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How does the beach ecosystem change without tourists during COVID-19 lockdown? 

 

Abstract  

 

Urban tourist beach ecosystems provide the essential service of recreation. These ecosystems also 

support critical ecological functions where biodiversity conservation is not usually a priority. The 

sudden lockdown due to the COVID-19 pandemic created a unique opportunity to evaluate the 

effects of human absence in these urban-coastal ecosystems. This study examined bioindicators 

from 29 urban tourist beaches in seven Latin-American countries and assesses their response to 

lockdown about some relevant anthropogenic stressors such as pollution, noise, human activities, 

and user density. The presence of animals and plants, as well as the intensity of stressors, were 

assessed through a standardized protocol during lockdown conditions. Additionally, the 

environmental conditions of the beaches before and during lockdown were qualitatively 

compared using multivariate non-parametric statistics. We found notable positive changes in 

biological components and a clear decrease in human stressors on almost all the beaches. Dune 

vegetation increased on most sites. Similarly, high burrow densities of ghost crabs were observed 

on beaches, except those where cleaning activity persisted. Because of the lockdown, there was 

an exceptionally low frequency of beach users, which in turn reduced litter, noise and unnatural 

odors. The observed patterns suggest that tourist beaches can be restored to natural settings 

relatively quickly. We propose several indicators to measure changes in beaches once lockdown is 

relaxed. Adequate conservation strategies will render the recreational service of tourist beaches 

more environmental-friendly. 

 

Keywords: Tourist beaches, Bioindicators, Stressors, Coronavirus, Coastal biodiversity, Wildlife 

conservation. 

1. Introduction 

Sandy beaches are one of the most common ecosystems of the coastal zone. They provide a wide 

range of ecosystem services, harbor unique biological diversity and deliver important socio-

ecological value (Schlacher et al., 2014a; Olds et al., 2018). However, they are affected by natural 

threats and anthropic pressures, which are the main changing factors influencing these 

ecosystems (Defeo et al., 2009; Reyes-Martínez et al., 2015). Climate change translates to 

increasing impacts of sea-level rise, waves, storms, erosion and landward recession of the 

shoreline (Jones et al., 2007; Harley et al., 2006). A warming climate also brings rising 

temperatures, changes in rainfall magnitude, and occurrence of extreme weather events like 
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hurricanes (Becken, 2016). At the same time, pressures mostly related to rapid human population 

growth and urban expansion exacerbate the negative impacts of human activities such as 

pollution, construction, exploitation, and recreation on tourist beaches (Brown and McLachlan, 

2002; Schlacher et al., 2016). 

Tourist beaches are specifically affected by humans, and the extent and type of impacts may differ 

between urban and more natural tourist beaches. Urban beaches suffer from loss of habitat, 

beach erosion, sediment plumes, disruption of sand transport, overall pollution, resources 

overexploitation, maritime accidents, overcrowding, lack of services, loss and change of species, 

disruption of ecosystem structure and function, and reduced ecosystem resilience (Brown and 

McLachlan, 2002; Defeo et al., 2009). More natural beaches, located remote from the urban 

watershed may still suffer from anthropogenic stresses. These include loss of biodiversity, 

disruption of ecosystem function, saltwater intrusion from freshwater extraction, invasive species, 

loss of habitat, reduced plant coverage loss, algae accumulation, beach degradation, water 

pollution from mining and other activities, and eutrophication (Canteiro et al., 2018; Dodds and 

Holmes, 2019b). 

The great majority of tourist beaches record the presence of improperly disposed solid wastes 

from recreational activities. Commercial tourism activities generate a continuous stream of noise 

pollution and effluents (Cristiano et al., 2020; Souza and Silva, 2015).  In addition, coastal 

processes deliver a constant supply of floating solid waste, some originating thousands of 

kilometers away from the receiving beaches.  However, on more natural beaches the main human 

impacts are occupation and construction in the back-beach area (access roads, second homes, 

small businesses, etc.). This results in the suppression of native vegetation, artificial structures to 

stabilize sandy terraces and dune cords, all leading to a decrease in important ecosystem services 

(Souza Filho et al., 2019). 

Although scarce, the few studies comparing impacts on protected non-tourist and urbanized-

tourist beaches illustrate the negative influence of intensive use on biological communities, 

resulting in a reduction in the density and diversity of species (Martins, 2007; Gheskiere et al., 

2005). Veloso et al. (2006) compared urbanized and natural beaches, finding species richness 

similar for both. However, the density of some species was lower in urbanized beaches and some 

species were more vulnerable to trampling. Tourist impacts can be so damaging that Niefer (2002) 

suggests continuous monitoring of visitors, the establishment of information centers, educational 

trails, and environmental education projects. Recently, Guerra et al. (2020) used an open beach 

biodiversity assessment methodology to establish solid baselines to compare in cases of extreme 

impacts applied in Mexican tourist and non-tourist beaches.   

Beaches are social-ecological systems where interactions among species and humans shape 

community structure and biodiversity. Human activities often generate negative effects on coastal 

ecosystems (Halpern et al. 2008; Andrés et al. 2017).  Even short periods of reduced human 

activities on beaches increases species abundance and diversity (Davis, 2019). The reduction of 

beach use due to COVID-19 lockdowns resulted in cleaner beaches and less environmental noise 

(Zambrano-Monserrate et al., 2020) with longer-term ecological implications as yet unknown. 
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Proximity to urban centers or other attractions enables many tourists to visit a nearby beautiful 

beach (Amyot and Grant, 2014; Dodds and Holmes, 2019a). However, visitors often do know that 

various forms of beach wildlife suffer from leisure and recreational activities that disturb critical 

habitat (Schlacher and Thomson, 2012). Tourist beaches have not been recognized as priority 

areas for conservation, perhaps due to the absence of an extensive vegetation cover or the 

perception of limited biodiversity (Blankensteyn, 2006; Villar de Araujo et al., 2008). One example 

is the Playas Villamil National Recreational Area in Ecuador (2,472 hectares and 14 kilometers of 

beaches), which attracts many tourists throughout the year (Zambrano-Monserrate et al., 2018). 

Urban tourist beaches are highly frequented, and the visitor is unaware of the wildlife importance, 

therefore the beach becomes a biologically desolate ecosystem and valued only for the landscape 

and recreational aspects and the Playas Villamil is no exception. 

Some recreational activities could seem harmless; however, others can generate deleterious 

impacts on the beach environment, wildlife, and resources (Marion et al., 2016). The first response 

to human disturbances by wildlife is usually behavioral, indicating that changes in ethology are 

good indicators of anthropogenic impacts (Schlacher et al., 2013). Effects can become severe, such 

as global species extinction or disruption of communities and ecosystems (Green and Giese, 2004: 

Halpern et al., 2019). Some common impacts are disturbances, habitat loss and modification, 

decrease in population, and displacement from critical resources like food or water (Marion, 

2019). Wildlife seeking to avoid human presence must change their habits or adapt to the new 

circumstances (Gaynor et al., 2018). These impacts are evident in urban beaches because of the 

high tourism pressure and urban development (Ariza et al., 2007; Marion et al., 2016). 

The sharing of living spaces among humans and wildlife proves problematic since anthropic 

stressors often drive migrations, redistribution, and life cycle shifts in nature (Gaynor et al., 2018). 

This complex coexistence results in the need to establish different coastal ecosystem management 

schemes, with goals often associated with biological conservation to avoid adverse effects caused 

by human interaction (Jarratt and Davies, 2019) and enabling in some cases the development of 

scientific research. However, the management of highly visited urban tourist beaches usually 

promotes services, infrastructure, and leisure activities for tourists (Botero et al., 2018). These 

decisions do not account for the protection of wildlife and set priorities of economic benefits to 

satisfy human needs (Mendoza et al., 2018). Therefore, the lack of management strategies will 

affect wildlife and its conservation, generating impacts such as habitat alteration, biodiversity loss, 

unintended interactions, information gaps, distribution changes and invasive species (Defeo et al., 

2009). 

Urban tourist beaches generally arise in places of natural beauty associated with human 

settlements (Mendoza et al., 2018). These environments commonly present a wide variety of 

environmental stressors such as noise, pollution, human activities, and odors that, according to 

their magnitude and occurrence, impact nature in different ways (Araújo et al., 2018). Generally, 

an urban beach with high tourist densities and stressors negatively alter the natural environment, 

affecting biodiversity, ecological processes, and ecosystem services (Marshall et al., 2014). The 

effects of anthropogenic pressures are known (Brown and McLachlan, 2002) and some have been 

studied like Brazilian beaches where litter and solid wastes abundances changed significantly, 

according to tourist’s presence or urbanization degree (Suciu et al. 2017: Araújo et al., 2018). Even 
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specific methodologies have been developed to assess tourism impacts on natural protected areas 

(Canteiro et al., 2018). However, the response of these ecosystems to the lack of stressors or its 

reduction is currently unknown. 

Tourist beaches with visitors all year often show a decrease in their anthropogenic pressures 

during low season (Reyes-Martínez et al., 2015); nevertheless, the total absence of environmental 

stressors should be highly unlikely. Yet knowing the effects of eliminating anthropogenic impacts 

would help establish a baseline condition closer to natural conditions. Moreover, studies assessing 

tourist beaches under pandemic and lockdown conditions are novel (Zielinski and Botero, 2020). 

Therefore, the current COVID-19 lockdown allows a unique and unprecedented opportunity to 

study this response as a "Global Human Confinement Experiment" (Bates et al., 2020; Rutz et al., 

2020). This new period of dramatic and unusual slowdown in human activity, that many call the 

"anthropause," could provide important insights into human-wildlife interactions (Rutz et al., 

2020). The current world scenario also allows unconventional assessment and valuation of 

stressors and bioindicators, providing new knowledge for management and wildlife conservation. 

Similar studies prove useful to evaluate the ecological condition, variations and effects in sandy 

beach systems, being a relevant tool for coastal managers and biodiversity conservationists 

(McLachlan et al., 2013; Schlacher et al., 2014). 

Considering the scenarios described above, conditions on tourist beaches will probably change 

under lockdown restrictions. Therefore, we set the hypothesis that urban tourist beaches should 

exhibit better environmental conditions, driven by a decrease in their anthropogenic stressors, 

and the improvement of selected bioindicators. To test this hypothesis, the goals of this study 

were: a) Determine the environmental conditions of tourist beaches during lockdown and 

pandemic time, b) Describe the presence or absence of selected stressors and bioindicators under 

lockdown conditions, c) Compare stressors and bioindicators results with previous records and d) 

Assess changes on wildlife and stressors of tourist beaches due to COVID-19 lockdown. 

2. Materials and methods  

2.1. Study area  

The study area consisted of twenty-nine tourist beaches at seven countries from South America, 

Central America, and the Caribbean, covering the West Tropical Atlantic and the East Tropical 

Pacific coasts. All beaches were monitored by members of Proplayas Network [1]. Fieldwork was 

made between July 2nd and August 1st, 2020, when all beaches were closed due to lockdown 

restrictions. Information about study sites is detailed in Figure 1 and Supplementary material A. 

(Here Figure 1) 

2.2. Beach background and COVID-19 context 

Most of the beaches studied belong to sandy beach ecosystems. Most beaches are microtidal 

(<2m of tidal ranges) and mesotidal (between 2-4m of tidal ranges), except for macrotidal beaches 

(>4m tidal range) monitored in Panama and Ecuador. All beaches show a low slope and are mainly 
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composed of biogenic sand. Tourist areas may encompass kilometers long to hundreds of meters 

wide. All beaches present a high tourist influx, mainly during weekends, high season, holidays, 

Easter and summer under typical conditions. Recreational facilities, tourist services, and 

infrastructure, in some cases as resorts and apartment buildings, are present for all beaches, 

hence they are considered as highly modified ones. Anthropogenic pressures, such as vehicles, 

fishing, and maritime traffic, are common. Some beaches have biological, historical, or cultural 

importance such as turtle nesting and spawning areas for various animals, or they are in cities with 

heritage categories. The beaches studied are highly impacted by human presence and generally 

show absent or reduced dune vegetation (e.g., beachgrass) and regional fauna (e.g., ghost crabs.) 

(Defeo, 2009). Main features of each studied beach are described in Supplementary 1. The world 

spreading of new coronavirus has obligated all-level government authorities to establish lockdown 

and restrictions measures, including banning access to tourist beaches.  

1 

Therefore, beaches were monitored after authorization by local authorities. Each team followed 

sanitary and safety protocols.  

2.3. Protocols and fieldwork 

 

We used the beach typology proposed by Williams and Micallef (2009), which emphasizes the 

managerial aspects. Therefore, urban, village, and resort beaches were prioritized over rural and 

remote beaches, because the former usually have the highest tourist pressure (Williams and 

Micallef, 2009). Most of the studied beaches are of the urban type, (21 of the 29). The others 

included six village beaches, one resort beach and one rural beach (Supplementary A). As an 

exception, Caracas Beach (Puerto Rico) and El Estero Santa Catalina Beach (Panamá), despite being 

tourist beaches, are also protected areas for wildlife conservation. Previous knowledge of each 

beach was also considered to compare the results with normal beach conditions. Surveys took 

place between 10:00 h and 15:00 h, at the time when the beach is traditionally more crowded. 

Likewise, we avoided fieldwork during the weekends to reduce possibility of encountering a higher 

number of illegal visitors at beaches defying lockdown and restriction measures. 

 

2.3.1. Bioindicators 

 

Categories for bioindicators were chosen considering broad taxonomic attributes of the fauna and 

flora. For fauna, the presence of the following animals was recorded: crabs, lizards, turtles, 

iguanas, opportunistic birds, sea birds, and domestic animals.  For flora, the presence of seaweed, 

seagrasses, beachgrass, shrubbery, vines, mangroves, and other trees was recorded. As all the 

                                                           
1 The international group named by the acronym “Proplayas” is an Ibero-American network 

formed by members of the academia, civil society, scientists, activists, officials, and 

businesspeople. All of them working on beach issues (www.proplayas.org). 
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beaches studied met the requisite of being highly crowded in typical tourism seasons, user density 

was expected to affect typical flora and fauna and could increase the presence and extent of 

opportunistic species associated with human activities. Data were registered in situ in a digital 

format designed for the mobile application termed Kobo Collect (Supplementary 2) and linked to a 

Web cloud. We performed monitoring of biological indicators in three defined zones (parallel to 

the waterline) within the touristic use zone of each beach. These zones were (1) Active: area of 

sand strip closest to the waterline, dedicated to the circulation of bathers. (2) Rest: an area 

dedicated to users' rest and sunbathing. (3) Service: an area for shops and services. Records of 

bioindicators were completed at 100 m transects in each of the defined zones. To generate 

evidence about the environmental beaches condition during the lockdown, short videos were 

taken at both ends and the midpoint of each transect. The taxonomic resolution of bioindicators 

was supported with photographs of each observed organism. 

 

2.3.2. Stressors  

An anthropogenic stressor is an action that generates direct or indirect pressure on the beach. To 

assess the potential effects of this human pressure we chose seven stressors based on their ease 

and relevance of measurement: 1. Noise; 2. Odor; 3. Litter; 4. User density; 5. Activities; 6. 

Infrastructure; and 7. Anthropogenic threats. The first three stressors are part of the 

Environmental Beach Quality Index proposed by Botero et al. (2015), and the fourth is considered 

a parameter that affects all the other metrics of this index (called ‘meta-parameter’, such as the 

concept of ‘meta-data’). The last three stressors named -Activities; Infrastructure and 

Anthropogenic threats-, were considered as tourist stressors with a relevant incidence in COVID-

19 lockdown. The importance of making this analysis was to check how many anthropogenic 

activities were carried out on beaches during the lockdown, identifying specific potential pressures 

of tourist activity over these ecosystems. Each stressor had its survey format on the virtual 

platform Kobo Toolbox (https://www.kobotoolbox.org/), which was linked to the Kobo Collect 

application, where each researcher registered the data gathered on the field. The surveys were 

performed in the same three zones defined for the bioindicators (Supplementary 2). 

2.4. Data processing, visualization, and statistical analyses 

The data collected in the fieldworks was downloaded from the Kobo Toolbox Cloud and organized 

in a tidy structure (details about this structure are expanded by Wickham, 2014). We used bar 

graphs to visualize the frequency of occurrence of each indicator by beach zone. We pooled all of 

the data from beaches since the research focused on before and during effects of lockdowns 

rather than differences due to spatial variability. All data processing was done with the tidyverse 

packages (Wickham et al., 2019) of the statistical software R (R Core Team, 2019). 

 

To evaluate potential changes in the environmental conditions of the beaches generated by the 

lockdown, a qualitative assessment instrument was designed based on four anthropogenic 

stressors (noise, odors, litters, and activities) and one general stressor for the biological 

component of the beach. Each indicator was rated on a semi-quantitative ordinal scale from 1 to 
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5, where 5 is the worst condition for that indicator in the beach. The characteristics of each value 

for each indicator are described in an assessment tool available as supplementary material 

(Supplementary 3). This instrument allows controlling the subjectivity of assessment among 

researchers. The pre-COVID assessments were assigned based on literature, data, and 

observations made in previous studies. The assessments during lockdown were applied after 

visiting the beaches. We recognized the superiority of using quantitative data obtained with 

standardized procedures, such as the developed by the PROPLAYAS network (Botero et al., 2015) 

as well as the MBON Pole to Pole network (2019), instead of qualitative assessments. However, 

carrying out such quantitative methodologies proved infeasible during the lockdown. Restrictions 

on the number of researches and the time they could stay on site, as well as the impossibility to 

process chemical and biological samples in our institutional facilities suggests the efficacy of the 

semi-quantitative ordinal approach we adopted.  

 

Valuations were arranged in a matrix with beaches as rows (before and during lockdown) and 

indicators as columns. Then, non-parametric multivariate statistics based on similarities were used 

to compare the beaches before and during the lockdown. We explored several similarity/distance 

indices before definitive analyzes (i.e., Gower, Bray-Curtis, χ2, Binomial deviance, Euclidean 

distances, Chord distance), all resulting in patterns of similarities with very high correlation 

(Spearman rank correlation coefficients all > 0.9). For clarity of interpretation, we decided to use 

the Gower similarity index. This is a quantitative symmetric index that allows the use of qualitative 

descriptors, like those employed in this study (Legendre and Legendre, 2012). Pairwise similarities 

were estimated for each pair of rows, then an Analysis of Similarities (ANOSIM) based on 9999 

permutations (Clarke, 1993) was performed to test the null hypothesis of differences in valuation 

of stressors and bioindicators before and during COVID-19 lockdown. A non-metric 

multidimensional scaling (nMDS) was plotted to represent the patterns of similarity between 

moments. The contribution of each indicator to the dissimilarity between moments was identified 

with the routine Similarity Percentage (SIMPER) (Clarke, 1993). These statistical analyses were 

done with PRIMER v7 (Clarke et al., 2014). 

 

3. Results  

3.1. Biological indicators recorded during the lockdown 

We found the most bioindicators in the service zone of urban beaches. Thirteen of the fourteen 

groups of monitored bioindicators were present and the only one absent was seagrass on this 

beach zone. Crabs were found to be a widespread component of the fauna, particularly in the 

active zone. Most of the crabs belong to the species Ocypode quadrata and were present in 13 of 

29 beaches (Fig. 2). Seabirds and non-seabirds were also recorded frequently in this zone (16/29 

beaches), particularly Fregata magnificens, Leucophaeus atricilla, Phalacrocorax sp, and Larus 

delawarensis. Fauna was rare (found in 5 out of 20 beaches) in the rest zone, however, when some 

animals were recorded these were mostly domestic animals, seabirds and opportunistic birds. 

Turtle nests were registered on only three beaches, all in the rest zone. In this zone, beach grass 
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was the most frequent bioindicator, present in 11 of 29 beaches. The occurrence of opportunistic 

species was higher in the service zone, especially pigeons (Columba livia), common grackles 

(Quiscalus mexicanus) and domestic species such as dogs (Fig. 2).  

Beach grass, shrubbery, and vines appeared frequently in the service zone, growing in areas of 

regular transit of people; these bioindicators were registered on 13 beaches. Trees were also 

prevalent, especially coconut palms, palm trees, and beach grape trees. Besides opportunistic 

birds, lizards and iguanas were the most frequent fauna bioindicators in the service area (Fig. 2). A 

higher beachgrass coverage was observed on many beaches and it was also noted that dunes were 

forming or increasing in size. This new habitat availability could lead to a possible improved 

condition for increased activity of ghost crabs and other species. Details of bioindicators are 

provided in Supplementary 4. 

(Here Figure 2) 

3.2. Changes on anthropogenic stressors during the lockdown 

3.2.1. Noise 

Unnatural noises were almost imperceptible on most beaches (Supplementary 5.1). The signs of its 

existence were concentrated on urban beaches, caused by motorized vehicles (such as 

motorcycles, cars, cleaning vehicles) and construction. Noises were sometimes detected from 

alarm sirens and music from restaurants in three urban beaches, as well as music from festivals, 

was perceived in one urban beach. Motor vehicles and watercraft noises were only recorded on 

three village-type beaches. 

3.2.2. Odor 

 

Unnatural odors were rarely perceived on studied beaches (Supplementary 5.2.A). With some 

exceptions, various types of unnatural odor associated with human activity were recognized in 

village and urban beaches (e.g., smoke, garbage, fuel). The odor sources reported were mainly 

waste containers and restaurants, closely followed by wrack in urban beaches. Nevertheless, none 

of the odor sources was reported in more than four beaches (13.33%) (Supplementary 5.2.B). 

Unnatural odor categories were not perceived in rural and resort beaches. 

3.2.3. Litter  

 

Litter was either absent or in exceptionally low abundance for most of the beaches studied 

(Supplementary 5.3.A). Potentially harmful litter such as broken glasses, glass bottles, syringes and 

knives appeared in low abundance in 10 beaches. Cigarette butts and polystyrene were similarly 

registered with low abundances in a few beaches. Conversely, gross and small vegetable items 

such as tree-trunks, branches, leaves and, stranded vegetation from shallow waters (e.g. seagrass 

and algae) dominated the large particulate matter for most of the beaches. This type of litter 

would not be causally related to human activities (Supplementary 5.3.A). The primary source of 
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litter was associated with recreation in the active zone, while the secondary source corresponded 

to commercial facilities (Supplementary 5.3.B). Both results could indicate that some activities 

considered as litter sources were not interrupted during lockdown (e.g. transport, trading). 

However, it should be noted that some sources, such as commercial facilities, are only not related 

to the tourism activity on the beach.  

 

3.2.4. User Density 

 

User density was low in most studied beaches. During the monitoring, less than five beaches 

(>15%) had visitors in the three beach zones (Fig. 3A). Fieldwork observations showed the overall 

number of users was less than 10, mainly on urban and village beaches, and in the active and rest 

beach zones (Fig. 3A). At least ten beaches (33%) had public visitors (local inhabitants), and seven 

had the presence of authorities during monitoring. A relevant finding was the spatial distribution 

of users on the beach, which showed clearly how the active zone was empty in many cases, while 

the service zone had the highest occupation. 

 

(Here Figure 3) 

3.2.5. Activities 

We observed recreational activities on 13 urban beaches in three different zones (Fig. 3A and 3B). 

The frequency of these activities changed according to the beach zone. For example, people 

running, swimming, or socializing were mainly registered in the active beach zone, while runners, 

children playing with sand, and people practicing sports were mostly registered in the rest beach 

zone. Recreational activities regarding people relaxing and socializing were mainly registered in 

the service zone (Fig. 3B). Commercial activities were practically not observed on the four types of 

beaches analyzed (Fig. 3C), while maintenance activities such as cleaning and vigilance were 

recorded in only eight urban beaches (Fig. 3D). 

3.2.6. Infrastructure 

This stressor included two types of infrastructure: first, those related directly with the COVID-19 

measures, and second, buildings, promenades and structures constructed before the pandemic. 

The most common infrastructure presents on the beaches analyzed was the seafront. This type of 

infrastructure is referred to as a public walk located along the coast which is quite common in 

most of the Caribbean and Latin American beaches. Kiosks and low-rise facilities are usually 

frequent on the seafront at service zones on the beaches in normal conditions. However, during 

COVID-19 lockdown, only two urban beaches had facilities on the active beach zone, while ten 

beaches had the presence of low and mid-rise kiosks in the services zone and the seafront which 

were associated with commercial activities. During COVID-19 lockdown new infrastructures 

recently built with local materials (guano, wooden pitchforks) were present in the four types of 
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beaches analyzed, with greater predominance in the village and urban beaches. Details are 

provided in Supplementary 5.4. 

3.2.7. Anthropogenic threats 

Activities that affect the marine and terrestrial zones of the beach environment were analyzed as 

anthropogenic threats. Only six beaches showed signs of such. The threats were invasive species, 

vehicles on the beach, and sand extraction. The latter was evident on four urban beaches. The 

potential for invasive species and wastewater discharges appeared at seven beaches: four urban 

and three villages. Details are provided as Supplementary 5.5. 

3.3. Potential changes in beach condition due to COVID-19 lockdown 

 

The similarity patterns recorded in the qualitative assessment were significantly different between 

before/during lockdown conditions (ANOSIM test, R = 0.875, p <0.0001). The magnitude of the 

ANOSIM R statistic was relatively high (the maximum possible value is 1), indicating a solid 

differentiation between these conditions. The dissimilarities between beaches considering the 

condition were plotted in Fig. 4A. Besides, the multivariate dispersion was greater for the 

condition "before" than "during" the lockdown, indicating the variability of the characteristics of 

use and conservation of the beaches in the region. The dispersion is lower during the lockdown 

because most of the indicators were consistently scored with the minimum possible values (Fig. 

4B). That is, the various beaches converged to a better state of health during the lockdown.   

 

The SIMPER analysis shows that the indicators with greater change before/during the lockdown 

were the Noises and Activities, both contributing to 51 % of differences (Table 1). Both indicators, 

on average, decrease from 3.4-3.2 to 1.5-1.3, respectively. As expected, most beaches presented 

little if any human activity during the lockdown. Surveillance and maintenance accounted for most 

of the activity.  

 

Before COVID-19, most beaches scored high for user density and activities such as the presence of 

off-road vehicles.  Similarly, unnatural noise was more intense and frequent for all beaches (grades 

3 and 4) before lockdown, mostly music emanating loudspeakers and off-road vehicles. Litter and 

odors accounted for the lowest contribution to differences (Table 1). During the lockdown, most of 

the beaches had no or little litter contrasting with the extensive refuse typical of pre-lockdown 

conditions.  However, this indicator was very variable because some beaches were consistently 

under cleaning programs, even during the lockdown, such as beaches in Cancún, México. Similarly, 

unnatural odors such as smoke, garbage, fuel, body lotions, food, smoke from grills or campfires, 

among others were quite frequent (grade 3) before COVID-19, but practically absent (grade 1) 

during the lockdown.  
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The biological component contributes to 23 % of differences in scores between before and during 

lockdown, decreasing on average from 3.4 to 2.1.  During lockdown most of the beaches scored a 

qualitative biological assessment of 1 or 2, indicating a presence of dune vegetation, coconut 

palm, wildlife (reptiles, mammals, birds), coastal crustaceans (ghost crab, blue crab) and turtle 

nests. Conversely, before the COVID-19 lockdown, many beaches had low presence or absence of 

natural biological traits, but the presence of opportunistic fauna (grades 3, 4, and 5).  

 

(Here Figure 4) 

 

(Here Table 1) 

 

4. Discussion  

 

4.1. Signs of bioindicator recovery due to the COVID-19 lockdown 

 

The potential recovery of some bioindicators was observed in most beaches. The consistent 

presence of crabs and, specifically ghost crabs, in the active zone was evident. It is highlighted not 

only due to their reported occurrence but also because researchers noticed crabs being more 

active than usual and even more confident in human presence.  Ghost crabs are known to be 

important bioindicators (Blankensteyn, 2006) and species of the genus Ocypode are semiterrestrial 

invertebrates inhabiting areas from the waterline to the dunes (Lucrezi and Schlacher, 2014). The 

recovery of this species supports the notion of resilient capacity as suggested by Stelling-Wood et 

al. (2016) for Australian urban beaches. Likewise, the appearance of beach grass, as well as the 

extension of vines and shrubs in areas where they were not seen before could also be considered 

an indicator of the dune vegetation resilience (Rickard et al., 1994).  In essence, pre-lockdown 

human disturbance maintains the beach community in an earlier sere of succession.  

 

The records opportunistic birds like grackles were frequent in our beaches during lockdown. Gilby 

et al. (this issue) found great increases of Torresian crows (Corvus orru) on Australian beaches 

during lockdown. Hence, the recovery of some bioindicators demonstrates the resilience capacity 

of tourist beaches. Despite variability in the data, indicators of ecosystem health clearly improved 

during the lockdown. We note that positive changes in the presence, abundance, diversity, and 

activity of the main flora and fauna occurred during lockdown. We can say this with confidence as 

we are well acquainted with the beaches studied in our respective countries.  

 

Managers and conservationists should give special attention the presence of protected and 

sensitive species in high tourist beaches as highlighted by Boudouresque et al (2017) and Steven 
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and Castley (2013). A remarkable finding in our study was the presence of turtles and iguanas 

during lock-down, including threatened species. Records in these species during lockdown 

occurred in well-established reserves and protected areas, as in Puerto Rico and Panama. This 

suggests insufficiency in the level of protection afforded by these reserves during normal times. 

This finding should cause mangers to reconsider the extent of human activity allowed in protected 

areas. Anthropogenic activities may threaten the population stability of sensitive species (Brown 

and McLachlan, 2002; Defeo et al., 2009; Canteiro et al., 2018). Hockings (2020) explored the 

factors that reserves, and protected areas could use to build a more sustainable future for people 

and nature after COVID-19 pandemic. 

 

4.2. Decline of human stressors due to the COVID-19 lockdown 

 

Consistent with our hypothesis, we documented an overall reduction in anthropogenic stressors 

during the lockdown. This suggests that the restrictions and confinement measures proved 

effective in, limiting and preventing access and human activities, and hence generating a positive 

effect on environmental conditions. Positive effects derived from the COVID-19 lockdown are 

documented for different environments (Manenti et al., 2020; Derryberry et al. 2020). Considering 

all the measured stressors, we believe that physical disturbances generated by human activities 

had the most remarkable effects on biological beach traits and functioning. The improvement of 

biological indicators during the COVID-19 lockdown support this contention. It is widely 

documented that the constant disturbances generated by pedestrian traffic and off-road vehicles 

on the beach frequently alter the natural substrate stability and prevents the establishment and 

growth of dune vegetation, as well as of benthic macrofauna (Bom and Colling, 2020; Rickard et 

al., 1994). The lack of tourists also generated a great change in the landscape of several beaches: 

Acapulco (Mexico), Salinas (Ecuador) and Barcelona (Spain) now look cleaner and with crystal 

waters (Zambrano-Monserrate et al., 2020). Even the physical disturbance caused by just a few 

tourists might produce a loss of biodiversity on beaches, especially in sensitive microscopic 

animals (meiofauna) that live buried in the sand (Martínez et al., 2020). This effect may cascade up 

to higher trophic levels such as macrofaunal that depend on the sensitive meiofauna (Afghan et 

al., 2020), thus generating a negative effect on the ecosystem functioning (Bracken et al., 2008).  

  

The COVID-19 lockdown drove a reduction of noise, odor, and litter on the studied beaches. 

Different types of anthropogenic stressors produce different impacts on biota (Birk et al., 2020), 

and noise is an emerging pollutant that affects marine organisms (Peng et al., 2015). Noise during 

lockdown diminished due to lower human presence. This included reductions in recreational and 

commercial activities, maritime traffic, fishing, and construction. Unnatural sounds alter avian 

communities, reducing nesting species richness, and contributing to the success of urban-adapted 

birds (Francis et al., 2009). It is also a problem for the population and the environment. Noise 

pollution is associated with various diseases and altered ecosystems (Zambrano-Monserrate and 

Ruano, 2019).  
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The absence of open restaurants, food sellers, and cooking tourists on the beaches also reduced 

the presence and intensity of unnatural odors and organic wastes. This may explain diminished 

opportunistic fauna on beaches during lockdown. The food orders may have served as attractants 

prior to lockdown. However, we think some odors would not be associated with lockdown effect. 

  

Another aspect to highlight was the low density of litter on all beaches during the lockdown. It 

may indicate that the few residues found are remnants of recreational activities carried out before 

the pandemic, as well as residues found in the active zone are subject to intense mobility due to 

tides and coastal currents brought from other locations. On the other hand, on many beaches, 

constant cleaning was perceived, especially on the shores of the Riviera Maya, Mexico. Although 

this cleaning activity is common in the region throughout the year, the absence of tourists due to 

lockdown contributed to keeping it cleaner. However, cleaning is usually supported using rakes, 

and in some places with sand cleaning machines. This disrupts infauna habitat, preventing 

establishment of ghost crabs and various other fauna (Ocaña et al. 2020). Studies carried out by 

Lucrezi et al. (2009) and Schlacher et al (2016) using ghost crabs as indicators confirm human 

disturbances contribute to the loss of habitat for these species. Although the harmful effects of 

litter on marine life are well documented (Kühn et al., 2015), beach raking is not a solution that 

protects biological diversity of the beaches despite this activity removes beach litter. 

 

DPPE (disposable personal protective equipment) and other single-use plastic items have been 

promoted during the pandemic as a mandatory policy in public spaces, including beaches. These 

items are emerging pollutants of beaches, such as the discarded masks  

found in Praia da Ribeira, Brazil. Masks, contaminated gloves, used or expired medications plus 

other items could be mixed with ordinary wastes, magnifying marine litter issues and the 

consequences to marine biodiversity and population health (Canning-Clode et al., 2020). The safe 

management and disposal of common and biohazard waste on beaches will be complex during a 

pandemic. This situation is especially worrying because the industry has taken the opportunity to 

repeal disposable bag bans, even though single-use plastic can still harbor viruses and bacteria 

(Bir, 2020). The reopening of the beaches could make this type of litter more frequent. We 

encourage monitoring this situation since many beaches already allow access to tourists. 

 

4.3. Perspectives and projections for biological conservation and management 

 

Results from this study suggest that tourist beaches offer important biodiversity that requires 

conservation initiatives (McLachlan et al., 2013). Some of the studied beaches also support 

essential ecological processes such as turtle nesting and spawning areas, bird reproduction, 

nesting and feeding, crab habitat, and increased habitat for plants that in some cases were not 

recorded before the pandemic. Caracas beach (Puerto Rico), located inside the Vieques U.S. Fish 

and Wildlife National Reserve, recorded turtle nesting zones for endangered species such as the 
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Green Turtle (Chelonia mydas). Itapuã beach in Brazil showed spawning areas for sea turtles, while 

El Estero Santa Catalina beach in Panama as part of the buffer zone at Coiba National Park 

supported a high diversity of wildlife. 

 

Recreation is the primary service provided by tourist beaches to society (Bessa et al., 2014; Zhang 

et al., 2015) and conservation aims are secondary. However, tourist sandy beaches are not only 

crucial for recreation; they also need conservation (Jaramillo, 2012; McLachlan et al., 2013). These 

ecosystems also provide food, economic services, biodiversity, maintenance and regulation of 

natural processes, aesthetic and cultural values and many other benefits and services (Schlacher et 

al., 2014a). Therefore, it is necessary to propose mechanisms for setting conservation targets 

(Harris et al., 2014) for those beaches that meet selected ecological criteria. The recovery capacity 

observed in several beaches related to wildlife repopulation could be a criterion. Opportunistic 

species were common on urban and village beaches, so any conservation action should consider 

the interactions with native and non-native species. 

 

On tourist beaches, initiatives with a focus on wildlife conservation may be new and attractive. 

However, they may be complex and difficult to develop, since tourist beach management 

traditionally focuses on protecting infrastructure and sediment structural maintenance (Schlacher 

et al., 2006). The conservation of habitats, species, and ecological functions is often a minor aspect 

(Peterson and Bishop, 2005). However, our results would allow thinking that this new scenario 

called ‘anthropause’ opens a window for biological conservation purposes that promote unique 

global experiments in nature (Bates et al., 2020, Rutz et al., 2020). Even more so for urban tourist 

beaches where the possibility to conduct studies without anthropogenic stressors are impossible 

in practice.  

 

New initiatives and perspectives should define first the conservation targets focusing on species, 

communities, functions, processes, services, and ecosystems. Nature-based tourism proves to be a 

sustainable activity under certain circumstances (Winter et al., 2020), providing education and 

good practices for visitors and local communities as well as economic and political support for 

wildlife conservation (Wilson and Tisdell, 2003). New concepts like Wildlife Conservation Tourism 

(W.C.T.) may also be implemented as an ecological conservation strategy that prioritizes 

endangered species through meaningful interactions with tourists (Boyes, 2016). The current 

pandemic offers to all actors a unique opportunity to design and consolidate the transition 

towards a greener and more sustainable tourism (Ioannides and Gyimóthy, 2020), rethinking the 

way to promote beach tourism based on recreation but also being mindful of the protection of 

coastal ecosystems biodiversity. 

This study evidences an increase in frequency and magnitude of living organisms in Latin American 

beaches during the lockdown and reveals a reduction in anthropogenic stressors. Our results 

support the findings of Martínez et al. (2020), who consider it essential to restrict access to 

beaches in tourist areas to preserve biodiversity. Therefore, better practices of sustainable 
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tourism (i.e., maximum load capacity and better waste disposal) must emerge and be 

implemented to minimize the impact of human activities. Executive actions should be adjusted to 

the different regional contexts considering active public participation of the local communities 

(Milanés et al., 2020). Regarding beach management, the current legal framework (GORC, 2000) 

and coastal policies of each Latin American country should be considered, and some of these 

regulations must be adapted (Milanés et al., 2019). The natural characteristics of the beaches and 

their level of anthropogenic impact should also be considered to carry out effective planning of 

the coastal areas (Moraes and Milanés, 2020; Batista, 2018). The general lockdown limited the 

possibility of performing exhaustive and more quantitative analyses (Manenti et al., 2020), yet 

such monitoring is important to verify the trends revealed in this study.  

5. Conclusions 

 

The new environmental setting derived from the COVID-19 lockdown generated conspicuous 

changes in the biological community of beaches previously impacted by human activity that 

should be assessed with caution. Yet, our results correspond to only a "snapshot" of an 

unprecedented condition that should be followed over time. Long-term and more robust studies 

focused on vulnerable species, functioning, and ecosystem services would allow knowing if tourist 

beaches can become appropriate places for effective biological conservation. Despite the 

extensive history of human activity on these beaches prior to lockdown, these ecosystems 

displayed the ability to recover, with increases in biodiversity and system functionality as response 

to lower environmental alteration by stressors. This supported our initial hypothesis. This suggests 

an impressive resilience of these environments not previously evaluated to support biodiversity 

and possibly its conservation. 

 

The positive implications of how most of the bioindicators changed during lockdown are likely to 

be temporary, and it is currently not clear how conservation will fare in the aftermath of the 

pandemic. We hope that information gathered in this study may contribute for conservation 

strategies of sensitive ecosystems like sandy beaches of high tourist use. Adequate monitoring of 

bioindicators is necessary for a more effective coastal management system, which seeks to 

consider the conservation of biodiversity, ecosystem balance, and the maintenance of essential 

services for humankind such as leisure and recreation provided by tourist beaches. 
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Fig. 1. Location of beaches in the study area (Source: Images designed using Google Earth). 
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Fig. 2. Bioindicators observed in 3 zones of 29 recreational beaches in Latin America during the 

COVID-19 lockdown. Bars represent the number of beaches presenting each category. Details with 

the full list of species are provided in Supplementary 4. 
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Fig. 3. Users density and activities in 29 recreational beaches in Latin America during the COVID-19 

lockdown.  

(The data are presented considering the type of beach and the beach zone. In A, user density is 

represented as the frequency of beaches without people, few people (<10), and many people (11-

20) for each type of user (V = visitors, P = peddling, A = authorities). In B, the frequency of beaches 

for each type of recreational activity. In C, the frequency of beaches for each type of commercial 

activity. In D, the frequency of beaches with maintenance activities. Empty panels in Resort and 

Rural beaches indicate that this zone could not be evaluated or was absent.) 
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Fig. 4. Analyses of the qualitative assessments of bioindicators and anthropogenic stressors in 29 

beaches in Latin America, before and during the COVID-19 lockdown. In A, a non-Metric 

Multidimensional Scaling based on Gower similarities between beaches considering the five 

indicators of biological conditions and anthropogenic stressors. Labels indicate the beach's name 

and in parentheses the letter of the corresponding country. Several beaches overlap, so the labels 

were arranged or grouped to facilitate graphic representation. In the upper left corner, the 

ANOSIM test result is indicated. In B, the frequency of beaches for each type indicator, before and 

during the lockdown. The indicators get worse as they approach 5. The definitions of each value 

for each indicator are detailed in Supplementary material 3. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

 

Table 1. Contribution of each indicator to the differences in the perception of changes in Latin-

American beaches before and during the COVID-19 lockdown, using the Similarity Percentage 

routine (SIMPER) to the Gower dissimilarities and the one-way ANOSIM test. 

 

Indicator Average Before Average During Sq.Dist/SD Contrib% Cum.% 

Noise 3.4 1.3 1.33 27.5 27.5 

Activities 3.2 1.5 1.02 23.3 50.8 

Bioindicators 3.4 2.1 0.95 23.0 73.8 

Odors 2.6 1.0 1.56 15.0 88.8 

Litter 2.7 1.5 1.05 11.2 100.0 
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Highlights 

Data collected on fieldworks was registered in a dedicated survey format on the virtual 

platform Kobo Toolbox which was linked to the Kobo Collect App 

 

An overall increase of presence and activity of most bioindicators was observed mainly 

ghost crabs and dune vegetation 

 

Anthropogenic stressors such as noise, odor, litter,  user density and activities decreased 

remarkably during COVID-19 lockdown 

 

The similarity patterns in the qualitative assessment of the beaches were significantly 

different between the conditions before/during the lockdown (ANOSIM, R = 0.875, p 

<0.0001) 
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