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Different patterns of human 
activities in nature during Covid‑19 
pandemic and African swine fever 
outbreak confirm direct impact 
on wildlife disruption
Jan Cukor1,2*, Rostislav Linda1,2, Karolina Mahlerová3, Zdeněk Vacek1, Monika Faltusová1, 
Petr Marada4, František Havránek2 & Vlastimil Hart1

Implementation of various restrictions to eradicate viral diseases has globally affected human activity 
and subsequently nature. But how can the altered routines of human activity (restrictions, lockdowns) 
affect wildlife behaviour? This study compared the differences between human and wildlife 
occurrences in the study forest area with acreage of 5430.6 ha in 2018 (African swine fever outbreak, 
complete entrance ban), 2019 (standard pattern) and 2020 (COVID‑19 restrictions) during the breeding 
season. The number of visitors was lower by 64% in 2018 (non‑respecting of the entry ban by forest 
visitors) compared to standard 2019, while in 2020, the number of visitors increased to 151%. In the 
COVID‑19 period, distinct peaks in the number of visitors were observed between 8–11 AM and 4–7 
PM. The peaks of wildlife activity were recorded between 4–7 AM and 9–12 PM. Animals avoided the 
localities that were visited by humans during the people‑influenced time (24 h after people visit), 
which confirmed the direct negative impact of human activities on wildlife.

Land-use changes, including urbanization, have led to severe habitat fragmentation, degradation, and loss, so 
therefore humans and wildlife live in closer  proximity1. Human-wildlife interactions affect the behaviour and 
movement of both  parties2. Outdoor recreational activities disturb wildlife in terms of the energy expenditure, 
impact on animal behaviour and physical fitness, and cause circumventing an otherwise suitable habitat, syner-
gistically resulting in changes in wildlife activity, feeding time, reproduction, and  survival3–5. Therefore, tourism 
and recreation are considered a major threat to wilderness  ecosystems5,6. The negative impact of tourism and 
recreation has been known for almost a  century7. The rising impact of recreational activities on the environ-
ment goes hand in hand with the growing numbers of outdoor  recreationists5,8, which is globally documented, 
especially in protected areas and urban  forests5,9,10.

The development of nature tourism and recreation in forests is related to increasing interest in outdoor sports 
activities such as hiking, skiing, horseback riding, biking, berry and mushroom foraging, short-term camping, 
walking, and dog  walking5,7,11. Other factors are the adequate accessibility of nature areas with well-developed 
road  networks5,12. The impact of recreation and tourism changes in relation to landscape characteristics where 
the long-term impact on wildlife might be particularly high in the urban framework and is related to the local 
population  size13,14. The number of visitors in nature are related to various rules of protection, especially in 
national parks and protected areas 13,15,16. Furthermore, political decisions such as different patterns of human 
activity in relation to the eradication of serious viral diseases that affect continents or are widespread globally, 
undoubtedly influenced the extent of nature tourism and recreation  activities17,18.

Currently, the COVID-19 pandemic is the greatest health and economic challenge in modern history, which 
threatens millions of human lives and has devastating consequences on social and economic life  worldwide19–21. 
The virus spread globally within about 2 months from its origin in Wuhan,  China22, infecting people at an 
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exponential rate, and leading to measures that are disrupting the global economy in an attempt to contain it 23,24. 
The available methods to mitigate the spread of the epidemic are standard control measures, such as social dis-
tancing (mitigating contacts by home office), hand hygiene, face mask use, isolation of confirmed cases, contact 
tracing, and  quarantine25,26. Moreover, many countries around the world went into lockdown to control the 
spread of the  virus27, with total shutdowns of whole large and small  cities28. The reduction in human mobility on 
land and at sea including air transport is unprecedented in recent  history29,30. Therefore, the general assumption 
is that the reduction of traffic and other human activities leads to improving the wildlife  environment31, and 
reduces the stress to  wildlife19. First estimations and unofficial observations from the beginning of the COVID-19 
pandemic has indicated that many animal species are enjoying the unforeseen peace and quiet reflected in sig-
nificant changes in the environment and the natural  habitats27. The recent field data confirmed the positive effects 
on wildlife conservation, such as reduced stress on sensitive animals, increased species richness in less disturbed 
habitats, higher breeding success of aerial insectivorous birds, and reduced wildlife collisions with  traffic32,33. 
In the first months of pandemic, the positive effect of the COVID-19 on wildlife was observed principally in 
national parks and protected areas where the dramatic declines in the number of visitors is easily  measured33,34. 
However, there is limited knowledge on the impact of the COVID-19 pandemic on wildlife on a local scale.

Another serious viral disease impacting human behaviour and causing considerable socio-economic losses is 
African swine fever (ASF)35,36. The current outbreaks of the epidemic have been reported from 17 European and 
12 Asian  countries37. The impact of the ASF outbreak in China led to the reduction of pig industry by 9–34% in 
global production, which leads to increasing pork prices by 17–85%38. The spread of African swine fever is exac-
erbated by several factors such as the natural movement of wild boars and direct contact between  individuals37,39. 
Forestry and human leisure activities can also affect the disease transmission by the disruption and subsequent 
movement of infected wild  boar40. Therefore, one of the most effective measures is to forbid entrance into the 
areas with local outbreaks, as was done in 2018 the Czech Republic (described in the Methods section).

The last 3 years gave us the unique opportunity to compare different levels of outdoor activities according to 
legislative regulations, which influence the human behaviour in relation to aforementioned viral diseases. The 
Czech Republic was affected by African swine fever in 2018, with movement restriction enforced in the outbreak 
area. In 2019, ASF was eradicated and human movement returned to the standard regimen without any restric-
tions. In 2020, the COVID-19 pandemic emerged, which brought several mitigation measures including the 
closing of schools, recommending working from home, and finally, a full lockdown. Nevertheless, walks in nature, 
staying in the sunlight and other outdoor activities were highly recommended due to improving health status 
and  immunity41–43. However, the direct impact of these measures on wildlife, especially in the breeding season 
(spring months), was not considered. Therefore, the objectives of this study were to: (1) evaluate the efficiency 
of the ban on entering the forest during the ASF outbreak in 2018; (2) compare the prohibition regimen with 
normal forest visiting in 2019; (3) describe altered patterns of human visits and wildlife occurrences in forests 
in the normal situation (2019) and during the COVID-19 pandemic (2020); and (4) determine the effect of the 
frequency of human presence on wildlife, all in the forest ecosystems close to urban centers.

Results
In total, we have recorded 241 people via camera traps from the selected study area (30 people in 2018, 84 in 2019, 
and 127 in 2020). Men and women accounted for 60.2% and 39.8% of the total number of visitors, respectively 
(93.3% and 6.7% in 2018, 53.6% and 46.4% in 2019, 56.7% and 43.3% in 2019). The numbers of records were 
divided to subadults, adults and seniors, and further by gender, as depicted in Fig. 1.

The positive trend of recorded adults (male and female together) was tested via linear regression and was 
statistically significant (p = 0.026). Among all records, 6 people were apparently working in the forest, 5 in 2018 
and 1 in 2019.

The most people were recorded on June 25, 2020 (Thursday, 12 people), followed by May 24, 2020 (Sunday, 
10 people); in 2019, the most people were recorded on May 7 (Tuesday, a day before the public holiday), May 9 
(Thursday, a day after the public holiday), and June 29 (Saturday); in 2018, on May 26 (Saturday) and June 13 
(Wednesday).

Regarding the weekdays, the highest number of records was observed on Thursday (50 records, 20.7%), fol-
lowed by Wednesday and Sunday, including public holidays (both 40 records, 16.6% each). Differing frequencies 
of human activities between the weekdays and weekends were observed. In 2018 we detected 107.1% of visits 
during the weekends compared to weekdays. In standard pattern (2019) was the difference most prominent 
during the weekends (125.0% of visitors compared to weekdays). In COVID-19 period (2020) was observed the 
opposite situation when during the weekends the camera traps recorded 80.7% of visitors compared to weekdays. 
The distribution of records during weekdays is depicted in Fig. 2.

The chi-square test for equality of probabilities for people detection on different weekdays showed significant 
differences between them (Chi-squared = 17.419, df = 6, p = 0.008). Thursday was found as the most frequent day 
in 2019 and 2020 (there are not enough records in 2018 to make a solid conclusion about the most frequent day), 
but there were significant differences found in the proportion of human records on different weekdays between 
2019 and 2020 (Chi-squared = 19.301, df = 6, p = 0.004). The most prominent differences were observed in the 
case of Tuesday (which accounts for 17.9% in 2019, but only for 3.9% in 2020) and Saturday (16.7% in 2019, but 
only 7.1% in 2020).

The overall analysis of the daytime hours showed that most of the records appeared in the morning hours; 
46.5% of all individuals were recorded between 7 and 12 AM. During the day hours (from 4 AM to 8 PM), 229 out 
of total 241 people (95.0%) were observed. Most were observed between 10 and 11 AM (28 records) and between 
9 and 10 AM (25 records). Relatively high counts were also observed in the afternoon, e.g. 20 records between 
4 and 5 PM and 19 records between 6 and 7 PM. An hour histogram of detected people is depicted in Fig. 3.
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We have found one revealing peak in the number of recorded people in 2018 (around 10 AM). The majority 
of the people in 2018 were observed between 7 AM and 3 PM (26 out of 30 records in 2018; 87%). Contrary to 
2018, we found an “evening peak” in 2019 and in 2020. In 2019, we observed a relatively stable frequency between 
7 AM and 8 PM with a few peaks around 9 AM, 1 PM and 6 PM, and one drop around lunchtime. In total, 79 out 
of 84 (94%) recorded people were observed between 7 AM and 8 PM in 2019. In 2020, we observed two main 

Figure 1.  Numbers of records divided by age category and gender in studied months of selected years.

Figure 2.  The distribution of human records on different weekdays.
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peaks in human records, at approximately 10 AM and 4 PM. In 2020, people were usually recorded between 7 
AM and 9 PM (122 out of 127 cases, 96%).

Unlike people, animals were observed in the vast majority of cases during night hours or during sunrise or 
sunset. In the case of wild boar, 240 out of total 615 records (39.0%) appeared during the day (4 AM to 8 PM), 
which accounted for a statistically significant difference (Chi-squared = 29.634, df = 1, p < 0.001). Only 4 records 
of wild boar were recorded between 8 AM and 8 PM. The low number of wild boar records in 2018 is caused by 
previous ASF outbreak (in area was found 208 ASF positive wild boar  carcasses44). However, the times of visits 
were in all 3 years comparable with morning and evening peeks regardless of population density. In the case of 
roe deer, 890 out of a total of 1589 records (56.0%) were detected during the day, although only 287 records of 
roe deer (18.1%) appeared between 8 AM and 7 PM. Other animal species (both martens, red fox, European 
badger or European hare) were detected during the day or night with similar frequency (203 records during the 
day from total of 400 records), although their activity was relatively low between 10 AM and 6 PM. Fallow deer 
were recorded during the whole day, with small peaks around 5 AM, 9 AM, 2 PM and 9 PM. The distribution of 
animal species records during the day is depicted in Fig. 4.

The testing for differences in frequency of animal visits between the people-influenced time (24 h after people 
visit) and the non-influenced time showed significant results (Wilcoxon paired-sample rank-sum test, V = 91, 
p < 0.001). The mean frequency of animal visits during the people-influenced time was 1.41 visits per day (95% 
CI 0.94–1.88), during the non-influenced time 3.76 visits per day (95% CI 2.79–4.73), which is ca. 160% higher.

The logistic regression model for predicting the presence of people on a particular camera trap record for 
each day, based on forest type and distance from roads and pathways, showed significant results for coniferous 
forests (pine/spruce), species-rich mixed forests and distances from roads and pathways. People were more likely 
to be recorded in pine/spruce forests (Effect coefficient = 1.9890), species-rich mixed forests (0.6703), and also 
far from roads (− 0.0025) and pathways (− 0.066). In all cases of statistically significant effects, very low p values 
(p < 0.001 in all cases) were observed. The results of the model are shown in Table1.

Discussion
An unexpected effect of the COVID-19 pandemic was a surprisingly dramatic change in nature visits after the 
first measures reducing human mobility were  implemented27,45. In countries where strict lockdown restric-
tions were imposed, a reduction in visitor numbers was initially  observed45,46. Similarly, the number of visitors 
increased rapidly as soon as these restrictions were  eased45,46. This pattern was also observed in our study, as the 
camera traps registered an increase of visitors of 151% during the COVID-19 period in 2020 compared to the 
same time period (May and June) in the previous year. This unprecedented boom of human visitors after short-
term measures to mitigate the COVID-19 pandemic during the spring and summer 2020 were also reported 
from Nature Protected Areas and peri-urban forests  globally42,45,46. For instance, the increase of forest visitors in 
peri-urban forests south of the Cologne-Bonn agglomeration (Germany) had increased almost 140% compared 
to pre-COVID-19 pandemic 46. A rapid increase was also observed in Oslo (Norway), where outdoor recreational 
activity increased by 291% during the 2020 lockdown dates relative to the 3-yr baseline average in previous years. 
In this case, the dramatic increase could be explained by easy availability of peri-urban forest around  Oslo47.

In our study, the number of forest visitors could not only be compared to the pre-COVID-19 time period in 
2019, but also to 2018, when a strict ban on entering the monitored area was applied due to an ASF breakout. 
This total restriction of forest access was relatively respected by women (only 6.7%) compared to men (93.3%). 
However, men and women accounted for 53.6% and 46.4% of the total number of visitors in 2019, and 56.7% 
and 43.3% in 2020. The same gender share was found in the normal situation (excluding ASF and COVID-19) 

Figure 3.  Hour histogram of people recorded on camera traps during the study period.
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in 2016 in the urban forests of Hradec Králové (56.2% men and 43.8% women; 48). In our study, the number of 
visitors during the period of forest entrance prohibition in 2018 was ca. 36% of the normal situation in 2019, 
and ca. 24% of the increased number of visitors in 2020. Therefore, the evaluation of entrance ban effectiveness 
in the ASF infected area is quite disputable. The complete standstill of any activities in the infected area was also 
prescribed e.g. in  Belgium49, however the effectiveness was not evaluated. All activities outside of the forestry 
trails are particularly disturbing to wild boars. Indeed, whatever the activity being performed, the strict respect 
of trails is of prime  importance40. The ASF spreading is affected by several factors such as natural movement of 

Figure 4.  Hour histogram of all recorded animals in a day period.

Table 1.  Presence/absence probability of people on camera traps (daily data). The significant effects of 
measured parameters (p < 0.05) are marked in bold.

Coefficient Test. statistics p value

Intercept  − 3.2246  − 8.367  < 0.001

Distance from roads  − 0.0025  − 3.525  < 0.001

Distance from pathways  − 0.0066  − 4.683  < 0.001

Forest type

Pine/hornbeam  − 0.2150  − 0.413 0.68

Pine/spruce 1.9890 3.842  < 0.001

Oak/hornbeam 0.7403 1.519 0.13

Hornbeam  − 0.4261  − 0.522 0.60

Spruce 0.2420 0.573 0.57

Species-rich mixed forest 0.6703 1.625  < 0.001
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wild boar, including both home-range movement and long-range  dispersal37,39. Therefore, the prohibition of 
human leisure activities is recommended in the outbreak  area40.

In the normal situation, the number of daily visits is generally higher on weekends (up to 125%) compared 
to weekdays. This trend was confirmed e.g. in the peri-urban forest in the vicinity of Hradec Králové (CZ)48. In 
our study, we have also observed a relatively larger number of people on Saturdays, Sundays, and public holidays 
as expected, but surprisingly, the highest number of people were detected on Thursday, June 25, 2020. During 
the ongoing COVID-19 pandemic (2020), Thursdays were the days with the highest total number of recorded 
people, followed by Wednesdays and Sundays including public holidays. In 2019, 67% of visits were recorded 
during working days, increasing to 76% in 2020. This increase could be partly explained by the post-lockdown 
period, which increased the enthusiasm for going for a walk even on workdays. A comparable trend was described 
by Derks et al. (2020), where the clear difference between the number of visitors on weekdays and weekends 
substantially decreased after the lockdown measures were implemented, compared to the pre-COVID-19 times. 
In the COVID-19 period, people had more available time, more flexibility, more pressure at home, but also fewer 
alternative pastimes. In terms of the number of forest visitors, the tree species composition was an important 
 predictor48,50. In our study, people preferred mixed coniferous forests (pine/spruce) and species-rich mixed 
forests, while conversely, attendance was the lowest in monospecific deciduous forests. Similarly, visitors to the 
Municipal forest in Ostrava (CZ) preferred more structured mixed forests, while spruce and pine were the most 
favorable tree  species51. Italian responders preferred mixed forests (66%) over coniferous forests (28%) and 
deciduous forests (6%)52, while another study from the Protected Landscape Area Žďárské vrchy (CZ) docu-
mented the visitor preference of coniferous  forests53.

The increase of outdoor recreational activities and nature tourism was indicated in a majority of pub-
lished studies measured by Google mobility data, automatised visitor counters on forest roads, or by question-
naires 46,47,48. Therefore, human movement in the forests, in the context of wildlife disruption (outside of the forest 
roads), was impossible to evaluate. Conversely, in our study, the animals were monitored together with humans. 
The threat risk predicts that animals will avoid human disruption and react as expected during an encounter 
with a  predator54, which was also confirmed in our study. The continuous monitoring showed that the presence 
of wildlife was significantly lower (more than 2.6 times) directly after human movement was recorded by camera 
traps—compared to the period without human presence. It is evident from these results, that on a short-time 
scale, the wildlife species avoided the areas visited by humans.

The impact of human activities can trigger behavioural and stress response in wild  animals55,56, with a sig-
nificant impact on entire wildlife  populations54,57. When animals face the risk of predation, many engage in 
behaviour that reduces that risk, but also generate an increased energy  cost58. For instance, animals may be more 
vigilant in the vicinity of different types of anthropogenic  disturbances54, which results in a reduced immune 
 response59, increased susceptibility to  diseases60,61, reduced  growth62 and a decreased  fitness63. Moreover, the 
short-term disturbance could compel the animals to utilize lower quality habitats, which leads to damage of 
forest ecosystems or agricultural crops. The direct effect of human disruption has been proven, e.g. the increase 
of browsing pressure by  ungulates64,65, which significantly affects the forest stability, wood production and sen-
sitivity to fluctuation of climatic  factors66,67. Another serious effect of human disturbance to wildlife is increased 
risk of wildlife-vehicle collisions in areas with higher human  activity68 or close to urban areas with growing rate 
of human  disturbances69.

However, the wildlife species that regularly encounter humans without negative consequences should get 
used to their  presence70,71. The animals detected in our study area are mainly the common wild ungulates which 
are relatively accustomed to human disruption in the long-term, and able to occupy a highly modified cultural 
landscape. The tolerance is reflected e.g. by the dramatically increased population densities in  Europe72–74. Con-
versely, the endangered animal species are much more sensitive to human disturbance than common species 
that successfully adapted to the recent land use changes. The most sensitive birds and mammal species decline 
or disappear from the highly disturbed sites, and the species composition shifts from “wild” species to cultural 
and human-associated  species5. For instance, the study from northern Finland reveals that the proportion of 
ground-nesting birds is higher in forests than in tourist  destinations5. Although open-cup nesters nesting on the 
ground showed a negative response to the number of visits on hiking trails, yet the species richness remained 
unaffected, as sensitive species were apparently replaced by generalist  species5,75. However, the endangered spe-
cies could successfully adapt to a regular and managed human presence in the vicinity of the areas of occurrence 
(e.g. human movement only of forest roads). A study from Germany (Lower Saxony) confirmed adaptation of 
black grouse (Lyrurus tetrix), critically endangered in Central Europe, to the human disruption. Differences in 
black grouse movement were monitored by GPS transmitters. Tagged individuals avoided the vicinity of public 
routes, and the contact distances were directly related to the intensity of human activity. Individuals used the 
vicinity of public trails at night and dawn but avoided these habitats during peak human activity around noon 
and  afternoon76.

To our knowledge, this is the first study which compares the unique situation of differences in human vis-
its in forests outside of forest roads in relation to distinct movement patterns. We have confirmed the rapid 
increase of visitors in the forests during the COVID-19 pandemic in May and June 2020. Our study confirmed 
that forest ecosystems play an indispensable role during pandemics and related economic crises—in relation to 
recreation services that the forests offer. On the other hand, apart from improving physical and mental health 
of visitors, they may possibly contribute to spreading of diseases. Contrarily, we have observed the decrease of 
visitors in the same area during the African swine fever outbreak, during which the entrance into the forests of 
the affected areas was completely prohibited. However, our findings demonstrate that the restrictions during the 
ASF outbreak were not fully respected. The trends in the rapid increase of human visitors outside of forest roads 
has a significant impact on wildlife behaviour. The places visited by humans were then avoided by animals in a 
short-time period. The confirmed impact of human visitation on wildlife behaviour highlights the need for new 
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measures that should mitigate the negative effects on wildlife disruption through visitor’s education, especially 
during the breeding season. Our results suggest that management measures are highly important, particularly 
in the areas where the threatened animal species live because they are much more sensitive to human disrup-
tion. Essentially, the political authorities should improve the communication of the restrictions concerning 
the African swine fever outbreaks which are expanding into new territories in central Europe. The disregard of 
entrance prohibitions could have an immeasurable impact on the disease transmission outside of the affected 
areas. Therefore, comprehension of the direct effects of human behaviour on wildlife and natural processes in 
forest ecosystems is indisputably important.

Material and methods
Study area. The study of human visits to the forest areas was focused on a location northeast of the city of 
Zlín in eastern Czech Republic (N 49°15′, E 17°44′). Zlín is the eleventh largest city in the Czech Republic with 
74,921 residents. The population density of the Zlín district is 187 inhabitants/km2, while 72.5% inhabitants live 
in towns. The proportion of women to men is 51.5% to 48.5%, and the average age is 39.9 years (www. zlin. eu). 
The location was selected due to the African swine fever outbreak which began on June 21, 2017. The outbreak 
was officially eradicated—according to the European commission—on March 12, 2019.

The average annual temperature in the location reaches 13.2 °C, and the total sum of precipitation is 656 mm, 
while it is 20.5 °C and a monthly 73 mm in the studied months. The study area has a humid continental climate 
characterized by hot and humid summers and cold to severely cold winters (Cfb region) according to the world-
wide77 classification.

The acreage of the monitored area was about 5430.6 ha with the following land use composition: standard 
commercially managed forests—26.6% (1443.8 ha), human settlements—1.7% (92.5 ha), agricultural land—
71.6% (3889.7 ha), and water bodies—0.1% (4.6 ha). Thirteen villages are located in the area of interest, with an 
average population of 863 inhabitants. The altitude ranges from 221 to 413 m a.s.l.

Study design and camera trap monitoring. The forest areas in the location of interest were sorted 
according to their acreage into categories of small forests (0–50  ha; marked by green), bigger forests (50.1–
200 ha; yellow) and large forest complexes (˃200 ha; red). Human visits were monitored only in the forests larger 
than 50 ha (Fig. 5.). Human presence in the forest and the activity of common animal species was monitored 
by 14 randomly placed camera traps, i.e. 1 camera trap per 100 ha of forest area. The locations for camera traps 
were previously selected via random points tool in GIS software (ArcGIS 10.8). All camera traps were placed at 
least 100 m from the forest edge and forest road. The monitoring was implemented in three consecutive seasons 
(2018, 2019 and 2020) utilizing the same time period from  1st May to  30th June (61 monitoring days every year).

The UO Vision UV 595 HD cameras were used with the following parameters: invisible IR camera (resolution 
of 12 megapixels), utilizing a trigger speed of 0.65 s and HD video (1080P) recording (for more information see 
www. uovis ion. com). All cameras were installed on a tree at a height between 1 and 1.5 m. The date and time were 
recorded automatically at the beginning of each video. The sites were inspected every 3 weeks to check the cam-
eras and download recorded videos. The camera traps triggered video recording automatically when motion was 
detected. Settings of the camera traps were set to 30-s videos with a 1-min window between each video sequence.

African swine fever pattern in 2018. Visiting the affected location was banned during the time of Afri-
can swine fever to prevent possible transmission of the disease out of the outbreak area. These restrictions were 
valid from August 9, 2017, to November 26, 2018. Regulation forbade the entry into the suburbs of municipali-
ties in the defined area, with the exception of gamekeepers exercising measures to prevent the spread of African 
swine fever, and with the exception of individuals permitted by the Mayor of the city of Zlín. The area was 
intensively monitored by police patrol, with the fines for infringement of the regulations reaching 20,000 CZK 
(approx. 770 EUR).

Standard situation in 2019. The movement of citizens in the forests of the Czech Republic is defined by 
the Article 19, Act No. 289/1995 Coll. In general, every individual is entitled to enter forest stands at their own 
risk. Visitors must not damage the forest, nor interfere with the forest environment. They are obliged to follow 
the instructions of the owner or tenant of the forest and their staff. Act No. 289/1995 also further defines restric-
tions for forest users.

COVID‑19 pandemic in 2020. On March 12 at 2.00 PM, a state of emergency was declared pursuant to 
Articles 5 and 6 of the Constitution Act No. 110/1998 (on the Security of the Czech Republic) limiting certain 
rights and freedoms of citizens (Resolution No. 194/2020). On March 13, the security measures progressed fur-
ther, as full-time education and organized indoor and outdoor events and activities of more than 30 people were 
banned, and facilities such as gyms, wellness centers and solariums were closed (Resolution No. 72/2020, Reso-
lution No. 84/2020). With effect from March 14, 2020, the government banned all foreign entry into the territory 
of the Czech Republic from high-risk areas, with specified exceptions (Resolution No. 76/2020). From March 16, 
0:00 AM, until March 24, 06:00 AM, the free movement of citizens was limited throughout the Czech Republic 
with several exceptions, such as visits to nature and parks. Furthermore, the government strongly recommended 
to all employers to implement and encourage home office in order to limit the movement and direct contact of 
 citizens78 (Resolution No. 85/2020). The state of emergency was further extended until May 17, which included 
most of the previously declared restrictions (Regulation No. 219/2020). However, the restrictions regarding free 
movement and outdoor activities were gradually lifted starting on April 7, when individual outdoor sports were 
permitted, and on April 24, free movement of the public was restored (in groups smaller than 10 people). On 

http://www.zlin.eu
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May 11, full-time education was restored for the last year of primary schoo ls and the last year of secondary 
schools (Regulation No. 220/2020), all businesses including shops, shopping centers, and gyms were re opened 
on May 25, and on June 8, all pupils were allowed to return to  schools79.

Statistical analysis. All the videorecords were manually inspected. Records were sorted for statistical 
analysis and the database was created in MS Excel according to year, date, time of visit, wildlife species, and 
the visitors data. The visitors data set was divided according to age (subadults, adults and seniors) and gender 
(male and female). The possible duplicity records of visitors were not included in the analysis. The animal data 
set was divided according to wildlife species present in the monitored area to wild boar (Sus scrofa L.), fallow 
deer (Dama dama L.), roe deer (Capreolus capreolus L.), and a group of other animal species, including martens 
(pine marten [Martes martes L.] and stone marten [Martes foina L.]), red fox (Vulpes vulpes L.), European badger 
(Meles meles L.), and European hare (Lepus europaeus Pallas).

For a basic overview on the record of people visiting in different years, a simple histogram of human records 
divided into subadults, adults and seniors is presented. We have also presented basic statistics and comparisons of 
selected study years. The upward trend of human records between study years was confirmed by linear regression. 
For the description of most frequent weekdays, histograms for each study year were presented. We have tested for 
differences in human records on different weekdays together for all study years via chi-squared test. The testing 
for differences in proportion to visits on different weekdays in 2019 and 2020 were also tested via chi-squared test.

The times of human and animal visits are presented by an hour histogram of records for each study year. In 
the case of wild boar (the game species with the most prominent differences in the number of records during the 
day vs. the number of night records), the differences in proportion of day and night records were also tested by 
chi-square test (according to accurate sunrise and sunset in particular days; Central European Time).

We have tested for differences in animal visit frequency during “people-influenced” time (24 h after the time 
when people were detected on camera traps) and non-influenced time (opposite cases, e.g. more than 24 h from 
the last people detected). The intensity was calculated as a sum of detected animals (number of records) divided 
by the total “people-influenced” time, and vice versa for each camera trap in all study years combined.

Figure 5.  Distribution of forest areas and camera traps in the study area (▲). The study area (northeast from 
the city of Zlín) is marked by a black dot (●) for context of the Czech Republic and neighboring countries. This 
map was created in ESRI ArcMap 10.8 (https:// deskt op. arcgis. com/ zh- cn/ arcmap/).

https://desktop.arcgis.com/zh-cn/arcmap/
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A logistic regression model was used to test the dependency of people’s presence, which were recorded by 
camera traps, at a distance from the roads and pathways, and the forest type involved—Scots pine (Pinus sylves-
tris L.) and European hornbeam (Carpinus betulus L.) forests, pine and Norway spruce [Picea abies (L.) Karst] 
forests, oak (Quercus spp.) and hornbeam forest, monospecific hornbeam forests, monospecific spruce forests, 
and species-rich mixed forests, which were represented in the data collection.

All computations were performed in R software on selected alpha level of 0.05. The plots were made in 
“ggplot2”package80.

Received: 21 April 2021; Accepted: 28 September 2021

References
 1. DeStefano, S. & DeGraaf, R. M. Exploring the ecology of suburban wildlife. Front. Ecol. Environ. 1, 95 (2003).
 2. Treves, A., Wallace, R. B., Naughton-Treves, L. & Morales, A. Co-managing human–wildlife conflicts: a review. Hum. Dimens. 

Wildl. 11, 383–396 (2006).
 3. Oberosler, V., Groff, C., Iemma, A., Pedrini, P. & Rovero, F. The influence of human disturbance on occupancy and activity patterns 

of mammals in the Italian Alps from systematic camera trapping. Mamm. Biol. 87, 50–61 (2017).
 4. Tyler, N. J. C. Short-term behavioural responses of Svalbard reindeer Rangifer tarandus platyrhynchus to direct provocation by a 

snowmobile. Biol. Conserv. 56, 179–194 (1991).
 5. Tolvanen, A. & Kangas, K. Tourism, biodiversity and protected areas—review from northern Fennoscandia. J. Environ. Manage. 

169, 58–66 (2016).
 6. Ballantyne, M. & Pickering, C. M. Tourism and recreation: a common threat to IUCN red-listed vascular plants in Europe. Biodiv-

ers. Conserv. 22, 3027–3044 (2013).
 7. Pickering, C. M., Hill, W., Newsome, D. & Leung, Y. F. Comparing hiking, mountain biking and horse riding impacts on vegetation 

and soils in Australia and the United States of America. J. Environ. Manage. 91, 551–562 (2010).
 8. Coppes, J., Ehrlacher, J., Thiel, D., Suchant, R. & Braunisch, V. Outdoor recreation causes effective habitat reduction in capercaillie 

Tetrao urogallus: a major threat for geographically restricted populations. J. Avian Biol. 48, 1583–1594 (2017).
 9. Siikamäki, P., Kangas, K., Paasivaara, A. & Schroderus, S. Biodiversity attracts visitors to national parks. Biodivers. Conserv. 24, 

2521–2534 (2015).
 10. Gerstenberg, T., Baumeister, C. F., Schraml, U. & Plieninger, T. Hot routes in urban forests: the impact of multiple landscape features 

on recreational use intensity. Landsc. Urban Plan. 203, 103888 (2020).
 11. Fischer, L. K. & Kowarik, I. Dogwalkers’ views of urban biodiversity across five European cities. Sustain. 12, 1–11 (2020).
 12. Lundgren, J. O. Polar tourism: tourism in the Arctic and Antarctic regions. in The tourism space penetration processes in northern 

Canada and Scandinavia: a comparison 43–61 (1995).
 13. Balmford, A. et al. Walk on the wild side: estimating the global magnitude of visits to protected areas. PLoS Biol. 13, 1–6 (2015).
 14. George, S. L. & Crooks, K. R. Recreation and large mammal activity in an urban nature reserve. Biol. Conserv. 133, 107–117 (2006).
 15. Zhong, L., Zhang, X., Deng, J. & Pierskalla, C. Recreation ecology research in China’s protected areas: progress and prospect. 

Ecosyst. Heal. Sustain. 6 (2020).
 16. Mancini, F., Leyshon, B., Manson, F., Coghill, G. M. & Lusseau, D. Monitoring tourists’ specialisation and implementing adaptive 

governance is necessary to avoid failure of the wildlife tourism commons. Tour. Manag. 81, 104160 (2020).
 17. Abate, M., Christidis, P. & Purwanto, A. J. Government support to airlines in the aftermath of the COVID-19 pandemic. J. Air 

Transp. Manag. 89, 101931 (2020).
 18. Castanho, R. A. et al. The impact of SARS-CoV-2 outbreak on the accommodation selection of Azorean tourists. A study based 

on the assessment of the Azores population’s attitudes. Sustainability 12, 9990 (2020).
 19. Neupane, D. How conservation will be impacted in the COVID-19 pandemic. Wildlife Biol. 2020, 19–21 (2020).
 20. Herrero, C. & Villar, A. A synthetic indicator on the impact of COVID-19 on the community’s health. PLoS ONE 15, 1–14 (2020).
 21. World Health Organization (WHO). Coronavirus Disease (COVID-19) Situation Reports Updates 27 September 2020. World Health 

Organization Technical Report Series (2020).
 22. da Silva, F. C. T. & Neto, M. L. R. Psychological effects caused by the COVID-19 pandemic in health professionals: a systematic 

review with meta-analysis. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 104, 110 (2021).
 23. Sohrabi, C. et al. World health organization declares global emergency: a review of the 2019 novel coronavirus (COVID-19). Int. 

J. Surg. 76, 71–76 (2020).
 24. Hellewell, J. et al. Feasibility of controlling COVID-19 outbreaks by isolation of cases and contacts. Lancet Glob. Heal. 8, e488–e496 

(2020).
 25. Steidtmann, D., McBride, S. & Mishkind, M. C. Experiences of mental health clinicians and staff in rapidly converting to full-time 

telemental health and work from home during the COVID-19 pandemic. Telemed. e-Health 27(7), 785–791 (2021).
 26. Chiu, W. A., Fischer, R. & Ndeffo-Mbah, M. L. State-level needs for social distancing and contact tracing to contain COVID-19 

in the United States. Nat. Hum. Behav. 4, 1080–1090 (2020).
 27. Rutz, C. et al. COVID-19 lockdown allows researchers to quantify the effects of human activity on wildlife. Nat. Ecol. Evol. 4, 

1156–1159 (2020).
 28. Zellmer, A. J. et al. What can we learn from wildlife sightings during the COVID-19 global shutdown?. Ecosphere 11, e03215 (2020).
 29. Ghahremanloo, M., Lops, Y., Choi, Y. & Mousavinezhad, S. Impact of the COVID-19 outbreak on air pollution levels in East Asia. 

Sci. Total Environ. 754, 142226 (2021).
 30. Rosenbloom, D. & Markard, J. A COVID-19 recovery for climate. Science 368, 447–447 (2020).
 31. Lokhandwala, S. & Gautam, P. Indirect impact of COVID-19 on environment: a brief study in Indian context. Environ. Res. 188, 

109807 (2020).
 32. Manenti, R. et al. The good, the bad and the ugly of COVID-19 lockdown effects on wildlife conservation: insights from the first 

European locked down country. Biol. Conserv. 249, 108728 (2020).
 33. Corlett, R. T. et al. Impacts of the coronavirus pandemic on biodiversity conservation. Biol. Conserv. 246, 8–11 (2020).
 34. Bates, A. E., Primack, R. B., Moraga, P. & Duarte, C. M. COVID-19 pandemic and associated lockdown as a “Global Human 

Confinement Experiment” to investigate biodiversity conservation. Biol. Conserv. 248, 108665 (2020).
 35. Arias, M., Jurado, C., Gallardo, C., Fernández-Pinero, J. & Sánchez-Vizcaíno, J. M. Gaps in African swine fever: analysis and 

priorities. Transbound. Emerg. Dis. 65, 235–247 (2018).
 36. Galindo, I. & Alonso, C. African swine fever virus: a review. Viruses 9, 103 (2017).
 37. Taylor, R. A. et al. Predicting spread and effective control measures for African swine fever—should we blame the boars?. Trans-

bound Emerg. Dis. https:// doi. org/ 10. 1111/ tbed. 13690 (2020).
 38. Mason-D’Croz, D. et al. Modelling the global economic consequences of a major African swine fever outbreak in China. Nat. Food. 

1, 221–228 (2020).

https://doi.org/10.1111/tbed.13690


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:20791  | https://doi.org/10.1038/s41598-021-99862-0

www.nature.com/scientificreports/

 39. Podgórski, T. & Śmietanka, K. Do wild boar movements drive the spread of African Swine Fever?. Transbound. Emerg. Dis. 65, 
1588–1596 (2018).

 40. Petit, K. et al. Assessment of the impact of forestry and leisure activities on wild boar spatial disturbance with a potential applica-
tion to ASF risk of spread. Transbound. Emerg. Dis. 67, 1164–1176 (2020).

 41. Watanabe, S. & Wahlqvist, M. L. Covid-19 and dietary socioecology: Risk minimisation. Asia Pac. J. Clin. Nutr. 29, 207–219 (2020).
 42. Geng, D., Innes, J., Wu, W. & Wang, G. Impacts of COVID-19 pandemic on urban park visitation: a global analysis. J. For. Res. 

https:// doi. org/ 10. 1007/ s11676- 020- 01249-w (2020).
 43. Godbersen, H., Hofmann, L. A. & Ruiz-Fernández, S. How people evaluate anti-corona measures for their social spheres: attitude, 

subjective norm, and perceived behavioral control. Front. Psychol. 11, 1–20 (2020).
 44. Cukor, J. et al. Wild boar deathbed choice in relation to ASF : Are there any differences between positive and negative carcasses? 

Prev. Vet. 177, 1–7 (2020).
 45. McGinlay, J. et al. The impact of COVID-19 on the management of European protected areas and policy implications. Forests 11, 

1–15 (2020).
 46. Derks, J., Giessen, L. & Winkel, G. COVID-19-induced visitor boom reveals the importance of forests as critical infrastructure. 

For. Policy Econ. 118, 102253 (2020).
 47. Venter, Z. S., Barton, D. N., Gundersen, V., Figari, H., Nowell, M. Urban nature in a time of crisis: Recreational use of green space 

increases during the COVID-19 outbreak in Oslo, Norway. Environ. Res. Lett. 15, 1–11 (2020).
 48. Jůza, R., Jarský, V., Riedl, M., Zahradník, D. & Šišák, L. Possibilities for harmonisation between recreation services and their 

production within the forest sector—a case study of municipal forest enterprise hradec Králové (CZ). Forests 12, 13 (2020).
 49. Dellicour, S. et al. Unravelling the dispersal dynamics and ecological drivers of the African swine fever outbreak in Belgium. J. 

Appl. Ecol. 57, 1619–1629 (2020).
 50. Carnol, M. et al. Ecosystem services of mixed species forest stands and monocultures: comparing practitioners and scientists 

perceptions with formal scientific knowledge. Forestry 87, 639–653 (2014).
 51. Dušek, D., Kacálek, D., Novák, J. & Slodičák, M. Public perception of recreation needs—a questionnaire study from Ostrava urban 

forests (Czech Republic). Zpravy Lesn. Vyzk Rep. For. Res. 62, 174–181 (2017).
 52. Meo, I. D., Paletto, A. & Cantiani, M. G. The attractiveness of forests: Preferences and perceptions in a mountain community in 

Italy. Ann. For. Res. 58, 145–156 (2015).
 53. Sadecký, D., Pejcha, J. & Šišák, L. Analysis of the public opinion on forest and forest management in the žďárské vrchy protected 

landscape area, czech republic [Analýza názorů veřejnosti na les a lesní hospodářství v chráněné krajinné oblasti žďárské vrchy]. 
Zpravy Lesn. Vyzk. 59, 11–17 (2014).

 54. Ciuti, S. et al. Effects of Humans on Behaviour of Wildlife Exceed Those of Natural Predators in a Landscape of Fear. PLoS ONE 
7, 1–16 (2012).

 55. Palacios, M. G., D’Amico, V. L. & Bertellotti, M. Ecotourism effects on health and immunity of Magellanic penguins at two repro-
ductive colonies with disparate touristic regimes and population trends. Conserv. Physiol. 6, 1–13 (2018).

 56. Schuttler, S. G. et al. Deer on the lookout: how hunting, hiking and coyotes affect white-tailed deer vigilance. J. Zool. 301, 320–327 
(2017).

 57. Preisser, E. L., Bolnick, D. I. & Benard, M. F. Scared to death? The effects of intimidation and consumption in predator-prey 
interactions. Ecology 86, 501–509 (2005).

 58. Creel, S., Winnie, J., Maxwell, B., Hamlin, K. & Creel, M. Elk alter habitat selection as an antipredator response to wolves. Ecology 
86, 3387–3397 (2005).

 59. French, S. S., Denardo, D. F., Greives, T. J., Strand, C. R. & Demas, G. E. Human disturbance alters endocrine and immune responses 
in the Galapagos marine iguana (Amblyrhynchus cristatus). Horm. Behav. 58, 792–799 (2010).

 60. Beehner, J. C. & Bergman, T. J. The next step for stress research in primates: to identify relationships between glucocorticoid secre-
tion and fitness. Horm. Behav. 91, 68–83 (2017).

 61. Dhabhar, F. S. Effects of stress on immune function: the good, the bad, and the beautiful. Immunol. Res. 58, 193–210 (2014).
 62. Almasi, B., Béziers, P., Roulin, A. & Jenni, L. Agricultural land use and human presence around breeding sites increase stress-

hormone levels and decrease body mass in barn owl nestlings. Oecologia 179, 89–101 (2015).
 63. Sapolsky, R. M., Romero, L. M. & Munck, A. U. How do glucocorticoids influence stress responses? Integrating permissive, sup-

pressive, stimulatory, and preparative actions. Endocr. Rev. 21, 55–89 (2000).
 64. Szwagrzyk, J. et al. Effects of species and environmental factors on browsing frequency of young trees in mountain forests affected 

by natural disturbances. For. Ecol. Manage. 474, 1–13 (2020).
 65. Möst, L., Hothorn, T., Müller, J. & Heurich, M. Creating a landscape of management: unintended effects on the variation of brows-

ing pressure in a national park. For. Ecol. Manage. 338, 46–56 (2015).
 66. Cukor, J. et al. Effects of bark stripping on timber production and structure of Norway Spruce forests in relation to climatic factors. 

Forests 10, 13–17 (2019).
 67. Vacek, Z. et al. Bark stripping, the crucial factor affecting stem rot development and timber production of Norway spruce forests 

in Central Europe. For. Ecol. Manage. 474, 118360 (2020).
 68. Barrueto, M., Ford, A. T. & Clevenger, A. P. Anthropogenic effects on activity patterns of wildlife at crossing structures. Ecosphere 

5, 1–19 (2014).
 69. Ignatavičius, G. et al. Temporal patterns of ungulate-vehicle collisions in a sparsely populated country. Eur. J. Wildl. Res. 66, 1–9 

(2020).
 70. Price, M. V., Strombom, E. H. & Blumstein, D. T. Human activity affects the perception of risk by mule deer. Curr. Zool. 60, 693–699 

(2014).
 71. Romero, L. M., Dickens, M. J. & Cyr, N. E. The reactive scope model—a new model integrating homeostasis, allostasis, and stress. 

Horm. Behav. 55, 375–389 (2009).
 72. Cukor, J., Havránek, F., Rohla, J. & Bukovjan, K. Estimation of red deer density in the west part of the Ore Mts (Czech Republic). 

Zpravy Lesn. Vyzk. Rep. For. Res. 62, 288–295 (2017).
 73. Carpio, A. J., Apollonio, M. & Acevedo, P. Wild ungulate overabundance in Europe: contexts, causes, monitoring and management 

recommendations. Mamm. Rev. 51, 95–108 (2021).
 74. Iacolina, L., Corlatti, L., Buzan, E., Safner, T. & Šprem, N. Hybridisation in European ungulates: an overview of the current status, 

causes, and consequences. Mamm. Rev. 49, 45–59 (2019).
 75. Kangas, K., Luoto, M., Ihantola, A., Tomppo, E. & Siikamäki, P. Recreation-induced changes in boreal bird communities in pro-

tected areas. Ecol. Appl. 20, 1775–1786 (2010).
 76. Tost, D., Strauß, E., Jung, K. & Siebert, U. Impact of tourism on habitat use of black grouse (Tetrao tetrix) in an isolated population 

in northern Germany. PLoS ONE 15, e0238660 (2020).
 77. Köppen, W. Das Geographische System der Klimate, Handbuch der Klimatologie (Gebrüder Borntraeger, 1936).
 78. Rob, F. et al. Compliance, safety concerns and anxiety in patients treated with biologics for psoriasis during the COVID-19 pan-

demic national lockdown: a multicenter study in the Czech Republic. J. Eur. Acad. Dermatol. Venereol. 76, jdv.16771 (2020).
 79. Government of the Czech Republic. Measures adopted by the Czech Government against the coronavirus. (2021). Available at: 

https:// www. vlada. cz/ en/ media- centr um/ aktua lne/ measu res- adopt ed- by- the- czech- gover nment- again st- coron avirus- 180545/. 
(Accessed: 5th February 2021).

https://doi.org/10.1007/s11676-020-01249-w
https://www.vlada.cz/en/media-centrum/aktualne/measures-adopted-by-the-czech-government-against-coronavirus-180545/


11

Vol.:(0123456789)

Scientific Reports |        (2021) 11:20791  | https://doi.org/10.1038/s41598-021-99862-0

www.nature.com/scientificreports/

 80. Wickham, H. ggplot2: Elegant Graphics for Data Analysis. (2016).

Acknowledgements
We would like to thank Jitka Šišáková (the expert in the field) and Richard Lee Manore (the native speaker) 
for proofreading. This study was supported by grant No. QK1920184 financed by Ministry of Agriculture of 
the Czech Republic, grant "EVA4.0" No. CZ.02.1.01/0.0/0.0/16_019/0000803 fnanced by OP RDE, grant No. 
QK1910462 fnanced by Ministry of Agriculture of the Czech Republic and Excellent Team 2021 provided by 
Faculty of Forest and Wood Sciences, Czech University of Life Sciences, Prague. We would like to thank Jitka 
Šišáková (the expert in the field) and Richard Lee Manore (the native speaker) for 2 proofreading. We are grateful 
to an anonymous reviewer for valuable comments and suggestions that improved the manuscript.

Author contributions
Conceptualization, J.C., R.L. and F.H.; data curation, R.L. and; investigation, J.C., F.H. and R.L.; methodology, J.C., 
and R.L.; supervision, J.C., F.H., P.M., V.H.; writing—original draft, J.C., R.L., K.M., Z.V., M.F., F.H., P.M., V.H.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Different patterns of human activities in nature during Covid-19 pandemic and African swine fever outbreak confirm direct impact on wildlife disruption
	Results
	Discussion
	Material and methods
	Study area. 
	Study design and camera trap monitoring. 
	African swine fever pattern in 2018. 
	Standard situation in 2019. 
	COVID-19 pandemic in 2020. 
	Statistical analysis. 

	References
	Acknowledgements


