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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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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-
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sign could not be analyzed. In an initial test, I ignored
the blocks and performed a two-way ANOVA (micro-
habitat and color morph) on the growth ratios. This
analysis revealed no significant color morph or inter-
action effects. Therefore, I averaged the growth ratios
for all colonies of a single block, and compared log
mean ratios of raised and buried treatments with a ¢
test. Results were similar to those of the two-way
ANOVA test for treatment effect.

Recruitment data from natural surfaces

I momnitored the recruitment of Leptogorgia virgulata
on natural substrata in three different plots. In October
1983, I cleared a 6 x 1 m plot of all encrusting animals
and L. virgulata colonies. Within a few weeks of the
initial clearing, low-lying bare rock surfaces were in-
undated by sand, and raised surfaces were colonized
by microalgae. Monthly, through July 1985, I counted
and removed all juvenile L. virgulata colonies (and
juveniles of the compound ascidian Aplidium stellatum
[Gotelli 1987]). These censuses established the tem-
poral pattern of L. virgulata recruitment.

In August 1983, I began monitoring recruitment in
an unmanipulated 12 X 2 m plot divided into 24 1-m?
blocks for censuses. This plot was chosen randomly
with respect to microhabitat variation and contained
the full array of microhabitats present on the outcrop-
ping. Monthly, from August 1983 to July 1985, I re-
corded the maximum height, color, and x-y coordi-
nates of every L. virgulata colony in the plot. These
data gave an accurate spatial map of both juvenile and
adult distributions.

In July 1984, during the recruitment peak, I mapped
the microhabitats in the 24-m? plot. In each 1-m? block,
I categorized the substrata under an evenly spaced ar-
ray of 100 points into four classes: (1) unburied rock;
(2) shallow sand (1-3 mm depth); (3) deep sand (>3
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mm depth); and (4) encrusting animals (mostly the
compound ascidian Aplidium stellatum, the boring
sponge Cliona cellata, and other encrusting sponges)
(Table 1). Most areas of unburied rock were covered
by an algal mat, which was ubiquitous at this site. I
used these data to create a quantitative habitat index.
Each substratum measurement was assigned a score as
follows: unburied rock, 2; shallow sand, 1; deep sand,
0; encrusting animals, 0.

The sum of the 100 scores for each 1-m? block gave
a numeric habitat index that ranged from 0 to 200. I
assigned a score of 2 to unburied rock and a score of
1 to shallow sand to reflect the experimental result that
shallow sand reduced L. virgulata recruitment by =50%
(Fig. 2). I assigned a score of O to deep sand and en-
crusting animals because these surfaces were probably
not available for larval settlement. The usefulness of
this index is seen when it is plotted against the number
of recruits or adult colonies in a block. These com-
parisons are critical because the recruitment experi-
ments were conducted on artificial substrata. The hab-
itat index correlations show whether the same patterns
hold on natural substrata.

The third measurement of natural recruitment comes
from a set of plots that was used in a field experiment.
The experiment tested for effects of fish predation and
the presence of adult colonies on recruitment of Lep-
togorgia virgulata. Adult colonies were removed from
half of the plots, and fish predators were excluded from
half of the plots with large-mesh wire roofs. Neither
treatment had significant effects on recruitment, and
the results are described elsewhere (Gotelli 1985). For
our purposes, the data can be used to assess the effects
of habitat quality on recruitment. Fourteen 0.36-m?
plots were established on patches of clean limestone
that I judged to be optimal habitat for recruitment.
Each plot had at least one adult L. virgulata colony
originally present, and no sand or encrusting animals.

TaBLE2. Repeated-measures ANOVA for cumulative abun-
dance of Leptogorgia virgulata colonies in three experi-
mental microhabitat treatments: raised stones on lime-
stone, raised stones on sand, and stones buried flush with
sand surface.

Source of variation ss df Ms  Fratio
Microhabitat 34.48 2 17.24 11.11%
Error 41.91 27 1.55
Time 110.10 4 27.52 B86.61*%*
Time x microhabitat 2.20 8 0.27 0.86
Error 34.42 108 0.32
Color 144.90 2 72.45 68.90%*
Color x microhabitat 1.10 4 0.27 0.26
Error 56.78 54 1.05
Color x time 24.82 8 3.10 16.02**
Color X time x

microhabitat 1.88 16 0.12 0.61
Error 41.81 216 0.19

*»* p < .0l
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The plots and treatments were established on 6 June
1984 and marked on four corners by bricks. I censused
for recruitment of L. virgulata on 7 July 1984. Re-
cruitment in these preselected plots was compared with
recruitment in the 24-m? plot, which contained a more
typical array of microhabitats.

The 6-m? recruitment plot ran parallel to, and 10 m
east of, the 24-m? census plot. The 30 patio stones and
14 preselected plots were interspersed between these
two strips, 2-20 m from the nearest census line. Al-
though larval abundance and settlement are known to
vary on this spatial scale (Caffey 1985, Gaines et al.
1985), it is difficult to imagine that this spatial arrange-
ment of plots led to any consistent biases. In all anal-
yses, I have assumed that the supply of larvae was
similar (though not necessarily identical) among the
different treatments and census plots.

RESuLTS
Effects of microhabitat on recruitment

The cumulative abundance of Leptogorgia virgulata
differed significantly among the three treatments (Ta-
ble 2). Abundance was highest on the raised stones on
the sand and =50% lower for both buried sand and
raised limestone treatments (Fig. 2). There was no in-
teraction between time and treatments (Table 2); al-
though abundance peaked in August and declined
through the fall, relative numbers in the three treat-
ments remained the same. By May 1985, abundance
had declined substantially from the previous summer.
However, the treatments still differed significantly
(F,,, = 4.91, P < .05) and in the same rank order as
before.

The pattern in Fig. 2 is generated by two processes:
increases caused by recruitment of new juveniles and
decreases caused by mortality of established colonies.

RECRUITMENT RATE (vx/49 d)

A S 0 N
1984

(8
[

F1G. 3. Average recruitment rate (colonies per stone; square
root (x)/49 d) of Leptogorgia virgulata in the three treatments.
Symbols as in Fig. 2.

DETERMINANTS OF GORGONIAN RECRUITMENT

161

TasBLE 3. Repeated-measures ANOVA for juvenile recruit-
ment rate of Leptogorgia virgulata in three experimental
microhabitat treatments.

Source of variation ss df MS F ratio
Microhabitat 32.08 2 18.54 20.59**
Error 24.31 27 0.90
Time 140.04 4 3501 23.40**
Time X microhabitat 26.62 8 3.33 2.22*
Error 161.62 108 1.50
Color 97.40 2 48.70 55.78**
Color x microhabitat 1.77 4 0.44 0.51
Error 47.14 54  0.87
Color x time 35.43 8 4.43 3.76%*
Color x time X

microhabitat 11.36 16  0.71 0.60
Error 254.18 216 1.18

*p < .05.

*¥* p < .0l.

These processes can be distinguished because the fate
of individual Leptogorgia virgulata colonies was re-
corded through 1984.

The recruitment pattern, that is, the rate of new col-
ony appearance in each time period (Fig. 3), among
the three treatments was consistent with the pattern of
cumulative abundance: the highest recruitment rate
was always for the raised sand treatment. There was
an interaction between treatments and time (Table 3),
but this arose primarily because recruitment in the
November 1984 sample was near zero in all treat-
ments.

In contrast to the abundance and recruitment data,
average mortality rates were similar among treatments
(raised sand X = 10.02% mortality per census; buried
sand X = 10.24%; raised limestone X = 10.79%; F, ,, =
0.02, P > .90). This pattern is consistent with the peaked
abundance curve of Fig. 2: abundance increased stead-
ily during the recruitment season, then declined in the
fall, as dead colonies were no longer replaced by new
juveniles.

In addition to effects of microhabitat and time, there
were differences in recruitment of the three color
morphs. There was some interaction with time (Table
3), but in most censuses the yellow morph recruited in
the greatest abundance (X = 4.39 colonies per stone;
[square root {x}/49 d]-transformation). The orange
morph was the rarest (X = 1.05), and the purple morph
was intermediate in abundance (X = 2.10). As with the
three microhabitats, mortality rates of the three color
morphs were similar.

Figure 4 gives the size-frequency distributions of all
colonies collected from the patio stones in May 1985.
Mean colony sizes were similar (F,,,, = 1.93, P = .15,
for log,, transformed data), although the largest colo-
nies were collected from the buried treatment. Living
colonies were significantly larger than dead skeletons
(buried treatment, .y = 4.96, P < .01). Of the buried
colonies, 17% were dead, compared with only 2.4 and
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F1G. 4. Size frequency histograms of total colony branch
length (in millimetres) of Leptogorgia virgulata colonies har-
vested from the three experimental treatments. Open bars are
for living colonies; shaded bars are for dead colony skeletons.
Mean sizes are for living colonies only.

3.4% of colonies from the raised sand and limestone
treatments, respectively (x3, = 14.2, P < .01).

Effects of algae on recruitment

Benthic algae and the associated sediment mat in-
hibited Leptogorgia virgulata recruitment. After 15 d,
scraped stones had significantly more colonies (X =
1.43) than unscraped stones (X = 0.11; ¢,, = 3.81,
P < .01).

Because it was easier to find juveniles on bare cement
than in the algal mat, low recruitment in the algal mat
could reflect a sampling bias rather than a treatment
effect. To check for a sampling bias, I removed all
juveniles I could find in both treatments, waited a week,
and censused the experiment again on 7 June 1985. In
the interim, colonies hidden in the algal mat presum-
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ably would have grown to a detectable size. However,
no additional colonies were found in either treatment
during the second census. So the difference in recruit-
ment on scraped and unscraped stones cannot be at-
tributed to a sampling bias.

Effects of sand on juvenile growth

Burial by sand enhanced the growth of juvenile Lep-
togorgia virgulata colonies. The average growth ratio
(log,, transformed) of buried colonies was 0.355 com-
pared with only 0.217 for raised colonies (7,; = 7.26,
P < .01). There was no significant difference in the
probability of new branch formation between these two
conditions (x*, = 1.12, P > .10). Growth rates of purple
and yellow colonies were similar (Table 4).

Correlates of spatial pattern in juvenile and
adult populations

In June and July 1984, Leptorgorgia virgulata re-
cruited in large numbers to the reef (Fig. 5). In the 24-
m? plot, the number of recruits in each 1-m? block was
positively correlated (> = 0.48, P < .01) with the hab-
itat index (Fig. 6). The significance of this relationship
is unchanged by exclusion of the three points in the
upper right-hand corner of the figure (> = 0.25, P <
.01). Nor is the pattern affected by exclusion of those
blocks with a relatively high (>25%) cover of encrust-
ing animals (> = 0.51, P < .01). Abundance of adult
Leptogorgia virgulata colonies in a block also corre-
lated with the habitat index (Fig. 7; r> = 0.35, P < .01).
Between August 1983 and May 1984 there was essen-
tially no recruitment (Fig. 5), so these adult colonies
were a minimum of 10 mo old.

Although the habitat index was correlated with both
juvenile and adult abundance, these two variables were
uncorrelated with each other. That is, there was no
relationship between the number of adult colonies in
a particular plot and the number of recruits that ap-
peared there (> = 0.09, P > .10). Finally, numbers of
Leptogorgia virgulata recruits and adults were uncor-
related with percent cover of encrusting animals (#? =
0.03 and 0.06, respectively; P > .10).

The spatial pattern of recruitment in 1984 was re-
peated in 1985. Although recruitment in 1985 was
generally low (Fig. 5), the number of recruits in each
1-m? block of the 24-m? plot correlated significantly
between years (r* = 0.52, P < .01).

TABLE 4. Two-way ANOVA for effects of microhabitat and
colony color on juvenile growth of transplanted Leptogorgia
virgulata colonies.

Source of variation Ss df MS F ratio
Microhabitat 0.0991 1 0.0991 6.64*
Color 0.0001 1 0.0001 0.01
Microhabitat x color 0.0208 1 0.0208 1.39
Error 0.6417 43 0.0149

* P < .05.
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FiG. 5. Monthly recruitment of Leptogorgia virgulata in

a cleared 6-m? plot. All new recruits were removed monthly.

Microhabitat quality affected not only the mean, but
the variance in recruitment (Table 5). All of the pre-
selected plots of clean limestone had at least some re-
cruitment, whereas only half of the randomly selected
plots had recruitment during the same time period.
Recruitment into preselected plots was three times as
great as into randomly selected plots, and almost four-
fold less variable. These patterns probably reflect the
greater variance of microhabitat quality in the ran-
domly selected plots. Variation in recruitment cannot
be attributed to the differences in quadrat size of the
two samples. Indeed, the smaller preselected quadrats
should generate greater variances, other things being
equal (Williams 1964).

DiscussION
Effects of sand on recruitment

The experiments showed that the presence of sand
reduced Leptogorgia virgulata recruitment on artificial
substrata; relative abundances in the three treatments
persisted for at least 10 mo. Sand also appeared to
reduce recruitment on natural substrata, and the spatial
distribution of adult cclonies matched that of juveniles.
The correlation (7°) between recruitment and the hab-
itat index was 0.48, whereas the correlation between
adult abundance and the habitat index was only 0.35.
The weaker correlation for adults may be caused by
shifting microhabitats, spatial variation in mortality
after recruitment, and errors in the quantification of
microhabitats and the estimation of abundance.

Nevertheless, it is clear that the initial spatial pattern
on natural substrata was sustained during the following
year. For each 1-m? block of the 24-m? plot, the num-
ber of surviving juveniles in August 1985 was corre-
lated with the number of original recruits that had
appeared in June and July of 1984 (> =0.52, P < .01;
Fig. 8). Although 67% of the 1984 cohort died during
the year, the original spatial pattern persisted. On both
natural and artificial substrata, spatial patterns estab-
lished at the time of recruitment persisted through time
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and were not obscured by mortality following recruit-
ment.

Although some organisms thrive in areas of high
sand scour (Ricketts et al. 1968, Daly and Mathieson
1977), the presence of sand is usually detrimental to
invertebrate recruitment (Daly and Mathieson 1977,
Grigg 1977, Taylor and Littler 1982, McGuinness
1984). In terms of community organization, habitats
exposed to sand may be chronically disturbed; they
occupy a position in the lower right hand corner of the
species-richness vs. disturbance graph of Connell (1978).
These kinds of habitats have been overlooked in com-
parison with more accessible and well-studied rocky
coasts (Dayton 1984).

Recruitment vs. juvenile growth

The presence of sand reduced recruitment of Lep-
togorgia virgulata, but enhanced the growth of estab-
lished juveniles. Could these patterns be related? If
sand were an important mortality factor for juvenile
gorgonians, enhanced growth might increase colony
survival by raising polyps out of the zone of contact.
Regeneration and early growth may have important
ecological consequences for colonies that become es-
tablished in different microhabitats (Wahle 1983).

Colonies in the transplant experiment appeared
healthy after 55 d, but colonies harvested from the
recruitment experiment (Fig. 4) showed long-term ef-
fects of exposure to sand. Although total mortality rates
were comparable in the three treatments, the fraction
of dead standing skeletons was much higher in the
buried treatment. And the average size of living col-
onies in the buried treatment was largest. These pat-
terns are all consistent with the ideas that sand is an
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important source of juvenile mortality, and that an
increased growth rate of buried colonies enhances sur-
vival in this microhabitat.

An explanation for enhanced growth is unknown,
but might involve shifts in skeletal architecture or pol-
yp density. For terrestrial plants, similar increases in
growth are a common response to herbivory (Simber-
loffetal. 1978, Belsky 1986, Paige and Whitham 1987).

Alternative interpretations

In spite of the concordance between the experimental
and nonexperimental data, results of this study must
be interpreted cautiously. Because the settlement stage
could not be observed in the field, there is no way of
knowing whether the recruitment patterns were caused
by larval settlement (Gaines et al. 1985), early juvenile
mortality (Luckenbach 1984), or both (Young and Chia
1984). Nor is there any obvious explanation for re-
duced recruitment in the raised limestone treatment
compared with the raised sand treatment (Fig. 3). Patch
isolation (Keough 1984) or refuges from mortality
(Connell 1975) may be important here.

Any factor that covaried with sand might also be
responsible for the recruitment patterns. For example,
one alternative hypothesis is that enhanced recruit-
ment on raised surfaces occurred because larvae settled
preferentially on the algal mat (e.g., Strathmann et al.
1981). But the scraping experiment showed that the
presence of algae decreased, not increased, recruitment
(see also Breitburg 1984). So, the difference between
the treatments cannot be attributed to the fact that
raised surfaces had an algal mat and buried surfaces
did not. The small-scale flow regime may also differ
between treatments. This factor is known to affect re-
cruitment in soft-bottom communities (Eckman 1983,
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TABLE 5. Recruitment in randomly selected and preselected
plots of high-quality microhabitat.

Num-

bgr

with No. recruits/m?

no re- _

N cruits X K cv

Randomly selected
plots 24 13 2.50 4.97 1.99
Preselected plots 14 0 7.74 4.24 0.55

Hannan 1984) and is difficult to control in field ex-
periments (Dayton and Oliver 1980). On the other
hand, I measured one aspect of flow in the field, the
dispersion time of a 1-cc cloud of milk, and found no
significant differences among treatments (Gotelli 1985).

Two alternative explanations for the habitat-index
correlations are enhanced recruitment in the presence
of adult colonies (e.g., Scheltema et al. 1981) and com-
petition for attachment space with encrusting animals
(e.g. Menge 1976). However, neither of these mecha-
nisms generated statistically significant correlations.
Numbers of adults and recruits were independent, al-
though both were correlated with the habitat index.
Moreover, in the recruitment experiment, there was
no relationship between the number of colonies on the
stones in one time period and the number that recruited
in the next (P > .10, three positive slopes, one negative
slope).

Competition for attachment space is unlikely in this
system, simply because the percent cover of encrusting
animals was so low (Table 1; cf. Buss and Jackson 1979,
Sebens 1986). Also, I have removed encrusting animals
from limestone and noticed that sand often inundated
the exposed areas. Thus, encrusting animals may not
always have been pre-empting high-quality recruit-
ment sites for Leptogorgia virgulata. The compound
ascidian Aplidium stellatum occasionally overgrew the
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1984 RECRUITMENT (no./m?)

FiG. 8. Numbers of surviving juvenile colonies in July of
1985 vs. the numbers of original recruits per block in June
and July of 1984. r> = 0.52, P < .0l. Empty square = one
point; half-filled square = two points; solid square = three
points.
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bases of established L. virgulata colonies (cf. Sebens
1982), but the area of overgrowth did not appear to
change over a 2-yr period (N. J. Gotelli, personal ob-
servation).

In sum, the presence of sand had important conse-
quences for the recruitment, juvenile growth, and spa-
tial pattern of a local population of the gorgonian Lep-
togorgia virgulata. Because these patterns persisted
through time, the spatial distribution of adult colonies
cannot be understood without an examination of re-
cruitment processes. For sessile organisms with low
settlement rates, recruitment may be the primary de-
terminant of spatial pattern. Unfortunately, the larval
stages of many marine invertebrates are difficult to
manipulate in the field, which limits the usefulness of
recruitment studies. Further experiments on larval set-
tlement behavior (Scheltema 1974) and transplants of
newly settled juveniles into field microhabitats (Young
and Chia 1984) are necessary to determine the ultimate
causes of spatial variation in recruitment.
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