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ABSTRACT. Heteroxenia fuscescens is a dimorphic alcyonacean composed of autozooids and
siphonozooids. The appearance of siphonozooids in the colony is size-dependent and their density
gradually increases with colony diameter. Colonies in all size groups are simultaneous hermaphrodites
and bear male and female gonads in their autozooids. H. fuscescens exhibits a size-dependent,
functional, sequential hermaphroditism in which mature monomorphic colonies produce only ripe
sperm while dimorphic ones produce mainly eggs and relatively few sperm. Mature dimorphic colonies
demonstrate a spatial segregation of reproductive products along the gastrovascular cavity Germinative activity and extensive gonad growth of both sexes are carried out below the anthocodiae, mature
eggs fill most of the gastrovascular c a v ~ t yand fertilized eggs ire very often observed in its basal part.
Gametogenesis begins at a remarkably early age. H o ~ , c v e r the size-dependent appearance of
siphonozooids serves a s a threshold, below which maturation and fertilization of e g g s cannot occur.
Reproductive effort in H. fuscescens is age-specific and exhibits a n optimal allocation of energetic
reserves which relates to polyp dimorphism.

Dimorphism of polyps occurs in several Octocorallia
in which the colonies are composed of 2 h n d s of
polyps: autozooids and siphonozooids (Hyman 1940).
Autozooids are distinguished by the possession of 8
pinnate tentacles combined with 8 septa attached to
the pharynx. Siphonozooids, by comparison, are
greatly reduced in size, and their tentacles are
rudimentary (Hyman 1940). The siphonozooids also
have a highly developed siphonoglyph along with 2
asulcal filaments which drive a water current through
the colony (Bayer 1973).Siphonozooids are characteristic of large, fleshy octocorals, and they bear gonads
infrequently. All Pennatulacea are dimorphic with
gonads developed in their autozooids only (Hyman
1940). In the Gorgonacea, dimorphism is very rare and
occurs only in the Scleraxonian families Corallidae and
Paragorgidae. In Corallium rubrurn the gonads are
produced by the autozooids, while in Paragorgia spp.
both autozooids and siphonozooids bear gonads (Bayer
1973).
Among the Alcyonacea dimorphism displays a wide

range of colonial organization in the families Alcyoniidae and Xeniidae. The Alcyonildae contains several dimorphic genera, i.e. Bathyalcyon, Carotalcyon,
An thomastus, Malacacanthus, Minabea, Acrophyton,
Sarcophyton and Lobophyturn (Verseveldt & Bayer
1988).The gonads of Batl~yalcyonrobustum are located
in the siphonozooids, while its single giant autozooid is
sterile (Bock 1938). Minabea robusta bears gonads in
both types of polyps (Utino~niPc Imahara 1976). The
widely distributed coral-reef species of Lobophytum
and Sarcophyton have gonads only in their autozooids
(Yamazato et al. 1981, Benayahu & Loya 1986).
Dimorphism in the Xeniidae has been a subject of
controversy for a long period (Hickson 1931, Gohar
1940), however, it is agreed that the genera Fungulus
a n d Heteroxenia are dimorphic (Bayer 1981). Heteroxenia species bear gonads in the autozooids (Gohar
1940, Benayahu et al. 1989). A recent study demonstrated that the developing planulae of Heteroxenia
fuscescens gain maturity while brooded between the
siphonozooids (Benayahu et al. 1989). H. fuscescens is
hermaphrodite (Gohar 1940) with a year-round planulation on Eilat reefs (Benayahu 1990).

rr'~Inter-Research/Printed in F. R. Germany

0 17 1-8630/90/0064/0263/$ 03.00

INTRODUCTION

Mar. Ecol. Prog. Ser. 64: 263-269, 1990

264

In this study we examine dimorphism in relation to
colony size in a population of Heteroxenia fuscescens.
We describe the relationship between colony size,
reproductive condition and gonad development. This is
the first account to deal with age-dependent functional
sexuality in a dimorphic octocoral and also the first to
follow changes in reproductive pattern with increasing
colony size.

MATERIALS AND METHODS
Colonies of Heteroxenia fuscescens were collected
on Eilat reefs, Red Sea, during August 1985 to August
1987. Each month 6 to 8 dimorphic colonies were sampled randomly, between 2 and 6 m depth. In addition,
every 4 to 5 mo, monomorphic and dimorphic colonies
of various sizes were collected, including juveniles with
a diameter of < 5 mm. The entire sample totalled 274
colonies, which were fixed in 4 O/O formalin in seawater.
Colonies were dissected longitudinally, and the trunk
diameter of each measured to the nearest mm. They
were then examined under a binocular stereoscope for
the presence of dimorphic polyps and gonads in their
polyp cavities. From each size group (see below),
gonads were taken from 5 colonies for histological
sectioning. The small colonies (< 5 mm diameter) were
totally sectioned and from larger colonies, sectors containing gonads were serially sectioned. Material for
histology was then decalcified in a mixture of equal
volumes of formic acid (50 % ) and sodium citrate (15 %)
for 20 min. Paraplast (Monoject Scientific) sections
8 pm thick were cut and stained in hernatoxylin-eosin.

RESULTS
Fig. 1 presents the relationship between colony size
and dimorphism in Heteroxenia fuscescens. All colonies smaller than 10 mm in diameter were monomorphic. The appearance of siphonozooids is size-dependent and the percentage of dimorphic colonies gradually increases with size. All examined colonies larger
than 36 mm in diameter were dimorphic (Fig. 1).
Dimorphic colonies were sampled throughout th.e year
and their abundance indicates no annual pattern. All
examined colonies of H. fuscescens, including the
smallest ones (55 mm diameter) are simultaneously
hermaphrodite and bear male and female gonads in
their autozooids. The gonads are located along the 2
ventral and 4 1.atera.lmesenteries of the polyp, except
for its anthocodial part.
In the smallest examined colonies ( 55 mm diameter)
gonads are observed as clusters of primordial germinal
cells (Fig. 2A), and primordial spermaries and oocytes

COLONY

D I A M E T E R (mm)

Fig. 1. Heteroxenia fuscescens Sizes distinguished b y the
occurrence of monornorphic (open bars) and dimorphic
(hatched bars) colonies in a randomly collected sample.
Number of corals measured is indicated for each size group

are occasionally found within the same genital cluster.
Each of these primoridiae is attached to the mesenteries by a short pedicel and enveloped by a thin layer
of mesoglea and endoderm (Fig. 2A, B). At a further
developmental stage a few oocytes are surrounded by a
common endodermal cell layer (Fig. 2C). During subsequent gametogenesis each oocyte or sperm sac is
enveloped within separate peripheral endoderm (Fig.
2D), and separately attached to the rnesenteries.
In all monornorphic colonies (26 mm diameter),
sperm sacs are dominant, whlle oocytes are scarce
within the gastrovascular cavity (Fig. 3A). In these
colonies the maximal diameter of the oocytes is 300 pm
and they have a darkly stained yolk (Fig. 3A). Extensive spermatogenesis in these monomorphs leads to the
occurence of series of developmental stages of spermaries within a single polyp (Fig. 3A to E). During
initial stages the sperm sacs are uniformly filled with
spermatids (Fig. 3A). At a subsequent stage the sperrnatogenetic columns are located at the periphery of
the sperm sac, with the tall ends of mature sperm cells
projecting toward the cavity (Fig. 3B). At an advanced
stage some of the sperm cells are concentrated in the
center of the spermary (Fig. 3C). Final sperm-sac maturation is associated with the appearance of sperm
bundles within the cavity, recognized as clusters of
dark stained sperm-h.eads and lightly stained tai1.s
(Figs. 3D, E). Sperm sac maturation is accompanied by
a gradual increase in their di.ameter to a maximum of
350 wm (Fig. 3A to E).
All dimorphic colonies are ch.aracterized by the
dominance of large oocytes (700 to 800 urn) within the
gastrovascular ca.vities (Fig. 4A). Their upper part,
below the anthocodiae, contains various developmental stages of male and female gonads (Fig. 4A) The
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Fig. 2. Heteroxenia fuscescens.(A) Initial cluster of gonadal primordiae comprised of oocytes and spermaries. Scale bar = 25 pm.
(B) Initial gonadal primordium with its endodermal envelope. Scale bar = 10 pm. (C) Young oocytes within a common envelope.
Scale bar = 50 pm. (D) Young gonads separately surrounded with endodermal cell layer. Scale bar = 50 pm. F: follicular layer; 0:
oocyte; SP: spermary; YO: young oocyte

female gonads are compnsed of a wide size-range of
oogenic stages with a gradual increase in their diameter toward the basal polyp-cavity (Fig. 4A). The follicular, endodermal layer and the mesoglea surrounding of
the oocytes become thicker throughout oogenesis (Fig.
4 B to D ) , reaching 30 pm in mature eggs. In addition,
below the anthocodae, groups of spermaries are found
among oocytes (Fig. 4A, B) and occasionally mature
spermaries are observed in this part of the autozooid.
Some islets of spermaries are located between mature
oocytes (Fig. 4A, C, D) which are probably remains of
previous spawned sperm sacs.
Table 1 summarizes the location and distribution of
male and female gonads and embryos in the autozooids
of dimorphic colonies. These results demonstrate a
distinct spatial segregation of reproductive products
along the gastrovascular cavity. Germinative activity
a n d extensive gonad growth of both sexes takes place
below the anthocodiae. Mature oocytes fill the major
part of the gastrovascular cavity. In addition, fertilized

eggs and early embryogenic stages are very often
observed in the basal part of the autozooids (Benayahu
et al. 1989).
DISCUSSION

Early investigators considered polyp dimorphism
among Octocorallia to b e a major taxonomic feature
(Hickson 1931, Gohar 1940). Later, the physiological
role of siphonozooids was recognized (Bayer 1973,
1981). In the dmorphic soft coral Heteroxenia fuscescens, immature planulae are released externally into
intersiphonozooid spaces where they mature, a n d
therefore dimorphism in this coral is essential for brood
care. The reproductive condition of H. fuscescens during its monomorphic and dimorphic life phases is
summarized in Fig. 5, indicating a distinct simultaneous
hermaphroditism in all size groups. Settlement of H.
fuscescens on artificial substrata at Eilat indicates an
approximate annual increment in colony diameter of
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Table 1. Heteroxenia fuscescens. Location of female and male
gonads and embryos along the gastrovascular cavities of
dimorphic colonies
Location

Gemtal products

Sizc rdnge
(length In ~cm)

-

Upper
Middle
Basal

Spermar~es
Oocytes
Oocy tes
Oocytes
Embryos

< 50-350
< 50-350
400-800
400-800
800-1000

5 mm (Benayahu unpubl. data). Thus, gonad initiation is
performed at a n extremely early age, less than l yr
(Figs. 1 and 5). Most colonies of H, fuscescens are
dimorphic at ca 4 yr (Fig. 1). Hence, their dimorphism is
a size-dependent feature, a finding which contradicts
both Cylkowsh's (1911) results which did not display
such a relationship, a n d Gohar's (1940) claim of the
periodical appearance of siphonozooids. Available data
indicate that all size classes of Sarcophyton qlaucum
a n d Lobophytun~pauciflorurn in the Red Sea are dimorphic (Benayahu & Loya 1986, Benayahu unpubl. data).
Additional studies are required in order to generalize
about the relationships between age and occurrence of
siphonozooids in other dimorphic octocorals.
The reproductive pattern of Heteroxenia fuscescens
involves gametogenesis of both male and female
gonads at a remarkably early a g e (Fig. 5). The reproductive features are further characterized by functional, sequential hermaphroditism, i.e. mature monomorphic colonies produce only ripe sperm while dimorphic ones produce mainly eggs, along with some
sperm. Gohar (1940) stated that one sex does not
mature before the other. In contrast, our results demonstrate temporal segregation of gonadal maturation in
this species. The completion of oogenic cycles in monomorphic colonies would produce mature oocytes at a
stage when the colonies are not yet structurally capable
of brooding planulae because they lack siphonozooids.
We suggest that the size-dependent appearance of
siphonozooids in H. fuscescens is a developmental
threshold, below which e g g maturation, fertilization
and embryogenesis cannot occur.
Organisms exhibit age-dependent trade-off between
growth and reproduction (Harvell & Grossberg 1988).

267

These processes are often described as competing
biological functions that are derived from limited
energy resources (Chornesky & Peters 1987). The
rcproductive features of Hetel-oxenia fuscescens are
associated with colony size (Fig 5) and may reflect
energetic constraints. During the life phases of this soft
coral, energy is initially allocated for increasing colonytrunk size a n d the number of autozooids, a n d subsequently for development of siphonozooids. The high
energy expenditure for this somatic growth most probably restrains the proportion of total available resources allocated for reproduction (Samson & Werk 1986).
Hence, H. fuscescens exhibits the size-dependent tactics of functional, sequential hermaphroditism and
delayed e g g maturation. In addition, the large oocytes
of H. fuscescens demand spacious gastrovascular
cavities and thus it is advantageous to postpone their
ripening until a large colony size is attained.
Autozooids of Heteroxenia fuscescens are functionally autotrophic d u e to their dense populations of
endocyto'biotic dinoflagellates (zooxanthellae), and the
utilization of dissolved organic matter (DOM) from
ambient seawater (Schlichter & Kremer 1985). We suggest that the appearance of siphonozooids increases
internal-colony surface-area for the uptake of DOM.
This contributes considerably to higher energy assimilation which enables allocation of the required energy
for planulae development.
Complex interactions between intrinsic factors (size,
age, a n d physiological conditions) a n d extrinsic factors
(environmental conditions) regulate the timing of sexual maturity (Harvell & Grosberg 1988). However, the
temporal reproductive features of Heteroxenia fuscescens appear to be related predominantly to colony
organization. Polyp dimorphism serves a s a major cue
which determines its sexual pattern, and accelerates
e g g maturation and the subsequent brooding of
planulae. It is proposed that reproductive effort in H.
fuscescens is age-specific, and that the soft coral
exhibits a n optimal allocation of resources which is
related to polyp dimorphism.
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Fig. 3. Heteroxenia fuscescens. Longitudinal section through autozooid cavity, and gonads of a large monomorphlc colony. (A)
Arrangement of male and female gonads. Scale bar = 200 pm.( B to E ) Various developmental stages of sperm sacs within a large
monomorphic colony Scale bar = 100 pm. E: envelope cells; h?. mesoglea; MR: mesentery; 0.oocyte; SC: spermatogenetic
columns, SP: spermary; SZ.spermatozoons
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Fig. 5. Heteroxenia fuscescens. Relationsh~pbetween size of monomorphic and dimorphic colonies and their gonad development
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