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ABSTRACT- This study on the Red Sea fish Amphiprion
bicinctus was aimed at developing a method of producing
large numbers of juveniles for reintroduction into their sym-
biotic sea anemones in natural habitats. By establishing
reproductive pairs in captivity and providing them with a diet
of rotifers and various stages of nauplius and adult Artemia
salina, reproduction was achieved at frequencies of 2 to 3
times per month per pair, resulting in large numbers of larvae.
Juveniles attaining 16 to 28 mm TL were introduced into sea
anenomes on the coral reefs at Eilat, Israel, at depths of 10 to
25 m. Despite heavy losses, numerous juveniles successfully
acclimated and survived in their new habitat, many in ane-
nomes previously occupied by adult hsh. Three years of
follow-up revealed that 8 pairs of such remntroduced fish had
grown into maturity and become reproductive. It would
appear that this method of production in captivity followed
by resettlement in impoverished natural habitats may be
effective for community rehabilitation.
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During the past few decades coral reef {ish popula-
tions have been intensively investigated, using Scuba
and other methods of underwater observation (Fishel-
son et al. 1974, Ehrlich 1975). Among the most inter-
esting fishes are those of the genus Amphiprion (Brusle-
Sicard & Reinboth 1990, Brusle-Sicard et al. 1994), which
live symbiotically with sea anemones Gyrostoma, Radi-
anthus and other closely related genera (Fishelson 1965,
Fricke 1980). A. bicinctus is the only species of this
genus to occur in the Red Sea. It is a protandrous,
monogamous species which forms permanent pairs in
host anemones and can be found in the shallow sub-
tidal to a depth of approximately 10 m. In the Gulf of
Agaba these symbiotic associations are encountered
below the rocky tide line, in the channel formed by the
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fringing reef, and along the forereef wall. Although
several papers have been published on the sociobio-
logy of these fish (see Allen 1972), several phenomena
concerning pair bonding, propagation, postlarval settle-
ment and survival have not yet been investigated.

During the last 2 decades the coral reef habitats world-
wide and at Eilat, Israel, have been strongly subjected to
anthropogenic stressors (Fishelson 1977, 1995), resulting
in degraded coral cover and impoverished fish commu-
nities (Fishelson 1995). Shallow-water subtidal organ-
1sms, including sea anemones and their fish sym-
bionts, have been particularly badly affected. The most
severely damaged organisms were the digging sea
anemones Radianthus koseirensis, which are the pri-
mary targets for settlement of postmetamorphic amphi-
prions. Although protected by the Israeli Nature Protec-
tion Law of 1963, the amphiprion population has
dramatically declined and during recent years an in-
creasing number of sea anemones are being seen with-
out their symbiotic fish.

The current study had 2 main goals: (1) to extend
knowledge on reproduction and larval formation of
amphiprions in nature and captivity; and (2) to resettle
juveniles in the sea and monitor survival and growth of
newly settled fish in nature. The ultimate aim was to
develop a methodology that would enable rehabilita-
tion of the declining population of sea anemone fish in
the Eilat region.

Methods. Production of juveniles: Experiments on the
propagation of Amphiprion bicinctus and observations
on their behavior were conducted in aquaria at the
Underwater Observatory, Coral Reserve, Eilat, where
many years of experience have been gained in breeding
these fish in the presence of sea anemones. Based on
the collected data, a program of intense breeding was
initiated to produce enough fish for reintroduction into
their natural habitats with the sea anemones. The fish
were kept in PVC aquaria (60 x 40 x 50 cm) with rounded



296 Mar Ecol Prog Ser 151: 295297, 1997

corners and a glass front. The water was maintained at
25 to 26°C, strongly aerated, constantly filtered and
illuminated by quartz spotlights and Gro-Lux fluorescent
tubes under a 12L:12D lighting regime. In each container
was 1 large sea anemone, usually attached to a flat rock,
and 1 pair of A. bicinctus: a smaller male and a dominant
female. These monogamic pairs were created by taking
fish of 45 to 60 mm TL from the communal tanks and
placing them in pairs in separate aquaria. The tolerance
of a larger fish for a smaller one was always better than
the tolerance between 2 fish of equal size, which usually
demonstrated high aggression. A pair of fish which
showed mutual attachment by remaining close or
swimming in unison could on the same or following day
be transferred into a container for spawning. We ob-
tained 12 pairs in this way for larval production. These
adult fish were fed daily with live Artemia salina. The
resulting spawn was attached by the female to a clean
part of the rock, close to the sea anemone's body. Hatch-
ing occurred 9 to 10 d following spawning. Because
of the pinkish color of the yolk, the larvae were easily
recognizable and collected for transfer to separate
aquaria. These aquaria were funnel-shaped, 50 cm
upper diameter and 1 m high, with constant water
circulation. Larvae aged 3 to 4 d (5.5 to 6.0 mm total
length, TL) began feeding, and were initially provided
with rotifers (330 pm, 10000 I"! water). The rotifer
culture was kept in a 5 m® container, in a mixture of
one-third fresh- and two-third sea-water, at 28°C,
enriched with vitamins. The rotifers were fed with the
unicellular algae Tetrasalmus and Nannochlorocystis at
a concentration of 50000 1! water. The algae were
grown in 2 m® containers, pH 8.5, strongly aerated and
illuminated with 150 W 0.5 m~® water. The purity of these
cultures was controlled by UV-light and ozonizers.

Juveniles aged 5d (7.0 to 8.0 mm TL) were ready to
feed upon freshly hatched Artemia nauplii and were
fed daily with 1000 nauplii I"* water. From Day 16 the
larvae were fed nauplii only and from Day 20 they
were also supplied with larger stages of Artemia. Daily
consumption was 50 to 300 nauplii, depending on the
size of the fish. At the beginning of growth the density
of larvae was 15 to 20 I'! water, but as soon as they
began to demonstrate aggression, their density was
reduced and water circulation was increased. In addi-
tion to spawn from captivity spawn was also taken
from the sea together with the piece of the rock to
which it was attached. All spawn could also be hatched
without parental fish. using strong aeration to agitate
the eggs intensively.

The resulting juveniles (16 to 20 mm TL} were trans-
ported to the sea in small, closed containers and
directly released between tentacles of host anemones
previously marked for observations. In most instances,
such juveniles immediately dived into the host, be-

having in a manner previously described by Fishelson
(1965)

The sites for rehabilitation studies were selected
from a number of localities close to the Underwater
Observatory, where symbiotic sea anemones with or
without amphiprions had been found, at depths of 4 to
12 m. The sea anemones were Gyrostoma quadricolor,
Radianthus koseirensis and Radlanthus ritteri. A total
of 26 host anemones in the sea and 12 in captivity were
observed.

Resettling of juvenile fish: The rehabilitation experi-
ments were carried out from May 1993 to June 1995.
During this time 3 types of experiments were per-
formed: (1) juvenile fish were introduced into unoccu-
pied host anenomes; (2) juveniles were placed among
hosts already containing 1 or 2 adult fish; (3) young
adults of 40 to 60 mm TL were added to a single or a
pair of resident fish in their host anemone. In this part of
the study we used a total of about 300 fish of 16 to
20 mm TL and 20 fish of 40 to 60 mm TL. Each of the
experimental sea anemones was visited every 1 or 2 wk,
or once a month, according to the type of observation.

Results. Pair formation and spawning: The behav-
ioral repertoire leading to formation of a permanent
pair in Amphiprion bicinctus starts as agonistic (antag-
onistic) encounters in juvenile fish of 20 to 25 mm TL,
becoming stronger and more frequent in the 45 to
50 mm TL fish. Adult fish start pairing by chasing and
attempting to bite before slowly changing to more
peaceful displays; the fish remain close together and
follow each other around. Within a few hours the bond
usually becomes established, especially if the fish are
of different sizes. We were thus also able to produce
new pairs in nature by introducing a smaller adult
amphiprion to sea anemones hosting only 1 resident
fish. Once a pair is formed, they remain together for
1 to 2 yr, beginning to spawn at 60 to 70 mm body
length in males and 85 to 90 mm in females. In 6
instances of the 22 pairs observed, we could see that
despite well-established bonds with time the female
started to behave antagonistically towards the male as
soon as he reached her size. Such females are very
receptive to new, smaller amphiprions, and it is possi-
ble that the masculinity of the larger protandric male
concomitantly decreases toward a sex-change. This is
also the most suitable time for smaller fish, living on
the periphery of the host, to be accepted.

As mentioned previously and also described in sev-
eral papers, the spawn of Amphiprion bicinctus, as in
all amphiprions, is adhesive due to sticky filaments on
one of the poles of its egg chorions. A spawn occupies
a 60 to 80 cm? area and contains 800 to 1000 eggs. The
experimental pairs spawned from May to October,
each producing 8 to 10 batches of eggs, an approxi-
mate total of 7000 to 10000 eggs. Hatching and swim-
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Table 1. Amphuprion bicinctus. Survival of juveniles introduced into symbiotic sea ancmones at Eilat, Israel

No. of No. of intro-
anemones duced juveniles
Gyrostoma quadricolor 18 160
Radianthus ntter 6 80
Radianthus koseirensis 14 80
“Some left to move to Gyrostoma; "at age 18 mo and more

No. of survivors No. of spawns

3 mo 6 mo 9 mo 12 mo (pairs)
70 50 25 20 8
40 20 16 12 4
60 40 40 20 -

ming up of juveniles occurs on Days 9 and 10, usually
in the late afternoon, and the fish settle 10 to 12 d later
Because in undisturbed habitats the number of
amphiprions counted under natural conditions remains
more or less constant, as has also been observed in
other stationary fish (Shpigel & Fishelson 1986), it is
obvious that the majority of such juveniles are
destroyed, possibly by predation. It is thus desirable,
under certain conditions, to collect spawn from the sea,
grow the juveniles in captivity and then release them
into the sea anemones when they are larger and less
prone to predation. In most instances, when spawn is
taken from breeding pairs they will produce a new
batch of eggs within 7 to 9 d, a phenomenon well-
known from passerine birds.

Reestablishment of new amphiprions in nature: At-
tempts to repopulate sea anemones with Amphiprion
bicinctus were made on Gyrostoma quadricolor, Radi-
anthus ritteri and R. koseirensis. Juveniles of 16 to
25 mm TL, in pairs or small groups of 6 to 10, were
released into selected host anemones and monitored.
In 25% of the introductions the recruits disappeared
within a few days or weeks. In such instances new juve-
niles were introduced. In 35 % of cases the introduced
fish remained in their hosts for several months, while
40% of the fish became firmly established and could be
followed for longer periods. Table 1 summarizes the
results of introduction on the 3 sea anemones studied.

In some instances it was necessary to repeat such in-
troductions 3 or 4 times until positive results were
achieved. The growth of new recruits slowly increased
by 0.5 to 2.0 mm monthly. In all instances where
individual juvenile fish were added to single larger
amphiprions in their host, they remained there and grew
to45to 50 mm TL, forming a pair with the original occu-
pant. In all 20 experiments the added fish was a male. In
7 Gyrostoma quadricolor and 2 Radianthus ritteri, the
introduced fish formed a reproductive pair with the
older one, attaining 80 to 110 mm TL after 6 to 12 mo
of growth, and successfully producing a first spawn. In
2 additional G. quadicolor, we followed the growth of 2
groups of juveniles of 12 and 16 mm, respectively, which
were introduced in September 1993: by February 1994,
they had attained 21 and 25 mm, respectively; by May
1994, 27 and 35 mm, respectively; by November 1994, 36
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and 44 mm, respectively; and finally, in June 1995, when
they spawned for the first time, they had reached around
91 mm (males) and 112 mm (females). The introductions
into R. koseirensis were less successful, for 2 reasons:
(1) these sea anemones tend to retract into the soft bot-
tom, often leaving their fish symbionts exposed; and
(2) as observed in the sea (Fishelson 1965), amphiprions
of 35to 40 mm TL usually change hosts, from the sand-
dwelling R. koseirensis to Gyrostoma spp. In this study,
too, the occurrence of such sub-adult amphiprions on the
marked G. quadricolor was noted; it is possible that they
had transferred from R. koseirensis. It would appear that
the method we employed for reintroduction of am-
phiprion fishes into a habitat with a declining population
of this species can also serve as a model for the reestab-
lishment of other fish on stressed coral reefs. For any
such species, however, the requisite habitat and bio-
logical demands should first be studied, and the appro-
priate progeny production technique established.
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