originally made. Some blades were
missing their top half — for these we
counted the bites we could see and
added five bites as an estimate of her-
bivory on the missing half. We con-
sidered this to be a conservative mea-
sure of bites taken on the half we
couldn't see.

Table 1. Amount of herbivory on Thalassia
testudinum. (total # bites/6-leaf-treatment
[#leaves half gone] )
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replicate I I I
9[1]
10
15
8[1]
3[1]
93]
9
0
0
10 0

coocoowolaool
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Total 44 63[6] 7
Treatments: (I) Epiphytes, not punched; (II)
Epiphytes, punched; (III) Not scraped,
punched; (IV) Scraped, punched.

ResuLTS (JLB)

The presence of an epiphyte
load on Thalassia leaves was shown to
increase herbivory on these leaves (107
bites to 11 bites; p<0.001, Table 1). A
two-way ANOVA performed on the
two treatments found no interaction
between the effects of epiphyte load
and previous parrotfish bites (p>0.05,
Table 2). Two tests were performed on
the effect of parrotfish bite marks on
herbivory. A two-way ANOVA found
no significant effect on herbivory (p >
0.1, Table 2). A Wilcoxon 2-sample test
comparing unscraped punched and
unpunched leaves found no signifi-
cant effect of previous bite marks on
herbivory (U=64.5, p > 0.1).

Table 2. Results of ANOVA: h Co
seruped lonpes, punched vs COLOR ASSOCIATIONS OF OPHIOTHRIX SUENSONII WITH HALICLONA

F p ~ RUBENS AND H. HOGARTHI SPONGES

A: punched 236 025>p>01
B: scraped 13.12 p < 0.001

AxB 3.26 01>p>005 Jennifer L. Burnaford, Jack V. Ko and Catherine N. O'Neill

bivory environment.

DiscussioN (CNO)
Abstract. This study examined the relationship of two color morphs of Ophiothrix suensonii

brittlestars and two species of finger sponge, Haliclona hogarthis (lavender) and Haliclona
rubens (maroon). At Columbus Park, Discovery Bay, Jamaica, dark brittlestars are found almost
entirely on maroon sponges, and pale brittlestars almost entirely on lavender sponges. Field
tests showed that sponge color does not significantly influence brittlestar abandonment of
sponges. However, laboratory trials indicated that pale brittlestars abandon maroon sponges
more often than lavender sponges. Tests of predation in the field revealed greater predation on
pale brittlestars tethered to maroon sponges. It appears as if pale brittlestars on maroon
sponges react to greater predation pressure by abandoning these substrates. Our data fail to ex-
plain the non-random distribution of dark brittlestars in the field, and therefore other mecha-
nisms, such as brittlestar color change, merit further investigation. (JLB, CNO, JVK)

Our results demonstrate that
epiphyte presence on Thalassia tes-
tudinum blades is the stronger factor
affecting the amount of parrotfish her-
bivory. We might expect that it is
more energetically efficient for the fish
to forage on the nutrient-rich epi-
phyte-covered grass since the algae
growing on the leaf surfaces, in com-
bination with the leaves, provide the
fish with higher nutrient levels than
do the leaves stripped of epiphytes.

Although statistically insignifi-
cant, the differences between the
amount of herbivory on punched and
unpunched leaves shows a trend of
parrotfish preference for punched
leaves. The fish may use the punches
as cues of previous herbivory. The in-
creased herbivory on some leaves may
also be due to differing palatability of
Thalassia testudinum leaves. Better
leaves will have more bites, signaling
to other fish the quality of the food.

The area used in this study had
an abundant supply of Thalassia tes-
tudinum. Our results might have
shown more significance if the tests
had been performed in a higher her-

rubens) than on lavender sponges
(Haliclona hogarthi). There was no
difference in the amount of predation
at predation is the most influential on dark O. suensonii on maroon and
factor affecting brittlestar behavior. A lavender sponges (Gorman, et al.
comparison of brittlestars in a Ba- 1991).

hamian saline lake and nearby shal-
low coastal sites showed that those in
he lake, where predatory fishes were
absent, were found out in the open
while those on the coast were most of-
ten hidden in sponges (Aronson and
Harris 1985). A separate study showed
that Ophiothrix lineata brittlestars on
an open, sandy substrate were attacked
more often by predatory fish than O.
lineata on the outside walls of sponges
(Hendler 1984). This suggests that
sponges afford protection from visual
predators by providing a cryptic back-
ground for brittlestars.

It appears that for brittlestars,
substrate choice stems from this need
to avoid visual predators. A prelimi-
nary study looking at predation of brit-
tlestars on different sponges found a
significantly greater number of pale
shaded Ophiothrix suensonii depre-
dated on maroon sponges (Haliclona

INTRODUCTION (CNO)

Many studies have suggested

Parrotfish and wrasse, the pri-
mary brittlestar predators (Hendler
1984) are common in our study site at
Columbus Park, Discovery Bay. Be-
cause of the predatory pressures, the
brittlestars in this area should maxi-
mize their fitness by blending in with
the substrate, thus avoiding visual
predators. Our study continued to ex-
plore the relationship between differ-
ent shades of O. suensonii and the
dark maroon sponge, H. rubens, and
the paler lavender sponge, H. hoga-
rthis (hereafter referred to as maroon
and lavender sponges). We looked at
color associations in nature, expecting
to find mostly pale brittlestars on
lavender sponges and dark brittlestars
on maroon sponges. Secondly, we per-
formed manipulations in the lab and
in the field to determine whether the
two shades of brittlestars set on the
sponges would leave the two colors
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differentially. To maximize their fit-
ness, dark brittlestars should move off
of lavender sponges more often than
they leave maroon sponges. Similarly,
pale brittlestars should more readily
leave maroon sponges than lavender
sponges. Our final test examined the
predation on the two shades of brit-
tlestars tethered on the lavender and
maroon sponges. Since they are visual
predators, fish should be able to find
and eat dark brittlestars on lavender
sponges and pale brittlestars on ma- utive morning dives to be returned in
roon sponges more often than brit- the afternoon for our manipulation
tlestars that better match their host trials. Each brittlestar collected was
sponge color. tagged in the lab for immediate identi-
fication purposes. We tagged brit-
tlestars by passing a threaded needle
through the mouth and out the aboral
disk and then knotting the thread ends
together (Aronson 1988). Orange
thread was used to identify 23 pale brit-
tlestars and pink thread for 60 dark
brittlestars used in this experiment.
We placed a pair of brittlestars
(one dark and one pale) on the top half
of either a maroon or lavender
sponge. A flagged weight was placed
next to the sponge being used so that
we could easily find it again. After 24
hours we checked the sponges and
noted the remaining brittlestars while
also surveying the area to locate new
positions of any absent brittlestars.
Twelve maroon sponges and eight
lavender sponges were used to test site
fidelity. Due to the frequent absence of
dark brittlestars collected, dark-dark
pairs were also placed on four maroon
sponges and three lavender sponges.
Pairs were used to keep a consistent
number of brittlestars on each sponge.

which they were found. Only dark
brittlestars from maroon sponges and
pale brittlestars from lavender sponges
were actually used in our experiments
to reduce the number of variables
studied. Brittlestars were judged as
pale or dark by their disk and leg color
based on a group concensus of what
was obviously pale and dark.

field. One unbranching sponge of each
color was placed in a ten gallon glass
tank filled with sea water. The
sponges were tied to a support above
the tank so that each stood at a similar
angle. We placed a dark brittlestar on
the maroon sponge and a pale brit-
tlestar on the lavender sponge to see if
they would leave or remain on the
sponge. We considered a brittlestar to
have left the sponge once its disk and
at least four legs were lying on the bot-
tom of the tank. Brittlestars that
crawled up the sponge and onto the
overhead support were also consid-
ered to have left the sponge. Initially a
5min time limit was given for each

Site fidelity field experiment. We col-
lected brittlestars during three consec-

METHODS (JVK
Vi lieved that this was sufficient time for

a brittlestar to leave an unpreferred
substrate. However, after our initial
trials we discovered that the brit-
tlestars had not changed their location
between 3min and 5min, thus we used
a 3min limit in our final trials. The
brittlestars were then tested on the
other color sponge so that each indi-
vidual brittlestar was tested on both
color sponges. A total of 25 dark and
27 pale brittlestars were tested
(including preliminary trials).

Physical arrangement. We conducted
our study at the Discovery Bay Marine
Laboratory, Jamaica, from 24 February
to 3 March 1992. All field surveys, ex-
periments, observations, and collec-
tions were done at Columbus Park
with the aid of SCUBA for a total of
9.25 hours in 14 dives. To facilitate
orientation and to locate sponges being
used, we set up a 12m x 9m plot be-
tween depths of 30ft and 50ft using
underwater buoys with the longer side
of the area following the contour of
the slope. This plot was then subdi-
vided into twelve quadrats approxi-
mately 3m x 3m each.

We surveyed the number of
dark and pale brittlestars found on all
maroon and lavender sponges in or
near our plot as we simultaneously
collected them for our field and lab
manipulation. Brittlestars were col-
lected by flushing them from the
sponges with a small squirt of bleach.
We placed brittlestars in a mesh bag
designated for the sponge color on

Field predation trials. Additional brit-
tlestars were collected during two sep-
arate dives and set out in the field on
the next dive after tagging them in the
lab with colored thread. A pair of brit-
tlestars (one dark and one pale) was
tethered with thread to the top half of
either a maroon or lavender sponge.
Seven pairs of brittlestars were placed
on five maroon and two lavender
sponges during one morning and
checked that afternoon for signs of
predation. An additional 16 pairs were
placed on 7 maroon and 9 lavender

Sponge fidelity lab experiment. Lav-
ender and maroon sponges of similar
size and shape were collected from the

sponges that afternoon and checked
the following morning. Sponges used
were flagged so that we could easily
find them again. Brittlestars with
missing legs or disk parts, and whole
brittlestars absent (i.e., only thread re-
maining), were recorded as preyed
upon.

RESULTS (JLB)

Our study data show a distinct
color association between O. suensonii

. and sponges in the field, with 97% of

brittlestars matching the sponge on
which they were found (dark on ma-
roon, pale on lavender; Table 1).

Table 1. Survey data: brittlestars observed

on two species of finger sponge.

sponge species
maroon lavender

# brittlestars dark 94 (99%) 1 (1%)
found pale 6 (5%) 105 (95%)

Site fidelity field trials. Several chi-
square tests were performed to deter-
mine the effect of sponge color on brit-
tlestar behavior in the field (Table 2).

—
Table 2. Chi-Square results for field site fi-

delity trials.

darkon  x2=1.84 |x2=0.066 |x?=043
maroon p>0.1 p>0.5 p>0.5
paleon |x?=1.06 |x2=0.203
maroon p>0.1 p>0.5
darkon | %?=0.139
lavender | p>0.5
Brittlestar on sponge pale on
combinations lavender

No difference was found in the behav-
ior (frequency of brittlestars leaving or
staying) of dark or pale brittlestars on
either maroon (x2=1.84, p>0.1) or
lavender (x2=0.139, p>0.5) sponges.



Light brittlestars did not behave differ- Table 3. Chi-Square results for laboratory4
ently on maroon or lavender sponges sponge fidelity trials.

(x2=0.203, p>0.5). Dark brittlestars also darkon  x2=055 |x2=0.82 |x2=736
exhibited no difference on different maroon  p>0.1 p>0.1 p>0.01
color sponges (x2=0.066, p>0.5). In all paleon | x?=2.69 | yx2=11.20
cases, more brittlestars were absent maroon | p>0.1 p>0.005
from test sponges than remained ?ark"é‘ X2=§§7
(Appendix A). A comparison of Brittlestar on sponge e g:le.oi
matched pairs (dark brittlestars on ma- combinations lavender
roon sponges, pale on lavender) ]
showed no difference between them
(x2=0.43 p>0.5). No difference was
found between unmatched pairs
(x2=1.06, p>0.1). Therefore, sponge
color was found to have no effect on
the frequency of brittlestar sponge
abandonment.

mple size, we combined our data
ith data from predation experiments
rformed by Gorman, et al. (1991) to
crease our effective sample size
ppendix B). The combined data
ows a significant difference in preda-
on on unmatched pairs, with pale
ittlestars on maroon sponges experi-
cing more predation than dark brit-
stars on lavenders sponges (G=4.84,
<0.05, Table 5). Predation on pale
ittlestars on lavender sponges was
gnificantly less than on maroon
onges (Gadj=5.34, p<0.025, Table 5).
ght brittlestars were still found to be
ore heavily depredated than dark
es on maroon sponges (Gadj=5.65,
<0.025, Table 5).

Field predation experiments. All re-
sults from field predation trials are
shown in Table 4. Light brittlestars
were depredated significantly more
than dark brittlestars on maroon
sponges (100% to 62%, G=7.4, p<0.01).
No difference was found between
color morphs on lavender sponges
(60% to 60%, x2=0, p>0.975). Predation
on pale brittlestars on maroon sponges
was marginnaly significantly greater tion trials: Burnaford, et al. (1992) and
than on lavender sponges (G=3.45, _Gorman, et al. (1991).

0.1>p>0.05). Predation on dark brit- darkon  paleon  darkon
tlestars on different color sponges was lavender lavender maroon
not significantly different (x2=0.004, Gag=4.84  Gag=5.34  Gag=5.65
p>0.9). A significant difference in pre- p<0.05 _ p<0.025  p<0.025
dation was not found for either
matched (x2=0.008, p>0.9) or un-
matched (G=3.45, p>0.05) pairs; only
pale brittlestars on maroon sponges
were therefore found to experience in-
creased rates of predation.

Lab sponge fidelity trials. We found
that sponge color did influence the
clinging behavior of brittlestars in lab-
oratory manipulations (Table 3). No
difference in frequency of leaving
sponges was found between dark and
pale brittlestars placed on maroon
sponges (x2=0.055, p>0.1). However,
dark and pale brittlestars placed on
lavender sponges showed nearly sig-
nificant differences in behaviour
(x2=3.57, p>0.05): 21% of dark brit-
tlestars dropped versus only 4% of pale
brittlestars (Appendix A). There was
no significant difference in dark brit-
tlestar behavior on maroon or laven-
der sponges (x?=0.80 p>0.1). However, field predation trials.

pale brittlestars left maroon sponges WWW
significantly more often than lavender maroon P:6-01 p>0.9 p>0.9
sponges (x2=11.20, p<0.005). Analysis paleon | Guq=345 | Gaqj=3.45
of matched trials also showed that pale maroon | p>0.05 | p>0.05
brittlestars left lavender sponges sig- darkon | x>=0
nificantly less often than dark brit- , lavender | p>0.975
tlestars left maroon sponges (x2=7.36, Bnttllfsmf on sponge fale )
p<0.01). No difference was found be- Commatons —
tween unmatched pairs (x2=2.69,
p>0.1).

ble 5. G-test results for combined data p;é-—

DiscussioN (JLB, JVK, CNO)

Our field survey revealed that
the majority of O. suensonii match the
color of the sponge on which they are
found. Two possible explanations for
this phenomenon are (i) brittlestar
choice of matching color substrate and
(ii) differential predation on brit-
tlestars on mismatched substrates.
Both of these possibilities were exam-
ined in our study.

Field studies of site fidelity re-
vealed that sponge color had no effect
on brittlestar abandonment of test
sponges. These results are difficult to
interpret as the absence of any brit-
tlestar from a test sponge could be due

Table 4. Chi-Square and G-test results for

Due to the near significance of
our predation data and our small

to either predation or voluntary aban-
donment. Although we did not quan-
tify incidences of voluntary abandon-
ment, field observations indicate that
it does occur. We observed that two
pale brittlestars had moved to a pale
substrate (lavender vase sponge and
pale coral) after having been placed on
a maroon sponge 24 hours earlier.

Previous studies have shown
that predation rates are greater for brit-
tlestars on sand than for those on
sponges and suggest that moving from
a sponge carries some risk of predation
(Hendler 1984). We observed one such
incidence of predation when a brit-
tlestar was accidentally dropped on the
sand and was immediately attacked by
a Trunkfish. Our observation of a pale
brittlestar leaving maroon sponges
would therefore suggest that the risk
of predation created by moving away is
less than the risk of remaining on a
mismatched sponge.

Our observation that pale brit-
tlestars were more difficult to place on
maroon sponges than on lavender
sponges led to laboratory trials exam-
ining clinging and abandonment be-
havior of dark and pale brittlestars.
Presumably brittlestars placed on
mismatched sponges would be more
likely to abandon it than brittlestars on
matched sponges. Our results showed
no difference in dark brittlestars pref-
erentially clinging to either lavender
or maroon sponges. On the other
hand, pale brittlestars did react differ-
entially upon their placement on ei-
ther sponge. All but one held onto
lavender sponges while those on ma-
roon sponges demonstrated an equal
probability of clinging and dropping.
This is consistent with our field obser-
vations of pale brittlestars having left
maroon sponges and again suggests



that, in this case, the risk of leaving is Improvements on methods. Due to

: : . L , : More replicates of the predation tions of Ophiothrix suensonii with

lower tl?f ndt}ﬁ;f K Cl)i St;?:f;,lent at 3:; gf;fe;ozigigntigré};egsgtié: Oaf iiv_ yrials could prove useful in revealing three species of sponges: hHalz’clona

Ny V3 di i i k brit- rubens, Haliclona hogarthis, Iotro-
Columbus Park — we witnessed several ing with three people (and thus being differential predation on dar g

tlestars. Perhaps the difference is a re- chota birotulata. In Dartmouth

incidences of attacks on brittlestars unable to split up and divide work) sult of the varied palatability of the Tropical Biology, Winter 1991., eds.

while setting up our experiments. The our field experiments were spaced at

: . Tara Grabowsky and Gregory York,
predation data gathered supports the greater intervals than was ideal. We two Cﬁiosir?gr&ﬁef;f:rtewfsf a;c;l;eésé Haarr?over, NH: yDartmou%h (};ollege
laboratory site fidelity experiments and were unable to check site fidelity ex- {)n?tilestars on buovs. where Zleither Department of Biology.
our field observations. Since dark brit- periments at intervals less than 24 hns the advantage o}; rvosis. to deter-
tlestars were found to experience equal hours. Evidence for site fidelity may nine if pre dato%s actuzllljy I;refer one Hendler, G. 1984. The association of
predation on either sponge, there have been obscured by high predation over the other. Ophiothrix lineata and Callyspon-

would be no pressure for them to re- rates during this time. Perhaps a re-
main on either one or the other color duction in trial length would yield
sponge (as indicated in the lab trials). more significant results and eliminate
Light brittlestars, however, experience much of the influence of predation.

more predation on maroon sponges We were also unable to run all
and therefore should presumably predation trials at the same time of
abandon these sponges more readily, day; one set of trials was exposed dur-
as was observed in the lab trials and ing the morning and afternoon while
field observations. This trend could the second was exposed overnight.
also explain the observed field distri- We do not believe our data to be bi-
bution of pale brittlestars found mostly ased since total hours of exposure was
on lavender sponges. Since pale brit- almost equal for both sets of trials (8hr
tlestars leave maroon sponges more and 6hr), and it is known that preda-

gia vaginalis: a brittlestar-sponge
cleaning symbiosis? Marine Ecol-
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often and those that do no leave face a tion on brittlestars is drastically re- 1483. glég:gn;i;so;obtsff 2;1:1 t?: ilive in a
high predation risk, one would expect duced at night (Hendler 1984). How- ; i ~
togfing few pale brittlestars on marIZ)on ever, runningg bc()th sets of tria)ls at the Gorman, '11"9,9"11‘1_53 r?bOWSky anéi A. g/ciz?at: gig}ﬁt Coéu{grsce); }wl/;;t: %I;vagéﬁz this
sponges as was observed in the field. same time of day, perhaps comparing toon. relerences and ass pro)

However, our data do not ex- between day and overnight predation,
plain the observed field distributions would eliminate this possible source
of dark brittlestars. Other mechanisms of inaccuracy. : ' = — oy TN R
should be explored to understand their Appendix A. Data collected for field site fidelity, lab sponge fidelity and field predation trials.
differential distributions. Perhaps the Future studies. Further studies are Brittlestar
brittlestars can change color to match necessary to better understand the brit- (C’;ﬁﬁgzms Field site fidelity Lab sponge fidelity Field predation trials
their substrate. This is unlikely, how- tlestar-sponge color associations. Ge- — Temaining “bsent clinging dropped _ depredated __ survived
ever, since high predation rates would netic studies should be done to deter-
not seem to allow sufficient time for a mine whether differential coloration 11 22 17 8 8 5
brittlestar to change color. Our brit- is a genotypic or purely phenotypic
tlestars had not changed colors within characteristic. If it is not genotypic, the 2 12 15 1 13 0
24 hours and experienced at least 60% brittlestars may change colors, depend-
predation while on wunmatched ing on the color of their substrate. The lavender 5 12 19 5 6 4
sponges. Brittlestars may also move mechanism of this possible change fale on ) ; 2% 1 6 4
along the sponge to avoid predators, a should also be explored. For example, pavender

variable eliminated in our experiment are the brittlestars absorbing a chemi-

since we tied the brittlestars to the cal from the sponge?
sponges.



Appendix B. Data collected for field predation trials by Gorman, et al (1991).

Brittlestar on sponge ‘ depredated survived
combinations
dark on maroon
pale on maroon
dark on lavender
_p_ale on lavender

NNON
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Appendix C. Combined data for field predation trials collected by Gorman, et al. (1991) and
Burnaford, etal. (1992).

e

Brittlestar on sponge depredated survived

combinations

dark on maroon 12 7

pale on maroon 21 0

dark on lavender 12 6
_1_ight on lavender 10 6




