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Abstract

Free-ranging large carnivores are involved in human-wildlife conflicts which can result in

economic costs. Understanding factors that lead to human-wildlife conflicts is important to

mitigate these negative effects and facilitate human-carnivore coexistence. We used a

human-American black bear (Ursus americanus) conflict database maintained by the New

York State Department of Environmental Conservation to determine whether drought, con-

flicts within the Adirondack and Catskill Parks as compared to outside of these parks, mild

severity (Class 3) conflicts early in the year (April–June), and bear harvest in the previous

year (as an index of bear abundance), were associated with greater frequency of high or

moderate severity (Class 1–2) conflicts later in the year (July–September) across New

York, USA. During 2006–2019, we obtained 3,782 mild severity conflict records early in the

year, and 1,042 high or moderate severity records later in the year. We found that a one

standard deviation increase in the cumulative precipitation difference from mean early in the

year (about 7.59 cm) coincided with a 20% decrease in conflicts, and that Wildlife Manage-

ment Units (WMUs) within the parks were predicted to have 5.61 times as many high or

moderate severity conflicts as WMUs outside the parks. We also found that a one standard

deviation increase in the frequency of mild severity conflicts (equivalent to 5.68 conflicts)

early in the year coincided with an increase in the frequency of high or moderate severity

conflicts in a WMU later in the year by 49%, while a one standard deviation increase in the

bear abundance index in the previous year (0.14 bears/10 km2) coincided with a 23%

increase in high or moderate severity conflicts. To reduce the frequency and severity of con-

flicts to facilitate human-black bear coexistence, we recommend the following measures to

be taken in place consistently and build over time in local communities: (i) further reducing

black bear access to anthropogenic foods and other attractants, (ii) non-lethal measures

including bear-resistant waste management, (iii) electric fencing, and (iv) modifying place-

ment or configuration of field crops.
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Introduction

Coexistence between people and free-ranging large carnivores poses one of the greatest conser-

vation challenges of our time [1]. Where large carnivores co-occur with people, human-carni-

vore conflicts can be common, potentially endangering human safety and resulting

inconsiderable economic costs [2–4]. Real or perceived human-large carnivore conflicts often

end with carnivore mortalities and can reinforce negative attitudes toward these animals with

long-term conservation consequences [5–7]. In extreme circumstances, these conflicts can

lead to attacks on people resulting in human injury or death [8–10]. It is therefore important

to understand mechanisms leading to human-carnivore conflicts such that mitigation strate-

gies can be developed to facilitate coexistence.

In North America, American black bears (Ursus americanus) are the bear species most

commonly involved in conflicts with humans [11–13]. Human-bear conflicts include crop

damage, livestock depredation, destruction of property, and perceived and real threats to per-

sonal safety, though most conflicts are non-life threatening to humans [11, 14, 15]. In recent

decades, populations of black bears and humans have increased throughout portions of the

United States including some of the eastern states and consequently, increased human-black

bear conflicts have been reported [16–18].

Drought can limit vegetation production [19–21], and therefore natural foods for wildlife

including black bears [22, 23]. Scarcity of natural foods with high caloric energy (e.g., nuts and

berries) may cause bears to leave their primary habitat and use anthropogenic foods in

human-dominated landscapes, which in turn can result in increased conflicts with humans

[12, 13, 24]. Proximity of wildlands and residential food sources for bears present a risk of con-

flict with people [25–27]. Consequently, human food conditioning by black bears, and unse-

cured foods and edible garbage are root causes of human-bear conflicts, and are also the

primary factors that can be managed to facilitate coexistence [28–31].

Our objective was to examine how spatial and temporal variation in environmental factors

are associated to incidence of high or moderate severity (Class 1–2) human-black bear con-

flicts later in the year (July–September) across New York, USA. First, we predicted that

drought would coincide with an increased frequency of high or moderate severity conflicts.

Second, we predicted that conflicts would be greater within two large New York parks (i.e.,

Adirondack and Catskill), which contained a mixture of public and private lands. Third, we

predicted that there would be a positive association between mild severity (Class 3) conflicts

early in the year (April–June), and the frequency of high or moderate severity conflicts later in

the year. Finally, we predicted that the number of bears harvested in the previous year (as an

index of bear abundance) would be positively associated with high or moderate severity con-

flicts in the current year.

Materials and methods

Study area

New York state is in the northeastern United States (40˚29’40"–45˚0’42"N, 71˚47’25"–79˚

45’54"W) and comprises 141,299 km2 (Fig 1). It is the fourth most populous (20,201,249 peo-

ple) state in the United States [32]. New York is characterized by a humid continental climate

with average temperatures ranging from -9–1˚C in January and 19–25˚C in July [33, 34].

Mean annual precipitation is 1,016 mm, with relatively drier conditions in western regions

and more moist conditions in northern regions (particularly the Adirondack Mountains [34]).

Our study area included two major parks: the Adirondack Park which encompasses 19,700

km2 in northern New York, and the Catskill Park which encompasses 2,500 km2 in
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southeastern New York. An important and distinguishing feature of these two parks is that

both contain a mixture of public and private lands.

Conflict data

We used a human-black bear conflict database maintained by the New York State Department

of Environmental Conservation (NYSDEC) during 2006–2019. Data on human-bear conflicts

is recorded by the NYSDEC by compiling information from their responses to complaints sub-

mitted by the public. For each recorded conflict, the NYSDEC noted the type of complaint

(e.g., bird feeder interaction, vehicle break-in, structural damage, etc.), location (i.e., Wildlife

Management Unit (WMU), which is the spatial extent at which black bears are managed in

New York and at which human-bear conflicts are often considered), and the severity of the

conflict (denoted by classes 1 to 3 [13, 35]). Based on the NYSDEC’s severity classification sys-

tem, Class 1 conflicts are highly severe (e.g., bear entered occupied or unoccupied homes,

attacked pets or livestock, or displayed aggressive behavior toward people), Class 2 conflicts

are moderately severe (e.g., human habituation and/or food conditioning), and Class 3 con-

flicts are mildly severe (e.g., bear feeding at a bird feeder, or raiding a dumpster or garbage

can). For each year and WMU, we calculated the total frequency of mild severity (Class 3) con-

flicts that occurred early in the year (April–June), and the total frequency of high or moderate

severity (Class 1–2) conflicts that occurred later in the year (July–September). We excluded

from analysis WMUs that averaged less than one reported conflict per year during April–June.

Our final dataset included 68 WMUs, which averaged 1,495 km2 in size (standard devia-

tion = 1,227 km2; Fig 1).

Fig 1. Locations of 68 Wildlife Management Units from which we obtained human-black bear conflict data, New

York, USA. Major park boundaries are in black.

https://doi.org/10.1371/journal.pone.0282322.g001
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Covariates

For each WMU and year, we collected three additional covariate values: (i) a metric represent-

ing degree of drought severity early in the year, (ii) abundance index as a metric of relative

bear population size, and (iii) a binary variable indicating if a given WMU was within a park.

We calculated the drought metric as the cumulative difference in precipitation from the

30-year mean we derived using monthly total precipitation data for April–June 2006–2019

from 673 weather stations throughout New York [36]. We obtained 30-year (1981–2010) pre-

cipitation means for the same stations and calculated the difference from the mean for each

monthly precipitation total for each station and year. We used kriging interpolation [37] with

station-level data in each month and year to predict precipitation difference from means in a

grid of 1-ha cells across New York, then averaged the 1-ha cells in each WMU to obtain an

average precipitation difference from mean value for each WMU, month, and year. We used

the cumulative difference in precipitation from the mean in June as the precipitation covariate

for the April–June period in each WMU.

A statewide bear hunt occurs during fall within WMUs in New York including the Adiron-

dacks and Catskill Parks, and there is no statewide quota. We used NYSDEC bear harvest rec-

ords from the previous fall hunting season (11 September–21 December) as an index of

relative bear abundance. During our study, hunting regulations were consistent and all

licensed hunters (average 568,300 hunters during 2006–2019) were eligible to harvest a black

bear, and most bears are taken opportunistically by deer hunters [35]. With such extensive

potential hunting effort and an average annual harvest of only 1,344 bears during 2006–2019,

bear harvest density and distribution are used by bear managers as an index of population

trends [35].

Successful bear hunters are required by law to report their harvest. Furthermore, NYSDEC

contacts individuals who report a bear harvest and provides them with a patch should they

provide NYSDEC with a premolar tooth for age determination. Therefore, it is likely that the

reporting rate is greater than that of deer (about 50%) in New York given the incentive to

report.

We aggregated harvest records by WMU and year to obtain yearly harvest densities. For the

park covariate, we identified WMUs for which all or most of the area occurred within Adiron-

dack Park or Catskill Park.

Analysis

We modeled total high or moderate severity conflicts in a given WMU and year as a func-

tion of combinations of our covariates. As the response variable was a count and overdis-

persed, we used negative binomial regression for all models. We defined five candidate

regression models: (1) a null model with no covariates (NULL), (2) total mild severity con-

flicts early in the year and bear abundance index (PRIOR+POP), (3) mild severity conflicts,

abundance, and precipitation difference from means (PRIOR+POP+PRECIP), (4) mild

severity conflicts, abundance, and parks (PRIOR+POP+PARK), and (5) a global model

(PRIOR+POP+PRECIP+PARK). We standardized continuous covariates to have a mean of

0 and a standard deviation of 1 before analysis. We included random intercepts by WMU in

all models to help control for additional variation in conflicts by WMU (e.g., WMU area).

We ranked models by AICc and retained for further consideration all models within

ΔAICc = 2 of the top-ranked model. For each model, we considered a covariate to have had

a significant effect if the corresponding Wald test had p< 0.05. We fit all models using the

glmmTMB package [38] in R 4.1.1 [39].
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Results

During 2006–2019 there were 3,782 mild severity conflicts reported early in the year, and

1,042 high or moderate severity conflicts reported later in the year. The most common types of

mild severity conflicts involved residential garbage and bird feeders, whereas the most com-

mon types of high or moderate severity conflicts involved home break-ins or bears that were

attracted to residential garbage but displayed undesirable behaviors in the presence of humans

(Fig 2). The average number of mild severity conflicts early in the year for a given WMU and

year was 4.5 (range 0–44), while the average number of high or moderate severity conflicts

later in the year was 1.2 (range 0–62).

The global model (PRIOR+POP+PRECIP+PARK) had the most support among candidate

models (Table 1). We found a significant effect of the frequency of mild severity conflicts, bear

abundance index, and conflicts within the Adirondack and Catskill Parks on the frequency of

high or moderate severity conflicts (Table 2, Fig 3). A one standard deviation increase in the

Fig 2. Proportions of the five most common types of reported human-black bear conflicts across 68 Wildlife Management Units, New York, USA, 2006–

2019.

https://doi.org/10.1371/journal.pone.0282322.g002

Table 1. Results of model selection for negative binomial regression models of high or moderate severity (Class 1–2) bear conflicts, New York, USA, July–September

2006–2019. We considered five candidate models: (a) no covariates (NULL), (b) mild severity (Class 3) conflicts early in the year (April–June) and bear abundance index

(PRIOR+POP), (c) mild severity conflicts, abundance, and precipitation difference from means (PRIOR+POP+PRECIP), (d) mild severity conflicts, abundance, and parks

(PRIOR+POP+PARK), and (e) a global model (PRIOR+POP+PRECIP+PARK). Models were ranked using Akaike Information Criterion for small samples (AICc).

Model Parameters AICc ΔAICc Weight

PRIOR+POP+PRECIP+PARK 7 1706.38 0.00 1.00

PRIOR+POP+PARK 6 1718.05 11.67 0.00

PRIOR+POP+PRECIP 6 1730.23 23.84 0.00

PRIOR 5 1740.71 34.33 0.00

NULL 3 1792.05 85.67 0.00

https://doi.org/10.1371/journal.pone.0282322.t001
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frequency of mild severity conflicts (equivalent to 5.68 conflicts) early in the year coincided

with an increase in the frequency of high or moderate severity conflicts in a WMU later in the

year by 49%, while a one standard deviation increase in the bear abundance index in the previ-

ous year (0.14 bears/10 km2) coincided with a 23% increase in high or moderate severity con-

flicts. A one standard deviation increase in the cumulative precipitation difference from mean

early in the year (about 7.59 cm) coincided with a 20% decrease in high or moderate severity

conflicts. Wildlife Management Units within the parks were predicted to have 5.61 times as

many high or moderate severity conflicts as WMUs outside of the parks.

Discussion

Our predictions of patterns influencing the frequency and severity of human-American black

bear conflicts in New York, USA, were largely supported. We found that drought was nega-

tively corresponded with the frequency of high or moderate severity conflicts later in the year,

and that conflicts were greater within the Adirondack and Catskill Parks. Our findings also

suggested a positive association between mild severity conflicts early in the year and the fre-

quency of high or moderate severity conflicts later in the year. Furthermore, greater bear abun-

dance, as indicated by the size of the bear harvest the preceding fall, was positively associated

with the frequency of high or moderate severity conflicts. The link between bear abundance

and conflict may be present in New York because of inconsistent application of measures to

facilitate human-black bear coexistence, and as a result to mitigate conflicts. Despite wide-

spread educational campaigns of NYSDEC and laws prohibiting intentional feeding of bears,

the New York public has not uniformly adopted wise practices to reduce attractants for bears

around their homes and businesses. Consequently, in our study area, when more bears are

present to capitalize on the food resources made available by the public, high or moderate

severity conflicts increased.

Precipitation had a negative effect on the frequency of high or moderate severity conflicts.

Reduced precipitation can lead to drought and reduced abundance and availability of natural

foods for black bears [23, 40, 41], including mast crops [24]. Reduced abundance of natural

foods can cause bears to seek human-derived foods, which could lead to increased conflicts

[42, 43]. Conflicts between bears and humans increased throughout New York, USA, during

summer droughts when berries were less abundant [35]. Similar switching between natural

and anthropogenic foods due to reduced natural food availability during droughts has been

reported for other taxa and bear species in other systems. Culpeo (Lycalopex culpaeus) and

South American gray fox (L. griseus) shifted from wild to domestic prey (i.e., sheep) during

Table 2. Results from a top-ranked negative binomial regression model of high or moderate severity (Class 1–2)

bear conflicts, New York, USA, July–September 2006–2019. Covariates included mild severity (Class 3) conflicts

early in the year (April–June; PRIOR), bear abundance index as a metric of relative bear population size (POP), cumu-

lative precipitation difference from mean early in the year (PRECIP), and whether the Wildlife Management Unit

(WMU) was within a park (PARK). Continuous covariates were standardized before analysis.

Parameter Estimate 95% CI P
Intercept -0.97 -1.29 –-0.64 < 0.01

PRIOR 0.40 0.30–0.50 < 0.01

POP 0.20 0.06–0.35 < 0.01

PRECIP -0.22 -0.34 –-0.10 < 0.01

PARK 1.72 1.13–2.32 < 0.01

Random WMU variance 0.53

Overdispersion parameter 3.35

https://doi.org/10.1371/journal.pone.0282322.t002
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droughts, when small mammal abundance was low [44]. Sun bears (Helarctos malayanus)
altered their ranges across seasons and years based on natural food availability and shifted to

alternative foods during low fruiting years caused by drought [45, 46].

We found that the frequency of high or moderate severity conflicts was greater within the

Adirondack and Catskill Parks. This was likely a consequence of abundant bear habitat inter-

spersed with low-density human development, which creates ample opportunity for bear

access to human spaces and unsecured human-derived foods within these two parks (J. Hurst,

personal observation). Most conflicts with black bears involve individuals investigating or

habituating to human foods and trash in areas of high human use [13, 40, 47]. These conflicts

may cause bolder behavior toward humans, which could result in increased conflicts with

Fig 3. Effects of covariates included in the top model on high or moderate severity (Class 1–2) human-black bear conflicts, New York, USA, July–

September 2006–2019. Shaded area and error bars represent 95% confidence intervals. For each panel, non-focal covariates were held at median values (mild

severity conflicts, abundance index, precipitation) or 0 (protected status).

https://doi.org/10.1371/journal.pone.0282322.g003
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people [48–50]. The Adirondack and Catskill Parks encompass vast forest lands interspersed

with villages and private lands, and there are many permanent and seasonal dwellings in each.

This juxtaposition of wildland habitat and residential attractants can create heightened oppor-

tunity for human-bear conflicts and may differ from other large parks which have a hard wild-

land boundary and conflicts primarily in border communities.

We found an association between mild severity conflicts early in the year and high or mod-

erate severity conflicts later in the year. Black bears are omnivorous [51], meaning that food-

related conflicts with humans can be diverse, ranging from garbage and compost, to fruit trees

and livestock [52]. Further reducing black bear access to anthropogenic foods and other attrac-

tants, non-lethal measures including electric fencing, modifying placement or configuration of

field crops, and bear-resistant waste management should be used consistently and comprehen-

sively in communities to reduce conflicts and facilitate coexistence between humans and bears

[14, 53]. Additionally, a community can be involved in a Bear Smart Program with bylaws that

requires garbage to be in bear-resistant containers, which in turn may result in reduced fre-

quency of conflicts [54, 55].

We acknowledge several limitations with our study. We used coarse-resolution data (i.e.,

WMU-level) for conflict reports which made it difficult to link conflict incidence to finer reso-

lution covariate data, such as land cover or human population density. We recommend that

future reporting of human-black bear conflict data include finer-resolution location data (e.g.,

[56]). We also acknowledge that there is inherit variability within conflict classification due to

differences in judgement among NYSDEC biologists and nuances in timing, location, and

social perceptions of human-bear conflicts. Furthermore, we recognize that using bear harvest

data as an index to bear abundance can be problematic, however, this was the only statewide

data available. Many wildlife management agencies in the USA manage bear population sizes

through harvest by adjusting harvest regulations to in turn mitigate human-bear conflicts [14,

57, 58].

Coexistence of people and wildlife is possible [59] and is a dynamic process [60]. Human

behaviors can help facilitate coexistence between humans and wildlife, which in turn can miti-

gate conflicts [61–65]. Our findings demonstrate that variations in environmental factors

including drought, and conflicts within parks early in the year could be a warning of increased

frequency of high or moderate severity conflicts later in the year. As unsecured human foods

and edible garbage are primary causes of human-black bear conflicts [28–31, 66], it is impor-

tant to secure attractants (i.e., removing food sources or establishing physical barriers [62, 65,

67]) to facilitate coexistence of humans and black bears, which can mitigate the frequency and

severity of conflicts.

Supporting information

S1 Table. Human-American black bear conflict dataset.

(CSV)

Author Contributions

Conceptualization: Jamshid Parchizadeh, Kenneth F. Kellner, Jeremy E. Hurst, David W.

Kramer, Jerrold L. Belant.

Data curation: Kenneth F. Kellner, Jeremy E. Hurst, David W. Kramer.

Formal analysis: Kenneth F. Kellner.

Investigation: Jeremy E. Hurst, David W. Kramer.

PLOS ONE Human-American black bear conflicts

PLOS ONE | https://doi.org/10.1371/journal.pone.0282322 February 24, 2023 8 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0282322.s001
https://doi.org/10.1371/journal.pone.0282322


Methodology: Kenneth F. Kellner, Jerrold L. Belant.

Project administration: Jerrold L. Belant.

Software: Kenneth F. Kellner.

Supervision: Jerrold L. Belant.

Visualization: Jamshid Parchizadeh, Kenneth F. Kellner.

Writing – original draft: Jamshid Parchizadeh.

Writing – review & editing: Jamshid Parchizadeh, Kenneth F. Kellner, Jeremy E. Hurst,

David W. Kramer, Jerrold L. Belant.

References
1. Lamb CT, Ford AT, McLellan BN, Proctor MF, Mowat G, Ciarniello L, et al. The ecology of human-carni-

vore coexistence. Proceedings of the National Academy of Sciences. 2020; 117: 17876–17883. https://

doi.org/10.1073/pnas.1922097117 PMID: 32632004

2. Treves A, Karanth KU. Human-carnivore conflict and perspectives on carnivore management world-

wide. Conservation Biology. 2003; 17: 1491–1499.

3. Thirgood S, Woodroffe R, Rabinowitz A. The impact of human-wildlife conflict on human lives and liveli-

hoods. In Woodroffe R, Thirgood S, Rabinowitz AR, editors. People and Wildlife, Conflict or Coexis-

tence? Cambridge: Cambridge University Press; 2005. pp. 13–26.

4. Mbise FP, Jackson CR, Lyamuya R, Fyumagwa R, Ranke PS, Røskaft E. Do carnivore surveys match

reports of carnivore presence by pastoralists? A case of the eastern Serengeti ecosystem. Global Ecol-

ogy and Conservation. 2020; 24: e01324.

5. Conover MR. Why are so many people attacked by predators? Human-Wildlife Conflicts. 2008; 2: 139–

140.

6. Young JK, Ma Z, Laudati A, Berger J. Human-carnivore interactions: lessons learned from communities

in the American West. Human Dimensions of Wildlife. 2015; 20: 349–366.

7. Parchizadeh J, Belant JL. Human-caused mortality of large carnivores in Iran during 1980–2021. Global

Ecology and Conservation. 2021; 27: e01618.

8. Beck JM, Lopez MC, Mudumba T, Montgomery RA. Improving human-lion conflict research through

interdisciplinarity. Frontiers in Ecology and Evolution. 2019; 7: 243.

9. Kudrenko S, Ordiz A, Barysheva SL, Baskin L, Swenson JE. Human injuries and fatalities caused by

brown bears in Russia, 1932–2017. Wildlife Biology. 2020; wlb.00611.

10. Parchizadeh J, Belant JL. Brown bear and Persian leopard attacks on humans in Iran. PLoS ONE.

2021; 16: e0255042. https://doi.org/10.1371/journal.pone.0255042 PMID: 34293067

11. Gore ML, Knuth BA, Curtis PD, Shanahan JE. Education programs for reducing American black bear-

human conflict: indicators of success? Ursus. 2006; 17: 75–80.

12. Spencer RD, Beausoleil RA, Martorello DA. How agencies respond to human-black bear conflicts: a

survey of wildlife agencies in North America. Ursus. 2007; 18: 217–229.

13. Hagani JS, Kross SM, Clark M, Wynn-Grant R, Blair M. Mapping and modeling human-black bear inter-

actions in the Catskills region of New York using resource selection probability functions. PLoS ONE.

2021; 16: e0257716. https://doi.org/10.1371/journal.pone.0257716 PMID: 34551021

14. Hristienko H, McDonald E Jr. Going into the 21st century: a perspective on trends and controversies in

the management of the American black bear. Ursus. 2007; 18: 72–88.

15. Hopkins JB III, Herrero S, Shideler RT, Gunther KA, Schwartz CC, Kalinowski ST. A proposed lexicon

of terms and concepts for human-bear management in North America. Ursus. 2010; 21: 154–168.

16. Garshelis DL, Hristienko H. State and provincial estimates of American black bear numbers versus

assessments of population trend. Ursus. 2006; 17: 1–7.

17. Little AR, Hammond A, Martin JA, Johannsen KL, Miller KV. Population growth and mortality sources of

the black bear population in northern Georgia. Journal of the Southeastern Association of Fish and Wild-

life Agencies. 2017; 4: 130–138.

18. Beckmann JP, Lackey CW. Lessons learned from a 20-year collaborative study on American black

bears. Human-Wildlife Interactions. 2018; 12: 396–404.

PLOS ONE Human-American black bear conflicts

PLOS ONE | https://doi.org/10.1371/journal.pone.0282322 February 24, 2023 9 / 12

https://doi.org/10.1073/pnas.1922097117
https://doi.org/10.1073/pnas.1922097117
http://www.ncbi.nlm.nih.gov/pubmed/32632004
https://doi.org/10.1371/journal.pone.0255042
http://www.ncbi.nlm.nih.gov/pubmed/34293067
https://doi.org/10.1371/journal.pone.0257716
http://www.ncbi.nlm.nih.gov/pubmed/34551021
https://doi.org/10.1371/journal.pone.0282322


19. Landi S, Hausman J-F, Guerriero G, Esposito S. Poaceae vs. abiotic stress: focus on drought and salt

stress, recent insights and perspective frontiers in plant science. 2017; 8: 1214.

20. Nelson SK, Oliver MJ. A soil-plate based pipeline for assessing cereal root growth in response to poly-

ethylene glycol (PEG)-induced water deficit stress. Frontiers in Plant Science. 2017; 8: 1272. https://

doi.org/10.3389/fpls.2017.01272 PMID: 28785272

21. van Ginkel M, Biradar C. Drought early warning in agri-food systems. Climate. 2021; 9: 134.

22. Herrero S, Smith T, Debruyn TD, Gunther K, Matt CA. From the field: brown bear habituation to people

—safety, risks, and benefits. Wildlife Society Bulletin. 2005; 33: 362–373.

23. Garshelis DL, Baruch-Mordo S, Bryant A, Gunther KA, Jerina K. Is diversionary feeding an effective tool

for reducing human-bear conflicts? Case studies from North America and Europe. Ursus. 2017; 28:

31–55.

24. Lewis DL, Baruch-Mordo S, Wilson KR, Breck SW, Mao JS, Broderick J. Foraging ecology of black

bears in urban environments: guidance for human-bear conflict mitigation. Ecosphere. 2015; 6: 1–18.

25. Knight RR, Blanchard BM, Eberhardt LL. Mortality patterns and population sinks for Yellowstone grizzly

bears, 1973–1985. Wildlife Society Bulletin. 1988; 16: 121–125.

26. Mattson DJ. Human impacts on bear habitat use. Bears: their biology and management. The Eighth

International Conference on Bear Research and Management, Victoria, British Columbia, Canada, Feb-

ruary 1989 (1990); 8: 33–56.

27. Peine JD. Nuisance bears in communities: strategies to reduce conflict. Human Dimensions of Wildlife.

2001; 6: 223–237.

28. Beckmann JP, Lackey CW, Berger J. Evaluation of deterrent techniques and dogs to alter behavior of

nuisance black bears. Wildlife Society Bulletin. 2004; 32: 1141–1146.

29. Mazur RL. Does aversive conditioning reduce human-black bear conflict? Journal of Wildlife Manage-

ment. 2010; 74: 48–54.

30. Herrero S, Higgins A, Cardoza JE, Hajduk LI, Smith TS. Fatal attacks by American black bear on peo-

ple: 1900–2009. Journal of Wildlife Management. 2011; 75: 596–603.

31. Boudreau MR, Gantchoff MG, Ramirez-Reyes C, Conlee L, Belant JL, Iglay RB. Using habitat suitability

and landscape connectivity in the spatial prioritization of public outreach and management during carni-

vore recolonization. Journal of Applied Ecology. 2022; 59: 757–767.

32. USA Census Bureau. Resident Population Data—2020 Census. 2020 [Cited 2022 July 10]. Available

from: https://www2.census.gov/programs-surveys/decennial/2020/data/apportionment/apportionment-

2020-table02.pdf.

33. Bailey RG. Description of the ecoregions of the United States. U.S Department of Agriculture, Forest

Service. 1980.

34. New York State Department of Environmental Conservation (NYSDEC). Comprehensive Wildlife Con-

servation Strategy (CWCS) Plan. PA DCNR, 2013. White-Tailed Deer Plan 2013–2018. 2005.

35. New York State Department of Environmental Conservation (NYSDEC). Black bear management plan

for New York State 2014–2024. 2014 [Cited 2022 July 10]. Available from: https://www.dec.ny.gov/

docs/wildlife_pdf/bearplan2014.pdf.

36. National Climatic Data Center (NCDC). 2021 [Cited 2022 July 10]. Available from: https://www.ncdc.

noaa.gov/.

37. Oliver MA, Webster R. Kriging: a method of interpolation for geographical information systems. Interna-

tional Journal of Geographical Information Systems. 1990; 4: 313–332.

38. Brooks ME, Kristensen K, van Benthem KJ, Magnusson A, Berg CW, Nielsen A, et al. glmmTMB bal-

ances speed and flexibility among packages for zero-inflated generalized linear mixed modeling. The R

Journal. 2017; 9: 378–400.

39. R Core Team. R: a language and environment for statistical computing. R Foundation for Statistical

Computing, Vienna, Austria. 2021 [Cited 2022 July 10]. Available from: https://www.R-project.org/.

40. Wolfe ML. Avoiding the blame game in managing problem black bears. Human-Wildlife Interactions.

2008; 2: 12–14.

41. Howe EJ, Obbard ME, Black R, Wall LL. Do public complaints reflect trends in human-bear conflict?

Ursus. 2010; 21: 131–142.

42. Baruch-Mordo S, Wilson KR, Lewis DL, Broderick J, Mao JS, Breck S. Stochasticity in natural forage

production affects use of urban areas by black bears: implications to management of human-bear con-

flicts. PLoS ONE. 2014; 9: e85122. https://doi.org/10.1371/journal.pone.0085122 PMID: 24416350

43. Costello CM, et al. A study of black bear ecology in New Mexico with models for population dynamics

and habitat suitability. New Mexico Department of Game and Fish, Hornrocker Wildlife Institute,

PLOS ONE Human-American black bear conflicts

PLOS ONE | https://doi.org/10.1371/journal.pone.0282322 February 24, 2023 10 / 12

https://doi.org/10.3389/fpls.2017.01272
https://doi.org/10.3389/fpls.2017.01272
http://www.ncbi.nlm.nih.gov/pubmed/28785272
https://www2.census.gov/programs-surveys/decennial/2020/data/apportionment/apportionment-2020-table02.pdf
https://www2.census.gov/programs-surveys/decennial/2020/data/apportionment/apportionment-2020-table02.pdf
https://www.dec.ny.gov/docs/wildlife_pdf/bearplan2014.pdf
https://www.dec.ny.gov/docs/wildlife_pdf/bearplan2014.pdf
https://www.ncdc.noaa.gov/
https://www.ncdc.noaa.gov/
https://www.R-project.org/
https://doi.org/10.1371/journal.pone.0085122
http://www.ncbi.nlm.nih.gov/pubmed/24416350
https://doi.org/10.1371/journal.pone.0282322


Ecosystem Modeling, and New Mexico Cooperative Fish and Wildlife Research Unit, Federal Aid in

Wildlife Restoration Final Report, Project W-131-R, Santa Fe, USA. 2001.

44. Acosta-Jamett G, Gutierrez JR, Kelt DA, Meserve PL, Previtali MA. El Niño Southern Oscillation drives

conflict between wild carnivores and livestock farmers in a semiarid area in Chile. Journal of Arid Envi-

ronments. 2016; 126: 76–80.

45. Augeri DM. Conservation of the Malayan sun bear (Helarctos malayanus) in Indonesia: mitigating

potential bear/human conflicts and disturbance effects on sun bear ecology and landscape use. Final

report. Jakarta: Indonesian Institute of Sciences; 2003. pp. 62.

46. Augeri DM. On the biogeographic ecology of the Malayan sun bear. PhD Dissertation, University of

Cambridge. 2005. pp. 330.

47. Hebblewhite M, Percy M, Serrouya R. Black bear (Ursus americanus) survival and demography in the

Bow Valley of Banff National Park, Alberta. Biological Conservation. 2003; 112: 415–425.

48. Herrero S, Higgins A. Human injuries inflicted by bears in British Columbia: 1960–97. Ursus. 1999; 11:

209–218.

49. Rajpurohit RS, Krausman PR. Human-sloth bear conflicts in Madhya Pradesh, India. Wildlife Society

Bulletin. 2000; 28: 393–399.

50. Braunstein JL, Clark JD, Williamson RH, Stiver WH. Black bear movement and food conditioning in an

exurban landscape. The Journal of Wildlife Management. 2020; 84: 1038–1050.

51. Merkle JA, Robinson HS, Krausman PR, Alaback P. Food availability and foraging near human devel-

opments by black bears. Journal of Mammalogy. 2013; 94: 378–385.

52. Kless van Bommel J, Badry M, Ford AT, Golumbia T, Burton AC. Predicting human-carnivore conflict at

the urban-wildland interface. Global Ecology and Conservation. 2020; 24: e01322.

53. Taylor JD, Phillips JP. Black bear. Wildlife Damage Management Technical Series. USDA, APHIS, WS

National Wildlife Research Center. Fort Collins, Colorado. 2020. pp. 30.

54. Davis H, Wellwood D, Ciarniello L. “Bear Smart” Community Program: Background report. BC Ministry

of Water, Land and Air Protection, Victoria, BC. 2002. https://www.bearsmart.com/docs/

BearsmartBkgdr.pdf

55. Hamilton A. Living in bear country: increasing municipal compliance with the bear smart program in Brit-

ish Columbia. Masters Thesis, Simon Fraser University, British Columbia, Canada. 2008.

56. McFadden JE, Beyer DE Jr, Belant JL. Spatial distribution of black bear incident reports in Michigan.

PLoS One. 2016; 11: e0154474. https://doi.org/10.1371/journal.pone.0154474 PMID: 27119344

57. North Carolina Wildlife Resources Commission. North Carolina black bear management plan, 2012–

2022. 2012. https://www.ncwildlife.org/Portals/0/Learning/documents/Species/Bear/Black%20Bear%

20Management%20Plan_2012-2022.pdf. Accessed 23 September 2022.

58. Balkcom G, Bond B, Day K, Frazier S, Hammond A, Larson D, et al. Strategic management plan for

black bears in Georgia (2019–2029). 2019. https://georgiawildlife.com/sites/default/files/wrd/pdf/

management/Bear%20Strategic%20Management%20Plan.pdf. Accessed 23 September 2022.

59. Dorresteijn I, Hanspach J, Kecskés A, Latkova H, Mezey Z, Sugar S, et al. Human-carnivore coexis-

tence in a traditional rural landscape. Landscape Ecology. 2014; 29: 1145–1155.

60. Venumière-Lefebvre CC, Breck SW, Crooks KR. A systematic map of human-carnivore coexistence.

Biological Conservation. 2022; 268: 109515.

61. Treves A, Wallace RB, Naughton-Treves L, Morales A. Co-managing human-wildlife conflicts: A review.

Human Dimensions of Wildlife. 2006; 11: 383–396.

62. Sillero-Zubiri C, Sukumar R, Treves A. Living with wildlife: the roots of conflict and the solutions. In: Mac-

donald D, Service K, editors. Key topics in conservation biology. Oxford University Press, Oxford,

United Kingdom. 2007. pp. 255–272.

63. Dickman AJ, Macdonald EA, Macdonald DW. A review of financial instruments to pay for predator con-

servation and encourage human-carnivore coexistence. Proceedings of the National Academy of Sci-

ences. 2011; 108: 13937–13944. https://doi.org/10.1073/pnas.1012972108 PMID: 21873181

64. Richardson S, Mill AC, Davis D, Jam D, Ward AI. A systematic review of adaptive wildlife management

for the control of invasive, non-native mammals, and other human-wildlife conflicts. Mammal Review.

2020; 50: 147–156.

65. Nesbitt HK, Metcalf AL, Lubeck AA, Metcalf EC, Beckman C, Smith AP, et al. Collective factors rein-

force individual contributions to human-wildlife coexistence. The Journal of Wildlife Management. 2021;

85: 1280–1295.

66. Herrero S. Human injuries inflicted by bears in Alberta: 1960–98. Ursus. 2003; 14: 44–54.

PLOS ONE Human-American black bear conflicts

PLOS ONE | https://doi.org/10.1371/journal.pone.0282322 February 24, 2023 11 / 12

https://www.bearsmart.com/docs/BearsmartBkgdr.pdf
https://www.bearsmart.com/docs/BearsmartBkgdr.pdf
https://doi.org/10.1371/journal.pone.0154474
http://www.ncbi.nlm.nih.gov/pubmed/27119344
https://www.ncwildlife.org/Portals/0/Learning/documents/Species/Bear/Black%20Bear%20Management%20Plan_2012-2022.pdf
https://www.ncwildlife.org/Portals/0/Learning/documents/Species/Bear/Black%20Bear%20Management%20Plan_2012-2022.pdf
https://georgiawildlife.com/sites/default/files/wrd/pdf/management/Bear%20Strategic%20Management%20Plan.pdf
https://georgiawildlife.com/sites/default/files/wrd/pdf/management/Bear%20Strategic%20Management%20Plan.pdf
https://doi.org/10.1073/pnas.1012972108
http://www.ncbi.nlm.nih.gov/pubmed/21873181
https://doi.org/10.1371/journal.pone.0282322


67. Krafte Holland K, Larson LR, Powell RB. Characterizing conflict between humans and big cats Panthera

spp: a systematic review of research trends and management opportunities. PLoS ONE. 2018; 13:

e0203877.

PLOS ONE Human-American black bear conflicts

PLOS ONE | https://doi.org/10.1371/journal.pone.0282322 February 24, 2023 12 / 12

https://doi.org/10.1371/journal.pone.0282322

