actively grazing only during the day. In riod, in a relatively large, natu THE EFFECT OF PHYSICAL CHARACTERISTICS OF ISOLATED CORAL REEF
fact, no herbivory was observed during Thalassia patch. This suggests that pa; PATCHES ON COMMUNITY SIZE AND RECRUITMENT TO ARTIFICIAL REEFS
the nocturnal sampling period. This rotfish herbivory exerts a significa

supports the theory that parrotfish are in pressure on Thalassia. In order to ful‘j Thomas S. Bansak, Heather A. Dunn, and Diana B. Kornet
a resting state at night. There was no address the issue of a potential selectiy

sea urchin herbivory in the day or night pressure, it is necessary to determine t} _ Abstract. We examined reef fish communities on isolated natural reef patches and artificial reef
sampling periods. Thus, we could not impact of herbivory on the growth an patches in the fore reef and back reef of Discovery Bay, Jamaica, WI. Both the number of individ-
evaluate our second prediction that - reproduction of Thalassia. ual fish per reef volume censused and the recruitment rate to the artificial reefs were much higher
there would be high urchin grazing at in the back reef, indicating that there was more competition for space than in the fore reef. In the
night fore ;ﬁefh th;rlei l:vas Il:o perénanerllt settclletr:\ené onfthe artificial reefls) , andf viziting splecies turr;ovecll'
) ) . was high. ough our data showed trends of increasing numbers of individuals per reef an
The lack of urchin herbivory on our LITERATURE CITED speciesgrichness pegr reef as reef patch rugosity and volum% increased, only two of thg eight rela-
samples leads us to suspect that the local , _ tionships we examined were statistically significant. Community dynamics of reef fish may
input of freshwater from underwater Kaplan, E. H. 1982. Peterson Field Guide _therefore be more dependent on reef location and population stresses than on physical character-

springs may limit urchin distribution. If Coral Reefs of the Caribbean and Flori istics of the reef itself.
his i it is not ising th Boston: Houghton Mifflin, Co., p
s s Huer 11 1e ot jﬁ’fﬁfﬁgﬁ;rgtﬁfﬁs 256-257. | . INTRODUCTION ings are filled by whichever individual
area. As a habitat containing the pres- : arriyes first (Sale 1979). However, re-
sure of grazing on Thalassia orgﬂy byppar_ Randall, John E. 1967. Food habits h‘Af %engrg‘l ly accepte}eld 1cillea an.d p}? rt cruitment has been shown to vary con-
rotfish, our plot might be useful for a reef fishes of the West Indies. Studi f the is ?f‘ 9 uilgeograp y theory 1s that siderably on a number of spatial and
future comparison to a Thalassia patch in Tropical Oceanography 5: 665-845. arger islands have a greater variation temporal scales and subsequently to be
closer to the reef crest where there is not ;nd abu'ndance of r'mcroha.b itats than independent of resident populations.
likely to be the freshwater input and Tertschnig, W.P. 1989. Diel activi maller islands. Microhabitat prefe'r- The lottery hypothesis, one of the major
here the dual f both ¢ patterns and foraging dynamics nces have been shown to play a role in theories on coral reef fish population
where the dual pressure ot both parrot- , O i he distribution of coral reef fish species d i hi b
fish and sea urchin grazing does in fact the sea urchin Tripneustes in ithi : ynamics, assumes this statement to be
eXiSt tropical sea grass Community and a lthln the same general habltat Zone true. We tested the Validity Of thls as-
Within the daytime samples over reef environment. Marine Biology Sale and Douglas 1984)’ ar}d it has gen- Sumpti()n.
one third of the grass blades ,were 10(11): 3-21. - rally been found that the size and com- We predicted that

. - lexity of reef fish communities are posi-
grazgd by parro;flcslh. .Thlslll'lllgh 19e}\1/re1 of ively correlated with coral reef size (1) reef fish would in fact recruit to

nderson et al. 1981). We decided to (2) there would be no correlation be-
est this on a small scale by examining tween the settlement of a par-
solated patch reefs in two distinct ticular species and that species'
ones, fore reef and back reef, on a fring- abundance in the general

ng reef off the northern coast of . censused population.
) . We predicted that both the
umber of individuals and species rich-

less would increase with increasing vol- METHODS
ume and complexity (rugosity) of iso-
lated patch reefs. The study was conducted on both

In addition, we examined fish re- the fore reef and the back reef of
Cruitment to newly available substrate Discovery Bay, Jamaica, WI from 3
(artificial patch reefs). Reef systems are March to 8 March 1993. Using SCUBA
commonly thought to be spatially lim- on the fore reef and snorkeling on the
ited. Since the creation of new habitat back reef, we censused populations vi-
Space or vacancies occurs so unpre- sually, recording the number of individ-
dictably, it would seem that such open- uals of each species, and measured the
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greatest height, length, and width of
twenty natural patch reefs for each loca-

were placed in areas where natura]
patch reefs occurred, yet were far

0 010203040506070809 1

Bay, Jamaica.*

“Table 1. Fish recruitment to artificial reef patches in the fore reef and back reef from 3 March to 8
March 1993 at Discove

Volume (m3) richness and number of individuals per
reef will increase as both volume and ru-
gosity increase. However, when
regressed, these trends were only
significant in two cases.

The number of individuals per
natural reef patch increased with in-
creasing patch volume on both the fore
reef (p<0.05; Figure 1) and the back reef
(p>>0.05; Figure 2). The number of in-
dividuals per reef patch increased with
increasing patch rugosity on the back
reef (p>>0.05; Figure 3), but a negative
slope resulted from the fore reef com-
parison (p>>0.05; Figure 4). The species
richness per reef patch increased with
increasing reef volume on both the fore

[ 3%

Figure 2. # of individuals versus reef patch
volume for the back reef.

o
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To assess resident populations, we
visually censused all fish along 20m
transects for intervals of 10min. The
transects ran along both sides of the ar-
eas in which the artificial reefs were lo-
cated, encompassing natural patch reefs,
sand, and turtle grass in the back reef
and the edges of the coral buttresses in
the fore reef.

Figure 1. # of individuals versus reef patch
volume for the fore reef.

For the recruitment study, we built
ten artificial patch reefs, each consisting
of three cinder blocks: two were on the
substrate with the third lying on top of
the other two. Five artificial reefs were
placed at a depth of 50ft at buoy M1 in
the fore reef and the other five at a depth
of 5ft in the back reef. The artificial reefs

RESULTS

The trends of our results mainly
support our hypothesis that both species
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reef (p<0.05; Figure 5) and the back reef
(p>>0.05; Figure 6). Lastly, the species
richness per reef patch increased with
rugosity for both the fore reef (p>>0.05;
Figure 7) and the back reef (p>>0.05;
Figure 8).

Our data support the hypothesis
that fish will recruit to artificial reefs but
not in all cases (Table 1).

We had immediate recruitment
(less than 24hr after reefs were
constructed) on the back reef, and all
recruits remained at their reefs for the
four days following settlement, until
they were removed. Recruitment again
occurred within 24hr on these vacant
artificial reef patches.  Species

tion. We also measured rugosity, or enough from them and each other (10f Pack reef DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6
three-dimensional complexity, by minimum separation) to be considered
recording the length of a chain laid over distinct islands. Each was observed beaugregory, beaugregory, beaugregory, beaugregory, beaugregory, damselfish
the top of each patch reef along the axes daily for fish recruitment. Since the ar- damselfish _ damselfish  damselfish damselfish damselfish
of the length and width. With these tificial reefs in the back reef were colo- dusky dam- dusky dam- dusky dam- dusky dam- dusky dam- dusky dam-
values we calculated a rugosity index by nized within 24hr, after four days, we . selfish selfish selfish selfish selfish selfish
taking the ratio of the chain length (c) to captured the resident fish and trans- d‘;fs,k}}\' dam- dl;:ikl}: dam- d‘llgl;y dam- d‘;fs,kg dam- d‘;s’,ky dam- d‘;:ikﬁ' dam-
the perimeter of a vertical ,cross-sec- planted them sufficiently far from the = = = = selfish S
. . . . dusky dam- dusky dam- dusky dam- dusky dam- dusky dam- beaugregory,
tional plane (not including the ground) study area in order to allow for new re- selfish selfish selfish selfish selfish dusky dam-
of the patch reef, such that rugosity = cruitment. selfish
¢/(2h + 1 or w) (h is height, | is length, dusky dam- dusky dam- dusky dam- dusky dam- dusky dam- beaugregory,
) ) X . y y
and w is width). We did this for both 16 selfish selfish selfish selfish selfish 2 dusky dam-
length and width, and then took an av- 1 Back Reef - selfish
erage to get a mean rugosity index as a 14— ) -. _Fore reef patch
value of reef patch physical complexity. 3 r°=.049 2 2 2 i 2 o
12 7 p>0.05 2 2 2 2 2 2
& ] o o blue chromis, bluechromis tobaccofish @
12 < 10 ~ .
. = tobaccofish
- Fore Reef 5 8 2 tobaccofish  slippery dick, o 2 coney
10 g . spotted goatfish,
] %5 64 harlequin bass
o 8- #* ] o tobaccofish, o bicolored bicolored 2 tobaccofish,
é i 4 — bicolored damselfish ~ damselfish  yellowhead
= . damselfish wrasse
5 6 . .
E 6 - 2 —: *Unless otherwise indicated, all recruitments were of a single individual.
et ~ 0 i
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seen near the reefs, not one individua
was seen at the same reef on two con
secutive days.

Census data yielded twenty-on
duskies and twelve beaugregories on th

back reef transect, and merely fiv
duskies for the fore reef.

The mean volume, mean number o
individuals per reef, and mean number
of species per reef are listed for both the
fore reef and back reef in Table 2. The
differences in these measurements were
not, however, statistically significant be-
tween the fore reef and back reef.
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Figure 3. # of individuals versus reef patch
rugosity for the back reef.
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Table 2. Means of volume, number of fish,
and species richness for natural reef patches. |
Fore reef Back reef

6611672 .1661.086
5.24+5.47 4.25+3.21

volume (md)*
individuals**

Fore Reef

12=.008

p>>0.05

N
(=)

# of Individuals

— et

(] w
llllllllllllllllllllllll

)]

(e

species*** 3.38+2.10 3.8541.94

*=3.27, p>0.5,
=702, p>0.4
= 835, p>0.4

DISCUSSION

In this study, the predicted trends
of increasing numbers of individuals
and of increasing species richness with
increasing patch reef size and complex-
ity were exhibited in all but one case;
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Figure 4. # of individuals versus mean reef
patch rugosity for the fore reef.

recruitment to the artificial back reef
patches was very consistent: all settlers
were damselfish (9 dusky and 4

beaugregory).

The fore reef patches, on the other
hand, were not permanently settled. No
fish were seen at any of the reefs for the

land biogeography theory were gener-

ally supported. However, the lack of

significance of the relationship for all

but two cases requires that a further in-
vestigation be conducted, looking into
possible problems with our methods or
the applicability of the theory in this

specific case. ,
First, our calculations of volume for

mate due to their great irregularity

first two days, and even when fish were
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therefore, the ideas presented by the is-

these patch reefs was a very rough esti-
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Figure 5. Species richness versus reef patch

volume for the fore reef.
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Figure 6. Species richness versus reef patch
volume for the back reef.

in shape. Although we assumed that

ume. However, with the type of data

the error associated with the use of
length*width*height for volume of an ir-
regularly shaped object would balance
out as long as we kept calculations
consistent, our calculations did not give
us the most accurate assessment of vol-
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Figure 7. Species richness versus reef patch
rugosity for the fore reef.
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Figure 8. Species richness versus reef patch
rugosity for the back reef.

collected in this study a better assess-
ment of volume would be difficult to
make.

Our calculation of a rugosity index
may not have given us the most accurate
representation of habitat complexity.
Habitat complexity may require an in-




vestigation of the spaces within a reef,
not merely surface topography.

It is also possible that under certain
circumstances the postulates presented
in the island biogeography theory do
not apply. In one case, if population
was not near carrying capacity, there
would be more irregular inhabitation, as
space would be highly available. A cen-
sus of larger islands would therefore not
illustrate their capacity of inhabitation.

In the back reef, the lack of signifi-
cance for all of the relationships may be
due to the limited range of sizes of the
patch islands sampled (smallest=.034m3,
largest=.383m?3). The range may not
have been great enough for the trends of
carrying capacity to show through; the
patches may not have been different
enough in size to support significantly
different population sizes.

For the artificial reef experiment,
our first prediction of recruitment to
newly available space was only exhib-
ited in the back reef. This discrepancy
appears to be due to differences in the
environmental conditions of the back
and fore reef, as well as the fact that
population density in the back reef is
higher than that in the fore reef.

First, the artificial reefs were
smaller than the natural reefs occurring
in the fore reef. These small islands may
not have provided large enough spatial
refuges to warrant colonization, or at
least were a less attractive option when
larger islands were available. Since
population pressures did not seem to be
as great on the fore reef, it would follow
that no settlement of sub-optimal habi-
tats was necessary.

Second, the artificial reefs placed in
the fore reef were located in open sand
channels between the coral buttresses.
Studies have shown open sand to be a
significant barrier for many fish, espe-

cially juveniles, due to the increased risk
of predation in the open area (Bohnsack
1979). Assuming that there is, in fact, an
abundance of habitat space, there would
be no reason for an individual to leave
the buttresses and cross into the sand
channels. Although we observed some
fish, even juveniles, at the blocks, they

did not remain and were not considered

recruits. None of these visiting fish
species were known to be territorial, and
with no competitive pressure for space,
refuge without food resources is not
valuable.

Our second hypothesis, a test of the
major assumption of the lottery hypoth-
esis, was not adequately addressed by
the recruitment we found in this study,
and so no conclusions can be drawn
about its validity. In the short time span
of this experiment, it was highly un-
likely that any larval settlement would
take place, nor could the great temporal
variation of recruiting species be as-
sessed.

Instead, we were able to examine
the settlement by territorial damselfish
and the effects of population density on
settlement. In the back reef, populations
of damselfish were higher, and it ap-
peared that individual territories were
smaller: dusky damselfish were ob-
served to share patch reefs. On the fore
reef where patch reefs were on average
larger than on the back reef, we fre-
quently observed a dusky as the sole in-
habitant of a reef patch. We assume that
rigorous and aggressive defense by the
dusky was keeping away other inhabi-
tants and that there was enough avail-
able space elsewhere for them to relo-
cate. There seems to be greater compe-
tition for space in the back reef, and due
to the costs of territory defense, the
available habitat is partitioned into
smaller fragments.

It is understandable then that the
introduction of new habitat space to the
back reef was seized very readily.
Dusky and beaugregory adults, that
might have possessed sub-optimal terri-
tories or that could have been floaters
with no territory, took advantage of the
new space and settled. This did not take
place on the fore reef where no territory
holders deemed it necessary to travel to
a new space.

The population of the unsaturated
fore reef may therefore be limited by re-
cruitment. This implies that the re-
cruitment limitation model, a non-equi-
librium model where there is no compe-
tition for space or other resources, may
be applicable.

On the back reef, the competition
model or the lottery model, which are
both dependent on competition for
space, seem to apply better. The coexis-
tence of beaugregory and dusky dam-
selfish in similar territories rules out the
niche specialization theory to some de-
gree as they both share the same prefer-
ences (this cannot be ruled out on the
fore reef as beaugregories were not pre-
sent). It is difficult for us to distinguish
between the competition model and the
lottery model, as we were unable to as-
sess the effects of juvenile recruitment,
and we were unable to distinguish adult
recruitment (only assessable for two
territorial species) as random or non-
random.

These two different environments,
although so close in space, are very dif-
ferent. The differences in the mecha-
nisms at work or the theories that apply,
could also be dependent on depth.

‘Forrester (1990) showed more dam-

selfish territories at shallower depth.
Perhaps there is simply a greater carry-
ing capacity at shallower depth due to
higher light and more algal growth.

There could also be variation in re-
cruitment between the two environ-
ments, as there is more shelter in the
back reef. Eggs and larval juveniles in
the back reef water column are unable to
disperse as far as those that enter it in
the fore reef where stronger currents
lead to the open ocean. The trapping of
larvae in the back reef could be respon-
sible for the high population, while the
loss of recruits to the water column
could be responsible for the low popu-
lation in the fore reef.

This study demonstrates the com-
plexity of coral reef fish population dy-
namics solely for one species. Sites just
100yd apart exhibit attributes of differ-
ent population dynamics models. Given
variation in one species and the varia-
tion in spatial and temporal patterns of
recruitment and settlement amongst the
many other coral reef fish species, it
seems necessary to always examine all
possible models at work.
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