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(1) Background



What is Density?

anlmals > population size
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Why is Density Useful?

NV

V/

NV

populations trends: increases? declines?
(Morin et al. 2022)

# animals that can be sustainably hunted?
(2020-2022 Hunting and Trapping Regulations Synopsis)

impacts of management actions?
(Sun et al. 2022)



Estimates of Density are Critical for Wildlife
Stewardship

C
P

space

standardized

comparisons > species

ko

time 1 VS 2

aCross...

(Morin et al. 2022)



In BC: Often Estimate Density via Aerial Survey

flightline

© Parks Canada

aerial surveys sample
large swaths of land over
short periods of time
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Aerial Surveys Are...

Expensive
« flown infrequently

« few wildlife management units ——> sporadic, spotty coverage
surveyed/year (Boyce et al. 2012)

Dangerous

= injury + death to biologists ;
— « disturbance to wildlife
(Coté et al. 2013, Crupi et al. 2020, Frid 2003)

most dangerous part of a
wildlife biologist’s job
(Sasse 2003)

Limited in Scope _

* big animals ; species-, Iand§c§pe- and
¢+ open, snowy areas season-limited
=N (BC Ministry of SRM 2002)

* poor density estimate
(Davis et al. 2022)



Motivation
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Motivation

IS there a better way to estimate density?

are camera traps better than aerial surveys?

\L first: we need to know...

How can you estimate population density using
camera traps?



Information about camera trap density models
is all over the place — hundreds of peer-

reviewed papers, grey literature, reports...



(2) Context



How Do Camera Traps Work?

motion
Sensor

© Gabriela Palomo



How Do Camera Traps Work?

temperature

difference +

movement

= trigger £
© WildCo Lab ,
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How Do Camera Traps Sample the Landscape?

camera trap

© Alexia Constantinou

cameras sample tiny
slivers of space for long
stretches of time



@ Camera Trap Density Models



Can use indices of density Use density models

(relative abundance, occupancy) (our focus today)
No — don't need to Yes — need to know
know absolute density absolute density

First we need to ask:
are density estimates
needed?



Different Kinds of Camera Trap Density Models




So You Know...

» there is ongoing work to evaluate these models
« some of this work is highlighted in the handbook

Today: going over how models work



Marked Models



© Mitchell Fennell

Animals have
unique natural or
artificial marks =
unique identities

©
wn
O
g2
T ©
s
j -
83
[
o)
;O
©




Capture-Recapture

(Karanth and Nichols 1998, Otis et al. 1978)

Data Needed:
O individual detection histories

individual

sampling occasion
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Spatial

Capture-Recapture

(Borchers and Efford 2008, Royle and Yound 2008)

Data Needed:
O individual detection histories
O camera trap coordinates
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Unmarked Models



Animals do not have
unigue marks =
cannot be individuall
iIdentified




___________________________________________________

Spatial Count

(Chandler and Royle 2013)

Data Needed:

O camera-specific counts of
animals

O camera trap coordinates



Distance Sampling RN
(Howe et al. 2017) SN
I/\_'\I/\\\
III T \\\
Data Needed: L
0O number of detections |
O viewshed angle
O distance between camera and

animals’ centre /



Random Encounter

Model

(Rowcliffe et al. 2008)

Data Needed:
0O number of images per unit time
O animal movement speed

O radius and angle of detection
ZOoNne

O average group size



Random Encounter and

Staying Time

(Nakashima et al. 2018) N

Data Needed:
O number of detections
O camera focal area
O time individuals spend in focal area
O total sampling time

O proportion of time animals spend
active



Time in Front of the

Camera

(Becker et al. 2022)

Data Needed:
O counts of individuals in images

O time individuals spend in
viewshed

O viewshed divided into distance
bins
O total camera operating time




. s s
Time-to-Event & &
(Moeller et al. 2018) + L3
sampling sampling sampling
Data Needed: period 1  period 2  period 3

L J
!

O time until individual(s) detected
_ sampling
O animal movement speed occasion 1

O viewshed area . .
how much time until drawn?



Space-to-Event

(Moeller et al. 2018)

Data Needed:

O number of cameras until
individual(s) detected

O viewshed area

sampling sampling sampling
occasion 1 occasion 2 occasion 3

how much area until ﬁ drawn?



Site-Structured Models:

Royle-Nichols + N-Mixture

(Royle and Nichols 2003, Royle 2004)

Data Needed:

O detections + non-detections or
counts of animals during each
survey occasion

" effective

sampling
area



Partially-Marked Models



Subset of marked
animals in a
population =

populations are
partially-marked

© Mitchell Fennell
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“hybrid model”

population

(Chandler and Royle 2013, Sollmann et al. 2013)

Spatial Mark-Resight /

marked subset
Data Needed: l
O individual detection histories

O camera-specific counts of

animals .
spatial capture-

O camera trap coordinates recapture

\

unmarked subset

l

spatial count



Image sets are
partially-identifying

© Michael Procko




if capture left +
right flanks
simultaneously.

\, can assign same

* 1D to each side

/! if capture left +
! right sides
/ separately . can

' erroneously

assign different
IDs to left + right
flanks

© WildCo Lab

© WildCo Lab



2-Flank Spatial Partial

|dentity Model

(Augustine et al. 2018)

Data Needed:
O individual detection histories

O camera trap coordinates single-side ID



© WildCo Lab

Individual animals
have sets of partially-
identifying traits =
individuals are
partially-marked



Categorical Spatial

Partial Identity Model

(Augustine et al. 2019)

Data Needed:

O camera-specific counts of
animals

O camera trap coordinates
O categorical identifiers

perform spatial count on
small subsets of population

|
1 1




© WildCo Lab

Animals partially-
identified using suites of
categorical traits

full categorical identity:

Q, adult, collar, 2
antler points



(4) Outcomes



Wrote a Handbook That...

summarizes + explains how moadels

W, 0 / /( Using Camera Traps to Es:;r::st;y I\:Iedium and Large Mammal
lists model assumptions + effects of
violations s
lists advantages + limitations
discusses simulations + empirical tests N
gathers all this info'in 1 place! R




Handbook Will Be Available to Read at:

www.wildcams.ca

N
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-
£ { “”_- ; P ’ Bt :,‘- - 3 4 T - A v"," : R - ., - = : o »

WildCAM: A Camera Trap Network for Western Canada Where You Can:

»Connect with other researchers and projects

»Share great wildlife images and news

P Get the supporting resources you need

»Compare notes on camera-trap methods ‘ . a
A 4%

P Contribute to science-based management
77 245 6801

Camera Trap Collaborations to Improve Wildlife Management Projects Members Cameras

and Conservation



All individuals
naturally/artificially marked?

yes / no
/
¥ IS
SCR Subset of individuals N
naturally/artificially marked? N

yes / no
/
4

SMR 3 or more categorical
identifiers?
/
yes V. no
v
SPIM Can auxiliary information be
collected/accessed?
all Y‘
7
K
DS Distance frgm camera TyPe of au'xm:.:\ry
to animals information:

Animal movement
speed

Legend
—> yes
—> no

——> continue

Can count of individuals
be determined?

A
yes no
/.
4 \

REM

Which of the following is
most logical to implement:

Decision Tree

STE

Can count of individuals

be determined?

Collecting time-
lapse images

Measuring time individuals
spend in front of camera

N

None

N

Can cameras be deployed close
together (i.e., high camera density)?

7
yes / no
V4
/
/

SC Focal species common or
study population large?
yes /

v
no
V4 \

NM RN

measur‘ed/

REST

choosing a model
based on project +
population features

Focal area measured or
detections binned by distance?

w‘ned
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(5) Next Steps



We Know What'’s Possible — Now, What’s Best?

Proposed field-testing select camera trap models
on ungulates in BC + comparing to concurrent
aerial surveys

How accurate, precise + consistent are camera
trap vs aerial survey-derived density estimates?

How robustare camera trap density models to
assumption violations? Different sampling
adesigns’?



We Know What'’s Possible — Now, What’s Best?

Proposed field-testing select camera trap models
on ungulates in BC + comparing to concurrent
aerial surveys

How accurate, precise + consistent are camera
trap vs aerial survey-derived density estimates?

How robustare camera trap density models to
assumption violations? Different sampling
adesigns’?

—_—

make
guidelines
for
practitioners
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Questions?

jamie.clarke @wildcams.ca

© Marcus Lofvenberg
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