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ABSTRACT: Lite-history aspects of 2 common cnidarians, Parazoanthus axinellae and Alcyonium
acaule, were studied in the northwestern Mediterranean over 2 yr. Rates of growth (i.e. area gained)
and shrinkage (i.e. area lost), colony fission and fusion, mortality, feeding activity and preliminary data
on recruitment (for A. acaule) were measured. Independent growth and shrinkage rates of P. axinellae
were measured as area gained and lost per month respectively using a photographic and computer-
assisted image analysis. Measurement of growth in A. acaule was based on size variations of the
colonies over 2 yr. Results indicated moderate growth dynamics for P. axinellae and very slow growth
by A. acaule. Growth rates and shrinkage rates in P. axinellae showed non-significant differences over
time, although growth rates peaked during summer to autumn periods for both monitored years. In
general, growth dynamics for the cnidarians studied were similar to or lower than those reported for
related species from temperate and tropical habitats. Fission events were common in P. axinellae. Of
the colonies monitored, 29 % underwent at least 1 fission event in 2 yr. Fusion events occurred less fre-
quently; only 8% underwent 1 fusion event. Neither fusion nor fission occurred in A. acaule. Mortality
rates were about 10 % yr~! for both species. Preliminary data showed low recruitment rates for A.
acaule. Data on life-history traits were interpreted as evidence for distinct biological strategies used to
persist and to occupy new substrata. P. axinellae based its strategy on a greater dynamic spreading over
the substrata at moderate rates, by somatic growth and by fission. In contrast, A. acaule showed rela-
tively slow growth but greater longevity.
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INTRODUCTION

Cnidarnians can be dominant space occupiers in
many marine sublittoral habitats (e.g. True 1970,
Benayahu & Loya 1981). Due to the quantitative impor-
tance of cnidarians, knowledge of their main life his-
tory traits could help us understand the structure and
dynamics of the communities where they thrive.
Cnidarians are clonal organisms. Like other clonal ani-
mals (e.g. ascidians, bryozoans), they grow by the
repeated replication of structural units, i.e. modules
(e.g. polyps in corals, zooids in bryozoans). This orga-
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nization potentially liberates clonal organisms from
many of the morphological and physiological limita-
tions affecting aclonal organisms such as maximum
size, senescence, surface-area-to-volume ratio, and
confers on them the ability to asexually reproduce
(fragmentation and fission capabilities) and high
regenerative abilities (Jackson 1977, Hughes & Can-
cino 1985).

Life-history theory predicts schedules of sexual
reproduction and somatic investment under different
regimes of mortality (Stearns 1992). However, since
this theory was formulated on the basis of aclonal
organisms (Fisher 1958, Pianka 1976), whether its pre-
dictions apply to clonal metazoa remains unclear
(Hughes & Cancino 1985). In particular, the failure to
consider asexual reproduction (i.e. production of sepa-
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rate ramets from a single genet sensu Harper 1977)
hinders the ready application of life-history theory to
clonal organisms (Hughes 1989). Despite the differ-
ences in life-history traits between clonal and aclonal
organisms (Jackson 1977), the available evidence sug-
gests that clonal metazoa invest in sexual and nonsex-
ual processes, according to environmental conditions,
in much the same way as aclonal organisms (Hughes &
Cancino 1985). Nevertheless, further empirical data on
life-history of clonal organisms are needed before
appropriate theoretical models can be formulated
(Hughes & Cancino 1985).

Studies of the life-history traits (e.g. survival, recruit-
ment, growth) of cnidarians have been carried out
mainly in coral reef habitats (e.g. Bak & Engel 1979,
Hughes & Jackson 1985, Benayahu & Loya 1987). Data
available from other habitats are more limited (e.g.
Sebens 1983, 1984, Farrant 1987). In the Mediter-
ranean Sea, cnidarians are common in sublittoral rocky
communities, especially in habitats with low light irra-
diance (enough to limit algal growth) and with moder-
ate to high water movement (True 1970, Weinberg
1978, Gili & Ros 1985a). Despite their abundance, stud-
ies of life history traits of Mediterranean cnidarians are
relatively scarce (e.g. Weinberg & Weinberg 1979,
Harmelin 1984, Boero et al. 1986, Llobet et al. 1991,
Mistri & Ceccherelli 1994, Coma et al. 1998).

The capacity of cnidarians, as in other clonal organ-
isms, to reproduce, compete, recover and survive
should increase with size {Jackson 1977, Hughes &
Cancino 1985). Therefore, growth dynamics, which
should strongly contribute to the size of colonies,
becomes one of the most important parameters for try-
ing to understand other life-history traits of cnidarians.
As a consequence of the indeterminate and plastic
growth shown by most cnidarians, assessment of
colony growth can be complex. For instance, uneven
growth within the same colony may result in one part
growing and in another shrinking. Furthermore, the
growth plasticity may result in a great variability
among conspecifics. Therefore, reliable estimates can
be obtained only if studies on growth dynamics are
based on the repeated measurement of sizes of sets of
colonies {(Hughes 1989}.

We selected the anthozoans Alcyonium acaule
Marion, 1878 and Parazoanthus axinellae (O. Schmidt,
1862) since they are abundant and widespread in the
NW Mediterranean (Herberts 1972a, Weinberg 1977).
Both species dwell on rocky bottoms at depths ranging
from 12 to 45 m (light conditions from 1.1 to 5.6 % of
light at sea surface) for A. acaule (Weinberg 1975) and
from 5 to 50 m for P. axinellae (Gili et al. 1987). In some
cases, these species form dense aggregations (Pérés &
Picard 1964, Gili et al. 1984), which reinforces the role
of these species in community organization.

This study was designed to gather the first demo-
graphic data on Alcyonium acaule and Parazoanthus
axinellae. From 2 yr of photographic surveys of perma-
nent sites, colonies were measured for growth (i.e. area
gain}, shrinkage (i.e. area loss), fission (i.e. division of
coloniesj and fusion (i.e. coalescence of 2 coloniesj,
mortality and recruitment rates. Data are interpreted
in terms of different strategies to occupy space and to
persist.

MATERIAL AND METHODS

Study site, communities and species. The study was
carried out on an exposed north-oriented sublittoral
wall (0 to 35 m depth) in the Medes Island Protected
Area (NW Mediterranean, Spain, 42°3'N, 3°13'E). In
accord with the zonation pattern described in Gili &
Ros (1985b), 2 communities were studied: precorallige-
nous (extending from 10 to 14 m depth) and corallige-
nous communities (extending from 14 to 30 m depth).
These communities are characterized by the domi-
nance of different suspension feeders (mainly sponges,
cnidarians, bryozoans and tunicates) and encrusting
coralline algae species.

In the study area, Alcyonium acaule is a characteris-
tic species of the precoralligenous community, but it is
also common in the coralligenous community (Gili et
al. 1984). A. acaule occurs on hard substrata; colonies
grow as a cluster of stout finger-like lobes (1 to 20
lobes), and range in height from 1 to 20 cm (Weinberg
1977). Parazoanthus axinellae is characteristically
found in the coralligenous community, in entrances to
caves and on overhangs (Gili et al. 1984). Colonies
grow as encrusting sheets, as epibionts {mainly over
sponges) or directly on the primary substrate (Herberts
1972a, Gili et al. 1987).

A total of 84 colonies of Alcyonium acaule from the
precoralligenous community (between 11 and 13 m)
and 38 colonies of Parazoanthus axinellae from the
coralligenous community (between 16 and 18 m) were
selected. Colonies were chosen from a narrow depth
range to avoid the possible effect of depth on growth
and survival of the species. The selected set of colonies
encompassed most of the colony sizes found at the
study site for both species. P. axinellae colonies grow-
ing as epibionts were excluded from the monitored set
to avoid erroneous growth measurements (see 'Growth
rate measurements'} due to possible changes in colony
positions caused by the expansion and contraction of
some underlying species.

Photosampling method. Twenty-two permanent
sites were monitored photographically between Au-
gust 1993 and August 1995 at bimonthly and quarterly
intervals for Parazoanthus axinellae and Alcyonium
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acaule, respectively. Most photographs were taken
around noon. The sites were marked with 2 tube clips
attached to the rock (50 to 70 cm apart). The tube-clips,
together with a PVC domestic set-up, fixed the camera,
ensuring that photographs were obtained from the
same position and focal distance (see Garrabou 1998
for further information). A Nikonos V camera equipped
with a 28 mm and a close-up lens, and with 2 electronic
strobes, was used. These lenses allowed us to monitor
an area of 310 cm? and usually to identify colonies over
4 mm? The distance between the 2 tube clips plus the
lens used allowed us to monitor 2 distinct plots in each
site, thus a total of 44 permanent plots (310 cm? in area)
were monitored in this study.

Growth rate measurements. Previous observations
over 1 yr of monitoring indicated that minor changes in
colony size occurred in Alcyonium acaule colonies,
whereas Parazoanthus axinellae colonies changed size
much more rapidly. In addition, differences in colony
growth form between these 2 species (erect and lobed
for A. acaule and encrusting for P. axinellae) prevented
us from using the same approach to growth determina-
tion for both species.

Parazoanthus axinellae: Slides were projected (at
approximately ‘real’ scale) with an inverse projector,
and the outlines of selected colonies, as well as charac-
teristic plot marks (e.g. rock scars, sponge colonies),
were traced on acetate sheets. Drawings from each
plot were assembled manually in a common reference
system. Three reference points were marked on each
drawing. To reduce alignment errors we took into
account colonies’ positions and characteristic plot
marks. The drawings were scanned and vectorized
with IMAT (a program developed by Serveis Cienti-
fico-Tecnics de la Universitat de Barcelona). Finally,
the vectorized images were imported to Arc/Info (GIS).

Each colony was labeled and the area and perimeter
were calculated with Arc/Info. All drawings from each
plot were merged into a single new image with Arc/
Info overlay routine procedures to determine colony
growth. The resulting new composite image contained
all the information on colony area changes over time.
We took advantage of database Arc/Info facilities to
quantify 2 independent rates: growth (i.e. area gained)
and shrinkage (i.e. area lost) for each colony and
period (see Garrabou 1998 for detailed information).
Rates were calculated using the following expression:

relative growth (shrinkage) rate =
Frea gained (lost) between t, and ¢, '1}
areait t;

[time between ¢, and t,,; (in months)]

Expanded colonies were touched firmly during sur-
veys to contract them so as to obtain comparable out-
lines. Nevertheless, a number of colonies did not

appear in a contracted state in the photographs (due to
quick return to expanded state or omission of touch-
ing). Data from these cases were not considered. When
colonies underwent fission and/or fusion events (see
‘Fission and fusion events'), the total colony area was
calculated as the sum of the areas of all isolated
colonies that had formerly belonged to the same colony
(fission) or to different colonies (fusion).

Colonies were assigned to 1 of 3 size classes (I: 0 to
100 mm?, II: 100 to 200 mm?, III: > 200 mm?) to test the
possible relationships between colony size and growth
rates and colony size and shrinkage rates. These size
classes were chosen both to encompass the range of
colony areas found in this site and to maintain ade-
quate sample sizes. Colonies were classified in these
size classes based on mean area values resulting from
pooling data on colony area for the entire survey.

Alcyonium acaule: Colony size was determined as
projected colony area (contracted) obtained from
photographs. The colony areas at the inital and final
surveys (i.e. photographs from August 1993 and
August 1995) were considered for the growth study.
Initial colony sizes were plotted against final sizes (i.e.
2 yr interval) for each monitored colony and a Ford-
Waldford plot (Waldford 1946) regression analysis was
applied to study the growth rates (as in Sebens 1984).

Since colony size could vary greatly with the state of
expansion (i.e. contracted vs expanded), the regression
between expanded and contracted colony size was
determined to avoid errors in colony size estimations.
Repeated size determinations on 40 colonies in both
expanded and contracted state were obtained in an
interval between surveys (2 to 3 mo), as measurements
within the same day (even when expanded colonies
were firmly touched) did not reflect the true size of the
colonies in their fully contracted state (author's pers.
obs.). Measurements of expanded-state colonies were
converted to contracted colony size according to the
following formula: Area contracted = 23.55 + 0.55 x
Area expanded (r = 0.98, p < 0.01). This procedure was
used in only about 15% of colonies, since in summer
(i.e. August) most of the colonies of Alcyonium acaule
were contracted (see Fig. 5).

Fission and fusion events. A fission event was
noted when 1 colony split into 2 physically separate
colonies between 2 consecutive sampling dates, while
a fusion event was noted when 2 physically separate
colonies fused into a single colony between 2 consec-
utive sampling dates. If a colony split into 3 colonies,
2 fission events were noted; likewise, if 3 colonies
fused, 2 fusion events were recorded, and so on. Two
descriptive measures of fission and fusion events
were determined: (1) fission and fusion rates as the
percentage of colonies that underwent fission or
fusion between 2 sampling times, and (2) the number
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of fission or fusion events in each colony between 2
sampling times.

Recruitment. When a colony of Parazoanthus axinel-
lae or Alcyonium acaule not previously observed
appeared in the permanent plots, it was considered as
a recruit. However, before assigning the new colony as
a recruit, particular care was taken to discount any
possible origin other than sexual recruitment, espe-
cially asexual origin (i.e. fission or fragmentation pro-
cesses from neighboring colonies). The total area sur-
veyed for P. axinellae and A. acaule was 0.5 m? and
0.8 m?, respectively.

Whole mortality rate. Mortality rate was defined as
the percentage of colonies that disappeared overa 1 yr
period. In Alcyonium acaule, we also searched for the
relationship between mortality and colony size.
Colonies were assigned to 1 of 3 size classes (I: 0 to 100
mm?, II: 100 to 500 mm?, I1I: > 500 mm?) considering the
colony size in August 1993.

Feeding activity rhythms. The state of expansion of
80 to 100 colonies of Parazoanthus axinellae and Alcy-
onium acaule were periodically recorded (minimum
once a month) throughout the 2 yr of monitoring. For A.
acaule, data came from the photographs and visual
censuses carried out at the study site. For P. axinellae,
data were obtained only from photographs of perma-
nent plots not used in the study of growth. Two expan-
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sion states were considered: expanded (i.e. with polyps
outside the body) and contracted (i.e. polyps inside
the body). A third state of expansion, dormancy, was
recorded in A. acaule. In this state colonies are com-
pletely contracted and covered by a bright film.
Colonies in dormancy were recorded only from photo-
graphic surveys, since colonies in this state are usually
covered by epibionts, and so may not have been
noticed during the in situ censusing of the colonies. For
the study of activity rhythms in A. acaule, both sources
of data were pooled together, considering colonies in
dormancy as colonies in contracted state.

Statistical methods. Permutation tests were used to
test for differences in growth and shrinkage rates
through time and among size classes in Parazoanthus
axinellae. Permutation tests used, based on Manly
(1991), consisted of a 2-stage permutation of data.
First, data from each colony were reassigned among
the 3 size classes. Second, readings for each colony
were randomly rearranged among observation times.
Then, the sum of squares associated with each factor
and their interaction were calculated. This procedure
was repeated 4999 times (plus the observed one) to
obtain the frequency distribution of the sum squares of
each factor and their interaction. The values of the
statistics for the observed data were compared in these
distributions. The null hypothesis (no effect) is ac-
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Fig. 1. Parazoanthus axinellae. Changes in surface area of colonies monitored between August 1993 and August 1995
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cepted if, for a given significance level, the value of the
statistic for the observed data is as likely as values
obtained by randomly reordering the data. Conversely,
if the value of the statistic for the observed data is an
atypical (infrequent) value of the distribution, the null
hypothesis is rejected, and the alternative hypotheses
accepted (see Crowley 1992 for further information on
permutation tests). A modified version of the Turbo-
pascal program used by Turon et al. (1998) was applied
to perform the permutation tests.

RESULTS
Growth rates
Parazoanthus axinellae

In general, minor colony area changes were found
(Fig. 1). No clear seasonal patterns in area gain or loss
were observed. This is due mainly to (1) the lack of a
sustained trend of area acquisition within monitored
colonies (i.e. the same colonies that in some periods
gained area could lose area in the following period),
and to (2) the variability in area acquisition observed
among monitored colonies (i.e. while some colonies
gained area, others lost area).

Mean and maximum growth rate values were
greater than mean and maximum shrinkage rates
(Table 1). Growth rates showed seasonal peaks in the
autumn 1993 (0.17 = 0.14 mo!) and the summer-
autumn 1994 (0.18 £ 0.14 mo™?) intervals; in addition, a
minimum peak was detected for the spring-summer
1994 interval, but did not occur in the following year
(Fig. 2). The permutation test did not denote significant
differences over time for growth rate (p = 0.20). Shrink-
age rates showed nearly constant values over time,
except in the last interval (spring-summer 1995; 0.18 +
0.16 mo™!) (Fig. 2). Despite this, the permutation test
denoted significant differences over time for shrinkage
rate (p < 0.05). However, the same analysis without
data from the last interval showed non-significant dif-
ferences (p = 0.80).

Growth and shrinkage rates showed similar values
by size class (Fig. 3). Accordingly, permutation tests

Table 1. Parazoanthus axinellae. Descriptive statistics for rel-
ative growth and shrinkage rates (mo™') measured between
August 1993 and August 1995 (n = 223)

Growth rates Shrinkage rates

Mean (xSD)

0.11 (£0.17) 0.09 (x0.12)
Maximum 1.88 0.66
Minimum 0 0

Parazoanthus axinellae
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Fig. 2. Parazoanthus axinellae. Relative growth and shrink-
age rates {(mean + SE), based on measurements of change in
colony areas between August 1993 and August 1995. For sea-
sonal intervals S = summer, A = autumn, W = winter and Sp =

spring

did not denote significant differences either in growth
(p = 0.56) or shrinkage (p = 0.82). The interaction
effects were not significant in any analysis.

Alcyonium acaule

Most colonies changed little in size over the 2 yr
period (Fig. 4). The linear correlation between the ini-
tial and final colony area was high and significant (r? =
0.84, p < 0.001, n = 57), and the slope of the regression
line (b = 0.93) was close to the slope of the line of no
growth (y = x). As a result, the overall pattern shows
almost zero growth. No clear relationship between
growth and colony size arose, since over the whole
range of sizes some colonies grew while others shrank
(Fig. 4, above or below the y = x line, respectively).

Fission and fusion

In Parazoanthus axinellae, 11 colonies (29 %) under-
went at least 1 fission event during the 2 yr of monitor-
ing. Four of these colonies had further fission events,
resulting in a total of 15 fission events recorded. On
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Fig. 3. Parazoanthus axinellae. Relationships between size

and growth and shrinkage rates. Relative growth and shrink-

age rates (mean + SE) (pooled data from all time intervals)

by colony size class (I. 0 to 100 mm?, 1I: 100 to 200 mm?,
III: > 200 mm?)

average 5% of the colonies experienced fission in a
given period, and those colonies underwent only 1 fis-
sion event (i.e. a single split into 2 separate ramets).
Fusion events were less frequent, and only 3 colonies
(8%) experienced fusion. Fusion occurred at rates
lower than 1% of colonies per period, and those
colonies underwent only 1 fusion event (i.e. 2 separate
ramets fused into a single ramet). In contrast, Alcyo-
nium acaule colonies did not show any fission or fusion
events through the 2 yr of monitoring.

In Parazoanthus axinellae, we searched for possible
relationships between occurrence of fission and fusion
events and colony size previous to the fission or fusion
event. Most of the fission and fusion events (87 %)
occurred in colonies of size classes II and III (colony
area > 100 mm?) (fission: chi-squared = 5.95,df =2, p =
0.051; fusion: chi-squared = 5.89, df = 2, p = 0.052).

Recruitment

Small colonies (with 1 or 2 polyps) of Parazoanthus
axinellae were observed always within dense aggre-
gations of this species. Therefore, we were not able to
identify Parazoanthus axinellae recruits due to uncer-
tainty about whether small colonies had an asexual or
sexual origin. A total of 8 Alcyonium acaule recruits
were observed during the 2 yr of study. These recruits
were usually visible in autumn photographs.

Whole mortality

Mortality rates reached values 0of 9.2+ 1.2 and 12.7 +
2.2% yr ! in Parazoanthus axinellae and Alcyonium
acaule, respectively. A total of 7 colonies of the former
and 20 colonies of the latter disappeared over the 2 yr
study period. Mortality was significantly higher in
small colonies of A. acaule (colony area less than
100 mm? and with a single lobe), which accounted for
76 % of colony deaths (chi-squared = 9.35, df = 2, p =
0.009). The low number of deaths in P. axinellae hin-
dered any search for a size- mortality relationship.

Feeding activity rhythms

Data on expansion states of Parazoanthus axinellae
and Alcyonium acaule colonies were pooled by season,

Alcyonium acaule
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Fig. 4. Alcyonium acaule. Waldford plot of changes in colony
size (projected area) from August 1993 to August 1995. Solid
line corresponds to linear regression between colony sizes in
1993 and 1995 (A. acaule size 1995 = 14.36 + 0.93 A. acaule
size 1993) and dashed line corresponds to no growth (x = y)
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Fig. 5. Parazoanthus axinellae and Alcyonium acaule. Sea-

sonal changes in feeding activity between August 1993 and

August 1995 (all survey data on expansion state pooled by

season) (e): Percentage of contracted colonies (photographic

and in situ counting for A. acaule; only photographic for P.

axinellae); (o): percentage of colonies in dormancy (photo-
graphic counting only)

irrespective of the year of the survey (Fig. 5). In both
species, synchrony in expansion between colonies was
clear, at any given sampling time most of the colonies
were 1n either expanded or contracted state. Seasonal
variations were apparent in Parazoanthus axinellae:
colonies in a contracted state were at a low percentage
(around 15 %) most of the year, except in summer and
mid autumn, when around 60 % of the colonies were in
this state. Alcyonium acaule also showed a seasonal
pattern: in summer, most surveys showed a high per-
centage of contracted colonies (up to 80%), while in
other seasons a similar number of surveys showed high
and low percentages of colonies in contraction (Fig. 5).
Dormancy state showed an even clearer seasonal pat-

tern, with its highest values (up to 90%) in summer,
while only a small percentage of colonies (less than
5%) were in dormant state in other seasons (Fig. 5).

DISCUSSION

Moderate growth, shrinkage and fission rates and
low fusion and mortality rates characterized Parazoan-
thus axinellae. Low growth rates, no fission or fusion,
and moderate mortality rates characterized Alcyonium
acaule dynamics. Seasonal patterns were not found
either for growth or for shrinkage rates in P. axinellae,
whereas feeding activity rhythm showed a seasonal
pattern for both species.

Great variability in the measurements of growth
dynamics, denoted by the large standard deviation in
Parazoanthus axinellae (Table 1) and by the deviations
from the regression line in Alcyonium acaule, is
remarkable. This variability cannot be attributed to
environmental conditions. All P. axinellae and A.
acaule monitored colonies were chosen within a
narrow depth range where the main ecological factors
remained similar. However, particular microhabitat
conditions (such as interspecific competition, different
food availability, incidence of predation) could be re-
sponsible for the variability shown. In fact, such vari-
ability is characteristic of most of the parameters mea-
sured in colonial organisms (e.g. Ayling 1983, Hughes
& Jackson 1985, Turon & Becerro 1992).

Growth dynamics

Parazoanthus axinellae showed moderate dynamics:
colonies doubled in size within 1 yr. Direct compar-
isons of growth rates found in this study with data pre-
viously reported should be taken cautiously. First, in
previous studies of growth of zoanthid species, mea-
surements were based on polyp counts of tagged
colonies over time (Sebens 1982, Karlson 1988). In this
study, growth and shrinkage are calculated as net area
gained or lost. Second, species previously studied
occurred in different environmental conditions (e.g.
shallow waters). Unfortunately, the data available for
the Mediterranean species is based on surveys of
appearance of new polyps in colonies collected at dif-
ferent times (Herberts 1972b), which prevents compar-
ision with our data.

Calculation of the net area increase of Parazoanthus
axinellae (i.e. mean growth rate minus mean shrink-
age rate) gave a value of ~0.02 mo™'. This value is
about 1 order of magnitude lower than growth rates
(i.e. net change in number of polyps) found for tropical
species, e.g. 0.13 or 0.49 mo™! for Zoanthus sociatus,
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Ellis, 0.42 mo™! for Z. solanderi, Lesuer, and from 0.15
to 0.24 for Palythoa caribaerorum (Duchassaing and
Michelotti) (Sebens 1982, Karlson 1988).

The small difference between mean growth
(0.11 mo™!) and shrinkage (0.09 mo™!) rates obtained
for P. axinellae indicates that this species shows a great
‘mobility’ with succesive growth and recession. This
may be interpeted as a continuous search for favorable
microhabitats to grow into. It is probable that tropical
species would have shown even higher values of net
growth if independent measures on growth and
shrinkage had been obtained. However, measures
based only on counting polyps may provide a conserv-
ative measure on the dynamics of species.

The mentioned small difference between mean
shrinkage and growth rates in Parazoanthus axinellae
suggests that shrinkage may play an important role in
the growth dynamics of this species. Though factors
involved in the shrinkage were not specifically investi-
gated in this study, some remarks can be made. Pre-
sumably, recession (from previously colonized areas)
and fission processes could be the main reason for
quantified shrinkage rates. Sources of partial as well as
whole mortality, such as physical disturbances and
substrate dislodgment, could also account for some
loss. Predation by polychatea and fishes can be impor-
tant in some tropical zoanthids (Sebens 1982), but pre-
dation on P. axinellae was not observed during the 2 yr
of monitoring.

Alcyonium acaule changed less in size during the
2 yr of study, and growth appears to be a very slow pro-
cess in this species. This finding supports other studies
on the growth of Alcyonacea species in temperate and
tropical seas (Sebens 1984, Updike 1991, Fabricius
1995). Consideration of the measured growth rates in
A. acaule and the non-existence of fission and fusion in
this species, which avoids the decoupling between size
and age found in many colonial organisms (Hughes &
Jackson 1980), suggests that A. acaule is a very long-
lived species. Thus, for instance, large colonies
(>2000 mm? and with 7 lobes) at the study site might
be several decades old.

Colony size reduction was relatively common in A.
acaule colonies over the 2 yr study period. This finding
may be attributed to different factors that can cause
partial mortality of colonies (i.e. loss of part of the body
biomass). Although determination of causes of partial
as well as whole colony mortality was not directly
addressed in this study, the following main factors
were identified from photographs: physical distur-
bance (severe water motion and substrate dislodg-
ment), biological disturbance (sea-urchin bulldozing
and grazing) and nudibranch predation. A fourth
cause of mortality was observed in 3 colonies: colony
tissues suffered 'degeneration’, becoming soft and

then detached from their basal disk. This process was
completed in about 1 mo and, although polyps
appeared and survived on the remaining basal disk,
colonies finally disappeared within the following 2 mo.
In another case, this process affected only one half of
the colony, while the other half remained healthy and
alive. It is interesting to note that these colonies were
in contact with or near sponges known to have power-
ful allelochemicals (Crambe crambe, Schmidt, and
Dysidea avara) {Becerro 1994, X. Turon pers. comm.).
This circumstantial evidence suggests that allelochem-
ical-mediated interactions may lead to A. acaule tissue
degeneration and subsequent death.

As has been reported in other studies of marine
clonal organisms (e.g. Hughes & Jackson 1985), A.
acaule mortality appeared dependent on colony size.
Small colonies {<100 mm?) suffered whole mortality
more frequently than did large colonies, simply
because the latter, being bigger, could stand the bio-
mass losses or escape from whole mortality better than
the former, whatever the cause of biomass loss (Con-
nell 1973, Jackson 1979). Thus, for instance, bulldozing
by the sea-urchin Paracentrotus lividus could lead to
dislodgment of small colonies and not affect large
colonies at all. Sebens (1983) demonstrated, for Alcyo-
nium siderium, that small colonies settling near the
larger ones have a higher survivorship due to the
effective protection of large colonies against the sea-
urchins' bulldozing or direct predation.

Fission and fusion events

Parazoanthus axinellae showed remarkable fission
rates, while fusion events rarely occurred in this spe-
cies. High rates of fission events are also common in
the development of other zoanthid species (West 1979,
Muirhead & Ryland 1985, Karlson 1986, 1988). Most
fission events in P. axinellae appear to be an endoge-
nously induced process, as occurs in some tropical spe-
cies of zoanthids (Muirhead & Ryland 1985, Karlson
1988). Fission in this species may be interpreted as a
strategy to occupy a favorable substratum at rates
higher than would be possible by somatic growth. In
this sense, it is worth noting the relationship between
colony size and rate of fission (large colonies >100 mm?
underwent fission more frequently than smaller ones),
indicating that P. axinellae tends to occupy the space
with numerous small colonies instead of fewer large
colonies. Fission and fragmentation have also been
related to increase in space acquisition because rela-
tive growth rates of small colonies are greater than
larger ones (Hughes 1989, Stoner 1989, Hughes &
Jackson 1985). However, P. axinellae colonies exam-
ined (ranging from O to 400 mm? showed similar



Garrabou: Life-history traits of Alcyonium acaule and Parazoanthus axinellae 201

growth and shrinkage rates (Fig. 3). On the other hand,
they could also have lower survivorship (Highsmith
1982, Hughes & Jackson 1985). Unfortunately, data
obtained on P. axinellae mortality are insufficient for a
colony-size-dependent mortality relationship to be
found. Despite this, it is thought that in coralligenous
communities (where P. axinellae dwells) physical and
biological disturbances may play a minor role
(Garrabou 1997) and thus could favor the survivorship
of small colonies unless other factors (e.g. competition)
come into play and diminish their survival.

Alcyonium acaule, in contrast, does not reproduce
asexually by colony fission or fragmentation, nor does
it show fusion events. This finding agrees with data
reported for other alcyoniid soft coral species which
display low rates of fission, fragmentation or budding
events or lack of asexual reproduction (Sebens 1984,
Fabricius 1995).

Larval recruitment

Photographic surveys are not useful in assessing
Parazoanthus axinellae recruitment rates, due to un-
certainty about the asexual or sexual origin of the
smallest colonies (those with 1 or few polyps), since
these colonies were only observed in plots with dense
aggregations of P. axinellae. Nevertheless, our obser-
vations suggest that sexual reproduction was a minor
source of new colonies. In fact, measured fission rates
showed that the number of new colonies provided by
asexual reproduction was double the number of
colonies that died. However, further studies are
needed to investigate the role of sexual reproduction
in P. axinellae populations.

Due to the lack of asexual reproduction, sexual
recruitment appeared to be the only way local popula-
tions of Alcyonium acaule were maintained. The
recruitment and mortality rates measured in this study
led to the conclusion that recruitment cannot maintain
the population at the study site. However, since
recruitment in octocorals appears to show important
inter-annual fluctuations (e.g. Benayahu & Loya 1987,
Farrant 1987), further studies based on larger spatial
and temporal scales should be conducted to determine
the actual rates of sexual recruitment in the popula-
tions studied.

Seasonal variations in feeding activity rhythm

Data on feeding activity rhythms of Parazoanthus
axinellae and Alcyonium acaule showed a decrease in
activity during summer (Fig. 5). No diel cycle of expan-
sion and contraction was observed in either species,

nor has such a cycle been observed in other mediter-
ranean species (Barange & Gili 1988, Coma et al. 1994,
1995, unpubl. data, M. Ribes pers. comm. but see
Boero et al. 1991). Data for both species came from
visual counting or photographs carried out at about the
same hour of the day, so differences in expansion
states should be attributed to other factors. In the study
area, summer is characterized by a decrease in sea
storms and associated water motion (Pascual & Flos
1984, Garrabou 1997) and a decrease in zoo- and
phytoplankton concentration (Gaudy 1971, 1972, Coma
et al. 1994, Ribes et al. in press). Flow rate and prey
concentration have been shown to be the main factors
regulating feeding in passive suspension feeders
(Leversee 1976, Patterson 1991). Thus, diminution in
feeding activity may well be related to these environ-
mental conditions. Data available on feeding activity
and resting states in other suspension-feeder species
suggest that summer may be an unfavourable season
for these species in this study area (Boero et al. 1986,
Turon & Becerro 1992, Coma et al. 1994, Ribes 1998).

Dormancy states found in Alcyonium acaule have
also been described in other Alcyonacea species. In A.
siderium there is a short dormancy period in winter
(Sebens 1983), while in Alcyonium digitatum (L.) the
dormancy state lasts from September to the end of
November, and is related to a decrease in food avail-
ability and the storage of ripe gametes (Hartnoll 1975).
In A. acaule, spawning occurs in late June and early
July (Lo Bianco 1909, E. Sala pers. comm.) and pre-
cedes the occurrence of a great number of colonies in a
dormancy state. However, further studies are neces-
sary to elucidate the role of the dormant state in A.
acaule.

Seasonal variation in growth and shrinkage in
Parazoanthus axinellae

Parazoanthus axinellae showed growth peaks in
autumn intervals, indicating that it may respond to the
significant seasonal changes in environmental condi-
tions found in the NW Mediterranean. In the study
area, autumn is characterized by an increase in sea
storms and associated water motion (Pascual & Flos
1984, Garrabou 1997) and by an increase in zoo- and
phytoplankton concentration (Gaudy 1971, 1972,
Coma et al. 1994, Ribes et al. in press). Thus, autumn
peaks of growth may be related to the greater water
movement and availability of prey. However, the lack
of studies on feeding in P. axinellae and long-term
series of P. axinellae’s prey concentration (which pre-
sumably exhibit strong inter-annual variations in time
and amplitude)} prevent any definitive conclusion.
Alternatively, Herberts (1972b) found 2 growth peaks
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in other Mediterranean zoanthid species (Epizoanthus
arenaceus ingeborgae Pax, E. paguricola Roule and E.
vagus Herberts) dwelling in detritic communities, one
in late winter and the other in summer. That author
linked the significant decrease in growth in spring to
the initiation of gametogenesis. This hypothesis could
also apply to P. axinellae since mature ovocytes and
spermatocytes appeared between summer and
autumn (depending on the study area) just before
peaks of growth (Herberts 1972a, Gili et al. 1987%).
However, the sexual reproductive cycle of P. axinellae
in the Medes Islands should be studied to verify this
hypothesis.

Shrinkage rates were almost constant over time
except in the last monitored interval (spring-summer
1995). In this interval most of the colonies suffered
some shrinkage, whereas in other intervals, half the
colonies monitored showed no shrinkage at all. How-
ever, no factor has been identified as being responsible
for this general shrinkage.

Conclusions

Parazoanthus axinellae and Alcyonium acaule
showed 2 distinct strategies to colonize and persist in
the communities where they dwell. Effectively, Para-
zoanthus axinellae appeared to be a more dynamic
species with remarkable growth, shrinkage and fission
rates, which enable it to spread rapidly over the sub-
stratum. It seems that its sheet-like growth form facili-
tates this greater ‘mobility’, due to the lower allocation
of energy and materials required (Jackson 1979). In P.
axinellae, sexual reproduction seems to play a minor
role. Instead, fission of colonies seems an effective way
of persisting and colonizing new space within the com-
munities. Finally, our findings suggest that the charac-
teristic aggregation pattern of colonies found in this
specles may originate from the growth and fission of a
single or few original founder colonies (i.e. genet)
established in the community. Thus, many colonies
within such aggregations could be genetically similar.

Alcyonium acaule showed much slower growth and
great longevity, in accordance with its massive tree-
like growth form, which involves a great allocation of
energy and materials to somatic growth and also con-
fers a greater resistance to damage from disturbances
and to being overgrown by other species (Jackson
1979). The lack of asexual reproduction in A. acaule
forces it to use sexual reproduction to persist and to
colonize new areas. Finally, in contrast with Parazoan-
thus axinellae, the characteristic aggregation pattern
also found in A. acaule colonies results from its mode of
sexual reproduction. A. acaule is a surface brooder
(author's pers. obs.) in which eggs are retained by

mucous strings for up to a few days, implying a short-
range dispersal for larvae and settlement near the
parental colonies. Thus, colonies of aggregations must
be genetically different.
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