A STUDY EXAMINING VARIOUS FACTORS INFLUENCING THE ALGAL

species abundance and composition of
COMMUNITY OF DISCOVERY BAY, JAMAICA

algae in tropical reef systems (Paul
1986). Local herbivores may affect
species abundance by consuming algae
of different functional groups in differ-
ent amounts, and the relationship may
change with depth.

Although grazing by sea urchins
and fishes has often been characterized
as being intense, recent field experi-
ments have demonstrated that grazing is
patchy and can vary considerably in fre-
quency and intensity on both a temporal
and a spatial scale (Coen and Tanner
1989). As a result it seems likely that if
herbivore preference does occur, a dif-
ference in relative grazing intensity
could affect the algal community struc-
ture at different depths.

In summary, this study examines
five major questions concerning the
Discovery Bay algal community. Firstly,
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Abstract. The atypical Discovery Bay reef system supports an abundant algal community. Studies

were done to assess local herbivore preference for different algal species of a range of functional
form groups. A Thalassia testudinum control was preferred over Dictyota cervicornis, which was in
turn preferred over Sargassum polyceratium., Halimeda spp. and Lobophora variegata,, between
which groups there was no significant difference in preference. A general trend within the
species studied indicates that algal species which are less preferred by herbivores are more abun-
dant in terms of biomass and percent cover within the algal community.

INTRODUCTION of the Discovery Bay reef algal commu-

nity.

Littler classifies algal species into
functional form groups and then ranks
the groups according to their morpho-
logical resistance to herbivores (Table 1).

The fringing reefs around
Discovery Bay, Jamaica have been stud-
ied intensely since work began in 1959
(East/West 1993). The current reef
composition is atypical for the
Caribbean, in that there is low coral
cover, high algal cover, and relatively
low abundances of common herbivores

Table 1. Functional form groups: their charac-
teristics and species examined in descending
order of greatest to least susceptibility to fish

such as urchin and fish (Terry Hughes, and urchin herbivory.* hat is the relative abund £ al
pers. comm.). This atypical composition Functional form External mor- Species ex- w al't; 1s t f?re ative 1a unh ance Oha gale
is most likely the result of three interre- group phology amined on the reel: Secondly, what are the rel-
lated disturbances: Hurricanes Allen Sheet group thin, tubular  Dictyota ative abundances of the functional form
(1980) and Gilbert (1988), and the die off & sheetlike  cervicornis groups? Combining the concepts of
¢ Diad 4l I/u h : (foliose) herbivore preference and functional
© lm tehmaém ! .arur::, "g ; was PTl'eVl- Coarsely thick, upright ~ Sargassum form groups, how does herbivore pref-
ously the dominant herbivore (Terry branched group bladesand  polyceratium erence vary with functional form group,
Hughes, pers. comm.). Thus, the branches and does this preference vary with

uniqueness of the Discovery Bay reef Thick leathery  thick, pros-  Lobophora depth? A P that th y

system makes it an interesting place to group trate blades _ variegain eptl. dssimm%l ? %row , ratss are
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shown in dealing with marine macroal-
gae from the perspective of functional
form (Littler 1983). The morphological
and functional adaptations of the algae

groups that are less preferred would be-
come more abundant.

*order as predicted by functional form.
(adapted from Littler et al, 1983)

to their environment can play a critical
role in the fitness of the individual, es-
pecially in terms of its resistance to pre-
dation. This study intends to examine
the relative abundances of the different
algal species in terms of their functional
form group and obtain a general picture

Thus, it would be predicted that moz-
phologically unprotected species (sheet
groups) would be more likely to be
grazed than calcified, morphologically
protected species (calcareous groups).

Intense grazing by herbivorous
fishes and in some habitats, sea urchins,
has been shown to directly affect the

METHODS

I conducted this study from the 28
February to 7 March 1993 on a portion of
fore reef at Discovery Bay, Jamaica (18,
30, 77° 20'W). All samples were taken
using SCUBA equipment, and all dives
departed from the Mooring 1.

To assay algal biomass, four 10m
transects were delineated, two each at
the depths of 15 and 40ft. Using a ran-
dom number table, sampling quadrats
were assigned to points 2, 4 and 8m
along the transect. At these positions all
the algae within a .25m? area were
picked off of the substrate. All of the al-
gae were separated by species and dry
weights were taken. Algal cover was as-
sessed in a similar manner. A .25m2
quadrat, divided into thirty-six points,
was laid at points 2, 4 and 8m along the
two transects at each depth. It was
recorded whether each point fell on bare
substrate or over algae, and where algae
was present, its species was recorded.

On 6-7 March algae preference was
tested at both 15ft and 40ft. At each
depth two 24m transects were delin-
eated and a .25m? quadrat containing a
random distribution pattern of five dif-
ferent algae were set out, spaced every
8m. Dictyota cervicornis, Sargassum polyc-
eratium, Halimeda spp. and Lobophora
variegata were used because of their rela-
tive abundance at both depths. The sea
grass Thalassia testudinum was also af-
fixed to each quadrat (two clips with
nine blades/quadrat) in order to de-
termine a general grazing level and to
assess which herbivores (urchins or her-
bivorous fish) were dominant at the two
depths. All of the algae were collected
one day prior to the actual trial to obtain
wet weights. The samples were affixed
to their assigned quadrat at depth and
left there for a total of 24hr. After 24hr
the samples were collected and weight
was taken again. Additionally the
Thalassia testudinum blades were exam-
ined for the type of herbivore grazing.

Observational studies were also
conducted on the preference trials in an
attempt to further understand herbivore
preference for the different algae types.
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Figure 2. Herbivore preference on each algal
species for both depths as measure by % of
biomass missing.

group, with the sole representative

Figure 1a. Algal compositionas measured by
species being Halimeda (Figure 1b).

biomass (g)/quadrat (0.25m2) at 40ft.

Preference Manipulations. For the four al-
gal species studied there was no signifi-
cant difference in preference for a given

Each sample quadrat was watched for
10min and the number of species feed-
ing on which algal species was recorded.

Table 2. Species observed feeding on Thalassia.
at various depths.

Species Depth (feet)

species at 15 or 40ft (Figure 2). Redband parrotfish adult 15 and 40

Although not significant there does ap- Redband parrotfish juvenile 15 and 40
RESULTS pear to be a trend towards higher gen- Princess parrotfish juvenile 15 and 40

eral herbivory at 15ft because predation Diadema antillarum 15

Algal Community Composition. The nine
algal species represented at 40ft encom-
passed five different functional groups
(Figure 1a). (It should be noted that this
is a low estimate because encrusting
coraline algae could not be removed
from the substrate, and that the filamen-
tous algae were to difficult to separate
so the filamentous classification actually
represents several species.)

The mean biomass was highest for
the jointed-calcareous functional form

on the highly palatable Thalassia was
nearly 40% greater at 15 than 40ft. It
should also be noted that herbivory on
the Thalassia was very high, up to 100%
in some cases.

Grazing on the Thalassia is signifi-
cantly higher than that on D. cervicornis
(t=2.31, p<0.05). Additionally there was
significantly more grazing on D. cervi-
cornis than on S. polyceratium (t=2.80,
p<0.05). The amounts of L. variegata,
Halimeda spp. and S. polyceratium

grazed were very close. In fact, at the
40ft depth herbivory on the three species
of algae was exactly equal (17%). Thus,
it is impossible to assign a preference
rank for these three species.

Grazing Assays. Data on the Thalassia
grazing assay indicates that herbivorous
fish are the dominant predators at 40ft
(G-test: G=319.4, p<.005). Observational
trials indicate that parrotfish are the
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Figure 3. Mean biomass (g)/quadrat
(0.25m2) for different algal types at two
depths.

predominant grazers in the area (Table
2). Conversely, sea urchins graze
significantly more at 15ft (G-test:
G=185.9, p<.005) than at 40ft. From
personal observation the urchin Diadema
antillarum was the dominant species
within the sampling area.

Algal Biomass. A wide variety of algal
species was represented at each of the
two sampling depths. Although abun-
dance varied between species, the total
algal biomass was almost exactly equiv-
alent (Figure 3).

Two of the four species studied
showed depth zonation. L. variegata
biomass was significantly higher at 40ft
(t=4.630, p<.001), than at 15ft.  Con-
versely the biomass of S. polyceratium
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Figure 4. Mean % cover/quadrat (0.25m2) for
different algal types at two depths

was significantly higher at 15ft than at
40ft (t=2.317, p<0.05).

Algal Cover. Similar to the results of the
biomass data, there was no significant
difference between the percentage of the
substrate covered at 15ft than at 40ft
(Figure 4). In general, % cover was quite
high at both of the sampling depths (up
to 85%). There was a great deal of vari-
ance between the samples, even at the
same depth, but there was a signifi-
cantly higher percentage of S. polycer-
atium cover at 15ft than at 40ft (Mann
Whitney U test: U=29, p=0.05). This also
corresponds to the results for the algal
biomass data for this species.

Despite the high degree of variance
the relative dominance of each algal
species can be ranked for each depth.
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The descending order of algal cover at
15ft is as follows: S. polyceratium
(25.3%), Halimeda spp. (20.5%),D. cervi-
cornis. (16.4%) and L. variegata (10%).
The order for 40ft is not identical: D,
cervicornis (18.7%), L. variegata (14%),
Halimeda spp. (12.6%) and S. polycer-
atium (7.7%; Figure 5).

Algal/Abundance Relationships. Plots

were made in an attempt to explore the
complete relationships between both al-
gal biomass and cover and the relative
grazing intensity on the algal species.

For plots A, B and D the least abundant :

algal species appears to be the species
most highly grazed. This indicates that
increasing levels of grazing might be
inversely correlated with decreasing
algal dominance by the currently
dominant species. However, plot C
does not indicate this trend. Indeed, D.
cervicornis, the species suffering from a
higher grazing intensity than either of
the three others, seems to determine the
trend.

DISCUSSION

In Discovery Bay, Jamaica the algal

community at 40ft appears to be domi-
nated by at least nine different algal
species. The species represented in turn

cover five different functional form

groups. The two Halimeda species (the
calcareous functional form group) repre-
sent the highest biomass in the sample
area. This is what would be predicted,
because the highly calcareous Halimedas
represent a non-preferred functional
form group and would thus be expected
to be abundant. It should be noted,
however, that the majority of Halimeda
spp. weight is made up of non-living
CaCOj3, which was included in the dry

weight and is likely to be skewing the
data. A way of avoiding this problem
would have been to take an ash-free dry
weight instead of just the dry weight.

Preference Studies. Herbivore preference
for the four algal species examined does
not seem to differ significantly between
the depths studied. This is logical be-
cause one would not expect the tastes of
a species of fish to change with depth.
And indeed, the species of fish grazing
at the two different depths were consis-
tent (Appendix A).

The data concerning the Thalassia
control indicate a strong trend towards
higher levels of herbivory at 15ft than at
40ft. This primarily indicates that graz-
ing is indeed occurring at the sample
sites. The data for the grazing assays at-
tempts to dissect what organisms are re-
sponsible for this herbivory. It would
appear that sea urchins are primarily re-
sponsible for the high herbivory at 15ft.
Personal observation indicated that
these grazing urchins are likely to be
Diadema antillarum. Although their
overall abundance is still low in compar-
ison to past densities, (Terry Hughes,
pers. comm.), it is possible that on a mi-
crohabitat scale they could influence the
grazing levels.

Comparing the relative percentage
of algae grazed for each species shows
that grazing correlates with those levels
which would be predicted by their func-
tional form classification. As predicted,
grazing on the highly palatable, non-de-
fended Thalassia was greater than on D.
cervicornis . Moreover, the soft, mor-
phologically undefended D. cervicornis
was grazed more than S. polyceratium..
In fact, the data might match the pre-
dicted order perfectly, but it is impossi-
ble to rank L. variegata, Halimeda spp.
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and S. polyceratium because of similar
grazing intensities.

A number of interesting trends can
be drawn from the mean biomass of the
algal species studied at the two depths.
Despite different relative abundance be-
tween the two depths, the total biomass
between 15 and 40ft was very similar.
Likewise, there was no difference in
biomass at the two sampling depths for
D. cervicornis or Halimeda spp. There
was a trend towards higher amounts of
Halimeda spp. at 15ft. There was how-
ever, a distinct depth zonation in both L.
variegata and S. polyceratium, despite the
fact that grazing levels were consistent
for each species between depths. In the
case of S. polyceratium, which is more
dominant at 15ft, it could be that S.
polyceratium is a better competitor in
high stress environments (like the in-
creased wave turbulence at 15ft). Past
study has demonstrated that distur-
bance-mediated competition can affect
algal community structure (Kilar, et al.
1989). The depth zonation seen in L.
variegata is not an isolated discovery.
Past study has shown a similar zonation
and also determined that the observed
zonation was not due to differing levels
of herbivory (Gangadhara and McBride
1989). It has been suggested that the
high sediment load in shallow areas
may limit L. variegata densities (de
Ruyter, et al. 1987). Additionally, L.
variegata could be limited by wave
stress.

The percent of algal cover was as-
sessed in addition to biomass, in order
to account for species which could not
be collected for the biomass estimates.
Also, percent cover represents a more
accurate means of comparing between
different species because there is no
need to correct for differences in relative
weights. Similar to the biomass data, to-



tal cover was almost exactly equivalent
at the two sampled depths. The high
levels of cover at both depths indicates
that there is very little empty substrate
for corals, sponges and other organisms.
This may have significant implications
concerning coral recruitment and sur-
vival in Discovery Bay (Drake 1993).

The relative abundance of each al-
gal species varies with depth. In fact, if
the algae is ranked from greatest to least
in terms of expected abundances, they
do not correlate to the predictions intu-
itive to the functional form classifica-
tions. However, this is not particularly
surprising, because functional form clas-
sifications are only based on morpholog-
ical characteristics. Obviously, reef
herbivores base their grazing preference
on more than just physical characteris-
tics. All of the species studied have also
have some type of chemical defense, in
the form of secondary metabolites (Coen
and Tanner 1989; Paul, et al. 1986;
Littler 1983). Differences in relative re-
cruitment and growth rates could also
influence algal abundance. Despite the
obvious influences of other factors, three
out of four Abundance vs. Preference
plots showed a trend indicating that the
species that are least abundant are more
preferred. However, in all cases the
trend is determined by the D. cervicornis
data, so this correlation is not particu-
larly strong.

One important source of error
which should be noted is the possibility
that some of the algae studied were lost
due not to actual herbivory but to wave
turbulence . This is especially likely in
the case of the relatively soft and
ephemeral D. cervicornis.

These data open many further av-
enues of study. Of particular interest
would be the exploration of the sec-
ondary chemicals (chemical defense)
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and functional form to see how the two
factors can both influence herbivore
preference.
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