recorded. The fish were numbered and assigned
to one of the three previously described treatment groups; 24 fish
were assigned to the line-cut group, 25 fish were assigned to the
hook-removal group, and 23 fish were controls. The fish were then
placed in a single round tank (as above) and held for 10 days. During
the holding period, the fish were checked every 6 h for mortalities,
and deceased fish were recorded and removed from the tank. The
fish were fed approximately 25 g of frozen blood worms twice daily,
with the exception of the last 2 days where they were fed 3 times
daily.

On the tenth day of holding, the bluegill were removed from
the tank and euthanized for necropsy using cerebral percussion.
Their final weight was recorded and their liver was harvested and
weighed to determine their hepato-somatic index (HSI). During
necropsy, the presence or absence of a hook in the line-cut treat-
ment group was determined, and the hook location, when present,
was recorded.

2.5. Swimming performance challenge

To test the effects of hook removal or retention on sus-
tained exercise and swimming performance, fish were caught and
assigned to each of the three previously described treatment groups
(as above). Fish were held for either 1, 6, or 24 h in tanks (as above)
supplied with fresh lake water before commencement of exper-
imental trials. Fish mortalities were recorded during the holding
period. For the line cut treatment, only fish that retained their hook
were used in the experiment.

For experimentation, one fish at a time was moved from the
common holding tank to an annular flume (Nixon and Gruber,
1988)—a circular tank (approximately 60 cm in diameter), painted
white for visibility, with black marks dividing the tub into eight
equal parts, and sufficient water to generate a depth of 10cm. A
round plastic coated metal cage was placed in the middle of the
tank such that it created an external ring to which the fish were
restricted. A video camera (Sony HDD 2000) secured to a tripod
was positioned directly above the annular flume to record fish
swimming performance. Ten seconds after the fish were placed in
the annular flume, the swimming challenge commenced whereby
the fish were chased by hand until they no longer responded to
three consecutive gentle tail pinches, signifying exhaustion (Kieffer,
2000).The distance travelled (number of lines crossed) and the time
to reach exhaustion was recorded for each fish. Following recovery,
fish were released back into the lake.
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2.6. Physiological experimentation

To evaluate the sublethal physiological consequences of hook
retention and hook removal, we conducted a laboratory study to
monitor blood biochemistry and hematology over a 24 h period.
Fish were angled and categorized into three treatment groups as
above. Approximately 13 fish were angled per treatment per time
interval (0, 1,6, and 24 h for the control group and at 1, 6, and 24 h for
both experimental groups), equating to 129 fish. After capture, fish
were placed into black rectangular sensory deprivation chambers
(18 cm x 90 cm) that were continuously supplied with fresh lake
water. Lights were shut off to help maintain sensory deprivation
and access to the holding room was restricted. Water temperatures
were taken daily and averaged 22.8°C (£0.5°C) over the six-day
experimental period. At the appropriate sampling period, fish were
quickly removed from their holding chamber and placed supine in
a water filled trough. Blood samples from the caudal vessel(s) were
taken using a heparinized syringe (1 ml) using a 25 gauge needle.
Only blood samples that were obtained in less than 1 min were
considered valid and used in the analysis. Glucose concentrations
were immediately determined on whole blood using a field glu-
cose meter (Accu-Chek Compact Plus, Roche, Basal, Switzerland)
that was recently calibrated and that had previously been validated
for use on fish (i.e., Cooke et al., 2008). Hematocrit was determined
using a micro-hematocrit centrifuge (Crit Spin Micro-Hematocrit
Centrifuge, IRIS International, CA). The remaining blood was cen-
trifuged using a Micro-Fuge (Fischer Scientific, MA) at 2000 x grav-
ity, and the plasma labelled and frozen in a liquid nitrogen dewar
until it was transferred to a —80 °C freezer for storage and later anal-
ysis. Plasma ion (Na*, CI~ and K*) concentrations were quantified
using the Roche Hitachi 917 analyzer (Roche, Basal, Switzerland)
and relevant Roche reagents.

2.7. Statistical analysis

The chi-square contingency table analysis was used to evalu-
ate differences in the mortality rates between treatment groups.
Because fish size has the potential to influence the outcome of
most variables examined here, we conducted a variety of anal-
ysis of variances (ANOVAs) to test for size differences between
treatment groups. Across all analyses there were no significant dif-
ferences so we do not provide further details in Section 3. One-way
ANOVA was used to test for differences between treatments for the
feeding experiments (gut content and growth), as well as HSI. Two-
way ANOVAs were used to evaluate the influence of treatment and
sampling time period on various physiological parameters (includ-
ing swimming performance, blood biochemistry and hematology).
Because different fish were used for each time period, repeated
measures approaches were not needed. Where significant differ-
ences were noted in the ANOVA model, we used a Tukey honestly
significant difference (HSD) test to identify where those specific
differences occurred. Time zero controls for the biochemistry and
hematology analyses were only collected for one group (as it would
be redundant to obtain time zero for all treatments), which pre-
cludes the possibility of including time zero in the two-way ANOVA
model. Hence, time zero control values are provided as a baseline for
qualitative comparison and context. All analyses were conducted
using JMP v7.0 or SAS v10.0 (both, Carey, NC) and significance was
evaluated at an alpha of 0.05.

3. Results
3.1. Short term injury, mortality, and condition

After 48 h, mortality rates were highest for the hook removal
treatment (x%=8.996, P=0.011; Table 1). All 20 control fish sur-

Table 1

Summary of short-term and long-term bluegill mortalities and bleeding (moderate
to severe combined) across treatments. Note that the experiments were conducted
in sequence so that we could evaluate hook retention and placement in deep hooked
fish. Bleeding was only evaluated in the short term holding experiment.

Treatment N

Short Term (48 h)

Mortality (%) Bleeding (%)

Control 20 0 0

Line-cut 12 8 2.8

Hook-removal 12 33 35.6
Long Term (240 h)

Control 26 4 NA

Line-cut 24 12.5 NA

Hook-removal 25 44 NA

vived until the end of the experiment and only one fish of the
line-cut treatment group died before the end of the 48-h holding
period. The fish that did not survive the experiment had observed
bleeding from the gills upon capture, and died after about 18 h in
the holding tank. From the hook-removal treatment group, 33% (4
fish) died before the end of the experiment. Three of the fish died
within 1 h after capture, two of which exhibited pulsatile blood flow
(PBF) immediately following hook removal. The fourth fish, which
also exhibited PBF after hook removal, died after about 12 h in the
holding tank. Most of the mortalities occurred immediately after
capture, with 60% occurring within 1 h following hooking. All mor-
talities recorded in the short-term study occurred within 18 h after
hooking. It was not possible to statistically resolve temporal pat-
terns of mortality between fish in the line-cut and hook removal
groups.

Levels of bleeding observed upon capture differed significantly
among treatments (x2=57.464, P<0.001). Of the fish from the
hook-removal treatment group, 35.6% showed moderate to severe
bleeding upon capture (Table 1), which was much higher than
the levels of bleeding observed in the line-cut (2.8%) or control
treatment fish (0%). Incidence of bleeding was also a predictor of
mortality, with 57% of fish that showed moderate to severe bleed-
ing upon capture resulting in mortality. Conversely, less than 6% of
fish that failed to show any signs of bleeding died. At the end of
the short-term holding experiment, 11 fish survived from the line-
cut treatment group of which 45.5% (5 fish) were able to expel the
hook within the 48 h period. For those that retained the hook, they
were located in the esophagus for all but one individual which was
hooked in the stomach.

Analysis of the mass corrected stomach contents of the bluegill
after 48h in a holding tank revealed a difference in the feeding
activity between the three treatment groups (Table 2). The mean
mass corrected weight of the stomach contents was highest in the
control group and lowest in the hook-removal group despite no
differences in the mean size of fish in each treatment. The differ-
ence between the control group and the hook removal group was
statistically significant (F=5.108, P=0.011).

3.2. Long-term injury, mortality and condition

As with the short term holding period, after 10 days in the
holding tank significantly more fish died in the hook removal

Table 2
Summary of mass corrected stomach contents collected after 48 h relative to treat-
ment. SEM indicates standard error of the mean.

Treatment N Mean mass corrected SEM
stomach contents (%)

Control 20 0.222 0.028

Line-cut 11 0.152 0.028

Hook-removal 9 0.081 0.034
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Table 3
Summary of bluegill mass change and hepatosomatic index (HSI) after 10 days rel-
ative to treatment. SEM indicates standard error of the mean.

TREATMENT N Mean mass SEM of mass Mean SEM of
change (%) change HSI HSI
Control 22 —8.740 2.247 1.135 0.052
Line-cut 21 —0.898 4.670 1.183 0.073
Hook-removal 14 —10.099 3.819 0.984 0.060

group (44%) than in the line cutting (12.5%) or control groups (4%)
(x%2=14.202, P<0.001; Table 1). None of the fish in the control
treatment or line cutting treatment had any obvious injuries or indi-
cation of possible causes of death. As noted with the short-term
holding experiment, most mortality occurred immediately after
capture, with 46.7% occurring within the first 2 h, 60% occurring
within the first 4 h, and 66.7% occurring within 12 h after hooking.
At the end of the long-term holding experiment, 21 fish remained
from the line-cut treatment group of which 71.4% (15 fish) had
expelled the hook within the 10-day period. Only 19.0% (4 fish)
were still hooked in the esophagus, and the hook was found in the
stomach of two fish.

There was no significant difference in the mass change of the fish
held for a period of 10 days (F=1.804, P=0.175; Table 3). Our esti-
mates of ration size were apparently low as all fish including con-
trols lost weight (Table 3) despite the fact that the bluegill quickly
habituated to captivity. Although the mass reduction of the line-cut
treatment fish was generally less than the control or hook-removal
treatment groups, the difference was not significant. Following the
10 day holding period, 57 fish (22 controls, 21 line-cut, 14 hook-
removed) were necropsied to determine their HSI. The mean HSI
for the fish from which the hook was removed was generally lower
than the fish belonging to the control or line-cut treatment groups
(Table 3). However, statistically none of the treatment groups dif-
fered with respect to HSI (F=2.227, P=0.118).

3.3. Swimming performance

There were no significant differences in the swimming perfor-
mance of fish that had the hook removed, fish that had the line cut
and retained the hook, or the control fish (P’s > 0.05; Fig. 1A and B).
However, all three treatment groups performed significantly bet-
ter 6 h post capture than at 1 or 24 h post-capture, in both distance
swam (F=11.60, P<0.001; Fig. 1A) and time to exhaustion (F=4.767,
P=0.011; Fig. 1B). It should be noted that 23%, 17% and 25% of the
hook-removal fish that were being held died before swim testing at
1,6, and 24 h post-capture, respectively. Therefore the fish with fatal
hooking injuries and severe bleeding were often excluded from the
swimming tests.

3.4. Hematology and blood biochemistry

Blood glucose concentrations varied by treatment and sampling
period and exhibited a significant interaction (F=4.330, P=0.003;
Fig. 2A). All groups after a 1h holding period showed uniformly
elevated glucose concentrations relative to the baseline mean con-
centration (defined by the control group Oh). At the 6h period,
all treatment groups were significantly different with the control
returned to baseline levels, the hook removal group the most ele-
vated, and the line cut group at an intermediate level. By 24 h, fish
in the hook removal group still had elevated glucose levels whereas
all other groups had returned to pre-treatment levels (Fig. 2A).

The hematrocrit values differed by treatment group (F=3.841,
P=0.024) and time period (F=10.951, P<0.001), but there was no
significant interaction (Fig. 2B). Overall, significant differences in
hematocrit were observed between the 1 and 6 h (P<0.001) period
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Fig. 1. Distance swam before reaching exhaustion during swimming performance
tests at 1, 6, and 24 h after capture for control fish, line-cut treatments, and hook
removal treatments (A). Time to reach exhaustion during swimming performance
tests at 1, 6, and 24 h after capture for control fish, line-cut treatments, and hook
removal treatments (B). All bars represent means and whiskers represent 1 standard
error of the mean.

and the 6 and 24 h period (P<0.001). In addition, the hook removal
treatment group consistently yielded significantly lower hemat-
ocrit levels than control group (P<0.001) while the line cut group
was intermediate and not significantly different from the other two
treatments.

Plasma ion concentrations responded differently from one
another (Fig. 2C, D and E). Plasma Na* concentrations differed
between treatments (F=7.665, P<0.001), but not for holding peri-
ods. In addition, there was no interaction. Significantly lower Na*
concentrations were observed when deeply embedded hooks were
removed when compared to the control groups (P<0.001). Analysis
of plasma K* concentrations revealed that only the recovery period
yielded a significant difference (F=8.432, P<0.001). After the 6 and
24 h holding periods, the K* levels were significantly lower than
compared to the 1h levels (P=0.001 and P=0.003, respectively).
Plasma Cl~ levels differed by treatment group (F=3.578, P=0.032)
and holding period (F=3.662, P=0.029) and lacked an interaction
between the two. The CI~ concentrations were significantly lower
at 6h than at 24 h (P=0.036). Among the treatment groups, signif-
icantly lower Cl~ levels occurred for bluegill when the hooks were
removed as opposed to simply cutting the line or relative to controls
(both P<0.001).

4. Discussion

A fundamental assumption of catch-and-release angling is that
the released fish survive. However, there is a growing body of
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Fig. 2. Mean glucose concentrations (A), hematocrit (B), Na* (C), K* (D), and Cl~ (E)
for control fish, line-cut treatments, and hook removal treatments across a time
course. Glucose was measured on whole blood whereas ions were measured in
plasma. All bars represent means and whiskers represent 1 standard error of the
mean. Details on significant differences can be found in Section 3. Note that the
time O control values are provided only for context and were not used in statistical
analysis.

evidence that gear and angler behaviour can influence the outcome
of a catch-and-release fishing event (e.g., Cooke and Suski, 2005;
Arlinghaus et al., 2007). Given that deep hooking has been repeat-
edly implicated in the mortality of released fish, there is a need for
research to both reduce incidences of deep hooking and to deter-
mine what should be done when an angler lands a deeply hooked
fish that will be released. In this study we focused on the later issue
in an effort to provide anglers with guidance as to whether they
should cut the line and release the fish or leave the hook in place
when fish are deeply hooked. We used bluegill as a warmwater fish
model and evaluated sublethal and lethal endpoints. Collectively,
the data suggested that mortality rates were consistently lower for
fish that had hooks left in place relative to those for which the
hook was removed. In addition, deeply hooked fish that had the
hooks removed tended to exhibit more sublethal disturbances. By
ten days post captured, more than 60% of the deeply hooked fish
had expelled their hooks. Hence, if a fish is deeply hooked and the
hook cannot be easily and safely removed, then the hook should be
left in place. However, because shallowly hooked control fish expe-
rienced negligible mortality and experienced minimal sublethal
disturbance, we suggest that additional efforts should focus on
strategies to minimize incidences of deep hooking in the first place.

4.1. Injury, mortality and condition

Many factors can affect the post-release mortality of angled fish
(e.g. Muoneke and Childress, 1994), but it has been demonstrated
repeatedly that anatomical location (i.e., deep hooking in areas such
as gills, esophagus, and stomach) is one of the strongest contribut-
ing factors across a range of species (Murphy et al., 1995; Diodati
and Richards, 1996; Taylor et al., 2001; Carbines, 1999; Hulbert and
Engstrom-Heg, 1980; Diggles and Ernst, 1997; Aalbers et al., 2004;
summarized in Bartholomew and Bohnsack, 2005). Mortality usu-
ally occurs as a result of the hook penetrating vital organs or other
tissues often associated with the circulatory, hepatic, or digestive
systems. Such mortality can occur quite rapidly if the circulatory
system is compromised and the fish experience significant blood
loss. However, mortality can also happen hrs, days or weeks later
as a result of injury to tissues that do not immediately affect the
survival of the fish but that have long-term pathological effects
(Borucinska et al., 2001). When an angler captures a deeply hooked
fish and if that fish is to be released (for whatever reason) then
the angler is faced with a decision—to cut the line and leave the
hook in place or attempt to remove the hook. Both scenarios have
the potential to create additional problems for the fish. A hook
that is left in place could block the alimentary canal and prevent
feeding or lead to longer-term pathological problems. Conversely,
while removing a deep hook further injury may occur resulting in
more severe injury and blood loss. When bluegills are shallowly
hooked at moderate water temperatures (below 26 °C), mortality
rates are quite low (typically less than 3%; Cooke et al., 2003, 2005;
Barthel et al., 2003; Gingerich et al., 2007). This study occurred
on the same system where the aforementioned studies were con-
ducted (i.e., Opinicon Lake, Ontario) at temperatures between 14
and 23 °Cand we also observed negligible mortality in the shallowly
hooked control fish (0% after 48h and 2.5% after 10 days). Pro-
vided that environmental conditions are benign (e.g., not extreme
temperatures, sufficient oxygen) and that the fish are angled and
handled quickly and appropriately (e.g., not fought to exhaustion,
minimal air exposure), we would expect similar low levels of mor-
tality across a range of game fish species when they are shallowly
hooked.

Consistent with existing literature on salmonids other fish
(summarized in Muoneke and Childress, 1994; Bartholomew and
Bohnsack, 2005) we found that deep hooking resulted in elevated
mortality relative to shallowly hooked controls. The highest lev-
els of mortality were noted for fish in the treatment where hooks
were removed. We always attempted to first remove the hooks with
surgical hemostats, however, when we were unsuccessful in remov-
ing the hook we used steady pressure to pull the hook from the
fish, undoubtedly resulting in tearing of the esophagus and poten-
tially underlying vasculature and tissue. Many anglers fishing for
bluegill or other panfish may not have hemostats or pliers that fit
within the mouth of these relatively small fish so we believe that
most deeply hooked bluegills have the hook removed by pulling
(Cooke, personal observations). We were successful with remov-
ing the hook with hemostats about 25% of the time. Mortality rates
that we observed following hook removal exceeded the level (i.e.,
20%) deemed to be “high” in a synthesis by Muoneke and Childress
(1994). In fact, by 10 days after hook removal, more than 40% of the
fish for which the hooks were removed had died. Mortality rates for
fish that had the hook leftin place (i.e., line cut) experienced mortal-
ity levels that were intermediate to the controls and hook removal
treatment. Previous research has also revealed that leaving the hook
in place appears to be a better strategy than attempting to remove
a hook if it is deeply embedded. Hulbert and Engstrom-Heg (1980)
and Mason and Hunt (1967) both found a 3-fold increase in mortal-
ity when deep hooks were removed from brown trout Salmo trutta
and rainbow trout Oncorhynchus mykiss, respectively, compared to
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when the line was cut. Interestingly, the actual mortality rates that
we observed for deeply hooked bluegill that had the hooks left in
were much lower than those that have been reported for salmonids
(e.g., 57% mortality in Atlantic salmon, Warner, 1979; 47% mortality
in rainbow trout, Schill, 1996) although there are several excep-
tions (e.g., 16% for brook trout and 8% for brown trout, Dubois and
Kuklinski, 2004 ). Our mortality rates for deeply hooked fish that had
hooks removed, although high (40%), were still lower than the mor-
tality observed in most salmonid studies (90% for Atlantic salmon,
Warner, 1979; 76% for rainbow trout, Schill, 1996).

More than half of the mortality that occurred for deeply hooked
fish was within hours of capture suggesting that injuries to vital
organs or the cardiovascular system was a primary contributor
to mortality. Indeed, we noted high levels of bleeding after hook
removalin 35.6% of the deeply hooked fish after removal and the fish
that exhibited significant bleeding died at higher rates (i.e., 57.6%
then those fish that bled minimally or not at all after hook removal,
consistent with observations on a number of other studies, e.g.,
Aalbers et al., 2004; Cooke et al., 2005; Jenkins, 2003). Aalbers et al.
(2004) found 41% of mortalities in juvenile white seabass exhibited
moderate to heavy bleeding upon capture. Even during the 10-day
holding period, the majority of the mortality occurred towards the
beginning of the holding period. Although the time period that we
selected for the longer-term assessment (i.e., 10 days) was shorter
than periods used in other studies (e.g., Tsuboi et al., 2006 stud-
ied deep hooking in white-spotted char over an entire season), the
evidence from our study suggests that mortality occurs rapidly and
has more to do with immediate severe injury rather than longer-
term chronic pathological effects (e.g., mechanical injury, lesions,
bacterial esophagitis and gastritis; Borucinska et al., 2002).

After holding fish for either 48 h or 10 days, or at time of death,
we euthanized fish to examine the hooking locations and associ-
ated injury for fish with the line cut and to assess tissue damage
in fish that had the hook removed. Because we used reasonably
small hooks, no injuries to organs such as the liver and heart were
apparent. Conversely, Mason and Hunt (1967) found that deeply
hooked rainbow trout that died during their experiment had hook-
ing damage to a range of organs including the stomach, liver, heart,
kidneys, spleen and pyloric caeca. Hence, hook size, hook type, bait
type and/or inter-specific morphological and anatomical variation
appear to influence the severity and type of injury when deeply
hooked.

We did note that fish that had the line cut were able to expel the
hooks. By 10 days post-capture, more than 70% of fish had expelled
the hooks. Of the hooks that were still retained, there were twice as
many in the esophagus as in the stomach. No hooks were observed
in other locations. In other studies, hook expulsion rates have also
tended to be high. Tsuboi et al. (2006) found the probability of a
hook remaining in white-spotted charr 70 days after cutting the line
was 0%, and the average time to hook expulsion was 53.3 4- 36.3 days
after line-cutting. These rates are highly variable both within and
between species, but proportions of hook expulsion are substantial
and show that most fish are capable of hook expulsion over weeks or
months (Dubois and Pleski, 2007; Hulbert and Engstrom-Heg, 1980;
Schill, 1996; Schisler and Bergersen, 1996; Tsuboi et al., 2006) and
bluegill appear to be able to expel hooks more rapidly than some
other species.

The mechanism of actual hook expulsion was not explicitly eval-
uated in this study, however, given that we found no hooks in
digestive system posterior to the stomach, it is likely that the major-
ity of these hooks were expelled via the mouth. Gastric digestion,
direct passage via the opercular aperture, or movement through
either end of the digestive tract have all been previously suggested
as possible mechanisms of hook loss in fish (Mason and Hunt, 1967;
Hulbert and Engstrom-Heg, 1980). Gastric digestion is an unlikely
mechanism used by the bluegill in this study, as the study period

was relatively short. In marine water, Aalbers et al. (2004) 130 days
were required for juvenile white seabass to completely digest the
hooks. Moreover, we found several intact hooks at the bottom of
the tank at the end of the experiment.

Hulbert and Engstrom-Heg (1980) argued that a retained hook
in the esophagus would have an adverse affect on foraging and
digestion, as it could impede the passage of food down the diges-
tive tract. As such, we evaluated the impacts of different treat-
ments on fish feeding rates and condition. After 48 h the fish that
had the hook removed had less food in their stomachs than fish
that had the line cut or were shallowly hooked. Apparently the
presence of the hook in line-cut fish did not impede ingestion of
chironomids whereas the injury arising from hook removal was
sufficient to either reduce competitive ability (but see below for
discussion of swimming performance) or ability to mechanically
process or ingest food. By 10 days post capture there were no dif-
ferences in the growth or HSI(an index of fish nutritional condition).
Although we failed to provide an adequate ration to yield positive
growth, the extent of weight loss did not differ between groups.
Hence, for the purposes of this paper the lack of relative differ-
ence in mass loss is sufficient to conclude that long-term growth
and condition are not impaired by hook retention or hook removal.
Line-cut treatment group fed slightly less then the control group,
however, the majority of fish had full stomachs, indicating that
food consumption was not problematic. It was the hook-removal
group whose foraging activity was significantly reduced, and this
difference in feeding behaviour could be a result of higher stress
levels experienced by the hook-removal fish. Of the few studies
that have investigated sublethal metrics such as growth or condi-
tion when comparing hook retention versus hook removal, most
found that fish that have had the line cut grew less than fish
that had the hook removed (e.g. Jenkins, 2003; Mason and Hunt,
1967; Hulbert and Engstrom-Heg, 1980). In this study, however,
the line-cut treatment fish experienced the least decrease in mass
compared to the other treatment groups. These contradictory find-
ings could simply be a result of inter-specific variation (in mouth
morphology and feeding). In addition, bluegill were fed dehydrated
blood worms during our study which are small and could likely be
easily passed around a hook that is in the alimentary canal rel-
ative to other food items that adult bluegill would normally eat
while in the wild (e.g., terrestrial insects, caddis fly larvae, large
zooplankton, small fish; Sadzikowski and Wallace, 1976; Keast,
1985).

4.2. Swimming performance

Swimming performance is a sensitive indicator of overall organ-
ismal health and physiological condition. Swimming performance
is also ecologically relevant, as swimming is essential for crucial
behaviours such as evasion of predators, feeding, and nest guard-
ing (Schreer et al., 2005; Plaut, 2001). Although we noted sublethal
changes in blood biochemistry, we did not observe any differences
in the swimming performance between fish in the different treat-
ment groups. Although the hook-removal treatment group per-
formed equally well during the swim tests, rapid mortality within
this group may have biased the results. Almost one quarter of all
hook-removal treatment fish died before they were subjected to
the swimming performance tests suggesting that we were biased
towards the use of fish that were more likely to survive. Nonethe-
less, if we focus on this metric as an indicator of sublethal impair-
ment, there is no influence of treatment on fish swimming perfor-
mance. To date few studies have used swimming performance for
evaluating catch-and-release fishing (e.g., examination of air expo-
sure impacts on swimming ability of brook trout; Schreer et al.,
2005) and to our knowledge none have evaluated deep hooking or
hook removal versus retention.
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4.3. Hematology and blood biochemistry

In addition to evaluating injury and mortality, we also compared
the physiological consequences of the three different treatments.
Consistent with other time-course studies on the physiological
responses of shallowly hooked freshwater fish, bluegill experienced
elevated glucose and some loss of ions 1h after disturbance but
most parameters had returned to resting levels by 6 h. The rapid rise
of glucose as a result of an acute stress (e.g., angling) is mediated
predominantly by cortisol and functionally is intended to provide
the fish with the energetic substrates needed to deal with a stres-
sor (Barton, 2002). Frequently accompanying elevations of cortisol
and glucose are changes in ionic status. When freshwater fish are
exposed to stress, they typically respond by losing ions. Interest-
ingly, there was also a trend in the control fish again exhibiting
indicators of stress by 24 h after capture. Previous studies have
noted that confinement, as occurs during sensory deprivation as
part of time course physiology experiments, can itself be stressful
(Barton, 2002). Relative to shallowly hooked controls, fish that had
the hooks removed exhibited significant physiological disturbance.
Glucose levels remained elevated relative to controls throughout
the monitoring period. Even at 24 h glucose levels in fish that had
the hook removed were nearly twice that of control fish indicat-
ing that the stress associated with hook removal was significant.
Indeed, even following a number of severe stressors in competitive
fishing tournaments, walleye and largemouth bass are physiologi-
cally recovered by 6 h after capture (Suski et al., 2004; Killen et al.,
2006). Hence, the prolonged physiological disturbance in fish that
had the hook removed indicates chronic stress.

One factor contributing to the prolonged physiological distur-
bance in fish that had the hook removed may be blood loss. We
measured hematocrit which can be used as an indicator of blood
loss as well as physiological disturbance. Consistent with observa-
tions noted above (i.e., fish bleeding after hook removal), hemat-
ocrit levels were low. Although hematocrit can vary quickly and for
different reasons (e.g., increasing as a result of splenic contractions
which release more red blood cells or because of erythrotic swelling
and erythropoiesis (Wendelaar-Bonga, 1997) or decreasing because
of osmotic shifts and hemodilution as a result of changes in gill
permeability (Gustaveson et al., 1991) or blood loss), hematocrit is
regarded is a good indicator of the relative oxygen carrying capac-
ity and the general condition of fish (Barton, 2002). Even by 24 h
the hematocrit levels of the hook removal group were significantly
lower than shallowly hooked controls. In general, leaving the hook
in place resulted in physiological disturbance that was intermedi-
ate but not significantly different from the other two treatments,
particularly for glucose and hematocrit.

An important consideration in the interpretation of our phys-
iological findings is that we standardized the level of handling
associated with each treatment (e.g., we exposed all fish to air for
1 min). In reality, hook removal usually takes longer when fish are
deeply hooked (Grixti et al.,2008) and this can result in more severe
physiological alterations (Cooke et al., 2001). As such, under scenar-
ios where an angler were to capture a fish in the wild, the level of
physiological stress experienced by deeply hooked fish would pre-
sumably be greater than for controls or line-cut fish which could be
handled and returned to the water more quickly.

4.4. Management implications and conclusion

Mortality among fish that are released after angling has the
potential to negatively affect fish populations and make harvest
regulations ineffective or counterproductive (Coggins et al., 2007).
Given that deep hooking has been repeatedly identified as a crit-
ical factor in post-release mortality (Bartholomew and Bohnsack,
2005), efforts are needed to reduce incidences of deep hooking

and to provide anglers and management agencies with informa-
tion on what to do when a fish is deeply hooked. Such efforts have
the potential to increase the sustainability of recreational fisheries
(Cooke and Schramm, 2007) and are consistent with maintaining
the welfare status of angled fish (Davie and Kopf, 2006; Cooke and
Sneddon, 2007; Arlinghaus et al., 2007). Consistent with a growing
body of literature on salmonids (e.g., Warner, 1979; Schill, 1996;
Dubois and Kuklinski, 2004; Schisler and Bergersen, 1996; Tsuboi et
al., 2006) and several marine fish (red drum, Jordan and Woodward,
1994; snook, Taylor et al., 2001), using bluegill as a model we
revealed that when warmwater fish from inland waters are deeply
hooked and the hook cannot be easily removed, the line should be
cut and the fish released. Because we held fish in captivity, it is dif-
ficult to determine if our mortality rates are comparable to what
would be observed in the wild. Although our tanks were void of
predators and food was provided regularly, holding fish in captivity
can also result in mortality. However, our control fish experienced
negligible mortality during the holding period suggesting that the
mortality we did observe was attributable to the treatments and
that mortality would likely be higher in the wild. Fish that are
deeply hooked and are released after hook removal will likely expe-
rience high levels of mortality and experience significant sublethal
physiological alterations and short term feeding impacts. When the
line is cut and the hook is left in place, mortality is much lower and
sublethal impacts are similar to those observed in shallowly hooked
controls. Management agencies should also consider effort control
over size or bag limits in instances where deep hooking levels are
high, thus enabling anglers to harvest deeply hooked fish. Alterna-
tively, angler education programs should emphasize gears available
to minimize deep hooking (e.g., circle hooks, non-organic baits) and
to cut the line when fish are deeply hooked.

A recent review of catch-and-release guidelines provided by
state and provincial management agencies in North America
revealed that 90% of them recommended cutting the line when
the fish was too deeply hooked to enable safe removal (Pelletier
et al.,, 2007). However, it is unknown the extent to which these
guidelines are followed or adopted by anglers. Two natural resource
agencies recommended removing the hook and only leaving the
hook in place if removal efforts fail (Pelletier et al., 2007). There is
obviously inherent risk in this approach if the attempts to remove
the hook cause significant injury whether successful with hook
removal or not. In addition, long periods of time spent attempting
to remove the hook from deeply hooked fish will also lead to more
severe physiological disturbances due to the longer air exposure
and handling (Cooke et al., 2001). Some authors have advocated for
the use of dehooking tools to remove deep hooks (Malchoff and
MacNeill, 1995), however, to our knowledge there is no quanti-
tative evaluation of the many different dehooking tools. As such,
we would advise caution when using these tools and encourage
research on that topic. Simple tools such as hemostats or needle-
nose pliers (appropriately sized for the fish) should be used when
angling as they are likely the most effective tool for reaching deep
hooks, given the caveat that removal attempts could cause more
severe injury. Future research should evaluate different hook mate-
rials (e.g., bronze, stainless steel), sizes (overall hook size and gape
size), gauges of the hook material, designs (e.g., aberdeed, octopus,
baitholder) and configurations (e.g., barbed versus unbarbed) and
evaluate how these factors influence whether the line should be cut
or the hook left in place as those factors may influence the ability
of fish to expel the hook.
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