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Abstract. We observed and recorded physical and biological characteristics of twelve cleaning
stations in the fore reef of Discovery Bay, Jamaica, WI. We found a positive correlation between
height of promontory above the substrate and the number of cleaners at the cleaning station. The
number of cleaners was positively correlated with the efficiency of the cleaning station (i.e., the
number of fish per unit time). Furthermore, species richness of hosts was positively correlated
with the species richness of cleaners. These results suggest that the efficiency of a cleaning station
is affected to a certain extent by its physical attributes.

INTRODUCTION

Many marine reef fishes take part
in a phenomenon known as cleaning
symbiosis. This mutually beneficial
relationship consists of a cleaning fish
which removes ectoparasites and/or
dead peripheral tissues from various
parts of a host fish (Kaplan 1982). The
cleaning fish is provided with food, and
the host fish is rid of deleterious
material. It has also been suggested that
healing may possibly take place at
cleaning stations (Foster 1985).

A cleaning station is a congregation
of one to several species of cleaning fish
which are visited by a myriad of host
fish. This communion usually occurs
above a coral head or promontory.
Previous studies have elucidated many
of the behavioral characteristics in-
volved in this cleaning symbiosis
(Dupre and Kocher 1989, Losey, Jr.
1972, Coverdale and Haney 1985,
Hobson 1971). However, little research
has been done on the physical
parameters which we feel may influence
the efficiency of the cleaning station. In
this study, we wanted to describe the
common characteristics and determine
which, if any, affect the efficiency of the
cleaning symbiosis.

We formulated the following hy-
potheses:

(1) The number of cleaning fishes
increases with the height of the
promontory.

(2) As the surface area on top of a
promontory increases, the num-
ber of cleaners also increases.

A higher number of cleaners re-
sults in a larger radius of effec-
tive area (i.e., the distance a
cleaner travels beyond the edge
of the station).

Cleaning stations with a greater
number of cleaning fish will
have a greater rate of efficiency,
as measured by the number of
host fish cleaned per unit time.

Cleaning stations with more

species of cleaning fish will ser-
vice more species of host fish.

METHODS

This study was conducted from 1-8
March 1993 at two sites (Mooring 1 and

Table 1. Physical and biological parameters of cleaning stations in the fore reef at Discovery Bay,

Jamaica.

Site Buoy Depth # # # #host Total Height  Estimated Radius
(ft)  cleaners hosts cleaner species height above  diameter of of

species (cm)  substrate promontory* effective

(cm) area’

1 M1 420 10 32 1 5 137 62.5 130 70
2 M1 365 15 36 3 9 91 79 50 40
3 M1 38.0 22 179 2 5 156 69 91 45
4 M1 350 8 16 2 5 78 42 96 32
5 M1 280 8 17 1 4 140 30 77 55
6 M1 17.0 27 57 2 8 160 60 90 60
7 M1 230 6 29 1 6 80 50 65 50
8 LTS 37.0 4 12 -1 3 125 20 77 35
9 M1 28.0 1 88 2 8 110 20 133 30
10 M1 230 7 35 1 6 135 90 125 40
11 LTS 350 4 32 1 4 65 60 82 . 10
12 LTS 30.0 8 62 2 9 110 75 95 30
Mean 31.0 10.8 49.6 1.6 6 115.6 89 92.6 41

*Promontory size was approximated by a circle, the diameter of which was given by the mean of two

dimensions.

Tmeasured from edge of promontory

LTS) in the fore reef of Discovery Bay,
Jamaica, WI. In a series of twelve dives,
we logged eleven hours of observation
time of twelve different cleaning sta-
tions. Cleaning stations were selected
for a range of sizes and depths (17ft to
42ft).

We measured the following pa-
rameters: height and diameter of
promontory, height of promontory
above surrounding substrate, and the
radius of the effective area of cleaning
fish. We recorded the depth of the
cleaning station and both the coral and
algal composition of the entire promon-
tory. We also noted if the cleaning sta-
tion was within the boundaries of a
damselfish territory.

In addition to the physical parame-
ters, we recorded the number of each
species of cleaner fish present at the
cleaning station and the number of each
species of host fish cleaned over a
10min. time interval.

RESULTS

The physical and biological param-
eters measured for each cleaning station
are provided in Table 1. Table 2 shows
the percentage of the total number of
cleaning stations exhibiting each of the
various biological attributes.

We found a significant positive cor-
relation between the number of cleaners
and efficiency rate and (r=0.61, p<0.05;
Figure 1). A regression between
promontory height above substrate and
the number of cleaners showed a signifi-
cant positive correlation (r=0.57, p<0.05;
Figure 2). There was not a significant
correlation between the number of
cleaners and radius of effective area nor
between the number of cleaners and sur-
face area of the promontory. Finally
there was a positive correlation between
the species richness of cleaner fish and
the species richness of host fish (r=0.73,
p<0.05; Figure 3).




Table 2. Substrate characteristics of twelve cleaning stations.
Site Substrate characteristics

1 M. annularis, common sea fan, tube sponges @ base, Halimeda , and D. cervicornis

2 cavernous star coral, Padina, and Halimeda

3 cavernous star coral, Padina, and Halimeda

4 cavernous star coral, Padina, and Halimeda

5 cavernous star coral, club finger, scroll coral, encrusting stinging coral, D. cervicornus, and
Halimeda

6 smooth star coral, encrusting stinging coral, cavernous star coral, club finger coral,
mountainous star coral, Halimeda, and Dictyota

7 smooth star coral, encrusting stinging coral, mountainous star coral @ base, Dictyota, and
Halimeda

8 smooth star coral, Padina, and Halimeda

9 cavernous star coral, encrusting stinging coral, club finger coral, Padina, Halitneda, and Dictyota

10 mountainous star coral, smooth star coral, encrusting stinging coral, Padina, Halimeda, and
Dictyota

11 smooth star coral, club finger coral, sheet coral, mountainous star coral, Halimeda , Padina
Dictyota and corky sea finger

12 smooth star coral, club finger coral, mountainous star coral, sheet coral, Padina, Halimeda, and
Dictyota

the base coral. This commonality can be

Table 3. Percentage of observed cleaning
attributed to the fact that these corals

stations with various characteristics.

Characteristics % of generally obtain greater heights on the
cleaning reef and thus compose most of the free-
stations standing promontories. The promonto-

CORALS , ries reached a mean height of 89cm
Montastraea annilaris >0 above the adjacent substrate with a
Siderastrea siderea 50 I .

minimum value of 62.6cm, suggesting
Montastraea cavernosa 50 o >
Some form of star coral 100 that a promontory whlc}} is co'n51dere?bly
Millepora alcicornis 42 taller than its surroundings is required
Agaricia undata 33 for the establishment of a cleaning sta-
Porites porites 33 tion.

ALGAE i p The great abundance of algae on all
Padina of the promontories is indicative of the
Halitneda 100 health of the Di B £it
Dictyota 67 poor health of the Discovery bay reer 1t-

DAMSELFISH TERRITORY 100 self. Due to the decreased numbers of

- herbivores resulting from both the 1983
DISCUSSION die-off of Diadema antillarum and from

overfishing, algal abundance has drasti-
cally increased and, hence, algae are
found virtually everywhere on the reef.
The finding that all of the observed
cleaning stations are within the bound-
aries of a damselfish territory is proba-
bly due to the fact that the associated

Despite the varying depths and lo-
cations of the observed cleaning stations,
many of the biological and physical
characteristics were shared. All of the
promontories associated with cleaning
stations had some form of star coral as
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Figure 1. Regression comparing the efficiency

rate of cleaning vs. the # of cleaners.
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Figure 2. Regression comparing the height of
promontory above the substrate and the # of
cleaners.

coral promontories are also ideal terri-
tories for the damselfish. There were no
observed interactions between the dam-
selfish and the participants in the
cleaning station. Thus, the association is
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probably coincidental and may not be
significantly beneficial or costly to either
the damselfish or the members of the
cleaning station.

The positive correlations between
height of promontory and number of
cleaners and between number of clean-
ers and efficiency rate have interesting
implications. These results indicate that
as the height of the promontory in-
creases, so does the efficiency of the
cleaning station. However, a direct lin-
ear relationship between the two was
not found to be significant. We feel that
this discrepancy can be explained by the
large variation in numbers of hosts
cleaned per station and by our relatively
small sample size. Therefore, we believe
that this relationship is still valid as
stated.

The relationship between height of
promontory and number of host fish
cleaned indirectly suggests that the
promontory is used as a visual cue to at-
tract host fish and possibly serves as a
recognition factor for repeat visitors. A
higher promontory would attract more
hosts, and hence, more cleaner fish
would aggregate in order to benefit
from the establishment of a cleaning sta-
tion.

The idea of the promontory acting
as a visual cue is further supported by
our observations on a stormy day when
visibility at depth was unusually low.
Few cleaning stations were active and
many of the facultative cleaners nor-
mally observed in cleaning station activ-
ities were foraging at the bases of
promontories. Perhaps these fish se-
lected their alternate feeding mode due
to the decreased light and host visitation
of the cleaning station. Future studies
might elucidate the role of light in the
establishment of cleaning stations.
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Figure 3. Regression comparing the # of host
species vs. the # of cleaner species.

The positive correlation between
species richness of cleaners and the
number of host species cleaned can be
explained by the partitioning of cleaning
duties by cleaner fish (Coverdale and
Haney 1985, Dupre and Kocher 1989).
A promontory supporting two species of
cleaner fish can theoretically clean three
sets of fish species, while a promontory
with only one species of fish can only
service one set. A promontory with two
species of cleaners can clean the sets of
host species exclusive to each cleaner
species, as well as the set that requires
joint cleaning by both, while a promon-
tory supporting only one species of
cleaner can only clean its specific host
species.

The number of cleaners was not
correlated with either the radius of the
effective area or the surface area of the
promontory as originally expected. The
former can be explained by our observa-
tions of cleaner fish activities. Small
numbers of cleaner fish often travel be-
yond the promontory, seemingly seek-
ing out host fish to clean. Likewise,
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greater numbers of cleaners often extend
their cleaning activities beyond the edge
of the promontory due to the crowding

of high fish density in one area. The ef-

fective area of the cleaning station is in-
creased in both situations and therefore
no correlation should be seen.

We originally hypothesized that in-
creased surface area of promontory
would support greater numbers of
cleaners, as we expected some relation-
ship between size of the promontory
and number of cleaners present. There
was no correlation, however, which in-
dicates that height is the most important
physical parameter we observed.

Future studies on cleaning stations
would be useful, and could include the
longevity and/or permanence of clean-
ing stations, re-establishment patterns
following a disturbance, and the effect of
light on this cleaning symbiosis.
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