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INTRODUCTION

Of the seven existing species of sea-turties, three are
known to occur in the Mediterranean Sea: Caretia caretta
(Loggerhead Sea-turtle), Chelonia mydas, and Dermoche-
lvs coriacea. Of these spectes, Caretta caretta and Chelonia
mydas breed in the Mediterranean and have evolved local
populations, while Dermochelys coriacea seems to be a
regular visitor from the Atlantic ocean (Margaritoulis,
1986).

Only Caretta caretta is known to nest in Greece, where
its main nesting locality is the large Zakynthos Island, off
the south western mainland of our country, and where it
has been reported since 1977 (Margaritoulis, 1982) as nest-
ing. Every summer, at night-time, female Loggerheads
come ashore on the sandy beaches of Zakynthos to lay their
cges. After their emergence from the sea they slowly crawl
landwards up to a distance of usually 10-15 m from the
water’s edge. Provided they find a suitable place to dig
(without stones or roots or other impediments), they start
preparing their egg-chamber by taking out the sand until
they have made a hole 30-60 c¢m deep. Oviposition then
commences and usually lasts for some 30 minutes (Fig.
1).

The Loggerhead Sea-turtle lays about 100-15C eggs at a
time. After covering the nest, the Loggerhead moves back
to the sea. Any bright light or noise can interrupt this pro-
cedure. The hatchlings appear 50-60 days later. The young
Loggerheads emerge from the egg-chamber during the
night, although some of them have frequently been en-
countered on their way to the water during early-morning
hours.

Zakynthos is the most important Loggerheads’ nesting
habitat within Europe. However, its sandy beaches attract
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FIG. 1. Female Loggerhead Sea-turtle laying her eggs feachc. 3 cm
wide, giving scalel. Photo: D. Margaritoulis.
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not only the Sea-turtles but also human tourists, and are
therefore subjected to the trends of economic develop-
ment.

Caretta carerta is considered an endangered species
within the European Community (Groombridge, 1982). It
is also included in Appendix I of CITES (Convention on
International Trade in Endangered Species), and in Appen-
dix II (Strictly Protected Species) of the Convention on the
Conservation of European Wildlife and Natural Habitats
(Bern Convention).

The impacts of human activities on the nesting beaches
have been investigated in several Loggerhead ‘rookeries’.
Dean & Talbert (1975} observed that Loggerhead nesting
activity in South Carolina was lowest in areas where beach
houses were present, even if the beach appeared ideal for
nesting. Declines in nesting population of Loggerheads in
Florida were attributed to urban development (Worth &
Smith, 1976), artificial lights, and human activities. Bus-
tard (1972) considers coastal development and construc-
tion in nesting areas to be the greatest threat to the Log-
gerheads in Queensland, Australia,

This paper, being part of a wider study on the Logger-
head’s nesting activity and on parameters affecting its nest-
ing in Greece, reports on the significance of each of the
nesting beaches, and on the impact of human interference
with those habitats, on Zikynthos Island.

THE OVERALL STUDY-SITE

Zakynthos is a large island situated in the Ionian Sea, and
is characterized by a mild climate and abundant sunshine
{Fig. 2). Nesting of Loggerheads on Zakynthos occurs
mainly on the beaches of Laganas Bay on the southern
coast. The nesting beaches, starting from the western part
of the Bay, are: Marathonissi, East Laganas, Kalamaki,
Vrontonero, Bakania, Daphni, and Gerakas—comprising a
iotal length of about 3,700 m (Fig, 3). Of their characteris-
tics we mention only those which make them preferred by
people, whereas parameters that may affect their pref-
erence by Loggerheads—such as physico-chemical prop-
erties of the sand or water depth and temperature—may be
very different (Laskaratos, 1987; Livaditis & Alexouli-
Livaditi, 1987). Details of the nesting activity in the area
for 1985 are given by Margaritoulis (1987).

The commponents of the overall Zakynthos study-site will
now be characterized as follows, the number of Logger-
heads’ nests per 100 m of each beach during the 1985
nesting season being indicated in Fig. 4:
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F1G. 2. Mean monthivair temnperature and cloudiness at Zdkyvnihos
Jor the period 1930-75 (data from the Greek National Meteorolog-
lcal Service).
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FiG. 3. Sketch-nmap of Laganas Bayv in Zdkynthos, showing the
nesting areas of the Loggerhead Sea-turile.

al East Laganas-Kalamaki:—These beaches together
comprise the eastern half of a 6-km-long beach of which the
western part is almost fully developed and hosts the major
portion of all touristic activity in Laganas Bay (Fig. 3).
 In contrast to the other beaches in the Bay, East Laganas
beach is characterized by an inland-extending dune-field
which used to be larger in the past. For large quantities of
sand have been taken from it to be used for construction
activities, and as a result of this abstraction the sand
remaining by the sea has become ‘soggy’ and solid, so that it
is easily crossed by cars and motorcycles—despite the Pre-
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F1G. 4. Number of Loggerheads’ nests laid per 100 in of beach length

during 1985 nesting season on the Loggerhead Sea-turile’s nesting

beaches in Zakynthos (M-Marathonissi, EL=FEast Laganas.

K=Kalamaki, V="Vrontonero, S-Sekania, D-Daphni, G-Gerakas).
Data from Margaritoulis (1987,

fecture’s prohibition. Davtime activities, such as water-
skiing and sailing, take place only along the western, “de-
veloped’, shore of Laganas Bay, while beach-umbrellas,
sun-beds, sea-paddles, and wind-surfs, are concentrated in
the same part.

Residence on the beach after sunset is prohibited, at least
theoretically, by the Prefecture of Zakynthos. At night-
time, lights from the hotels along the developed part of
{West) Laganas Beach, as well as lights from the nearby
villages of Laganas, can be seen from the beaches, while the
airport, though not directly visible from the beaches, dif-
fuses its lights from behind the dunes,

At East Laganas and Kalamaki, the hotel owners have
planted Tamarisk (Tamarix sp. or spp.) trees 10-25 m from
the water’s edge in order to give shade.

b) Vrontonero:—This is a beach about 150 m long that is
separated from Kalamaki by a smalt rocky promontory. Its
characteristic feature is the high percentage of stones and
pebbles in the sand. The beach is relatively isolated and
very few people visit it. The water is shallow near the coast,
and the sea-bed is mostly sandy, although rocky in several
places.

¢} Selania:— This site is the most important Loggerhead
Sea-turtle nesting area in Zakynthos (Margaritoulis, 1987).
It is a rather remote beach, about 3 km from the nearest
paved road, divided into two sectors by a rocky outcrop.
The available nesting area extends for about 350 m, the
greater part of it belonging to the eastern sector, It i cov-
ered by deep sand, and reaches 30-40 m inland. The only
access from the hinterland is an unpaved road which is in
very bad condition, with a surface soil into which even the
lightest footstep is apt to sink, although efforts to improve
it have been reported quite recently. Approaching the
beach from the sea is not easy, because there are many reefs
and rocks.

Behind Sekania there is a natural light barrier—a moun-
tainous mass with a 50-60% slope covered with dense
Mediterranean vegetation and devoid of buildings. On the
beach there is no shade, and in order to find drinking-water
one must walk for about 45 minutes.
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d} Daphni:—This is a small beach, about 250 m long and
3 km away from the nearest asphalt road, though an
unpaved road in very bad condition leads to it, The avail-
able nesting area is less than the actual beach, because the
sand on part of the beach 1s interrupted by large pebbles.
Behind the beach there are in places tall Carob-trees (Cer-
atonia siligua) and Lentiscs (Pisiacia lentiscus), offering
plenty of shade and camping space (Fig. 5). The beach is
protected landwards by a mountainous mass, which is cov-
ered by dense Mediterranean vegetation that is interrupted
only by the unpaved road, on both sides of which cypress
(Cupressus sp. or spp.) trees are growing.

The local human inhabitants, trying to confront the res-
trictions in beach use set by the Prefecture and/or the
Ministry of the Environment, have illegally transferred, to
a place not far from the nesting beach, two trailers, prob-
ably ainiing to instal more of them, in order to organize a
camping site. The access to Daphni beach from the sea is
precarious, because there are a series of reefs that leave but
one opening between them. The reefs are most picturesgue,
however, and offer shelter to fish, which attract sub-aqua
fishermen. East of Daphni there is a narrow strip of sand,
1-4 m wide, at the base of a rocky cliff.

¢} Gerakas:—This Loggerhead nesting beach is situated
at the eastern end of Laganas Bay (cf. Fig. 3). It is a beautiful
beach about 500 m long and 10-25 m wide (Fig. 6), that
ends abruptily in a [0-15 m-high hill with steep slopes. On
the top of the hill there is a flat area with row-crops, Olive
Trees (Qfea europaea), a small tavern, and a few houses,

The beach is relatively remote but is connected with
Zéakynthos town by a fairly good road, Many visitors arrive
here during the day, to swim and sunbathe. On the beach
there are sea-paddles, canoes, and windsurfs for rent, all
concentrated in a place approximately 5 m from the water’s
edge. Sun-umbrellas have recently been set up along the
beach. The water is fairly shallow, and the sea-bed is cov-
ered with fine sand. No lights are visible from the beach
during the night as the physiography of the area covers the
inland buildings. The vegetation, while patchy, is dense in
places (Fig. 7), and typical of many coasts of the eastern
Mediterranean {cf. Polunin, 1980; Polunin & Waliers,
1585).
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F1G. 5. Daphni beach, one of the main nesting habuats of Caretta
caretta in the region. Photo: D. Margaritouiss.
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Fic. 6. Gerakas beach, another of the Loggerhead Sea-tintle’s
nesting habltats on Zakynthos. Photo: M. Arianoutsou.
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FiG. 7. dAnother view of Gevakas beach, showing the rather drastic
topography and patchy drviand ‘savigue’ vegetation. Photo: D
Margaritoulis.

I Marathonissi:—This 1s a small island lying well off-
shore in the western part of Laganas Bay (cf. Fig. 3). The
only sandy beach of the island is about 200 m long and is
situated on its northern side, forming a right-angle with
half of its length facing NE and the other half NW. In
contrast to the other beaches in Laganas Bay, the sea-bot-
tom slopes abruptly off most of the NE-facing part of the
heach. The beach is, on the average, some 15 m wide, and
has its landward side covered with dunes that reach as far
back as 50 m. On the dunes there are sparsely-distributed
wild plants such as thyme {Thymus sp. or spp.), various
spurges (Euphorbia spp.), Agave {Agave americana), and
Sea-daffodil (Pancratium maritimum).

The island is reached daily by boats which bring people
to stay for several hours. Upon departure they usually leave
a considerable amount of trash.

METHODS

Our observations were made during the summer of 1985,
when all the nesting beaches were surveyed as follows: the
working-group, consisting of 2-3 persons, stayed on a
beach for two consecutive days and then moved to the next
beach. Under this schedule each nesting beach was sur-
veyed for a minimum of 6 days per month.

All surveyed beaches were divided longitudinally into
five zones of 5 m width each, starting from the water’s edge
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and moving landwards (-5 m, 5-10m, 10-15m, 15-20 m,
20-25 m), to determine the number of people present at
right-angles to the length of each beach {(namely the water’s
edge) and therefore the possible pressure on the Logger-
heads’ nests.

Observations made on each beach consisted of the fol-
lowing:

a) The number.of persons present on the beach, and in the
sea in front of the beach, counted every 2 hours, from 08:00
vntil 20:00 h. _
b) During the survey at 14:00 h, an estimation of the dis-
tribution of people present at right-angles to the water’s
edge was made in the assigned zones parallel to the sea-
shore.

It is obvious that full information on activities such as
traffic of vehicles on the beaches, or planting of trees on
them, cannot be ohtained except by means of some kind of
qualitative-semiquantitative method, which was neces-
sarily adopted.

RESULTS

All nesting beaches in Zdkynthos are affected in one way
or another by perturbations caused by people. The main
perturbation affecting Sea-turtles are summarized in Table
1. Sekania nesting beach is not referred to in this table
because none of those activities occurs there. The beaches
are listed at a decrcasing degree of activity intensity.

It is apparent that East Laganas and Kalamaki are the
beaches which are most affected by human activities,
whereas Daphni’s nesting habitat (also not indicated in
Table 1) is threatened only by daytime visits., It seems
reasonable, then, to say that the Sea-turtles which come
ashore to lay their eggs on Laganas and Kalamaki nesting
beaches will have to face more interference than on the
other beaches. On the other hand, we cannot definitely
claim that any single factor is the critical one, as in many
cases data of the census on nesting activity are contradic-
tory. For example, nesting activity is less on Marathonissi
than on Kalamaki (Fig. 4), although human influence on
the latter beach is much heavier than on the former, Clearly
more information is needed.

Looking at the data on the daily distribution of human
presence on the nesting beaches, we see that it is strongly
temporal (Fig. 8). The number of persons per beach rises,
rather abruptly during the day, to a maximum value

TasLe 1

Main Perturbations Affecting Sea-turtles per Nesting
Beach in Zdkynthos
(M = Marathonissi EL = East Laganas

K = Kalamaki G = Gerakas)

Perturbation Nesting beach
Lights seen from the beach EL, K, M,
Beach used by people during the day EL, K, G, M
Beach used by people during the

night EL, K

Traffic of vehicles aiong the beach EL
Motorboats close to the beach EL, K, M
Naoise on the beach during the night EL, K, M
Planting of trees on the beach EL, K
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FI1G. 8. Mean daily distribution of people on Zdkinthos nesting
beaches in June, Julv, and August, of 1985 rM=Marathonissi,
EL=FEast Laganas, K=Kalwmaki, D=Daphni, G=Gerakas).

around midday or soon thereafter and then falls off pro-
gressively on most of the beaches. This tendency is quite
prominent during July and August, whereas the numbers
are usually smaller in June.

Generally, the human presence per beach increases as the
tourist season progresses, with maximum values attained
in August. This is cbviously a result of mass tourism which
shows a maximum in Greece in July and August. The
greatest increases in numbers of visitors occur on the East
Laganas beach (almost 7 times as high in August as in June)
and on Kalamaki and Gerakas beaches (almost 5 times as
high in August as in June). This high increase is largely
attributed to the easy access to those beaches as well as to
the existence of nearby facilities. It is reasonable to note
that the limited capacity of scheduled boats transporting
people to Marathonissi does not allow the number of its
visitors to increase in line with those to most of the other
heaches. The “flat’ curve of Daphni can be explained by the
fact that some people, visiting the beach, camp nearby and
therefore spend more time on the beach.

The human presence on each surveyed beach, expressed
as the daily average number of persons present at 14:00 h
per 100 m of beach-length in August, is shown in Fig. 9 for
five of the beaches. Of these the most frequented beach is
Kalamaki, where more than 100 people on the average are
present per 100 m of beach length, and the least frequented
is Daphni.

Average distribution of people on each of those same five
beaches, at right-angles to the shoreline, is shown in Fig. 10.
Maximum concentration (>355%) of people on the beach
occurs in the first 5 m from the water’s edge. The percent-
age of people falls off rapidly in the next zone (5-10 m) and
becomes even lower in the 10-15 m zone, On East Laganas
beach the shade of the planted Tamarisk trees attracts a
higher percentage of people {¢. 16%) in the 10-15 m zone
than in the 1-10 m zone, In Daphni, the existence of many
trees and shrubs offering shade in the 20-25 m zone also
attracts many people.

During the early hours of the night, the human presence
on the nesting beaches is still fairly high on Kalamaki and
on East Laganas. This is due 1o the easy access to them and
to the neighbouring tourist facilities. Among the other
beaches. Gerakas is visited occasionally during the night by
groups of ‘curious’ people, mainly Greeks. Marathonissi
beach has a minimum of night visitors, mainly owing to its
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the 1983 nesting season (M=Marathonissi. EL=East Laganas,
K=Kalamaki, D=Daphni, G=Gerakas).

difficult access and the unfavourable camping condi-
tions.

The time spent on the beach by Greek and foreign visi-
tors is shown in Fig. 11. Although most of the people stay
on a beach for 2~4 hours, with slight differences observed
between the different beaches, the foreigners tend to stay
longer (up to 6 hrs) and so may be considered as potentially
higher threats to the nesting Loggerhead Sea-turtles.

DiscussioN

In Zakynthos, the morphology of the Laganas Bay area as
well as information from the local population provide evi-
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dence that the main nesting biotope* used to be the Laga-
nas-Kalamaki area. The onsct of tourism in the late "sixties
apparently led to the nesting concentration observed today
on the as-vet undeveloped heaches (Margarnitoulis, 1987).
The main anthropogenic factors affecting the breeding of
the Loggerhead Sea-turtle on Zakynthos will now be dis-
cussed:

1. Lights

‘Photic pollution’, in this case referring to lights seen
from the nesting beaches, causes disorientation of haichl-
ings when they move towards the sea. This is because
hatchlings display a directional response towards areas of
most light, which on a beach is—normally —the sea and the
reflection of the moon and the stars on it (Ehrenfeld, 1968;
Mrosovsky, 1978).

Disorientation of hatchlings has been observed on the
East Laganas and Kalamaki beaches, which are the most
‘tlluminated’ nesting areas. Lights on those beaches come
mainly from nearby hotels, taverns, and other touristic
facilities, East Laganas beach is also affected by lights of
cars driving along the western Laganas beach. The lights of
Zakynthos airport, in the interior of the Laganas Bay area,
are also seen as a glow in the sky in the landward horizon of
the East Laganas and Kalamaki beaches. Artificial lights
discourage adult females to emerge onto the beach, This is
perhaps the reason why tracks of females, attempting
unsuccessfully to nest, are regularly observed in very nar-
row strips of sand east of Daphni and on Vrontonero beach
{pers. obs.; D. Margaritoulis, pers. comm.).

2. Beach Use by People

The Loggerheads’ nesting activity is generally inversely
related to the intensity of disturbances on a particular
beach. The number of nests laid per 100 m of beach-length
during the 1985 nesting season (Fig. 4) is clear evidence for
this. The influence on nesting of beach-use by people, pro-
vided that other factors are excluded, might be a direct
resuit of the human presence on the beach, as female Log-
gerheads tend to concentrate during the day in the shallows

* To the extent of being characterized by apparent uniformity of
environmental conditions.—Ed.
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in front of the beaches. These day-time assemblages, prob-
ably stimulaicd by the higher water-temperatures in the
shallows than in the deeper sea, scem 1 be affected by the
distribution of the human presence on the beach; Logger-
heads tend to concentrate in the sea in front of beach sec-
tors which have little or no human presence. However, the
effect of this concentration on their emergences during the
mght has not been corroborated, at least on kust Lizianas—
probably duc 10 the influence of other factors pers obs.; D.
Margaritoulis, pers. comm.). On the other hand Gerakas
beach, with no lights and only minimal disturbances during
the night, supports relatively low nesting activity, which
can be attributed to its heavy beach-use by people during
the day (cf. Figs 4, §, and 9).

Besides that, heavy trampling might affect nesting suc-
cess 10 the extent that it compacts the sand and makes it
difficult to dig,

Apart from the above-mentioned direct influence of any
human presence on nesting, extensive beach-use by people
results in heavy trampling of the sand, especially close to
the sea where most people concentrate (Fig, 10), The effect
of sand-trampling on the female Sea-turtles’ emergences
may be negligible, as no emergences were observed 1o be
interrupted —apart from immediately apparent reasons
such as the passing of a motorcycle (pers. obs.; D. Margar-
itoulis, pers. comm.). On the other hand it is known (Bus-
tard, 1972) that hatchlings, after hatching, move upwards
in the nest. As they reach the layers just under the surface of
the sand-covering of the nest and the temperature near the
open air is high, they become torpid, waiting for the
temperature to drop before they emerge. This is a protec-
tive mechanism of hatchlings to avoid exposure to scorch-
ing sand-temperatures during the day. If at this stage tram-
pling occurs close to the nest, hatchlings might get activated
and attempt emergence during daytime, which can be
lethal if the temperature at the surface of the sand is
high

Premature emergence of hatchlings from a nest can be
caused by accidental or deliberate excavation of the nest by
people. Predation of such premature hatchlings by birds is
heavier than of those emerging normally.

Sun-umbrellas, sea-paddies, and various sun-hbathing
paraphernalia that are commonly set on beaches, actually
minimize the area available for nesting, disturb the incu-
bation by shading the nests and thus altering the tempera-
ture in the egg-chamber, while physically destroying some
nests and obstructing female turtles and hatchlings. And as
if all this and the above were not enough, night-time
disturbances may be caused by people who come to the
beach in groups to watch the nesting animals.

3. Traffic of Vehicles on Beaches

Vehicular traffic is concentrated mostly at the water’s
<odee and mainly on East Laganas beach. Itis known that
Sea-turtles which have been distarbed in the early stages ot
their nesting procedure may return to the sea immediately.
Besides that, there is another effect on the nests themselves,
the severity of which is dependent on the weight of the
vehicle and the phase of the incubation during which this
disturbance occurs. A nest becomes more vulnerable 1o
pressure as the hatching period approaches, owing to the
formation normally of an air-space between the eggs and
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the ceiling of the egg-chamber. This air-space begins to
develop about 21 davs prior to the emergence of haichlings
(Kraemer & Richardson, 197%). and in this period the
nest’s ceiling can easily collapse.

Vehicular tracks on the beach also affect the hatchlings
on their way to the sea. It has been observed (D. Margar-
itoulis, pers. comm.) that hatchlings , on entering ruts, will
commonly move 101 relativety long distances 1n the direc-
tion of'the rut which normally runs parallel t 1+ the shoreline.
Although in the end the majority of these ‘trapped’ haich-
lings find their way to the sea, it is apparent that they have
lost a lot of energy and are then more susceptible to pre-
dation. Hosier ef /. (1981) showed that vehicular tracks on
a nesting beach increase by 35% the time taken by hatch-
lings to reach the sea.

4. Noise

The most persistent noise on any nesting beach is that of
the ‘discos’ in the Laganas settlement. The ear of the Sea-
turtle is a low-frequency receptor with a useful span of
perception of perhaps 60-100 Hz (Ridgway er al, 1969),
Low-frequency noises from sources in Laganas Bay are
transmitted over wider distances than are high frequencies,
and are therefore received by Sea-turtles over a wider area.
Although the effect of noise on Sea-turtles is not known, the
anthropogenic sounds which are received by them may
interact with natural ones, for example from the sea, that
are used by them as behavioural signals—with unknown
effects which could, however, be serious.

5. Planting of Trees on the Nesting Beaches

Although plants cannot be considered directly as an
anthropogenic factor, those that do not occur naturally on
the beaches but have been planted there by people to offer
shade to beach users and exploiters, can indeed be so con-
sidered.

As already indicated, Tamarisk trees have been planted
on the beaches of East Laganas and Kalamaki to provide
shade. As the trees grow, their roots will cause a problem
both to the sea-turtles which will try to dig their egg-
chamber and to the hatchlings which will hatch from the
eggs and try to find their way to the open sea. Furthermore,
the roots of the trees will absorb water and nutrients from
the sand, and this in consequence will alter the microenvi-
ronment of the substrate in and around the rhizosphere.
The roots will also consume oxygen for their respiration,
while their fast summer growth may directly destroy incu-
bating eggs by mechanical pressure (Caldwell, 1959; Lazell
& Auger, 1981). Finally, the shade of the trees will affect the
incubation of the eggs and the sex-ratio of hatchlings (Y n-
tema & Mrosovsky, 1979).

6. Motorboats at Sea

The immediate effects of motorboats on turtles has not
been invesugated, buta small number of Loggerheads (2-3
per season) have been found cither dead or wounded, with
injuries which could be attributed to collisions with fast-
moving craft (pers. observ.; D. Margaritoulis, pers.
comm,).

7. Fishing Activities

There are many fishing activities in and plying out of
Laganas Bay during the nesting season. Both amateur and
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professional fishermen use gillnets, and the professionals
also employ long lines. Fishing nets and lines cause trouble
to adult Sea-turtles in the sea, as they may become entan-
gled and drown. Although only 3 dead turtles were found to
have been washed up on Zakynthos beaches during 1985,
the mortality caused by this factor is probably higher than
this figure suggests, because the prevailing winds during the
nesting season may push the carcasses offshore (Margari-
toulis, 1987).

Illegal use of underwater explosives for ‘fishing’, fre-
quently observed close to Zakynthos beaches, has a catas-
trophic effect on the benthic communities of the Bay and
can also directly and indirectly affect Sea-turtles and
hatchlings.

MANAGEMENT PROPOSALS

Any management plan of the Zakynthos Sea-turtles must
be based on two facts. Firsi, economic development is
bound to continue in any case on that island. Second, the
Sea-turtles must be protected, and species protection in this
case means first of all due conservation of its nesting bio-
tope. Naturally, the kind of economic development to be
encouraged by society is an open question, as some devel-
opment activities are clearly in conflict with fundamental
conservation principles and measures whereas others are
not.

The proposals discussed herewith have been formulated
with difficulty, because one has so to minimize the conflict
between development and conservation as to make all
these proposals both realistic and feasible, Several factors
have been taken into consideration: the trends of develop-
ment, the vulnerability of the nesting biotopes, and the
ways in which they can be threatened by people as
described above.

The data on the biclogical parameters of the Loggerhead
Sea-turtles” nesting behaviour (Margaritoulis, 1982, 1987),
as well as the human influence on the nesting beaches and
the trends in development, indicate that the nesting sites
can be separated into two groups. The first group consists of
East Laganas and Kalamaki beaches, and the second group
of Sekania, Daphni, and Gerakas, beaches, and Marathon-
issi and Pelouzo istets (cf. Fig. 3).

As was indicated before, the reproductive activity of
Caretta caretta is inversely related to the touristic devel-
opment of the nesting sites. Laganas and Kalamaki villages
are located in the western part of Laganas Bay, only 5 km
away from the town of Zikynthos, in a flat region that is
easily accessible (Fig. 3). Kalamaki is less developed than
Laganas, but Laganas has deteriorated strongly because of
its uncontrolled and unplanned manner of development.

There was a Presidential Decree, issued in 1984, which
imposed building and land-use restrictions, but which was
met with strong opposition by the landowners and the local
communities. However, this Decree did not include any
explicit measure for the protection of the nesting beaches
themselves.

We think that some direct measures must be taken and
applied to the nesting beaches of East Laganas and Kala-
maki (first group), and suggest the following:

a) Beach-cleaning before the beginning of the season, espe-
cially if it is to be done by grading machines.
b) Overnight and day patroiling of the beaches.
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¢) No motorized traffic of any kind should be allowed on
the beaches.

d) Planting of trees should be forbidden within a 30-m

zone above the summer sea-waves’ upper limit. Plant-

ing of low and dense vegetation, acting as a light-screen,

should be encouraged above 50 m from the summer

sea-waves’ lmit.

Walking freely on the dunes of East Laganas and the

higher levels of the nesting beaches should be avoided;

wooden pathways for this purpose could be constructed

where it is necessary to cross the dunes.

f) No sun-umbrellas, deck-chairs, sca-paddles, boats, etc.,

should be allowed on the nesting beaches, except on

specific sites on East Laganas and Kalamaki where there

is a strong demand—and there onlvy in designated

areas.

All lights of the hotels and other buildings, as well as

public lighting, should be so screened as not to be visible

from the nesting beaches and from the sea. Planting of

dense vegetation at the back of the beaches could further

eliminate lighting.

h) All noise should be kept as low as possible,

iy No speedboats should be allowed in the whole Laganas
Bay area. The marine area defined by Kalamaki, Pelou-
z0, and Gerakas (Fig. 3), should be closed to all vessels
and all fishing activities.
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The second group of nesting beaches—consisting, as
already indicated, of Sekania, Daphni, Gerakas, and the
islets of the Bay, namely Marathonissi and Pelouzo—can
be considered under a long-term management plan which
is analysed below.

It is known that the Greek economy, in order to succeed
and balance, must be based substantially upon tourist
income. It is also evident, from the studies described
above, that the major threat to the nesting biotopes of
Caretta caretra is tourist development and the activities
which this development implies.

A good example of tourist development in the way it is
currently considered is presented by Laganas settlement
and its massive tourism, In opposition to that model, we
propose the small-scale development of “ecotourism’ as an
alternative (Margaris ef a/., 1982). Ecotourism can be con-
sidered as a means of ‘ecodevelopment” of the Logger-
heads’ nesting biotopes.

Under the frame of ecodevelopment through ecotou-
rism, the proposal is formulated as follows: Sekania, Daph-
ni, and Gerakas, nesting beaches could form the broader
area of a Marine Park, whose ‘nucleus’ must be Sekania
beach. The acquisition of this beach up to a distance of
500-600 m from the sea would be necessary, so that the
Sea-turtles would continue their reproductive activity rela-
tively undisturbed. The landowners who would not be
indemnified, because their lands located at Sekania, Daph-
ni, and Gerakas, are practically outside the immediate
nesting area, should form a Community Company. This
Company would undertake the exploitation of an Jnterpre-
tation Center, with various activities aimed at raising the
environmental awareness of both the local population and
all visitors.

The physiography of Gerakas Beach, on the other hand,
supports the idea of daytime guided tours along the top of
the ¢liff which separates the beach from the interior. Tou-
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rists, after visiting the Interpretation Centre, would be
guided to Gerakas early in the morning—to look from
above at this marvellous beach and observe the Sea-turiles’
tracks imprinted in the sand. This, of course, implies that
during the day the beach, or at least part of it, would be
closed to the public.

The islets of Marathonissi and Pelouzo must be expro-
priated and declared as sites of Special Natural Beauty or
Wildlife Reserves.

CONCLUSIONS

The evaluation of the consequences of local anthropog-
enic activities revealed that the Carerta caretia breeding
habitats on Zakynthos are running out of time, It is recog-
nized that the above-mentioned suggestions are simple
conservation measures but that they are nevertheless vital
for the sea turtles. The philosophy of the management
proposal for the ‘nucleus’ of the nesting biotopes {Sekania)
and its satellite nesting beaches (Daphni, Gerakas, and
Marathonissi) is imposed by the urge to have environmen-
tal conservation and economic development combined in
an equitable scheme.

Greece is a small country and it does not have the priv-
ilege of being able to create numerous National Parks in
which no human activity is permitted. Therefore its devel-
opment must be carefully planned, and on a small scale.
Sea-turtles’ nesting biotopes must be protected because
they are unique, and ca# be protected through ecologically
sound tourist development. It is essential for Greece to
keep its human population active and productive, if not
actually wealthy, but it is also essential that the Greek
environment will not become just a ‘product for sale’ to the
summer-time influx of tourists.
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SUMMARY

The island of Zakvnthos, in western Greece, supports the
most important nesting biotope of the endangered Logger-
head Sea-turtle (Caretta caretta) within Europe. The evalu-
ation of the impacts of human activities, such as beach-use
by people, lights, noise, and traffic, on its nesting habitats
revealed that they are running out of time under the pres-
sure of rapid and massive tourist development. It is there-
fore essential for the protection of this unique species to
conserve its nesting biotope. This implies adequate, eco-
logically sound management, which might well be ensured
through the establishment of a Marine Park.
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