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ABSTRACT: The spatial distribution, density and reproductive ecology of Ainigmaptilon antarcticum
was studied using samples (colonies) collected during the EASIZ (Ecology of the Antarctic Sea Ice
Zone) cruises I, II, and III, (1996, 1998, and 2000). Samples were taken using Agassiz and bottom
trawls between 150 and 600 m depth in conjunction with a Remotely Operated Vehicle (ROV, video
recording transects). A. antarcticum showed a very patchy distribution with a mean density of 12 per
100 m2 (SD ± 23) in the study area. This gorgonian species is gonochoric with a sex ratio of 1:1. Two
size classes of oocytes in different developmental stages were observed in summer (January to
March) and autumn (April to May), ranging from 25 to 700 µm in summer, and from 20 to 900 µm in
autumn. Differences in developmental stages among different zones of the colony were observed.
The apical and medial part showed the highest fecundity. The distribution of gonad size differed
between summer and autumn. The relative frequency of the largest oocyte size class decreased in the
autumn samples. No larvae were found. The results are discussed in the context of the relationship
between reproductive strategies of marine invertebrates and environmental factors.
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INTRODUCTION
Antarctic shelf communities are dominated by sessile invertebrates (Dayton et al. 1974, White 1984, Voß
1988). Anthozoans (mainly gorgonians) are the second
most dominant macrobenthic taxon in abundance in
the Weddell Sea (Starmans et al. 1999). Moreover,
anthozoans, and especially gorgonians, are also common organisms in sublittoral benthic communities in
temperate (e.g. Weinberg 1979, 1980, Gili et al. 1989)
and tropical areas (e.g. Kinzie 1973, Grigg 1977, Muzik
1982, Lasker et al. 1983, Yoshioka & Yoshioka 1989).
Despite the importance of gorgonians in polar regions,
there have been very few studies on their basic ecology (Arntz et al. 1994).
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As one of the main contributors to the structure of
Antarctic benthic communities gorgonians, like other
sessile organisms, interact with physical factors as
‘ecosystem engineers’ (Jones et al. 1997), modifying
the environment and the structure of the community.
Their spatial distribution pattern, which in the case of
sessile marine organisms is closely related with reproductive strategy and reproductive success (Levinton
1982), reflects this level of interference with the environment. Knowledge about abundance and reproduction of the dominant species in suspension feeder communities is a prerequisite for understanding the role
of the benthic compartment in polar ecosystems and
a necessary complementation of the — usually more
extensive — studies on motile species (Dayton 1990).
The distributional patterns of many invertebrate
benthic megafauna species have been shown to be
patchy (e.g. Picken 1980, Miller 1998). Contagious pat-
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terns of distribution have been found for anthozoans
(Williams 1976), and several octocoral species also
show a patchy and clumped distribution, which may
favour reproduction (e.g. Chia & Crawford 1973, Langton et al. 1990, Rice et al. 1992). However, most of these
studies have been undertaken in tropical and temperate regions (but see Gili et al. 1999).
Similarly, patterns of reproduction of anthozoans
have been well studied in temperate and tropical
regions (e.g. Weinberg & Weinberg 1979, Hughes &
Jackson 1980, Martin 1982, Brazeau & Lasker 1990,
Coma et al. 1995a). Gonochorism and a sex ratio of 1:1
are considered the general pattern for this group in the
Caribbean Sea (Kinzie 1970, 1974, Goldberg & Hamilton 1974, Behety-González & Guardiola 1979, Martin
1982), the Pacific Ocean (Grigg 1977) and the Mediterranean Sea (Coma et al. 1995a). Other important
reproductive features are seasonality in gamete production and individual size at first reproduction (Sebens 1982, Hughes & Cancino 1985). Some work has
been done on reproductive patterns of deep-sea cnidarians, mainly actinians (e.g. Van Praet 1990, Van
Praet et al. 1990), zoantharians (Muirhead et al. 1986),
and sea pens (e.g. Rice et al. 1992, Tyler et al. 1995,
Eckelbarger et al. 1998), however, information on polar
species is scarce (e.g. Arntz et al. 1992, Barthel & Gutt
1992, Poulin & Féral 1996, Brito et al. 1997, Barnes &
Clarke 1998). To our knowledge the study of the gorgonian Thouarella variabilis (Brito et al. 1997) provides
the only data on reproductive ecology available for
Antarctic gorgonians so far, although descriptive information on reproductive modes of some Antarctic octocorals was first obtained a long time ago (in Brito et al.
1997: e.g. Wright & Studer 1889, Versluys 1906). These
papers suggest gonochorism and brooding to be common features of Antarctic and deep-sea octocorals.
To overcome the obvious lack of basic ecological
data on many benthic species in the Antarctic, the international research programme EASIZ (Ecology of the
Antarctic Sea Ice Zone) of SCAR (Scientific Committee
for Antarctic Research) was designed to concentrate on
the ecology of more abundant (‘key’) species. These
basic data are a prerequisite for determining the role of
benthic biota in polar regions.
Our approach concentrated on dominant species
within the sessile suspension feeder fraction. It is the
first to deal explicitly with that group, which is always
mentioned as the most conspicuous group of organisms in the Antarctic benthos, whereas the bulk of
studies continues to deal with motile species such as
crustaceans, fishes, or echinoderms (Arntz et al. 1994).
Consequently, the present study, as part of the EASIZ,
was conducted on a common gorgonian that makes an
outstanding contribution to the structure of Antarctic
epibenthic communities. The principal aim of this study

is to investigate the reproductive ecology of a gorgonian
species under the specific Antarctic conditions (i.e.
strong seasonality, also in terms of food availability, and
very cold water), and to compare it with that of similar
species in lower latitudes. We also investigate the role of
distributional patterns for reproductive success. This
involves the following steps: (1) to determine patterns
of density and spatial distribution of the Antarctic gorgonian Ainigmaptilon antarcticum; and (2) to study the
reproduction of this species (distribution of gonads
within a colony, number of oocytes produced, seasonality in gonad production and spawning). We discuss the
relationship between distribution and reproductive output, and compare our results with the patterns described
for species of octocorals from other latitudes, as well as
with other Antarctic benthic organisms.

MATERIALS AND METHODS
This study was carried out in the eastern Weddell
Sea (Antarctica; Fig. 1). Sampling was carried out on
board of the German RV ‘Polarstern’ (for details on
the expeditions see Arntz & Gutt 1997, 1999, Arntz &
Brey 2001), during the EASIZ cruises I (ANT XIII/3,
January to March 1996), II (ANT XV/3, January to
March 1998) and III (ANT XVII/3; March to May 2000).
The sampled area was characterised by Voß (1988),
who described the presence of sandy bottoms but also
sponge spicule mats, bryozoan debris and a few
stones. A high number of taxa, species diversity and
evenness are also characteristics of the Kapp Norvegia
area.
Spatial patterns of density. Transects were conducted with a Remotely Operated Vehicle (ROV; for a
detailed description see Starmans et al. 1999) and
recorded using a video camera, at depths ranging
between 142 and 363 m. Five transects from EASIZ I
and 12 from EASIZ II, each covering areas between
378 and 1696 m2 and corresponding to a total of
13 921 m2, were studied (Table 1). Each transect was
split into adjacent areas (sampling units) of approximately 100 m2 and 4 of those sampling units of each
transect were randomly selected to obtain density values, in order to avoid statistically dependent samples.
The degree of contagiousness of the population was
determined using the variance to mean ratio (S2:x) and
Morisita’s index of dispersion (Id; Morisita 1962). Random spatial distribution is indicated when the value of
this index equals 1, while the distribution tends to be
contagious as the value becomes greater than 1. Randomness of the null hypothesis was tested by a χ2-test
at 5% significance level.
Reproduction. Samples were collected with Agassiz,
bottom, and benthopelagic trawls, and with a small
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Fig. 1. Map of the sampling area in the eastern Weddell Sea (Antarctica)

Table 1. Ainigmaptilon antarcticum. Density values in the Weddell Sea and values of S2:x and Morisita’s Index (Id). SW/KN:
Southwest of Kapp Norvegia; NW/KN: northwest of Kapp Norvegia; W/KN: west of Kapp Norvegia; NE/KN: northeast of Kapp
Norvegia; N/KN: north of Kapp Norvegia; KN: Kapp Norvegia; AB: Atka Bay. An asterisk indicates a significant deviation from
random for both S2:x and Id at the 5% level (χ2-test)
Cruise

EASIZ I
EASIZ I
EASIZ I
EASIZ I
EASIZ I
EASIZ II
EASIZ II
EASIZ II
EASIZ II
EASIZ II
EASIZ II
EASIZ II
EASIZ II
EASIZ II
EASIZ II
EASIZ II
EASIZ II

Area

Transect

SW/KN
NW/KN
W/KN
NE/KN
NW/KN
N/KN
N/KN
N/KN
N/KN
N/KN
N/KN
N/KN
KN
KN
AB
AB
KN

1
2
3
4
5
1
2
3
4
5
6
7
8
9
10
11
12

Position
Lat (S)
Long (W)
71° 40.54’
71° 18.13’
71° 33.09’
71° 07.33’
71° 20.50’
70° 52.04’
70° 53.82’
70° 52.15’
70° 53.28’
70° 51.93’
70° 50.77’
70° 49.32’
71° 13.56’
70° 50.56’
70° 47.37’
70° 51.71’
71° 13.79’

12° 44.48’
12° 15.99’
12° 20.58’
11° 26.79’
12° 23.90’
10° 32.40’
10° 33.85’
10° 29.34’
10° 27.80’
10° 32.32’
10° 30.50’
10° 28.92’
12° 25.48’
10° 34.97’
10° 24.83’
10° 45.24’
12° 14.93’

dredge at depths ranging between 250 and 600 m. All
specimens were preserved in 4% formalin prior to further work in the laboratory. A total of 136 colonies
(indicated by the presence of the holdfast) were examined for sex ratio. A χ2-test was done in order to test for
statistically significant differences in the frequency of
individuals of both sexes.

Depth
(m)

Total area
sampled (m2)

x ± SD
ind/100 m2

S2:x

226
175
363
142
198
229
244
233
242
231
235
281
253
261
297
312
275

705
1203
654
1341
1115
503
378
1325
495
774
567
1696
841
590
568
652
517

37.3 ± 54.5
1.5 ± 2.4
3.5 ± 2.4
0
0
3.3 ± 4.7
1.0 ± 1.4
0.5 ± 0.6
0
1.3 ± 1.5
0.8 ± 1.5
32.8 ± 24.7
19.3 ± 22.9
55.3 ± 41.0
37.3 ± 30.4
1.5 ± 1.3
5.3 ± 6.4

79.77*
3.78
1.62
–
–
6.85
2.00.
0.67
–
1.80
3.00
18.61*
27.13*
30.48*
24.78*
1.10
7.79

Id
2.60*
2.67*
1.14
–
–
2.46*
2.00
0.00
–
1.60
4.00*
1.41*
2.03*
1.40*
1.48*
1.07
2.02*

Studies on the anatomy of the genus Ainigmaptilon
(Dean 1926, Molander 1929, Carlgren 1943, Bayer
1954) showed that the polyps tend to fuse at different
levels, forming distinct polyp leaves (Fig. 2). The selected ‘working unit’ for all the reproductive studies
was the polyp leaf because of the difficulty of isolating
the gonadal products from each gastrovascular cavity
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Fig. 2. Ainigmaptilon antarcticum. Morphology of a colony. Apical (a), medial (m) and
basal (b) zones are indicated, as well as the methodology employed to calculate the
fecundity of a colony

during dissection (Dean 1926). The selection of the
polyp leaf as the working unit was based on preliminary morphological and histological studies which confirmed the discontinuity of the gastrovascular cavities
in A. antarcticum. Selected polyp leaves previously
fixed in formalin were washed in distilled water, dehydrated in acetone, and subsequently dried with CO2 in
a Balzer CPD 030 Critical Point Dryer for scanning electron microscopy (SEM) morphological studies. Samples
were mounted on stubs by a carbon-impregnated film,
coated with 20 nm gold in an Edwards & Kniese
Vakuum Coating System E 306 A, and observed with a
Philipps scanning electron microscope SEM 515 at an
acceleration voltage of 10.2 kv. For the histological observations we selected portions of fixed colonies, dehydrated them in butanol (Johansen 1940), and embedded them in paraffin wax. Histological sections that
were 6 to 10 µm thick were mounted and stained with
Ramón y Cajal’s Triple Stain (Gabe 1968). The sections
were also used to confirm and identify the developmental stages of the gonads.
The rest of the reproductive studies were done using
a binocular microscope. After dissection gonads were
measured using an eyepiece calibrated against a stage
micrometer. The number of polyps per polyp leaf and
the number of polyp leaves per colony were counted in
6 colonies collected during EASIZ I (3 females and 3
males). The lengths of 60 polyps per leaf were measured. To determine fecundity (according to the definition given by Lincoln et al. 1998), the number of gonads per polyp in 5 colonies from EASIZ I (3 females
and 2 males) and 5 colonies from EASIZ II (2 males and
3 females) were examined. Total numbers of oocytes

and spermatic cysts per polyp leaf were counted in 3
zones (apical, medial and basal) of the colony (Fig. 2).
Two leaves per zone were analysed for each zone of
each colony. Oocyte and spermatic cyst counts were
done in the summer samples only, in order to avoid the
possible error of overlooking gametes released during
the autumn season.
To determine developmental stages, 11 colonies
from EASIZ I (8 females and 3 males), 10 colonies from
EASIZ II (5 females and 5 males), and 20 colonies from
EASIZ III (10 females and 10 males) were selected. The
relatively low number of specimens available for
examination was caused by the fragility and the consequent difficulty of obtaining complete colonies. The
developmental stage of the gonads was studied in each
colony in the apical, medial and basal zones (Fig. 2),
following the methodology described by Brazeau &
Lasker (1990), Coma et al. (1995b), and Brito et al.
(1997). In all the colonies (41), 200 gonads per colony
zone were randomly selected and measured.
Our data set for number and size of gonads was not
distributed normally, despite different transformations.
Since a 3-way ANOVA was necessary to test both individual effects and interactions of the factors cruise, sex
and colony zone on gonad size and number, parametric tests were used. To achieve a distribution as near as
possible to a normal distribution and to meet the homocedasticity assumption, data were subjected to BoxCox transformations (Sokal & Rohlf 1995). In cases of
significant differences, a Bonferroni/Dunn post hoc
analysis of means was performed. For data transformation and further statistical analyses, we used the statistical package Statview (SAS Institute 1998).

Orejas et al.: Distribution and reproduction of Ainigmaptilon antarcticum

105

Fig. 3. Ainigmaptilon antarcticum. Density in 3 different transects in the area of Kapp Norvegia (Weddell Sea)

RESULTS
Density and distribution
The mean density for all transects was 12 ind. per
100 m2 (SD ± 23) (Table 1). The high variance (much
higher than the mean value) indicated a very patchy
distribution for Ainigmaptilon antarcticum. The average patch size was 34 m2 (SD ± 30; patch area ranged
from 3 to 98 m2), and the average density of individuals
(excluding zeros) was 17 ind. per 100 m2 (SD ± 31).
In all transects except 1 (Transect 3, EASIZ II), values
of Morisita’s index of dispersion exceeded unity (Table 1;
in 3 other transects density was zero), suggesting that
Ainigmaptilon antarcticum has a contagious distribution. Analysis of χ2 statistic showed that the values of
Morisita’s index differed significantly from a random
distribution for most of the analysed transects (p < 0.05,
Table 1). This indicates that A. antarcticum is patchily
distributed also at scales smaller (dozens of meters)
than the area covered by the transects (Fig. 3). Comparative densities of A. antarcticum on 3 transects
revealed a discontinuity in the density values which
varied between 0 and 116 ind. per 100 m2. For example, in Stn 1 of EASIZ I (see Fig. 3 left), the lowest
abundance in units that showed presence of A.
antarcticum was 5 ind. per 100 m2, whereas in the next
200 m 116 ind. per 100 m2 were recorded.

Reproductive features
All colonies examined were found to be reproductive. Ainigmaptilon antarcticum is a gonochoric species, and the sex ratio is approximately 1:1 (χ2; p >
0.05). The polyp leaves of A. antarcticum are dichotomously ramified (Fig. 2). Internally, gastrovascular
cavities are longitudinally arranged and separated by
thin mesogloea walls covered by the gastrodermic
epithelium, although the cavities of contiguous polyps
are not always completely separated (Fig. 2). The
gonads fill all the available space in the canals (Figs. 2

& 4a,b), and have the general structure shown by other
octocorals (Fig. 4c,d).
Oogenesis is similar to that described for other
anthozoans. Alterations in the nucleus do not take
place until the oocyte reaches the final size, when the
distinct nucleolus and line between germ vesicle and
cytoplasm, observed during the early oogenesis, disappear during the maturation of the large oocytes.
Mature oocytes are finally detached from the mesenteries. No embryonic or planula stages have been
observed in the gastrovascular cavities of the polyp
leaves.
The average number of oocytes per single gastrovascular cavity (polyp) was 3 (SD ± 2), and the average
number of spermatic cysts was 1 (SD ± 1). Results of the
3-way ANOVA for number of gonads are shown in
Table 2. Significant interactions precluded us from
testing for the main effects but the Bonferroni/Dunn
post hoc test revealed that there were no significant
differences in the average number of gonads per polyp
between cruises (Table 2, Fig. 5a). Differences in the
mean number of gonads were found between the
medial-basal and the apical-basal zones in males but
not in females. Significant differences were also
detected between medial-basal and apical-basal zones
in EASIZ I, and between the medial-basal zones in
EASIZ II. Numbers of gonads between females and
males were significantly different in EASIZ II. Differences in numbers of gonads between females and
males have been detected for both cruises in the basal
zone.
Results of the 3-way ANOVA for gonad size are
shown in Table 3. Again, significant interactions precluded us from testing for the main effects. The Bonferroni/Dunn post hoc test revealed significant differences in gonad size among the 3 cruises (Table 3,
Fig. 5b). In all cases, the larger gonads of both males
and females were located in the apical and medial.
Significant differences in gonad size have been
detected for both sexes in the 3 zones (Table 3). Significant differences were also detected among the 3
zones in EASIZ I and EASIZ II and between medial-
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Fig. 4. Ainigmaptilon antarcticum. Gonadal histology and anatomy. (a) Female colony showing the 2 different generations of
oocytes (2 early oocytes are shown by arrows). Note the remarkable difference in size with surrounding mature oocytes. (b) Male
colony showing the spermatic cysts (3 are shown by arrows). Note the characteristic radial arrangement of the sperm. (c) SEM
image of a sectioned mature oocyte. Note the yolk granules (y), the mesogleal layer (ml) and the gastrodermal layer (gl). (d) SEM
image of a sectioned spermatic cyst. Note the radial arrangement of the sperm, the sperm heads (sh) at the outer zones of the cyst,
and the sperm tails (st) oriented to the central zones of the cyst

basal and apical-basal in EASIZ III. The analysis also
showed significant differences in the size of gonads
between females and males in all cruises and also
among the different levels of the colony (Table 3).
Frequency distributions of the oocytes in females,
and of sperm cysts in males, from summer and
autumn samples are shown in Fig. 6. Two modes in
gamete size were clearly distinguishable in females,
however this tendency was not observed in males.
Summer samples (January to March) showed a first
class of oocytes of about 25 to 400 µm in diameter in
females, and a second size class, mainly oocytes
in the last stages and early embryos of about 400 to
700 µm. The largest size class of oocytes was more
abundant in the apical and medial zones of the
colonies, whereas those between 25 and 400 µm predominantly occurred in the basal part (Fig. 6). In

both cases the first mode was larger than the second
one. The autumn samples (April to May) for females
presented almost only 1 distinct mode, which corresponded to the first summer mode (size). The first
size class ranging between 25 and 400 µm in the
summer samples showed a displacement to a larger
diameter in both sexes in autumn.
In males it was possible to distinguish only 1 mode
both in summer and autumn. In summer, the size of
spermatic cysts ranged between < 50 and 1000 µm,
while in autumn the size range was not so widespread
(Fig. 6). The size of the spermatic cysts also varied
between seasons for the different zones of the colony.
In the autumn samples the sizes of the spermatic cysts
were homogeneous among zones of the colony, while
in summer smaller spermatic cysts were more abundant in the basal zone.
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Table 2. Ainigmaptilon antarcticum. Three-way ANOVA comparing numbers of gonads. (Box-Cox transformed) between (a)
cruises, (b) colony zone, and (c) sexes
df

SS

MS

F

p

1
2
1
2
1
2
2

03.541
17.919
12.564
12.389
00.076
11.683
00.174

3.541
8.960
12.5640
6.195
0.076
5.842
0.087

09.512
24.068
33.749
16.640
00.203
15.692
00.234

0.0034*
< 0.0001**
< 0.0001**
< 0.0001**
0.6544
< 0.0001**
0.7924

EASIZ I

EASIZ II

Apical

Colony zone
Medial

Basal

ns
**
**

ns
*
ns

ns

*

ns

ns

*

Cruise
Colony zone
Sex
Cruise × Colony zone
Cruise × Sex
Colony zone × Sex
Cruise × Colony zone × Sex
Bonferroni/Dunn post hoc test
Sex
Female

Cruise
Male

a) Cruise
EASIZ I-EASIZ II
ns
ns
b) Colony zone
Apical-Medial
ns
ns
Medial-Basal
ns
**
Apical-Basal
ns
**
c) Sex
Female-Male
ns = not significant; * = p < 0.05; ** = p < 0.0001

DISCUSSION
Distribution and reproductive patterns
The density and spatial distributional patterns
observed for Ainigmaptilon antarcticum in the Weddell Sea are similar to those observed in other Antarctic gorgonians (Gili et al. 1999). The low mean densities contrast with the high densities observed for some
shallow water and continental shelf gorgonians in temperate and tropical regions (e.g. Kinzie 1973, Grigg
1977, Gili & Ros 1985).
Density and fecundity at the polyp level seem to be
inversely correlated in benthic cnidarians. For example Umbellula lindahli exhibits very low densities but
high fecundity at the polyp level (Tyler et al. 1995).
Conversely, the pennatulacean Ptilosarcus guerney
presents high densities and fecundity is very low at the
polyp level (but high at the colony level; Chia & Crawford 1973). Ainigmaptilon antarcticum seems to follow
the latter pattern.
The distance between females and males is a critical
factor in the reproduction in benthic sessile invertebrates (Coma & Lasker 1997). Pennington (1985)
showed that echinoid sperm shed into seawater is sufficiently diluted, by turbulent mixing, to prevent fertilization of eggs more than a few metres away from the
male. This may not be a major problem in mobile forms
such as the echinoids, which can aggregate to ensure
successful fertilisation (Young et al. 1992). A similar

behaviour has also been observed in the Antarctic limpet Nacella concinna, which forms short-term spawning aggregations (Picken 1980). However, in sessile
organisms occurring at low densities, distance between females and males must be of paramount importance in determining reproductive success. The aggregated (contagious) distribution observed in many
sessile benthic invertebrates is thus critical to their
successful reproduction (Rice et al. 1992). Aggregated
distributions have been reported for cnidarian species
of continental shelves in other latitudes (e.g. Kophobelemnon stelliferum, Rice et al. 1992, Hecker 1994),
and were also found in Ainigmaptilon antarcticum.
Both aggregation and increased fecundity may favour
reproduction success; however, the lack of data on the
dispersal mode of this species prevents us from confirming this hypothesis for A. antarcticum. Other factors, such as synchrony of spawning, may positively
affect fertilization of this free-spawning species (e.g.
Langton et al. 1987).

Fecundity
Ainigmaptilon antarcticum exhibits a reproductive
strategy characterised by a relatively low number of
oocytes per polyp but a high number of polyps in the
colony. The different values of gonad number/polyp
observed in both sexes arise because not all the polyps
contribute the same reproductive effort to the total
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oocytes per polyp and this compares favourably with
colony oocyte output from other cnidarian species,
showing different strategies. Thus, Chia & Crawford
(1973) showed that the shallow water sea pen Ptilosarcus guerneyi has a fecundity of 200 000 oocytes per
colony and 20 to 25 oocytes per polyp (this last figure is
a rough approximation based on large colonies). The
Mediterranean gorgonian Eunicella singularis produces 6000 planulae per colony with an average of 4
oocytes per polyp, for a medium size female of approximately 35 cm (Weinberg & Weinberg 1979), and the
Antarctic gorgonian Thouarella variabilis follows a
similar strategy (13 500 oocytes per colony, 1 oocyte/
polyp) (rough approximation based on a colony of
about 20 cm length and the reproductive data by Brito
et al. 1997). On the other hand, the pennatulacean Umbellula lindahli has only 2000 oocytes per colony (Tyler
et al. 1995) but about 200 oocytes per polyp (for a specimen of 10 polyps and 30 cm length). A relatively small
number of oocytes per polyp can thus be compensated
by the high number of polyps in the colony.

Intra-colonial variation in fecundity

Fig. 5. (a) Ainigmaptilon antarcticum. Mean number of
gonads along the colony (apical, medial and basal zones) per
polyp in both sexes for the EASIZ I and EASIZ II cruises. (b)
Mean size of the gonads along the colony (apical, medial and
basal zones) per polyp in both sexes for the EASIZ I, EASIZ II
and EASIZ III cruises. Bars indicate standard error

fecundity of the polyp leaf. This contribution probably
depends on the age of the polyps, which correlates
with the length of their respective gastrovascular
cavities.
Fecundity in gorgonians is frequently correlated
with colony size (e.g. Kinzie 1974, Grigg 1977, Wahle
1983, Benayahu & Loya 1984, Coma et al. 1995b). In
contrast, we did not find a relationship between colony
size of Ainigmaptilon antarcticum and reproductive
effort, but this may be a result of the low number of
complete colonies available for examination. A large
adult A. antarcticum is capable of producing 17 000
oocytes per colony with a maximum value of 12

Variability in fecundity within an individual colony
has been studied frequently in octocorals (e.g. Brazeau
& Lasker 1990, Coma et al. 1995a). Similar functional
characteristics have been postulated for all segments
along a colony branch, on the basis of the branch formation pattern (Brazeau & Lasker 1988), but recent
reproductive studies have contradicted this assumption by revealing differences in reproductive effort
within individual colonies (Coma et al. 1995b). Soong
& Lang (1992) postulated that a decreasing fecundity
related with increasing branch order might be caused
by different capture rates along the colonies, themselves related to differences in access to water flow. In
the Antarctic gorgonian Thouarella variabilis (Brito et
al. 1997) the distal regions of both male and female
colonies contain more polyps in the first reproductive
or immature stages, with the mature stages distributed
relatively evenly between the middle and proximal
regions of the secondary branches. Brito et al. (1997)
hypothesised that the polyps in a colony could have
different functions, which may explain the different
distribution of reproductive polyps along the colony,
and that the reproductive polyps enter a quiescent
stage receiving the food through the solenia from the
most distal non-reproductive polyps in the secondary
branches. In Ainigmaptilon antarcticum the most fecund zones are the apical and medial. Two possible
explanations could be considered: (1) prey capture is
higher in the upper colony parts and is translated into
a higher investment in reproduction; and (2) polyp
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Table 3. Ainigmaptilon antarcticum. Three-way ANOVA comparing gonad size (µm). (Box-Cox transformed) between
(a) cruises, (b) colony zone, and (c) sexes

Cruise
Colony zone
Sex
Cruise × Colony zone
Cruise × Sex
Colony zone × Sex
Cruise × Colony zone × Sex
Bonferroni/Dunn post hoc test
Sex
Female
Male

df

SS

MS

F

p

2
2
1
4
2
2
4

021.386
361.206
364.260
030.392
246.983
051.089
087.437

10.693
180.6030
364.2600
07.598
123.4920
25.544
21.859

36.359
614.0860
1.238.55500
25.835
419.8960
86.856
74.326

< 0.0001**
< 0.0001**
< 0.0001**
< 0.0001**
< 0.0001**
< 0.0001**
< 0.0001**

EASIZI

Cruise
EASIZII

EASIZIII

Apical

Colony zone
Medial

Basal

*
**
**

ns
**
**

**

**

**

**

**

a) Cruise
EASIZ I-EASIZII
**
**
EASIZ II- EASIZ III
**
**
EASIZ I-EASIZ III
**
**
b) Colony zone
Apical-Medial
*
**
*
Medial-Basal
**
**
**
Apical-Basal
**
**
**
c) Sex
Female-Male
*
ns = not significant; * = p < 0.05; ** = p < 0.0001

function might be differentiated throughout the colony
(Hughes 1989), which would mean that the basal
polyps invest more energy into creating colony structure than in reproduction. At present we do not have
the data to verify these 2 hypotheses.

Gametogenesis
Studies on the duration and seasonality of gametogenesis in octocorals have been undertaken in several
geographical areas. Different gametogenesis modes
have been observed, related in some cases to biological processes. For example, Dahan & Benayahu (1997)
suggested that the 2 annual relatively persistent phytoplankton blooms at Eilat (Red Sea) supply the metabolic demands for gametogenesis in the soft coral
Dendronephthya hemprichi, allowing the year-round
gamete release. In contrast, most deep-sea anemones
have a seasonal reproductive cycle (e.g. Van Praet
1990, Van Praet et al. 1990), although Rice et al. (1992)
could find no evidence of seasonal reproduction in the
pennatulacean Kophobelemnon stelliferum at 365 to
1600 m depth in the Porcupine Seabight. A reproductive cycle of more than 1 yr has been observed in some
octocoral species. This is the case in the tropical gorgonian Plexaura A (Brazeau & Lasker 1989), the alcyonaceans, Lobophytum crassum (Yamazo et al. 1981)
and Sarcophytum glaucum (Benayahu & Loya 1986),

and in the Mediterranean gorgonian Corallium rubrum (Vighi 1970). Ainigmaptilon antarcticum shows 2
modes in the frequency distribution of the oocytes in
summer, which might correspond to 2 generations of
oocytes. This suggests that the reproductive cycle in
this species may last at least 18 mo and possibly as long
as 2 yr, as has been observed in several deep-sea
anemones, alcyonaceans and gorgonians (e.g. Benayahu & Loya 1986, Van Praet 1990, Van Praet et al.
1990).
In contrast to the oocytes, the size frequency distributions of spermatic cysts in Ainigmaptilon antarcticum
did not show a clear division into 2 size classes. This
could indicate a development cycle of less than 1 yr,
as has been demonstrated for some soft corals (see
Benayahu et al. 1990, Dahan & Benayahu 1997), stony
corals (see Harrison & Wallace 1990) and gorgonians,
in which spermaries develop quickly to maturity
within weeks prior to spawning (Brazeau & Lasker
1989, Coma et al. 1995a).
Similarities have been found in the gametogenesis
features of Ainigmaptilon antarcticum and the deepsea anthozoan species (e.g. Riemann-Zürneck 1976 for
the actiniarian Actinostola spetsbergensis). These similarities between Antarctic and deep-sea species have
also been observed among other benthic invertebrates
(Arntz et al. 1994, Arntz & Gili 2001). Brey et al. (1996)
suggested that the reproductive strategies of species
living on the Antarctic shelf could be similar to those
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Fig. 6. Ainigmaptilon antarcticum. Size frequency distribution of oocyte and spermatic cysts along the 3 zones of the colony
(apical, medial and basal) in summer and autumn

species living in the deep sea because of the migration
of continental shelf species into deeper water at times
of maximal glacial extension.

Oocyte size as an indicator of reproductive mode:
direct development or short-lived larva?
Number and size of oocytes are related to reproductive modes in octocorals (Coma et al. 1995a). Species
with non-feeding, non-pelagic, lecithotrophic larvae
produce a few large eggs that are brooded until the
larva is mature (Chia & Crawford 1973).
In Ainigmaptilon antarcticum the maximum oocyte
size is 900 µm in diameter. This is unusually large, suggesting a brooding strategy (Chia & Crawford 1973).
In general, large oocyte sizes (usually > 600 µm) are
found in species with internal fertilisation and brooding incubation mode (e.g. Muricea fruticosa, Grigg
1977; Anthelia glauca, Benayahu & Schleyer 1998;
Thouarella variabilis, Brito et al. 1997). However, we
did not find any direct evidence whether A. antarcticum is either a brooding or a broadcasting species.
The decrease in the frequency of large oocytes is clear
between summer and autumn samples, and indicates

that spawning of (presumably non-fertilized) oocytes
occurs during late summer and autumn. This would be
consistent with observations from other octocoral species at lower latitudes (Table 4); e.g. Benayahu et al.
1989 for Heteroxenia fuscescens and Grigg 1977 for
Muricea californica. However, differences among geographical regions could also be the result of differences in time invested in egg production as a consequence of local trophic constraints. This might be the
case in polar regions, which are characterised by a
markedly seasonal primary production. Looking at
Fig. 7 it can be seen that in all investigated Antarctic
and deep-sea species, the oocytes are big (> 600 µm),
whereas in other regions the range is much wider.
However, it is also important to take into account that
the information about Antarctic and deep-sea species
is still limited, and conclusions may change as more
data become available.
Observations of Antarctic octocorals and other invertebrate species during the EASIZ III cruise (autumnearly winter) showed an increased incidence of embryo or larval release, and of number of embryos and
larvae ready to be released, compared to the summer.
The presence of planulae in the water column all year
round has been recently demonstrated by Stanwell-

Orejas et al.: Distribution and reproduction of Ainigmaptilon antarcticum

111

Table 4. Ainigmaptilon antarcticum. Maximum oocyte size, fertilization type and incubation mode, and geographic area for
different gorgonian species (data are arranged by oocyte sizes)
Species

Max. oocyte
size (µm)

Corallium rubrum
Paramuricea clavata
Muricea fructicosa
Ptilosarcus guerney
Plexaura A
Anthelia glauca
Plexaura homomalla
Sarcophytum glaucum
Thouarella variabilis
Muricea californica
Fannyella rossii
Pennatula aculeata
Ainigmaptilon antarcticum
Heteroxenia fuscescens
Briaremum asbestinum
Heliophora coerulea
Eunicella singularis

330
500
600
600
600
633
640
650
660
700
700
880
900
900
900
920
–

Fertilization

Incubation
mode

Geographic
area

Internal
–
Internal
External
External
Internal
External
External
Internal
Internal
Internal
External
Internal
Internal/External
Internal
Internal
Internal

Brooder
Surface
Brooder
–
–
Brooder
–
–
Brooder
Brooder
Brooder
–
–
Brooder
Surface
Surface
Brooder

Mediterranean
Mediterranean
NE Pacific
NE Pacific
E Pacific
SW Indic
Caribbean
Red Sea
Antarctic Peninsula
NE Pacific
E Weddell Sea
NW Atlanctic
E Weddell Sea
Red Sea
Caribbean
SW Pacific
Mediterranean

Smith et al. (1999) at Signy Island, Antarctica. Planktonic embryos in autumn have also been observed in
bivalves (see Bosch & Pearse 1988), as well as ripe
gonads in echinoderms (Pearse & Giese 1966). These
observations strengthen the idea that many Antarctic
invertebrates release lecithotrophic larvae during
autumn to have juveniles ready to settle during the
best feeding period (spring and summer).
According to Brito et al. (1997) spawning of the
Antarctic gorgonian Thouarella variabilis occurs presumably throughout the Antarctic summer and the
swimming planulae settle soon after release. These
results are in line with the evidence that the development of the first feeding polyp after larval settlement in
gorgonians, and probably also in other sessile invertebrates such as the rhagon stage in sponges, takes
longer than previously reported, especially in polar
regions (e.g. Simpson 1984). Thus, only the functional
polyp will profit from the plankton blooms during the
favourable season, together with the planktotrophic
larvae produced by other benthic organisms. An extended period of polyp development could be a life
cycle strategy to avoid the unfavourable trophic season
in polar regions.
To summarise, Ainigmaptilon antarcticum is characterised by an extended oogenesis period (>1 yr), which
agrees with the reduction in development rates with
decreasing temperature as has been demonstrated for
a wide range of invertebrate species (reviewed in
Pechenik 1987). In A. antarcticum spawning seems to
be delayed until the autumn-winter season, as we also
observed in some Thouarella spp. during the EASIZ III
cruise. The decrease in the relative frequency of large

Reference

Vighi (1970)
Coma et al. (1995a)
Grigg (1977)
Chia & Crawford (1973)
Brazeau & Lasker (1989)
Benayahu & Schleyer (1988)
Martin (1982)
Benayahu & Loya (1986)
Brito et al. (1997)
Grigg (1977)
Orejas et al. (unpubl. data)
Eckelbarger et al. (1998)
This study
Benayahu et al. (1989)
Brazeau & Lasker (1989)
Babcock (1990)
Weinberg & Weinberg (1979)

oocytes in autumn has been used as an indicator of the
spawning season (following Van Praet 1990, Brondson
1993). The absence of larval stages of A. antarcticum
during the EASIZ III cruise was surprising, considering
that many octocoral species had larvae ready to be
released, leaving the reproduction of A. antarcticum
still as a mystery. The type of fertilization (external or
internal) could not be determined. However, the
absence of embryonic or larval stages in the polyp
channels and the decrease of large oocyte frequency
suggest that the process of fertilization probably occurs
in the water layers close to the sea floor during autumn
or winter.

Fig. 7. Ainigmaptilon antarcticum. Maximum oocyte size by
mode of incubation in different latitudes (sources are as in
Table 4)
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In conclusion, our present data do not allow us to
state any special Antarctic features in the reproductive
biology of Ainigmaptilon antarcticum, although there
are indications that it could be the case.
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