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Abstract

The COVID-19 lockdown opened an opportunity to assess the response of animal populations to diminished human activities.
As coastal dunes face many disturbances caused by increasing human activities, we assessed the effect of reduced human
mobility on coastal bird diversity and abundance and on the Least Tern nest failure rate on an island in the southern Gulf of
Mexico before, during, and after the lockdown to test the hypothesis that diminished tourism and recreational activities can
contribute to the conservation of coastal ecosystems by increasing species richness and abundance and decreasing the nest
failure rate. We used data from 2016 to 2021 to estimate nesting failure probabilities using Bernard’s cumulative distribution
function, Kaplan—Meier tests, and Cox regression for hazard rates. Bird species richness and abundance were compared
using Kruskal—Wallis rank tests. Factors related to breeding site preference were assessed using the BIOENV method.
The lockdown did not affect species richness, but bird abundance was inversely related to pedestrian traffic (rho = —0.908,
p<0.0001, n=48). Nest failure decreased during the lockdown in 2020 (p <0.0001) due to reduced presence of people,
which allowed occupancy of sites never used before. During the lockdown, the proportion of nest failure was lower than
that in the other sampling years (p <0.0001, ¢ range= — 0.445 to —0.278). Accordingly, diminished pedestrian traffic can
increase nest survival (log-rank p <0.0001). Policies to reduce beach pedestrian traffic will help strengthen wildlife conser-
vation and building coastal resilience.
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(Fraixedas et al. 2020), and marine fish-feeding species such
as terns can indicate both the availability and energy density
of their prey (Diamond and Devlin 2003; Ramos and Furness
2022) and the health of coastal marine habitats (Ogden et al.
2014). The Least Tern (Sternula antillarum) is the small-
est Tern species in the Americas. Its distribution includes
continental and coastal zones in North, Central, and South
America and the Antilles (Thompson et al. 2020). Although
it is a species of least concern globally, its population trends,
habitat availability, and quality are declining (IUCN 2022).
In addition, because of the rapid habitat loss and modifi-
cation and the increasing human activities near or in the
coastal breeding areas in Mexico, the Least Tern is a species
that deserves special protection according to Mexican law
(SEMARNAT 2010).
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During 2020, the COVID-19 pandemic imposed a series
of restrictions on human populations worldwide to stop the
spread of infection. The reduced number of people raised the
idea that human confinement and the lockdown to human
mobility benefited habitat occupancy for various wildlife spe-
cies (Chethan 2020; Estela et al. 2021; Gordo et al. 2021).

Anthropic pressure may reduce habitat availability and
disturb a wide variety of coastal wildlife through habitat
invasion, modification, and urbanization (Martinez et al.
2014; Santander-Monsalvo et al. 2018; Sordello et al. 2020).
Under such conditions, the lockdown opened a unique
opportunity to assess the response of animal populations to
diminished human activities (Thurstan et al. 2021), par-
ticularly in natural habitats near urban areas. For instance,
in urban habitats in Spain, increased bird detectability was
observed because of a reduced number of people on the
streets (Gordo et al. 2021), and an inverse relationship was
found between the number of shorebirds and the number of
beach users on the coast of South Africa (Lewis et al. 2022).
However, the effects of the lockdown on southern Gulf of
Mexico (SGoM) wildlife have not been assessed to date.

The SGoM has approximately 722 km of coastal front that
provides several essential ecosystem services (Costanza et al.
1997; Mendoza-Gonzalez et al. 2012; Benitez et al. 2014;
Ruiz-Fernandez et al. 2020; Cuevas et al. 2021; Gémez-Ponce
et al. 2021; Paz-Rios et al. 2021; Cardoso-Mohedano et al.
2022), biota refugia, and nursery areas (Canales-Delgadillo
et al. 2020; Cuevas-Goémez et al. 2020). Although the SGoM
is under great environmental pressure (Mendoza-Gonzélez
et al. 2012; Celis-Hernandez et al. 2020), which significantly
impacts coastal ecosystems (Hall 2015; Soto et al. 2021; Steibl
et al. 2021; Power et al. 2022), the scarcity of studies makes it
difficult to assess the anthropic impacts on SGoM ecosystems
(Escudero et al. 2014) and wildlife.

In the SGoM and the Mexican Caribbean, the Least Terns
breed from early April to late August on sandy or shell
beaches where they build, directly on the ground, a small cup-
shaped depression to lay 1-3 eggs (Zuarth et al. 2016; Nefas
et al. 2018). Hatching occurs approximately 16-25 days after
lying, and chicks can move from the nest two days after being
born to hide from predators in low coastal dune vegetation.
However, as most of the beaches in Mexico are public and
there are no restrictions for jogging, biking, pet walking, or
motorized vehicles entering, the Least Terns’ nests and chicks
are constantly at risk of destruction by the beach’s human
users, threatening the viability of the breeding populations
using areas with limited habitat availability, especially on the
islands (Maslo et al. 2018).

In the present work, we aimed to answer the following
research questions: Was the Least Tern’s failure rate modi-
fied by the COVID-19 lockdown in the study area? Were
avian diversity and abundance affected by restrictions to
human mobility during the lockdown? Why is the study area
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the only site used constantly to breed in six years, despite the
levels of human activity present?

Methods
Study Area

The study area is a public beach, Playa Norte, in Isla del
Carmen, Campeche, Mexico (—91.83854 W, 18.66485 N,
Fig. 1). Playa Norte is the most extensive public beach on
the island, with significant recreational activities during
the mornings and evenings. It is surrounded by urban infra-
structure, including an industrial harbor, hotels, and paved
roads. Jogging, pet walking, and biking are the most popular
activities. However, sand dune areas with native vegetation
are still part of the landscape. The vegetation community
includes Coccoloba uvifera, Suriana maritima, Sesuvium
portulacastrum, Ipomoea imperati, Sporobolus virginicus,
and Scaevola plumieri. Playa Norte is a site used consist-
ently by the Least Tern to nest. However, most breeding sites
are unprotected against people and non-native nest predators
like domestic and feral dogs.

Nest Monitoring

From 2016 to 2021, we counted and monitored Least Tern
nests in Playa Norte. Even though other sites were used
for breeding occasionally during the study period, because
Playa Norte was the only site with constant breeding activity
over the years, our analyses of the lockdown effects on the
nest failure rate focused on the data collected there. Once
the birds began laying eggs, we used wood sticks (60 cm
tall X 0.25 cm wide) with a numeric identifier to mark the
nests. Each nest was visited twice weekly between April
and August in each breeding season to record the number
of active nests and the number of days before they failed
(disappeared, were predated) or succeeded (hatched chicks).

Nesting Site Preferences

In addition to Playa Norte, other locations on the island were
occasionally used by the Least Terns to establish breeding
colonies: Puerto Real and San Julian (used once each in
2020) are two popular places for tourists and fishers; Km28
(used once in 2016 and once in 2021) is the place with less
human activity. We visited all the known sites where the
birds nested on the island each year. The visits occurred at
least twice monthly during the first half of each breeding
season to discard missing habitat use due to late occupancy
(Holyoak et al. 2014). To determine why Playa Norte was
used to nest over the other sites, we characterized the veg-
etation structure and the topography of the four breeding
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Fig.1 The known Least Tern’s breeding colonies in Isla del Carmen,
Campeche. In the general map, the red ellipse shows the location of
Isla del Carmen within the Gulf of Mexico. Below the general map
is a close-up of the study area (Playa Norte) and three additional sites

sites, including those used at least once to nest during the
study period.

We characterized the vegetation using three 10X 10 m
sampling plots by breeding site. We measured vegetation
height and width (m), cover (%) using two perpendicular
diameters to the plant canopy (Gold et al. 2004), and density
(individuals ha™"). The topography characterization followed
the stop-and-go method, which uses a known referenced
point with differential GPS and the datum WGS84 to meas-
ure the elevation of additional measuring points scattered
over each sampling site (Haldar 2013).

Data Analysis
Avian Species Richness and Abundance

To assess the effects of the COVID-19 lockdown on the
bird community of Playa Norte, we used Kruskal—Wallis
rank tests to compare bird species richness and abundance
through the different human mobility restriction phases
implemented by the government in our study area, which
limited the number of people in public places. The restric-
tion scenarios were classified as high restriction (mid-June
to mid-August 2020), in which only people doing essential

used occasionally to nest before, after, or during the COVID-19 lock-
down. The orange polygons represent the extent of each known col-
ony up to 2021

economic activities were allowed to go on the streets; mid
restriction (mid-August to mid-October 2020), in which
more commercial establishments were opened and a limited
number of people were allowed to enter the locals; and low
restriction (mid-October 2020 to May 2021), in which most
of the people were allowed to go out using facial masks.
Furthermore, we used species richness data from the same
beach area collected between 2012 and 2016 to compare the
species proportions of these years vs. the species richness
estimated during the lockdown months (mid-June 2020 to
May 2021) using chi-squared tests. Surveys for bird spe-
cies richness estimation for all years were conducted using
a 2 km line transect with a width of 70 m on each side of
the line to include bird sightings on the land, the shore, and
offshore within the study area. As surveys in 2012-2016
were year-round, we filtered data to keep only records made
during the same seasons as the 2020-2021 survey. In addi-
tion, when the 2020-2021 bird survey occurred, a second
observer conducted beach user counts using a manual coun-
ter to record each person jogging, walking with pets, bik-
ing, swimming, or fishing within the bird survey area. The
relationship between bird species richness and abundance
and the number of beach users was investigated using Spear-
man’s correlation tests.
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Nest Failure Rate

We used a nonparametric estimation method to estimate the
failure probability of Least Tern’s nests over the years. Such
a method consists of estimating the cumulative distribution
function (CDF) using Bernard’s approximation formula
(Bernard & Bos-Levenbach, 1953), which gives the median
rank values:

1-03
F<ti> - n+0.

However, this formula is applicable only when all the sam-
ples tend to fail. Thus, by using Johnson’s method (Hensel
& Barkemeyer, 2021), it is possible to adjust the ranks when
failed and successful nests are included:

Ji =Jioy +X; ¢ 1 withjp = 0

where j;— 1 is the adjusted rank of the previous failure, x; is
the number of failed nests at time #;, and /; is the increment
that corrects the considered rank. Then, the CDF can be
estimated with Bernard’s approximation using the R func-
tion estimate_cdf from the Weibulltools package (Hensel &
Barkemeyer 2021).

As a complement, we also estimated the survival prob-
ability of the Least Tern’s nests from time to egg laying to
typical hatch time. We used a Kaplan—Meier test as imple-
mented in the R package survival (Therneau 2022):

S(t)=PrT > 1) =1—F(1)

where the survival probability S(7) of a nest (in a term
between 3, 10, 16, and 25 days) is the number of nests
that are active without loss to follow-up at that time
divided by the number of active nests just before that
term. To determine whether there were differences in
the failure rates among years, we used a log-rank test
based on the chi-square estimate of equality through the
function survdiff (Therneau 2022). In addition, we used
a Cox proportional hazard (CPH) regression analysis to
investigate the relationship between clutch size and hatch-
ing time and nest survival time (Deo et al. 2021). We
used the maximum clutch size recorded for each nest
and coded the hatching time into three categories: early nests
(EN) were all nests with hatchings within 16 days. On-
time nests (OTNs) were all nests with hatchings within
17-25 days, the expected time of Least Tern hatching.
Finally, old nests (ON) were all nests with no hatched
eggs in a time interval of > 25 days, which usually do
not produce chicks and are abandoned by the adults. In
addition, we compared the proportion of nest failures and
successes of each year of study vs. the proportion of fail-
ures and successes observed during the lockdown in 2020
using a two-proportion z test.
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Nesting Site Preferences

We applied the BIOENV method (Oksanen et al. 2022) to
investigate the environmental variables that could influ-
ence nesting site preferences in Isla del Carmen. With this
approach, we tested the correlation (Spearman’s rank cor-
relation) of the nest abundance in our study area (Playa
Norte) and the other only known nesting colonies (Km28,
San Julian, and Puerto Real) within the study period with the
vegetation structure (species diversity and richness, density,
height, and cover) and physical site characteristics such as
beach width and minimal, average, and maximal topographi-
cal elevation.

Effect sizes were computed either as the eta squared based
on H-statistic: ;72 [H]=(H - k+ 1)/(n —k); where H is the value
obtained from Kruskal-Wallis tests, k is the number of groups,
and # is the number of observations or as the Phi (¢) coeffi-
cient for the two-proportion z test. All tests were performed in
R 4.3.1 (R Development Core Team 2023).

Results

During the lockdown in 2020, we recorded 44 bird species in
Playa Norte, including the Least Tern. Most of the birds were
resident species (86%, n=38) and were mainly shorebirds
(Scolopacidae, Charadriidae, and Ardeidae) and marine bird
species (Laridae, Pelecanidae, and Fregatidae), but species
of raptors, doves, parakeets, and several Passeriformes were
also recorded. We did not find differences in species rich-
ness between the lockdown sample (2020-2021) and the
samples from the non-lockdown study period (2012-2016)
(¥*=7.592, df =6, p=0.269, n=66, 1*[H] =0.013, Table 1).

We counted significantly fewer users on the beach dur-
ing the high-restriction than in the mid and lower-restriction
phases (Kruskal—Wallis: ;{2 =23.365, df =2, p<0.0001,
n=48, n2[H]=0.474). Although bird species richness

Table 1 Comparison of the species richness observed during the
COVID-19 lockdown and the species richness recorded in previous
years in Playa Norte

Year Lockdown Sample size Observed Mean
species species
richness richness

2012 No 6 28 26.30

2013 No 12 47 28.70

2014 No 12 49 25.20

2015 No 12 40 25.20

2016 No 12 55 22.80

Lockdown  Yes 12 44 25.70

2020-
2021
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Fig.2 Relationship of bird species richness (A) and abundance (B)
with the number of users on the beach during the COVID-19 pan-
demic lockdown 2020-2021 in Playa Norte. In both charts, R is the
Spearman’s correlation coefficient, and p is the significance level.
Colored dots are the months with high (red), mid (yellow), and low
(green) restrictions to human mobility in public areas; the greens are
the months without restrictions. The shaded area is the 95% confi-
dence interval

was not affected by reduced human mobility (Fig. 2A),
when the number of beach users increased in the mid- and
lower-restriction phases, the bird abundance significantly
decreased (Spearman’s rank correlation: rho = —0.908,
p<0.0001, n=48, Fig. 2B).

From 2016 to 2021, we marked 1030 nests in Playa Norte.
It is worth noting that in 2020, the breeding effort was simi-
lar to that in the other years (250 nests counted). However,
127 nests were destroyed by a swell-caused flood due to the
storm “Cristobal” (1st to 6th June 2020, wind speed up to
110 km/h, CONAGUA 2020). As the flood lasted approxi-
mately five days and the birds moved to a nearby place to
establish a new breeding colony, nest destruction was not
considered an anthropic disturbance. Because no hatches
were recorded before the storm, estimation of the nest’s fail-
ure/survival was not possible. Thus, we used left-truncated
data (see Landes et al. 2020), and analyses of the failure
or success rates used the 123 new nests of the season. In

Table 2 Comparison of nest failures and successes between pairs of
years; n is the sample size of each compared pair of years; Prp, is
the proportion of failures or successes for the years 2016, 2017, 2019,
and 2021; Prp, is the proportion of failures or successes observed in

addition, note that there are no data for 2018 because this
year, no breeding activity occurred in any of the known nest-
ing sites on the island, and the birds were present in the
study area for no longer than two weeks. In addition to Playa
Norte, during the high-restriction phase of the COVID-19
lockdown, Least Tern occupied two areas (Puerto Real and
San Julian, Fig. 1), usually visited by many people and not
selected as nesting sites before 2020. All the nests recorded
at these two sites failed, and they were not used again after
the lockdown when people returned for fishing or recrea-
tional activities, which highlights the importance of human-
caused disturbance on nesting site preferences.

The BIOENV model showed that vegetation height (up
to 0.22 m) and cover (approximately 22%) were the environ-
mental variables best correlated with nest abundance across
the four nesting sites (rho=0.880). In addition, the beach
width of the preferred nesting sites was at least 30 m. Birds
also preferred flat areas (slope approximately 7 cm/m) over
steep slopes (rho=0.790). Thus, preferred nesting areas
should have shorter plants, lower cover, and gentle slopes.
Playa Norte is the broader and flatter place among nesting
sites, showing lower plant height.

The proportion of nest failures was higher before and
after the 2020 lockdown. Accordingly, our results showed
that higher nest success was related to diminished human
mobility on the beach (Table 2). The estimated CDF
showed that a lower nest failure rate occurred in 2020
and that before and after the lockdown, the failures were
greater (Fig. 3A, Fig. S1). The Kaplan—Meier test also
showed that in 2020, the risk of nest failure was lower
as the nest survival rate was above the rates recorded
for the other sampled years, more noticeable between
16 and 25 days after egg laying, the expected time for
least Tern chicks hatching (Fig. 3B). The CPH regression
analysis showed that in 2017 and 2020, the risk of nest
failure was lower than that in the other sampling years
(Table 3). In addition, nests with clutch size =2 showed
higher chances of success than those with clutch sizes=1,
3, or 4 (Table 3). Additionally, the risk of nest failure
because of predation significantly decreased when nests

2020. The last four columns show the estimator, degrees of freedom,
p value obtained from the z test, and the phi (@) coefficient as a meas-
ure of effect size

Failure Success
Year n Prp, Prp, Prp, Prp, 7 df p value o)
2016 vs. 2020 165 vs. 123 0.587 0.235 0.412 0.764 34.085 1 <0.0001 -0.351
2017 vs. 2020 183 vs. 123 0.513 0.235 0.486 0.764 22.488 1 <0.0001 -0.278
2019 vs. 2020 245 vs. 123 0.706 0.235 0.293 0.764 71.278 1 <0.0001 —0.446
2021 vs. 2020 314 vs. 123 0.732 0.235 0.267 0.764 88.279 1 <0.0001 —0.455

@ Springer



Estuaries and Coasts

Fig.3 Nest failure rates (A)
over the sampling years in Playa
Norte. The red dots are mean
values, while the stars indicate
significant differences regarding
the estimated rate during the
2020 lockdown. The estimated
nest survival rate (B) from egg

A 1.00 ek Hkekk ek

0.751

Kruskal-Wallis, p = 1.1e-11

laying to hatching. The numbers
within the bars are the survival
probabilities at different times
during the Least Tern’s nesting
period
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reached the expected hatching time (16-25 days). Nests
aged > 25 days, although not predated or destroyed by
human pedestrians, failed because of parental abandon-
ment (Table S1). The distribution of nest clutch size along
the egg laying-to-hatch time is shown in Table 4.

Discussion

Although there is high variability in the measured effects
of the COVID-19 lockdown on wildlife, our results provide
insights into the effect of increasing human mobility on
wildlife populations and habitats of coastal areas and could
be used to develop policies to reduce the negative anthropic
impact of human activities on breeding populations to pre-
serve coastal wildlife biodiversity.

Nesting Site Preference and Disturbances

Although only one breeding colony (Playa Norte) thrived
during the lockdown, the reduced number of people on

Table 3 Cox hazard ratio estimation for Least Tern nests. Negative
coefficients indicate a lower risk of failure. The exp(coef) column
indicates the effect size of the included variables and gives the value
of failure risk

Factor coef exp(coef) se(coef) Wald z Pr(>lzl)
value
Year 2017 —0.406 0.667 0.128 —-3.157 0.001
Year 2020 —-1.170 0.310 0.200 —5.848 <0.0001
Clutch —0.409 0.664 0.083 —4.893 <0.0001
size=2
16-25 days —3.972 0.019 0.182 —21.848 <0.0001
>25 days —7.004 0.001 0.508 —13.801 <0.0001
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2019
Year

2021 3 10 16 25
Time (days)

2020

the beach areas allowed the selection of new nesting sites
(Puerto Real and San Julian). However, as sites such as
Km?28, Puerto Real, and San Julian have narrow beach areas
with higher vegetation and an average slope of 50 cm/m,
only a few terns select them occasionally during the study
period to breed. Least Terns usually search for open, broad,
lightly vegetated, and flat areas (Gochfeld 1983; Lewinson
& Deutchman 2014; Burger & Gochfeld 1990), such as
Playa Norte.

Before and after the 2020 lockdown, the presence of peo-
ple in the Puerto Real and San Julian beach areas gener-
ated noise pollution and limited habitat availability because
of pedestrian movement, which could have influenced the
avoidance of these beaches as breeding sites (Francis et al.
2009; Barber et al. 2011; Derryberry et al. 2020). Although
it is assumed that noise pollution is less disturbing for birds
in open areas (such as dunes) than in forested areas, it has
been demonstrated that when breeding pairs are exposed
to noise, the productivity of birds decreases (Bernat-Ponce
et al. 2021). Furthermore, as Puerto Real and San Julian are
narrow beach areas (beach strip wide range =25-35 m) sub-
ject to car, ATV and pedestrian traffic, high-volume music
from portable speakers, the presence of feral and domestic
dogs, and fishing activities, the Least Terns were likely not
to consider these areas as suitable breeding sites in the prior
or post-pandemic time. In addition, some ground-nesting
marine birds are sensitive to aircraft or motorized vehicles

Table 4 Least Tern’s clutch

¢ T Clutchsize  EN OTN ON
size distribution for early (EN),
on-time (OTN), and old nests 1 234 93 13
(ON) in Rlaya Norte during the 5 381 233 31
study period
3 20 21
4 1 2 0
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within a range from 100 to 400 m apart from nesting sites
(Mallory 2016). Thus, disturbances at shorter distances
likely influenced the nesting site preference (Maslo et al.
2018; Darrah 2020) in Puerto Real and San Julian.

Ireland (Basu et al. 2021), Kanpur, India (Mishra et al.
2021), and metropolitan Boston, USA (Terry et al. 2021),
reported significant noise pollution reduction during the
COVID-19 lockdown due to the reduced human mobil-
ity. Thus, it can be inferred that during the lockdown, the
reduced noise and pedestrian traffic on the beaches of Isla
del Carmen allowed birds to use available space to nest. A
similar response of breeding habitat occupancy during the
lockdown was observed in a shorebird species (Charadrius
alexandrinus) on the coasts of northern Italy (Manenti et al.
2020). Furthermore, reduced habitat disturbance allows
increased habitat occupancy, while the absence of stress-
ors, such as kitesurfing, boating, and fishing, likely leads
to greater foraging efficiency and improved body condition
(LeTourneux et al. 2021), which could encourage birds to
occupy new breeding sites. Other animals, such as foxes and
raccoons, also showed increased habitat use in urban areas
of Germany because of the limited presence of people on the
streets (Louvrier et al. 2022). Thus, our findings reinforce
the premise that lower disturbance, available space, and
easy foraging during the COVID-19 restrictions ben-
efited habitat occupancy, as occurred for the Least Terns.
Consequently, management actions at breeding sites must
be a priority to reduce human-related disturbances in bird
behavior and reproduction (Sordello et al. 2020).

Effects of the COVID-19 Lockdown
on the Avian Community

Although increased species richness in less disturbed habi-
tats due to the lockdown was reported globally (Chethan
2020; Manenti et al. 2020; Bates et al. 2021; Estela et al.
2021), we did not find such an effect in Playa Norte. Nev-
ertheless, we found a negative correlation between bird
abundance and the number of pedestrians on the beach. A
similar relationship has been observed in avian communi-
ties of urban and suburban areas of India, where vehicle and
pedestrian traffic are critical factors affecting diversity and
bird abundance (Verma & Murmu 2015; Chethan 2020).
Moreover, globally, the abundance of different wildlife
groups, especially birds and mammals, increased immedi-
ately after reducing human activities because of the COVID-
19 lockdown (Bates et al. 2021). Similarly, Schrimpf et al.
(2021) found that the COVID-19 lockdown positively influ-
enced the counts of birds in several urban areas of North
America due to the reduction in pedestrian presence, high-
lighting the impact of human-caused habitat disturbance on
wildlife communities (Crooks et al. 2017; Williams et al.
2022). Thus, our findings demonstrate that implementing

beach pedestrian regulation strategies might increase coastal
ecosystem conservation, favoring avian communities and
other wildlife.

Reduced Pedestrian Traffic and the Nesting Failure
of the Least Tern

The impact of anthropic pressure was noticeable in Playa
Norte. The CDF and Kaplan—Meier tests demonstrated that
during the no lockdown sampling years, the average rate of
nest failure ranged from 0.28 to 0.44, while it was only 0.16
during the 2020 lockdown (Fig. 3A). On the other hand, the
nest survival rate was higher at the end of the hatching period
during the lockdown than in the other sampled years because
fewer disturbances occurred. A similar effect occurred in 2017
(Fig. 3B). In both cases, there was a reduction in the number of
beach users. First, because of the oil production crisis between
2016 and 2017, when an essential part of the economic activi-
ties and job sources were lost in our study area, the tourism
and recreation activities on the beach were reduced by approx-
imately 40% to 50% (Casado Izquierdo 2021; Sovilla et al.
2021), which allowed birds to reach a nest survival rate =0.45
(Fig. 3B). In addition, some research has found that some
ground-nesting marine species are more successful when
human or wild mammal-caused disturbances occur at distances
larger than 100-200 m apart from nests (Mallory 2016). In
Playa Norte, the COVID-19 lockdown reduced the presence
of beach users and domestic dogs near the nesting areas. It
may also have reduced the number of feral dogs at the beach
using human garbage and food offered by people as feeding
resources (although this was not measured in this study). Thus,
lower disturbance and less bird flushing from nests contributed
to lower nest failures during the lockdown in 2020. The CPH
regression showed that even though during the first days, the
nests of all years had a similar failure risk, during the COVID-
19 lockdown, this risk decreased after ten days compared with
the failure risk estimated in the rest of the sampling years at 10,
16, and 25 days (Fig. 3B). Increased reproductive and nesting
activity due to diminished tourism and recreational activities
on the shores has also been reported for other marine and land
bird species (Bates et al. 2021), crabs (Soto et al. 2021), and
sea turtles (Schofield et al. 2021). Moreover, open-habitat birds
might tolerate some disturbance when habituated to human
presence (Samia et al. 2015). Coastal birds such as Least Tern
showed this behavior in breeding colonies of USA (Hillman
2012). If the Least Terns of Playa Norte behave similarly, they
may have benefited from the reduced pedestrian presence dur-
ing the lockdown, diminishing the rate of nest failure. Thus,
because of the limited pedestrian traffic in our study area, the
reproductive season in 2020 was the best for the Least Tern
since 2016. Our results demonstrate that coastal area manage-
ment plans and beach use regulations are needed to maintain
minimum habitat quality conditions for the breeding sites used
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by shore and marine bird species. Additionally, our findings
support the hypothesis that diminished tourism and recrea-
tional activities can contribute to biodiversity by increasing the
abundance of different bird species or by increasing reproduc-
tive success (Manenti et al. 2020).

Conclusion

This work is the first mid-term study on Least Tern nest fail-
ure causes on an island of the SGoM and its relationship with
anthropic-caused pressure. The restrictions to human mobility
during the 2020 lockdown did not affect the species richness
in the study area. However, fewer disturbances increased bird
abundance and reduced the rate of nest failure by approximately
12% to 28%. Even though characteristics such as beach width,
vegetation height, and cover appear to determine nesting site pref-
erences, human-caused disturbances limit habitat availability and
likely discourage birds from occupying some sites, such as Puerto
Real and San Julian; accordingly, management policies must be
prioritized to reduce anthropic disturbances to enhance reproduc-
tive habitat quality and wildlife conservation in coastal habitats.
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