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Cleaning Symbiosis between the Wrasse, Thalassoma duperry,

and the Green Turtle, Chelonia mydas

GEeORGE S. Losey, GEORGE H. BALAZS, AND Lisa A. PRIVITERA

A previously undocumented association between green turtles and wrasses is
reported from several sites in Hawaii. Observations from videotaped encounters
at common turtle aggregation sites indicated that turtles exhibited a solicitation
posture for cleaning of ectoparasites by wrasses (Thalassoma duperry). Time-
lapse activity budgets revealed at least one turtle present nearly half of the time
and posing for cleaning over one-third of the time. Gut contents of wrasses
captured from these cleaning stations revealed that some of the fish had spe-
cialized to feed exclusively on ectoparasitic barnacles from the skin of turtles.
No barnacles were found in the gut contents of wrasses caught more than 10 m
from the cleaning stations. We propose several possible explanations for the
development and adaptive significance of this symbiotic relationship, particu-
larly with respect to the recent epidemic outbreak of fibropapilloma or “tumor”
infections in green turtles in Hawaii.

E report an apparently specialized clean-

ing relationship between green turtles,
Chelonia mydas, and some individuals of a car-
nivorous wrasse, Thalassoma duperry (Labridae),
in Hawaii. Cleaning symbiosis is usually defined
as one organism, a cleaner, feeding on the body
surfaces of another and at least occasionally in-
gesting ectoparasites (review in Losey, 1987).
Reports of fishes cleaning or grazing upon sea
turtles usually document either herbivorous

fishes cleaning the shells of turtles or seemingly
facultative and incidental feeding on turtle skin
(Limpus, 1978; Balazs, et al., 1987; Smith, 1988).
Booth and Peters (1972) reported removal of
parasitic barnacles from the skin of green tur-
tles in Australia by the wrasse, T. lunare, but
had no information on the frequency of the
relationship. Our results suggest that some in-
dividual wrasses specialize both their diet and
behavior to exploit parasitic barnacles on sea
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turtles. It is urgent to explore such relationships
because an epidemic outbreak of fibropapil-
loma or “tumor” infections recently has oc-
curred on turtles in Hawaii and Florida and
poses a severe threat to their survival (Balazs
and Pooley, 1991).

METHODS

Two turtle cleaning stations about 2 km apart
in Kaneohe Bay, Oahu, Hawaii, were studied in
detail. Both sites were easily disrupted by divers.
At site I, a remote-controlled video system was
used to observe and verify cleaning. However,
the turtles appeared to be wary of the camera,
perhaps because of the large size of the unit
that projected a meter above the bottom. Only
one turtle came close to the camera for a total
of 49 min over two days of monitoring. A less
obtrusive miniature wide angle time-lapse video
camcorder was placed at sites I and II and at
three control sites that were within 50 m of site
I and of similar topography. Less extensive ob-
servations and videotapes of several other sites
throughout Hawaii were donated by recrea-
tional divers, especially several years of videos
and field observations at Honokowai, Maui,
taken by U. Keuper-Bennett.

One second of time-lapse video was taken ev-
ery 15 sec between 1000 and 1500 h. An event
recorder was used to make an “‘on-the-dot’” time
sample of the tapes by scoring a count of the
number of time-lapse samples that had no turtle
present, at least one turtle present, and at least
one turtle posing for inspection by fishes. Be-
cause the lag between samples was much less
than the several minutes that turtles normally
remain on the station, the on-the-dot time sam-
ple should be an accurate estimate of the true
time budget (Tyler, 1979).

Thalassoma duperry were speared or captured
with a barrier net. Seven fish were taken within
10 m of site I and eight from site II. One was
taken 20 m from site I and eight fish from 50-
100 m from the station but on the same reef.
Capture efforts concentrated on the largest in-
dividuals (109-164 mm SL). Their gut content
items of widely disparate sizes were quantified
at 60X magnification. Relative mass of different
food types was estimated by counting the num-
ber of times that food items crossed (hit) a line
across the center of the ocular field. Larger
items were sampled by multiple hits. After each
count, the dish was shaken to rearrange its con-
tents. Counts continued until at least 100 hits
had been scored. For some nearly empty guts,
a complete count was made with less than 100
hits. The size of parasitic barnacles was mea-
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sured with an ocular micrometer. Diet diversity
was estimated by Shannon’s information esti-
mate, H. Barnacles were removed from several
areas of the skin of two turtles captured in Ka-
neohe Bay and measured in a similar manner
to establish the size distribution of the “prey”
population.

Worldwide, C. mydas is an endangered spe-
cies. Sampling that could have any effect on the
turtles was limited to the minimum requirement
for statistical assurance. All handling of turtles
was conducted by National Marine Fisheries
Service personnel (GHB).

RESULTS

Kaneohe Bay cleaning station.—Turtles at both
sites showed apparently cooperative posing be-
havior (fig. 4 in Booth and Peters, 1972) that
typifies cleaning in fishes (Losey, 1987). Swim-
ming ceased and flippers were usually fully ex-
tended and drooped downward in a relaxed po-
sition. The neck was often fully extended and
arched upward or downward. Approach and,
especially, feeding bites by fishes on the skin
produced seemingly cooperative responses in
which the cleaning site was more fully exposed.
The single turtle in the real-time video was in
cleaning posture for 58% of the time that it was
visible.

Turtles were very common on the cleaning
stations in the time-lapse videos and more com-
mon than in the control areas (P < 0.05, rank
sum test; Table 1). There were up to four turtles
visible at a time and at least one turtle visible
about half of the time and posing one-third of
the time. Individuals could not be identified.
Turtles with tumors were seen at both stations
by divers but could not be discriminated on the
videos.

Thalassoma duperry cleaners were character-
ized by common inspection and feeding on the
skin surfaces of the turtles. When the single
turtle to approach the real-time video camera
was visible (49 min of tape), from one to three
T. duperry were inspecting or cleaning for 43%
of the time. The wrasses showed forceful and
singular feeding bites apparently aimed at par-
ticular items and concentrated on the skin areas
(Table 2). Two of the three control sites in-
cluded fish cleaning stations occupied by the
Hawaiian cleaning wrasse, Labroides phthiropha-
gus, but it was never observed to approach or
clean passing turtles.

Herbivores, usually Ctenochaetus strigosus,
cleaned only 6% of the time. They differed from
T. duperry in that they fed largely on the shell
surfaces and only occasionally appeared to
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TaBLE 1. TiME BUDGETS FOR CLEANING STATION

S1TES | AND 11 AND THREE CONTROL SITES. Data are

from the time-lapse video as the percentage of the

on-the-dot samples in which at least one turtle was

visible, at least one turtle was posing, and the number
of minutes covered by the time-lapse sample.

Turtle Turtle Sample

visible posing duration
Location (%) (%) (min)
Site 1 40 34 80
Site I 46 37 117
Site [ 47 34 134
Site 11 60 36 91
Control 2 0 42
Control 0 0 57
Control 5 0 64

“stray”” onto areas of skin (P < 0.01, chi-square,
2 x 2 comparison of skin vs shell areas; Table
2). The acanthurids also maintained their typ-
ical algal grazing feeding pattern (tightly clus-
tered bites) when feeding on the skin.

Five of the 15 T. duperry captured on the
cleaning stations apparently specialized on par-
asitic turtle barnacles, Platylepas hexastylos, only
known to occur on the skin of sea turtles, man-
atees, and dugongs (Schwarz, 1960; Monroe and
Limpus, 1979; Table 3). As many as 35 bar-
nacles were found in a single fish. Individuals
captured at distances greater than 50 m from
the stations differed in that they lacked barna-
cles (P = 0.05, chi-square, 2 X 2 comparison
for presence of barnacles in gut contents, con-
trols vs cleaning stations) and fed primarily on
benthic invertebrates with a somewhat higher
diversity of items in their gut (0.10>P>0.05,
rank sum test for median H values, cleaners =
1.1, controls = 1.4).

The size of ingested barnacles over their lon-
gest axis (2.1-5.0 mm, mean = 3.78, SD = 0.69,
n = 46) was similar to that sampled from living
turtles (1.7-6.2 mm, mean = 5.49, SD = (.76,
n = 85). Turtles varied widely in the number
of barnacles found. Three turtles sampled had
195-490 barnacles on their skin. Barnacles were
not deeply embedded in the skin of the turtle
and lacked any special parasitic extensions into
the turtles’ tissues. However, the surrounding
skin usually adhered to each barnacle as it was
removed. Fresh barnacles in the gut contents
similarly were surrounded by turtle tissue of
about equal mass to the barnacle. One fish had
removed two adjacent barnacles with the asso-
ciated tissues in a single bite on three occasions.

Other sites,—Observations at other sites suggest
that the T. duperry in Kaneohe Bay are unique.
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TABLE 2. DISTRIBUTION OF FEEDING BouUTs BY FISHES
ON THE Bopy OF A TURTLE AS A COUNT FROM UNDER-
WATER VIDEO RECORDINGS.

Location of feeding bouts

Head
and
Fish species Flippers Shell neck  Anal
Thalassoma duperry 15 0 4 4
Ctenochaetus strigosus 4 14 0 0
Scarus sp. 1 0 0 |

On one occasion at a south-shore Oahu turtle
“‘resting site,” T. duperry were observed biting
at the head and around the eyes of a turtle while
various fishes were grazing on the turtle’s shell.
The turtle reacted strongly to the wrasses, strik-
ing at them with the front flippers and appar-
ently trying to bite them (R. Brock, pers. comm.).
Videotapes and four years of observations of
turtles at Honokowai, Maui (U. Keuper-Ben-
nett, pers. comm.), included many instances of
cleaning by T. duperry. The wrasses and the
sharp-nosed puffer, Canthigaster jactator focused
their cleaning on the eyes, tumors, and other
“white spots” in the head region. Apparent
feeding bites by both fishes produced an obvi-
ous response by the turtle as though to a painful
stimulus and were often followed by the turtle
leaving the area.

Other cleaning stations also differed in hav-
ing a strong predominance of cleaning by her-
bivorous fish that concentrate their attention
on the turtles’ shells. Turtles are typically co-
operative at these stations. A survey of divers
in the community and several videos revealed
the location of many such stations. A videotape
supplied by M. Rice (Hawaii Preparatory Acad-
emy) showed unusually frequent feeding on the
head and neck skin in addition to the shell by
the surgeonfishes, C. strigosus, Acanthurus nigro-
fuscus, and Zebrasoma flavescens on turtles at
Puako, Hawaii. However, the feeding bites were
typical of herbivores repeatedly scraping a small
area, not the action patterns required to remove
barnacles or tumor tissue. The turtles did not
avoid the approaches of these fishes toward their
head.

DiscuUsSION

New cleaning symbiosis?—In Kaneohe Bay, T. du-
perry displays a unique turtle cleaning special-
ization that may impact the cleaning of turtles
in general and their overall well-being. Some
individual wrasses specialize in feeding almost
exclusively on ectoparasitic barnacles from turtle
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skin. Cleaning stations are characterized by hav-
ing wrasses’ inspection and cleaning of turtles’
skin being far more common than the usually
widespread grazing on the shells by herbivores.
The wrasses have probably learned to recognize
the barnacles as a food supply and how to re-
move this food in a manner that promotes co-
operation and apparent solicitation by the tur-
tles. Turtles in Kaneohe Bay likely have learned
to recognize T. duperry as cleaners and the lo-
cation of the cleaning stations where the clean-
ersaggregate. The ““posing” behavior by turtles
is identical to their interactions with shell-clean-
ing herbivores and is common in fish cleaning
symbioses.

This stands in sharp contrast with observa-
tions at Honokowai and on the south shore of
Oahu. Here wrasses and sharp-nose puffers ap-
pear to feed on tumors and white spots on the
skin and are strongly avoided by turtles. Clean-
ing by wrasses and other nonherbivores is rare
at all sites found outside of Kaneohe Bay and,
at least at some sites, includes painful biting by
the cleaner.

Evidence suggests Kaneohe Bay wrasses have
learned to exploit this parasitic food supply only
recently and that the habit is now spreading
through social transmission. The first clue is
that, at least within recorded time, the barnacle
food source is only recently abundant. We can
make gross estimates of the availability of turtle
barnacles as food for specialized cleaners. Green
turtles have increased greatly in abundance in
Hawaii over the last several years as a result of
successful conservation efforts. In 1989, at least
500 turtles inhabited Kaneohe Bay (Balazs et
al., 1993) compared to perhaps as few as 50 in
1979. Using our best estimate of the number
of barnacles per turtle (380), a 30-day period
for a barnacle to grow to edible size (L. Walters,
pers. comm.), and a daily ration of 70 barnacles
per cleaner (twice the maximum number found),
it should take at least five turtles to form a sus-
tainable food supply for a single cleaner. These
numbers indicate that there are probably fewer
than 100 cleaners in Kaneohe Bay, and, with
far fewer turtles available in the past, these bar-
nacles would not have formed a reliable food
supply.

The opportunistic nature of T. duperry and
the plasticity of its feeding habits argue for the
likelihood of its learning to specialize on this
food supply. It is a very abundant fish on Ha-
waiian reefsand ‘. . . is consistently the first fish
to appear when a sea urchin has been crushed,
or when a rock has been overturned and vul-
nerable organisms exposed” (Hobson, 1974).
Gut content analyses indicated each individual
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as somewhat different even though they all came
from the same microhabitat. The relatively large
size of the barnacles and the lack of a mucus
food supply on turtles make it unlikely that
highly specialized cleaners such as L. phthiro-
phagus would adopt turtles as hosts (Gorlick,
1980, 1984).

Geographic isolation of a habit suggests a lo-
cal origin of the behavior. The two cleaning
sites in Kaneohe Bay are on the same shallow
reef bench, and 7. duperry frequently migrates
between reefs separated by mud bottom up to
15 m deep (Brock et al., 1979). To date, we
have no evidence of similar behavior from any
other location in Hawaii.

Final persuasion is provided by the ubiquitous
nature of learning in cleaning symbiosis. Hob-
son (1971) found similar individual specializa-
tion in a California fish cleaner, the senorita,
Oxyjulis californica. Only some individuals of this
species concentrated on cleaning, and these in-
dividuals each specialized on a certain species
of host fish. Even highly specialized cleaners
such as Labroides dimidiatus appear to learn how
and where to clean each species of host (Potts,
1973). Host fishes may depend largely on learn-
ing of cleaners that is reinforced by rewarding
tactile stimulation provided by the cleaners (Lo-
sey and Margules, 1974; Losey, 1979).

Why is this cleaning habit rare?—It is puzzling that
such cleaning behavior is not found at all un-
derwater turtle aggregating areas. Turtles with
barnacles are commonly found quiescent on the
bottom at common turtle resting sites (GHB)
and, if above estimates are correct, present a
potentially rich resource. Why is it usually only
the herbivores that feed on the turtles and then
only at special sites within the aggregating area?

Some cleaning stations may lack a sufficient
number of turtles to sustain specialized barnacle
cleaners. We estimate that five to 10 turtles
“resident” at a cleaning station are required as
a stable food source for a single specialized
cleaner. But we find it difficult to accept that T.
duperry would not discover and prey heavily on
such a food supply and routinely overshoot the
maximum sustainable yield.

Must the prospective barnacle-feeding fish
learn special methods to remove the barnacles
without causing pain to their host? We doubt
this possibility because the barnacles are so eas-
ily removed. However, the observation of tur-
tles responding aggressively or with avoidance
to cleaning by T. duperry at Honokowai suggests
that cleaners might have to learn to avoid the
region of the eyes and to avoid biting at tumors
or white spots on the skin. We have not ob-
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served any special methods of delivering tactile
reward to the turtles as is common among fish
cleaners (Losey and Margules, 1974; Losey,
1979).

Do most fish fail to recognize the barnacles
as food items on the mottled skin surface of the
turtle? Even if this is true, it is difficult to un-
derstand why the majority of the individuals in
such a highly social and opportunistic species as
T. duperry would not have acquired the habit
through social transmission. Have we only now
begun to notice the relationship since turtle
sightings have become far more frequent in Ha-
waii? The strikingly different behavior of wrasses
between Kaneohe and Honokowai suggest the
former: T. duperry are exploiting a formerly rare
resource and, in geographically isolated areas,
have adopted very different tactics and targets
for their feeding.

Impact of cleaning on turtle survival.—On many
reefs, turtles interact with herbivorous fishes in
a manner reminiscent of fish-cleaning stations
(Eliot, 1978), but the fishes show little special-
ization for cleaning. Turtles may receive a tac-
tile reward from this behavior similar to fish
cleaning hosts (Losey and Margules, 1974; Lo-
sey, 1979), but the herbivorous grazers merely
interrupt their bottom feeding and shift the same
behavior to the backs of turtles.

Special traditional cleaning stations are, how-
ever, common, contrary to the report by Lim-
pus (1978). At one site off Waikiki beach, de-
fined by a prominent coral head, the cleaning
station remained in the same geographic loca-
tion after the coral head had been rolled some
distance away by storm seas (GHB, pers. obs.).

Removal of algae and barnacles from the shell
of turtles is likely advantageous because of drag
reduction. Green turtles inhabit epipelagic wa-
ters prior to taking up residency in near shore
benthic habitats in Hawaii at 35-45 cm cara-
pace length. New recruits to coastal zones differ
from residents in their complete absence of
fouling organisms such as barnacles and algae
(GHB). Turtles lack any method for discour-
aging algal growth other than rubbing against
objects and sweeping the dorsal and ventral sur-
faces with their front flippers and might quickly

acquire a drag-inducing load of algae. Turtles |

in Honokowai with tumors that were discour-
aged from visiting cleaners because of their

painful biting carried noticeably more algae,

and their shells had a fouled appearance.

The significance of removal of skin parasites
is more speculative. Choy et al. (1989) thought
that visits to cleaning fish might help to control
infections by a piscicolid leech that parasitizes
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and deposits egg masses on turtles. Unfortu-
nately we know nothing about any irritation
caused by skin barnacles or whether they cause
any impediment to movement by the turtle.
These barnacles lack special parasitic processes
that could tap into the turtle as a food source
and appear to depend on the turtle only as an
attachment site. On the other hand, removal of
the barnacle leaves a shallow depression that
could possibly lead to secondary infections. An-
other barnacle, Stephanolepas muricata, less com-
mon on turtles in Hawaii, burrows into the an-
terior margins of the front and hind flippers.
This barnacle is more deeply attached and, when
removed, can produce a bleeding wound.

Cleaning symbionts must be included in the
list of factors that should be studied in attempts
to discover causes and cures for the current
fibropapilloma epidemic. Causes for the epi-
demic outbreak of fibropapillomas or ‘‘tumor”’
infections in green turtles in Hawaii and Florida
have eluded researchers (Jacobson, et al., 1989;
Balazs and Pooley, 1991). Viral and trematode
infections are among the candidates as causal
agents, and cleaning fish might provide sites for
infections by opening small wounds in turtles.
Cleaners might even serve as a carrier or vector
for the agent that causes the fibropapilloma.
Hobson (1971) found that individual senorita,
O. californica, a California cleaner fish, harbored
a similar set of ectoparasites as the species of
host that they had been cleaning. The impor-
tance of these questions is underscored by cur-
rent tagging studies that indicate tumor infec-
tion rates as high as 50% at Honokowai and
Kaneohe Bay (GHB, unpubl.).
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