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ABSTRACT: Field observations of spawning behavior of scleractinian corals around Akajima Island
were carried out from late spring to summer in 1989, 1990 and 1991. Investigations focused on the
degree of spawning synchrony among Acropora spp. and its relation to fluctuations in environmental
factors. Eighty-five species, representing 27 genera and 10 families of scleractinian corals, were
observed to spawn from May to early September during the 3 years. Spawning of most Acropora spp.
took place synchronously but timing varied between the 3rd night before to the 7th night after full
moon in May and/or June. Non-Acropora species spawned mainly from the 2nd to the 8th night after
full moon from June to August. The relationship between date of spawning and lunar phase was not
clear, but other environmental stimuli such as marked changes of temperature, salinity and current
velocity might trigger mass synchronous spawning among the Acropora.

INTRODUCTION

The literature on sexual reproduction of sclerac-
tinian corals greatly increased during the 1980s, high-
lighted by key discoveries such as the multispecific
broadcast spawning of corals on the Great Barrier Reef
(reviewed by Harrison & Wallace 1990). Richmond &
Hunter (1990) reviewed reproduction of corals in the
Caribbean, the Tropical Pacific (Great Barrier Reef,
Central Pacific, Hawaii and Okinawa) and the Red
Sea, and noted that while marked synchronous spawn-
ing occured in many species during a brief period in
the Great Barrier Reef, asynchronous spawning among
and within species has been observed in some other
locations.

With regard to factors affecting the spawning of
corals, Oliver et al. (1988) emphasized the importance of
distinguishing between ultimate factors which are evo-
lutionary selective pressures responsible for the devel-
opment and persistence of a phenomenon, and proxi-
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mate cues which provide reliable timing indicators to
synchronize spawning. It has been suggested that coral
spawning is synchronized by: the annual sea tempera-
ture cycle acting as a seasonal cue; the lunar phase (noc-
turnal illumination} acting as a fine tuner for a particular
night(s); and the onset of darkness and tidal regimes
serving as a forcing function which determines the
actual timing of spawning. In this way the release of
gametes takes place after nightfall following the first full
moon (or new moon) subsequent to the maturation of
gonads (Babcock et al. 1986, Hunter 1988, Harrison &
Wallace 1990, Richmond & Hunter 1990).

The present paper deals with reproduction and
spawning behavior of scleractinian corals at Akajima
Island, Okinawa, Japan. This work is part of an ongoing
research program at the Akajima Marine Science Labo-
ratory for conservation of coral reefs in the Kerama
Islands. After investigation of reproductive patterns of
the corals over 3 yr, we propose possible causative
factors for the synchrony within and among species.
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MATERIALS AND METHODS

Study sites. Akajima Island is one of the Kerama
Island group, 30 km west of Okinawa Island in the
Nansei Island Chain, southern Japan (Fig. 1). Coral
spawning was studied at 5 sites on fringing reefs
around Akajima Island (Fig. 1). Site 1 extended from
the outer reef flat to the upper part of the reef slope
on the east coast; Site 2 lay from the inner to the outer
reef flat on the western coast; Site 3 was situated in the
middle part of a small bay; Site 4 was set on an exposed
reef of the north coast; Site 5 was situated in the Aka
fishermen's harbour.

The tidal range at Akajima is approximately 2 m. All
sites were in shallow locations (less than 5 m, mostly in
0.5 to 2 m depth at low tide), located within 250 m of
the shore.

In 1989, a preliminary study was performed at
Sites 1, 3, 4 & 5, and a more extensive study was made
in 1990 at Sites 1, 3 & 5. In 1991, 2 replicate 7 x 7 m
quadrats were established at each of Sites 1 & 2 to
observe spawning, particularly of corals in the genus
Acropora, in detail. Coral coverage at Site 1 was over
60 %, of which Acropora species provided 80 % of the
total coral coverage (T. Hayashibara, K. Shimoike &
T. Kimura unpubl.). The other sites had similar per-
centages of coral coverage.

Spawning observations. Maturation of coral gonads
was observed from about 1 wk prior to the full moon in
May, June and July in 1989, and from May to August in
1990. During these periods, eggs become obviously
pigmented and observations of sperm under a high

magnification microscope showed that sperm heads
were condensing. Colonies of different species with
mature gonads were tagged and a portion of each
colony was transported to the laboratory aquaria for
observation. Field observations were made at night
when weather permitted, from full moon to new moon.

In April and May, 1991, in each quadrat, all the
colonies of Acropora which were large enough for iden-
tification to species level were tagged and the color of
their gonads recorded. Field observations from 20:30 to
22:30 h (local time) were carried out almost every night
from 29 April (full moon) to 12 July 1991 (2nd night after
the new moon). Observations were continued around
the full moon of each month until early September.
Colonies of some Acropora species which did not appear
in the quadrats but occurred around the sites were also
tagged for additional observations, and spawning of
non-Acropora species around the sites was recorded.
Besides direct observations in the field or from aquaria,
spawning behavior was detected indirectly from the
disappearance of gonads between sequential samples
from tagged colonies in the field.

Record of environmental factors. In order to ex-
amine the relationships between synchronous spawn-
ing of Acropora species and environmental factors,
continuous measurements of seawater temperature
with RMT memory type thermometers and seawater
level by means of RMD memory type bathymeters
were made from mid-May to mid-June 1991. The
thermometers were set at the outer reef flat and upper
reef slope of Site 1 and the outer reef flat of Site 2,
while the bathymeters were set at the outer reef flat
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of Sites 1 & 2. In addition, current
vector and salinity were recorded con-
tinuously using electromagnetic cur-
rent meter ACM-8M and salinometer
UCT-16000 from mid-May to early
June 1991 at the upper reef slope of
Site 1. All recording devices were set
at 1.3 to 2.6 m depth below mean sea
level.

During field observations in 1990
and 1991, seawater temperature was
also measured by Scuba divers. Daily
records of the surface seawater tem-
perature were taken at the Aka fisher-
men’s harbour (Site 5) during the
study period. Daily precipitation was
recorded by the weather station in
Tokashiki Island, one of the Kerama
Island group.

RESULTS

A total of 85 species from 26 genera
and 10 families of scleractinian corals
were observed to release gametes from
1989 to 1991 (Tables 1 & 2). Seventy-
seven species were hermaphroditic,
and 8 species were gonochoric, in-
cluding Galaxea fascicularis which is a
functional gonochoric species (Harrison
1988). Except for 9 species in which
spawning was detected indirectly, all
of the hermaphroditic species exhibited
broadcast spawning and released
gametes as egg and sperm bundles.
Only data from field observations were
used for analysis of spawning behav-
iour of Acropora, as the timing of the
spawning was not consistent even from
the same colony between in situ and
aquaria observations.

In 1991, due to a typhoon about 1 wk
before the spawning period, many tags
were lost from colonies and we could
record the spawning of only 23 to 72 %
of the previously tagged colonies in
the 4 quadrats.

In 1989, the spawning of 12 species of
Acropora was inferred to occur during
the period from 23 to 26 May, the 3rd to
the 6th night after the full moon, based
on disappearance of the gonads be-
tween sequential samples and appear-
ance of the gametes at the sea surface
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Table 1 Records of Acropora species spawning in the field during 1989-1991:
from May to July 1989; from May to August 1990; and from May to September
1991 *More than 10 colonies observed to spawn synchronously; -?-: spawning
inferred to occur during the period by sequential samples more than 2 d apart

Species

A. aspera
A. cytherea

. danai
. digitifera

>

. divaricata
. donei

. exquisita?
. florida

S SN S S

h S

. formosa

A. gemmifera

. grandis
. humilis
. hyacinthus

> > o

A. latistella
A. longicyathus

. loripes
. microclados
. microphthalma

P

. millepora
. monticulosa
. nasuta

> b o>

A. nobilis

A. pulchra
A. robusta

A. samoensis
A. tenuis

A. valenciennesi
A. valida
. verweyi?

.sp. 1
.sSp. 2

B>

Year

Acropora anthocercis 91

89
91
90
89
90
91
90
89
91
91
89
91
90
91
90
89
91
90
89
91
91
90
89
91
91
90
91
91
91
90
90
91
91
90
89
91
90
89
90
89
91
89
91
91
89
91
89
91
90
89
91
91
91
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Spawning dates: nights before (-)

or after full moon of
June  July August
5 5-2-7
3-2-6 0
-2, -1
-3
3-2-6
6
=27, -1 2
-3
0
10-2-27  12-2-15
4
3-2-6
2,3 4
12
-2, -1
7 -3, 1
3-2-6 0
-2,-1" 2
-3
3-2-6 0
4,5
-2, -1 3
6,7 -3,13
3-2-6 0
5-2-10, 12-2-15
-1
-2-2-18
-2
6
-1
-3,6,13
-1
-2, -1
-2, -1
-3,-1,6,13
3-7-6 0
-2,-1" 3
7 -3,1,13
3-72-6 0
1-2-5
0
-1
3-2-6
5 5-2-6
-2, -1
3-7-6
-1
3-2-6 o]
5,13-2-27 5,5-2-6
[
0

10-2-22
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Table 2. Records of non-Acropora species spawning from May to July 1989, from May to August 1990, and from May to September
1991. a;: Observations in the field; b: sequential field samples more than 2 d apart; ¢: aquaria observations; *more than 10 colonies
observed to spawn synchronously; -2-: spawning inferred to occur during the period

Species

ACROPORIDAE
Astreopora myriophthalma

Montipora digitata

M. aequituberculata
M. informis

M. turgescens

M. floweri?
M. venosa
M. efflorescens
PORITIDAE
Porites lutea d o

AGARICIDAE

Pachyseris speciosa Q
FUNGIIDAE

Fungia repanda Q

Sandalolitha robusta [Sile)
OCULINIDAE

Galaxea fascicularis Q
e}
Q

PECTINIIDAE

Echinophyllia aspera

Oxypora lacera

Pectinia lactuca
MUSSIDAE

Lobophyllia corymbosa
MERULINIDAE

Hydnophora ngida

H. exesa

Merulina ampliata

M. scabricula
FAVIIDAE

Caulastrea furcata

Favia pallida

F. speciosa

F. lizardensis?
F. matthaii

F. favus
F. stelligera

F. veroni
Barabattola amicorum

Year

9
90
91
90
89
91
91
90
91
90
91
91
91

91
90

90

90
90

91
90
89

90
89
90

89

91
91
91
90
90

91
9N
90
89
90
89
90
91
90
91
90
89
90
90
91

No. of colonies
observed & type
of observations

3a
5a

2b, ¢

1c
2¢

4a
la, 1b
2c

lc
la
1b

la

>10a

la

3a
2a, 1b, 3¢

4a, 1c
2a
4b, 6¢
la, 1b
1b
la
1b
la
1b
>10a, 1c
1a, 4c¢
1c
1c, 1b
1c
ta

Spawning dates: nights after full moon of

May

June

2,3

3.4-2-7.7
3
-3-2-5
6
8-2-9

July

8
57
6, 12-2-28
5 6

-5-2:3

August

56

-2-2-6
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Table 2 (continued)
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Species Year No. of colonies Spawning dates: nights after full moon of
Oobfsfgzsfviitgf: May June July August
Favites halicora 91 2a, 1c 2 6
90 2¢ 3 8
F. abdita 91 3a 6
90 2a 6
F. flexuosa 91 la 6
90 la, 1c 6, 7
F chinensis 89 1c 6,7 8
Goniastrea retiformis 91 >10a 2 6°, 7 7
G. pectinata 91 1c, >10a 5,6, 7 567
90 5a 6,7
G. aspera 89 2c 56,7 56,7
Platygyra pini 91 1c, la 1,2
90 1c, 2b 1,4-2-5
89 lc 3.4
P. ryukyuensis 91 2a 5 7
P. sinensis 91 5a 2 58
P daedalea 91 la 8
89 la 7
P. lamellina 90 la 3
P. contorta 91 la 7
Montastrea curta 91 lc 5
90 lc 12
M. magnistellata 91 3a 56,8
90 1c 3
M. valenciennesi 91 la 6
90 2b 0-2-6
Diploastrea heliopora o] 90 1b 5-2-6
Leptastrea purpurea Q 90 1c 2
Cyphastrea chalcidicum 91 la 2
90 3a 3
C. serailia 91 la 5
Echinopora gemmacea 91 la 5
E. pacificus 91 la 2
CARYOPHYLLIIDAE
Euphyllia divisa g 90 1c -1

(Table 1). Ten species of Acropora spawned on 19 June,
the night of the full moon (Table 1). In addition, spawn-
ing of 11 species belonging to genera other than Acro-
porawas recorded in June and July (Table 2).

In 1990, coral spawning was first observed on
16 May, the 6th night after the full moon. The final
spawning was recorded on 13 August, the 7th night
after the full moon of that month. However, a few
colonies of Galaxea fascicularis and Astreopora myrio-
phthalma still contained mature gonads even at the
end of August. Large-scale synchronous spawning of
Acropora species occurred on 17 May, the 7th night
after the full moon, and on 5 June, the 3rd night before
the full moon (Table 1). Species of corals in the family
Faviidae and some other species showed synchronous
spawning on 11 June, the 3rd night after the full moon
and on 12 and 13 August, the 6th and 7th nights after
the full moon (Table 2).

In 1991, synchronous spawning of more than 10
species of Acropora occurred at Site 1 on 26 and 27
May, 1 and 2 nights immediately prior to the full moon;
however, the spawning at Site 2 was on 27 May only
(Table 1). Three species of Acropora spawned synchro-
nously on 29 June, the 2nd night after the full moon,
and 4 species of Acropora did so on 1 August, the 5th
night after the full moon (Table 1). On 31 May, the 3rd
night after the full moon, 3 species of Montipora
spawned synchronously (Table 2). More than 10
colonies of Hydnophora rigida showed synchronous
spawning twice on both 4 June and 3 July, the 7th and
6th night after the full moon, respectively (Table 2).
Synchronous spawnings of other species, including a
majority of Faviidae species, occurred on 29 June, 1 to
4 and 31 August, the 2nd night, the 5th to the 8th
night and 6th night after the full moon, respectively
(Table 2).
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respectively. On the day of the full moon, high
tides occurred at about 06:30 and 20:00 h con-
sistently during May to August, 1990 and
1991. Most of the spawnings took place
around slack water of the high tide; however,
the synchronous spawning of Acropora spp.

1989

on 26 and 27 May 1991 occurred coincident
with strong currents on the falling tide (Fig. 3).

The annual seawater temperature variation
at Site 5 is shown in Fig. 4. Temperature rose
rapidly between May and June and then
became stable from July to early September.

b Thus, synchronous spawning of Acropora

NUMBER OF SPECIES
h
| =D
“_
hﬁ
R

° o e o e o

took place during the rapid temperature rise
period, whereas the spawning of Faviidae
occurred mainly in the stable temperature
period each year.

Marked changes of temperature were ob-
served on the dates around synchronous
spawning of Acropora spp. For example,

, .9 , . © ) e O | according to diver's records at Site 1, sea-
10 20 31 10 20 3 10 20 31 10 20 3 water temperature varied between 22.9 and
MAY JUNE JULY AUG. 23.9°C from 10 to 15 May 1990, but rose to

M Acropora in field Non-Acropora in field ] Non-Acropora in aquaria

Fig. 2. Spawning of coral species for which the exact date could be
determined in Akajima, 1989-1991. NO = no observation. *12 species of
Acropora were inferred to spawn in the field during 23 to 26 May.
Moon phase is indicated by open circles {full moon) and solid circles

25.0°C on 16 May, when a few colonies of
A. hyacinthus spawned. It rose further to
25.5°Con 17 May, when synchronous spawn-
ing occurred. At Site 5, the temperature
declinedfrom 26.7 to 24.7°C during the pre-
vious 19 h on 5 June 1990, on which the

(new moon)

Fig. 2 summarizes all spawning records from 1989
to 1991 for which the exact spawning date could be
determined. From these observations, spawning of
scleractinjian corals took place between May and
September. The number of coral species spawning
showed peaks in late May/June and August in 1990
and 1991.

More than 95% of Acropora colonies spawned over
an 11 d period, from the 3rd night before to the 7th
night after the full moon, whilst other genera spawned
mostly from the 2nd to the 8th nights after the full
moon (Fig. 2, Table 3).

Coral spawnings were mostly observed from 1.5 to
4 h after sunset. Acropora tenuis and A. donej,
however, were inferred to spawn between 18:00 and
20:30 h on 27 May (sunset was 19:20 h} and 1 July
(sunset was 19:30 h) 1991. One Fungia repanda re-
leased eggs at 02:00 h and a male and a female
ot Sandalolitha robusta held in separate aquaria
released gametes synchronously at 00:15 h on 12 July
1990.

In Akajima, spring tides occur 1 d before to 2 d after
the full moon and new moon, and neap tides occur
6 to 9 or 7 to 10 d after the full moon and new moon,

synchronous spawning was again observed
(Fig. 5).

In 1991, marked changes in seawater temperature
were also recorded on 26 and 27 May when synchro-
nous spawning occurred at Site 1. At the upper reef
slope of Site 1, 3 distinct peaks of temperature were
recorded, correlated to the high tide (Figs. 6 & 7). A
drop in salinity and marked strong currents were also
recorded, and closely coincided with the temperature
peaks (Fig. 6). At the outer reef flat of Site 1, the tem-
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Fig. 3. Fluctuation of tidal height from 20 May to 17 June 1991
at Akajima. Dates of synchronous spawning of Acropora spp.

(v) and non-Acropora species (V) are indicated. Moon phase
is also indicated
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TEMPERATURE (°C)

MONTH

Fig. 4. Annual fluctuation of the tri-monthly mean of surface
seawater temperature at Site 5, 1989-1991

perature peaks were 1 to 2 h later than those on the
upper reef slope. Synchronous spawning took place
about 11 to 12 h after the first peak of temperature on
each day (Fig. 7). In contrast, the temperature rise on
26 and 27 May was also recorded at the outer reef flat
of Site 2, but it was less sharp than that of the outer reef
flat of Site 1 (Fig. 7). The peaks of temperature oc-
curred 5 to 6 h later than that of Site 1. Synchronous
spawning there took place only once, about 6.5 h after
the peak of temperature on 27 May (Fig. 7).

DISCUSSION
Species observed to spawn

Previously, spawning of 26 species from 11 genera
and 6 families of scleractinian corals had been reported
in Okinawa, Japan (Heyward et al. 1987, Richmond &
Hunter 1990). The present study adds 4 families,
15 genera and 63 species to the spawning records for
corals in Japan. Sixty-six of the 85 species studied have
been observed to spawn on the Great Barrier Reef
(Harrison et al. 1984, Willis et al. 1985, Babcock et
al. 1986, Richmond & Hunter 1990). Both the sexual
characteristics (hermaphroditism or gonochorism} and
the mode of reproduction (brooding or broadcast
spawning) are the same for these species at Akajima
and the Great Barrier Reef, as well as in the Central
Pacific and the Red Sea (Harrison & Wallace 1990,
Richmond & Hunter 1990).

Synchrony, seasonality, periodicity and timing of
spawning

The spawning period of the corals in Akajima
extended over 5 mo. In many species, spawning was
recorded over 2 to 3 mo, indicating that the synchrony
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Fig. 5. Daily fluctuation of surface seawater temperature at

Site 5 (lines) and daily precipitation in the Kerama Islands,

May and June, 1989-1991 Open circles: full moon; solid

circles: new moon. Arrows indicate observed dates of spawn-

ing of Acropora spp. Size of arrows shows the relative scale
of mass spawning

of spawning in Akajima is less focused than that ob-
served on the Great Barrier Reef where marked
spawnings are observed for 3 to 4 nights over 1 or 2 mo
(Willis et al. 1985, Babcock et al. 1986). However,
the spawnings of Acropora spp. showed marked
synchrony both within and between species in May
and/or June in Akajima, and these spawnings can be
considered to be 'mass spawning' events as defined
by Willis et al. (1985).

Spawning seasonality in Akajima was similar to that
found in the Red Sea (Shlesinger & Loya 1985), but
different from the situation on the Great Barrier Reef
where mass spawning occurs after the spring tempera-
ture rise when the temperature is well below the
summer maximum (Babcock et al. 1985). In contrast,
Simpson (1986) found that mass spawning in the
Dampier Archipelago in Western Australia occurs after
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a period of high, relatively constant temperature. This
is also different from the situation on the Great Barrier
Reef despite both regions experiencing similar sea-
sonal temperature regimes.

Concerning these differences in seasonality, Harrison
& Wallace (1990) suggested that ultimate factors are
exerting selective pressure on the timing of mass
spawning events in each region. This hypothesis may
be applicable to the situation at Akajima. At this
island, the seawater temperature does not rise beyond
30°C throughout the year (Fig. 4), as it does in the Red
Sea {Rinkevich & Loya 1979). On the Great Barrier
Reef and Dampier Archipelago, however, the tempera-
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Fig. 7. Fluctuation of seawater temperature at the outer reef
flat of Sites 1 & 2, and tidal records at Site 2 from 22 May to

2 June 1991. Arrows indicate mass spawning of Acropora
species
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ture sometimes rises above 30 °C for about 2 mo in mid-
summer (Simpson 1985, Babcock et al. 1986). It is
possible that the smaller range of sea temperatures at
Akajima and the Red Sea provides a greater time
period during which sea temperature is appropriate
for successful reproduction, therefore coral spawning
would be less synchronized in those regions compared
with the Great Barrier Reef and Dampier Archipelago.

Some degree of lunar periodicity may also exert
influence on the reproductive behavior of corals in
Akajima. Although the Acropora species showed a
wide variation of spawning activity in relation to the
lunar phase, the spawning dates were mostly restricted
to the period from the 3rd night before to the 7th night
after the full moon. The relationship between the
spawning date and lunar phase was apparently
weaker than that observed on the Great Barrier Reef
where most coral spawning takes place only during a
few nights (Babcock et al. 1986). However, some of
the non-Acropora species showed a close relationship
of spawning date to lunar phase, e.g. Favia favus,
Goniastrea pectinata, G. retiformis, Montipora digitata
and Porites lutea (Table 3).

The relationship between spawning and tidal phase
was not consistent in Akajima, as most Acropora
species spawned sporadically during an 11 night
period, both before and after high tide and during both
neap and spring tide periods. Babcock et al. (1986)
reported that mass spawnings on the Great Barrier
Reef are associated with low tide at neap tide, and
suggested that low water volume and low water
motion may enhance fertilization by increasing gamete
concentration. In contrast, most of the spawning in
Akajima occurred around high tide, suggesting that
dispersal of gametes rather than fertilization might be
an important factor controlling spawning time.

The spawning time at Akajima was generally re-
stricted to the period from sunset to midnight, and
agreed with reports from the Great Barrier Reef, Red
Sea, Caribbean and Okinawa (Harrison et al. 1984,
Shlesinger & Loya 1985, Babcock et al. 1986, Szmant
1986, Heyward et al. 1987). This suggests that the
spawning is induced by a specific dark period, and
final synchronization and timing of spawning are con-
trolled by photoperiod (Harrison et al. 1984, Babcock
et al. 1986, Harrison & Wallace 1990).

Mass spawning of Acropora

Although mass coral spawning was recorded on a
number of occasions at Akajima, it occurred for only 1 or
2 nights in each event, indicating the existence of a cer-
tain cue to synchronize their spawning. For instance, in
1991, mass spawning occurred over 2 nights on 26 and
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27 May at Site 1, whereas it occurred on 27 May only at
Site 2. Hermaphroditic corals usually release their eggs
and sperm together as a spherical bundle. Wallace
(1985) found egg-sperm bundles in the polyp cavities of
Acropora loripes 4 h before the spawning commenced,
and she considered that in Acropora species this bundle
is formed some hours before spawning. The 1 night
delay of spawning at Site 2 may have been caused by
missing the time of bundle formation due to later rise of
temperature at Site 2 as a stimulus.

The mass coral spawning at Akajima appears to be
restricted to a certain period which is determined by
the lunar phase, but lunar phase of mass spawning was
not consistent between years and months (Fig. 2).
Jokiel et al. (1985) and Hunter (1988) demonstrated
that lunar illumination acts as a proximate controlling
factor of timing of planula release or spawning of some
coral species belonging to other genera than Acropora.
However, for Acropora in Akajima, it is unlikely that
the lunar phase acts as an absolute fine tuner for par-
ticular night(s) of mass spawning. Under natural con-
ditions, other factors, e.g. such exogenous stimuli as
marked changes in temperature, salinity and current
velocity, may also act as the triggers.

We speculate that the mass spawning of Acropora
in Akajima involves the following processes. Firstly,
the breeding season is probably determined by the
seasonal change in sea temperature regimes. Sea-
sonal changes in day length could also regulate re-
production (Harrison & Wallace 1990). Secondly, the
corals may have a preparatory mechanism which
determines the spawning date depending on the
lunar cycle. As mentioned by Willis et al. (1985) and
Babcock et al. (1986), the lunar cycle may act as a
Zeitgeber to entrain spawning to occur during the
appropriate lunar phase following the maturation of
gametes. Thirdly, the corals may become sensitive to
exogenous stimuli such as temperature when their
gametes reached maturity. When stimulation is ade-
quate, spawning may take place even before the full
moon, but when there are no such stimuli, the corals
will spawn on several nights after the full moon.
There might also be participation of something like a
chemical signal which acts as a cue spreading suc-
cessively to increase spawning synchrony. Rigorous
experimental studies are needed to determine
whether these factors act independently or inter-
actively as ultimate or proximate factors to determine
the timing of coral spawning. How physical con-
ditions that cue the initiation of gamete release differ
among locations, and how populations at different
locations react to them, should also be examined in
detail to increase our understanding of coral spawn-
ing patterns.
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