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LARVAL PREDATION BY BARNACLES:
EFFECTS ON PATCH COLONIZATION IN A
SHALLOW SUBTIDAL COMMUNITY'
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Abstract. Laboratory studies and gut-content analysis suggest that barnacles should
be important predators on invertebrate larvae. To determine if predation on larvae limits
settlement, we recorded recruitment in artificially produced patches of clear substratum
surrounded by monocultures of either living or dead barnacles.

Living barnacles inhibited recruitment of colonial ascidians and bryozoans, but had no
detectable effect on recruitment of barnacles, serpulid polychaetes, or solitary ascidians.
Patch size did not influence the recruitment of any species. The presence of dead barnacle
shells influenced spatial pattern of settlement in ascidians and serpulids. Comparison of
blank control plates with barnacle-covered plates indicates that these spatial patterns are
better explained by larval behavior than by small-scale hydrodynamic effects. Ascidians,
which are dominant competitors in this community, settle primarily on shells of dead

barnacles rather than on clear primary substratum.
Although predation on larvae by barnacles appears to inhibit recruitment of some species,
its effects are variable and easily confounded with other determinants of settlement dis-

tribution.
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INTRODUCTION

Studies of community development in marine epi-
faunal systems have demonstrated, with few exceptions
(e.g., Mook 1981), that the first species to invade a site
have important effects on subsequent colonization
(Sutherland 1974, 1976, 1978, Menge 1976, Jackson
1977, Osman 1977, Sutherland and Karlson 1977,
Lubchenco and Menge 1978, Dean and Hurd 1980,
Russ 1980, Grosberg 1981, Kay and Keough 1981,
Green and Schoener 1982). Where open substratum
becomes available in the midst of established individ-
uals (“type | patches” in the terminology of Connell
and Keough 1985), colonization of the patch may be
influenced significantly by its size and shape, as well
as by the growth rates, feeding habits, and reproductive
modes of surrounding organisms (Dayton 1971, Jack-
son 1977, Paine and Levin 1981, Palumbi and Jackson
1982, Dayton et al. 1984, Connell and Keough 1985).
Although larvae may use established adults as attach-
ment surfaces (Russ 1980, Dean 1981, Young 1986)
or as settlement cues (Vance 1978, Grosberg 1981,
Strathmann et al. 1981, Young and Chia 1981), prior
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colonists more often inhibit recruitment than enhance
it (Connell and Slatyer 1977, Sutherland and Karlson
1977, Dean and Hurd 1980). Thus, marine epifaunal
succession does not usually proceed according to the
traditional “facilitation” model of terrestrial plant
ecology (Clements 1916, Gutierrez and Fey 1980).
The mechanisms by which settlement is inhibited
are not understood well. One mechanism of inhibition
that has been invoked repeatedly, though rarely with
experimental evidence, is consumption of larvae by
established filter-feeders (Thorson 1950, 1966, Wood-
in 1976, Jackson 1979, Peterson 1979, Wilson 1980,
Cowden et al. 1983, and many others). Many filter-
feeders, including barnacles, bivalves, ascidians, etc.
have been found with invertebrate larvae in their guts,
and a few have been shown to consume larvae in lab-
oratory experiments (reviewed by Young and Chia
1987). Nevertheless, community or population effects
of predation on larvae are difficult to discern in the
field. Most studies that have shown inhibition consis-
tent with the larval predation hypothesis have failed
to eliminate alternative hypotheses experimentally.
In the present study we designed an experiment to
determine if patterns of distribution and abundance of
newly settled epifauna were modified by surrounding
fields of barnacles. The experiment was planned to test
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four predictions that should hold if predators on larvae
set patterns: (1) settlement should be greater in the
presence of dead barnacle shells than in the presence
of living barnacles; (2) settlement should increase with
distance from feeding barnacles; (3) density of settlers
should be greater in large open patches (surrounded by
living barnacles) than in small patches because of the
greater patch edge : surface area ratio of the latter; and
(4) settlement directly on barnacle shells should be
greater when the barnacles are dead. The predictions
were tested by comparing recruitment in experimen-
tally produced patches of two sizes that were surround-
ed by fields of living or dead barnacles, and by com-
paring cumulative recruitment on the living or dead
barnacles surrounding the patches. We introduced blank
plates as an additional control to estimate hydrody-
namic effects that might be caused by the physical pres-
ence of barnacle shells (Bros 1987). We emphasize that
this study was designed to seek patterns consistent with
the larval predation hypothesis; we cannot infer pre-
dation on larvae from the patterns themselves without
corroborative evidence on gut contents and feeding
behavior. On the other hand, where the predicted small-
scale patterns do not occur, we can state with some
certainty that predation is not an important cause of
distribution at that scale.

MATERIALS AND METHODS
Study site and logistics

The experiment was run in a shallow seagrass (7Tha-
lassia testudinum and Syringodium filiforme) bed on
Turkey Point Shoal, = 1.6 km south of the Florida State
University Marine Laboratory in the northeastern Gulf
of Mexico. Water depth at the site was =1.5 m at
MLLW, and flow was slight and bidirectional. Exper-
iments could be serviced easily by snorkeling, but were
never exposed by low tides. At this site, seagrass blades
were the most common natural surface for the attach-
ment of epifauna, but empty mollusc shells, emergent
portions of polychaete (Onuphis sp.) tubes, and dead
bryozoan colonies (Schizoporella errata) also support-
ed epifaunal populations. In the northern Gulf of Mex-
ico, most barnacle populations are found on pilings,
floats, and other artificial substrata.

Recruitment was monitored and manipulated on
square red Italian floor tiles (15 ¢cm on a side), held
facing down within the seagrass bed. We do not pretend
that these plates mimic any substratum more natural
than a boat bottom. Rather than documenting popu-
lation dynamics on a natural substratum, we hoped to
determine whether or not barnacles could have an im-
pact on settlement patterns under high-density con-
ditions where larvae should be consumed at high rates.
We deployed tiles on four parallel racks constructed of
pressure-treated wood and fastened horizontally to a
series of stakes. The racks were 2 m apart and were
arrayed in an east-west direction, parallel to the shoal.
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Plates were fastened diagonally to the bottoms of the
racks by stretching a loop of surgical rubber tubing
from one corner of each plate, over the top of the rack,
and under the opposite corner.

Twenty-four blank plates were deployed in February
1985 and were monitored every other week until the
first pulse of barnacle settlement occurred near the end
of March. Three weeks following initial settlement,
cover of Balanus eburneus (average rostral—carinal
length = 1 sp: 5.04 + 1.07 mm, n = 49) was uniform
and approached 100% on all plates. During the last
week of April, barnacle-covered plates were trans-
ported in seawater to the laboratory, modified accord-
ing to the experimental design (described below), and
transported back into the field the same day. After 2
wk, we took the plates aboard a small boat one at a
time, counted all recruits, photographed each plate,
and scraped the settlement surface with a razor blade.
Each plate was then replaced in its original position on
the rack for a second 2-wk run.

We extracted spatial pattern data from the color slides
with an Ikegami high-resolution black-and-white video
camera linked to a Houston HiPad digitizer and a mod-
ified Kaypro PC microcomputer running Microcomp
image analysis software. Settlement site was inferred
differently for each recruitment species; barnacle and
encrusting bryozoan distances were measured from the
middle of the colony or individual, whereas serpulid
distances were measured from the proximal (closed)
ends of their tubes. The distance from each recruit to
the nearest edge of the barnacle field was measured in
the large-patch, live-barnacle treatment. Using the
Kolmogorov-Smirnov goodness-of-fit test (Sokal and
Rohlf 1981), we compared the resulting frequency dis-
tributions with two kinds of expected distributions: (1)
distances from recruits to dead barnacles (empirical
distribution taken from photographs of large-patch,
dead-barnacle treatments), and (2) available area (dis-
tribution expected if recruits settled in accordance with
the surface area available to them). The values for
expected distribution (1) consisted of individual-to-
nearest-barnacle distances taken from the dead treat-
ments. The values for expected distribution (2) were
calculated as areas available in concentric imaginary
rings having diameters corresponding with the distance
categories in the observed distributions. Thus, for a
unit circle with radius = r, the area of the ring encom-
passed by a segment extending d units from the edge
of the barnacle patch toward the center is:

area = 3.14 [r> — (r — d)?].

Experimental design

The experiment was designed as a balanced two-way
ANOVA, with each factor (live/dead barnacles; patch
size) having two levels. Round patches either 8.5 or
4.5 cm in diameter were cleared in the center of each
plate as settlement areas to be monitored. Half of the
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Recruitment density of Balanus spp., Pomatoceros americanus, and Schizoporella errata to blank plates (solid

bars), open patches surrounded by live barnacles (shaded bars), and open patches surrounded by dead barnacles (open bars).
Error bars are standard deviations. Analyses of these data are given in Tables 1-3.

plates were then immersed for 10 min in hot fresh water
to kill the barnacles. No barnacles survived this treat-
ment. For each of the four treatment combinations,
there were six replicate plates. In addition, we deployed
six blank plates for use in a second analysis of the effect
of barnacle shells on settlement. All treatments were
assigned randomly to positions in the four-rack array.

The power of ANOVA tests was computed using
tables and formulas in Cohen (1977) for an alpha value
of .05. Because we had no a priori expectation of the
effect size desired, we used Cohen’s measure of effect
size, f, which is the standard deviation of the popula-
tion means divided by the common standard deviation
of the populations of interest. Even though the plates
were deployed on four separate racks, the experiments
were not analyzed as a randomized block design, since
plates were initially randomized without respect to
racks, leaving some treatments without representation
in all racks. However, after the data were analyzed, it
became important to know if spatial variability among
racks might be important. For this unplanned analysis,
we pooled nonsignificant treatments within ‘“blocks”
(racks) and reanalyzed the data as a series of one-factor
ANOVA.

We made four predictions. (1) If the filtering activ-
ities of a field of barnacles reduces the number of larvae
entering an open patch, the effect should be clearly
demonstrated by lower recruitment on “live” plates
than on ‘“‘dead” plates. (2) With respect to animals
settling on the barnacles themselves, settlement should
be greater on dead barnacles than on living ones. (3)
The predation effect should be stronger in small patches
than in large ones, because small patches have a rel-
atively larger edge zone that should be influenced by
barnacles. (4) Settlement should be lower near the edges
of the living barnacle fields than in the middle of the
patches. Prediction 4 (and to a lesser extent, prediction
3) are based on two assumptions concerning flow char-
acteristics and supply of larvae. First, we assume that
flow effects (e.g., eddies near the edges of the barnacle
stands) do not modify the probabilities of larvae en-
countering different regions of a patch; such modifi-
cation would obscure the effects of predators. Second,
we assume that barnacles draw larvae from the over-
lying and adjacent portions of the water column, not
just from laminar, horizontal currents passing across
the plate. By assuming that larvae are well mixed in
the water column and supplied vertically as well as



