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8,019 nests) and an average nest density of 256.2 nests/
km (range = 105.9-581.1 nests/km) (Table S1).

An exponential increase of nests was observed at
the unfailingly monitored, for 41 years, Sectors A—C
(Fig. 4). The data show a significant monotonic increase
in nest numbers over time (Mann-Kendall trend test;
p < 0.0001, tau = 0.707). The increase seems to start
somewhere in the period 2008-2011. Large increases
were noted in Sector O, consistently monitored in the
31-year period 1994-2024, as well as in Sector D,
monitored for the 12-year period (2013-2024) (Fig. 4).

The spatial distribution of nests, confirmed during
four years (2017-2019, and 2021) along all sectors
(Table 1), provided the opportunity to estimate that
the 8,019 nests counted in the record year 2024 in the

8000
7000

6000

w
o
o
o

4000

Number of nests

w
o
o
o

2000

1000

0

page 5 of 11

southernmost five Sectors (O, A—D) (Table S1) indicate
a total number of around 9,100 nests along the entire
Kyparissia Bay (Fig. 5).

Multidecadal results of tagging provided an
interesting temporal evolution of neophyte turtles over
the years. Through the 1980s to 1992, the percentage
of neophytes reduced from 100% to 50% as existing
members of the population were tagged. This level
stabilised at about 40% until 2002, when it bottomed
out at just under 30% for two years. Subsequently the
levels have increased, and since about 2009 to present,
the percentage of neophytes has averaged around 60%
(Fig. 6), but with a positive trend, providing evidence
that an increased percentage of “new” turtles is entering
the nesting population.

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

Year

Fig. 4. Annual number of nests per Sectors A-C (dark brown) monitored unfailingly since 1984, Sector O (mid-brown) monitored since 1994, and
Sector D (pale-brown) monitored since 2013. The polynomial trend line refers to Sectors A—C.

Table 1. Nest numbers, nesting contribution and nesting density per sector(s) during four years (2017-2019, and 2021)
when all beach sectors were surveyed along the 43.5-km Kyparissia Bay

Year
Sectors (from south towards north) Nesting contribution (%) Mean nesting density (nests/km/year)
2017 2018 2019 2021
O (2.2 km) 219 456 509 583 13.0 200.8
A—C (7.3 km) 1159 2111 2376 2654 60.8 284.2
D (4.3 km) 213 380 540 813 14.3 113.1
E-K (29.7 km) 164 481 633 352 11.9 13.7
Overall (43.5 km) 1755 3428 4058 4402 100.0 78.4
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DISCUSSION

We described the magnitude and the efficacy of
nest protection measures, mainly against nest predation,
in the monitored sectors of Kyparissia Bay. The year
1992 signals the start of systematic massive protection
of nests, after which the annual predation rate fell to
about 13%. The relatively large annual fluctuations of
predation rates after 1992 are attributed to temporal
changes of predator populations or their activity.
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Further, occasional rains—although not frequent
in the area—and excess humidity assisted foxes to
tunnel below the protective grids, as noted also in the
loggerhead rookery of Koroni, southern Peloponnese
(Margaritoulis et al. 2023).

The evolution of the annual nest numbers in
the longest monitored Sectors A—C, over 41 years
(1984-2024), showed an exponentially increasing trend.
The large increase of nests documented in the southern
sectors of Kyparissia Bay appeared also in the northern

Fig. 5. Partial view of the core nesting area of Kyparissia Bay showing the extremely high nest density towards the end of the nesting season in the
record year (2024). Nests are distinguished by the bamboos that anchor the flat protective grids above the nests (Photo: D. FytilissARCHELON).

Fig. 6. Annual percentage of neophyte loggerhead turtles encountered during tagging work in Kyparissia Bay in the period 1993-2024. The data
show a significant monotonic increase of neophyte percentage in the nesting population (Mann-Kendall trend test; p < 0.0001, tau = 0.535).
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sectors. A comparison of nest numbers in Sectors E-K
surveyed in the six-year period 1984-1989 (mean =
56.3 nests/year; Margaritoulis and Rees 2001) and in the
recent four-year period (2017-2019, and 2021; mean =
407 nests/year), provides an overwhelming increase of
623%. The spatial distribution of nests along the entire
Kyparissia Bay (43.5 km) in the recent period (2017—
2019, and 2021) is similar to the spatial distribution
documented during the surveys of the period 1984—1989
(Margaritoulis and Rees 2001), indicating the likely
levels of precision incorporated in the phenomenon of
natal homing.

The increase of nests in Kyparissia Bay seems
to start somewhere in the period 2008-2011, which is
about 17-20 years from the start of the aforementioned
large-scale nest protection in 1992, and this time-lag
falls within the limits of age at maturity, estimated
by three aging methods, for loggerhead turtles in the
Mediterranean (14.9-34.5 years; Casale et al. 2018). In
a similar situation, from US Virgin Islands, the increase
of the leatherback sea turtle (Dermochelys coriacea)
nesting population was explained by an aggressive
nest protection program initiated about 20 years ago,
coinciding with the maturation age of leatherback turtles
(Dutton et al. 2005). Conversely, Santos et al. (2000)
and Hawkes et al. (2005) studying loggerhead nesting
populations, respectively in Brazil and in Bald Head
(USA), explained the non-increase of nests after 20 and
24 years of protection by the longer maturation time of
loggerheads in the western Atlantic, meaning that more
years would be needed to observe such an increase.

Nest numbers are considered reliable proxies of
the number of adult females in a sea turtle population
and, hence, of their conservation status. Consequently,
a sustained large increase of nests is likely to reflect
a real increase in the number of adult females. The
assertion that the population nesting in Kyparissia Bay
is increasing is supported by the increase of “neophyte”
turtles that are encountered since about 2008, i.e., after
17 years from the onset of massive protection of nests
in 1992. Notwithstanding, some caution is needed here
because the large increase of nesting turtles, under more
or less similar over the seasons tagging effort, may bias
the actual percentage of neophytes as proportionately
fewer turtles are tagged each season.

In the last years there have been increases in
sea turtle populations across the globe reflecting
conservation efforts (Mazaris et al. 2017; Hays et al.
2025). In the Mediterranean, positive trends in nest
counts of 16 index nesting sites were recorded in the
latest IUCN Red List assessment for Mediterranean
loggerheads (Casale 2015). Also Casale et al. (2018),
comparing 21 nesting sites in the Mediterranean
between two arbitrary periods (until 1999 and onwards
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from 2000), found an overall population increase of
about 26%. This increase cannot be compared with
the about four-fold (294%) increase at Kyparissia Bay
(Sectors A—C), exhibited between the same periods, i.e.,
1984-1999 (mean = 365 nests/year) and 2000-2024
(mean = 1,438 nests/year), documented herein.

Our conclusion is further supported by comparing
the temporal pattern of nests in Kyparissia Bay with
those at Zakynthos over the 41-year period 19842024
(Fig. 7). Nest numbers in Kyparissia Bay (Sectors
A—C) gradually reached, and since 2015 exceeded,
those recorded at Zakynthos, once hosting the largest
loggerhead nesting aggregation in the Mediterranean
(Margaritoulis et al. 2003). Both nesting populations
belong to the same genetic stock (Carreras et al. 2007;
Carreras et al. 2014) and share the same foraging
habitats, mainly in the Gulf of Gabés (north Africa)
and in the Adriatic Sea, as documented by tag returns
(Margaritoulis et al. 2003; Lazar et al. 2004), satellite
tracking and stable isotope analyses of adult females
(Zbinden et al. 2008; Schofield et al. 2013; Haywood
et al. 2021; ARCHELON, unpub data). In addition, the
striking similarity of the annual nesting fluctuations
in both populations (see Fig. 7) provides additional
evidence that the turtles nesting in Kyparissia Bay
and in Zakynthos come from the same foraging
areas, because nesting fluctuations depend largely
on food availability influenced by environmental
and oceanographic conditions at the foraging areas
(Broderick et al. 2001; Solow et al. 2002). Nevertheless,
despite the proximity of the two nesting habitats and the
common foraging areas, Zakynthos nesting population
has not shown any sizable increase and is considered
stable in the long term, notwithstanding the operation of
a conservation program since 1984 and an exceptional
conservation status in the form of a National Marine
Park since 1999 (Margaritoulis et al. 2022). An apparent
explanation of this discrepancy is that the increased
hatchling recruitment in Kyparissia Bay, due to the
multidecadal elimination of predation, out-paced the
more or less stable recruitment in the predation-free
nesting areas of Zakynthos.

It is understood that a number of other factors,
besides the elimination of predation, may have caused
a population growth, such as (1) the increase of
incubation temperatures (because of climate change)
producing proportionately more female hatchlings and
hence more nests (Laloé et al. 2014; Sousa-Guedes et
al. 2025), (2) immigration of females from other nesting
areas (Sato et al. 1997, Girard et al. 2021), (3) increased
survivorship of adult females (Marco et al. 2012).

Existing data on hatchling feminization in
Zakynthos and Kyparissia Bay do not show a sizeable
difference in primary sex ratios. Female hatchling ratios
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were calculated for Kyparissia Bay to be about 70%
(Rees and Margaritoulis 2004), and for Zakynthos to be
68—75% (during 2002—-2003; Zbinden et al. 2007) and to
73.2-80.6% (during 2007-2009; Katselidis et al. 2012).
Therefore, it does not seem plausible that the increase
of nests in Kyparissia Bay can be attributed to a higher
feminization of hatchlings in Kyparissia Bay in relation
to those emerging in Zakynthos.

According to the ongoing long-term tagging
projects conducted in both areas, no considerable
drifting of nesters from Zakynthos to Kyparissia Bay
has been detected. From a sample of 2,971 female
turtles tagged in Zakynthos and Kyparissia Bay, over
a 15-year period (1982-1996), only two turtles from
Zakynthos were observed nesting in Kyparissia Bay and
four turtles from Kyparissia Bay nested in Zakynthos
(Margaritoulis 1998). A similar magnitude of nesting
interchange, between the two areas, is demonstrated
in more recent years (Rees et al. 2017; ARCHELON,
unpub data). Further, Schofield et al. (2010) reported
that although 10 out of 13 tracked females from
Zakynthos made inter-nesting forays up to 100 km
(some turtles approaching Kyparissia Bay), none of
them nested at alternative sites. Other nearby nesting
areas that could affect the size of the Kyparissia Bay
population, through the immigration of nesting turtles,
do not hold the necessary population level. For instance,
the Romanos rookery, at the southwestern Peloponnese
coast, south of Kyparissia Bay, showed an annual
average of 18 nests and an increasing trend over the 10-
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year period 2009-2018 (Teneketzis and Margaritoulis
2019).

Could the large increase of nests at Kyparissia Bay
be a result of lower mortality of adult females there in
comparison to female deaths at Zakynthos? Both nesting
populations suffer mortalities during the breeding
season. From the archive of ARCHELON’s stranding
data, we obtained that in the 19-year period (2005-
2023), 187 female turtles died in Zakynthos and 159
females in Kyparissia Bay. We believe that, although
the two nesting populations were gradually becoming
increasingly dissimilar, the overall difference in female
mortality (28 turtles over 19 years) is rather trivial to
justify the exponential growth of the Kyparissia Bay
population against the long-term “stability” of the
Zakynthos population.

Lastly, although favourable conditions at the
shared foraging areas can increase in some specific
years the nesting population, due to synchronization of
nesting cohorts, in our case the almost continuous surge
of nests in Kyparissia Bay reduces this possibility.

We therefore believe that the documented
astonishing increase of nests in Kyparissia Bay was
mostly caused by the long-term massive nest protection
that started in 1992, i.e., 17 years before the onset of the
increase.

The presented nesting data, updating previous
information, provide a basis to delineate better the core
nesting area in Kyparissia Bay. Taking into account
the nesting distribution during the recent years when
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Fig. 7. Comparison of annual nest numbers and trends in Kyparissia Bay (Sectors A—C; brown lines) and in the nearby nesting area of Zakynthos
(blue lines) for the 41-year period 1984-2024. Zakynthos data from Margaritoulis et al. (2022) and ARCHELON (2022 2023 2024). Trend lines are

polynomials of third order.
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the entire bay was surveyed (Table 1), we recommend
that the core nesting area should expand northwards
and include Sector D (4.3 km of beach length), which
contributes 14.3% of all nests in the bay. Hence,
the proposed core nesting area, comprised of the
southernmost five Sectors (O, A—D), totaling 13.8 km in
length, would host more than 88% of the total nesting
effort across the entire Kyparissia Bay. This culminates
in a nesting level of 3,535 nests/year and a nest density
of 256.2 nests/km (both represent average values of the
12-year period 2013-2024). In the record year (2024),
these five sectors hosted 8,019 nests, which were laid
by about 2,350 individual turtles, considering a clutch
frequency of 3.4 nests/year/female (Rees et al. 2023).
Of note, these five sectors are all included in the EU’s
Natura 2000 site GR2550005 (Thines Kyparissias) (see
Rees et al. 2023).

The herein presented extraordinary increase of
nesting population at Kyparissia Bay certainly bears
an impact on the current population assessments of the
Mediterranean Management Unit (Wallace et al. 2023),
as well as on national marine turtle population estimates
employed under other schemes (e.g., Favorable
Reference Values in the EU’s Natura 2000 network,
MSFD).

Nevertheless, the lack of nesting data before 1984
and in view of the “shifting baseline syndrome” (Pauly
1995 in Bjorndal et al. (1999)), according to which
scientists tend to describe population changes taking as
a starting point the onset of their work, make us cautious
in considering the noted increase as a “recovery” of the
nesting population. It is unknown if there were more
turtles nesting before the start of our work in 1984 or
if natural agents, such as predation and inundation,
kept numbers under balance. The continuing increase
of nests in Kyparissia Bay raises directly the question:
how many turtles are necessary for a viable population
in the long term? It is not easy to answer this question
as several factors are missing, such as survival rates
at sea and population dynamics traits. In Greece, there
are nesting beaches with thriving nesting populations,
albeit small, with tens of nests, like those in Romanos
(Teneketzis and Margaritoulis 2019) and Koroni
(Margaritoulis et al. 2023). Further, the deprivation of
a food source from the local fox population may have
a consequence in the dynamics of the local terrestrial
ecosystem (Heithaus 2013). Therefore, additional
studies are needed to understand the interaction between
sea turtle nesting and predators, and also to conceive the
impact of an increased sea turtle population on marine
and coastal ecosystems.

In the meantime, conservation efforts in
Kyparissia Bay should continue because loggerheads in
the Mediterranean face many threats that reduce their
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survival probabilities; especially those nesting in Greek
rookeries appear as mostly affected by anthropogenic
mortalities at sea (Casale et al. 2014).

CONCLUSIONS

A long-term massive nest protection program at
the loggerhead sea turtle rookery of Kyparissia Bay,
Greece, decreased nest predation rates from about 50%
to 13%. Systematic nest counts revealed an exponential
increase of nests after 17-20 years from the onset of
the intense nest protection scheme in 1992. This time-
lag falls within the limits of the maturation time of
loggerhead turtles in the Mediterranean. Furthermore,
there has been a proportional increase of neophyte
turtles during the same period. Additionally, the nesting
population at the nearby Zakynthos rookery, devoid
of nest predations, does not show such an increase
although both populations share the same foraging
habitats. Considering these lines of evidence, we
conclude that the dramatic increase in the number
of nests at Kyparissia Bay is largely attributable to
increased hatchling recruitment, resulting from the
large-scale nest protection program, and the saved
hatchlings’ return after maturation to nest on their natal
beaches.
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