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DETERMINANTS OF RECRUITMENT, JUVENILE GROWTH,
AND SPATIAL DISTRIBUTION OF A
SHALLOW-WATER GORGONIAN!

NICHOLAS J. GOTELLI?
Department of Biological Sciences, Florida State University,
Tallahassee, Florida 32306 USA

Abstract. In the northern Gulf of Mexico, the gorgonian Leptogorgia virgulata (Cni-
daria: Octocorallia) recruited onto a shallow limestone outcropping that was covered by
sand of various depths. To test the hypothesis that sand limited the recruitment of L.
virgulata at this site, I placed cement patio stones as settlement surfaces in different mi-
crohabitats.

Sand scour reduced recruitment by 50% on buried stones compared with unburied
controls. Recruitment was also inhibited by the presence of an algal mat on unburied
controls. Initial recruitment patterns persisted for 10 mo on artificial substrata. By that
time, dead, intact skeletons were more common on buried than on raised stones. Overall
mortality rates did not differ between raised and buried treatments.

In a 55-d transplant experiment, buried juvenile colonies grew significantly more than
unburied colonies. Rapid growth may enhance survival of buried colonies by raising polyps
out of the sand.

I mapped the microhabitats in an untouched 24-m? plot and constructed an index of
habitat quality for each contiguous 1-m? block. This index was highly correlated with
numbers of both adult and juvenile Leptogorgia virgulata colonies. Sixty-seven percent of
the 1984 recruitment cohort died the following year, but the spatial pattern established at
the time of recruitment persisted. Although the abundance of recruits was correlated with
habitat quality, there was no relationship between recruitment and adult abundance or the
percent cover of encrusting organisms. Finally, recruitment was highest and least variable
in patches of clean limestone compared with recruitment in randomly selected patches.

On both natural and artificial substrata, the recruitment of Leptogorgia virgulata was
affected by the distribution of sand. In spite of heavy 1st-yr mortality, the spatial pattern
established at the time of recruitment persisted in the adult population. Mortality after
recruitment did not modify the distribution of colonies to any great extent.

Key words:  Cnidaria, disturbance; Florida, gorgonian; growth; Gulf of Mexico, juvenile; mortality;
Octocorallia; recruitment; sand; spatial pattern; transplant.

INTRODUCTION

For sessile plants and animals, the distribution of
seeds or larvae is often the primary determinant of
small-scale spatial pattern. In many plant communi-
ties, for example, spatial pattern is determined by the
initial distribution of seeds (e.g., Rabinowitz 1978) or
by early mortality of seeds and seedlings (e.g., Louda
1982, Augspurger 1984). Harper (1977:112) envisions
recruitment as successful passage through a sieve, “an
environmental lattice of safe and unsafe sites.”” Vari-
able recruitment can also permit the coexistence of
space competitors (Skellam 1951, Warner and Chesson
1985), generate oscillations in local populations
(Roughgarden et al. 1985), and determine the outcome
of succession (Connell and Slatyer 1977) and the species
composition of mature assemblages (Sutherland 1974).
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The importance of recruitment in marine benthic
communities is widely recognized (Thorson 1950,
Meadows and Campbell 1972, Underwood and Denley
1984). In some cases, the spatial pattern of recruitment
largely determines spatial pattern in the adult popu-
lation (Ryland 1959, Grosberg 1982). If mortality fol-
lowing recruitment is constant in space, the distribu-
tion of adults will match the distribution of recruits.
In other examples, mortality is consistently greater in
some places than in others (as envisioned by Colman
1933), and the initial recruitment distribution is mod-
ified with time by processes such as competition, pre-
dation, and disturbance (Connell 1961, 1978, Dayton
1971, Paine 1974, 1984, Luckenbach 1984). In either
case, the importance of recruitment cannot be decided
by examining only the recruitment stage, no matter
how carefully this is done (e.g., Caffey 1985). Instead,
what is needed is a comparison of the spatial pattern
of recruits with the spatial pattern of adults (see es-
pecially Fig. 5 in Connell 1961 and Figs. 1 and 2 in
Grosberg 1982).
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TABLE 1.
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Percent cover of different microhabitats in a 24-m? plot (N = 24 contiguous 1-m? quadrats).

Unburied limestone Shallow sand (1-3 mm)

Deep sand (>3 mm) Encrusting animals

X SD Range X SD Range

X SD Range X SD Range

26.58 14.22 10-61 12.75 6.17 2-28

36.38 21.42 4-87 24.29 23.11 0-75

In this paper, I present experimental and correlative
evidence on the role of recruitment in determining the
spatial distribution of the gorgonian Leptogorgia vir-
gulata. Recent work has focused on recruitment vari-
ation among patches of similar microhabitat (e.g., Kay
and Keough 1981, Caffey 1985), but in this study, such
within-habitat variation was relatively small. Instead,
the recruitment of L. virgulata was influenced primar-
ily by spatial variation in microhabitat, particularly
variation in the presence of sand.

Sand may limit recruitment in two ways. First, larvae
could be unwilling or unable to settle in patches with
sand. Second, larvae that settled on hard substrata could
be buried or abraded by moving sand (e.g., Daly and
Mathieson 1977). Using artificial substrata, I experi-
mentally controlled sand exposure and monitored the
recruitment, subsequent mortality, and juvenile growth
of L. virgulata in different microhabitats. These ex-
periments revealed the nature of “safe sites™ (sensu
Harper 1977) for L. virgulata recruitment. I used the
results of the recruitment experiment to construct an
index of habitat quality for contiguous patches of nat-
ural substrata in an unmanipulated plot. This index
successfully predicted the spatial distributions both of
recruits and of adult colonies of L. virgulata.

MATERIALS AND METHODS
Life history of Leptogorgia virgulata

Leptogorgia virgulata (Cnidaria: Octocorallia) is an
arborescent, shallow-water gorgonian. Colonies are
dioecious, with external fertilization and subsequent
development. The planula stage develops in 24 h and
remains in the plankton for 2-3 d before settlement
and metamorphosis, although settlement can be de-
layed for as long as 19 d after fertilization (Adams
1980). Unlike some gorgonian species, L. virgulata
shows no evidence of asexual reproduction. I did not
find any juveniles that appeared to have originated by
vegetative reproduction (Lasker 1983) or fragmenta-
tion (Walker and Bull 1983). Therefore, juvenile col-
onies are presumably derived from the settlement of
planktonic larvae. Larvae do not move after settlement
and metamorphosis, so the settlement site can be in-
ferred from the point of attachment of the colony base.
Early colony growth is rapid: 20 d after settlement,
colonies are 6 mm high (Adams 1980), which was the
minimum size of recruits I detected in monthly field
censuses. L. virgulata reaches reproductive maturity in
2 yr, which is rapid for octocorals (cf. Grigg 1977). In
field censuses, I distinguished among three color morphs

of L. virgulata: yellow, purple, and orange (details in
Gotelli 1985). Colony color of L. virgulata is a heritable
trait (Adams 1980), and color morphs could show dif-
ferential recruitment responses.

Study site

The study site was an isolated limestone outcropping
at 1.5 m depth, 50 m offshore of Wilson Beach, Frank-
lin County, Florida. Complete site descriptions are giv-
en in Gotelli (1985, 1987). The outcropping was ~1—
2 ha in area. There are no other inshore areas of ex-
posed limestone in this part of the Gulf of Mexico. The
site was exposed briefly to air once or twice a year, in
the fall and winter, when strong north winds coincided
with extreme low tides.

There was moderate small-scale variation in habitat
on the outcropping. The spatial scale of microhabitat
variation was fairly small: contiguous 1-m? quadrats
often differed significantly in the percentages of differ-
ent microhabitats. Table 1 gives the distribution of
various microhabitats in a 24-m* plot. This plot was
selected for long-term monitoring because it had a rel-
atively high abundance of Leptogorgia virgulata (X =
1.3 colonies/m?). The plot also included a typical array
of microhabitats. Every 1-m? quadrat in the plot con-
tained at least some areas of unburied limestone and
some areas of shallow (1-3 mm depth) and deep (>3
mm depth) sand. Sand accumulated in shallow rock
depressions and low-lying areas. Maximum vertical
relief on the rock reef was =20 cm, although most
patches did not vary by >5-10 cm in vertical relief.
Although I do not have data on temporal changes in
microhabitat, sand movement at this site must have
been fairly common, because the bases of many large
L. virgulata colonies were buried by a centimetre or
more of sand. A field experiment with patches of brightly
colored aquarium gravel also demonstrated the poten-
tial for particle transport on the outcropping (Gotelli
1985).

Microhabitat recruitment experiment

I tested the null hypothesis that Leptogorgia virgu-
lata recruitment is not affected by the presence of sand.
Because L. virgulata planulae settle readily on cement
surfaces (Adams 1980), I used round cement patio
stones (40 cm in diameter, 5 cm thick) as recruitment
substrata. Thirty numbered stones were inscribed with
a set of crosshairs on the top for mapping colonies. |
placed 10 stones in each of three microhabitat treat-
ments: raised on limestone, raised on sand, and buried
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in sand (Fig. 1). The surface of each buried stone was
flush with the adjacent sand. Each stone was >1 m
from its nearest neighbor. I haphazardly interspersed
replicates, so that the two sand treatments were not
spatially isolated from the limestone treatment.

The raised stones settled 4-6 mm after their initial
placement, but I never found them covered by sand.
Within 3 wk of placement, an algal mat formed on
stones in the two raised treatments. The appearance
and thickness of the algal mat was similar to that found
on raised patches of natural substrata at the site. This
algal mat did not accumulate on buried stones, which
were always covered by 1-2 mm of fine sand. I fanned
this sand away at each recruitment census, but the sand
cover returned within 2-3 h. One buried stone became
exposed and had abnormally high recruitment (Gotelli
1985). I deleted these data from the analyses and sub-
stituted median data from the other replicates in the
buried treatment.

I established treatments on 14 March 1984 and, with
weekly spot checks, detected the first Leptogorgia vir-
gulata recruits on 7 June 1984. Census dates were 7
June, 4 July, 14 August, 8 September, 6 November
1984, and 11 May 1985. At each census, I recorded
the x-y coordinate location on the stone, color, and
total branch length (measured in millimetres) of every
L. virgulata colony. New recruits could be reliably dis-
tinguished from previously recorded colonies on the
basis of coordinate locations and colony size and color.

On the 11 May 1985 census, I did not record stone
identification numbers and was unable to relocate all
of the replicates. At that time I harvested all living
colonies and dead colony skeletons from each of the
three treatments. Colonies were air-dried, and total
branch lengths were measured to the nearest millimetre
with a HIPAD digitizer.

The analyses of cumulative abundance and recruit-
ment rate followed a repeated-measures design (Winer
1971). Data from the 11 May 1985 census were ana-
lyzed separately with a one-way ANOVA. All data were
normalized with a square-root transformation. In ad-
dition, I converted the recruitment data to rates, the
number of new colonies per 49 d (the longest interval
between any two successive censuses).

The analysis of mortality rate could not be handled
with the same statistical model, because some repli-
cates had no colonies present that could go extinct. I
collapsed one of the factors (either time or color morph)
and performed a repeated-measures analysis of mor-
tality rate on the remaining two factors. I also per-
formed contingency table analyses on mortality rate
for the different factors. All of these analyses produced
similar results.

Algae removal experiment

After harvesting the 1984 recruitment experiment,
I used the raised patio stones to test the null hypothesis
that the presence of the algal mat had no effect on the
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Fi1G. 1. Placement of patio stones in the three microhab-
itats: raised on limestone (right), raised on sand, and buried
in sand. Small colonies represent Leptogorgia virgulata re-
cruits, in the observed relative abundance.

recruitment of Leptogorgia virgulata. On 14 May 1985
I moved seven patio stones, which I left unscraped as
controls, from the raised limestone onto sand. I used
a putty knife and wire brush to scrape clean seven patio
stones from the raised sand treatment. None of the
stones from the buried treatment were used in this
experiment, and I assume there were no residual treat-
ment effects on the raised stones. The scraped and
unscraped stones were censused on 31 May 1985, when
recruits were first detected. After this census, I removed
all of the recruits and repeated the scraping treatment.
I censused the experiment again on 7 June 1985, but
found no new recruits.

Juvenile transplant experiment

To measure the effect of sand on early colony growth,
I collected juvenile gorgonians from natural rock sur-
faces, cemented them onto cinder blocks, and trans-
planted them into appropriate microhabitats. On 7
September 1984, I collected 64 small, healthy Lepto-
gorgia virgulata colonies by carefully detaching each
colony base with a sharp knife point. Colony branch
length was 3-5 cm at the start of the experiment; col-
onies of this size were probably 8—16 wk old.

Four randomly chosen colonies, two yellow and two
purple, were cemented under water to each of 16 small
(=120 cm? surface area) cinderblock fragments with a
few grams of SOS epoxy putty. Cemented colonies were
left untouched for 24 h and appeared undamaged by
the treatment; the polyps were usually re-extended 20
min after cementing, and all of the colonies appeared
healthy at the start and end of the experiment.

I placed eight such cinderblock fragments on top of
the sand, and buried eight others, so that only the upper
5 mm of each colony branch tip was exposed. I mea-
sured the total branch length of each colony at the start
(8 September 1984) and the end (30 October 1984) of
the experiment. Treatments were maintained for 55 d.

I analyzed the logarithm (base 10) of the growth ratio
(final size/initial size) of each individual colony. Dur-
ing the experiment, 13 colonies became detached, and
one cinderblock was lost, so the original split-plot de-



