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Abstract

Managing wildlife populations in the face of global change requires regular
data on the abundance and distribution of wild animals, but acquiring these
over appropriate spatial scales in a sustainable way has proven challenging.
Here we present the data from Snapshot USA 2020, a second annual national
mammal survey of the USA. This project involved 152 scientists setting cam-
era traps in a standardized protocol at 1485 locations across 103 arrays in
43 states for a total of 52,710 trap-nights of survey effort. Most (58) of these
arrays were also sampled during the same months (September and October)
in 2019, providing a direct comparison of animal populations in 2 years that
includes data from both during and before the COVID-19 pandemic. All data
were managed by the eMammal system, with all species identifications
checked by at least two reviewers. In total, we recorded 117,415 detections of
78 species of wild mammals, 9236 detections of at least 43 species of birds,
15,851 detections of six domestic animals and 23,825 detections of humans or

their vehicles. Spatial differences across arrays explained more variation in


mailto:rwkays@ncsu.edu

ECOLOGY

| 50f5

Studies Program; Wildlife, Cooperative
Forestry Research Unit; MD

Handling Editor: William K. Michener

the relative abundance than temporal variation across years for all 38 species
modeled, although there are examples of significant site-level differences
among years for many species. Temporal results show how species allocate
their time and can be used to study species interactions, including between
humans and wildlife. These data provide a snapshot of the mammal commu-
nity of the USA for 2020 and will be useful for exploring the drivers of spatial
and temporal changes in relative abundance and distribution, and the
impacts of species interactions on daily activity patterns. There are no copy-

right restrictions, and please cite this paper when using these data, or a
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Abstract: Managing wildlife populations in the face of global change requires regular data on the
abundance and distribution of wild animals but acquiring these over appropriate spatial scales in a
sustainable way has proven challenging. Here we present the data from Snapshot USA 2020, a
second annual national mammal survey of the United States of America. This project involved 152
scientists setting camera traps in a standardized protocol at 1485 locations across 103 arrays in 43
states for a total of 52,710 trap-nights of survey effort. Most (58) of these arrays were also sampled
during the same months (September and October) in 2019, providing a direct comparison of animal
populations in two years that include data from both during and before the COVID-19 pandemic.
All data were managed by the eMammal system, with all species identifications checked by at
least two reviewers. In total we recorded 117,415 detections of 78 species of wild mammals, 9236
detections of at least 43 species of birds, 15,851 detections of six domestic animals and 23,825
detections of humans or their vehicles. Spatial differences across arrays explained more variation
in the relative abundance than temporal variation across years for all 38 species modeled, although
there are examples of significant site-level differences between years for many species. Temporal
results show how species allocate their time and can be used to study species interactions, including
between humans and wildlife. These data provide a snapshot of the mammal community of the
USA for 2020 and will be useful for exploring the drivers of spatial and temporal changes in
relative abundance and distribution, and the impacts of species interactions on daily activity
patterns. There are no copyright restrictions, and please cite this paper when using these data, or a
subset of these data, for publication.

Key words: Biodiversity, biogeography, camera traps, Carnivora, Cetartiodactyla, Cingulata,
Didelphimorphia, Lagomorpha, mammals, occupancy modeling, Rodentia, species distribution

modeling.



METADATA

Introduction

Long-term measurements of climate and land use have documented the rapid pace of change on
the planet but tracking the response of biodiversity to these changes has been more difficult
(Brondizio et al. 2019, Shukla et al. 2019). While distributed networks of weather sensors and
remote sensing from satellites have proven sustainable models for monitoring climate and land
use at large scales over many years, there are far fewer such schemes for biodiversity. Citizen
science approaches offer potential solutions for some taxa, although there are still problems of
nonstandard sampling, and there are many species that avoid humans, and thus are not easily
recorded by volunteers (Rosenberg et al. 2019, D1 Cecco et al. 2021). Sensor-based measures of
biodiversity offer the potential for a more standardized protocol, analogous to distributed
weather stations, but deploying them at large scales creates new logistical, equipment, and data
challenges (Lasky et al. 2021). Here we present a second year of data from a coordinated camera
trap survey of the United States (sensu Cove et al. 2021, see also the Snapshot Safari network in
Africa Pardo et al. 2021). Our collaboration model involves scientists, and their students, and
community volunteers, setting their own camera traps in an array near their home institutions and
sharing the data through a common data platform (eMammal, McShea et al. 2016). The data are
published annually with all collaborators as coauthors and are useful for studying the drivers of
spatial patterns of species abundance and distribution, as well as changes over time. Please cite
this paper when using the 2020 data in publications.

Class 1. Data set descriptors
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A. Data set identity: Camera trap data of mammals and terrestrial birds from a coordinated
survey of the USA.
Title: SNAPSHOT USA 2020: a second coordinated national camera trap survey of the United
States during the COVID-19 pandemic
B. Data set and metadata identification codes:

Suggested Data Set Identity Codes:

SNAPSHOT USA 2020 observations.csv;

SNAPSHOT USA 2020 deployments.csv
C. Data set description:
1. Principal investigator:
Roland Kays, Department of Forestry and Environmental Resources, North Carolina State
University, Raleigh, NC 27695, USA and North Carolina Museum of Natural Sciences, Raleigh,
NC 27601, USA;
Michael V. Cove, North Carolina Museum of Natural Sciences, Raleigh, NC 27601, USA;
William J. McShea, Smithsonian Conservation Biology Institute, Front Royal, VA, 22630, USA
2. Abstract: Same as above.
D. Keywords: Biodiversity, biogeography, camera traps, Carnivora, Cetartiodactyla, Cingulata,
Didelphimorphia, Lagomorpha, mammals, occupancy modeling, Rodentia, species distribution
modeling.
E. Description

The SNAPSHOT USA database includes camera trap observations from 1485 camera
trap sites across 103 camera trap arrays (non-independent camera clusters, Table 1) from 43 U.S.

states deployed from 14 July 2020 through 3 December 2020 (95% of data come from
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September and October 2020). The number of camera trap sites within each array varied and was
dependent on logistics, and equipment, such that arrays ranged from 5-65 camera locations with
a mean of 14.4 locations producing an average of 512 camera-nights of survey effort per array
(range 65-2354). Within an array, cameras were spaced greater than 200m but not more than
Skm apart. This design was indented to accommodate a variety of array sizes, recognizing that
spatial autocorrelation is not typically high in camera trapping data (Kays et al. 2021, Kolowski
et al. 2021), and but can be accounted for in analyses if needed (Rota et al. 2016). The locations
of arrays themselves was up to the local collaborator running the camera, but our goal was to
obtain data across a broad range of habitats and disturbance levels. Sampling includes all
ecological regions of the contiguous United States (Figure 1), and come from forests, grasslands,
deserts, and anthropogenic landscapes. The data also vary in their proximity to human
disturbance and are thus suitable to examine broad-scale analyses of wildlife communities along
an urban to wild gradient. All mammals and birds detected during the survey are included. All
mammals were identified to species level when possible (more difficult with smaller species,
Kays et al. 2022). Terrestrial birds and other large recognizable birds were classified to species,
but other taxa including smaller migratory birds and reptiles were typically not identified beyond
their class due to inconsistencies in sampling these populations with camera traps.

This data set includes 166,335 observations of free-ranging mammals, birds, and humans
(Table 2, Figure 2). Eastern gray squirrel (Sciurus carolinensis) was the most commonly
detected species, followed by white-tailed deer (Odocoileus virginianus), in a reversal of their
relative position from Snapshot USA 2019 (Cove et al. 2021). The standard protocol used by

Snapshot USA (unbaited cameras at knee-height) is most effective for large and medium-sized
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(>90g) mammals and terrestrial birds, as seen by large sample sizes for a variety of ungulates,
carnivores, squirrels, rabbits, and terrestrial birds.

The data associated with these camera trap photos will be valuable for assessing species
distributions and relative abundance. The coordinated effort associated with this camera trap
survey will allow for extensive comparative work in animal activity patterns and habitat
associations across large portions of species’ distributions. For example, relative patterns of wild
mammal and human daily activity pattern varies across four levels of development (Figure 3).
Additionally, because our ‘snapshot” approach collects data only during two months, in the same
season each year, we can robustly compare the detection rate and occupancy of many species
across sites without having to account for seasonality in detection probabilities, detection rates,
or changes in activity of species that migrate or hibernate (Kays et al. 2020).

This second year of data provides a unique opportunity to evaluate changes in animal
communities over time, which should be especially interesting given the two years include both
before and during the COVID-19 global pandemic, with associated changes in human activity
(i.e. the Anthropause; Rutz et al. 2020). The rate of detections from systematic unbaited camera
trap arrays can monitor population change for a wide variety of species through estimates of
occupancy and relative abundance (i.e. detection rate; Hofmeester et al. 2019, Parsons et al.
2017). There are a number of new approaches for using detection rate from camera traps to
estimate absolute animal density if additional information is available (e.g. distance data or
movement rates Gilbert et al. 2021). Although a detailed analysis is beyond the scope of this
paper, we did compare the overall spatial and temporal variance with a regression model using
year and array as explanatory variables for variation in the detection rate of 38 species sampled

by 58 camera arrays in both 2019 and 2020. For this exploratory analysis we used a Poisson
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distribution, as is frequently used when modeling detection rates by camera trap studies (Rocha
et al 2016, Parsons et al 2017). We modeled the count of detections at each camera array, with
the total sample effort (camera-days) as an offset. This effectively compares detection rates,
which we plot in Figure 3, with Bonferroni adjusted P values based on the 58 site comparisons.
Spatial variation (differences across arrays) explained much more variation in relative abundance
(84.3% across all species) than year (0.7%), or than a year*array interaction (15.0%). However,
there were 94 significant (p<0.05) year*array interactions suggesting local-level changes in
relative abundance. The three species with the most significant changes in local abundance
(Figure 4) were eastern gray squirrel (6 increases, 1 decline), bobcat (4 increases, 2 declines),
and Virginia opossum (3 increases, 2 declines).

We are currently preparing data from year 3 of SNAPSHOT USA (September-October
2021) and for a first year of SNAPSHOT Europe, so as these data scale up they will be useful for

examining population dynamics of species in response to global change.
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Figure 1. Map of the 103 SNAPSHOT USA 2020 camera trap arrays across various ecoregions

with size corresponding with the number of animal detections
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Figure 3. Activity patterns for all wild mammals (orange) and humans (blue) captured in camera
traps run at four levels of human development: A) urban, B) suburban, C) rural, D) wild. The
values on the y-axis are scaled for the total amount of human or mammal activity in each

development zone and thus show relative patterns across groups and zones, but not absolute

magnitude of activity.
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2020. Sites with Bonferroni corrected statically significant array*year differences are indicated

Figure 4. Changes in the relative abundance (mean detection rates+SE) for eastern gray squirrels
(A), Virginia opossums (B), and bobcats (C) at Snapshot USA sites monitored in both 2019 and

with a *. Only arrays with at least 10 detections are plotted.
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Table 1. Description of the distribution of sample effort during Snapshot USA 2020, consisting

of 1485 locations across 103 arrays for a total of 52710 camera-nights of survey effort.

Array Locations Monitored Survey Effort
(Camera-Nights)
AK Forest Chilkat Preserve 20 7 464
AL Forest Auburn_20 14 560
AR Grassland Grandview_Prairie 20 10 359
AZ Desert McDowell Sonoran Preserve 20 10 454
CA_Forest Pepperwood Preserve 20 12 435
CA _Forest_Sierra Nevada 20 9 466
CA_Grassland Carrizo Plains 20 14 436
CA_Oak Woodland Osos 20 11 275
CO_GrasslandOak USAFA 20 21 1042
CT Forest Nye Holman 20 14 528
CT _Forest_Storrs 20 10 436
DC Urban HH Sites 20 22 326
DC Urban HI. Sites 20 57 852
DC Urban LL Sites 20 13 195
DC Urban MH Sites 20 24 338
DC Urban ML Sites 20 42 630
DE_Forest Wilmington 20 14 474
FL Forest Melrose 20 11 318
FL KeyLargo 20 15 589
GA_Forest_Carrollton 20 27 387
GA_Forest_Ceylon_20 6 294
GA_Forest_Jones Center 20 23 725
HI Forest O'ahu 20 9 202
IA_ Anthropogenic_Ames 20 30 497
IL_Anthropogenic_Aurora 20 8 375
IL Forest Urbana 20 13 377
IN_Forest Purdue Lugar 20 384
IN_ Forest Purdue PWA Martell 20 6 254
KS Forest Lawrence 20 14 379
KS Forest Pittsburg 20 11 547
KY Forest Marshall County 20 15 308
LA Forest Hammond 20 9 437
MA_Forest Bridgewater State University 20 504
MA_Forest Grafton 20 6 282
MA_Forest Tufts 20 10 500
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ME Forest Piscataquis_County 20
MI_Forest Upper Peninsula 2 20
MI_Forest Upper Peninsula 20

MI_Forest Upper Peninsula 3 20

MO _Anthropogenic University of Missouri 20

MO _Forest Bull Shoals 20

MO _Forest HBHM_Acres 20

MT Forest River Trail 20

MT _ Grassland SCBI 20

MT Roosevelt Ranch 20
NC_Anthropogenic WCU_20

NC _Forest_Alligator River NWR_20
NC _Forest GW_Hill Forest 20
NC_Forest Mt _Glum_20

NC _Forest Schenck 20

NC _Forest Seven Devils 20
NC_Forest Umstead 20

NC _Forest WCU 20

NC _Forest Yarnall Knob 20
ND_Grassland Oakville Prairie 20
NJ Forest Rutgers 20

NV _Desert Mojave 20

NY_ Anthropogenic NYC 20

NY Forest Albany Pine Bush 20
NY Forest Dyken Pond 20

NY Forest Mianus River Gorge 20
NY Forest Paul Smiths College 20

NY Forest St Lawrence University 20

OH_Forest G_Cubed Ranch 20

OH_Forest_Huston-Brumbaugh Nature Center 20

OK_Grassland_Ardmore 20
OK_Grassland Burneyville 20
OR_Forest Cow_Creek 20

OR_Forest Oregon_State University 20

PA Forest_Gettysburg College 20
PA_Forest Rothrock 20

RI_Forest University_of Rhode Island 20

SC Bottomland SREL 20
SC Forest_Piedmont 20
SC_Forest SREL,_ 20

10
26
39
16
10

11
65
30

18
10

21
36

10
10

20
14
15
19

12
12
10
14
13
13
15

12

26

21

321
900
1454
379
1023
526
542
426
2354
1750
333
245
504
422
281
718
1001
223
503
247
179
419
1017
504
480
753
131
315
540
470
265
260
280
743
206
591
349
390
357
450
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SD_Grassland Custer County 20
SD_Shelterbelt and Grassland Brookings 20
TN _Forest Cheatham 20

TN _Forest Cumberland Gap National Historical Park 20
TX Forest Caesar Kleberg 20

TX Forest LBJ National Grasslands 20
TX Forest Pineywoods Angelina 20

TX Forest USACE_Ammy 20

TX Grassland Abilene 20

TX Grassland Freeman Center 20

TX Grassland GP_WMA 20

TX Grassland Matador 20

UT Desert_Cottonwood Canyon Road 20
UT SLC 20

UT_ Wasatch 20

VA Forest Caroline County 20

VA Forest Richmond(rural) 20

VA Forest Richmond(suburban) 20

VA Forest SCBI 20

VA Forest Shenandoah 20

WA Forest Lower Elwha 20

WA Forest Olympic_Peninsula 20

WA _ forest Seattle 20
WI_Forest_Chequamegon-Nicolet
WI_Forest Whitewater 20

WV _Forest University Research Forest 20
WY Forest Craighead 20

10

12

18
15
12
11

12
15
17
15

15
16
12
12

33
11

530
432
416
293
442
401
327
384
682
302
312
525
917
459
523
472
426
315
370
383
791
1369
515
540
364
735
458
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Table 2. Species detected in Snapshot USA 2021 organized into species groups (Birds,

Domestics, Humans, Wild Mammals) and sorted by their relative abundance. Numbers to the

right indicate the total number of detections, the number of camera locations a species was

detected at, and the number of arrays they were detected at. Generally, camera trapping is useful

for sampling larger terrestrial birds, for which we include the common name, but not as much for

smaller birds, which we indicate as ‘Other Bird Species’ in the common name. CameraTrapper

refers to the human setting or retrieving the camera, while all other human pedestrians are

classified as Human non-staff.

Group
Bird
Bird
Bird
Bird
Bird

Bird
Bird
Bird
Bird
Bird
Bird
Bird
Bird

Bird
Bird
Bird
Bird
Bird

Bird
Bird
Bird
Bird
Bird
Bird

Common Name
Other Bird Species
Other Bird Species
Other Bird Species
Wild Turkey
Gambel's Quail

Other Bird Species
Other Bird Species
Other Bird Species
American Crow
Owl species
Chihuahuan Raven
Raptor Species

Commeon Raven

Greater Roadrunner
Other Bird Species
Other Bird Species
Ruffed Grouse
Plain Chachalaca

Bald Eagle
Common Pheasant
American Robin
Other Bird Species
Northern Bobwhite
Turkey Vulture

Species Name

Other Bird Species
Turdus migratorius
Unknown Bird
Meleagris gallopavo

Callipepla gambelii
Unknown Ground-
Dove

Cyanocitta cristata

Colaptes auratus

Corvus brachyrhynchos

Owl species
Corvus cryptolevcus
Raptor Species

Corvus corax
Geococcyx
californianus

Cyanocitta stelleri
Cyanocorax yncas
Bonasa umbellus

Ortalis vetula
Hualiaeetus
leicocephalus

Phasianus colchicus
Turdus migratorius
Cardinalis cardinalis
Colinus virginianus

Cathartes aura

Arrays

82
41
74
48

3

10
37
18
18
25

1
34

7

—

= B = B o B o

Sites

385
141
271
179

17

64
85
33
38
29

3
49
21

20
27

7
17

= - B = W V]

Detections

3086
1398
1388
1274

479

343
255
127
101
87
80
76
71

70
61
56
36
29

26
26
22
20
17
17
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Bird
Bird
Bird
Bird

Bird

Bird
Bird
Bird
Bird
Bird
Bird

Bird
Bird
Bird
Bird
Bird
Bird

Bird

Bird

Bird

Bird

Bird
Domestics
Domestics
Domestics
Domestics
Domestics
Domestics
Domestics
Humans
Humans
Humans
Humans
Mammal
Mammal
Mammal
Mammal
Mammal

Mountain Quail
Unknown Bird
Black Vulture
California Quail

Other Bird Species

Sharp-tailed Grouse
Sandhill Crane
Dusky Grouse
Barred Owl

Great Blue Heron

Spruce Grouse

Greater Sage-grouse
Other Bird Species
Other Bird Species
Canada Goose
Other Bird Species
Other Bird Species

Other Bird Species
Other Bird Species
Other Bird Species

Unknown Ground-Dove
Wood Duck
Domestic Dog
Domestic Cow
Domestic Cat
Domestic Horse
Domestic Sheep
Domestic Donkey
Domestic Chicken
Human non-staff
Vehicle

Bicycle

Camera Trapper
Eastern Gray Squirrel
White-tailed Deer
Northern Raccoon
Eastern Fox Squirrel

Virginia Opossum

Oreortyx pictus
Unknown Bird
Coragyps atratus

Callipepla californica
Melanerpes
eryvthrocephalus
Tympanuchus
phasianellus

Grus canadensis
Dendragapus obscurus
Strix varia

Ardea herodias

Falcipennis canadensis
Centrocercus
urophasianiis

Aphelocoma californica
Quiscalus quiscula
Branta canadensis
Columbina minuta

Dendrortyx barbatus
Gymmnorhinus
cvanocephalus

Leptotila verreauxi

Spilopelia chinensis
Unknown Ground-
Dove

Aix sponsa

Canis familiaris
Bos taurus

Felis catus

Equus caballus
Ovis aries

Equus asinus
Gallus gallus
Human non-staff
Vehicle

Bicycle

Human non-staff
Sciurus carolinensis
Odocoileus virginianus
Procyon lotor
Sciurus niger

Didelphis virginiana
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Mammal
Mammal
Mammal
Mammal
Mammal

Mammal
Mammal
Mammal

Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal

Mammal

Mammal
Mammal
Mammal
Mammal
Mammal

Mammal
Mammal
Mammal

Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal

Mammal
Mammal
Mammal
Mammal

Mammal

Mammal

Mule Deer
Eastern Chipmunk
Eastern Cottontail
Brown Rat

Coyote

Unknown Small Mammal
Wild Pig
Red Fox

American Red Squirrel
American Bison
Douglas's Squirrel
Unknown Squirrel
Nine-banded Armadillo
Unknown Deermouse
Wapiti

American Black Bear

California Ground Squirrel
Striped Skunk

Bobcat

Woodchuck

Black-tailed Jackrabbit

Grey Fox
Desert Cottontail

Brown Bear

White-tailed Antelope Squirrel

Western Gray Squirrel
Pronghorn

American Beaver
Unknown Rabbit Hare
Unknown Cottontail
Northern Flying Squirrel

Unknown Flying Squirrel
Snowshoe Hare
Black-tailed Prairie Dog
Unknown Chipmunk

White-footed Deermouse

Harris's Antelope Squirrel

Odocoileus hemionus
Tamias striatus
Svlvilagus floridanus
Rattus norvegicus

Canis latrans
Unknown Small
Mammal

Sus scrofa

Vulpes vulpes
Tamiasciurus
hudsonicus

Bison bison
Tamiasciurus douglasii
Unknown Squirrel
Dasypus novemcinctus
Peromyscus Species
Cervus canadensis

Ursus americanus
Otospermophilus
beecheyi

Mephitis mephitis
Lynx rufiis
Marmota monax

Lepus californicus
Urocyon
cinereoargentetis

Sylvilagus audubonii

Ursus arctos
Ammospermophilus
leucurus

Sciurus griseus
Antilocapra americana
Castor canadensis
Unknown Rabbit Hare
Unknown Cottontail

Glaucomys sabrinus
Unknown Flying
Squirrel

Lepus americanus
Cynomys ludovicianus
Unknown Chipmunk

Peromyscus leucopus
Ammospermophilus
harrisii

21
36
58

92

69
19
41

20

50
23
15
10
28

46
59
15
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256

56
512

239
134
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67
50
45
162
139
27
64
145

124
189
37
26

73
23
17

14
26
31

40
31

30
27

34
29

3719
3583
3220
2843
2841

2703
2364
1649

1496
1395
933
855
692
530
505
485

471
427
425
384
364

341
327
287

264
249
247
221
202
187
178

175
171
155
150
141

134
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Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal

Mammal

Mammal
Mammal
Mammal

Mammal

Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal
Mammal

Unknown Kangaroo Rat
House rat

Collared Peccary

Gray Wolf

Unknown Canid

Moose

North American Porcupine
Unknown Cervid
Unknown Woodrat
Muskrat

White-tailed Jackrabbit
Fisher

Puma

North American River Otter
Southern Flying Squirrel
Southern Plains Woodrat
Eastern Woodrat
Merriam's Kangaroo Rat
Kit Fox

Rock Squirrel
American Mink
Swamp Rabbit
Marsh Rabbit

Unknown Small Weasel
Red Wolf

American Badger
Desert Kangaroo Rat
Long-tailed Weasel
Mountain Cottontail
American Marten
Cotton Mouse

Ermine

Mountain Beaver
Western Spotted Skunk
Yellow-pine Chipmunk
Brush Rabbit
Bushy-tailed Woodrat
Abert's Squirrel
Unknown Rattus

Dipodomys species
Rattus rattus
Pecari tajacu
Canis lupus
Unknown Canid
Alces alces
Erethizon dorsatum
Unknown Cervid
Unknown Woodrat
Ondatra zibethicus
Lepus townsendii
Martes pennanti
Puma concolor
Lontra canadensis
Glaucomys volans
Neotoma micropus
Neotoma floridana
Dipodomys merriami

Vullpes macrotis
Otospermophilus
variegatus

Neovison vison
Sylvilagus aquaticus

Sylvilagus palustris
Unknown Small
Weasel

Canis rufiis

Taxidea taxus
Dipodomys deserti
Mustela frenata
Sylvilagus nuttallii
Martes americana
Peromyscus gossypinus
Mustela erminea
Aplodontia rufa
Spilogale gracilis
Neotamias amoenus
Sylvilagus bachmani
Neotoma cinerea
Sciurus aberti

Rattus Species
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Mammal
Mammal
Mammal
Mammal

Mammal

Mammal
Mammal
Mammal

Mammal
Mammal
Mammal
Mammal
Other
Other
Other
Other
Other

Class II. Research origin descriptors

Desert Woodrat

House Mouse

Bighorn Sheep
Dusky-footed Woodrat

Eastern Spotted Skunk
Golden Mantled Ground
Squirrel

Hispid Cotton Rat
Lodgepole Chipmunk

Panamint Chipmunk
Ringtail

Unknown Felid
Unknown Pig_Peccary
No Animal

Unknown Animal
Camera Trapper
Reptile Species

No Animal

A. Overall project description

Neotoma lepida
Mus musculus
Ovis canadensis
Neotoma fiiscipes

Spilogale putorius
Callospermophilus
lateralis

Sigmodon hispidus

Neotamias speciosus
Neotamias
panamintinus

Bassariscus astufus
Unknown Felid
Unknown Pig_Peccary
No Animal

Unknown Animal
Camera Trapper
Reptile Species

Camera Misfire

R S

[ W T w—y

100
101
97

1. Identity: Camera trap data from a coordinated survey the USA in 2020.

R S

[ W T w—y

1185
822
1286
16
12

— e B L

[ W T w—y

49717
3881
3658

172
115

2. Originators: This second annual SNAPSHOT USA survey was coordinated by Roland Kays,

Michael Cove, and William McShea, with all co-authors contributing camera trap data or data

management support. The eMammal Data Repository was developed by the Smithsonian

Conservation Biology Institute (Lead PI: W. McShea) and North Carolina Museum of Natural

Sciences (Lead PI: R. Kays) with assistance from Smithsonian Repository (Daniel Davis and

Beth Stern), Quotient, BlueRaster, Amazon Web Services, and the San Diego Supercomputer

Center’s Advanced Cyberinfrastructure Development Lab. The data for this paper were
downloaded directly from the eMammal Data Portal (https:/www.eMammal.si.edu/data-

download) from the Smithsonian Repository that is accessible for public use.
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3. Period of Study: 14 July 2020 through 3 December 2020

4. Objectives: The goal of SNAPSHOT USA is to facilitate collaboration in creating a national
database of public wildlife data. Our first objective is to provide these data annually for their use
in conservation and ecological research to examine nationwide trends in mammal communities
associated with environmental and anthropogenic landscape variables to better inform
management of natural resources and conservation actions. Our second objective is to share this
knowledge about wildlife distributions and their interactions with humans, to provide educational
opportunities through the development of classroom materials for students from secondary
through undergraduate education and through the development of crowd-sourcing of animal
identifications in future iterations of SNAPSHOT USA coordinated camera trap surveys.

B. Research Origin Description

1. Site description: These data come from 103 camera arrays, 58 of which were also sampled in
2019 (Figure 1) (Cove et al. 2021). The United States is home to approximately 192 mammal
species that are readily detected with camera traps (e.g., >50g), although most camera trap
detections come from medium and large mammals (e.g., >500g). The study sites from the
contiguous United States exhibit a broad latitudinal range from 25.17° N to 46.08° N and
altitudinal range, and includes additional ecoregions associated with noncontiguous states of
Alaska (59.43° N) and Hawaii (21.36° N). These broad ranges of latitude, elevation, climate,
along with variation in coastal and inland areas create a vastly heterogenous landscape with 12
ecoregions represented in our camera trap sampling (Figure 1). The specific camera trap
locations were deployed in forests, grasslands, deserts, and anthropogenic landscapes, with

variable proximity to human disturbance along an urban to wild gradient.
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2. Source (s) of funding: The Smithsonian Institution provided support and data storage in the
Smithsonian repository, with additional support from the National Science Foundation award
DEB — 1754656, and those listed in the Acknowledgements for site-specific projects.

3. Data compilation:

We compiled all data through eMammal (eMammal.si.edu). All authors and their teams
contributed data or assisted with expert review and data cleaning within the eMammal
repository. Data was downloaded as a CSV file on 31 May 2021 and manually cleaned by the PIs
and eMammal team.

4. Research methods:

We coordinated surveys with all cooperators with the goal of collecting a minimum of 400
camera-nights of camera trap data from camera trap arrays (clusters of camera trap sites) during
the months of September and October 2020. Cooperators adhered to the following protocol:

1) Each cooperating team self-identified their camera trap arrays by selecting one combination of
setting (Urban, Suburban, Rural, Wild) and habitat (Forest, Grassland, Desert, Anthropogenic,
Other) to standardize and focus on where deploying their camera trap sites in each array. Camera
trap arrays were amorphous and not necessarily systematic grids, with random sites selected to
fit within study spacing guidelines and logistical constraints of a particular location. Camera
spacing guidelines allowed for sites that were at least 200 meters apart from other cameras, with
no single cameras greater than 5 kilometers from another camera.

2) Camera traps were deployed across 7 to 50 camera trap sites matching the selected setting-
habitat combination to form each camera trap array, although due to camera functional issues the
final number of camera trap sites in each array ranged from 5 to 65 cameras. The location, start

date, end date, and camera make and model for each deployment were recorded. We ensured that
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all cooperators used comparable motion-sensitive, infrared or white-flash trail cameras with fast
(<0.5s) trigger speeds. Cameras were set to take 1-10 photos per trigger and cameras were armed
to take photos without a quiet period between triggers. Approved cameras were those with a
trigger time <0.5 seconds including Browning (Strike Force Elite HD, 2017 Strike Force HD
Pro, or camera of equal or greater quality), Bushnell (Trophy Cam HD, Essential, Aggressor, or
camera of equal or greater quality), Moultrie (M-9991, M-11001, or camera of equal or greater
quality), Primos (Proof Cam 02, Proof Cam 03, or camera of equal or greater quality), Reconyx,
(all models), Spypoint (Solar, Force 10, Force 11D, Force GM, or camera of equal or greater
quality), and Stealth Cam (G45NP Pro, G42NG, or camera of equal or greater quality).

3) Cameras were placed ~50 cm off the ground, parallel to the ground with horizontal
orientation. The direction of each camera was not standardized or recorded, but we suggested
that camera orientation to the North or South is effective to reduce sun glare in resulting camera
trap images.

4) No food bait or scent lure was used.

5) Cameras could be placed on trails or logging roads or water features, but this was indicated by
cooperators.

After removing camera traps, project cooperators and their students uploaded all data to
the eMammal Data Management System (emammal.si.edu) using the eMammal desktop
application. The eMammal desktop app aggregates photos into sequences such that species
detections were only considered independent if they were greater than one-minute apart. Each
participant identified the species in their sequences using the eMammal desktop software to
register this information. These results were then reviewed by another expert to confirm or

correct all species identifications or counts. We rejected any deployments that did not meet
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standard procedures, which were typically deployed too high or too low to detect most common
species. Three authors (M. Allen, M. Cove, R. Kays) confirmed all difficult species
identifications and were responsible for most of the expert review of SNAPSHOT USA
deployments in eMammal. We reached out to taxonomical experts when necessary and adjusted
species 1dentifications to the lowest possible taxonomical unit when unable to identify an animal
to species. Non-target species (e.g., small migratory birds, reptiles) were typically only identified
to class because species 1dentification was difficult, but also because camera traps are not
reliable survey approaches for these species in the current study design. Age and sex of animals
1s not typically obvious in photographs and we did not require participants code this information.
Furthermore, the criteria to judge relative age is not well established and likely to vary across
species. Nontheless, some groups did record these data for some species, using their own
criteria. We encourage any future efforts interested in comparing the age or sex of animals
across study sites to view the photographs in eMammal or Wildlife Insights and code the data
themselves, using a consistent protocol.
5. Taxonomic data: We followed the [IUCN Red List (2019) for species taxonomy
classifications.
C. Data limitations and potential enhancements

Camera traps are limited in their ability to survey entire mammal communities. In
particular, the assumption that species are always detected when present is problematic because
species vary in body size, home range size, and behavior, all of which are traits associated with
imperfect detection (Rowcliffe et al. 2011, Hofmeester et al. 2019). Therefore, for any cross-
species comparisons, we recommend accounting for differences in species-specific detection

probabilities by employing analyses such as occupancy models and integrated species
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distribution models to explicitly account for these potential data (MacKenzie et al. 2006).
Additionally, we report the survey effort (e.g., start and end dates to calculate the number of
camera-nights) associated with each deployment to allow researchers to account for survey effort
in relative abundance and detection rate models (e.g., Kays et al. 2017). Counts of animals
detected may not always reflect true abundance because in many cases animals cannot be
uniquely identified for robust abundance analyses such as capture-recapture or spatial capture-
recapture (Royle et al. 2013). For those species where individual identification is possible (e.g.,
bobcats Lynx rufus (Heilbrun et al. 2006) and antlered deer (Parsons et al. 2017)), we

recommend reviewing the raw photos (https://emammal.si.edu/analysis/view-images) to identify

individuals for proper analyses and inference. These pictures will also be available in the future
from WildlifeInsights.org.

Furthermore, the data reported herein come from a single “snapshot” of biodiversity
across our camera trap arrays in the fall of 2020. While the approach helps simplify analyses
because data come from the same date ranges, it should be noted that long-term, multi-season
data are important for strong population- and community-level inferences and the SNAPSHOT
USA data may not be applicable to more advanced models given the short sampling window.
Populations and communities are dynamic (e.g., species migrate, hibernate, occur in source-sink
and/or meta-populations, etc.), so we anticipate that many questions in ecology and conservation
will be best approached with additional years of data. We (the authors here, as well as new
cooperators) are currently running camera traps for SNAPSHOT 2021, and plan to continue
sampling into the future to expand survey coverage, periods of sampling, and to survey
additional seasons for more robust analyses in the future.

CLASS III. DATA SET STATUS AND ACCESSIBILITY
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A. Status

1. Latest update: 17 November 2020

2. Latest archive date: 17 November 2020

3. Metadata status: Last updated 17 November 2020, version submitted

4. Data verification: We verified data by creating summary graphics and sharing with data
contributors to confirm latitude, longitude, and start and end dates of camera trap surveys were
correct. Three authors (M. Allen, M. Cove and R. Kays) confirmed all difficult wildlife
identifications and were responsible for most of the expert review in eMammal, reaching out to
taxonomical experts when necessary, and correcting species identifications when incorrectly

identified at initial data upload.

B. Accessibility

1. Contact persons: Roland Kays (rtwkays(@ncsu.edu), North Carolina Museum of Natural

Sciences, Raleigh, NC 27601, USA.

2. Storage location

In addition to this publication, the 2020 data and data from previous SNAPSHOT USA 2019
surveys can be downloaded directly from the eMammal Data Repository
(https://emammal.si.edu/analysis/data-download) in CSV format. To obtain these data draw a
search box across North America and select the Snapshot 2020 study. However, we recommend
using this cleaned dataset (and other future data papers) over redownloading data and only
recommend going back to eMammal if raw camera trap photos need to be reviewed. The raw

camera trap photos can be accessed in JPEG format (https://emammal.si.edu/analysis/view-

images). These data and new Snapshot surveys will be integrated directly into Wildlife Insights
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(Ahumada et al. 2020) in the future, and be available by searching for the Snapshot USA
projects.
3. Copyright restrictions: None.
4. Proprietary restrictions: Please cite this paper when using the data for publication.
S. Costs: None.
CLASS IV. DATA STRUCTURAL DESCRIPTORS
A. Data Set File
1. Identity: DataS1.zip contains:
SNAPSHOT USA 2020 observations.csv;
SNAPSHOT USA 2020 deployments.csv
2. Size: Total: 3.0 MB (zip)
223879 rows, 11 columns, 33.3 MB
1486 rows, 16 columns, 233 KB
3. Format and storage mode: comma-separated values (.csv)
4. Header information: See column descriptions in section B.
5. Alphanumeric attributes: Mixed.
6. Special characters/fields: None

7. Authentication producers: None

B. Variable information

1) Table 2. Variable information for Observation Data.

Variable Potential Categories Definition/Meaning
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Camera Trap ArraylOne of 102 potential text strings

representing the different

camera trap arrays herein.

Each camera trap array represents one

subproject on eMammal.

Site Name

One of 1481 potential text
strings associated with specific
camera trap sites within each

array.

[Name assigned to each camera trap site in

each camera trap array.

Deployment ID

One of 1481 potential text
strings associated with specific
camera trap deployments across
sites. All deployment IDs start

with ‘d’, e.g., d1234

[Unique identifier for a camera trap
deployment from eMammal. Most sites
are associated with a single
Deployment ID, but camera photos could
be uploaded in batches corresponding
with multiple eMammal deployments
from the same site. These should only be

fused when referencing back to eMammal.

Sequence ID

Text string associated with a
specific observation from a
camera trap site. Sequence ID
fincludes the associated
[Deployment ID followed by ‘s’,
and the chronological order of
the observation sequence

number (e.g., d1234s2 is the

[Unique identifier for a camera trap
observation. Observations are a sequence
of all camera trap photos within one
[minute of a single camera trigger.
Multiple species will be identified in
separate rows for the same Sequence ID,
so Sequence ID can repeat. These can be

fused to review original photos in




d1234)

second sequence of deployment [eMammal. In some cases, Sequence ID

was lost (‘NA’) and we recommend
[reviewing all photos in those
deployments, if necessary, to review raw

camera trap images.

Begin Time

[Date and time stamp associated
with a camera trap observation
provided in the following
format: “YYYY-MM-DD

[HH:MM:SS”. Begin Time

11:57:00” and “2020-12-03

14:02:00™.

values are between “2020-07-14

Timestamp of first camera trap photo in

each camera trap sequence.

End Time

[Date and time stamp associated
with a camera trap observation
provided in the following
format: “YYYY-MM-DD
[HH:MM:SS”. End Time values
are between “2020-07-14
11:57:00” and “2020-12-03

14:02:00™.

Timestamp of last camera trap photo in

each camera trap sequence.

Species Name

Text string, provided in the

format “Genus species” for

The binomial scientific name or lowest

[possible taxonomy of the species observed

34



lidentifiable species, with lowest [in the sequence observation.

possible taxonomy in cases
where species identity is
unknown as cleaned from
eMammal for SNAPSHOT

[USA.

Common_Name

Names.

Text string of species common |Common name of the species observed in

[the sequence observation.

[Text string, options include:

Adult, Juvenile, Unknown

[Age category of animal observed, if
distinguishable by observer. Default is
junknown since this was not consistently

[recorded.

Sex

[Text string, options include:

[Female, Male, Unknown

Sex category of animal observed, if
distinguishable by observer. Default is
junknown since this was not consistently

[recorded.

Count

[nteger between 1 - 106

[Number of individuals observed in a

single camera trap sequence observation.

2) Table 3. Variable information for Deployment Data.

Variable

Potential Categories

Definition/Meaning
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Camera Trap Array

One of 102 potential text
strings representing the
different camera trap

arrays herein.

Each camera trap array represents a subproject

in eMammal.

Site Name

One of 1481 potential text
strings associated with
specific camera trap sites

within each array.

[Name of each assigned to camera trap site in

each camera trap array.

Deployment ID

One of 1481 potential text
strings associated with
specific camera trap
deployments. All
deployment IDs start with

‘d’, e.g., d1234

[Unique identifier for a camera trap
deployment from eMammal. Most sites are
associated with a single Deployment ID, but
camera photos could be uploaded in batches
corresponding with multiple eMammal
deployments from the same site. These should
only be used when referencing back to

eMammal.

Date Out

[Date camera was placed
provided in the following
format: “YYYY-MM-
[DD”. Date Out values are
between “2019-08-17" and|

“2019-11-24".

Date of the camera trap deployment.

Date Retrieved

[Date camera was retrieved

Date of the camera trap retrieval.
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provided in the following
format: “YYYY-MM-
[DD”. Date Retrieved
values are between “2019-

08-17” and “2019-11-24".

Survey Days

[nteger between 1 - 92

[Number of trapdays per deployment.

[Double precision vector

between 21.36077 and

Latitude value of camera trap site location. All

geographic coordinates are provided in

Latitude 59.42643 decimal degrees (WGS 84).
[Double precision vector  |Longitude value of camera trap site location.
between -157.74786 and - |All geographic coordinates are provided in
Longitude 69.1049 decimal degrees (WGS 84).
One of six possible text  [Time zone associated with specific camera
Time Zone strings trap site.
One of four possible text [This is from contributing authors.
strings representing the
development level
associated with specific
Development camera trap deployment.
Detection Distance

Feature Water

[Binary (1=water available,

0=not available)

Denotes if camera was directed at water

source.
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[Binary (1=road, 0O=not on |Denotes if camera was directed at an access

Feature Road road) froad (dirt or paved).

[Binary (1=trail, O0=not on |Denotes if camera was directed at a human-

Feature Human Trailjtrail) Imade trail. Missing values denote uncertainty

[Binary (1=removed, O=not |Denotes if human pictures were removed from

fhuman pics removedjremoved) [the deployment before upload.

[Free text [Notes about the deployment recorded by the
camera trapper, could be useful to describe

Deployment notes Imicroscale habitat factors

C. DATA ANOMALIES: In some cases blank photos, and pictures of humans or vehicles were
removed manually, or with the Megadetector software (Beery et al. 2019). These are noted in

the deployment table field (human pics removed).

CLASS V. SUPPLEMENTAL DESCRIPTORS

A. Data acquisition
1. Data request history: None
2. Data set updates history: None

3. Data entry/verification procedures: None

B. History of data set usage: Data are currently in use by the SNAPSHOT USA PIs (authors on

this data paper) to examine habitat and anthropogenic filters associated with wildlife
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distributions at a national scale, but the data have not been used in previously published research.
Please consider reaching out to Michael Cove, Bill McShea, or Roland Kays if you have

questions about ongoing work with these data or are interested in collaborating.
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