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Immediate (4–5 h) and delayed (10 d) hooking mortality for released fish kept in tanks was evaluated for painted comber (Serranus
scriba) taken by the recreational fishery of the Balearic Islands (western Mediterranean). Results showed low rates of immediate
(10.8%) and delayed (3.3%) hooking mortality, a total mortality of 14.1%. Anatomical hook location and capture depth were the
most significant predictors of mortality; 70.4% of fish caught with a deep location of hook died as a consequence of the damage
caused, bleeding, and long unhooking times. Fish caught in depths .16 m showed evidence of external barotrauma caused by
rapid decompression, which increased the probability of death. The most common forms of barotrauma were swimbladder enlarge-
ment and stomach inversion. For fish vented with the aid of a hypodermic needle to extract excess gas, mortality was reduced by half.
Factors such as surface temperature, fish size, and hook type (“J” hook vs. circle hook) could not explain the mortality of fish released
into tanks. Therefore, the results confirm that a practice of catch-and-release (voluntary or mandatory) for S. scriba needs to be pro-
moted among recreational anglers.
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Introduction
The painted comber, Serranus scriba (Osteichthyes, Serranidae), is
a littoral benthic species found over rocky bottoms covered by
Posidonia oceanica and Cymodocea nodosa meadows. It is distrib-
uted along the coasts of the Mediterranean and Black Seas as
well as in the eastern Atlantic, from the Bay of Biscay to
Mauritania, and including the Canary Islands, the Azores, and
Madeira (Bauchot, 1987). It is a simultaneous hermaphrodite
(Tuset et al., 2005; Zorica et al., 2006) and has biological and eco-
logical characteristics that make it vulnerable to overexploitation
(Cardona et al., 2007).

In the Balearic Islands (western Mediterranean), recreational
fishing is one of the main leisure activities, with 5–10% of the
population participating (Morales-Nin et al., 2005). In this
fishery, S. scriba is one of the most targeted species for recreational
anglers, especially those using boats, and represents 24% of the
total catch (Morales-Nin et al., 2005). Minimum legal size and
daily bag limits have been used as management tools in the
fishery. In recent years, voluntary catch-and-release and its pro-
motion in local tournaments has become popular among both
managers and anglers. However, the utility of these mandatory
(e.g. release of undersized fish) and voluntary practices as a
management tool requires survival rates among the released fish
to be reasonable (Bartholomew and Bohnsack, 2005; Cooke
et al., 2006; Lewin et al., 2006; Arlinghaus et al., 2007; Coggins
et al., 2007).

In recent decades, evaluating the factors that influence mor-
tality of the released fish has been a specific focus of scientists
and managers in the USA, Canada, and Australia (Arlinghaus
et al., 2007). However, for the Mediterranean Sea, there is a critical
lack of studies estimating the mortality of released fish (Arlinghaus
et al., 2007). Bartholomew and Bohnsack (2005), reviewing the
factors influencing the mortality of released fish, found that ana-
tomical hooking location and capture depth had the most import-
ant impact on post-release mortality. In many marine recreational
fisheries, fish are hooked deep within the body, such as in the oeso-
phagus, stomach, and gills, leading to high rates of mortality
(Diggles and Ernst, 1997; Ayvazian et al., 2002; Aalbers et al.,
2004; Broadhurst et al., 2005; St John and Syers, 2005; Butcher
et al., 2006; Alós et al., in press). For the Serranidae, it has been
reported that increasing the depth of capture produces different
forms of barotrauma, which increase the rate of mortality
(Wilson and Burns, 1996; Diggles and Ernst, 1997; Collins et al.,
1999). The formation of gas bubbles in blood and tissues can
cause embolism, haemorrhaging, and clotting, as well as haemato-
logical changes. Moreover, swimbladder overexpansion renders
fish positively buoyant, precluding their return to the original
capture depth, and making them easy prey for predatory birds
and fish (Bartholomew and Bohnsack, 2005; St John and Syers,
2005). Several studies have suggested that venting positively
buoyant fish with a hypodermic needle to extract the excess gas
formed by rapid decompression can be effective in reducing
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post-release mortality in some marine fisheries (Collins et al.,
1999; St John and Syers, 2005). Furthermore, other factors such
as species, size of fish, gear characteristics, length of time before
release, environmental conditions, and post-release depredation
have been reported as factors likely influencing post-release mor-
tality (Bartholomew and Bohnsack, 2005; Arlinghaus et al., 2007).

The aim of this study was to evaluate the immediate (4–5 h)
and delayed (10 d) hooking mortality in S. scriba released by rec-
reational anglers. For this purpose, a logistic regression model was
fitted to investigate the relationships between post-release mor-
tality and a number of putative factors: intrinsic factors (fish
size and hooking injury), environmental conditions (surface
temperature and capture depth), and gear characteristics (hook
type). Further, the effect of capture depth on forms of barotrauma
and the effectiveness of venting were also investigated.

Material and methods
Field site and experimental procedures
Experimental boat-angling sessions with S. scriba as target species
were conducted on the south coast of Mallorca (western
Mediterranean) from October 2006 to September 2007
(Figure 1). Different sites in depth categories with similar
bottom characteristics, such as a P. oceanica bed, were selected ran-
domly. Angling sessions were between 08:00 and 15:00 local time.

The experimental gear comprised three hooks, with the same
hook treatment mounted on a 9.5-lb main leader with three side-
leaders (the hook line). To test the effects of hook type, two differ-
ent hook treatments (standard “J” hook and circle hook) were
used (Figure 2). Front length, gap, outside bend, and shaft
length were measured on five hooks of the same model
(Figure 2). All hooks were baited with pieces of shrimp (Penaeus
vannamei), covering the whole hook surface except the point of
the hook. Two volunteer anglers were selected, and one researcher
was assigned to each angler during the angling sessions. When an
angler caught a fish, the anatomical hook location (AHL; the
region where the hook penetrated the fish body) was recorded as
“deep-hooking” when the injury was in the stomach, oesophagus,
or gills, or “shallow-hooking” when the fish was caught in the lips
or jaw. Such categorization is normally used for small fish such as
S. scriba (Alós et al., 2008, in press). The presence of blood at the
hooking location was recorded as “presence” or “absence”.

Additionally, the time taken to unhook the fish was recorded as
“easy” (,30 s) or “difficult” (.30 s).

Once the hooking injury had been recorded, total fish length
(to the nearest mm), capture depth (m), and water surface temp-
erature (8C) were recorded for each fish. To test the effect of
capture depth on mortality, evidence of external barotrauma inju-
ries [as described by St John and Syers (2005) and summarized in
Table 1] was recorded for each fish. Additionally, for fish without
external evidence of barotrauma, the swimbladder of alternate
captures, from the entire range of depths, was vented using a hypo-
dermic needle (21G � 1/200). The needle was inserted on the left
side of the fish below the lateral line, near the base of the pectoral
fin, with a bias of 458 under the scales until the swimbladder was
punctured. Once the needle had been inserted, the researcher

Figure 1. Geographic location of Palma Bay in the Balearic Islands
(northwestern Mediterranean).

Figure 2. Dimensions of a standard “J” hook (size 8, GAMAKATSU
model 1060) and a circle hook (size 10, TEKLON model 7400), as
used here for experimental angling. The mean+ s.d. (in mm) are
shown here for front length (FL), width (WD), gap (GP), and shaft
length (SF), for five hooks of each hook type measured.
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. External signs of barotrauma, anatomical description, and
their causes as described by St John and Syers (2005) for
G. hebraicum following catch-and-release.

Barotrauma
form

Description Cause

Swimbladder
enlarged (SE)

Swimbladder
enlarged and visible
in mouth

Rapid decompression during
capture leads to air expanding
in the swimbladder

Stomach in
mouth (SM)

Stomach everted and
visible in mouth

Air expanding in the
swimbladder in the peritoneal
cavity leads to the stomach
being pushed into the mouth

Exophthalmia
(EX)

Eyes protruding from
orbits

Rapid decompression within
or behind the eyeball causes
the rupture of the capillaries
in the choroid body in the
eyeball

Bubbles in
eyes (BE)

Gas bubbles visible
to the naked eye

Rapid decompression during
capture leads to air
expansion, and bubbles are
visible in the eyes
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pressed the abdominal cavity to extract the gas formed by rapid
decompression. When no more gas could be extracted, the
needle was removed and cleaned to use on other fish. The
venting action was recorded as “vented” or “not vented”. Each
fish was then individually tagged with an Anchor T-bar (Floy
Tags#) and placed into an 80-l onboard aerated fish-holding
tank. The fish remained in these tanks for 4–5 h to determine
immediate hooking mortality (Pollock and Pine, 2007). During
the angling sessions, some 75% of the water was exchanged manu-
ally each hour. To investigate delayed hooking mortality (Pollock
and Pine, 2007), all fish were transported to a 5000-l polyvinyl
chloride holding tank, mounted with flow-through seawater, and
individually monitored three times a day over 10 d.
Containment studies have been used traditionally to monitor mor-
tality after release. However, such a study has limitations, e.g. the
elimination of post-release predation (Cooke and Schramm, 2007;
Pollock and Pine, 2007). Ideally, control fish would be required to
test the effects of mortality of some fish on other retained fish.
However, the properties of the local fishery (with its range of
depth and surface temperatures), and of the specific fishery for
S. scriba (difficult to catch with methods other than hook and
line), made it impossible to obtain control fish. All fish that died
during the monitoring period were identified and subjected to
necropsy, to determine the cause of death. Necropsy procedures
included visual inspection of the body and the bottom of the
fins, as well as squashing the liver and gills, to determine if the
cause of death was a bacterial, viral, or protozoan infection. All
fish surviving at the end of experiment were released into the wild.

Data analysis
A logistic regression model was fitted to the data, using maximum
likelihood to describe the relationships between total hooking
mortality (Yi) after 10 d (0 survival; 1 death) and nine explanatory
variables: fish size, capture depth, and surface temperature, treated
as continuous variables, and hook type, AHL, unhooking dur-
ation, bleeding, barotrauma, and venting, treated as categorical
variables:

logitðYiÞ ¼ b1 þ b2ðsizeiÞ þ b3ðdepthiÞ þ b4ðtemperatureiÞ

þ b5ðhookiÞ þ b6ðAHLiÞ þ b7ðdurationiÞ þ b8ðbloodiÞ

þ b9ðbarotraumaiÞ þ b10ðventingiÞ þ 1i;

where bj are the model parameters, and 1i the binomial error term.
Interpreting a model with so many variables is difficult, so to

reduce the number of explanatory variables, I carried out a corre-
lation analysis using contingency tables with Pearson’s
Chi-squared test and Yates’ continuity correction for categorical
variables (Crawley, 2005). For correlated variables, the variable
that best represented the group was selected for inclusion in the
model. Stepwise forward selection with Akaike’s Information
Criterion (AIC) as the criterion for selection was used to select
the best model; all main effects and interactions were tested.
Then, a simpler model with only main effects was fitted and the
two models compared with ANOVA (Crawley, 2005). If the
simpler model was not significantly worse, it was accepted, and
only the main effects were tested using a partial z-test (Crawley,
2005). Statistical analyses were carried out using the statistical
package R version 2.6.0.

Results
In all, 213 S. scriba were caught during ten experimental angling
sessions and were individually monitored for 10 d. Total fish
length ranged from 96 to 227 mm (mean 145.7+ 96 mm). Fish
were caught in locations with surface temperatures ranging from
16.28C to 25.78C, and at depths of 4–30 m. With respect to
hook type, 120 fish (56.3%) were caught using standard “J”
hooks and 93 (43.7%) with circle hooks. Average immediate
hooking mortality was 10.8% (23 fish), and delayed hooking mor-
tality after 10 d was an additional 3.3% (7 fish), making a total
hooking mortality of 14.1% (30 fish).

Correlation analysis revealed that AHL, presence of blood, and
unhooking time were highly correlated (Figure 3). Therefore,
70.4% of fish caught deep anatomically bled as a consequence of
unhooking (x2 ¼ 119.71, d.f. ¼ 1, p , 0.001; Table 2), and

Figure 3. Percentage of S. scriba showing different combinations of
bleeding (bleeding or no bleeding), unhooking (easy or difficult), and
anatomical hooking location (deep or shallow).
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Table 2. Percentages of total (immediate and delayed) mortality
by hook location (deep or shallow), hook type, unhooking time,
and presence of blood.

Parameter assessed n Deep-hooked Shallow-hooked

% Mortality
(%)

% Mortality
(%)

Hook type

“J” hook 120 15.8 63.2 84.2 8.9

Circle hook 93 8.6 87.5 91.4 2.4

Unhooking time

Difficult 28 89.3 72.0 10.7 0.0

Easy 185 1.1 50.0 98.9 6.0

Bleeding

Absence 192 4.2 37.5 95.8 6.0

Presence 21 90.5 84.2 9.5 0.0
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usually (92.6%) the fish were difficult to unhook (x2 ¼ 163.1,
d.f. ¼ 1, p , 0.001; Table 2). Consequently, only AHL was
retained as an explanatory variable, but not the presence of
blood or unhooking time. Capture depth and the presence of baro-
trauma were also highly correlated, as expected (p , 0.001;
Figure 4). Logistic regression modelling showed that capture
depth was a significant predictor of the presence of some form
of barotrauma, because an increase in capture depth influenced
their presence (p , 0.001, Figure 4). Therefore, capture depth
was retained as an explanatory variable. The preliminary analysis
allowed a reduction in the number of explanatory variables from
nine to six: fish size, temperature, capture depth, AHL, hook
type, and venting.

Stepwise forward selection retained three factors for explaining
total hooking mortality: AHL, capture depth, and venting
(Table 3). Of these, only AHL and capture depth had a very signifi-
cant effect on hooking mortality (p , 0.001; Table 3). Fish caught
deep-hooked had a higher rate of mortality (70.4%) than those
caught shallow-hooked (5.9%; Table 2). AHL did not vary signifi-
cantly among hook types (x2 ¼ 1.86, d.f. ¼ 1, p ¼ 0.172). In terms
of the effect of capture depth, the rate of mortality increased as

depth increased (p , 0.001; Table 2, Figures 4 and 5). Fish caught
deeper than 16.2 m (Depth50) had a probability value of 0.5 of
developing some form of barotrauma (Figure 4). In all, 137 fish
(64.3%) showed no form of barotrauma, and 39 (18.3%) had
swimbladder enlargement, in 35 fish (16.4%) the stomach being
visible in the mouth. However, only one fish (0.5%) showed
exophthalmia, and one (0.5%) had bubbles in the eyes.

Finally, although venting was included in the best model using
the AIC, the effect was not significant in the partial z-test (p ¼
0.142; Table 3), and similarly for first-order interactions between
the factors retained in the best model (p ¼ 0.258). However, in
fish that showed some form of barotrauma (76 fish), the rate of
mortality was halved when the excess gas formed during rapid
decompression was vented with a hypodermic needle (Figure 5).

Discussion
The utility of mandatory and voluntary controls as management
tools for recreational fisheries that result in a large number of
released fish surviving require good rates of survival
(Bartholomew and Bohnsack, 2005; Cooke et al., 2006; Lewin
et al., 2006; Arlinghaus et al., 2007; Coggins et al., 2007).
Bartholomew and Bohnsack (2005) stated that post-release mor-
tality depended on several factors and that rates of mortality
.20% were too high. The factors can be divided into intrinsic

Figure 4. Total hooking mortality and incidence of barotrauma in S.
scriba caught at six depths (n ¼ 186). Fish caught deep-hooked are
excluded. Depth50 (16.2 m) corresponds to the capture depth for
which the probability of suffering some form of barotrauma was 0.5.
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Table 3. Logistic regression models and parameter estimates for total hooking mortality (after 10 d) following catch-and-release of S. scriba
by recreational fishers.

Model description Parameter Estimate s.e. z-value Pr(>jzj)

Full model

Yi ¼ b1 þ b2ðFish sizeiÞ þ b3ðTemperatureiÞ þ b4ðDepthiÞ

þ b5ðAHLiÞ þ b6ðHookiÞ þ b7ðVentingiÞ þ 1i

Intercept 28.65 2.41 23.6 ***

Fish size 0.01 0.01 1.0 0.315

Temperature 0.08 0.09 0.93 0.353

Capture depth 0.14 0.05 2.84 **

Deep-hooking 4.82 0.76 6.35 **

“J” type 0.64 0.58 1.11 0.269

Venting 20.91 0.61 21.48 0.139

Best model
Yi ¼ b1 þ b2ðAHLiÞ þ b3ðDepthiÞ þ b4ðVentingiÞ þ 1i

Intercept 25.34 0.94 25.7 ***

Deep-hooking 4.86 0.76 6.42 ***

Capture depth 0.16 0.04 3.86 ***

Venting 20.86 0.59 21.47 0.142

The full model includes explanatory variables after preliminary correlation analysis. The best model was obtained by stepwise forward selection with AIC.
Estimates correspond to linear slopes, and for categorical factors they show the effect of the category with respect to the intercept. Estimates and their
standard error (s.e.) are on a logit scale.
**p , 0.01; ***p , 0.001.

Figure 5. Total hooking mortality (%) of vented and not vented
S. scriba caught at six depths. Only fish caught shallow-hooked are
included (n ¼ 186).
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ones (species, fish size, and hooking location), fishing gear and
angler practice (fishing method, techniques of handling and
release), and environmental conditions (capture depth and
surface temperature). The results here showed low immediate
(10.8%) and delayed (3.3%) rates of hooking mortality, a total
mortality of 14.1%, confirming that the common gear used in
this recreational fishery results in low mortality among the
S. scriba released. Compared with the mortality rates obtained
for other marine serranids, S. scriba had a lower rate than
Epinephelus morio (29%; Wilson and Burns, 1996), a higher rate
than Epinephelus quoyanus (1–8%; Wilson and Burns, 1996;
Diggles and Ernst, 1997), and within the range of mortalities
obtained for Centropristis striata (0–39%; Collins et al., 1999).

Post-release mortality increased by just 3.3% after 10 d of
monitoring fish retained in tanks. This suggests that death of S.
scriba angled is generally in the first minutes after capture and as
a result of hooking injury to vital organs, or severe bleeding, or
poor handling practice (Pollock and Pine, 2007). Clearly, studies
to evaluate post-release mortality need to use control fish to sep-
arate the effects of the study from the effects of retention in
tanks on the fish. When there are no control fish available, the
mortality estimated must be taken as conservative (Pollock and
Pine, 2007). However, the few fish that died during the long-term
monitoring period here showed that the effect of retention in a
tank was negligible or non-existent. Moreover, five of the seven
fish that died during the longer period were caught deep-hooked,
a situation predicted by the logistic model to lead to greater mor-
tality rates.

Deep-hooking was the critical mortality factor observed in
S. scriba in this study, because fish caught deep-hooked had a
higher probability of dying than shallow-hooked fish. The results
are consistent with most catch-and-release mortality studies,
which consider deep-hooking as the most important factor influ-
encing mortality (Arlinghaus et al., 2007). This has been recorded
in many marine recreational fisheries: Pomatomus saltatrix
(Ayvazian et al., 2002), Acanthopagrus australis (Broadhurst
et al., 2005), Glaucosoma hebraicum (St John and Syers, 2005),
Sillago ciliata (Butcher et al., 2006), and Trachynotus ovatus
(Alós et al., in press). My preliminary analysis testing correlations
between explanatory variables showed that fish caught
deep-hooked bled and were more difficult to unhook than those
caught shallow-hooked. As a consequence, the causes of death
were bleeding and the increased physiological stress caused by
the time taken to unhook the fish. These results support state-
ments in the literature and have been proposed as the main con-
sequence of deep-hooking (Bartholomew and Bohnsack, 2005;
Arlinghaus et al., 2007).

Increased capture depth is an important factor inducing mor-
tality following catch-and-release (Bartholomew and Bohnsack,
2005; St John and Syers, 2005), especially for serranids (Wilson
and Burns, 1996; Diggles and Ernst, 1997; Collins et al., 1999).
In this study, fish caught in deeper water had a greater probability
of suffering some form of external barotrauma caused by rapid
decompression. Specifically, fish caught at depths .16.2 m
(Depth50) had a .50% probability of suffering some form of bar-
otrauma. Four forms of external barotrauma described by St John
and Syers (2005) were observed in the various S. scriba caught
here. The most common forms observed were swimbladder enlar-
gement, and stomach eversion visible in the mouth. With respect
to other forms of barotrauma, only one fish was affected by
exophthalmia, and one by bubbles in the eyes. St John and Syers

(2005) reported that these more critical forms of barotrauma are
more frequent at depths .45 m. Serranus scriba lives over rocky
substrata covered by P. oceanica and C. nodosa meadows, and in
the Balearic fishery is rare at depths .35–40 m.

Venting fish to reduce mortality induced by barotrauma is a
common practice in recreational fisheries (Bartholomew and
Bohnsack, 2005). In some marine fish, the excess gas formed by
rapid decompression can be reduced by venting the swimbladder
with the aid of a hypodermic needle (Collins et al., 1999; St John
and Syers, 2005). For S. scriba, venting fish showing some form of
barotrauma reduced the mortality by half, although venting was
not a significant factor explaining hooking mortality in the logistic
regression analysis. Globally, therefore, it neither increased nor
decreased hooking mortality. This phenomenon has been
described for G. hebraicum too (St John and Syers, 2005).
Therefore, for fish that are positively buoyant, venting may allow
a fish to return swiftly to its capture depth, reducing its likelihood
of becoming prey for predatory birds or fish. However, before
managers promote and implement this practice, anglers need to
be instructed and educated in good practice to maximize the sur-
vival of vented fish (Cooke et al., 2006).

Factors such as fish size, water surface temperature, and hook
type have been considered as potential mortality-inducing
factors in recreational fisheries (Bartholomew and Bohnsack,
2005). However, the results here failed to link them significantly
with S. scriba mortality. In the specific case of hook type, circle
hooks have recently become popular with managers, scientists,
and anglers because they reduce the incidence of deep-hooking
(Cooke and Suski, 2004). In the present case, however, the use
of circle hooks did not cause a significant reduction in the inci-
dence of deep-hooking. As S. scriba has a larger mouth diameter
and volume than other target species in the fishery (Karpouzi
and Stergiou, 2003), hook size needs to be considered if circle
hooks are to be rendered less injury-causing than “J” hooks
(Cooke et al., 2005).

Serranus scriba is an important target species in the recreational
fisheries of the western Mediterranean, and it is vulnerable to over-
exploitation (Morales-Nin et al., 2005; Cardona et al., 2007). The
results presented here confirm that the gear commonly used in this
recreational fishery results in low mortality of the fish released as
long as the factors described above are taken into account.
Future research should involve telemetry and video studies to esti-
mate the physiological disturbance and changes of behaviour of
S. scriba in their natural environment. Finally, I hope that the
results of this study will help scientists and anglers minimize
mortality and contribute more to the sustainable development
of recreational fisheries in the western Mediterranean.
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