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Mass coral spawning events that occur annually on the
central Great Barrier Reef (GBR) (Harrison et al.
1984; Babcock et al. 1986) contrast markedly with
corals in the northern Red Sea, where spawning occurs
in different seasons, months or at different lunar
phases despite a high degree of synchrony within
individual species (Shlesinger & Loya 1985; Shlesinger
et al. 1998).
Only a few detailed studies have been done on
coral reproduction in the Western Indian Ocean
(WIO). Pocillopora verrucosa was found to be a
simultaneous hermaphrodite that spawned gametes
annually between March and April in the Maldives
(Sier & Olive 1994) and around the new moon in
January in South Africa (Kruger & Schleyer 1998).
Synchronised spawning was also recorded in six soft
coral species in South Africa (Schleyer et al. 1997),
and an unusual form of asexual reproduction was
described in Goniopora stokesi at Aldabra Atoll in the
Seychelles (Rosen & Taylor 1969).
Some unpublished data and in situ observations of
spawning are also known in the region. Daytime
spawning was observed in more than 100 individuals
of Fungia danai between 09:00-10:00 hrs in February
2006 (5 days after full moon) in the Chagos
Archipelago (Mangubhai et al. 2007). Individuals

ABSTRACT
Seventeen species of Acropora were studied in the
Mombasa lagoon in Kenya from 2004-2005 to
determine the timing and frequency of spawning, and
the level of synchrony within and among different
species. Spawning in this genus occurred over an
extended 7 month period from October-April, with
the majority of marked colonies (77%) releasing
gametes between January-March in the northeast
monsoon. Individual species were capable of splitspawning over 2-4 lunar months, and the length of
spawning varied between species. Spawning occurred
over a range of lunar phases, but predominantly in the
2 weeks following the full moon. It is evident that
Acropora species in Kenya display a greater degree of
spawning asynchrony compared to similar assemblages
in other parts of the world.

INTRODUCTION
Sexual reproduction of scleractinian corals has been
fairly well documented in the Pacific, Atlantic and the
Red Sea and studies have revealed a wide variety of
reproductive patterns among species and geographic
locations (reviewed by Harrison & Wallace 1990).
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appeared to be males, releasing a cloud of sperm in
short repeated bursts lasting for a few seconds,
creating a distinct cloud along the reef. Spawning
slicks were observed in March 1997 on Ari Atoll in the
Maldives (Loch et al. 2002), and Acropora species
were observed spawning in October 1994 on Chumbe
Island reef in Tanzania (Franklin et al. 1998) and
during full moon in November 1998 in the lagoon of
Albion in Mauritius (R. Moothien Pillay, pers.
comm.). A short study at Misali Island in Tanzania
undertaken from December 2002-March 2003 found
mature gametes present in 84% of A. tenuis and 7% of
A. valida samples in February, 1-2 days prior to the
full moon (A. Pharoah, unpubl. data).
Given the paucity of available information on coral
reproduction in the WIO, a study was undertaken in
2003-2005 to provide data on the timing and patterns
of scleractinian coral reproduction on Kenyan reefs.
Results on the broad patterns in the timing of
spawning of faviid and Acropora species in the first
year were published in Mangubhai & Harrison
(2006). This paper presents data on spawning patterns
in Acropora species from the second study year, where
the timing of spawning was narrowed to a finer level,
and examines the level of synchrony within and
among different species.

Figure 1. Mature pigmented (‘pink’) gametes
visible in coral polyps in the field in Acropora
valida.

fixed in 10% formalin in seawater, decalcified in weak
HCl (0.5-5%) over a 2-3 week period and then
preserved in 70% ethanol. Decalcified branch samples
were placed on a dark-coloured petri dish and five
polyps were randomly selected from the centre of the
branch and removed under a dissecting microscope,
and the presence or absence of gametes was recorded.
Spawning was inferred from the disappearance of
mature gametes between sampling periods, and the
absence of brooded planulae or embryos.
Branches of 9 species ( Acropora sp.1, A. divaricata,

METHODS

A. humilis, A. mossambica, A. samoensis, A. secale, A.
sordiensis, A. tenuis and A. valida) were monitored in

A total of 209 colonies, comprising of 17 species, were
marked and sampled at Kijembe and Mamba Reefs in
the Mombasa lagoon (4º4’S, 39º43’E) over a 9-month
period from September 2004–May 2005. A single
branch measuring 5-10 cm was removed from marked
colonies during each collection period, and the timing
and frequency of collections was based on spawning
periods recorded in the previous year for individual
Acropora species (Mangubhai & Harrison 2006).
Reproductive condition of oocytes was assessed in
the field as follows: ‘mature’ if oocytes were pigmented
(Fig.1), ‘immature’ if oocytes were smaller and pale or
white, .and ‘empty’ if oocytes were too small to view
with the naked eye (Oliver et al. 1988; Mangubhai &
Harrison 2006). In the laboratory, tissue samples were

separate aquaria for 3-4 days from December 2004–
March 2005. Coral branches were examined every half
hour from 18:00 (just prior to sunset) to 23:00 hrs or
until spawning ceased, using a torch covered with red
cellophane to avoid causing stress to the corals which
may cause colonies to release oocytes prematurely (P.
Harrison, pers. comm.). Information was recorded on
the timing of ‘setting’, (i.e. when the egg-sperm
bundles are formed and then held in the oral cavity
prior to release), the onset and duration of spawning
and the method of gamete release. Where spawning in
aquaria occurred, field samples were collected from the
same colony the next day to confirm spawning in the
field.
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RESULTS

Table 1.
The colours of eggs observed in
reproductively mature Acropora species. n =
number of colonies sampled. Colours: w =
white, o = orange, p = pink, c = cerise.
Species

Acropora sp.1
A. digitifera
A. divaricata
A. gemmifera
A. humilis
A. kosurini
A. lutkeni
A. mossambica
A. nana
A. nasuta
A. samoensis
A. secale
A. sordiensis
A. subulata
A. tenuis
A. valida

n
17
3
33
5
17
1
2
23
3
6

Colour
o, p, w
o
o, p, w
p
o, p, w
o, p
o, p
o, p, w
p
o, w

6
9
20

o, p, w
o, p, w
o, p, w

12
20
25

o, p, w, c
p,
c
o, p, w

Reproductive Pattern
All Acropora species studied

in Kenya were
simultaneous hermaphrodites, with both mature
oocytes and spermaries observed together in polyps
prior to gamete release (Fig. 2).
Each polyp had eight gravid mesenteries with
mature spermaries (two large and two small pairs) and
oocytes (two long and two short strings) that develop
on separate mesenteries, and this pattern was
consistent in all polyps of Acropora species studied.
Oocytes were generally oval though some became
irregular in shape depending on their pawning was not
observed directly in the field, observations of
spawning in aquaria of 7 species of Acropora and the
disappearance of mature oocytes and spermaries from
consecutive samples taken a few days to a few weeks
apart, indicates that these species are broadcast
spawners. Furthermore, no planulae were recorded in
any of the >1000 tissue samples examined.

Spawning
Mature pigmented oocytes were observed in the field
on average 2-3 weeks prior to spawning, though in
some colonies mature oocytes were observed for 4-6
weeks prior to spawning. Pink and orange were the
most common oocyte colour observed at maturity,
though not all oocytes within a colony became
pigmented prior to spawning (Table 1). Cerisecoloured oocytes were less common and were only
recorded in A. tenuis and A. subulata . Mature white or
pale oocytes were recorded in 11 (64.7%) of the 17
species, and in 28 (13.4%) of the 209 colonies
studied. Oocyte colour was generally inconsistent
among different colonies within species, and therefore
did not provide a useful tool for identifying
morphologically similar species.
Spawning in Acropora species was asynchronous,
and extended over 7 months from October–April,
with the majority of colonies (77%) releasing gametes
between the summer months of January–March in the
northeast monsoon (Fig. 3). The main spawning

Figure 2. Arrangement of mature oocytes (o) and
spermaries (s) on mesenteries in a polyp of Acropora
valida.
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Figure 4. ‘Setting’ and spawning of mature
gametes in Acropora tenuis.

occurred in February with 42% of colonies,
comprising 11 species, releasing gametes in this lunar
month. In species represented by >5 colonies spawning
was split over 2-4 months. Partial spawning in
individual colonies was less common in Acropora
compared to faviid species (unpubl. data), and was
recorded in 1 A. humilis, 1 A. valida and 2 A. tenuis
colonies (Fig. 3).
The length of the spawning period varied between
species, with spawning occurring for shorter periods of
2 months in A. subulata, A. divaricata and A. humilis
and longer periods of 4 months in A. valida, A.
sordiensis and A. mossambica (Fig. 3). In species
represented by ≥ 10 colonies, the main spawning
period was in January, February or March, when 4380% (mean = 51%) of the population of each species
released gametes. No species had their main spawning
period in the inter-monsoonal month of April, prior
to the onset of the southeast monsoon season.
Data showing the lunar phases over which coral
spawning occurred, for those colonies with spawning
periods inferred from samples taken over 3 days or
less, are shown in Table 2. Spawning in Acropora
species in Kenya occurred over a range of lunar phases,
but predominantly in the 3 rd and 4 th lunar quarters,
that is, in the 2 weeks following full moon (Table 2).
While A. tenuis spawned mainly in the 3 rd and 4 th
lunar quarters, a small number of colonies spawned in
the 1 st /2 nd quarter. Acropora divaricata and A. subulata

Figure 3: Reproductive periods for marked colonies
of Acropora species at Kijembe and Mamba Reefs,
Mombasa Marine National Reserve, from 2004-2005.
Each row represents a spawning record for a single
colony. •—o = the period between the last sample
date when gametes were present (closed circle) and
the subsequent sample date when gametes were
absent (open circle), •—•—o = the closed circles in
the middle represent the date when some of the
gametes had disappeared, indicating partial
spawning occurred. o= full moon, •= new moon.
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Table 2. The lunar phase when the last sample was observed (lunar day - mature) and the subsequent sample
when gametes were absent (lunar day - absent) from coral colonies containing mature gametes. Data are shown
for colonies with spawning periods inferred from samples taken over 3 days or less. Lunar days are divided into
four lunar quarters: 1 st = 0-7, 2 nd = 8-14; 3 rd = 15-21, 4th = 22-29, where lunar day 0 = new moon and lunar day 15
= full moon.
Species

n

A. tenuis

1

Lunar Day
Absent
Mature
18
21

Lunar
quarter
3 rd

1
1

24
21

27
24

4 th
4 th

A. valida

8
2

21
21

22
24

3 rd
4 th

Acropora sp.1
A. secale

9
3
1
2
1

21
21
19
21
29

22
24
21
22
2

3 rd
4 th
3 rd
3 rd
th
4 /1 st

A. sordiensis

1

17

20

3 rd

A. mossambica

6
4

21
21

24
24

4 th
4 th

A. divaricata

3

4

7

1 st

A. humilis

3
1

21
24

24
27

4 th
4 th

A. gemmifera

1

3

5

1 st

spawned predominantly in the 1 st lunar quarter,
around new moon.
Coral spawning was observed in 6 of the 9
Acropora species held in aquaria (Fig. 4). Three of the
branches held in aquaria released gametes on the same
night as the colonies in the field from which they were
removed, and 7 branches released gametes in aquaria
1-2 weeks earlier than their corresponding colonies in
the field (Table 3). In most branches, the setting of
egg-sperm bundles under the oral cavity commenced
between 19:10-19:45 hrs, with spawning commencing
between 21:13-21:56 hrs. Acropora tenuis commenced
setting around sunset, and spawned between 19:0219:17 hrs. In Acropora sp.1 and A. valida setting

Figure 5. Spawned gametes of Acropora
valida. Note the lighter pink areas are where
sperm clouds are breaking up from the oocytesperm bundle.
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Table 3: The timing of setting and spawning in branches collected from marked colonies and held in aquaria
between January–March 2005. Type: natural = spawning confirmed for the same night in colonies in the
field; premature = branches in aquaria released gametes, but colonies in the field still had mature gametes;
‘–’: no samples were taken in the field to confirm spawning.
Species

Date

A. sordiensis

5-Jan-05

Lunar
day
24

Type

A. divaricata

6-Jan-05

25

premature

19:36

21:09

21:25

21:35

6-Jan-05

25

premature

19:37

21:09

21:25

21:35

7-Jan-05

26

-

19:30

21:16

21:22

21:40

10-Jan-05

0

premature

19:35

20:43

21:24

21:33

11-Jan-05

1

premature

17:47

21:08

21:35

21:38

12-Jan-05

2

premature

19:20

21:00

21:28

21:35

17-Jan-05

7

-

18-Jan-05

8

-

-

Start setting

End
setting

Start
spawn

End
spawn

19:30

20:54

21:13

21:27

21:30
20:30

21:20

21:30

19-Jan-05

9

-

19:39

21:19

21:30

21:30

A. tenuis

21-Jan-05

11

premature

17:45

18:50

19:02

19:17

A. humilis

27-Jan-05

17

premature

19:45

22:00

20:04

20:14

29-Jan-05

19

-

20:17

21:27

21:56

22:03

2-Mar-05

21

natural

19:10

20:38

20:55

21:05

2-Mar-05

21

natural

19:10

20:38

21:00

21:19

2-Mar-05

21

natural

19:10

20:38

20:55

21:05

Acropora sp.1

A. valida

commenced at 19:10 hrs, and spawning occurred
between 20:55-21:00 hrs. Compact positively buoyant
egg-sperm bundles were extruded slowly through the
mouth (Type I spawning behaviour, Babcock et al.
1986), and floated immediately to the water surface
where water movement generated by the airstone
caused the bundles to slowly break apart, separating
individual oocytes and sperm clouds (Fig. 5). All eggsperm bundles were released rapidly from the
branches,
within
15-19
minutes
of
the
commencement of spawning. Similar patterns of
gamete released were recorded in A. sordiensis, A.
divaricata, A. tenuis and A. humilis.

DISCUSSION
The 17 Acropora species studied in the Mombasa
lagoon
in
2004-2005
were
simultaneous
hermaphrodites and broadcast spawners. This sexual
pattern and mode of reproduction and development
predominate in Acropora (subgenus Acropora ), and
are consistent with studies from other regions
(reviewed by Harrison and Wallace 1990).
In Kenya, Acropora species spawned over a 7month
period
between
October–April
and
interspecific spawning synchrony was less synchronous
in Acropora species compared to faviids (Mangubhai
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& Harrison 2006), a pattern which is found on both
equatorial (Oliver et al. 1988) and higher-latitude
reefs (Hayashibara et al. 1993) in some locations. The
spawning pattern emerging for Acropora species in
lagoonal reefs in Kenya is one of asynchrony, and
contrasts markedly with the central GBR and western
Australia where high intra- and inter-specific spawning
synchrony results in an annual mass spawning event
where many species spawn over one or a few nights
after full moon periods in the October/November (late
spring/early summer) and March (summer),
respectively (Harrison et al. 1984; Babcock et al.
1986, 1994). The results from this study also contrast
with studies from Japan, Palau and Singapore, which
display more synchronised multispecific spawning of
Acropora assemblages (Hayashibara et al. 1993;
Penland et al. 2004; Guest et al. 2005).
The spawning patterns recorded in Kenya share
similarities with Acropora species on subtropical reefs
in the Solitary Islands, Australia, where spawning was
staggered among species and among colonies within
some species, and occurred over 2-5 months from
December to April, and over a range of lunar phases
(Wilson & Harrison 2003). It was suggested that
highly variable sea surface temperatures in the Solitary
Islands, particularly during gamete maturation, may
explain the extended and asynchronous spawning
pattern observed in this location (Wilson & Harrison
2003). Sea surface temperatures in Kenya are generally
less variable during maturation, but are more variable
during the peak spawning period from January–April,
with differences of 2.5ºC recorded (see Fig. 5 in
Mangubhai & Harrison 2006). The variability in sea
surface temperatures is likely to be a result of the
shallow depth of the lagoon, which makes it
susceptible to temperature fluctuations associated with
cloud cover and prevailing wind conditions. However,
temperature variability in Kenya during peak
spawning periods are still less than those at the
Solitary Islands where 6-8.5 ºC differences can occur
during the peak spawning period from DecemberMarch (A. Scott, pers. comm.).
The spawning patterns recorded in Kenya also

share some similarities with scleractinian corals in the
northern Gulf of Eilat in the Red Sea, which exhibit
‘temporal reproductive isolation’, where spawning is
separated in time (seasons, months and lunar phases)
for different species (Shlesinger & Loya 1985;
Shlesinger et al. 1998). There are, however, a number
of notable differences between the two regions. Firstly,
in Kenya a smaller percentage of corals (~51%)
participate in the main spawning month compared to
the Red Sea (90-100%, Shlesinger et al. 1998), which
means that intraspecific spawning is more
asynchronous in Kenya. Secondly, Acropora species in
Kenya may spawn in the month(s) immediately
preceding and/or following the main spawning event,
so that gamete release can occur over 2-5 consecutive
lunar months in individual species. Broadcast
spawning species in the Red Sea release gametes over 1
or 2 consecutive months (Shlesinger & Loya 1985;
Shlesinger et al. 1998). Thirdly, in the Red Sea,
species that spawn in the same lunar month will spawn
in different lunar quarters from each other, which
reduces the overlap between spawning species (see
Table 1 and Fig. 1, in Shlesinger & Loya 1985). In
Kenya, there is overlap between species during all
lunar quarters, and colonies within some species may
spawn over >1 lunar quarter. However, it is important
to note that spawning times have only been described
in 6 (Shlesinger and Loya 1985; Shlesinger et al.
1998) of the approximately 42 known species of
Acropora in the Red Sea (Wallace 1999), and
therefore there is a high probability that there would
be overlap in spawning between some species in
different lunar quarters. It is evident that Kenyan
Acropora species display a greater degree of spawning
asynchrony than in other regions. The level of
reproductive plasticity recorded in this genus (cf.
faviids), such as that recorded by this study, may
explain the highly polymorphic nature of Acropora
species, with high rates of hybridisation recorded
between both similar and in some cases dissimilar
morphological forms (Willis et al. 1997), their success
in colonising reefs, and their dominance in most
tropical reef habitats (Wallace 1999).
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