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ABSTRACT: Reliable estimates of the post-release mortality probability of marine turtles after
incidental by-catch are essential for assessing the impact of longline fishing on these species.
Large numbers of loggerhead turtles Caretta caretta from rookeries in the northwestern Atlantic
Ocean have been by-caught annually in the southwestern Mediterranean Sea since the 1980s, but
nothing is known about their post-release mortality probability under natural conditions. Pop-up
archival transmitting tags were attached to 26 loggerhead turtles following incidental capture by
Spanish longliners. Hooks were not removed, and 40 cm of line was left in place. The post-release
mortality probability during the 90 d following release ranged from 0.308 to 0.365, and was
independent of hook location. When the post-release mortality probability was combined with
previously reported estimates of the mortality probability before hauling, the aggregated by-catch
mortality probability ranged from 0.321 to 0.378. Assuming a total annual by-catch of 10656
loggerhead turtles by the Spanish longline fleet operating in the southwestern Mediterranean, by-
catch results in 3421 to 4028 turtle deaths annually. This range is equivalent to 8.5-10.1 % of the
approximately 40 000 turtles inhabiting the fishing grounds used by Spanish longliners, most of
them from rookeries in the northwestern Atlantic. As a consequence, the accumulated mortality
during the oceanic stage is expected to be larger for those loggerhead turtles of Atlantic origin
that spend several years in the Mediterranean Sea than for turtles of the same cohort that remain
in the Atlantic. For this reason, the Mediterranean can be considered a dead end for loggerhead
turtle populations nesting in the Atlantic, although the actual demographic relevance of by-catch
mortality of loggerhead turtles in the Mediterranean remains unknown.
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INTRODUCTION

Direct exploitation and incidental by-catch have
depleted the populations of many large marine verte-
brates worldwide (Jackson & Sala 2001, Lewison
et al. 2004a). National regulations have sometimes
been effective in allowing depleted populations to
rebuild (Gerber & Hilborn 2001), but this approach
can be unsuccessful for species with complex life
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histories involving migrations beyond national juris-
dictions.

As migratory species, sea turtles represent a good
example of the need for global conservation strate-
gies because they disperse over entire oceans and
use habitats 1000s of kilometers apart (Spotilla 2004).
Furthermore, there are major gaps in our knowledge
about the impact of by-catch on the dynamics of sea
turtle populations, particularly about how many tur-
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tles are taken in each region and how many die
following incidental capture (Godley et al. 2008,
Hamann et al. 2010)

The loggerhead turtle Caretta caretta inhabits
most of the tropical and subtropical oceans of the
world (Wallace et al. 2010a), and the largest nesting
aggregation of the species in the Atlantic (and one of
the largest in the world) is found along the sandy
coasts of North America (Ehrhart et al. 2003, Wallace
et al. 2010a).

High numbers of hatchlings from these rookeries
migrate eastward with the Gulf Stream to reach
Europe and northwestern Africa (Laurent et al. 1993,
1998, Bolten et al. 1998). Once in the Mediterranean,
young loggerhead turtles of Atlantic origin will
remain there for many years due to the barrier
imposed by the currents at the Straits of Gibraltar
and the Alboran Sea (Revelles et al. 2007c, Eckert et
al. 2008).

The eastern Mediterranean also supports a geneti-
cally distinct nesting population of loggerhead turtles
(Broderick et al. 2002, Carreras et al. 2007, 2011), but
loggerhead turtles of Mediterranean and Atlantic
origin do not mix homogenously within the Medi-
terranean feeding grounds and the latter represent
>90 % of the oceanic-stage loggerhead turtles found
in the southwestern Mediterranean (Carreras et al.
2006, 2011, Revelles et al. 2007a).

The southwestern Mediterranean supports the
most intense longline fishing activity within the

whole basin (Fig. 1; Lewison et al. 2004b, Casale
2011), and the loggerhead turtle is the marine turtle
most often by-caught in the area (Carreras et al.
2004, Alvarez de Quevedo et al. 2010). Spanish long-
liners represent the bulk of the fleet operating there,
and most of the fishing effort is concentrated in the
south toward the Balearic Archipelago, independent
of the base port (Aguilar et al. 1993, Caminas 1997,
Carreras et al. 2004, Béez et al. 2007, Alvarez de
Quevedo et al. 2010).

The Spanish longline fleet has been reported to
have by-caught as many as 20000 loggerhead turtles
annually since the 1980s (Mayol et al. 1988, Aguilar
et al. 1995, Casale 2011), with a probability of post-
release mortality of 0.29 (Aguilar et al. 1993, 1995).
These figures have raised international concern
(Wallace et al. 2010b) and suggest that the Spanish
longline fishing fleet might have killed approxi-
mately 5800 turtles annually since the early 1980s,
equivalent to 14.5% of the 40000 turtles inhabiting
the fishing grounds in the southwestern Mediter-
ranean according to the results of aerial surveys
(Cardona et al. 2005, Gémez de Segura et al. 2006).
As most of the turtles inhabiting the fishing grounds
used by the Spanish fleet in the southwestern
Mediterranean have a northwestern Atlantic origin
(Carreras et al. 2006, 2011, Revelles et al. 2007a), this
is presumed to be the origin of approximately 90 % of
the turtles by-caught by the Spanish fleet (L. Cardo-
na & M. Clusa unpubl. data).
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Fig. 1. (a) Distribution of longline fishing effort in the Mediterranean
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Accordingly, incidental by-catch in the foraging
grounds in the southwestern Mediterranean could
have a relevant impact on the population nesting in
the northwestern Atlantic, although there are uncer-
tainties in the above-reported figures. First, the post-
release mortality rate of by-caught turtles remains
unclear, as the only available estimate is derived
from hooked turtles held in captivity (Aguilar et
al. 1993, 1995). Second, by-catch data collected
throughout the past decade from multi-boat surveys
have often yielded much lower by-catch estimates
(Carreras et al. 2004, Caminas et al. 2006, Alvarez de
Quevedo et al. 2010) than those reported from earlier
surveys and/or from surveys based on a single boat
(Mayol et al. 1988, Aguilar et al. 1995, Caminas 1997,
Béez et al. 2007).

The objectives of the present study were to assess
the post-release mortality rate, under natural condi-
tions, of oceanic-stage loggerhead turtles inciden-
tally by-caught by longliners operating in the south-
western Mediterranean and to calculate how many
loggerhead turtles are killed annually by the Spanish
longliner fleet.

MATERIALS AND METHODS

We deployed pop-up archival transmitting (PAT)
tags (PAT-Mk10, Wildlife Computers) on 26 logger-
head turtles which had been incidentally caught by
Spanish longliners off the Balearic Archipelago in
2007 and 2008 (Fig. 1). The turtles were hauled on
board with a scoop net to avoid further damage.

The hooks were not removed, and 40 cm of line
from the mouth was left in place. This procedure
raises certain ethical issues, but we believe that it
represents the only way to replicate the release of
turtles by fishermen and to obtain a robust estimate
of the post-release mortality probability. Control
turtles were not used because a very large number of
turtles had to be tracked to obtain confidence inter-
vals sufficiently tight to detect any statistically signif-
icant differences and because using PAT tags for
control turtles would have resulted in a smaller sam-
ple size for hooked turtles.

We employed a 15 cm tether and a base plate sys-
tem to attach the PAT tags. The tether was a 2 mm
fishing line, and the base plate was made with a plas-
tic lattice coated with several layers of resin and
fiberglass. An opening in the coating allowed the
tether to be secured to the lattice (Fig. 2). Laboratory
trials confirmed the positive buoyancy of the PAT-
base plate system.
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Fig. 2. Attachment system for the PAT tags used in this study

The PAT tags were programmed using PATHOST
software to record pressure (i.e. depth, m) and tem-
perature (°C) every 2 s and light level every 10 s. The
data were stored in 14 depth and temperature bins
covering ranges from 0 to >250 m (up to 500 m) and
5 to >32°C, respectively. This procedure was based
on observations that turtles that die in captivity ini-
tially sink (Swimmer et al. 2006) and that loggerhead
turtles never dive deeper than 300 m (Lutcavage &
Lutz 1997). The PAT tags were also programmed to
release and transmit data if they did not experience
significant pressure changes for 192 h, i.e. if they
were shed and floating on the surface or if the turtle
had died and sunk to a depth of 500 m. Further-
more, the tags were programmed to release when
they reached a depth of 1500 m. In addition, to avoid
reaching a depth that would crush the recording sys-
tem in the case of a sinking turtle and failure of the
premature release programming, a device (RD-1800;
Wildlife Computers) was attached to sever the tether
if the tag descended below 1800 m.

The PAT tag data were used to classify tagged
turtles according to 3 possible outcomes: (1) ‘alive’
(scheduled), representing turtles who survived the
entire duration of the planned deployment; (2) ‘in-
conclusive’ (prematurely released), representing tur-
tles of unknown fate (e.g. the tag became detached
or popped up before the expected date for an un-
known reason); or (3) ‘dead’ (prematurely released),
turtles presumed to be dead (e.g. the tag remained at
a constant depth for the programmed premature
release period or sank below 1500 m).

Although the PAT tags were programmed to
release from the turtle 120 d after deployment and
archive data for this period, we right-censored the
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data and included in the study only the first 90 d after
deployment. Most hooked turtles actually die during
the first 3 mo after release (Aguilar et al. 1993,
Chaloupka et al. 2004), and expanding the study pe-
riod would have confounded the mortality resulting
from by-catch with that resulting from natural causes.

The survival rate (throughout the 90 d of tracking)
was calculated using 2 different methods. First, the
mortality probability of the tagged turtles was calcu-
lated as the ratio of ‘alive’ plus ‘inconclusive’ turtles
to the total number of turtles tagged, and bootstrap-
ping was used to calculate the 95 % confidence inter-
vals of this estimate by sampling 26 turtles randomly
from our data base to generate 1000 simulated sur-
veys. Furthermore, a chi-squared test was used to
compare the mortality probability of those turtles
hooked in the jaw or the mouth and those hooked in
the esophagus or the stomach. The ‘alive’ and the
‘inconclusive’ turtles were merged for those analyses
because most of the latter were thought to be alive
when the PAT tags released prematurely. This con-
clusion was based on the comparison of the diving
behavior of the 3 groups of turtles (‘alive’, ‘dead’ and
‘inconclusive’).

Raw dive and time data were collected by PAT tags
as frequency histograms based on predefined depth
and duration bins programmed into the transmitter
prior to deployment. These histograms were aggre-
gated over several hours for transmission, and we
received on average 4 of those aggregated data sets
for every tracking day. This information was used to
create an average time-depth histogram for each
group of turtles, and the histogram of the ‘inconclu-
sive' turtles was latter compared with that of the
other 2 groups using a Kolmogorov-Smirnov test (Zar
1984). Furthermore, the average time at surface and
the average maximum dive-depth of each individual
turtle during the whole tracking period were calcu-
lated. Average time at surface was calculated as the
average daily percentage of time spent at the 0 m
bin, and average maximum dive-depth was calcu-
lated as the average depth of the deepest daily dives.
These parameters are widely used to characterize
turtle diving behavior (Polovina et al. 2003, Swimmer
et al. 2006, Hochscheid et al. 2010, Howell et al.
2010). The gross average of each of those parameters
was computed for each group of turtles and com-
pared using ANOVA, after checking for normality
and homoscedasticity using Lilliefors and Levene
tests, respectively (Zar 1984).

For the second approach, we followed the example
of Sasso et al. (2011) and used the capture histories of
the tagged turtles to estimate survival at the end of

the 90 d tracking period, using the known fate model
in the program MARK (White & Burnham 1999). We
ran 4 models in MARK, considering survival as con-
stant over time (survival being the same in each
week after release) and survival by time period
(survival varying by week) and considering hook
location (mouth vs. internal) or ignoring hook loca-
tion. We used Akaike's information criterion adjusted
for small sample sizes (AICc) to rank the models and
determine which model best fit the data (Hurvich &
Tsai 1989, Burnham & Anderson 1992, 1998). When
comparing models using AICc, a difference of <2 in
AICc values indicates no real difference, a difference
between 2 and 7 indicates considerable support for a
difference, and a difference of >7 indicates strong
support for a difference between the models (Burn-
ham & Anderson 1998).

In both approaches, the post-release mortality
probability derived from the PAT tags experiment
was combined with the hauling mortality probability
reported by Caminas et al. (2006) to calculate the
aggregated mortality.

Data from Carreras et al. (2004) and Alvarez de
Quevedo (2010) were used to estimate the turtle by-
catch by the Spanish fishing fleet and combined with
the aggregated mortality to calculate the total num-
ber of turtles that die annually as a result of inter-
actions with the Spanish longliner fleet. Spanish
longliners operating in the Mediterranean between
2001 and 2006 included 184 vessels (www.magrama.
gob.es/es/estadistica/temas/estadisticas-pesqueras/
2012_01_Buques_eslora_tcm7-194379.pdf), but only
105 used drifting longlines (Carreras et al. 2004, Baez
et al. 2007).

RESULTS

The 26 turtles tagged ranged in size from 43 to
60 cm curved carapace length (CCL). A total of 16
turtles were hooked in the jaw or the mouth (classi-
fied as ‘mouth’), and 10 turtles were hooked in the
esophagus or the stomach (classified as ‘internal’).

Turtles were usually released a few hours after tag
attachment, but one of them was retained on board
because it was very weak and finally died on the
deck of the longliner 15 h after being captured and
tagged. The remaining 25 turtles were released
alive, and their PAT tags reported data within the
3 mo following deployment (Table 1).

Nine turtles were classified as ‘alive’ at the end of
the entire programmed tracking period because their
PAT tags were released as scheduled. The PAT tags
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Table 1. Caretta caretta. Characteristics of satellite-tracked loggerhead turtles.
CCL: curved carapace length; PAT: pop-up archival transmitting

suggesting that these turtles were
not dead.

The average time—depth histogram
Turtle Capture CCL Hook Tracking days PAT tag Classi- of the ‘inconclusive’ turtles was sig-
month  (cm)  position at+53?f§:e release fication nificantly different from those of the
‘alive’ and 'dead’' turtles and inter-
12007 Sep 54  Mouth 90 Scheduled Alive mediate between them (Fig. 3;
22007 Sep 45 Mouth 45+ 8 Premature Alive Komogorov-Smh‘nov; alive—incon-
32007 Sep 43 Internal 85+8 Premature Alive o — . s _
42007 Sep 53 Internal 90 Scheduled Alive C.IUSIVG. d1a 562 = 67; dead 1nf:onclu
52007  Sep 62 Internal 0 Dead on board Dead sive: diy 562 = 34; p < 0.001 in both
62007 Sep 58 Internal 58 + 8 Premature Alive cases). The 3 groups of turtles did not
72007 Sep 63 Mouth 90 Scheduled Alive differ in time at surface (Fig. 4;
82007 Sep 54 Internal 22 192h/>250m Dead A A F —-1582 p=02
92007 Sep 50  Internal 90 Scheduled Alive NOVA, F3.2 ,'58 P . 0.230), but
102007 Sep 51  Mouth 90 Scheduled Alive the average maximum dive-depth of
112007  Sep 60  Internal 73+8 Premature Alive the ‘inconclusive’ turtles did not dif-
122007  Sep 64  Mouth 90 Scheduled Alive fer from that of the 'alive’ turtles and
132007 Sep 58 Internal 90 Scheduled Al%ve was much deeper than that of the
142007  Sep 61 Internal 90 Scheduled Alive s , . A A _
12008  Jul 69  Mouth 74+8  1500m Dead dead’ turtles (Fig. 4; ANOVA, F 5, =
22008 Jul 49  Mouth 25 192h/>250m Dead 5.159, p = 0.016). Based on these
32008 Jul 53 Internal 13+8 1500 m Dead results, we concluded that the diving
42008 Jul 50 Mouth 25+8 1500 m Dead behavior of the turtles classified as
52008 Jul 60 Mouth 87 +8 Premature Alive B .,
62008  Jul 49 Mouth  54+8  Premature Alive inconclusive’ was closer to that of
72008 Jul 58  Mouth 70 + 8 Premature Alive the ‘alive’ turtles; hence, they were
82008 Jul 59 Mouth 77+8 Premature Alive most likely alive when the PAT tags
92008 Jul 53 Mouth 25+8 Premature Alive were prematurely released.
102008 Jul 66 Mouth 1+8 192h/>250m Dead .
112008 Jul 63 Mouth 90 1500 m Dead" Accordingly, 8 of the 26 turtles
122008  Jul 58  Mouth 90 Scheduled Alive tagged were considered to have died
“This turtle was alive at the end of the study period, but died some days during the 90 d after hooking: the
later, and we considered it as dead turtle that died while on deck and
the 7 turtles that remained at a con-

of the other 16 turtles were released prematurely.
Seven of them were certainly dead (and were accord-
ingly classified as 'dead’); 3 of them sank deeper than
250 m and remained there for 192 h, when the PAT
tags were released and transmitted;
and the other 4 PAT tags were released
when turtles sank to 1500 m. The rea-

stant depth for 192 h or sank to
1500 m. These assumptions yielded a post-release
mortality probability during the 90 d following by-
catch equal to 0.308 (95 % CI: 0.127 to 0.489). More-
over, hook position (‘mouth’ vs. ‘internal’) had no

Time (%)
10 20 30 40 50

sons for the premature release of the 9 0_
other PAT tags were unknown; hence,

they were classified as ‘inconclusive’.
Some data error related to tracking
and/or release dates occurred for all of
those 9 PAT tags, but these errors 30
were unlikely to have affected the
accuracy of the data related to depth
and temperature or to have caused
premature release. Moreover, 5 of
these PAT tags were released after a 75
relatively deep dive (100 to 150 m),
suggesting a failure of the attachment
system due to pressure or the drag
caused by deep-diving acceleration,

40

50

Depth (m)

100

125

O Alive (Scheduled)
O Inconclusive (Premature)
B Dead (Premature)

Fig. 3. Caretta caretta. Time—depth data for 26
loggerhead turtles incidentally by-caught with
longlines and instrumented with PAT tags
before release. The bars show the average
time spent in each depth range. Three groups
of turtles were compared, based on their fate
after 90 d of tracking: ‘alive’ (n = 9), ‘inconclu-
sive' (n =9) and ‘dead’ (n = 8)
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Fig. 4. Caretta caretta. Mean + SD 'maximum dive-depth’

and ‘time at surface’ of 3 groups of loggerhead turtles inci-

dentally by-caught with longlines and instrumented with

PAT tags before release. Turtles were classified by their fate

after 90 d of tracking as ‘alive’ (n = 9), ‘inconclusive’ (n = 9)

or ‘dead’ (n = 8). Different lower case letters denote statisti-
cally significant differences

effect on the proportions of turtles alive or dead at the
end of the tracking period (chi-squared = 0.030, df =
1, p = 0.862): 5 of the 16 turtles with hooks in the
‘mouth’ and 3 of the 10 turtles with ‘internal’ hooks
died during the tracking period (Table 1). The aggre-
gated by-catch mortality probability was 0.321.

The analysis of these data using the MARK pro-
gram yielded results similar to those reported above.
On the one hand, the 90 d post-release mortality
probability was 0.365 (95% CI: 0.105 to 0.576) and
was best modeled as time- and hook-location-invari-
ant (AICc = 72.9 with an AICc weight = 0.732 vs.
AICc =74.9 with an AICc weight = 0.265 for the time-
invariant, hook-location-dependent model; AICc =
84.1 with an AICc weight = 0.003 for the time-depen-
dent, hook-location-invariant model; and AICc =
113.4 with an AICc weight = 0.000 for the time- and
hook-location-dependent model). The aggregated
by-catch mortality probability calculated using this

approach was 0.378. On the other hand, the analysis
run as a best-case scenario (assuming that all the
censored turtles survived for 90 d) was also best mod-
eled as time- and hook-location-invariant (AICc =
75.3 with an AICc weight = 0.729 vs. AICc = 77.4 with
an AICc weight = 0.266 for the time-invariant, hook-
location-dependent model; AICc = 85.5 with an AICc
weight = 0.004 for the time-dependent, hook-loca-
tion-invariant model; and AICc = 114.2 with an AICc
weight = 0.000 for the time- and hook-location-
dependent model) with an estimate mortality prob-
ability of 0.323 (95% CI: 0.171 to 0.523). The calcu-
lated aggregated by-catch mortality probability was
0.346.

Alvarez de Quevedo et al. (2010) collected data on
turtle catch per unit effort and fishing effort from 15
vessels throughout the fishing season and reported
an average annual turtle catch of 102 turtles vessel™.
The extrapolation of this value to the entire fleet
yields an estimated total annual by-catch of 10656
turtles, equivalent to 3421 to 4028 turtles killed annu-
ally by the Spanish fleet of longliners when the
aggregated by-catch mortality probability estimates
reported above (0.321 to 0.378) are considered.

DISCUSSION

The results of the present study suggest that the
post-release mortality probability of monitored log-
gerhead turtles during the 90 d following their
release ranged from 0.308 to 0.365, depending on
the calculation approach used, and was independent
of hook location. When the post-release mortality
probability was combined with the previously re-
ported estimates of the mortality probability before
hauling, the aggregated by-catch mortality probabil-
ity ranged from 0.321 to 0.378. Assuming a total by-
catch of 10656 loggerhead turtles yr~!, these figures
indicate that the Spanish longline fleet operating in
the southwestern Mediterranean may have killed
3421 to 4028 turtles annually during the 2000s. These
figures are lower than the estimate of 5800 turtles
killed annually, according to early reports (Aguilar et
al. 1993, 1995), mainly because total by-catch figures
from more recent reports are lower (Carreras et al.
2004, Alvarez de Quevedo et al. 2010).

Satellite tracking and conventional tagging have
revealed that most of the loggerhead turtles in the
southwestern Mediterranean remain throughout the
year within the Algerian Basin, a region limited by
the Balearic Archipelago, Sardinia, northern Africa
and southwestern Spain, whereas those in the
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Balearic Sea, the region between southern France,
the Balearic Archipelago and eastern Spain, remain
there year-round or move to the Algerian Basin (Car-
dona et al. 2005, Revelles et al. 2007b, Eckert et al.
2008, Revelles et al. 2008). Accordingly, the density
figures derived by combining aerial surveys with
surfacing behavior revealed by satellite tracking
(Cardona et al. 2005, Gémez de Segura et al. 2006)
can be used to calculate an estimate of approxi-
mately 40000 turtles within the oceanic habitats sup-
porting the activity of the Spanish longline fleet. If
this calculation is correct, the total number of logger-
head turtles killed annually by the Spanish fleet of
longliners represents approximately 8.5 to 10.1 % of
the oceanic turtles in the Algerian Basin and the
Balearic Sea.

However, this estimate is sensitive to some
methodological issues with the use of PAT tags that
deserve careful consideration. PAT tags are pro-
grammed for premature release when turtles exhibit
anomalous diving patterns suggestive of turtle death,
such as very deep dives (>1500 m) or very long peri-
ods at a constant depth. However, PAT tags may also
release prematurely if the tether breaks up because
of drag or predation (Sasso et al. 2011). Since the rea-
son for premature release is unknown, the actual fate
of those turtles and the actual mortality rate is un-
certain, because, even if ‘inconclusive’ turtles were
alive when PAT tags were released prematurely, we
ignored their fate after release. Double tagging
would avoid these shortcomings, but this approach is
infeasible due to the high cost of PAT tags.

Analysis of diving behavior offers an alternative
method of determining the fate of those turtles whose
PAT tags were prematurely released for unknown
reasons, because injured turtles often experience
buoyancy problems, which may persist even after
rehabilitation (Cardona et al. 2012). Although each of
the 3 groups of turtles considered differed in their
time—depth distribution patterns, the maximum dive-
depth reached by the ‘inconclusive’ turtles was not
different from that reached by the surviving (‘alive’)
turtles and was much greater than that of the dead
turtles. The time at surface was not informative, as
the differences were not statistically significant.
Hence, we can conclude that most of the ‘inconclu-
sive' turtles were likely to have been alive when the
PAT tag was released prematurely, although the pos-
sibility that some of them were dead cannot be
excluded completely. The conclusion that most of the
‘inconclusive’ turtles were alive when the PAT tag
was released prematurely is also supported by the
similarity of the mortality probabilities resulting from

considering the ‘inconclusive’ turtles alive and the
output of the MARK program, which considers only
the known-fate turtles (dead or alive).

Limiting the tracking period to 90 d may have also
led to underestimation of the post-release mortality
rate, although the available evidence indicates that
most hooked turtles die within 3 mo after hooking
(Aguilar et al. 1993, Chaloupka et al. 2004), and most,
but not all, of the turtles monitored in this study died
in the first month after release. It should be noted that
tagged turtles may also die during tracking due to
predator attacks or a second incidental by-catch
event (Swimmer et al. 2006, Sasso & Epperly 2007,
Sasso et al. 2011). As a consequence, increasing the
tracking time to >90 d could have resulted in over-
estimation of the post-release mortality rate, as other
mortality sources would be included. We cannot
exclude the possibility that some of the turtles
tracked for 90 d died for reasons other than longline
interaction, but the fact that most died in the first
month after release strongly suggests that mortality
was not randomly distributed over time, although the
model that best fitted the data was time invariant.

Even with these caveats, and assuming that we
offer an estimate of the minimum post-release mor-
tality probability, the figures reported here are much
higher than those reported in other studies in which
PAT tags have been used (Swimmer et al. 2006, Sasso
& Epperly 2007). On the other hand, the results are
similar to those obtained in a study in which hooked
turtles were kept in captivity after by-catch (Aguilar
et al. 1993, 1995). Differences in the PAT tag attach-
ment methods are unlikely to have caused the
observed differences in the post-release mortality
probability, as mortality was low when the PAT tag
tethers were attached to bolts secured to bones
underlying the carapace scutes (Sasso & Epperly
2007) and also when attached to a base plate secured
to scutes with epoxy (Swimmer et al. 2006). Con-
versely, studies in which tag tethers were attached to
base plates secured to scutes with a fixative yielded
both low (Swimmer et al. 2006) and high mortality
rates (present study).

In some previous studies, the hook and line have
been removed from turtles hooked in the mouth
(Chaloupka et al. 2004, Swimmer et al. 2006, Sasso &
Epperly 2007), but, in others, the hook was left in
place, together with a piece of line spanning from the
hook to the turtle beak in internally hooked turtles
(Chaloupka et al. 2004). Hook removal consistently
resulted in a low mortality probability after release
(Chaloupka et al. 2004, Swimmer et al. 2006, Sasso &
Epperly 2007), whereas leaving hooks in place con-
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sistently resulted in a higher mortality probability
(Aguilar et al. 1995, Chaloupka et al. 2004, present
study). Although hook size and the point of attach-
ment to the gastrointestinal tract could be relevant to
turtle survival, the data reported here do not reveal
any significant difference in the post-release mortal-
ity probability of turtles hooked in the jaw or the
mouth and turtles hooked in the esophagus or the
stomach. The presence of a long monofilament is
most likely the single most crucial factor that deter-
mines a turtle's fate after by-catch, because strangu-
lations and tractions produced by the line throughout
the gastrointestinal tract result in lethal injuries more
often than hook action (Valente et al. 2007, Casale et
al. 2008, Alessandro & Antonello 2010, Parga 2012).
The results reported here strongly support this
hypothesis and suggest that the use of hook types
that are less likely to be swallowed but do not reduce
by-catch will not result in a lower mortality rate,
unless hooks lodged in the mouth can be easily
removed onboard (Parga 2012). Furthermore, the
evidence presented here indicates that line cutters
are most likely useless in reducing post-release mor-
tality, as the line left will usually be longer than the
40 cm used in this study.

The high levels of incidental mortality reported
here may have consequences well beyond the
Mediterranean, as available genetic data indicate
a very high prevalence of turtles of northwestern
Atlantic origin in the fishing grounds used by the
Spanish fleet (Carreras et al. 2006, 2011, Revelles et
al. 2007a) and in the by-catch of Spanish longliners
(L. Cardona & M. Clusa unpubl. data). Furthermore,
loggerhead turtles entering the Mediterranean are
expected to move to neritic habitats in the northwest-
ern Atlantic at a much higher age than those of the
same cohort that remain in the Atlantic, because,
once they are in the Mediterranean, they grow more
slowly (Bjorndal et al. 2003, Piovano et al. 2011), and
because the currents at the Straits of Gibraltar and
the Alboran Sea keep them in the Mediterranean
until they are, on average, 58.8 cm CCL or 20 yr old
(Revelles et al. 2007a, Piovano et al. 2011). Further-
more, once turtles leave the Mediterranean, they
spend approximately an additional year crossing the
North Atlantic, although only a few turtles have been
satellite-tracked during such a trip (Cejudo et al.
2006, Eckert et al. 2008).

This means that turtles of northwestern Atlantic
origin entering the Mediterranean when 2 yr old
(Piovano et al. 2011) will settle into the foraging
grounds in the northwestern Atlantic 13 yr later, on
average, than members of the same cohort that

remain in the Atlantic (Scott et al. 2012). This time
lag will be shorter for turtles that enter the Medi-
terranean at a higher age and larger size, but, in this
study, we ignored the length distribution of recently
entered turtles. Nevertheless, the protracted oceanic
stage of loggerhead turtles of northwestern Atlantic
origin entering the Mediterranean means that they
will remain exposed to high levels of incidental mor-
tality for a much longer time. The actual relevance
of this phenomenon for the northwestern Atlantic
management unit will depend on the proportion of
loggerhead turtles of North American origin enter-
ing the Mediterranean, a quantity that is currently
unknown.
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