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ABSTRACT: The unbranched sea-whip Junceella fragilis reproduces vegetatively by autotomy of 
colony ends. Polyps and coenenchyme tissue are resorbed at  a subterminal point where the axial core 
breaks to release a daughter colony. This is capable of attachment to the substrate at either end which 
results in colonies having either upward- or downward-faclng polyp verrucae. Large colonies have a 
higher frequency of reproductive autotomy than small colonies although daughter colony length is 
largely independent of parent colony size. The process of asexual reproduction gives rise to clumps of 
J. fragilis with a density of up to 300 colonies m-' at sites along the Great Barrier Reef. 

INTRODUCTION 

Coral reef animals often reproduce by asexual means 
(Grassle, 1973; Bell, 1981). Asexual reproduction is 
considered here to refer to an increase in the number of 
individual animals or colonies but to exclude the case 
of enlargement of a colony by increase in the number 
of zooids. Within the Anthozoa, asexual reproduction is 
common in the subclass Hexacorallia but it has only 
recently been described for some members of the sub- 
class Octocorallia. Reproduction by parthenogenesis, 
pedal laceration, longitudinal fission and budding of 
solitary polyps is widespread in the Actinaria (Bell, 
1981) while colony fragmentation is highly developed 
in the major reef-building Scleractinia (Highsmith, 
1982). Other methods of asexual reproduction in the 
Scleractinia include transverse fission of polyps or 
buds in the solitary Fungiidae (Wells, 1966) and 
release of small daughter colonies from the surface of 
Goniopora stokesi (Scheer, 1959; Sheppard, 1981). 
Individual polyps may also detach from scleractinian 
corals kept in adverse aquarium conditions, and Sam- 
marco (1982) has suggested that this is a method of 
asexual reproduction in the natural environment. In 
the Antipatharia, the precious coral Antipathes di- 
chotoma is reported to undergo natural fragmentation 
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of branch ends (Grigg, 1976). Within the Octocorallia, 
the temperate soft coral Alcyonium hibernicum broods 
parthenogenetic ova that are released as benthic 
planulae (Hartnoll, 1977). Other octocorals, particu- 
larly Alcyonacea, reproduce by vegetative fragmenta- 
tion but few details are known. Studies of reproduction 
in the order Gorgonacea have described release of 
planula larvae following sexual fertilization (Goldberg 
and Hamilton, 1974; Weinberg and Weinberg, 1979). 

The unbranched whip gorgonian Junceella fragilis 
Ridley is a common and conspicuous inhabitant of 
reefs along the Great Barrier Reef. J. fragilis colonies 
have a highly contagious distribution (Fig. 1) and this 
is shown herein to be the result of a newly discovered 
method of vegetative reproduction. 

DISTRIBUTION OF JUNCEELLA FRAGZLIS 

The geographical distribution of Junceella fragilis 
has not been well studied. It was originally described 
from the Great Barrier Reef (Ridley, 1884) and speci- 
mens have since been reported from the Mergui 
Archipelago (Burma), Ceylon, the China Sea, the 
Philippines, the Persian gulf, Singapore (Ridley, 1888; 
Thomson and Henderson, 1905; Kiikenthal, 1924 ; 
Toeplitz, 1929; Stiasny, 1940, 1951; Pax and Muller, 
1956), and Okinawa (K. Muzik, pers. comm.). How- 
ever, at least some of these are incorrectly identified 
specimens of J. juncea - a species widespread 
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throughout the Indo-West Pacific. In a review of the 
genus, Simpson (1901) re-examined the Mergui and 
Ceylon specimens identified as J. fragilis and consi- 
dered them to be juveniles of J. juncea. He proposed 
that J, fragilis be synonymized with J. juncea as there 
were no stable differentiating characters. In Great Bar- 
rier Reef waters the 2 species occur side by side in the 
same habitats and are readily identified in situ by 
colouration and anatomical features. J, fragilis has a 
white, yellow or orange coenenchyme with brown 
zooxanthellae-containing polyps whereas J. juncea 
has darker orange, red or brown coenenchyme with 
white polyps. 

METHODS 

The tips of 26 Junceella fragilis colonies were photo- 
graphed i n  situ on a weekly basis throughout Sep- 
tember 1981 at a 7 m deep site at Bremner Point, 
Magnetic Island (19"09'S 146'52' E). Underwater visi- 
bil~ty ranged from approximately 4 m down to 20 cm. 
At this same site, all J. fragilis colonies in a densely 

populated 1 m2 quadrat were collected and measured 
for length. The direction of polyp orientation and pre- 
sence of vegetative reproduction was also recorded. 
The fringing reef adjacent to Bremner Point (Geoffrey 
Bay) has been described by Bull (1982) and aspects of 
the oceanography of the area have been described by 
Walker (1981a, b) and Walker and O'Donnell (1981). 

General observations on Junceella fragilis were 
made on 31 reefs between One Tree Island (23'30's 
152'50' E) and Llzard Island (15'56' S 124" 25' E) in the 
Great Barrier Reef. At Lizard Island the direction of 
polyp orientation and presence of vegetative reproduc- 
tion was recorded from colon~es at 3 separate sites: 
Granite Bluff, 103 colonies; North Point, 201 colonies; 
and McGillivray's Reef, 53 colonies. 

Grafting experiments were attempted at Magnetic 
Island and Lizard Island by tylng adjacent colonies 
together; however, the colonies reacted adversely to 
the presence of plastic or wire ties. Tissue necrosis 
occurred in the region of ties, preventing grafting from 
taking place (for this reason it was necessary to label 
the colonies under study at their bases). 
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RESULTS 

Formation of daughter colonies 

Junceella fragilis reproduces vegetatively by a pro- 
cess of autotomy of terminal portions of a colony 
(Fig. 2). Prior to autotomy, polyps are uniformly distri- 
buted over the surface of the colony (Fig. 2a). The first 
sign of autotomy is the beginning of resorption of 
polyps over a 0.5 to 1 cm wide subterminal region of 
the colony (Fig. 2b). All polyps eventually disappear 
from the subterminal region (Fig. 2c) and the coenen- 
chyme is resorbed in a transverse band until the 
daughter colony is connected to the parent colony only 
by the hair-like axial core (Fig. 2d). At this stage no 
living tissue connects the parent and daughter col- 
onies: mechanical stimulation of the parent colony 
causes complete retraction of polyps of the parent 
colony but has no effect on the daughter colony and 
vice versa. The presence of the axial core restricts 
longitudinal growth to the apical region of the colony. 
Autotomy is not, therefore, a result of subterminal 
elongation or 'growing apart' of the parent and daugh- 
ter colonies. The parent colony is unable to elongate 
until the daughter colony has broken away but the tip 
of the daughter colony continues to grow throughout 
the period of autotomy (Fig. 2). Final severance of the 
axial core and release of the daughter colony requires 
only gentle motion of the surrounding water. Daughter 
colonies drop rapidly to the seabed near the base of the 
parent although strong wave action or currents may 
carry them up to a metre or so horizontally as they sink. 
Following separation, both parent and daughter col- 
onies regrow coenenchyme tissue over the small ends 
of exposed axial core. Regrowth is somehow prevented 
from occurring prior to separation since experimental 
removal of a ring of coenenchyme from other non- 
autotomizing regions of a colony was followed by rapid 
tissue regrowth and fusion over the exposed core. 
When epigrowth occurred on exposed axial core the 
colonies were capable of overgrowing or displacing it. 

A variation on the order of autotomy events can 
occur if the axial core is broken by turbulent conditions 
or by the weight of the daughter colony prior to com- 
pletion of tissue resorption. In this situation the broken 
ends tend to force their way outwards through the 
coenenchyme which maintains a covering of tissue 
over them (Fig. 3a). 

Asexual reproduction of Junceella fragilis was first 
observed on fringing reef at Bay Rock (19"07'S 
146'45' E) in 1974. Since then it has been observed at 
31 reefs between One-Tree I. and Lizard I. At Bremner 
Point the status of the 26 monitored specimens after 
31 d was as follows: 9 (35 %) had shown no sign of 
autotomy; 6 (23 %) had commenced and completed 

Fig. 2. Junceella fragilis. Daughter colony formation on a 
colony at Magnetic Island: (a) Day l ;  (b) Day 14 ;  (c) Day 24; 

(d) Day 31. Scale lines are  1 cm apart 

autotomy; 4 (15 %) had commenced but not completed 
autotomy; 5 (19 %) that initially showed signs of auto- 
tomy had conlpleted the process; and 2 (8 %) that 
initially showed signs of autotomy had not completed 
the process. 

The metre quadrat from Bremner Point contained a 
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Fig. 3. Junceella fragilis. Colonies at Magnetic Island. (a) Colony with the axial core broken prior to completion of coenenchyme 
resorption; (b) twin daughter colonies in formation; (c) thick axial core exposed following predation on a colony (by fish?); 
(d) terminal hair-llke axial core exposed following predation; (e) colony with downward-facing polyp verrucae; (f)  colony with 

both upward-facing (upper surface) and downward-facing (lower surface) polyp verrucae 

total of 325 individual Junceella fragilis colonies; 45 
(14 %) of these were detached, free-lying daughter 
colonies and 55 of the 280 substrate-attached colonies 
(20 %) were in the process of fonning daughter col- 
onies. A similar overall proportion (18 %) of substrate- 
attached colonies at Lizard Island had daughter col- 
onies: the values at McGillivray's Reef and North Point 
being 26 % and 16 %, respectively. The substrate- 
attached colonies at  Bremner Point ranged from 5 to 
143 cm in length with a mean of 46.5 cm (s.e. 1.6 cm), a 
median of 44 cm, and a standard deviation of 26.3 cm. 
The length frequency distribution is shown in Fig. 4a. 
Mean lengths and standard deviations for parent- 

attached and detached daughter colonies were 8.0 
(t 3.4) cm and 9.6 (+  4.0) cm, respectively. The 
slightly greater lengths of the detached specimens 
(Fig. 4b) are due to continued growth of daughter col- 
onies prior to (and possibly following) detachment. 
The maximum length recorded at  Magnetic Island for a 
parent-attached daughter colony was 45 cm. A J. 
fragilis colony normally produces 1 daughter colony at 
a time but up to 4 daughter colonies in series may 
occasionally be found on the same specimen. In the 
sample quadrat 5 specimens (9 % of the asexually 
reproducing colonies) had twin daughter colonies in 
formation (Fig. 3b). 
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Fig. 4. Junceella fragilis. Length frequency distribution of 
colonies in a l m quadrat at Magnetic Island. (A) Total col- 
onies including substrate-attached colonies without visible 
sign of autotomy (black), substrate-attached colonies with 
daughter colonies in formation (white), and detached, free- 
lying daughter colonies (shaded); (B) comparison of % length 
frequency of detached, free-lying daughter colonies (shaded) 

with parent-attached daughter colonies (solid line) 

There is only a weak correlation between the length 
of a daughter colony and that of its parent colony 
(Pearson coefficient, r = 0.32, p < 0.01). This is largely 
due to the restriction of autotomy points to regions of 
new growth. The axial core in older regions of a colony 
becomes thickened (up to 9 mm) and calcified so that, 
even if the coenenchyme is resorbed or removed 
(which may occur following attachment of an epibiont 
such as a crinoid), the core cannot be broken by water 
movements (Fig. 3c, d). This rigid section of axial core 
supports a relatively straight, upright colony but new 
regions of growth tend to bend under their own weight 
giving the upper colony a curved shape (Figs. 1 and 2). 
Although larger colonies do not necessarily produce 
larger daughter colonies, a strong correlation exists 
between colony length and the percentage of colonies 
with daughters (Fig. 5). This indicates that large col- 
onies produce daughters more frequently than small 
colonies, at least until very old. The regression is linear 
for the first 9 length groupings @ < 0.001), however, 
analysis of variance of the regression shows curvature 

(p < 0.05) for all 10 groups. The very long colonies 
therefore have a significantly non-linear deviation 
from the trend and may produce proportionately fewer 
daughter colonies. 

Growth of daughter colonies 

Adult colonies normally occur with an upright habit 
directly from the holdfast, but the recently-detached 
daughter colonies lie on the bottom in a horizontal 
position. This means that colonies actively lift them- 
selves to an upright position following or during hold- 
fast formation. The lifting mechanism is probably one 
of differential regional expansion and contraction of 
the coenenchyme which is highly flexible. Either end 
of a daughter colony is capable of holdfast formation 
with the interesting consequence that the longitudi- 
nally appressed polyps and verrucae are often found 
facing towards the basal end of substrate-attached 
colonies (Fig. 3e). At McGillivray's Reef, North Point 
and Granite Bluff the proportions of substrate-attached 
colonies with downward-facing polyps were 24.5, 10 
and 11.5 %, respectively (overall total 12.6 %). At 
Bremner Point only 1 quadrat colony (0.4 %) had 
downward-facing polyps although 15 % of the photo- 
graphed non-quadrat specimens were downward-fac- 
ing. It is notable that the quadrat colonies were grow- 
ing on a flat horizontal rock whereas colonies at the 
other sites were on irregular, heterogenous substrates. 
In the former case both ends of daughter colonies have 
a high probability of contact with suitable attachment 

mean length (cm) 
Fig. 5. Junceella fragilis. Relationship between frequency of 
daughter colony formation and colony length in a 1 m quadrat 
at Magnetic Island. The 280 substrate-attached colonies are 
divided into 10 groups of 28 by increasing length and the % 
with daughter colonies in each group is plotted against length 

of the group. The regression for the first 9 points is 
Y = 0.75 X = 10.8 (solid line) 
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sites and colonies may preferentially attach at the end 
that results in upward-facing polyps. 

Alternatively, downward-facing colonies may have a 
higher mortality rate at  some sites or may have some 
ability to reorient the direction of newly-formed polyps 
in the upward direction. The latter possibility is sug- 
gested by the presence of some colonies with longitud- 
inal strips of both upward-facing and downward-fac- 
ing polyps (3.2 % and 1.7 % of the respective popula- 
tions at  Lizard Island and in the Bremner Point quad- 
rat; Fig. 3f). 

DISCUSSION 

A number of species of Octocorallia reproduce ve- 
getatively or by fragmentation though detailed 
descriptions of such processes are few. Cary (1919) 
remeasured colonies of the soft corals Lobophylum 
conferfum and L. ngidum colonies in quadrats at 
Samoa after 15 mo and stated that 'it would appear 
most probable that the greater number of new indi- 
viduals had arisen by the process of longitudinal divi- 
sion of some older colonies'. In the Red Sea, Fishelson 
(1973) found that following damage from tidal expo- 
sure to Lobophytum pauciflorum and Sinularia graye 
'instead of one big colony, numerous smaller, but 
intact, colonies were formed'. Similar fragmentation 
reactions to adverse conditions have been suggested to 
occur in species of Sinularia, Lobophyton and Sar- 
cophyton in New Guinea by Tursch and Tursch (1982). 
These authors have also described reproduction in 
Litophyton viridis and Nepthea erecta by a process 
akin to propagation by runners. In Great Barrier Reef 
waters, species of the soft coral genera Sinularia and 
Sarcophyton have a process of colony fission followed 
by active separation or 'movement' of sessile daughter 
colonies (B. Willis, pers. comm.). The xeniid soft coral 
Efflatounaria generates new colonies from runner-like 
branches which subsequently die (Z. Dinesen, pers. 
comm.) and a similar process occurs in the Caribbean 
gorgonian Briareum asbestinum (Kinzie, 1970; H. 
Lasker, pers. comm.). Substrate attachment and growth 
of broken fragments is also important for population 
growth in a Caribbean Plexaura species (H. Lasker, 
pers, comm.). 

A limited survey of gorgonian corals in Great Barrier 
Reef waters revealed no evidence of reproductive auto- 
tomy in other species. This is not surprising since, with 
the exception of Junceella juncea, all other gorgonian 
species increase their size in 2 or 3 dimensions and are 
not restricted to elongation on a single axis. A branch- 
ing gorgonian releasing reproductive propagules that 
fall near its base would generate competition for 
branch space with daughter colonies attempting to 

grow up through the parent canopy. With a uniaxial 
animal there is no canopy and parental overtopping 
cannot occur. In the case of 3. juncea, specimens longer 
than about 2 m are not found and it is likely that 
growth is determinate. The fact that very long J. 
fragilis colonies have relatively fewer daughters sug- 
gests that there is also some degree of determinate 
growth in this species despite its ability to avoid exces- 
sive elongation by detaching regions of new growth. 
Preliminary observations indicate that J. juncea has a 
lower growth rate than J. fragilis (the latter may 
increase in length by up to 1.4 cm/week) so autotomy 
may have evolved in necessary association with a high 
uniaxial growth rate. 

Junceella juncea is wholly reliant on heterotrophy 
whereas J. fragilis captures plankton (Lewis, 1982) and 
also contains zooxanthellae. If competition for plank- 
tonic food occurs between individual colonies of a 
clump (Buss and Jackson, 1981), this presents a further 
disadvantage to vegetative reproduction and clump 
formation by the obligate heterotroph. Competition for 
plankton would be of lesser importance to 3. fragilis if 
photosynthate is the major source of nutrition as has 
been shown for Heteroxenia fuscescens (Schlichter, 
1982). 

The widespread occurrence of dense, isolated 
clumps of Junceella fragilis (Fig. 1) demonstrates that 
autotomy is a relatively successful method of reproduc- 
tion. This assumes that clumps are clones derived from 
one initial colony rather than amphimicts resulting 
from aggregated larval settlement (Gerrodette, 1981; 
Goreau et al., 1981; Scheltema et al., 1981; and others). 
Despite the failure of the experimental grafting techni- 
que the assumption is supported by observations of 
frequent natural grafts between J. fragilis colonies in 
the field. Previous work has shown that gorgonian 
tissues fuse with tissue taken from their own colony, 
but do not fuse with tissues from other colonies 
(Theodor, 1976; Adams, 1981). 

It is widely considered that the major function of 
vegetative reproduction is to occupy fully a favourable 
local environment (Bell, 1981). Production of daughter 
colonies by the scleractinian corals Goniopora stokesi 
and the Fungiidae is furthermore an adaptation to 
colonization of soft substrates where settlement and 
survival of planulae are unlikely to be successful 
(Wells, 1966; Sheppard, 1981). The situation is diffe- 
rent for J. fragilis daughter colonies which require a 
hard substrate for attachment and which may be seen 
in the field in varying states of decay where they have 
fa.llen onto sand. Despite such wastage of daughter 
colonies, J. fragilis demonstrates the effectiveness of 
non-dispersive, vegetative reproduction in a sessile, 
uniaxial (or sparsely branched) animal. ~ e ~ r o d u c t i v e  
autotomy is ideally suited to fast growing species and 
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i t  is  ant icipated that  further examples  of this phenome-  

non  will be found i n  other  mar ine  organisms. 
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