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Imperfect detection

e Surveys fundamental for ecology

e Imperfect detection is important for a range
of ecological studies

 demographic studies

e environmental impact assessments
e species occupancy studies

e species distribution modelling

e designing surveys
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Detection rates vary

e Some can be predicted in advance but
some cannot: e.g. frogs
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Modeling detection

B, per site budget for searching & travel
c, travel cost of each survey

n surveys

t=B/n-c (time per survey)



Modeling detection

g; = exp(—tA), probability of failed detection

Assume 4 iid random variables with mean x and
variance o®

g =IIqg, = exp(—tZ4) (over n surveys)
A =X/ r.v. with mean nut and variance n o? t?

Assume XA ~ dlognorm()



Optimisation Model

Minimise E[q] = exp(—tXA)

s.t. n(t + ¢) = B,

where

B, per site budget for searching & travel
c, travel cost of each survey

n surveys



Optimisation Model

Minimise E[q] = exp(—tZA),
s.t.n(t+c) =B

Assume

o XA ~ dlognorm()

A are iid random variables with known mean
u and variance o2



Model

Expected probability of failed detection...
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Model

Expected probability of failed detection...
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Results: optimal frog surveys
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Parris KM (2001) Distribution, Habitat Requirements And Conservation
Of The Cascade Treefrog (Litoria Pearsoniana, Anura: Hylidae).
Biological Conservation 99: 285-292. Cascade Tree-frog




An analytical solution?

* General insights, e.g. key parameter
combinations

e Easier for users to implement

« Useful for examining for complicated
scenarios, e.g. multiple sites



Approximate solution

Laplace’s approximation:

T \1/
[ F@)dq = exp(h(q") (~ )

where h(q) = In f(g) and the global maximum of
h(g) occurs at q



Approximate solution

- —(Bu—cun) ()3 / n
o E[q] ~ e n+v2 m

where v = o/u Is the coefficient of variation.



Approximate solution

- —(Bu—cun) (3)3/2 / n
o E[q] ~ e n+v2 m

where v = o/u Is the coefficient of variation.

* n*isthe solution to the implicit equation

2)3/2 B

33u=cun(5+i—’§)+(1+% —=nx1



Approximate solution

n* ~ %v\/245+ 25v? —By?
C

where v=0o/ u



Approximate solution
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Coefficient of variation, V/

Approximate solution

Approx n* - numerical n*
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Approximate solution

Approx n* - numerical n* E[Qlapprox n*]-E[Q|numerical n*]
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Approximate solution
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Approximate solution

Generally performs well, except when B/c small
and v = o/u is large

Provided insight into important parameter
combinations



Testing the model with data

Key model assumptions:
e XA ~dlognorm()

e Mean and standard deviation of
that distribution are known



Plant survey experiment

« Variation in detectability over space

 Problem: What number of quadrats will

maximise the probability of detecting the
species, at least once, at the site?



Plant survey experiment

Nine square
(15«15 m)
guadrats were
planted with thirty,
ten, four or two
Individuals of 5
different species

McCarthy MA, Moore JL, Morris WK,
Parris KM, Garrard GE, et al. (2013) The
Influence Of Abundance On Detectability.
Oikos 122: 717-726.



Plant survey experiment

McCarthy MA, Moore JL, Morris WK,
Parris KM, Garrard GE, et al. (2013) The
Influence Of Abundance On Detectability. (NS
Oikos 122: 717-726. Atrip|ex
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Plant survey experiment
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Plant survey experiment

Predicted optimal number of quadrats

A failure time model was fitted to the time to
detection data from 2010 to estimate the rate of
detection of each species within each quadrat
by each observer.

Calculated average and SD of the detection

rates:

:L‘Atriplex = 0'55’ cSAtripIex =0.60 — VAtripIex = 1.09
UWom =056,0,, =064— v ,, =114



Plant survey experiment

Predicted optimal number of quadrats

Predicted the optimal number of quadrats in
2011 for 9 scenarios:

B=5, 10 or 15 minutes, and
c = 0.25, 0.5 or 1 minute



Plant survey experiment

Observed optimal number of quadrats

For a given survey of length t minutes, the
“observed” mean probability of detection was
estimated by

number of times sp. detected in < t mins

A (t) =
(&) total number of quadrat visits (14x9 = 126)

p=nA(t), t=B/n-c.
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Observed n*
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Observed n*
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Extensions

 Temporal correlation
— small effect on n* unless large correlation



Extensions

 Temporal correlation
— small effect on n* unless large correlation

e Objective: maximise the chance of
achieving an acceptable probability of
detection
— solution Is insensitive the coefficient of

variation, instead depends on the
acceptable probability of detection



Recent Applications

e Surveying for an invasive Newt species
— A. Smart, R. Tingley, et al. (In prep). Cost
efficiency of environmental DNA sampling

— Compare cost-efficiency of eDNA and
bottle-trapping



Future research

 Multiple survey techniques

— Two (or more) survey techniques, when
should you use both?
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Does It make a difference?

=

Expected probability of
detection, 1-E[q]
=
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