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Abstract Sexual reproduction in the azooxanthellate
octocoral Dendronephthya hemprichi Klunzinger, 1877
was studied in Eilat (Red Sea) for 2 years beginning
March 1989. D. hemprichi is a gonochoric broadcasting
species. Gonads at all developmental stages were found
throughout the year. Small-sized oocytes and sperm sacs,
51 to 100 lm in diameter, are highly abundant, accom-
panied by numerous smaller primordial gonads. These
features result from continuous gametogenesis, and lead
to year-round oocyte and sperm maturation and release.
Gamete release was observed in the laboratory on all
monitoring dates, and most of the female colonies
spawned repeatedly for several successive nights. The
reproductive features of D. hemprichi constitute an ex-
ception to the generalization that free-spawning reef-
corals have brief and synchronized broadcast-spawning
episodes. This species demonstrates early onset of ®rst
reproduction, which further increases its reproductive
output.

Introduction

There are three modes of sexual reproduction in reef soft
corals (Cnidaria: Alcyonacea) ± broadcasting of ga-
metes, external surface brooding, and internal brooding
of planulae (reviewed by Benayahu et al. 1990). Most of
the species studied to date are gonochoric, and her-
maphroditic ones are rare. The broadcast spawners,
mostly members of the family Alcyoniidae, have one
annual spermatogenic cycle while their oogenesis is
completed over a longer period and achieved through
overlapping oogenic cycles (Yamazato et al. 1981; Alino
and Coll 1989; Benayahu et al. 1990). The gametogenic
cycle of surface brooders lasts for approximately 1 year,

whereas internal brooders have multiple gametogenic
cycles every year (Benayahu 1991). Reef soft corals were
found to have short, seasonal and synchronized
spawning episodes (Alino and Coll 1989; Benayahu et al.
1990), similar to the well-documented short, discrete
annual spawning of stony corals (Harrison and Wallace
1990; Richmond and Hunter 1990). On the Great Bar-
rier Reef, Australia, the soft corals spawn during the
multispecies mass spawning event (Babcock et al. 1986;
Alino and Coll 1989). In contrast, Red Sea soft corals
exhibit a temporal reproductive isolation (Benayahu
et al. 1990), as do the scleractinian corals of that region
(Shlesinger and Loya 1985). Brooding species of both
coral groups tend to planulate throughout extended
periods, or all year round (Harrison and Wallace 1990;
Benayahu 1991).

The azooxanthellate alcyonacean Dendronephthya
hemprichi of the family Nephtheidae is a phytoplankton
feeder, only occurring in habitats exposed to strong
water currents (Fabricius et al. 1995a, b). In Eilat (Red
Sea), it is the most abundant inhabitant of vertical ar-
ti®cial underwater structures, despite being very rare on
adjacent natural reefs (Dahan 1992). The unusual suc-
cess of this obligatory heterotrophic soft coral within a
predominantly zooxanthellate coral community moti-
vated us to examine its life history. Recently, we re-
ported that D. hemprichi has a highly specialized mode
of clonal propagation, featuring the autotomy of small
fragments (Dahan and Benayahu 1997). The present
study describes sexual reproduction in D. hemprichi,
including its oogenic and spermatogenic cycles, repro-
ductive mode, breeding period, and onset of sexual
maturity.

Materials and methods

Monthly sampling and gonadal condition in ®xed material

The study was conducted at oil jetties, 4 km south of Eilat, Israel,
from March 1989 to April 1991. Dendronephthya hemprichi Klun-
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zinger, 1877 is highly abundant on the vertical metal support pillars
of the jetties and on the surrounding coiled barbed wire. Individual
branches, 3 to 5 cm long, were removed once a month from 10 to
25 haphazardly selected colonies >40 cm in length. The samples
were routinely ®xed in 4% formalin in sea water for 24 h, rinsed in
fresh water, and transferred to 70% ethanol. They were later de-
calci®ed for 40 min in a solution of formic acid and tri-sodium
citrate (Benayahu and Loya 1983). Polyps from three or four dif-
ferent groups (catkins) of each sample were dissected by ®ne-
pointed forceps under a binocular microscope. Wet preparations of
their mesenteries were made and examined under a microscope.
The sex of each colony was determined and the diameters of 100
haphazardly selected oocytes or sperm sacs (>50 lm) were mea-
sured from each colony using a calibrated ocular. In addition,
gonad structure was studied by histological sections (for method-
ology, see Benayahu and Loya 1983). Data are presented as the
mean percent frequencies for oocytes and sperm sacs of di�erent
size groups.

Spawning of gametes

Spawning of gametes in the laboratory was monitored, at least once
a month, for several successive nights from May 1990 to April 1991
(during early 1991 no sampling was conducted due to the Gulf
War). Each day, 10 to 20 branches of di�erent Dendronephthya
hemprichi colonies were collected, placed in separate, water-®lled
plastic bags and transferred to the Marine Biology Laboratory at
Eilat. The branches were maintained for acclimation in running sea
water for 1 h, then transferred to aerated aquaria containing
2.5 liters ®ltered sea water. The presence of gametes was monitored
during both day and night hours. Each morning the eggs were
removed and counted, and the water was replaced. Samples of
water were taken from aquaria with colonies that did not release
eggs, for microscopical examination of possible released sperm.
Branches were kept in the laboratory for up to 5 d and then ®xed as
described above; those that did not spawn were dissected, and their
sexual condition was determined. Spawning in the ®eld was de-
tected by covering colonies with plankton nets (200 lm mesh)
overnight.

Relationship between colony size and sexual maturity

Onset of sexual maturity of Dendronephthya hemprich was exam-
ined in a newly established population of known age, which had
developed underneath a raft near the oil jetties. The ®rst sampling,
comprising colonies of all sizes, was conducted from a population
established for 12 months. Complete colonies <10 cm in length
were collected and ®ve samples were taken from the larger ones.
Another sampling was carried out 5 months later, consisting of the
13 largest colonies. These samples were all ®xed and their sexual
condition was determined.

Results

Monthly sampling and gonadal condition
in ®xed material

The soft coral Dendronephthya hemprichi is gonochoric;
female and male gonads develop along the mesenteries
within the polyp cavities. Within the population, oocytes
and sperm sacs at all developmental stages were found
throughout the entire study period. Primordial gonads
appeared in clusters, covered by a common layer of
endodermal cells. Gonads <150 lm in diameter were
transparent. The oocytes had visible nuclei and nucleoli
and were surrounded by a follicular cell layer. The sperm

sacs had a light periphery and a darker center. As they
became larger, the gonads of both sexes gradually lost
their transparency and became opaque.

Clusters of primordial gonads of both sexes were
numerous in all sexually mature colonies. Each cluster
contained several gonads, but it was not possible to
enumerate them. Monthly size±frequency distributions
of female and male gonads, >50 lm in diameter, for the
period April 1989 to April 1991 are shown (Figs. 1, 2).
Each monthly distribution shows the average frequen-
cies of the di�erent size groups in the sampled colonies.
The oocytes revealed similar size±frequency distribu-
tions throughout the study (Fig. 1). The most abundant
were the 51 to 100 lm size group, constituting 50 to 70%
of the measured oocytes, while the other size groups
were present in low frequencies. The maximal oocyte
diameter measured was 500 lm. Sperm sacs, 51 to 100 lm
in size, were relatively less abundant and comprised
approximately 40% of all those measured (Fig. 2).
Sperm sacs >300 lm were rarely observed with the
largest measured being 400 lm. Among the 522 sexually
mature colonies sampled, 338 were female and 184 male,
a sex ratio of 3:2 (females were signi®cantly more
abundant than males; v2, p < 0.01).

Spawning of gametes

Sperm and egg release was observed in the laboratory at
night on all dates, from October 1989 to April 1991.
Most of the colonies spawned repeatedly for several
successive nights; spawning occurred after sunset and
continued until 0200 hrs. While spawning, the colonies
became in¯ated and their polyps expanded. The process
of egg release was rather slow (5 to 10 min). An
emerging egg passed the contracted pharynx, becoming
oval in shape and, after release, rapidly gained its
spherical shape. The spawned egg often stayed attached
to the mouth opening for a few minutes by a short
mucus thread. The released eggs lacked a follicular cell
layer and were cream-pink in color. They were nega-
tively buoyant and slowly settled to the bottom of the
aquarium. The egg size was variable (diam = 260 to 470
lm). Figure 3 presents the percent of female colonies
that spawned in the laboratory on the monitoring dates;
most nights 70 to 100% of them released eggs. Spawning
was also recorded in the ®eld in samples collected with
plankton nets placed over Dendronephthya hemprichi
colonies, but this procedure damaged the colonies and
we did not apply it routinely. On all dates (June, August,
October 1990 and April 1991) embryos were found de-
veloping in the nets during the night.

Relationship between colony size and sexual maturity

During the study period, recruitment of Dendroneph-
thya hemprichi was observed year round on several ar-
ti®cial substrata at Eilat. The underside of a raft was
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colonized within a year of its deployment by ca. 500
recruits, which could only have been derived as a con-
sequence of sexual reproduction (see Dahan and Bena-
yahu 1997). The size±frequency distribution of the
D. hemprichi population established for 12 months
(Fig. 4), consisted of a wide size range of colonies, with a
maximum length of 26 cm attained by one colony. The
population was sampled 12 and 17 months after de-
ployment of the raft (Fig. 5). Sterile colonies were found
over the entire size range. Immature gonads were found
in colonies >9 cm in length, and mature gonads in col-

onies >19 cm in length. After 12 months a single male
(the above-mentioned, 26 cm long), had ripe sperm sacs,
whereas no ripe oocytes were observed. Five months
later, among the 13 largest colonies on the raft (>18 cm
in length), three sexually mature females and two males
were found.

Fig. 1 Dendronephthya hemprichi. Monthly size±frequency distribu-
tions of oocyte diameters (>50 lm) during the study period; standard
deviations are given for each size group, n = number of female
colonies examined each month; 100 oocytes were measured per colony
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Discussion

The soft coral Dendronephthya hemprichi is a gonochoric
broadcast spawner, reproducing all year round. Its go-
nads develop along the mesenteries within the polyp
cavities, similar to the two previously studied species,
Capnella gaboensis (Farrant 1986) and Litophyton ar-

boreum (Weil 1990), in the family Nephtheidae. The size±
frequency distribution of D. hemprichi oocytes was sim-
ilar throughout the year. Oocytes 51 to 100 lm in di-
ameter were very abundant, as were primordial oocytes
(<50 lm). These gonadal features indicate a continuous
proliferation of oocytes with year-round cycles of mat-
uration and release. The relatively high abundance of
sperm sacs of 101 to 200 lm may result from their rather
rapid development and maturation compared to the slower
process of oogenesis. Previous studies on both soft and stony
corals indicated a shorter spermatogenic than oogenic cycle
(Benayahu et al. 1990; Harrison and Wallace 1990).

Fig. 2 Dendronephthya hemprichi. Monthly average frequencies of
sperm-sac size groups (>50 lm) during the study period. Standard
deviations are given for each size group, n = number of male colonies
examined each month; 100 sperm sacs were measured per colony
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Premature release of gametes by corals (Szmant-
Froelich et al. 1980) and abortion of planulae (Loya and
Rinkevich 1980) have been recorded under various
stressful conditions (Fadlallah 1983). In the present
study, the diurnal pattern of gamete release observed in
the laboratory strongly suggests that spawning was not a
response to collection or adverse laboratory conditions.
The high rate at which fertilized eggs developed into
planulae in the laboratory (Dahan and Benayahu in
preparation) further supports this suggestion.

Dendronephthya hemprichi demonstrates continuous
breeding activity throughout the year. In both soft and
stony corals, spawning is more commonly seasonal and
usually restricted to one or a few nights each year.
Mass spawning occurs synchronously throughout each
population (Benayahu et al. 1990; Harrison and Wal-
lace 1990), and usually takes place during periods of
rising or maximum sea temperature. An absence of
reproductive seasonality and synchrony of gamete re-
lease is known from low latitudes, and has been cor-

related with a decrease in the annual temperature range
nearer the equator (Oliver et al. 1988; Glynn et al.
1991). In Eilat, where reefs are at their northern limit
of distribution, the reproductive activity of broadcast-
ing stony and soft corals coincides with the warm
summer season (Shlesinger and Loya 1985; Benayahu
et al. 1990). The reproductive features of D. hemprichi
found in this study are thus an exception to the gen-
eralization that brief, synchronized, seasonal broad-
casting episodes are usual in high latitude coral reefs
(Babcock et al. 1994).

Nutritional control of gametogenesis has been noted
among a wide variety of invertebrates (Giese and
Kanatani 1987), but this topic has seldom been exam-
ined for corals. In the cold water soft coral Alcyonium
digitatum a direct relationship was found between its

Fig. 3 Dendronephthya hemprichi. Percentage of spawning females on
the monitoring dates

Fig. 4 Dendronephthya hemprichi. Size±frequency distribution of
colonies in a population established for 12 months

Fig. 5 Dendronephthya hemprichi. Onset of gonad development in
relation to colony size (open symbols represent observations 12 months
after the population was established; ®lled symbols 17-month
observations; squares no gonads; circles females; triangles males)
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gonad development and the seasonal abundance of
plankton (Hartnoll 1975). In the ®eld, the temperate
stony coral Astrangia danae demonstrates seasonal
spawning, while colonies maintained in the laboratory
and fed regularly spawned year round (Szmant-Froelich
et al. 1980). Since the soft coral Dendronephthya hemp-
richi, is azooxanthellate, and thus does not photosyn-
thetically ®x carbon, it is likely that oocyte maturation is
controlled by availability of food. Recently, it has been
found that this soft coral feeds almost exclusively on
phytoplankton (Fabricius et al. 1995a, b), a food source
previously unknown for cnidarians. We suggest that the
two relatively persistent phytoplankton blooms each
year at Eilat (Genin et al. 1995) supply the metabolic
demands for gametogenesis in D. hemprichi, thus per-
mitting the year-round gamete release.

Complex interactions among age, size, physiological,
and environmental conditions determine the onset of
®rst reproduction among clonal invertebrates (Harvell
and Grosberg 1988). Corals exhibit a minimal size below
which no colonies develop gonads. This has been at-
tributed to the initial need to allocate energy towards
growth, in order to escape size-dependent mortality
(Kojis and Quinn 1985; Karlson 1986). Only colonies
>9 cm in length were found bearing gonads in
Dendronephthya hemprichi, but colonies with a wide size
range above this length were also sterile. These ®ndings
agree with previous studies on stony corals, in which
gametogenesis occurs only among a small proportion of
colonies at their minimal size of ®rst reproduction
(Rinkevich and Loya 1979; Babcock 1984; Kojis and
Quinn 1985). D. hemprichi colonies reach sexual matu-
rity relatively quickly, <12 months for males and <17
months for females (Fig. 5), compared to other tropical
broadcasting soft and stony corals, which have a ®rst
reproduction at an age of several years (Benayahu and
Loya 1986; Harrison and Wallace 1990). In this respect,
it is interesting to note that both azooxanthellate and
ahermatypic broadcasting stony corals are apparently
more precocious than symbiotic and hermatypic ones
(Harrison and Wallace 1990).

The most common mechanism by which freely
spawning marine invertebrates ensure fertilization suc-
cess and reduce gamete wastage is by synchronized
spawning (Campbell 1974). This can be induced in one
sex by the opposite sex (Szmant-Froelich et al. 1980;
Tranter et al. 1982; Miller 1989) or cued by environ-
mental factors, such as moon phase, temperature, pho-
toperiod, etc. (Giese and Kanatani 1987). Lunar
rhythms are commonly observed in spawning of stony
and soft corals (Alino and Coll 1989; Benayahu et al.
1990; Harrison and Wallace 1990). The ®nal synchro-
nization and timing of spawning were found to be con-
trolled by daily light and dark cycles (Harrison and
Wallace 1990). In Dendronephthya hemprichi, both sexes
released gametes in the absence of colonies of the op-
posite sex, a ®nding that suggests that induced spawning
does not occur in this species. Our results also indicate
that spawning of D. hemprichi is cued by cyclic diurnal

patterns, although it is not yet clear if this is the sole
factor involved.

Colonies of Dendronephthya hemprichi inhabit sites
exposed to strong water currents. Polyp contraction
occurs predominantly at ¯ows of <3 and >25 cm s)1,
and expansion in the intermediate ¯ow velocities
(Fabricius et al. 1995b). Our work indicates that in
D. hemprichi, gamete release occurs only in the expanded
state; hence, ¯ow regime may be an additional factor
a�ecting the spawning schedule. Fertilization success is
known to decrease with increasing water ¯ow due to
rapid dilution of sperm (Pennington 1985; Yund 1990;
Levitan et al. 1991, 1993). Fertilization rate is enhanced
by high population densities (references in Lasker et al.
1996), which in D. hemprichi is in part a result of rapid
clonal propagation (Dahan and Benayahu 1997). The
relatively slow emergence of spawned eggs through the
mouth, and their attachment to the mouth by a mucus
thread, may be adaptive in that the egg is retained
temporarily in the vicinity of other colonies, some of
which are male. It is proposed, therefore, that spawning
behaviour of this soft coral is adapted to relatively high-
¯ow environments.

Features such as rapid somatic growth (Fabricius
1995b), clonal propagation (Dahan and Benayahu
1997), year-round spawning, and early age of repro-
duction (present study) play an important role in the life
history of Dendronephthya hemprichi. The gamete release
observed in D. hemprichi colonies at Eilat suggests year-
round, nightly reproduction so that planulae are always
available for settlement in favorable habitats.

Acknowledgements We express our thanks to O. Mokadi, N. Sar,
Y. Barki, R. Goren and M. Klainman for their help and friendship.
We are grateful to K. Sebens, B. Lazar and anonymous reviewers
for many useful comments which greatly improved the manuscript.
Y. B. is indebted to K. Sebens for his kind hospitality at the
University of Maryland during a sabbatical year. We acknowledge
N. Paz and C. Shapiro for editorial assistance. Thanks are due to
the sta� of the Interuniversity Institute of Marine Biology at Eilat
for their kind hospitality and assistance. This paper forms part of
an M. Sc. dissertation submitted by M. D. to Tel Aviv University.
The research was supported in part by a grant to Y. B. from the
Israel Science Foundation, and a grant from the Interuniversity
Ecology Foundation.

References

Alino PM, Coll JC (1989) Observations of the synchronized mass
spawning and post settlement activities of octocorals on the
Great Barrier Reef, Australia: biological aspects. Bull mar Sci
45: 697±707

Babcock RC (1984) Reproduction and distribution of two species
of Goniastrea (Scleractinia) from the Great Barrier Reef Prov-
ince. Coral Reefs 2: 187±195

Babcock RC, Bull GD, Harrison PL, Heyward AJ, Oliver JK,
Wallace CC, Willis BL (1986) Synchronous spawning of 105
scleractinian coral species on the Great Barrier Reef. Mar Biol
90: 379±394

Babcock RC, Willis BL, Simpson CJ (1994) Mass spawning of
corals on high latitude coral reef. Coral Reefs 13: 161±169

Benayahu Y (1991) Reproduction and developmental pathways of
Red Sea Xeniidae (Octocorallia, Alcyonacea). Hydrobiologia
216/217: 125±130

578



Benayahu Y, Loya Y (1983) Surface brooding in the Red-Sea soft
coral Parerythropodium fulvum fulvum. Biol Bull mar biol Lab,
Woods Hole 165: 353±369

Benayahu Y, Loya Y (1986) Sexual reproduction of a soft-coral:
synchronous and brief annual spawning of Sarcophyton glau-
cum. Biol Bull mar biol Lab, Woods Hole 170: 32±42

Benayahu Y, Weil D, Kleinman M (1990) Radiation of broad-
casting and brooding patterns in coral reef alcyonaceans. Adv
Invertebrate Reprod 5: 323±328

Campbell RD (1974) Cnidaria. Chap. 3. In: Giese AC, Pearse JS
(eds) Reproduction of marine invertebrates. Academic Press,
New York

Dahan M (1992) Clonal propagation and sexual reproduction of
the alcyonacean Dendronephthya hemprichi. M.Sc. thesis, Tel-
Aviv University, Tel-Aviv (in Hebrew; English summary)

Dahan M, Benayahu Y (1997) Clonal propagation by the
azooxanthellate octocoral Dendronephthya hemprichi. Coral
Reefs 16: 5±12

Fabricius KE, Benayahu Y, Genin A (1995a) Herbivory in asym-
biotic soft corals. Science 268: 90±92

Fabricius KE, Genin A, Benayahu Y (1995b) Flow-dependent
herbivory and growth in zooxanthellae-free soft corals. Limnol
Oceanogr 40: 1290±1301

Fadlallah YH (1983) Sexual reproduction, development and larval
biology in scleractinian corals. Coral Reefs 2: 129±150

Farrant PA (1986) Gonad development and the planulae of the
temperate Australian soft coral Capnella gaboensis. Mar Biol
92: 381±392

Genin A, Lazar B, Bernner S (1995) Vertical mixing and coral
death in the Red Sea following the eruption of Mount Pina-
tubo. Nature, Lond 337: 507±510

Giese AC, Kanatani H (1987) Maturation and spawning. In: Giese
AJ, Pearse JS, Pearse VB (eds) Reproduction of marine inver-
tebrates. Vol. 9. Boxwood Press, Paci®c Grove, California, pp
251±329

Glynn PW, Gassman NJ, Eakin CM, Cortes J, Smith DB, Guzman
HM (1991) Reef coral reproduction in the eastern Paci®c: Costa
Rica, Panama, and Galapagos Islands (Ecuador). I.
Pocilloporidae. Mar Biol 109: 355±368

Harrison PL, Wallace CC (1990) Reproduction, dispersal and re-
cruitment of scleractinian corals. Chap. 7. In: Dubinsky Z (ed)
Ecosystems of the world. Vol. 25. Coral reefs. Elsevier, Am-
sterdam, pp 133±207

Hartnoll RG (1975) The annual cycle of Alcyonium digitatum.
Estuar cstl mar Sci 3: 71±78

Harvell CD, Grosberg RK (1988) The timing of sexual maturity in
clonal animals. Ecology 69: 1855±1864

Karlson RH (1986) Disturbance, colonial fragmentation, and size-
dependent life history variation in two coral reef cnidarians.
Mar Ecol Prog Ser 28: 245±249

Kojis BL, Quinn NJ (1985) Puberty in Goniastrea favulus. Age or
size limited? In: GabrieÂ C et al. (eds) Proc 5th int coral Reef

Congr. Vol. 4. Antenne Museum-EPHE, Moorea, French
Polynesia pp 289±293

Lasker HR, Brazeau DA, Calderson J, Co�roth MA, Coma R,
Kim K (1996) In situ rates of fertilization among broadcasting
spawning gorgonian corals. Biol Bull mar biol Lab, Woods
Hole 190: 45±55

Levitan DR (1993) The importance of sperm limitation to the
evolution of egg size in marine invertebrates. Am Nat 141: 517±
536

Levitan DR, Sewell MA, Chia FS (1991) Kinetics of fertilization in
the sea urchin Strongylocentrotus franciscanus: interaction of
gamete dilution, age and contact time. Biol Bull mar biol Lab,
Woods Hole 181: 261±268

Loya Y, Rinkevich B (1980) E�ects of oil pollution on coral reef
communities. Mar Ecol Prog Ser 3: 167±180

Miller RL (1989) Evidence for the presence of sexual pheromones
in free-spawning star®sh. J exp mar Biol Ecol 130: 205±221

Oliver JK, Babcock RC, Harrison PL, Willis BL (1988) Geographic
extent of mass coral spawning: clues to ultimate causal factors.
In: Choat JH et al. (eds) Proc 6th int coral Reef Symp. Vol. 2.
Symposium Executive Committee, Townsville, pp 803±810

Pennington JT (1985) The ecology of fertilization of echinoid eggs:
the consequences of sperm dilution, adult aggregation, and
synchronous spawning. Biol Bull mar biol Lab, Woods Hole
169: 417±430

Richmond RH, Hunter CL (1990) Reproduction and recruitment
of corals: comparisons among the Caribbean, the Tropical
Paci®c, and the Red Sea. Mar Ecol Prog Ser 60: 185±203

Rinkevich B, Loya Y (1979) The reproduction of the Red Sea coral
Stylophora pistillata. I. Gonads and planulae. Mar Ecol Prog
Ser 1: 133±144

Shlesinger Y, Loya Y (1985) Coral community reproductive pat-
terns; Red-Sea versus GBR. Science 228: 1333±1335

Szmant-Froelich AM, Yevich P, Pilson MEQ (1980) Gametogen-
esis and early development of the temperate coral Astrangia
danae (Anthozoa: Scleractinia). Biol Bull mar biol Lab, Woods
Hole 158: 257±269

Tranter PRG, Nicholson DN, Kinchington D (1982) A description
of the spawning and post-gastrula development of the cool
temperate coral Caryophyllia smithii (Stokes and Broderip).
J mar biol Ass UK 62: 845±854

Weil D (1990) Life history features of the alcyonacean Litophyton
arboreum in the Gulf of Eilat: sexual and asexual reproduction.
M. Sc. thesis, Tel-Aviv University, Tel-Aviv (in Hebrew; En-
glish summary)

Yamazato K, Sato M, Yamashiro H (1981) Reproductive biology
of an alcyonarian coral, Lobophytum crassum Marenzeller. In:
Gomez ED et al. (eds) Proc 4th int coral Reef Symp. Vol. 2.
Marine Sciences Center, University of the Phillipines, Manila,
pp 671±678

Yund PO (1990) An in situ measurement of sperm dispersal in a
colonial marine hydroid. J exp mar Biol Ecol 253: 102±106

579


