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Abstract

In the north Adriatic Sea on-board observations on midwater and bottom trawlers were carried out during years 1999 and 2000.

Results indicate that the north Adriatic Sea, and especially the north–east part, is a very important foraging and overwintering

habitat for loggerhead turtles (Caretta caretta). Since the distribution of fishing effort in the area is not known, the total turtle catch

by the Italian bottom trawl fleet was conservatively estimated from the lower catch rate observed in the south–west sub-area: 4273

turtle captures/year (95% C:I :¼ 2186–8546). The actual total catch in the whole north Adriatic is likely to be much higher, due both

to an unknown Italian trawling effort in the south–west part with multi-gear vessels and to the Italian and Croatian trawling efforts

in the north–east part, where catch rate was 15 times greater than in the south–west part. In the south–west sub-area 9.4% of

captured turtles were dead and potential mortality (assuming that all comatose turtles would die too) was 43.8%. Hence, trawling in

the north Adriatic is likely to represent a serious threat to the populations, and possible conservation measures are discussed.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Fishing-induced mortality is considered a major

threat to sea turtle populations worldwide, and trawling
is one of the methods with the highest impact. For in-

stance, in USA more deaths of sea turtles are estimated

to be due to trawling than to all other human activities

combined (National Research Council, 1990). When

captured by a trawl net, turtles may drown, becoming

first comatose and eventually dying. In fact, the routine

dive time of turtles is shorter than usual tow times, and

tolerance is further reduced during a forced apnoea
(Lutcavage and Lutz, 1997) especially when the turtle is

captured by a trawl net, where additional factors prob-

ably occur (Stabenau et al., 1991). Small turtle size, high
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turtle activity, and high water temperature may be fac-

tors reducing further the tolerance to forced apnoea.

Therefore, mortality rate is basically a function of tow

time (e.g., Henwood and Stuntz, 1987) but specific safe
limits depend on the factors above. Moreover, since at

least 20 h are needed to restore the original lactic acid

concentration (Lutz and Dunbar-Cooper, 1987), multi-

ple catches due to a high fishing effort in the area can

result in a large proportion of turtles found in comatose

state (Epperly et al., 1995). Comatose turtles cannot

swim and may therefore be unable to surface to breath if

released into the sea in this condition, whereas they may
recover if kept on board for some time. Since turtles in

demersal phase prefer shallow waters, catch rates are

likely to be higher in shallow than in deep waters (e.g.,

Epperly et al., 1995).

In the Mediterranean, interactions of sea turtles with

fishing gears, including trawl nets, are still insufficiently

studied (see Gerosa and Casale, 1999, for a review).
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Several studies in the north Adriatic have suggested that

this is an important area for Mediterranean sea turtles

(Margaritoulis, 1988; Argano et al., 1992; Lazar et al.,

2000; Lazar and Tvrtkovic, in press; Casale et al., in

press), although it cannot be excluded that some At-
lantic individuals, known to frequent the western and

central Mediterranean (Laurent et al., 1998) may enter

the Adriatic too. The occurrence of turtles in the north

Adriatic is probably due to its relatively shallow waters

(<100 m) where turtles in demersal phase are more likely

to concentrate, and interviews with fishermen have

suggested a potentially high encounter rate with Cro-

atian trawlers in the area (Lazar and Tvrtkovic, 1995).
These insights, together with the size of the Italian trawl

fleet, make the Adriatic a priority area where the impact

of trawling should be investigated (Gerosa and Casale,

1999). In fact, the Italian trawl fleet fishing in the north

Adriatic in 1999 consisted of 584 bottom trawlers and

115 midwater trawlers, while a further 1051 vessels used

more than one fishing gear and many of them probably

operated as trawlers during part of the year (Irepa,
2001).

This study was part of an international project (EC-

DG-Fisheries 98-008) designed to investigate turtle

bycatch in European fisheries suspected to have high

impact on Mediterranean turtle populations; it included

drifting longline activities in Spain, Italy and Greece,

and trawling activities in Italy (north Adriatic) and

Greece, using on-board observers (Laurent et al., 2001).
Here we report turtle catch rate, mortality rate, and

total catch induced by the Italian trawl fleet in the north

Adriatic Sea, in order to assess both the importance of

this fishery as a threat for sea turtle conservation and the

importance of the area as a habitat for sea turtles.
2. Methods

This study was carried out during two years (1999–

2000) and focused on a sea area with depths <100 m.

Four ports were selected among those bordering the

area approximately included in the 100-m isobath:

Chioggia, Cesenatico, Fano, and Ancona. Fishing op-

erations on bottom trawlers were directly recorded by

observers on board. Observations on midwater trawlers
were restricted to the northern ports of Chioggia and

Cesenatico in a sub-area approximately limited by the

50-m isobath where the nets are more likely to fish close

to the sea bottom. Twelve bottom trawlers and 10

midwater trawlers were collaborated to the study. Since

midwater trawlers work in couples (two boats tow one

net), we actually observed the fishing activity of 20 boats

(10 nets).
Following the protocols of project EC-98-008, for

each haul the scientific observers recorded: trawl time,

haul speed, bottom depth, coordinates at the beginning
and at the end of each haul, number of turtles, biomass-

ranking of commercial and discarded taxa (for com-

parison with turtle occurrence), number of fish likely to

be diverted by or to stop at the grid of Turtle Excluder

Devices (batoids or other fish longer than 50 cm), and
type of sea bottom (asked of the captain), classified as

Sand, Mud or Sandy Mud. Moreover, captains of the

collaborating boats were asked to report number and

condition of turtles caught when the observers were not

on board.

The observers measured the Standard Curved Cara-

pace Length (notch-to-tip; Bolten, 1999) of turtles in

order to allow assessment of the size/age classes in-
volved, and classified their condition as follows (after

Poiner and Harris, 1996): Healthy (lively movements),

Injured (healthy but with wounds), Comatose (from

dazed to apparently dead), Dead (no sign of breathing;

eyes not responding to touch). All but five live turtles

were tagged on the front flippers with inconel tags style

#681 (National band and Tag Co., Newport, KY) and

released immediately or, if comatose, after recovering on
the deck.

Three different catch rates were calculated. In order to

estimate total turtle catch from the total fishing effort

(available as fishing days), the number of turtles/day was

calculated and 95% Confidence Intervals were derived

using a bootstrapping technique taking random resam-

ples of fishing days (n ¼ 10; 000 iterations). In order to

compare catch rates within this study as well as between
this and other studies, a standardized catch rate was

calculated following the standardization of the net size,

based on a standard headrope (the upper of the two

horizontal ropes of the net�s opening) of 30.5 m, and of

the haul duration (60 min) used by Henwood and Stuntz

(1987): turtles/standard-net hour (turtles/(hs � ds), where
hs is the headrope length/30.5 m and ds is the haul du-

ration/60 min, and 95% Confidence Intervals were cal-
culated parametrically (Henwood and Stuntz, 1987).

Additionally, the number of turtles/100 km2 was calcu-

lated estimating the area swept by the trawl by

h � 0:6 � s � d, where h is the headrope length, s the

speed, and d the haul duration (Poiner and Harris, 1996).

Headrope lengths were measured by observers or

provided by captains, except for one bottom and two

midwater trawlers, where headrope lengths were esti-
mated from similar vessels of the same port. Headrope

lengths of bottom trawlers ranged from 20 to 72 m

(mean: 38.73; SD¼ 13.26; n ¼ 11) and those of mid-

water trawlers ranged from 30 to 60 m (mean: 47.25;

SD ¼ 10.38; n ¼ 8).

Given the difference in bottom trawl catch rates ob-

served between ports/areas, in order to provide more

realistic estimates we made a post-stratification of the
study area, and arbitrarily divided the north Adriatic

into a north–east and a south–west part (Fig. 1). Hauls

starting and ending in the north–east sub-area were



Fig. 1. Spatial distribution of monitored hauls of bottom (A, n ¼ 1561)

and midwater trawls (B, n ¼ 496). For bottom trawl hauls only, the

study area was arbitrarily divided into two sub-areas, north–east and

south–west, as shown by the dashed line in A (see text).
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classified as north–east, the others were classified as

south–west. We then calculated bottom trawl catch rates

for each sub-area.

Annual total catch of marine turtles by bottom

trawlers was estimated by applying catch rates (turtles/

fishing day) to the total fishing effort (boat-days) for all

three political regions bordering the study area (Veneto/

Friuli; Emilia Romagna; Marche).
The exact division of fishing effort between the south–

west and north–east sub-areas is not known, although it

is likely that most of the total Italian fishing effort occurs

in the south–west part closer to Italy. For this reason we

conservatively used the lower catch rate of the south–

west sub-area rather than the overall one. Also, this

estimate of total catch does not consider the 1051 vessels

that use more than one type of gear (146,324 boat-days
in 1999; Irepa, 2001), many of which probably use

bottom trawl nets during part of the year.

Confidence Intervals (95%) of direct mortality (ob-

served dead) and potential mortality (observed dead+
comatose) rates were calculated according to the

method for binomial distributions (Zar, 1999).
3. Results

3.1. Fishing operations

A total of 2057 hauls were directly observed during

415 fishing days; these included 1561 hauls during 262

fishing days for bottom trawlers and 496 hauls during

153 fishing days for midwater trawlers. The geographi-

cal distribution of these hauls is shown in Fig. 1.
Speeds were higher during midwater trawling

(mean¼ 5.07 knots; SD¼ 0.32; range¼ 4.0–6.0; n ¼ 473)

than during bottom trawling (mean¼ 3.56 knots;

SD¼ 0.33; range ¼ 2.1–5.2; n ¼ 1151) (t test; t ¼ 83:43;
P < 0:0001; n ¼ 1624).

Mean haul duration (an important factor affecting

turtle mortality) of bottom trawlers was 111 min

(SD¼ 45; range¼ 25–353; n ¼ 1526) but was longer at
Chioggia and Cesenatico (mean¼ 160; SD¼ 47;

range¼ 30–353; n ¼ 371) than elsewhere (mean¼ 95;

SD¼ 31; range¼ 25–210; n ¼ 1155) (t ¼ 30:49; P <
0:0001; n ¼ 1526), while bottom trawlers from Fano

adopted particularly short haul durations (mean¼ 78;

SD¼ 15; range¼ 25–150; n ¼ 740). These differences

were said to depend on: (a) different catch or debris den-

sity (shorter with higher density), (b) type of sea bottom
(shorter if Mud), (c) frailty of target species (shorter if

frail). The haul duration ofmidwater trawlers was shorter

than those of bottom trawlers (mean¼ 65 min; SD¼ 33;

range¼ 4–200; n ¼ 487) (t ¼ 20:94; P < 0:0001; n ¼
2013), probably because midwater trawlers can search for

fish by means of sonar, and use nets only when on the

target.

Observed fishing depths ranged from 7.1 to 134.3 m
(mean¼ 55.3; SD¼ 20.5) for bottom trawls and from

5.2 to 89.5 m (mean¼ 31.9; SD¼ 13.3) for midwater

trawls, reflecting differences in the fishing areas.

The two main commercial and discard taxa (in order

of biomass) in bottom trawl hauls differed between the

north–east and the south–west sub-areas (Table 1).

Benthic taxa were caught in 11.7% of midwater trawl

hauls (n ¼ 496) demonstrating that, in the shallow wa-
ters of the sampled area, midwater nets actually fish very

close to the sea bottom.

In the north–east sub-area more bottom trawls took

place on sea bottoms classified as Sand (53.6%) and less

on sea bottoms classified as Mud (5.3%) (n ¼ 621) than

in the south–west sub-area (37.1% and 18.2%, respec-

tively; n ¼ 940), while the proportion of hauls with sea

bottom classified as mixed (Sandy Mud) was the same in
the two sub-areas (32.2% and 31.4%, respectively).

Large fish would be at risk of being diverted by or

stop at the grid of a classic Turtle Excluder Device. Fish
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Table 1

Proportions (%) of the first two commercial and discard taxa in terms of biomass caught during bottom trawl hauls in the south–west (n ¼ 940) and

north–east (n ¼ 621) sub-areas

1st most abundant taxon 2nd most abundant taxon

South–West North–East South–West North–East

Commercial taxa

Fish 42.2 43.8 47.6 50.1

Crustaceans 29.3 1.0 23.1 2.7

Cephalopods 12.9 39.5 11.2 26.4

Other 0.1 0.3 0.0 0.6

Not recorded 15.5 15.5 18.2 20.1

Total 100.0 100.0 100.0 100.0

Discard taxa

Echinoderms 29.5 56.0 31.3 52.8

Crustaceans 21.3 4.5 9.8 5.6

Sponges 7.0 5.5 7.8 2.7

Bivalves 6.0 1.6 7.4 3.2

Gastropods 4.7 0.2 3.2 0.8

Fish 6.1 4.8 11.1 9.0

Other 8.8 8.7 5.9 3.4

Not recorded 16.7 18.7 23.6 22.4

Total 100.0 100.0 100.0 100.0
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longer than 50 cm were caught in 31.6% and 9.1% of

bottom trawls in the north–east (n ¼ 621) and the

south–west (n ¼ 940) sub-areas, respectively (overall:

18.1%, n ¼ 1561). Batoid specimens were caught in
19.6% and 4.5% of hauls in the north–east (n ¼ 621) and

the south–west (n ¼ 940) sub-area, respectively (overall:

10.5%, n ¼ 1561).
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Fig. 2. Frequency distribution of carapace lengths of captured turtles

(n ¼ 61).
3.2. Turtles

No turtles were caught during direct observations on

midwater trawlers, while 62 turtles (all Caretta caretta)
were caught during 55 observed hauls of bottom trawlers;

48 hauls caught one turtle, and seven hauls caught two

turtles. Themaximumdepth of hauls inwhich turtleswere

found was 74.5 m. Depths of bottom trawl hauls with

turtles (median¼ 54.1; IQ range¼ 49.0–62.4; n ¼ 25) and

without turtles (median¼ 56.9; IQ range¼ 44.3–70.3;

n ¼ 1099) were not significantly different (Mann–Whit-

ney U test; U ¼ 12; 866).
The mean carapace length of turtles was 54.2 cm

(SD¼ 10.7; range¼ 29.5–82.0; n ¼ 61). Frequency dis-

tribution of lengths is shown in Fig. 2.

Vessels from Fano caught 55 turtles of which two had

superficial abrasions. In contrast, the seven turtles

caught by vessels from the other three ports included

one dead and four comatose turtles and two with

abrasions. Dead and comatose specimens resulted from
longer haul durations (median¼ 130; IQ range¼ 130–

140; n ¼ 5) than the others (median¼ 72; IQ range¼ 60–

80; n ¼ 57) (Mann–Whitney U test; U ¼ 6; P < 0:001).
In the absence of technical observers, the captains

reported the condition of all turtles captured in the

boats from Ancona, Cesenatico and Chioggia, but the

Fano captains only reported on a proportion because of

the large numbers. The latter reported only one dead
and no comatose turtles out of 122 in bottom trawls

(one other dead turtle was in a decayed state and had

not died in the net). Thus, the overall direct mortality

for Fano vessels was 1/177¼ 0.6%. On the other hand,

the high proportion of comatose (7/25¼ 28.0%) and

dead (2/25¼ 8.0%) turtles caught by bottom trawlers

from the first three ports agrees with the figures recorded

by observers (Table 2). However, combining the two sets
of data from observers and captains, six of the 11

specimens classified as �comatose� and caught by bottom

trawlers were found during the cold period (Oct–Mar)



Table 2

Physical condition of captured turtles reported by captains and observers from Ancona, Cesenatico and Chioggia

Condition Bottom trawl Midwater trawl

Captains Observers Total % Captains %

Healthy 4 1 5 15.6 3 23.1

Injured – 1 1 3.1 –

Comatose 7 4 11 34.4 4 30.8

Dead 2 1 3 9.4 1 7.7

Unknown 12 – 12 37.5 5 38.5

Total 25 7 32 100.0 13 100.0
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and one cannot exclude the possibility that they were

torpid rather than comatose when captured. In contrast,

all comatose turtles reported by midwater trawlers were

caught in the warm period (Apr–Sep). For midwater

trawlers, the numbers of dead and comatose turtles were

one and four, respectively, out of a total of 13, roughly

matching the proportions from bottom trawlers.

To date, three turtles (caught in the north–east sub-
area) have been re-encountered: specimen V1142 (48.2

cm; released on 21/02/2000) was found dead on the

Italian coast south of Ancona (Porto S. Elpidio, 27/12/

2001); V1147/V1148 (68 cm; released on 15/05/2000) was

caught and released by a fishing vessel of Mallorca

(Spain) on 02/10/2001 (J.A. Cami~nas, pers. comm.);

V1178/V1179 (47.2 cm; released on 17/10/2000) was
Table 3

Captures of turtles, observed effort, and catch rates from the present study. C

Turtles per standard haul and per 100 km2 were calculated as given in the t

Turtles Days Hauls Turtles/

std haul

9

Sub-area

North–East 54 77 621 0.0548 �
South–West 8 185 940 0.0037 �

Year quarter

Jan–Mar 25 70 399 0.0292 �
Apr–Jun 2 59 385 0.0023 �
Jul–Sep 5 41 274 0.0096 �
Oct–Dec 30 92 503 0.0324 �

Overall 62 262 1561 0.0195 �

Other studies

North–West Atlantic

(N. Carolina)

0.0093–

0.0659

North–West Atlantic

(Florida–N. Carolina)

0.0456 �

North–West Atlantic

(Florida)

0.3815

Gulf of Mexico

(Texas– Florida)

0.0025 �

North Australia 0.0011 �

East Australia 0.0029

aCalculated from other data: not reported as such by the authors.
caught and released by a fishing vessel near Durazzo

(Albania) on 25/03/2001.

3.3. Catch rates, total catch and mortality

Most turtles (55) were captured by vessels from Fano,

whose only evident difference from the other vessels was

to fish in the easternmost part of the study area (with
almost no overlap with vessels from the other three

ports), suggesting a higher occurrence of turtles to the

east. The highest catch rates were observed in the north–

east sub-area and during the cold period (Oct–Mar)

(Table 3).

There was no evident difference between years in the

geographical distribution of fishing effort.
orresponding catch rates from other studies are shown for comparison.

ext

5% C:I: Turtles/

day

95% C:I: Turtles/100

km2

Source

0.0162 0.701 0.442–1.000 46.82

0.0027 0.043 0.022–0.086 2.98

0.0131 0.357 0.143–0.614 24.19

0.0032 0.034 0.017–0.119 1.95

0.0083 0.122 0.024–0.220 7.85

0.0126 0.326 0.185–0.543 26.28

0.0054 0.237 0.153-0.332 16.15

Epperly et al. (1995)

0.0039 Henwood and

Stuntz (1987)

Schmid (1995)a

0.0008 Henwood and

Stuntz (1987)

0.0004 1.07 Poiner and Harris

(1996)a

Robins (1995)a
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The estimated average total fishing effort was based

on data from the year 2000 (99,374 boat-days; Irepa,

2000a,b,c,d), which were considered more representative

of an average year than those from 1999, when a marked

reduction in fishing effort occurred due to the conflict in
the Balkans.

The total turtle catch consequent to this fishing effort

was estimated at 4273 turtle captures/year (95% C:I :¼
2186–8546).

Mortality rates were estimated on the basis of the

physicalconditionsofturtles recordedinthepresentstudy.

Since just eight specimens were caught in the south–west

sub-area when the observers were on board, we preferred
to use the larger sample (n ¼ 32; Table 2), which included

reports from captains of Ancona, Cesenatico and

Chioggia (whose fishing effort was concentrated in the

south–west sub-area), even though this could result in an

underestimatedmortality level (i.e., ifdeadspecimenswere

unreported), while the opposite is improbable. Observed

mortality was 9.4% (95% C:I :¼ 2.0–25.0%) and potential

mortality (assuming that all comatose turtles would die
too) was 43.8% (95% C:I :¼ 24.3–64.7%) (Table 2).

The only turtle capture data available to calculate a

catch rate for midwater trawls were provided by captains

from Cesenatico and Chioggia. These records were con-

sidered to be the minimum number of turtles captured by

the collaborating pool of boats from these ports (some

captures may have been unreported). The turtle capture

data were used together with the maximum number of
fishing days during the period of collaboration with each

boat (not considering weather and other problems limit-

ing the real effort), in order to provide a minimum catch

rate (0.0159 turtles/day). Given the total fishing effort of

midwater trawlers in the two northern political regions

(Veneto/Friuli and Emilia Romagna; 20,194 boat-days¼
10,097 net-days; Irepa, 2000a,b,c,d) a minimum total

catch of 161 turtle captures/year is estimated.
4. Discussion

4.1. Habitat utilization and life history stage distribution

of turtles

Catch rates suggest that turtle density is high in the
northAdriatic and comparable to those of important areas

worldwide (Table 3). The highest catches of turtles were

recorded in the north–east sub-area of the present study

and so Croatian trawlers might have similar catches.

One or more factors may be involved in this asym-

metrical occurrence of turtles. For instance, the upwelling

off the eastern Adriatic coast (Rachev et al., 2000) is

probably the reason for the high concentration of de-
mersal stocks (Jukic-Peladic, 2001) and of the high bio-

diversity in this area, which is also suggested by present
findings (Table 1). This area is included among the 10 key

areas for conservation of biodiversity identified in the

Mediterranean (source: WWF International Mediterra-

nean Programme).

Another factor could be the higher temperatures of
easternwaters in the cold period: during January–April in

the north-eastern Adriatic south of the Istria peninsula,

temperaturesarebetween12.5and13.5�C,whileatthesame

latitudes in thewest they are as lowas8 �C(Zavatarelli and

Pinardi, 2003).

Such a difference occurs at any depth in the coldest

period (Jan–Mar) due to a complete vertical homoge-

nization of the water column (Gacic et al., 1999). Lazar
et al. (in press) suggested that in the cold period turtles

in the northernmost part of the Adriatic move south of

the Istria peninsula. Present results suggest a similar

pattern on a longitudinal basis as well. Such move-

ments from other areas in the cold season would also

explain the higher catch rates observed during this

period (Table 3). However, it is also possible that the

observed seasonal difference was partially due to a
higher level of catchability at low temperatures when

turtles seem to be slower in avoiding nets than they are

at higher temperatures (>16 �C; Musick et al., 1992);

furthermore, turtles could spend more time at the sea

bottom during the cold period, as suggested by differ-

ent temporal peaks of bottom trawl and gill net catches

(Lazar and Tvrtkovic, in press).

Mark-recapture studies showed that adult females
frequent this area (Margaritoulis, 1988; Argano et al.,

1992; Lazar et al., 2000), and also some juveniles

(Argano et al., 1992). Casale et al. (in press) suggested

that the Adriatic is a developing area for small juve-

niles, probably while in their pelagic phase. Present

data also suggest that the north Adriatic is an impor-

tant area for other juveniles; given their size (Fig. 2),

many of the specimens caught by bottom trawlers may
only recently have ended their pelagic phase, and been

recruited into the rich demersal habitats of the north–

east Adriatic, where turtles are known to feed (Lazar

et al., 2002). The importance of this area for juveniles

is even more evident when size data are compared with

those of a similar work on trawl bycatch carried out in

the Gulf of Gab�es (south Tunisia), which is another

important demersal habitat for turtles in the Mediter-
ranean. Laurent and Lescure (1994) reported 11 spec-

imens, out of a total of 15 captured at Gab�es, with

carapace lengths (CCLn-t)P 70 cm; in contrast, only

four large turtles were found in our sample of 61

measured specimens (Fisher exact test, P < 0:0001,
n ¼ 76).

4.2. Impact of trawl fisheries

The present results show that the impact of trawlers

on sea turtles is important in the north Adriatic, even in
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areas with the lowest catch rates (south–west sub-area;

Fig. 1), where between about 2000 and 8000 turtle

captures (95% C:I :) may occur annually from the Italian

trawl fishery. This figure is certainly an underestimate,

because it excludes those vessels that only work as
trawlers for part of the year (i.e., they use a variety of

gear types), whose trawling effort, though unknown, is

certainly not negligible.

Depending on the actual level of fishing effort, the

impact on turtles might be even more important in

the north–east sub-area of the present study, where the

catch rate per standard haul was about 15 times greater

than in the south–west sub-area (Table 3). This sug-
gests a high impact by the Croatian trawl fleet. Lazar

and Tvrtkovic (1995) estimated that at least 2500 tur-

tles/year are captured by the Croatian bottom trawl

fishery, on the basis of a fleet size of 407 trawlers, and

from interviews with fishermen who reported catch

rates of 10 and two turtles/year for the north and

central-south parts of the Croatian Adriatic, respec-

tively. However, present results (about 0.7 turtles/day
in the north–east sub-area; Table 3) and more recent

fleet data (Croatian trawlers: 76.7% of 1028 ves-

sels¼ 788; Jukic-Peladic, 2001) suggest that an even

higher impact may occur.

As previously reported by other authors (e.g., Hen-

wood and Stuntz, 1987; Robins, 1995), the physical

condition of turtles caught by bottom trawlers was af-

fected by the haul duration. However, since the longest
haul durations were observed on vessels fishing in the

colder south–west sub-area, it is possible that turtles

which were classified as comatose, were actually torpid

because of low temperatures. In contrast, captains re-

ported high direct and potential mortality among turtles

caught by midwater trawlers (Table 2), which use a

relatively short haul duration, suggesting that other

factors affect turtle mortality rate with this fishing gear.
Most of these turtles, including all comatose and dead

specimens, were reported during the warm season. High

temperatures are known to enhance metabolic rate, re-

ducing the tolerance to anoxia and so increasing the

proportion of dead or comatose specimens among those

caught by trawlers (e.g., Wibbels, 1989). Moreover,

midwater trawlers use higher speeds and catch larger

amounts of fish than bottom trawlers, possibly causing
greater mechanical stress to captured turtles (e.g., Hare,

1991). Estimates of catch and mortality (direct and po-

tential) suggest that fishing activity may represent an

important threat to sea turtle populations even in the

south–west sub-area alone.

Although the observed vessels fishing in the north–

east sub-area had adopted short haul durations, we do

not know whether this applied to all vessels fishing
there, nevertheless the mortality rate reported for Cro-

atian trawlers is certainly not encouraging (12.5%,

n ¼ 32; Lazar et al., in press).
4.3. Ways of reducing impact

The above scenario supports the need to investigate

solutions that will reduce the impact on sea turtle pop-

ulations. Generally speaking, the impact of a fishery on
sea turtles can be reduced if total catch and/or mortality

rate are reduced.

One solution adopted by several trawl net fisheries, is

to install a Turtle Excluder Device (TED; e.g., Mitchell

et al., 1995), which diverts a turtle entering the net to-

wards a special exit but allows smaller catch to pass

through and be collected in the terminal bag. This re-

duces the risk to turtles but also causes a reduction in
fishing efficiency.

However, the taxa present and the large size of indi-

viduals observed among the catch of the present study

(e.g., fish larger than 50 cm and batoids) suggest that in

the north Adriatic, the TEDs available at present (unless

the flounder TED is modified and tested for commercial

species occurring there) are probably not a realistic so-

lution for reducing turtle bycatch, because they are de-
signed for the shrimp trawl fishery and they would

exclude the larger commercial specimens too. Such ob-

servations and conclusions were previously made for

other Mediterranean areas (Laurent and Lescure, 1994;

Laurent et al., 1996).

Our results suggest that the total number of turtles

caught by the Italian trawl fishery in the north Adriatic

Sea can be reduced by limiting: (a) the overall fishing
effort, (b) the fishing effort in the north–east sub-area,

and/or (c) the fishing effort in the cold season. Direct

and potential mortality rates can be reduced by: (d)

limiting the haul duration and/or (e) allowing comatose

turtles to recover on the vessel deck. Only (a) and (e) are

applicable to midwater trawls (at least on the basis of

present findings). Reducing trawl fishing effort (a) is

already a priority in the European Union fishery policy
(Council Decision 97/413/EC; Council Regulation (EC)

No. 2371/2002) although it will probably be a difficult

and slow process. If further information on fishing effort

and haul duration occurring there suggest it, reducing

the fishing effort in the north–east sub-area (b) would

require specific regulations and a means of control.

The enforcement of these regulations realistically

would only be possible if the �blue boxes� (devices for the
satellite monitoring of vessel position) were to be in-

stalled on all vessels capable of operating so far from the

Italian coast; at present, only vessels longer than 24 m

are required to install these devices (D.M. MIPAF 30/

08/2001). Reducing the fishing effort in the cold season

(c) would mean introducing a new no-fishing period, or

moving all or part of the existing winter effort into the

summer months, in which case the impact on other
species (target and non-target) should be considered.

Reducing haul duration (d) is unrealistic, because any

regulations would be difficult to enforce, at least until
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new monitoring technology is developed. Allowing co-

matose turtles to recover on the vessel deck (e) is un-

likely to be positively influenced by regulations, whereas

awareness campaigns to fishermen can be very effective.

In fact, on the basis of our interviews, the fishermen�s
attitude towards sea turtles is neutral to positive, as

turtle captures do not represent an economic loss to

their activities, and once information was given, most

captains were willing to apply recovery procedures to

comatose turtles.

It should be taken into account that specific regula-

tions aimed at reducing fishing-induced mortality could

negatively influence the attitude of fishermen towards
these animals, and since the fate of comatose turtles may

depend on a fisherman�s good will, this should be con-

sidered as a cost when evaluating the cost/benefit ratio

of a possible new regulation. Certainly, fishermen and

fishery organizations should be involved whenever new

regulations are developed.
5. Conclusions

There is a little doubt about the importance of the

north Adriatic Sea, especially the north–east part, both

as a foraging and as an overwintering habitat for sea

turtles. This area with its shallow waters and rich ben-

thic communities is likely to be one of the most impor-

tant areas in the whole Mediterranean, and more
information and greater protection is needed. The high

level of fishing interaction in the area is worrying and

requires urgent and effective countermeasures. Present

findings suggest the following priority actions: (i) to

conduct an awareness campaign and provide recovery

procedures for comatose turtles to the captains of all

Italian bottom and midwater trawlers in the north

Adriatic, including vessels that only work as trawlers for
a part of the year, (ii) to investigate further the turtle

catch, mortality rate and haul duration for the Croatian

trawl fishery, (iii) to assess the fishing effort, and haul

duration, of the Italian trawl fleet in the north–east

Adriatic (collecting data on boats larger that 24 m, al-

ready equipped with �blue boxes�); the widespread pro-

vision of �blue box� devices is recommended as this

would enhance conservation efforts to reduce sea turtle
mortality in commercial fisheries, and would also benefit

conservation of marine habitats in general.
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