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Epizoic algae on Emys orbicularis (LINNAEUS, 1758),
and Mauremys rivulata (VALENCIENNES, 1833),
in the Kavak River Delta (Saros Bay, Turkey)

(Testudines: Emydidae, Geoemydidae)

Epizoische Algen auf Emys orbicularis (LINNAEUS, 1758) und Mauremys rivulata
(VALENCIENNES, 1833) im Kavak Flu3delta (Saros Bucht, Tiirkei)
(Testudines: Emydidae, Geoemydidae)
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KURZFASSUNG

Vier Mauremys rivulata (VALENCIENNES, 1833) und 39 Emys orbicularis (LINNAEUS, 1758) aus dem Gebiet
des Kavak FluBdeltas (Saros Bucht, Provinz Canakkale, Tiirkisch Thrakien) wurden hinsichtlich des Algenauf-
wuchses auf Schwanz und Karapax untersucht. Die Gruppierung der festgestellten Algengattungen nach Schild-
krotenart und -grofe liel unterschiedliche Verteilungsmuster der Algen erkennen. Vierzehn Gattungen epizoisch-
er Algen konnten durch Abschaben isoliert und bestimmt werden. Algen der Gattungen Chamaesiphon, Phor-
midium und Oscillatoria waren am haufigsten. Bei gleicher Karapaxlange war der Algenbewuchs von M. rivula-
ta geringer als bei E. orbicularis.

ABSTRACT

Four Mauremys rivulata (VALENCIENNES, 1833) and thirty-nine Emys orbicularis (LINNAEUS, 1758) collect-
ed in the Kavak River Delta (Saros Bay, Province of Canakkale, Turkish Thrace) were examined for epizoic algae
on tail and carapace surfaces. Algae samples were grouped according to turtle species and shell size to detect
potential patterns in the distributions of algae. Fourteen taxa of epizoic algae that were collected by scraping were
identified from the turtles. Algae of the genera Chamaesiphon, Phormidium and Oscillatoria were found most fre-
quently. The amount of algal growth was less in M. rivulata than E. orbicularis when turtles of similar carapax
length were compared.
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INTRODUCTION

Algae can develop on different struc-
tures. There are various reports of algae liv-
ing on stones (DESIKACHARY 1959), in aquat-
ic angiosperm plants (PRESCOTT 1951; TiF-
FANY & BRITTON 1952) or under the scales of
fishes (PRESCOTT 1969) as well as epizoical-
ly on aquatic turtles or other aquatic reptiles
(ERNST &NORRIS 1978; LINCOLN et al. 1982;
ZIGLAR & ANDERSON 2005; TUMLISON &
TRAUTH 2006; GARBARY et al. 2007). It was
suggested that — in an ecological context —
the relationships between ecosystems and
epizoic organisms can be neglected because
of their small to microscopic size (THORP &
CovicH 1991). Albeit, these communities

were useful indicators of pollution (ZIGLAR
& ANDERSON 2011). Regarding the study of
epizoic algae, there is lack of information
about species on terrapins. Most common
studies dealt with the algae Basicladia
chelonum and B. crassa (PROCTOR 1958),
whereas Cladophora glomerata, Rhizo-
clonium hieroglyphicum, Dermatophyton
radicans and Gongrosira debaryana re-
mained poorly studied objects (EDGREN et al.
1953; DixoN 1960; BeLusz & REED 1969;
ERNST & BARBOUR 1972; HULSE 1976). In
addition to the members of the Chlorophyta,
BELusz & REeD (1969) reported Cyano-
bacteria of the species Plectonema tenue
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from the carapace of the Snapping Turtle
Chelydra serpentina (LINNAEUS, 1758).
Other cyanobacteria found on turtles were
Oscillatoria sp., Trichodesmium sp. and
Lyngbya sp. (ERNST & BARBOUR 1972).
Studies of epizoic algae on Turkish tur-
tles are rare (e.g., SOYLU et al. 2006). The
aim of this study was to determine algal
species on Mauremys rivulata (VALENCIEN-
NES, 1833) and the threatened Red List
species (IUCN 2013) E. orbicularis (LIN-
NAEUS, 1758) syntopically living in the
Kavak River Delta (Province of Canakkale,

Turkish Thrace) and to compare the distribu-
tion patterns of the algae on the turtles’ cara-
pace. Potential differences were expected
from the observation that E. orbicularis
prefers the soft surfaces of slow-flowing
fresh water systems that are clean and rich in
vegetation (ERNST & BARBOUR 1989; BARAN
& AtaTUR 1998; Avyaz & Bupak 2007)
whereas M. rivulata is less specialized and
thus also found in stagnant and slow flowing
fresh waters including those polluted by
domestic and industrial waste (GASITH &
Sipis 1983, 1984, 1985).

MATERIALS AND METHODS

As a study site, the authors selected,
the Kavak River Delta (40°38°N, 26°50’ E),
an important wetland, home to a rich her-
petofauna and a number of different habitats
(OzcaN et al. 2008; UysaL & TOSUNOGLU
2013). It covers approximately 21 km? at
the Gulf of Saros in the Province of Canak-

kale, southwest Turkish Thrace (SANER
1985) (Fig. 1).

Between April 30, 2011 and May 27,
2011 algae samples were collected from the
carapace and tail surfaces of 39 E. orbicu-
laris and four M. rivulata, which were
caught sunbathing or from within the estu-
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Fig. 1: Study area at the Kavak River Delta (40°38’ N, 26°50’ E),
Saros Bay, Province of Canakkale, Turkish Thrace.

Abb. 1: Das Untersuchungsgebiet am Kavak Flufidelta (40°38’ N, 26°50’ E),
Saros Bucht, Provinz Canakkale, Tiirkisch Thrakien.
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arine fresh water by hand-picking. The
algae were scraped from the shells with a
scalpel, fixed in 4 % formaldehyde, exam-
ined under an Olympus BX51 microscope
and identified to genus level with the help of
the pertinent literature (KOMAREK &
ANAGNOSTIDIS 1986, 1989, 1999; ANAGNOSTI-
DIS & KOMAREK 1988; KRAMMER & LANGE-
BERTALOT 1991a, 1991b, 1999a, 1999b; JOHN
et al. 2003; GUIRY & GUIRY 2013).

Algae samples were grouped accord-
ing to terrapin species and carapace length

(CL). Emys orbicularis included four size
groups (CL = 80-100 mm [n = 6], 101-120
mm [z = 6], 121-140 mm [n = 22], and 141-
160 mm [n = 5]) and M. rivulata two (120-
160 mm [n = 2], 161-200 mm [n = 2]).

The concentrations of algae on the cara-
pace were compared among these groups
using a quadrinomial rating scale. Four cat-
egories roughly quantifying the extent of the
algal plaques cover were determined: almost
absent - sparse - moderate - rich.

RESULTS

Fourteen epizoic algal taxa were iden-
tified on the carapace and tail surfaces of M.
rivulata and E. orbicularis (Table 1). The
most frequently found taxa belonged to the
genera Chamaesiphon A. BRAUN in RABEN-
HORST (1864), Phormidium KUTZING ex
GOMONT (1892) and Oscillatoria VAUCHER
ex GOoMONT (1892) (Fig. 2). In a single case
algae of the genus Gyrosigma HASSALL,
1845 were observed on the tail of E. orbicu-
laris. The epizoic algal taxa detected were
assigned to four higher systematic cate-
gories (Cyanobacteria, Chlorophyta, Ochro-
phyta and Charophyta); their frequencies on
E. orbicularis and M. rivulata are shown in
Fig. 3.

Variable densities of algal plaques
were typical to the shells of all size classes
of E. orbicularis (Fig. 4) (CL = 80-160
mm). In the smaller size classes (CL = 80-

120 mm) however, the algal plaques were
almost absent to sparse and restricted to few
circumscribed areas of the carapace except
in one moderately overgrown individual.

In larger animals (CL = 121-160 mm)
all stages of algal growth were present and
the borders of the algal plaques were fre-
quently ill-defined and merged to form an
almost continuous layer. Overall, the small-
er the terrapins, the lesser was the extent of
the algal plaques (Table 2).

The comparatively small sample of M.
rivulata displayed sparse to moderate algal
growth with clearly circumscribed algal
plaques in the latter case. The number of
algal taxa and the extent of algal growth
found in this species was less than in E.
orbicularis (Tables 1, 2, Figs. 3, 4).

Representatives of five to zero algae
genera were observed per turtle (Table 1).

DISCUSSION

In his doctoral thesis Avaz (2003)
found that the accumulation of algae was
dense on the carapace of E. orbicularis
whereas only localized algal plaques were
present on the shell of M. rivulata. This is
fully in accordance with the present obser-
vations. A study by SoyLu et al. (2006)
which examined epizoic algae on different
populations of E. orbicularis from great
parts of Anatolia defined 53 algal taxa be-
longing to the groups Chlorophyta, Cyano-
prokaryota, Bacillariophyta, Euglenophyta,
Dinophyta and Cryptophyta.

Previous studies indicated that, as
regards the shell of terrapins, the type of
hunting, physical stress, parasites, migra-
tion and competition affected the specific
composition and distribution of algae, and
that eating habits correlated with their fre-
quency. Studies also showed that turtle
species, which usually prey on insects, tad-
poles and fishes, were more often camou-
flaged by epizoic algae than, e.g., herbi-
vores, suggesting advantages in ambush
hunting strategies (NEIL & ALLEN 1954;
SovLu et al. 2006).



24 R.AKGUL & T. CAPRAZLI & N. TURKER & H. ERDUGAN & M. TOSUNOGLU

Table 1: Algal genera found on the carapace of four Mauremys rivulata (VALENCIENNES, 1833) and 39 Emys
orbicularis (LINNAEUS, 1758) at the study site in 2011. CL — Carapace Length, M — Male, F — Female, J — Juvenile.

Tab. 1: Die Algengattungen, welche im Jahr 2011 im Untersuchungsgebiet auf den Riickenpanzern von vier
Mauremys rivulata (VALENCIENNES, 1833) und 39 Emys orbicularis (LINNAEUS, 1758) festgestellt wurden.
CL — Carapaxlédnge, M — Ménnchen, F — Weibchen, J — Jungtier.
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Cyanobacteria phyta Ochrophyta phyta
Mauremys rivulata
1 + + + 164, M 4.V.
2 + + + 113, 4.V
3 + + + 20.0,M 4.V.
4 18.0,M 4.V.
Emys orbicularis
1 + + + 143,F 17.V.
2 + + + + 11.5,F 17.V.
3 + + + 11.2,F 17.V.
4 + + 13.1,F 17.V.
5 + + + + 12.8, F 17.V.
6 + + 11.9,F 17.V.
7 + + 12.8,F 17.V.
8 + + + + 13.8, F 17.V.
9 + + 13.3,F 17.V.
10+ 12.1,F 17.V.
11 + 11.5,F 17.V.
12 + + 13.3,F 17.V.
13+ + 122, M 17.V.
14 + + + + + 125, M 17.V.
15 + 11.2,M 17.V.
16 12.0,M 17.V.
17 + + + 127, M 17.V.
18 + + + 122, M 17.V.
19 + + 11.0,M 17.V.
20 + + + 11.1,M 17.V.
21 + + + + + 11.5,M 17.V.
22 122, M 17.V.
23 + + + 102, M 17.V.
24 + 11.5,M 17.V.
25+ + + + 11.3,M 17.V.
26+ 11.2,M 17.V.
27 + 11.5,M 17.V.
28+ + + 10.6,M 17.V.
29 + 12.6,M 17.V.
30 + + 11.5,M 17.V.
31 + 83,1 17.V.
32 87,1 17.V.
33 8.6,] 17.V.
34 8.0,] 17.V.
35 + 9.5, 17.V.
36+ + + + 8.1,] 17.V.
37+ + + 8.0,] 17.V.
38+ + + + 12.1,F 17.V.
39 + + + 11.3,F 17.V.
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Fig. 2: Frequency (%) of 14 genera of algae on the carapace of 39 Emys orbicularis (LINNAEUS, 1758)
and four Mauremys rivulata (VALENCIENNES, 1833) at the study site.

Abb. 2: Die Haufigkeit (%) des Auftretens von 14 Algengattungen auf dem Riickenpanzer von 39 Emys
orbicularis (LINNAEUS, 1758) und vier Mauremys rivulata (VALENCIENNES, 1833) im Untersuchungsgebiet.
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Cyznobacteria thiarcpayta Uchrophyta Charophyta

Fig. 3: Frequency (%) of four gross systematic units of algae (Cyanobacteria, Chlorophyta, Ochrophyta and
Charophyta) on the carapace of 39 Emys orbicularis (LINNAEUS, 1758) and four Mauremys rivulata
(VALENCIENNES, 1833) at the study site.

Abb. 2: Die Haufigkeit (%) des Auftretens von vier gro3systematischen Gruppen der Algen (Cyanobacteria,
Chlorophyta, Ochrophyta and Charophyta) auf dem Riickenpanzer von 39 Emys orbicularis (LINNAEUS, 1758)
und vier Mauremys rivulata (VALENCIENNES, 1833) im Untersuchungsgebiet.
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Among the main algal groups Cyano-
bacteria, Chlorophyta, Ochrophyta and
Charophyta identified on E. orbicularis and
M. rivulata, Cyanobacteria were equally
common (about 75 %) in both species,
whereas Chlorophyta were frequently ob-
served (50 %) in M. rivulata and rare (12 %)
in E. orbicularis. Ochrophyta (31 %) and
Charophyta (5 %) were found exclusively
on E. orbicularis.

ZIGLAR & ANDERSON (2005) did not
find a correlation between the quantity of

Table 2: Extent of the algal plaques on the cara-
pace of 39 Emys orbicularis (LINNAEUS, 1758) and
four Mauremys rivulata (VALENCIENNES, 1833). 1 —
almost absent, 2 — sparse, 3 — moderate, 4 — rich (com-
pare Figure 4). CL - Carapace Length.

Tab. 2: Ausmal} des Algenaufwuchses auf den
Riickenpanzern von 39 Emys orbicularis (LINNAEUS,
1758) und vier Mauremys rivulata (VALENCIENNES,
1833). 1 - nahezu fehlend, 2 - schiitter, 3 - maBig, 4 -
reichlich (vergl. Abb. 4). CL - Carapaxlidnge.

CL (mm) 1 2 3 4

Emys orbicularis

. . 80-100 1 5 - -
epizoic algae and carapace length in upper 101-120 1 4 1 -
Mississippi turtles. The results of the pres- 121-140 5 7 2 8
ent study however suggest that there is a B 141-160 2 - - 3
positive correlation between the extent of =39 o 163
algal growth and carapace length (i.e., ag¢)  rauremys rivulata
in E. orbicularis and M. rivulata, at least 120-160 - 1 1 -
under the ecological conditions prevailing 161-200 - 2 - -
: T=4 -3 1 -
in the study area.
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quantifying the extent of the algal plaques were determined: 1 - almost absent, 2 — sparse, 3 — moderate, 4 — rich.
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Epizoic algae on Emys orbicularis and Mauremys rivulata 27

GARBARY, D. J. & BOURQUEA, G. & HERMAN, T.
B. & MCNELL, J. A. (2007): Epizoic algae from freshwa-
ter turtles in Nova Scotia.- Journal of Freshwater
Ecology, London; 22 (4): 677-685.

GasITH, A. & Siois, L. (1983): The distribution
and nature of the habitat of the Caspian Terrapin
(Mauremys caspica rivulata, Testudinaes, Emydidae) in
Israel.- Journal of Zoology, London; 32: 91-102.

GasITH, A. & Sipis, 1. (1984): Polluted water
bodies, the main habitat of the Caspian Terrapin (Maur-
emys caspica rivulata) in Israel.- Copeia, Washington;
1984 (1): 216-129.

GASITH, A. & SIDIS, 1. (1985): Food habits of the
Caspian Terrapin (Mauremys caspica rivulata) in unpol-
luted and polluted habitats in Israel.- Journal of
Herpetology, Houston; 19 (1): 108-115.

GuIRY, M. D. & GUIRY, G. M. (2013): AlgaeBase.
World-wide electronic publication, National University
of Ireland, Galway < http://www.algaebase.org > [last
accessed on 10 October 2013].

Hurse, A. C. (1976): Carapacial and plastral
flora and fauna of the Sonora Mud Turtle, Kinosternon
sonoriense Le CONTE (Reptilia, Testudines, Kinoster-
nidae).- Journal of Herpetology, Houston; 10: 45-48.

TUCN [INTERNATIONAL UNION FOR THE CONSERV-
ATION OF NATURE] (2013): Emys orbicularis. In :The
TUCN Red List of threatened species. Version 2013.2.
WWW document available at < http://www.iucnredlist.
org>. [last accessed on 01 April, 2014].

JouN, D. M. & WHITTON, B. A. & BROOK, A. J.
(eds.) (2003): The freshwater algal flora of the British
Isles: an identification guide to freshwater and terrestri-
al algae. Cambridge (Cambridge University Press), pp.
702.

KOMAREK, J. & ANAGNosTIDIS, K. (1986):
Modern approach to the classification system of Cyano-
phytes. 2 - Chroococcales.- Algological Studies, Stutt-
gart; 43: 157-226.

KoMAREK, J. & ANAGNOSTIDIS, K. (1989):
Modern approach to the classification system of Cyano-
phytes. 4 - Nostocales.- Algological Studies, Stuttgart;
56: 247-345.

KOMAREK, J. & ANAGNOSTIDIS, K. (1999):
Cyanoprokaryota, Vol. 1 Chroococcales. Jena (Gustav
Fischer Verlag), pp. 548.

KRAMMER, K. & LANGE-BERTALOT, H. (1991a):
Bacillariophyceae, 3. Teil: Centrales, Fragilariaceae,
Eunotiaceae. In: ETTL, H. & GARTNER, G. & GERLOFF, J.
& HEYNIG, H. & MOLLENHAUER, D. (eds): SiiBwasser-
flora von Mitteleuropa, Vol. 2/3. Stuttgart, New York
(Gustav Fischer), pp. 576.

KRAMMER, K. & LANGE-BERTALOT, H. (1991b):
Bacillariophyceae, 4. Teil: Achnanthaceae, Kritische
Ergénzungen zu Navicula (Lineolatae) und Gompho-
nema. Gesamtliteraturverzeichnis Teil 1-4. In: ETTL,
H. & GARTNER, G. & GERLOFF, J. & HEYNIG, H. & MoL-
LENHAUER, D. (eds): StiBwasserflora von Mitteleuropa,
Vol. 2/4. Stuttgart, New York (Gustav Fischer), pp. 437.

KRAMMER, K. & LANGE-BERTALOT, H. (1999a):
Stilwasserflora von Mitteleuropa. Bacillariophyceae,
Band 2/1, 1. Teil: Naviculaceae. Berlin (Spektrum Aka-
demischer Verlag), pp. 876.

KRAMMER, K. & LANGE-BERLALOT, H. (1999b):
Stiiwasserflora von Mitteleuropa. Bacillariophyceae,
Band 2/2, 2. Teil: Bacillariaceae, Epithemiaceae,
Surirellaceae. Berlin (Spektrum Akademischer Verlag),
pp. 610.




28 R.AKGUL & T. CAPRAZLI & N. TURKER & H. ERDUGAN & M. TOSUNOGLU

LINCOLN, R. J. & BOXSHALL, G. A. & CLARK, P.
F. (1982): A dictionary of ecology, evolution and sys-
tematics. Cambridge (Cambridge University Press),
pp. 298.

NEIL, W. T. & ALLEN, R. E. (1954): Algae on tur-
tles: some additional considerations.- Ecology, New
York; 35: 581-584.

OzcaN, H. & AKBULAK, C. & TosuNoGLU, M. &
UysAL, . (2008): Ecotourism potential and management
of Kavak Delta (Northwest Turkey).- Journal of Coastal
Research, Fort Lauderdale; 25 (3): 781-787.

PrEScOTT, G. W. (1951): Algae of the western
great lakes area. Bloomington Hills (Cranbook Press),
pp. 946.

PrEscOTT, G. W. (1969): The algae: A review.
London (Thomas Nelson), pp. 436.

PROCTOR, V. W. (1958): The growth of Basi-
cladia on turtles.- Ecology, New York; 39: 634-645.

SANER, S. (1985): Saroz kérfezi dolaymin ¢okel-
me istifleri ve tektonik yerlesimi, kuzeydogu Ege Denizi,
Tiirkiye [Sedimentary sequences and tectonic setting of
the Saros Gulf area - northeast Agean Sea, Turkey].-
Tiirkiye Jeoloji Kurumu Biilteni, Ankara; 28: 110.

SovLu, E. N. & GONULOL, A. & SUKATAR, A. &
Avaz, D. & Tok, C. V. (2006): Epizoic freshwater algae

DATE OF SUBMISSION: March 12, 2013

on Emys orbicularis (Testudinata: Emydidae) from the
Central Anatolia region of Turkey.- Journal of Fresh-
water Ecology, London; 21 (3): 535-538.

Tuorp, J. H. & Covich, A. P. (eds). (1991):
Ecology and classification of North American fresh-
water invertebrates. San Diego (Academic Press), pp.
911.

TiFFaNY, L. H. & BRrITTON, M. E. (1952): The
algae of Illinois. Chicago (University of Chicago Press),
pp. 397.

TuMLISON, R. & TRAUTH, S. E. (2006): A novel
facultative mutualistic relationship between bufonid tad-
poles and flagellated green algae.- Herpetological
Conservation and Biology, 1 (1): 51-55. Online resource
available at < http://www.herpconbio.org/ >.

UysaL, 1. & TosunoGLu, M. (2013): Kavak
Deltast (Saroz Korfezi)nin herpetofaunal zenginligi.-
Anadolu Doga Bilimleri Dergisi [Journal of Anatolian
Natural Sciences], Izmir; 3 (2): 52-58.

ZIGLAR, C. L. & ANDERSON, R. V. (2005): Epizoic
organisms on turtles in pool 20 of the upper Mississippi
River.- Journal of Freshwater Ecology, London; 20 (2):
389-396.

Corresponding editor: Heinz Grillitsch

AUTHORS: Riza AKGUL - Kastamonu University, Faculty of Fisheries Department of Basic Sciences,
37200 Kastamonu, Turkey; Tugge CAPRAZLI; Nesrin TURKER (Corresponding author < nesrin_1686@hotmail.com
/ nesrntrkr@gmail.com >); Hiiseyin ERDUGAN; Murat TOSUNOGLU - Canakkale Onsekiz Mart University, Faculty
of Arts and Science Department of Biology, 17100 Canakkale, Turkey.



