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Abstract
The nesting environment is known to significantly affect the breeding success of sea turtles. Sandy beach habitats, where sea
turtles nest, are frequently affected by high tides and waves on Ecuadorian beaches during windy events. The objectives of this
study were: i) to determine the variables that affect nest site selection by two sea turtle species, Eretmochelys imbricata and
Chelonia mydas in Ecuador, ii) to compare features of the nesting places of successful vs. failed clutches and iii) to quantify the
changes in the intensity and frequency of the tide and its relation to the loss of eggs for the last 10 years. We monitored 15
hawksbill and 26 green turtle nests for two years on five beaches on the mainland coast of Ecuador. The results show that the
presence of a dune scarps negatively affected successful nesting, while the proportion of eggs lost was positively associated with
road distance, sea distance and nest depth. In addition, the results showed that the loss of eggs was greater for the green turtle, the
presence of dune scarps and tides. Finally, using the data available on hatching success over the last 10 years we found a
significant relationship between the intensity of the tides and the loss of eggs during this period. We conclude that nest site
selection and hatching success vary with beach microhabitats and therefore local information is needed to protect suitable
habitats.
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Introduction

Sea turtles are a classic example of a widely distributed group
that has historically suffered from declining populations
(Jackson et al. 2001). According to the International Union
for Conservation of Nature (IUCN 2019) approximately
62.8% of sea turtle populations suffer a certain degree of
threat, of which 19.4% are classified as critically threatened,
17.4% as threatened and 30% as vulnerable (Gibbons et al.
2000). Despite this, recent studies such as Mazaris et al.
(2017) or Valdivia et al. (2019) have documented an estimated
increasing, rather than decreasing, trend in population size in

sea turtles across the globe, which they attribute to the effec-
tive protection of eggs and nesting females, as well as the
reduction of by-catch (Finkbeiner et al. 2011). On the other
hand, although by-catch and direct exploitation for meat and
eggs has been reduced (Ceriani et al. 2019), several other
anthropogenic threats continue to cause concern such as: tour-
ism, habitat lost, urbanization, coastal light pollution or the
collection of adults and eggs (Wallace et al. 2013; Brei et al.
2016; Sella and Fuentes 2019; Arlidge et al. 2020).

One of the most prominent negative factors affecting sea
turtles worldwide is climate change (especially climate
warming; Esteban et al. 2018). However, the negative effect
of global warming and subsequent effects may also signifi-
cantly affect migratory reptiles such as sea turtles because of
the stressful thermal conditions during nesting (Mitchell et al.
2008; Telemeco et al. 2013). Nest-site placement by the fe-
male strongly affects the hatching success due to the physical
locations of the nest (such as altitude, moisture, salinity, or
slope; Wood and Bjorndal 2000) and local environmental
conditions (climate influences; Hawkes et al. 2007; Pike
2013; Tomillo et al. 2015; Rivas et al. 2019).

Extreme weather events (Dewald and Pike 2014), rising
water table levels by protracted precipitation (Rivas et al.
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2018), tides (Palomino-González et al. 2020), rising sea levels
(Fish et al. 2005), or beach erosion (Mazaris et al. 2009) may
also be affecting sea turtle populations. Seasonal disturbances
are among the most common and destructive (Goldenberg
et al. 2001; Webster et al. 2005; Pike and Stiner 2007) and
can be particularly devastating for populations because they
often coincide with the reproductive seasons (Spiller et al.
1998; Schoener et al. 2004; Tomillo et al. 2020). Previous
studies have shown that warmer temperatures can influence
post-hatch growth rates (Marn et al. 2017; Rivas et al. 2018)
and hatchling locomotor performance (Booth et al. 2013);
thus, warmer temperatures result in slower growth for some
species (Layfield et al. 1991; Rivas et al. 2019). Pike (2014)
demonstrated that loggerhead sea turtle populations in the
tropics produce nearly 30% fewer hatchlings per nest than
temperate populations. For example, Tanner et al. (2019) es-
timated that there is currently an 84% chance of hatchlings
being female across the Cape Verde population of Caretta
caretta, which will reach over 99% female, with >90% of
nests incubating at lethally high temperatures. Similar results
are found in Costa Rica for the Dermochelys coriaceawith an
85% bias towards females (Tomillo et al. 2014).

To minimise nesting failure in sea turtles at the time of
incubation, conservation plans include management of
nesting beaches, translocation of nests to protected hatcheries,
reduction or destruction of natural predators (Marine Turtle
Specialist Group 1995), as well as maintaining a permanent
presence on beaches where poaching pressure is high
(Tomillo et al. 2017). However, some factors such as the in-
crease and intensity of tides (Caut et al. 2010), as well as rising
sea levels (Fuentes et al. 2010; Katselidis et al. 2014) or the
formation of dune scarps ``where the tides create a berm-like
impediment to progress up the beach in the sand
(Witherington et al. 2011; Rivas et al. 2016; Kelly et al.
2017), are difficult to predict and therefore it is very difficult
to avoid nest losses. For example, Caut et al. (2010) found that
the hatching success was, on average, significantly lower in
flooded nests than in non-flooded, highlighting the existence
of embryonic developmental arrest due to tidal inundation.

In sea turtles, nest site selection is influenced by a balance
between forces that drive nest placement inland (inundation
and egg loss due to sand erosion) (Wood and Bjorndal 2000).
Another important factor is the distance to vegetation, since
nests are clumped close to the border between the open sand
and the supra-littoral vegetation that back the beaches (Hays
et al. 1995), as well as a low slope (Garmestani et al. 2000;
Wood and Bjorndal 2000). This is an important factor in the
conservation of hawksbill sea turtles, since it increases the
amount of non-hatched eggs, negatively influencing the
hatching success of this species (Serafini et al. 2009).
Patrício et al. (2018) showed that females tended to nest close
to the vegetation (the contrary to what was found in the
hawksbill turtle by (Serafini et al. 2009), above the highest

spring tide, which enhanced clutch survival. Finally, the prox-
imity of turtle nests (and surrounding beach locations) to ur-
ban areas and their exposure to artificial light, can also affect
the selection of nesting sites (Kelly et al. 2017).

In Ecuador, the green turtle (Chelonia mydas) and the
hawksbill turtle (Eretmochelys imbricata) nesting activity oc-
curs along the continental Ecuadorian coast (Alava et al.
2005), mainly in the Machalilla National Park, a protected
coastal zone (Barragan 2003).

The objectives of the study were: i) to determine the vari-
ables that affect nest site selection by the two sea turtle spe-
cies,Eretmochelys imbricata and Chelonia mydas in Ecuador,
ii) to compare features of the nesting places of successful vs.
failed clutches and iii) to quantify the changes in the intensity
and frequency of the tide and its relation to the loss of eggs
during the last 10 years.

Material and methods

Study area

The study area is located on the continental coast of the prov-
ince of Manabí, the central coast of Ecuador (−1.05222222°
lat −80.45055556° long) with an extension of 350 km (Fig. 1).
On the coast of the province of Manabí, 22 sites have been
confirmed as nesting sites along 32 km of the coast, of which
10 km are within protected areas in the Machalilla National
Park and in the Pacoche Marine and Wildlife Refuge (Alcívar
and López 2014).

Nest monitoring

The study was conducted on 5 beaches, the largest with a
length of 4750 m, with confirmed nesting, which were mon-
itored weekly during the nesting months of sea turtles between
December and April from 2017 to 2019 (Table 1). We con-
ducted morning surveys to scan for nesting activities that had
occurred during the previous night. We considered a nesting
attempt successful (‘nest’ from now on) when we found a
body pit, an area where sand had been disrupted, and sand
spray was present. A nesting attempt was considered as
aborted when a body pit was not found adjoining the turtle
tracks, or a body pit did not contain any remains of sand spray
(Rivas et al. 2016). The nests were georeferenced (Trimble
Juno SB) in situ and, after hatching, the number of successful
and failed eggs were counted to know hatching success.
Flooding was registered daily (coinciding with the time of
high tide https://www.inocar.mil.ec/mareas/TM/2020/
PUERTO_LOPEZ.pdf) and all the nests affected by the
increasing water level were identified following Madden
et al. (2008), and the nest depth was measured to the bottom
of the cavity.

   55 Page 2 of 10 J Coast Conserv           (2020) 24:55 

https://www.inocar.mil.ec/mareas/TM/2020/PUERTO_LOPEZ.pdf
https://www.inocar.mil.ec/mareas/TM/2020/PUERTO_LOPEZ.pdf


Geomorphological and environmental measurements

A series of topographic and geomorphological measurements
were carried out on these five beaches, such as the total sur-
face, slope, beach width, texture, morphological unit, type of
rock, or vegetation. To obtain the width of the beach, the
profiles and shorelines of each beach were created through
photo-interpretation (we use the vegetation as the back-
beach boundary). Each beach was vectorised from
orthophotos taking the last wet mark left by the tide as a
reference. This allowed us to create transects perpendicular
to the coastline at equidistant distances every 100 m. The
width of the beach was measured in each of these transects.
The slope and altitude were calculated from a digital elevation
model (with a resolution of 90 m provided by the Ecuadorian

Space Institute), and the slope values were verified in percent-
ages in the field by obtaining the altitude levels from the
external line and the coast profile.

For the geomorphological and edaphic aspects, the data
catalogue of the National Information System and
Management of Rural Lands and Technological
Infras t ructure (SIGTIERRAS) was used (ht tp: / /
metadatos.sigtierras.gob.ec:8080/geonetwork/srv/spa/
catalog.search#/home), where the geodynamic processes
(texture, morphological unit, rock type or vegetation) of
each beach were identified. The climatic characterization
was compiled from the available files of the Cantagallo -
Granja UNESUM meteorological station (Latitude −1.
2889; Longitude −80.7312), and it was verified with the
shapefile of the generation of Geoinformation for the

Fig. 1 Map of the study areas
showing monitored beaches and
sampling plots in red

Table 1 Characteristics of the nests monitored at the 5 study beaches (n = 41)

Beach Nest depth
(cm)

Altitude
(m)

Distance to
vegetation

Distance to
sea

Distance to
road

Distance to
house

Slope
(%)

Beach width
(m)

Length
(km)

1 55.7 ± 6.1 12.6 ± 2.9 1.69 ± 0.39 32.9 ± 3.9 25.3 ± 9.3 1496 ± 17.1 8.73 14.85 0.11

2 56 16 1.2 35.9 35 1310 6.84 16.9 0.65

3 54 13 0.8 40.6 38 613 13.8 43.8 1.8

4 64.2 ± 3.1 3.3 ± 4.4 1.5 ± 1.2 25.9 ± 6.9 82.3 ± 63 51.3 ± 22.3 2.81 124.5 4.75

5 61.3 ± 6.9 11.6 ± 10.5 1.05 ± 0.64 29.2 ± 4.1 171 ± 142 450 ± 304.9 22.3 102.6 4.1
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management of the territory at the national level through
the Space Institute Ecuadorian (IEE).

Characteristics of the nests monitored are shown in
Table 1. Beaches 1, 2 and 3, have an annual precipitation of
200–300 mm, and with an atmospheric temperature > 25,
whose potential evaporation ranges between 1350 and
1400 mm. Beach 4 and beach 5 have precipitation ranges
between 100 and 200 mm, with an atmospheric temperature >
25 and an annual potential evaporation that oscillates between
1300 and 1350 mm.

For each of the beaches monitored (n = 5), the climatic and
anthropic variables were determined at nest level. We record-
ed tidal height, distance from nest to high tide and low tide
(https://www.inocar.mil.ec/mareas/TM/2020/PUERTO_
LOPEZ.pdf), distance to human settlements, distance to road
and distance to vegetation for every nest located in the
sampling point using QGIS 2.18 (GRASS Development
Team 2017). Also, during the weekly visit to every beach
sampled, we recorded the presence or absence of dune scarps.
Dune scarps happen when a high tide and high waves occur
and the berm in the sand was registered when its height was
40 cm or higher because of the difficulties for the females to
nesting (Rivas et al. 2016).

Frequency and intensity of tide

The tidal data for each day, with the time andmaximum height
for the last 10 years were obtained from Inocar (https://www.
inocar.mil.ec/web/index.php). Data for Puerto Lopez were
selected and extreme tidal events when rising above 3 m
were considered and the intertidal amplitude was calculated
as the difference between this maximum of 3 or more meters
and the minimum of that same day. This allowed us to
calculate the number of days that these events occurred
(frequency) and their intensity (difference between max-min
tide) during the last 10 years. Further, data on nest loss from
2009 to 2019 were obtained from the Machalilla National
Park Biodiversity Monitoring System on a total of 157 nests
(86 of green turtles and 71 of hawksbill turtle).

Statistical analysis

In order to determine the underlying anthropic and climatic
factors driving the nesting failure and egg loss, two
Generalised Linear Mixed Models (GLMMs) were performed
using the variable successful nesting attempts and aborted
nesting attempts (model 1) and the proportion of eggs lost in
relation to the total number of eggs in each nest (model 2) as
response variables. Model 1 fit a binary distribution with a
logit-link and model 2 fit a binomial distribution with a
logit-link, respectively. The variables, species (2 levels), dune
scarp (2 levels) and tide (2 levels) were added as fixed factors,
whereas road, sea, vegetation distance and distance to human

settlements were included as continuous variables in model 1.
Model 2, also included nest depth and altitude above sea level
on the basis of the high tide as continuous variables. The
beach (five levels) was considered as a random factor. The
selection of the most plausible models was carried out by
comparing Akaike’s information criterion (AIC) (Burnham
and Anderson 2002) following a backward procedure (Zuur
et al. 2009). Fisher’s least significant difference test (LSD test)
for comparisons of the estimated means within a mixed anal-
ysis was developed to check the differences among the levels
of categorical variables. Statistical analyses were performed
by employing InfoStats software.

Finally, a linear regression was carried out to determine the
frequency (number of tides per year) and intensity (difference
between max-min tide) of the tides and their relationship with
the proportion of nests lost in the last 10 years. In addition, a
Spearman correlation test was performed between the number
of tides per year and the maximum height reached.

Results

Descriptive results

In total, 41 nests (26 green turtle and 15 hawksbill turtle) were
located and monitored with an average of 107 ± 61 eggs per
nest. In addition, 13 aborted nesting attempts were recorded.
Average hatching failure (percentage of eggs lost per nest)
was 35.9% ± 31.31%. Highlighting the tide along with the
natural barriers or remains left by the tides were the main
cause of egg loss at 63.4%, followed by predation at 17%.
The mean altitude of nest placement was 9.3 ± 8.6 m, while
the average of nest depth was 0.60 ± 0.07 m (Table 1). The
mean nesting distance was 29.4 ± 5.1 m and 1.2 ± 0.8 m to the
sea and the vegetation, respectively. According to our obser-
vations, the turtles were able to pass over the berms when they
are lower than 40 cm in height.

In relation to the 157 nests monitored by Machalilla
National Park Biodiversity Monitoring System from 2009 to
2019, the data showed a total of 6894 eggs lost with respect to
the total of 17,510 (represented a percentage of losses of
39.4%, of which 68.6% is due to tide washing).

Underlying factors for nest failure and egg loss

Candidate models assessing the effect of climatic and anthrop-
ic characteristics on the total number of aborted nesting at-
tempts (model 1) and the proportion of eggs lost with regard
to the total number of eggs in each nest (model 2) are shown in
Table 2. The factors retained in the best models (model 1 and
2) are displayed in Table 3. The results show that the presence
of a dune scarp was negatively associated with successful
nesting (Fig. 2). Furthermore, the proportion of eggs lost in
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each nest was positively associated with road distance, sea
distance and nest depth and negatively only with altitude
(model 2). In addition, the results showed significant differ-
ences between species, dune scarp and tide, the loss of eggs
for the green turtle was greater in the presence of a dune scarp
and high tides (Fig. 3).

Changes in the intensity and frequency of the tide

The results show an increase in both the frequency and inten-
sity of the tides during the last 10 years (Fig. 4). The Spearman
correlation shows a positive relationship between both the
variables of frequency and intensity of the tides (r = 0.83,
p < 0.05). In the same way, the results show an increase in
the percentage of eggs lost during this period. An exponential
regression shows a positive and significant relationship be-
tween the intensity of the tide and the loss of nests (r = 0.76
p < 0.05; Fig. 5B), but not with the frequency of the tides.

Discussion

Sea turtles play important roles in marine ecosystems, both as
prey and predators, as competitors, as substrates for epibiont

Table 2 Candidate models
assessing the effect of anthropic
and climatic characteristics on
successful nesting attempts vs.
aborted nesting attempt (model 1)
and the proportion of eggs lost in
relation to the total number of
eggs in each nest (model 2)

k AICc ΔAICc wi

Candidate models (model 1)

Dune scarp + Tide + Road distance 3 46.17 0 0.258

Dune scarp + Tide + Road distance + Species 4 46.49 0.32 0.219

Dune scarp 1 47.12 0.95 0.160

Dune scarp + Tide 2 47.44 1.27 0.137

Dune scarp + Road distance 2 47.69 1.52 0.120

Dune scarp + Species 2 47.95 1.78 0.106

Candidate models (model 2)

Tide + Species + Dune scarp + Altitude + Nest depth + Sea D. + Road D. 7 156.03 0 0.487

Tide + Specie + Dune scarp + Altitude + Nest depth + Sea D. + Road D. +
House D.

8 156.79 0.76 0.333

Tide + Species + Dune scarp + Altitude + Nest depth + Sea D. + Road D. +
Vegetation D

8 158.03 2 0.179

The number of model parameters (k), the Akaike information criteria for small sample sizes (AICc), the difference
between each model and the best model (ΔAICc), and the Akaike weight (wi) are shown

Table 3 Best models explaining the causes of successful nesting
attempts vs. aborted nesting attempt (model 1) and the proportion of
eggs lost in relation to the total number of eggs in each nest (model 2).
Estimates for the level of fixed factors were calculated using the reference
values of ‘No’ in the variable ‘tide’, ‘no’ in the variable ‘dune scarp’ and
‘hawksbill sea turtle’ in the variable species

Variable Estimate ± SE F-value p value

Successful nesting vs. aborted nesting attempt (model 1)

Intercept 4.58 ± 1.57 8.97 <0.01

Dune scarp Yes = −3.36 ± 1.09 9.44 <0.01

Tide Yes = −1.77 ± 1.02 3.04 0.089

Road distance −0.01 ± 0.004 2.92 0.096

Proportion of eggs lost (model 2)

Intercept −12.9 ± 2.35 27.1 <0.001

Dune scarp Yes = 2.21 ± 0.74 8.89 <0.01

Tide Yes = 1.89 ± 0.68 7.79 <0.05

Species Green turtle = 0.6 ± 0.26 5.21 <0.05

Road distance 0.01 ± 0.002 11.3 <0.01

Sea distance 0.17 ± 0.03 24.4 <0.001

Altitude −0.07 ± 0.02 11.5 <0.01

Nest depth 0.05 ± 0.02 7.02 <0.05

Significant p-values are highlighted in bold type

Fig. 2 Predicted mean values (± S.E.) of probability of successful nesting
according to the presence or absence of dune scarp. Capital letters indicate
significant differences (p < 0.05) between the presence vs. the absence of
a dune scarp according to Fisher LSD tests
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organisms, as nutrient transporters, or as modifiers of the ma-
rine landscape (Bjorndal and Jackson 2002). However, their
populations have suffered significant declines due to a com-
bination of factors (Mazaris et al. 2017) such as bycatch in
pelagic long-line fishing and global climate changes
(Chaloupka et al. 2008; Laloë et al. 2017). Our results show
that the intensity and frequency of extremewave height events
and their associated consequences (formation of dune scarps)
have a great impact on the nesting success of sea turtles. In
addition, the results indicate an increasing trend in the fre-
quency and intensity of these events in recent years, with
detrimental negative effects on the hatching of eggs in the
nests as found in the Caribbean Sea for the leatherback sea
turtle (Palomino-González et al. 2020).

Previous studies have showed that rising sea levels and an
increase in storm frequency can inundate lower beach areas
and destroy nests of turtles prevented from upper-beach access

(Hawkes et al. 2009; Poloczanska et al. 2009; Patrício et al.
2019; Varela et al. 2019). Recently, Lyons et al. (2020) have
suggested that even low levels of beach loss could have sub-
stantial impacts on future nesting densities and population
growth. This is especially worrisome in developing areas like
the coast of Ecuador, where beaches become narrower which
is known as “coastal squeeze” (Fish et al. 2005; Mazaris et al.
2009; Noss 2011). Our results show an average hatching fail-
ure (percentage of eggs lost per nest) of 35.9% while tides are
the main cause of eggs loss at a rate of 63.4%. Tidal inunda-
tion has been previously reported as an important factor af-
fecting nest failure. Foley et al. (2006), found than one-third
(38.9%) of the nest sites experienced tidal inundation which is
half the impact found in this study. Caut et al. (2010)
highlighted the existence of embryonic developmental arrest
due to tidal inundation, since flooding affects the exchange of
gases and changes in sand temperature (Booth 1998; Ralph
et al. 2005; Chen et al. 2010), decreasing hatching success
(Cheng et al. 2015). The formation of dune scarps by beach
erosion might be determined by tides (Rivas et al. 2016), but

Fig. 4 Frequency of days with an extreme high tide (3 m o more) (A) and average difference between the MAX and MIN tide (B) during the period
2009–2019. In grey, the 95% confidence intervals

Fig. 3 Predicted mean values (± S.E.) of proportion of eggs lost when a
dune scarp occurs (yes vs. no), species (green vs. hawksbill turtle) and
extreme high tide (yes vs. no). Capital letters indicate significant
differences (p < 0.05) between the two levels of the factors according to
Fisher LSD tests

Fig. 5 Exponential regression between the percentages of eggs lost and
average Difference MAX-MIN tide (m) (B) during the period 2009–2019
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also is typically associated with storms, typhoons or currents,
and is influenced by the slope (van Bemmelen et al. 2020).
These dune scarps affect both the possibility of nesting (that is,
due to them the turtle returns to the sea without nesting; model
1), and the loss of eggs (model 2).

Beach armoring, light pollution and other shoreline stabili-
zation structures (such as groins and jetties) have a great im-
pact onmarine turtle nesting grounds (Sella and Fuentes 2019;
Rivas et al. 2015). Along the same lines, our results show that
shortened distances to roads negatively affected nesting suc-
cess. In Ecuador, the continental coast has undergone a pro-
cess of urbanization that has negatively affected the nesting of
sea turtles by altering the beaches and generating light pollu-
tion (Gutiérrez et al. 2019) which reduces nesting success of
sea turtles and could cause greater predation on sea turtle nests
(Silva et al. 2017).

Other natural factors related to nest-site selection and lost
sea turtle eggs were altitude, nest depth and the distance to the
sea. Our findings agree with previous studies, where the de-
gree of slope appears to have a strong positive influence on
nest-site selection since more slope signifies more nest eleva-
tion and therefore less flooding risk (Wood and Bjorndal
2000; Spanier 2010) and higher altitudes or buried shallower
are less likely to experience such floods. While most nests can
withstand minimal tidal inundations without drastic impacts
on hatching success (Whitesell 2018), nests at low elevations
are more frequently inundated by tides and experience a lower
hatching success (Foley et al. 2006; Brig 2014). Regarding the
depth of the nests, this is the consequence of (a) dry surface
sand and (b) large females (Hays et al. 1993), the nests are
deeper when there is more dry sand, larger females or both
(Cheng et al. 2009). In the case of shallower nests, the sur-
rounding substrate (sand) may help to drain the water after
washovers. In addition, the water table below the nest rises
and falls depending on the tide, which may cause flooding of
eggs deposited deeper (Thompson and Curran 2015). If the
mean of high tides rises, the distance between the nest and the
water table will decrease, and the probability of a nest being
flooded will increase (Ware and Fuentes 2018). Similarly,
Rivas et al. (2018) showed how protracted rainfall increased
the water table levels and sandmoisture in some places, which
consequently increased egg mortality in deeper nests.

Finally, when the two species studied were compared,
we found a higher proportion of egg loss in the green
turtle nests. Overall, this species tended to nest close to
the vegetation (Patrício et al. 2018), while hawksbill tur-
tles showed no preferences for either the sand or vegeta-
tion zone (Serafini et al. 2009). Patrício et al. (2018)
showed a lower rate of success when emerging in forest
areas than in the forest border and open sand. Our results
showed that the hawksbill turtle nests are higher and
therefore are exposed to a lower risk of flooding as found
by Kamel and Mrosovsky (2005).

Conclusion

According to our results, there has been a decreasing percent-
age of hatching success associated with an increasing trend in
both the frequency and intensity of floods in recent years.
Climate change poses a threat to sea turtles because of the
limited range of environmental and physical conditions that
can be tolerated for hatching success (Butler 2019). These
conditions are likely to evolve towards more unfavourable
conditions as climate change progresses (Lyons et al. 2020).
In addition, the projections of sea level rise show very
unfavourable scenarios for the nesting of turtles (Patrício
et al. 2019; Varela et al. 2019). To date, the management
and conservation of sea turtles has focused almost entirely
on non-climatic stressors due, at least in part, to practitioners
not knowing what strategies to adopt and the feasibility and
risks of potential strategies. For example, monitoring
programmes use relocation techniques to avoid egg lost, there-
fore microhabitat assessments should be done to minimize
potential skewed of sex ratios and low hatching success
(Rivas et al. 2019). Forecasting tidal inundation on sandy
beaches and how that directly impacts on coastal nesting spe-
cies is necessary for their successful conservation and man-
agement. Understanding which populations will be exposed to
flooding scenarios in the future and which areas are at a great-
er risk is essential to manage these species effectively.
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