
Biological Conservation 260 (2021) 109204

Available online 1 June 2021
0006-3207/© 2021 Elsevier Ltd. All rights reserved.

Policy analysis 

The conservation and ecological impacts of the COVID-19 pandemic 

Richard B. Primack a,*, Amanda E. Bates b, Carlos M. Duarte c 

a Department of Biology, Boston University, 5 Cummington Mall, Boston, MA 02215, USA 
b Department of Ocean Sciences, Memorial University of Newfoundland, St. John’s, NL A1C 5S7, Canada 
c Red Sea Research Centre (RSRC) and Computational Bioscience Research Center (CBRC), King Abdullah University of Science and Technology, Thuwal 23955, Saudi 
Arabia   

A R T I C L E  I N F O   

Keywords: 
COVID   

1. Introduction 

The outbreak of the COVID-19 pandemic at the start of 2020 led to 
dramatic reduction and alteration of human activity. People were 
confined to their homes, and international travel essentially ceased. 
National parks and other protected areas either closed or limited visi
tation, though some parks, particularly in urban areas, showed 
dramatically increased use. Universities and schools closed or shifted to 
online teaching, and field work was suspended or disrupted. Businesses 
closed and economic activity was reduced or changed in substantial 
ways. 

All of these societal shifts have implications for the conservation of 
biological diversity, and the functioning of ecological communities. At 
the start of the pandemic lockdown in March and April of 2020, we, 
along with our colleagues, wrote a series of papers describing how the 
pandemic might affect conservation in the broadest sense, including 
education, research, ecotourism, citizen science programs, and wildlife 
protection (Corlett et al., 2020; Bates et al., 2020; Rutz et al., 2020). We 
pointed out that even though the pandemic is tragedy of enormous 
significance, it is also an opportunity to study the relationship between 
humans and the environment. What happens when tourism to natural 
areas rapidly declines? What happens when management actions are 
abruptly suspended? What happens when people’s options for recrea
tion are limited to exploring their local communities? How does wildlife 
respond to reduction of traffic, both on land and in the water, and 
associated noise? These types of questions both describe the effects of 
the pandemic, and illuminate the wider impacts we have on biodiversity 
through management and consumption of natural resources. It is also 
important to understand how the disruption of university courses, 
research activities, and employment will impact on research programs 

and the careers of students and recent graduates, as well as how public 
opinion and policy towards wildlife will change as a result of the 
pandemic. 

To accomplish this goal, in the middle of 2020, we invited re
searchers from around the world to contribute articles to a Special Issue 
of Biological Conservation focusing on the conservation impacts of the 
pandemic lockdown. We wanted to encourage researchers to take an 
early look at the conservation impacts, with a goal towards describing 
new methods that could potentially be applied more generally. We 
recognize that many of the papers presented here are still preliminary 
and somewhat limited in scope and design, but we felt that it was 
important to take advantage of this unprecedented opportunity and give 
researchers a chance to publish early results. This compilation of studies 
from around the world allows a first look at the variability and scope of 
wildlife and conservation programs responses that will help formulate 
better informed hypotheses and improve subsequent research designs. 

For all of the papers submitted to this Special Issue, we required the 
authors to provide a valid control for comparison. In many cases the 
control would be a natural system that had been monitored for one or 
more years prior to the pandemic. In the best case, a system would have 
been monitored for several years prior to the pandemic, during the 
pandemic, and then again after the pandemic lockdown had been eased. 
Alternatively, a system could be examined during the pandemic and 
then followed as it returned to normal after the lockdown. 

While we had this requirement for controls, we also recognized that 
the pandemic is an unplanned experiment that happened suddenly and 
without warning. Therefore, some of the papers in this Special Issue 
have smaller sample sizes and less formal designs than we expect from 
articles submitted in normal times. For the sake of presenting the best 
available research on this topic as quickly as possible, we were willing to 
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accept articles with these limitations but required that authors interpret 
their results in the context of these limitations. 

This Special Issue contains over 30 articles, making this probably the 
largest Special Issue ever published by Biological Conservation. It is 
striking how many countries and continents are presented in these ar
ticles, and the range of topics covered. We have also gathered together 
additional examples and anecdotes from around the world to create a 
broad synthesis of the ecological and conservation impacts of the 
pandemic (Bates et al., 2021). 

Our hope is that conservation biologists reading these articles will 
see opportunities for using these same approaches in their own research 
and managers will consider possibilities for adjusting their management 
plans. 

2. Changes in visitation and protected areas 

Given that the COVID-19 pandemic heavily impacted people’s ability 
and willingness to travel, it is no surprise that several articles in this 
issue focus on the effects of changes in ecotourism during the pandemic. 
A study by China et al. (2021) surveyed coral reefs in the Gulf of Aqaba 
in Israel, and found that the species richness of fish was greater during 
the lockdown, with tourism suspended, than after the lockdown, when 
tourism resumed. Similarly, Soto et al. (2021) monitored 29 beaches in 
Latin America during and after the lockdown. They discovered that in 
the absence of people, the beach vegetation began to recover, and local 
animals such as ghost crabs increased in abundance. There was also 
notably less litter and noise. Quesada-Rodríguez et al. (2021) studied a 
different aspect of the beach system: the nesting of leatherback sea 
turtles (Dermochelys coriacea) in Pacuare Reserve, Costa Rica. Despite 
the lack of income from tourists and educational programs, with the 
absence of humans and increased staff patrolling, the overall percentage 
of nesting turtles was higher than normal and hatching success of the 
eggs was at an appropriate level. These studies both demonstrate the 
influential role tourism has on ecosystems, and show that recovery is 
possible even for heavily impacted beach and ocean ecosystems. 

However, not all of the effects from decreased tourism have been 
positive. In an innovative study, Souza et al. (2021) investigated changes 
in searches of information about national parks using Google Search. 
They found that during the pandemic lockdown, there were large de
clines in searches for information about national parks, especially in
ternational parks that depend on foreign travel. This slump in online 
interest was reflected in real life consequences for many parks. Smith 
et al. (2021) outline how revenue from international ecotourism in 
South Africa declined by 90% during the pandemic lockdown as inter
national travelers were unable and unwilling to visit South Africa’s 
parks. Likewise, Miller-Rushing et al. (2021) provide an extensive sur
vey of USA parks, including many iconic parks such as Yellowstone and 
Great Smokies, and describe the extent of changes and severe reductions 
in visitation, management, research, staffing and education. Most 
educational and visitor programs moved online, and much of the 
research and management activities of the parks were simply cancelled. 

Some wildlife populations have been negatively affected as well. In 
their article, Hentati-Sundberg et al. (2021) describe the effects on the 
common murre (Uria aalge) population of a coastal Swedish island. The 
absence of tourists to the island during the pandemic in 2020 led to 
increased visitation to the island of white tailed eagles (Haliaeetus albi
cilla), which normally avoid people. The eagles caused substantial 
disturbance to common murre colonies and a lower breeding success 
due to egg predation by gulls and crows during disturbance episodes. 

The inability to travel has also affected urban ecosystems. Because 
traveling to distant locations and using indoor exercise facilities was not 
possible during the pandemic, many urban dwellers instead crowded 
into nearby parks to relax and exercise. In a study of a park in the Boston 
suburbs, Primack and Terry (2021) found that in the first two months of 
the pandemic, new social trails increased the network of trails by 36%, 
approximately the same length of new trails that had been created in the 

previous 48 years. 
The COVID-19 pandemic has served to further illuminate the com

plex relationship between conservation and ecotourism. These studies 
demonstrate how tourism can both contribute to or impede the resto
ration of ecosystems, depending on the situation. New approaches need 
to be developed which allow tourism to have positive impacts on nature, 
at the same time as flagging those activities with harmful impacts. 

3. Urban impacts 

At the start of the pandemic, there were many anecdotal reports of 
wildlife entering cities and becoming more active. However, it was al
ways uncertain if wildlife patterns really changing or if people were just 
outside more and making more wildlife observations. This topic was 
examined by Vardi et al. (2021) using an analysis of iNaturalist obser
vations. They found that reports of large mammals venturing into cities 
during the pandemic appear to be exaggerated. The one exception is 
mountain lions (Puma concolor) which appear to have become more 
common in cities during the pandemic. 

While the influx of wildlife to cities may have been exaggerated in 
some cases, there have been several instances of wildlife leaving cities. 
Gilby et al. (2021) examined the regional impact of the pandemic 
lockdown on coastal and urban ecosystems in Eastern Australia. The 
most notable change was Torresian crows (Corvus orru) departing from 
urban areas due to lack of food and foraging on nearby beaches, where 
they had surprisingly large ecological impacts due to outcompeting 
native scavengers, feeding on insects and invertebrates, and predating 
on the eggs of native birds. Soh et al. (2021) also examined the effects of 
the pandemic on bird communities, in this case in Singapore. They found 
that pigeons and other bird species shifted their foraging areas quite 
substantially after the pandemic lockdown was implemented as the birds 
could no longer readily find food discarded by people. Pigeons also spent 
more time foraging and less time resting due to the presumed difficulty 
of finding food. 

In addition to the animal populations, the environmental charac
teristics of cities have been impacted. At a site in Colombia, Ulloa et al. 
(2021) measured noise levels during and after the pandemic lockdown. 
They found that noise levels were lower during the pandemic due to less 
human activity, and people noticed the sounds of wildlife more when 
there was less noise pollution. 

4. Wildlife and technology 

The pandemic highlighted the importance of using technology to 
continue monitoring wildlife and ecosystems even when people could 
not be in the field. Huveneers et al. (2021) describes the role played by 
an extensive acoustic monitoring system in the waters off Australia’s 
coast. This system allows researchers to monitor changes in behavior 
and range of marine species, especially sharks and other fish species, 
during the pandemic when shark tourism was halted. It was found that 
species differed in their responses when they were no longer being fed at 
the site. Camera traps are another technology that will likely be a large 
part of future wildlife research. Blount et al. (2021) describe the 
increasing importance of camera traps in monitoring wildlife at night 
and documenting illegal activities, even before the pandemic. Traps took 
on greater importance during COVID-19 when in-person wildlife 
monitoring had to be suspended. 

As people are spending more time outside, citizen science networks 
such as iNaturalist, eBird, and the National Phenology Network have 
also played a large role during the pandemic; however, increases in 
reported observations have not been uniform. Crimmins et al. (2021) 
reports that major citizen science platforms in the USA mostly experi
enced increases in observations during the pandemic, but most of the 
growth was in the eastern USA and more in urban areas. This geographic 
shift in reporting needs to be considered in any analysis investigating 
changes in species ranges and phenology. The findings by Crimmins 
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et al. (2021) are confirmed by a more detailed analysis of eBird data in 
the USA by Hochachka et al. (2021). They show that observers generally 
shifted towards more urban habitat and away from rare wetland habitat. 
Also, changes varied considerably among regions, suggesting that gen
eralizations of shifting bias are difficult to make. 

Analyses of citizen science networks have been conducted for other 
countries as well. Sánchez-Clavijo et al. (2021) found that observations 
of birds in Colombia using eBird and iNaturalist were high during the 
lockdown but were more concentrated in urban areas. There were also 
fewer total bird species reported and fewer observations of rare birds in 
more natural areas. Basile et al. (2021) found similar results in Italy, 
Spain, and the U.K.; they report an increase in citizen scientist activity in 
urban areas and a decrease in non-urban areas. These studies suggest 
that people are making more observations near their urban homes due to 
the lockdown. 

5. Impacts of roads 

One of the most serious threats to wildlife in general, and rare and 
endangered species in particular, is the growing network of roads. For 
many wildlife species, collisions with vehicles represent the greatest 
threat to their populations. To reduce this threat, measures have been 
implemented such as posting signs warning motorists about wildlife 
crossing, constructing under- and over-passes, and erecting fencing 
along roads. Wildlife biologists have also been monitoring highways to 
document the number, location, and species of animals killed by colli
sions. These baseline studies have allowed wildlife biologists to examine 
how the pandemic lockdown affected the pattern of wildlife being killed 
along highways. 

Shilling et al. (2021) reports on an extensive study of wildlife mor
tality along roads in various USA states. This study found that with 
reduced traffic on highways during the pandemic lockdown, the mor
tality declined by 34% overall. There was a 58% decline in mortality 
during the pandemic for the mountain lion (Puma concolor), an apex 
predator of special conservation interest. In a comparable study from the 
Australian island of Tasmania, Driessen (2021) reports that roadkills 
decreased by 46% during the time of the pandemic. Bíl et al. (2021) also 
studied wildlife mortality along roads in 11 European countries. In four 
countries, Spain, Israel, Estonia, and Czechia, a reduction of road traffic 
during the pandemic resulted in a 40% decline in wildlife mortality. This 
situation contrasted with Sweden where there was no major lockdown 
and correspondingly no reduction in wildlife mortality. 

Another major impact from roads is noise pollution. In a study of 
noise pollution in Boston protected areas, Terry et al. (2021) found that 
as traffic volumes and other human activities declined with the start of 
the pandemic, sound levels at two parks decreased as expected. How
ever, at a third park, sound levels actually increased; even though there 
was less traffic, the vehicles were going much faster and making more 
noise. 

These studies demonstrate that when there is rigorous, quantitative 
protocol for monitoring the environment near roads, the effects of the 
pandemic can be clearly demonstrated. The key question is whether the 
insights gained by this research can lead to changes in management of 
protected areas, such as the reducing the number of vehicles or speed 
limits, to reduce the chance of wildlife-vehicle collisions and the level of 
noise pollution. 

6. Wildlife management 

The pandemic has caused changes in many management and har
vesting practices, with direct impacts on wildlife populations. LeTour
neux et al. (2021) describe how reduced hunting activity during the 
pandemic allowed snow geese (Anser caerulescens), an over-abundant 
species, to feed more effectively on their spring migration grounds. As 
a consequence, the geese were in better body condition than previous 
years, leading to higher breeding success. This article emphasizes the 

importance of hunting for species management. Human impacts on 
animal populations are also shown by Coll et al. (2021) reporting on a 
rebound in shrimp populations during the lockdown, due to a decrease 
in harvesting by the Spanish fishing fleet. However, this effect was short 
lived once fishing resumed, suggesting that a sustained reduction in 
fishing is needed for marine ecosystems to recover. 

Sumasgutner et al. (2021) propose establishing a Global Anthro
pause Raptor Research Network to target how this group of iconic, 
keystone species responds to changing levels of human disturbance and 
activity. This project has the potential to provide considerable insight as 
many raptor species avoid human presence, and so may change their 
distribution and behavior during the COVID-19 pandemic. This project 
may also engage the public in conservation, as hawks, eagles, and other 
raptors hold special interest for many people. 

A review by Cooke et al. (2021) also investigates aquatic ecosystems, 
considering the positive and negative impacts that the pandemic could 
have on freshwater fish populations. This overview includes demand for 
food, monitoring, research, compliance, and management interventions. 
The authors argue that the pandemic provides insights into how this 
resource could be better managed. Hopefully, fish biologists throughout 
the world will heed this call to action, and search for the data needed to 
provide greater insight. 

The lack of wildlife management and protection during the time of 
the pandemic also occurred at a time when rural people were often out 
of work. Aditya et al. (2021) provides an example of how illegally 
harvesting of pangolins in India increased during the time of the 
pandemic, as indicated by wildlife seizures by government officials. 

The likelihood that the COVID-19 virus originally spread from 
wildlife to people has sparked recommendations for management 
practices aimed at preventing future pandemics. Dobson et al. (2020) 
suggest that a reduction in the wildlife trade and the handling and eating 
of wildlife by people is an effective strategy for preventing another 
pandemic. However, while the most likely source of COVID-19 is 
mammals, there is also a need to address the problems associated with 
other groups of animals. Borzée et al. (2021) argue that concerns about 
the spread of disease in East Asian countries should also extend to am
phibians, with increased regulation of amphibian farming and the 
amphibian pet trade to reduce the chance of disease spread. 

The pandemic is also affecting the careers of young conservation 
biologists who are learning the skills needed to manage protected areas 
and preserve biodiversity. A survey by Ramvilas et al. (2021) of Indian 
early-career conservation researchers found that their fieldwork, travel, 
and funding was highly disrupted by the pandemic. They hope that 
stakeholders will have a greater role in conservation priorities in the 
post-pandemic world. 

7. Policy and attitudes 

Several countries have used the pandemic to enact changes in their 
conservation policy. A paper by Huang et al. (2021) describes revisions 
to the Wildlife Protection Law in China which are intended to restrict the 
use of wild animals for food and traditional medicine. Combined with 
improved management of protected areas, these changes may provide 
benefits for wildlife populations and reduce the spread of diseases be
tween humans and wild animals. However, while China and other Asian 
countries are moving towards increased protection of national parks, 
endangered species, and wildlife, many countries do not share these 
priorities. As described by Vale et al. (2021), the Brazilian government is 
taking advantage of the pandemic to weaken environmental legislation 
and enforcement in a misguided attempt to stimulate economic activity. 
As a result, the ability of the Amazon rain forest to protect biodiversity 
and sequester carbon is being reduced. 

Public engagement has also suffered somewhat during the pandemic, 
although there are strong initiatives at work to get people involved in 
protecting wildlife and reducing the spread of disease. Special biodi
versity events such as City Nature Challenges or Biodiversity Days help 
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increase interest in community-engaged science, though these types of 
events have faced difficulties during the pandemic. Kishimoto and 
Kobori (2021) report that volunteer participation in the Tokyo City 
Nature Challenge declined by around 60% during the pandemic, though 
the number of species observed was about the same. The spatial pattern 
of observations also changed from clustered to scattered. Lack of interest 
is also sometimes accompanied by negative attitudes towards wildlife. 
Using a survey, Lu et al. (2021) found that a large proportion of people in 
China have misconceptions of the role of bats in spreading disease to 
humans. Such misconceptions can lead to destruction of bats and their 
habitats, and a loss of the ecosystem services that they provide. After 
people watched a bat conservation lecture their attitudes towards and 
knowledge about bats improved. These findings indicates that improved 
public education about conservation and nature could go far to bolster 
public engagement and promote positve sentiments towards wildlife. 

8. Conclusion 

The purpose of this special issue has been to present an early group of 
studies that have measured the conservation and ecological impacts of 
the pandemic and associated lockdown. These studies primarily 
compare systems before and during the pandemic, and as such represent 
valuable initial studies of natural systems. Many of these systems will 
continue to be monitored as the pandemic ends, and follow-up studies 
will document recovery back to pre-pandemic conditions. It is also true 
that some systems will take years to return to normal, and some systems 
will not ever return to their pre-pandemic state. Prominent conservation 
biologist Lovejoy (2021) expresses a nuanced perspective and cautious 
optimism as he points out the connections between the COVID-19 
pandemic, climate change, and the protection of biodiversity. He re
minds us that nature is resilient and can recover if we give it a chance. 

We plan to organize a second Special Issue later in 2021/2020 of 
papers that take a more thorough and long-term perspective of the 
conservation impacts of the pandemic lockdown, including impacts on 
biodiversity itself as well as management, monitoring, education, 
training, community science networks, and ecotourism. 
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