Factors affecting detection probability
In plant distribution studies
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MacKenzie et al. 2002, 2003, 2006
Royle & Dorazio 2008

z. ~ Bernoulli(yz)  Biological process yields true state

y; ~ Bernoulli(z; x p;)  Observation process yields observations

logit(y,) = a+ f*X Effects of covariates on occurrence

logit(p;) =a+ B*x; Effects of covariates on detection
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Not accounting for the possibility of ‘false absences’ may lead to invalid
inference about local extinction rates (Williams et al. 2002; Kéry 2004),
range size (Anderson 2003), and habitat selection (Gu & Swihart 2004).

Historical — Total populations

slles detected [ o N CIiN) P E CIiE) Bias’
34 28 235 [ 031 31 2941 076 [0.09] 0.00-0.15 250
35 19 17 0511 19 1930 089 (046 0.14-046 |13
44 4 a2 0271 34 34-45 054 |0.23| 000023 | 20
34 14 TS | 066| 15 1525 077 |[0.56| 0.26-0.56 | I8
45 3l 29005 [ 034 36 3439 082 [020] 013024 |72
33 13 11 0671 13 1324 085|061 0274061 1o
13 9 9 031 9 - LoD 031 - 0
23 11 E5 10630 12 1222 071 (048 0.04-0.48 | 32
14 7 6 0571 8 B-13 075 |043| 007043 | 33
51 37 275 | 046 40 3850 080 022 0.02025 |14
41 22 155 | 062 27 24-37 057 |0.34| 010041 | 82

(Kéry et al. 2006)
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Not accounting for detection in species distribution models may lead one
spectacularly astray (Keéry 2010).
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Detection probability may vary
In time due to survey-specific conditions and
In space owing to site-specific characteristics
(Bailey et al. 2004).

|

Factors such as the size of a plant patch,
plant architecture and growth form
have been hypothesized to affect plant
detection probability (Kery et al. 2006).

|

Empirical study is in great need.
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Camellia chekiangoleosa Myrica rubra - Ternstroemia gymnanthera
Understorey tree Understorey tree Understorey tree

Symplocos stellaris Neolitsea aurata var. chekiangensis Camellia fraterna
Understorey tree Understorey tree Shrub
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Recording survey path in the plot.
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Survey effort:
the area covered by survey path
in each quadrat;

Patch size:
the area occupied by the target species
In each quadrat.
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species quad effort patch size observer |ldetection

camfra 1404 2 17 7 1

camfra 1405 10 200 o 1

camfra 1405 5 2l il (]
Random effect Fixed effect

Generalized linear mixed model (GLMM; Breslow & Clayton 1993; Keéry 2002)

logit( Pi) =0 + ouxy + o2x2 4 o3x3 + 04Xy + 05X X2 + 0N X3

+= 07X X3 + Qg X1 X4 +— X2 Xy +— QX1 Xy + 5;‘ + Ej

Statistical package: GenStat
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Quadrats surveyed: 288
Quadrats surveyed by GC: 211
Quadrats surveyed by JZ: 218
Quadrats surveyed by both: 141

. . . . Table 3. Relationships between plant detection probabihity and
Mean survey time in each quadrat: 4 to 7 min. b b R o

several explanatory variables under a generahzed hmear mixed model

forall six species combined in the Gutianshan permanent plot. For all

Table 2. Detection information of the six species in our study. For . ) . . o ) . .

explanatory variables, both their main effects as well as their pairwise

each of the six species, the number of quadrats known to be occupied

15 based on the 2005 inventory. Number of quadmts detected and the

associated proportions detected are based on the 2007 resurvey 1n the

interactions are included. Estimated variance component for the
effects of quadrat = 0.6013(SE = 0.1619)

plot Source of variation df. Wald statistic P
MNumber Number
of quadrats  of Proportion Speaes 3 27.80 < 0.001
known quadrats  of _Observer 1 2.29 0.13
to be detected quadrats Survey effort 1 2280 < 0,001
Species oecupied in 2007  detected (%) Patch siee 1 13140 = 0.001
Speaes x observer 5 2.24 DELS
Camellia fraterna 207 60 29 Species x survey effort 5 0.56 0.990
Myrica rubra 196 37 18.9 Observer x survey effort 1 i 0.054
Symplocos stellaris 166 24 14.5 Species x patch size 5 7.47 0188
Camellia chefiangoleosa 247 59 239 Ohserver X natch size 1 1 92 0177
Ternstroemia gymnanthera 264 36 13.6 Survey effort x patch size 1 703 0.008
Neolitsea aurata 271 i 14.4 — :

var. chekiangensis
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Basing on the mean of patch size (8), detectability
increased to 0.95 as the survey path approached
20% area of the sampling quadrat.

Basing on the mean of survey effort (5), detectability

increased to 0.95 as a plant patch coverd 19% of the

area of the sampling quadrat.

A joint effect of patch size and survey effort on

detection probability existed in our case.
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Table 2. Detection information of the six species in our study. For

each of the six species, the number of quadrats known to be occupied
is based on the 2005 inventory. Number of quadrmats detected and the
associated proportions detected are based on the 2007 resurvey in the

plot
MNumber Number
of quadrats of Proportion
known quadrats  of
to be detected  quadrats
Species occuped in 2007 detected (%)
“greliia fraterng 7 G 2

Myrica rubra
Symplocos stellaris
Cameliia chekiangoleosa

Ternstroemia gymnanthera

Neolitsea aurata
var. chekiangensis

166
247
264
271
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P =0.02
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Five understorey tree species differed significantly in their detection. Therefore,
the same life form didn’t mean similar detection. Rather, differences of detection
among species were mainly due to distinctive morphology.
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Our results suggest that imperfect detection is much more widespread than
currently acknowledged by most plant ecologists.

We identify several sources of heterogeneity in detectability (species, survey effort
and patch size) that ought to be considered when studying and modelling the
distribution of plant species.

From the pattern of detection and non-detection of the species at occupied sites,

we can estimate true distribution free from any distorting effects of detection
probability.
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