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Understanding the ecological roles performed by an individual species requires
knowledge from a wide range of disciplines; here we analyze the epibiont-host
relationship found in marine turtles. During the study we recorded five new
species of sea turtle epibiont: Laomedea flexuosa, Caprella fretensis, Hyale
nilssoni, Hyale schmidti, Parasinelobus chevreuxi; as part of a total of nine zoolog-
ical epibionts present on 35 female green turtles (Chelonia mydas) and 100
loggerhead turtles (Caretta caretta) nesting in Cyprus. The two most commonly
occurring epibionts were acorn barnacles Chelonibia testudinaria and Chelonibia
caretta, with larger specimens of both species recorded on loggerhead turtles. We
analyzed the spatial distribution of these two barnacle species upon the carapaces
of their hosts. Specimens of C. festudinaria situated on the anterior half of the
carapace were larger than those located at the posterior. A significantly larger
proportion of loggerhead turtles (52.5%) hosted epibionts in comparison to green
turtles (30.3%). All non-barnacle epibionts were associated with either posterior
algal mats or carapace scars.

Keywords: epibiont; spatial distribution; barnacles; Caretta caretta; Chelonia
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Introduction

Most hard substrata in the oceans of the world become home to a wide variety of
motile and static epibionts. However, some epibionts fasten themselves to mobile
structures such as ships, flotsam and jetsam, and motile marine organisms (Wahl
1989), where movement effectively creates water flow, so aiding the gathering of
nutrients. Many marine vertebrates such as whales and sea turtles provide significant
motile substrata for the attachment of these epibionts (Monroe and Limpus 1979;
Caine 1986; Frick and Slay 2000) with some individuals supporting abundant and
diverse epibiont communities. Marine epibionts represent almost every invertebrate
phylum and most of these are found on marine turtles. Over 90 epibiont species were
found to be associated with female loggerhead turtles (Caretta caretta) nesting along
the coast of Georgia, USA (Frick et al. 1998).

*Corresponding author. Email: wfuller@seaturtle.org

ISSN 0022-2933 print/ISSN 1464-5262 online
© 2010 Taylor & Francis

DOI: 10.1080/00222931003624820
http://www.informaworld.com



1744  W.J. Fuller et al.

The major phyla represented as epibionts on marine turtles are Porifera,
Cnidaria, Mollusca and Arthropoda (Frick et al 1998). One of the most commonly
occurring epibiont species found on sea turtles; is the turtle barnacle Chelonibia testu-
dinaria. This prehistoric association has been found to exist in the fossil record as far
back as 5-15 million years ago (Withers 1953; Ross 1963). Associations between
epibiont and host have been used to identify host mediated genetic variation
(Rawson et al. 2003) and life stage estimates (Loverich 2003). Another common
epibiont is the oceanic grapsid crab, Planus minutus, which relies on floating
substrata in order to survive (Davenport 1992), and is found to congregate around
the tail and rear flippers of sea turtles, feeding on faecal material (Crane 1937; Chace
1951; Carranza et al. 2003; Frick et al. 2003). These crabs also exploit the turtle’s
carapace where they feed on goose barnacle spats (Davenport 1992), therefore per-
forming a cleaning service and thus fulfilling a mutualistic role. However, not all
epibionts are so benign. It could be suggested that some epibionts such as barnacles
can cause a significant amount of hydrodynamic drag, requiring the individual to
expend significantly more energy (Wahl 1996; Frick and Slay 2000). Indeed, it has
been suggested that increased epibiont loads on marine turtles may be indicative of
the host’s poor health status (Herbst and Jacobson 1995). Epibionts can play an
important role in the survival rates of other marine organisms, particularly during
juvenile stages, where the presence of some epibiont species can lead to a greater
chance of predation, whereas others can provide some form of protection (Lopez
et al. 2000; Farren and Donovan 2007). This has been shown in scallop cultures
where an infestation of a harmful species can cause a significant loss of income to the
fisheries concerned. Additionally, epibiont encrustations on abiotic structures such as
ships and oil platforms lead to increased costs through high fuel and maintenance
bills. It has been estimated that barnacle encrustation alone costs the shipping indus-
try $2 billion per annum owing to increased fuel costs (Christie and Dalley 1987). It is
therefore clear that epibiont communities play an important and diverse role in
marine ecosystems.

The diversity of epibionts so far described in association with marine turtles of
the Mediterranean is relatively low when compared to those which inhabit the Atlan-
tic. Gramentz (1988) found only 13 different species when studying juvenile logger-
head turtles from the western Mediterranean. Most studies on the epibiont
communities of sea turtles have mainly produced taxonomic listings; however, those
that have investigated the spatial distribution have concluded that Chelonibia testudi-
naria was predominantly found on the posterior portion of the carapace (Caine 1986;
Matsuura and Nakamura 1993; Frick, Williams et al. 1998, Frick, Mason et al.
2003). In this study we aim to catalogue and analyze the spatial distribution of epibi-
onts found on adult females of both species of Mediterranean marine turtles: the log-
gerhead turtle and the green turtle (Chelonia mydas) thus complementing the
previous work carried out on juvenile loggerhead turtles in the region. Understanding
the epibiont diversity and distribution on marine turtles will hopefully lead to a
sounder understanding of the ecological roles that marine turtles perform.

Methods

During the nesting seasons of 1999-2004 (June-August) epibiont samples were
collected from the external surfaces of both female Green and loggerhead turtles
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during oviposition at Alagadi beach, Northern Cyprus (35°33’N, 33°48’E). Turtles
were encountered during night-time beach patrols and epibionts were removed using
a pocket-knife or tweezers. All carapace, flipper and head barnacles were removed
and the individual scute or location from which they were taken was recorded.
Samples were initially frozen and at the end of the nesting season preserved in alcohol
for later identification. In the case of some small mobile epibionts (e.g., small crusta-
cea, such as caprellids) it was only possible to sub-sample. Other data, such as curved
carapace length and width, were recorded as the normal procedure followed when
monitoring nesting turtles at this rookery (Broderick et al. 2002). At this site female
turtles are marked using both external flipper tags and internal passive integrated
transponders or indentichips (PITs). Of our study females, five green and five
loggerhead turtles were sampled on more than one nesting season and to avoid pseu-
doreplication, only data from the first time these females were observed were
included in analyses.

Carapace scutes are of variable size according to a relatively conservative plan for
each species (Pritchard 1997). Individual scute areas were calculated using measure-
ments taken from a sample of dead individuals (three loggerhead turtles and one
green turtle). Each scute edge was measured appropriately and according to its basic
shape, i.e. trapezium, square etc; its area was then calculated. These estimates of scute
sizes are approximate, with the aim of acting as a general guide to the relative surface
area among scutes.

In the laboratory, all barnacles were identified to species using Monroe and Limpus
(1979); basal diameter (minimum and maximum) and height were measured using calli-
pers (accurate to 0.1lmm). An approximate basal surface area was calculated as the prod-
uct of minimum and maximum basal diameters. Other epibionts were preliminarily
identified to species, using Hayward et al. (1995). All samples were later cross-checked
and species confirmed by Dr P.J. Hayward, University of Swansea. The position of any
algal mats was noted; however, no algal samples were taken for identification.

Results
Abundance and diversity

The total number of turtles sampled possessing epibionts was 135 (35 green turtles and
100 loggerhead turtles). Nine different epibiont species were recorded (loggerhead
turtles: nine species; green turtles three species) and included one species of hydrozoan
(on a loggerhead turtle) and eight crustacean species (Table 1). Five of the species were
new records as epibionts on marine turtles (Table 1). There was a clear difference
between the two turtle species, with 52.5% of loggerhead and 30.3% of green turtles
sampled hosting epibionts, The most abundant epibiont found on both species of turtle
were from the class Cirripedia, the barnacles. Of these we sampled and identified 1085
specimens; for a breakdown of species and abundance, see Table 1.

Barnacles
The most abundant barnacle species present on both loggerhead and green turtles was

the turtle barnacle Chelonibia testudinaria (loggerhead turtles: median (inter-quartile
range) number per turtle 4.5 (1.25-9.0), range 1-31; green turtles: 3.5 (2-9.5), range
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Table 1. Epibiont species found and the number of turtles on which they were
found. The numbers in parentheses are the total number of that species sam-
pled. Five new records for epibionts on turtles marked (#).

Species Loggerhead turtle Green turtle
Cnidaria
Hydrozoa
Laomedea flexuosa # 3 0
Crustacea
Amphipoda
Caprella fretensis # 12 (238) 0
Hyale nilssoni # 2 0
Hyale schmidti # 3 0
Podoceridae sp. 1 0
Cirripedia
Chelonibia testudinaria 65 (639) 21 (179)
Chelonibia caretta 27 (155) 11 (48)
Lepas anatifera 15 (47) 6(17)
Tanaidea
Parasinelobus chevreuxi # 1 0

1-33), followed by Chelonibia caretta (loggerhead turtles: 5.7 (1-8.5), range 1-25;
green turtles: 2.0 (1.0-8.0), range 1-15) and Lepas anatifera (loggerhead turtles: 1.0
(1.0-5.0), range 1-7; green turtles: 2.0 (1.0-4.75), range 1-7) respectively. There
was no significant inter-specific difference between turtle species in the total
number of barnacles present on those individual turtles which hosted barnacles
(Chelonibia testudinaria: Mann—Whitney U = 905.5, P = 0.81; Chelonibia caretta:
U =137, P=0.49).

Loggerhead turtles supported a significantly larger size class (maximum basal
diameter) of barnacles than those found on green turtles for both types of acorn bar-
nacles (Chelonibia testudinaria: U = 29530, P < 0.0001; loggerhead turtles (median,
inter quartile range) 23.6, 16.5-32.6, range 5.7-55, n = 588; green turtles median 11.8,
8-25.4, range 3.2-48.2, n = 178. Chelonibia caretta: U = 881, P < 0.0001; loggerhead
turtles median 20.0, 13.9-26.1, range 5.3-47.4, n = 150; green turtles median 8.5, 6.7—
29.5, range 4.2-29.5, n = 42; Table 1 and Figures 1 and 2).

There was a lack of consistent pattern in the spatial distribution of Chelonibia
testudinaria for either species of turtle. However, the first two central scutes in green
turtles possessed a small aggregation of specimens (Figure 3a). When we looked at
the size distribution of Chelonibia testudinaria on each species, the loggerheads
showed a pattern of the larger specimens being located on the anterior half of the car-
apace (Figure 3b). This was not the case for green turtles. The barnacle percentage
cover of each scute was greatest on the marginal scutes for both species (Figure 3c).
The distribution of Chelonibia caretta was even less well-defined (Figure 4), with only
the size of barnacle showing any sort of pattern in distribution, with larger barnacles
being found at the anterior and posterior extremes of the loggerhead turtle carapaces
(Figure 4b).
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Figure 1. Relative abundance of Chelonibia testudinaria on (a) loggerhead and (b) green
turtles. Note: 47.4% and 69.7% of loggerhead and green turtles hosted no epibionts.

Other species

All non-barnacle species (Table 1) were found to be associated with algal mats on
loggerhead turtles. The algal mats were always found on the posterior third of the
carapace (n = 17) and this was from where most amphipods were sampled. One
exception was an individual with a large crack down the centre of the carapace, which
provided a suitable micro-habitat for a large number of caprellids (Frick and Slay
2000). For five of these species we could locate no earlier citation of their epibiotic
association with sea turtles and assumed these to be new records.

Discussion

To understand fully the ecological roles of any organism, one first has to study and
identify all the interactions that species has with its environment and other species, in
this study we provide a more detailed account of the epibiont host relationship found
in marine turtles.

As with other similar studies the most commonly occurring epibiont species
found on marine turtles were those from the class Cirripedia. The turtle barnacle
Chelonibia testudinaria was particularly numerous (Caine 1986; Matsuura and
Nakamura 1993; Frick et al.1998; Casale 2004). Although there is a great diversity of
epibionts on turtles found in the Atlantic Ocean (89 previously recorded species;
Frick et al. 1998), the records found in the Mediterranean Sea are thus far depauperate
(14 species, Badillo et al. 2001; 13 species, Gramentz 1988; 2 species, Sezgin et al.
2009; and 9 during this study). Kitsos et al. (2003) found nine barnacle species on dead
loggerhead turtles washed up on the beaches of Greece. Some of these, however,
may not naturally occur on living turtles. The possible reasons for the differences
between these two oceanic basins may be the generally oligotrophic nature and high
salinity of the Mediterranean Sea when compared with the Atlantic Ocean. Most of
the new species of turtle epibionts found in this study are either usually associated with
lower inter-tidal zones or live among marine algae (McBane and Croker 1984).
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Figure 2. Frequency histogram of barnacle maximum basal diameter (mm) of Chelonibia
testudinaria on (a) loggerhead turtles (mean = 24.9, SD £ 10.6, range 5.7-55.0, n = 588); and (b)
green turtles (mean = 16.9, SD + 11.1, range 3.2-48.2, n = 178); and C. caretta on (c) logger-
head turtles (mean = 20.7, SD £ 8.5, range 5.3-44.5, n = 150); and (d) green turtles (mean = 10.3,
SD + 5.6, range 4.2-29.5, n = 42).

However, there have been very few studies which have analyzed the spatial distribu-
tion of epibionts. One such study carried out in Japan by Hayashi and Tsuji (2008)
found a difference in the level of aggregation and the degree of interspecific overlap
among barnacles was significant on larger turtles.

Although there were no significant inter-specific differences in the numbers of
barnacles found, there was a clear difference in the size of the barnacles found
between the species of turtle and the proportion possessing barnacles. These differ-
ences could be associated with the differences in the foraging ecology of the two turtle
species. Green turtles are primarily known as grazers of sea grasses and macroalgae
(Bjorndal 1980) causing relatively little sediment disturbance, whereas loggerhead
turtles are benthic foragers and have been known to feed by infaunal mining (Preen
1996) often feeding on sub-benthic organisms (Bjorndal 1997). This difference in
feeding behaviour is likely to provide the barnacles present on loggerhead turtles
with a greater amount of suspended organisms and particulate matter on which to
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Figure 3. Diagrammatic representation of the different spatial patterns of the epibiont Chelonibia
testurdinaria found on loggerhead turtles and green turtles. (a) Total number of barnacles
found for each scute; (b) mean basal area (mm?) of the barnacles for each scute; (c) percentage
cover for individual scutes.

feed. This is also supported by the fact that those barnacles found on an anterior
position of the carapace were substantially larger than those found in a more poste-
rior location.
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Figure 4. Diagrammatic representation of the different spatial patterns of the epibiont Chelo-
nibia caretta found on loggerhead turtles and green turtles. (a) Total number of barnacles
found for each scute; (b) mean basal area (mm?) of the barnacles for each scute; (c) percentage
cover for individual scutes.

There are other factors which may play a role in the size to which these barnacles
develop. As reported in this study both species of acorn barnacle were significantly
larger on loggerhead turtles when compared with those found on green turtles, one
possible reason for this could be the variability in surface texture of scutes in that
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loggerhead scutes are clearly more rugose or flaky. They maybe therefore, more
prone to larval settlement (pers. obs.) and provide a greater surface area, leading to
a more secure attachment. This will make the barnacle harder to dislodge during
self-cleaning (Heithaus et al. 2002; Schofield et al. 2007) or when eliciting symbiotic
cleaning behaviour from fish species (Balazs et al. 1994; Schofield et al. 2007).

The epibiont species diversity found on the two species of turtle was markedly
different, with green turtles only supporting the three barnacle species. However, all
nine species found during this study were found on nesting loggerhead turtles and all
non-barnacle species were either associated with algal mats attached to the posterior
region of the carapace or a scar in the carapace (Frick and Slay 2000). These abnor-
malities in the carapace can provide a significant niche for amphipods such as
Caprellidae spp. Both the posterior region and crevices in the carapace of turtles
provide a suitable area for attachment of non-barnacle epibionts, with reduced water
flow and, therefore, less physical stress (Pfaller et al. 2006).

Epibionts themselves, particularly large barnacles and algae, will create new hab-
itats as they grow and develop, increasing the overall diversity found on an individual
turtle. The absence of algal mats on green turtles fundamentally reduces the diversity
of epibionts found.

It could be suggested that the epibiont communities found on Mediterranean tur-
tles are non-successional, as the epibiont community does not appear to develop into
a climax community (Frick and Slay 2000). It is clear that marine turtles play numer-
ous ecological roles within the marine and terrestrial environment, nutrient trans-
porters (Bouchard and Bjorndal 2000), predators (Iverson et al. 1986), possibly even
keystone species (Bjorndal 1997). Their importance in providing an ecological niche
for other invertebrate species is little understood. The fact that five new species of
epibionts for turtles were found on the nesting females at one breeding site highlights
the need for further research.
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