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Abstract

Knowledge about the migratory behaviour of a threatened nearshore fish, Epinephelus marginatus, is critical for
the effective conservation and management of the species, particularly in terms of designing and regulating
Marine Protected Areas (MPAs). Homing and site fidelity of adult dusky groupers (2-17 kg) were already docu-
mented using a hydroacoustic telemetry study. In addition, site fidelity of juveniles (less than 1 kg) was also
demonstrated using a wireless communication system combined with manual tracking events. However, the life
stage at which homing behaviour becomes established remains unknown, as well as the duration of the home
memory when the fish is kept far (e.g. in captivity) and then re-introduced in its environment. Indeed, these
aspects are particularly relevant when re-stocking is envisaged as a possible management option. The objective
of our study was to determine the homing and migratory behaviour of two age categories of the dusky grouper.
Four juveniles (343-679 g) and three pre-adult individuals (1350-1450 g) were captured in a no-take zone of a
marine protected area and outfitted with acoustic transmitters. Juveniles were released within two months after
capture, while the pre-adults were kept in captivity for about 15 months. The releasing sites for both groups were
about 5 km far from the capture site. One juvenile precisely homed within four days, other two were found mov-
ing towards the capture site and the fourth one disappeared. Among the pre-adult groupers, two fish were
remained in the vicinity of the release site for two successive months, while the third individual disappeared few
days after being released. These preliminary results suggest that homing behaviour is likely established in juve-
nile dusky groupers and prolonged captivity may affect homing ability.

Introduction in zones with different degree of protection), (Coté

et al., 2001), habitat quality (Rodwell et al., 2003)

Over the past two decades Marine Protected Areas
(MPAs) have been established worldwide for
species, habitat and biodiversity conservation (e.g.
Agardy, 1997). More recently, MPAs have also been
proposed as a valuable tool for mitigating the effects
of mismanagement of fishery resource (e.g. Lauck
et al., 1998) and for providing additional benefits to
those obtained from simple fishing effort control
(Apostolaki et al., 2002). The benefits of MPAs are
related to their ability to act as harvesting refugia
and sources of recruits to fisheries (Nowlis and
Roberts, 1999), although their effectiveness mainly
relies upon size, location, designing (i.e. subdivision

and movement pattern of the species. For example,
species typically exhibiting small home ranges may
be well protected by small harvest refugia (Holland
et al., 1993). Thus, studies on movement dynamics
of overexploited, long-living and top-predator
species, such as rockfishes (e.g. Soh et al., 2000;
Starr et al., 2002) and groupers (Zeller, 1998;
Lembo er al., 1999a; Bolden, 2000; Sala et al.,
2001; Whaylen et al., 2004), have increased in the
last years, focusing on the implication of managing
MPAs targeting these fish.

Hydroacoustic telemetry proved to be a powerful
technique for generating complete information on
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individual fish movements over time, including in
and out protected areas, thus providing data on
home range and site fidelity that are crucial for
species conservation and designing/management
of MPAs (O’Dor et al., 2001).

Along the Mediterranean coasts, several MPAs
have been established and the dusky grouper
(Epinephelus marginatus, Lowe, 1834) has been
considereded the key-species. (e.g. Ustica Island,
Italy; Medes Islands, Spain; Straits of Bonifacio,
France). Knowledge about the movement dynam-
ics of this threatened nearshore fish is critical for
the effective conservation and management of the
species, particularly as it applies to the regulation
of marine reserves.

Homing and site fidelity of adult dusky groupers
(2-17 kg) were documented using a hydroacoustic
telemetry study (Lembo et al., 1999a; 1999b). In
addition, site fidelity of juveniles (less than 1 kg)
was also demonstrated using a wireless communi-
cation system combined with manual tracking
exercises (Lembo et al., 2002). However, the life
stage at which homing behaviour becomes estab-
lished remains unknown, as well as the duration of
the homing behavioiur when the fish are kept in
captivity and then re-introduced. These aspects are
particularly relevant to the restoration of the
species through re-stocking and re-location events
within MPAs.

To address these issues, preliminary experiments
were conducted within a MPA on the island of
Ustica (Italy) using two age groups of the dusky
grouper: four juveniles (343-679 g) and three pre-
adult specimens (1350-1450 g), to determine their
homing and migratory behaviour.

Materials and methods

Study area

The study was conducted in Ustica, a volcanic
island (area 8.7 km? and circumference 9 km) situ-
ated in the Mediterranean Sea, 60 km north off the
Sicilian coast of Italy (38° 42’ N, 13° 10’ E) (Fig. 1),
where a MPA has been established since 1986.
Coastline is rocky and uneven and the core area of
the marine reserve (A zone), which is fully protect-

ed, is located on the northwest side of the island. It
stretches ca. 1.5 km along the coastline and ca. 400
m out from the shore, covering an area of ca. 0.5
km?. In the B zone commercial fishing is permitted
only with special authorisation, while in the C Zone
fishing is permitted with some limitations.

Tagging and tracking

Two age categories: four juveniles (mean total
length = 31.1£3.5 cm; mean total weight =
470.5+147.7 g, Table 1) and three pre-adult speci-
mens (mean total length = 43.7+1.5 cm; mean total
weight = 1400+£50 g, Table 1), the former for hom-
ing experiment and the latter for testing home
memory were used.

The transmitters (CAFT 8_6, Lotek Wireless, Inc.,
Canada) used for the juveniles were cylindrical in
shape and operated at 76.8 kHz with a pulse rate of
5 s. Power output, as specified by the manufactur-
er, was 148 dB and nominal longevity 35 days.
Transmitter length was 38.0 mm, diameter 8.5 mm
and the weight in air and salt water was 5.0 and 3.3
g, respectively.

Also the transmitters employed for pre-adult dusky
groupers operated at 76.8 kHz (CAFT 16_4s, 12
hours on, 12 hours off), but pulse rate was 10 s,
power output 161 dB and nominal longevity 270
days. Transmitter length, diameter, weight in air
and salt water were 62 mm, 16 mm, 29 and 14 g,
respectively. All the transmitters employed a digi-
tal coding scheme.

The dusky groupers were captured by hook and
line in the no take area (A zone) of the MPA at
Ustica (at 5-7 m depth the juveniles and at 5-12 m
depth the pre-adults) and surgically implanted with
acoustic transmitters, following the technique
reported in Pkland et al. (1999).

The fish of the juvenile group were kept in tanks
almost 2 months between catch and surgery, and 1-
4 days between surgery and release (Table 1) that
took place about 5 km far from the capture site at 9
m depth. Pre-adult dusky groupers were kept in cap-
tivity at COISPA Experimental Station, based on the
mainland, for about 15 months. The three dusky
groupers were transported (about 20 hours trip dura-
tion) using a 400 1 tank continuously supplied with
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Fig. 1 — Ustica Island depicting areas with different degrees of protection (A zone=core area of the MPA-all activities
forbidden; B zone=commercial fishing permitted only with special authorisation; C Zone=fishing permitted with some

limitations).

Table 1 — Transmitter code, fish length and weight, transmitter/body weight ratio (weight of transmitter in air), capture,

surgery and releasing dates of the two groups of dusky grouper used for the homing tests.

Total | Total Transmitter
Transmitter leneth | weight /body Capture | Surgery | Releasing
Code gt & weight date Date Date
(cm) | (2 ratio
5 36.0 679 0.74 06.06.01 {29.07.01 | 30.07.01
é%’ 6 29.5 395 1.27 07.06.01 {29.07.01 | 30.07.01
(52 qu 11 28.0 343 1.46 11.06.01 {29.07.01 | 03.08.01
12 31.0 465 1.08 10.06.01{29.07.01 | 03.08.01
~ 8 154 42 1350 1.86* 23.10.00{31.01.02| 01.02.02
a B
3 8 161 45 1400 1.07* 23.10.00{31.01.02 | 01.02.02
= 0
C & 167 44 1450 1.37* 30.10.00{31.01.02 | 01.02.02

*calculated on the final weight of 1570 (code 154), 2700 (code 161) and 2120 (code 167) g.
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oxygen. When at the rearing facilities, the fish were
maintained at density of 4-5 kg(m?)"!, water renew-
al of 5-6 volumes(day'), natural photoperiod and
fed fresh food (mainly cephalopods) ad libitum. The
fish growth was monitored and the weight before
releasing was 1570, 2700, 2120 g for the fish code
154, 161 and 167 (Table 1). Thus their gain in
weight was respectively 15, 92 and 46%. Once
again at Ustica the fish were implanted with
acoustic transmitter and released about 5 km far
from the capture site at 16 m depth.

Manual tracking of juveniles was carried out from
a boat during daylight in the period 1-9 and 23-28
August 2001. Tracking of pre-adults was conduct-
ed on the following dates: 2, 7, 8, 9, 10 February;
1-2 March, 20-23 April, 20-22 May and from 29
June to 4 July 2002. A receiver (Lotek SRX_400A
with W5 CODE_LOG software), an ultrasonic
upconverter to radio signals (Lotek UUC-142) and
an omni-directional hydrophone (Lotek HPA-D-2)

were used. Tracking accuracy was estimated as the
mean distance between the exact position of a ref-
erence transmitter (determined by GPS Model:
Garmin 12 XL; precision 5 m) and the position
determined by a naive tracker during six trials. The
accuracy of positioning, for the same person that
conducted manual trackings, was 18 m (sd=4.6;
C.V.=25.6%).

Results

One juvenile dusky grouper (code 5) precisely
homed within four days after releasing (August 3,
2001), covering a distance of 5119 m, calculated as
shortest route between the capture and releasing
site (Fig. 2). During the subsequent 6 days (4+9
August, 2001) this individual moved on average
63+14 m from the capture site in a depth range of 7-
14 m. The second fish (code 6) was found 2080 m
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Fig. 2 — Movements of the fish code 5, 6 and 12 (*) Capture site and releasing sites (@) are indicated. The dotted lines

represent the possible shortest routes followed by the fish.




far from the releasing site after 24 days at liberty
(23 August, 2001) and it moved on average 59+17
m in the following 5 days (24+28 August, 2001) in
a depth range of 15-17 m. The third juvenile (code
12) showed a displacement of 767 m two days after
releasing (5 August, 2001) and travelled 1000 m
further on the 3™ day, while in the successive 3
days (7+9 August, 2001) it moved on average
63+15 m in a depth range of 8-14 m. At the end of
August we could no longer locate the individual.
The fourth fish (code 11) never was found after
release. All tracked fish moved north-westward
direction from the releasing to the capture site (Fig.
2).

Among the dusky groupers of the second group,
fish were located 50 m (code 154), 36 m (code
161) and 56 m (code 167) from the releasing site
few hours after they were at liberty. In the follow-
ing monthly tracking occasions, from 2 February
to 22 May 2002, the fish code 167 was found on
average 164+20 m from the releasing site in a
depth range of 7-19 m, while the fish code 161 was
localised in the range of 995+22 m (9-19 m depth)
from the releasing site. This fish disappeared from
the tracking on April 2002, while the former was
no more localised from the end of June 2002, when
the tracking was conducted at a fine scale around
the Island perimeter. The fish code 154 disap-
peared in the week following the release.

Discussion

The results obtained in the present study, although
preliminary due to the limited number of individu-
als and tracking occasions, suggest that homing is
already established in juvenile dusky groupers and
that prolonged captivity may affect home memory.
The outcomes achieved so far evidenced that one
juvenile dusky grouper (weight: 679 g, code 5)
precisely homed within four days at liberty, after a
short-term captivity of about 9 weeks. This behav-
iour is very similar to that of adult dusky groupers
(2-17 kg; adulthood approximated by the lowest
limit of the size at first maturity) returned within 3-
6 days from the core area of the MPA (releasing
place) to their sites of capture, after a short-term
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captivity (1-7 wks) (Lembo et al., 1999a; 1999b).
Also the travelled distance (5119 m) is comparable
to the longer route estimated for adults (5904 m;
unpublished data). In the days after releasing the
juvenile dusky grouper showed limited displace-
ments (average: 63+14 m) and a preference for
shallower waters (7-14 m), as expected on the
basis of the site fidelity behaviour, characterized
by small scale movements (9-93 m) at early life
stages (113 g) (Lembo et al., 2002), and from the
nearshore distribution of younger fish (e.g. Lo
Bianco, 1909).

Very similar range of restricted daily movements in
shallower water was also observed for the other
two fish (weight 395 g, code 6; weight 465 g, code
12) located during manual tracking exercises.
These juveniles, however, did not show the same
precise homing behaviour of the fish code 5. They
travelled toward the core area of marine reserve in
the days after releasing, but never reached their site
of capture, at least during our last monitoring peri-
od. Observations were limited by operational con-
ditions due to a number of factors, i.e. the longevi-
ty of transmitters, the signal strength compared to
the area to be explored during the fish searching,
and the ambient noise (e.g. rocky bottom, breaking
waves and air bubbles in the water; Stasko and
Pincock, 1977). The fate of the fourth fish (weight
343 g, code 11) is unknown but maybe due to its
subsequent death in a cave where it would not be
possible to receive a signal from the transmitter.
(Lembo et al., 1999a).

Two of the pre-adults fish that experienced pro-
longed captivity (codes 161 and 167) never came
back to the capture site in the core zone of the
MPA, but remained rather close (16420 m) or bit
far (995+£22 m) from the releasing site, at least
within 2-3 months at liberty. This behaviour is con-
trasting with the previous observations on the hom-
ing of adults occurring in few days (Lembo et al.,
1999b), thus the captivity could have affected the
home memory. Additional tests with a higher num-
ber of fish and longer monitoring time are though
necessary to confirm this outcome. The fate of
these two fish after 2-3 months is unknown like
that of the fish code 154, soon disappeared proba-
bly as consequence of capture.
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The behavioural pattern of dusky groupers, charac-
terised by homing associated with site fidelity,
makes this species particularly fragile and suscep-
tible of localised stock depletion. In the Ustica
MPA visual census estimates of dusky grouper
population (Vacchi et al., 1999) reported higher
abundance of 21-30 cm size class individuals in the
core area of the reserve, while density of smaller
fish among the zones was comparable. This result
would imply that the shallow rocky shores of all
the three zones of the MPA are suitable for the
post-settlement phase of early juveniles, having
similar potential of recruitment. Conversely
diverse fish density among zones might be a con-
sequence of fishery exploitation. Effects of protec-
tion on dusky grouper have been also observed in
the Cabrera Arcipelago National Park, where fish
density, mean and modal sizes resulted higher than
in adjacent areas open to the fishery (Refiones et
al., 1999).

At our current state of knowledge, the homing
behaviour and site fidelity of dusky grouper sug-
gest that only the proportion of the population
(both juveniles and adults) resident in the core of
the MPA at Ustica could be considered protected
by the no-take zone. Thus, the effect of reserve on
the adjacent areas may only related to the larval
dispersal or, eventually, to the occurrence of
spawning migrations (not yet proved) around the
Island. Re-stocking using individuals in the range
size of 0.3-17 kg cannot thus be viewed as an
effective management option for stock restoration,
unless home memory of re-located individuals is
affected by prolonged captivity.

Further investigations are however necessary to
confirm the findings of this study as well as to clar-
ify the mechanisms of homing.
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