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Motivating data set

[Lines2019]
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Motivating data set

2015, large scale spoor detection and species sighting survey
102 line transects, each of length 4 km.

Each transect is visited 3 times over the course of 10 days.
Detection/non-detection histories taken.

Detections: Leopard (279), Lion (87), Hyena (237), Wild dog (40).
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Spatial Replicates

Occupancy studies require replication.

Replication can be spatial as well as temporal.

Established transects at a site are convenient.

Consecutive segments are no longer independent
[Kendall2009].
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Markovian Segment Occupancy

The model: [Hines2010]

1. Site occupancy M
\

z; ~ Bernoulli(1))

Notation: ) = P(site is occupied)

z; = occupancy site i fo1 = P(segment occupied | previous segment unoccupied)

z;k = occupancy segment k, site i ¢11 = P(segment occupied | previous segment occupied)
Y;1. — detection segment k, site 2 p = P(detection | segment is occupied)



Markovian Segment Occupancy

The model: [Hines2010]

1. Site occupancy
z; ~ Bernoulli(1))
2. Segment occupancy

zik|zi ~ Bernoulli(z; x %)

[1 — Bo1 901]

1 —6011 64y

Notation:

zZi = occupancy site 17
zil. = occupancy segment k, site 7
Y;1. — detection segment k, site 2

i = P(site is occupied)
01 = P(segment occupied | previous segment unoccupied)
¢11 = P(segment occupied | previous segment occupied)

p = P(detection | segment is occupied)



Markovian Segment Occupancy

The model: [Hines2010]

1. Site occupancy M
\

z; ~ Bernoulli(1))
2. Segment occupancy

zik|zi ~ Bernoulli(z; x %)
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3. Detection
= [ J
Yik|zik ~ Bernoulli(z;; x p) A o 0 1 0 0 0..
Notation: b = P(site is occupied)

z; = occupancy site i 01 = P(segment occupied | previous segment unoccupied)

z;k = occupancy segment k, site i ¢11 = P(segment occupied | previous segment occupied)
Y;1. — detection segment k, site 2 p = P(detection | segment is occupied)



|dentifiability

Full Model Non-identifiable Model
z; ~ Bernoulli(2)) Oop =011 =10 2 ~ Bernoulli()
ik |zi ~ Bernoulli(z; x f) Yik|zir ~ Bernoulli(z; x @ x p)
Yik|zir ~ Bernoulli(z;x x p) Collapses to
Can only identify: (T,'i’:. ”F’)
Good news! Can still identify 1
Notation: ) = P(site is occupied)

z; = occupancy site i 01 = P(segment occupied | previous segment unoccupied)

z;k = occupancy segment k, site i ¢11 = P(segment occupied | previous segment occupied)
Y;1. — detection segment k, site 2 p = P(detection | segment is occupied)



How do we record data: [Pautrel2024]

Detections are made at exponential rate A on occupied segments.

If all segments have length R: p=1—exp(AR)
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How do we record data: [Pautrel2024]

Detections are made at exponential rate A on occupied segments.

R If all segments have lengthR:  p =1 — exp(AR)

7\ XX X X
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~ Exp(A) ~ Exp(\) ~ Exp(}) ~ Exp(})

Single Observation — Discrete vs Continuous

)( i A > ‘Time to first detection’ [Garrard2008]




How do we record data: [Pautrel2024]

Detections are made at exponential rate A on occupied segments.
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How do we record data: [Pautrel2024]

Detections are made at exponential rate A on occupied segments.

R If all segments have lengthR:  p =1 — exp(AR)
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~ Exp(A) ~ Exp(\) ~ Exp(}) ~ Exp(})

All observations — Discrete vs Continuous

)( x X )( > Count of observations




summary:

/ Single Observation \ / >Two Observations \ / All Observations \
-

Discrete A 4 Discrete A 4 Discrete A

Two independent Counts

Detection/non-detection ) ;
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Simulations overview

 We simulate:

200 sites, 20 segments per transect.

Compare 6 data collection methods.

1. Site occupancy status

2. Segment occupancy status
3.
4

. Discretise as needed

Continuous detections

Recallthat: p=1— exp()\R)

All models fit in nimble.
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Simulations
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Simulations -.
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Simulations
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* We show that using a single time to detection, two or more independent
observations, or counts make the model identifiable even when spatial
correlation does not exist.

 Site occupancy probabilities perform well even other parameters struggle.




We have other line transect data collected for occupancy models that include
perpendicular distances to observations (distance sampling data).
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