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Abstract

In ecological research, particularly in species distribution modelling
(SDM), the uncertainty resulting from data deficiencies is of recent in-
terest. Beside other things, it includes positional accuracy of species
occurrence data. In our study, we investigated the influence of the po-
sitional error, caused by false positive detection of species, in species
occurrence data on the performance of the models. We used occurrences
of Wild Duck (Anas platyrhynchos) mapped in fine scale resolution (300
x 300 meters) and habitat variables derived from the Base map of the
Czech Republic. Generalized additive models (GAM) with a stepwise
selection procedure were used to select relevant habitat variables. Model
performance was evaluated using area under the receiver operating char-
acteristics curve (AUC), sensitivity and specificity. Incorporated posi-
tional error led to a reduction in model prediction accuracy, although
not enough to reject the models.

Keywords: spatial uncertainty, positional accuracy, SDM (species dis-
tribution modelling)

Introduction

With consideration to the broad use of GIS tools in many research topics, spa-
tial uncertainty of geodata is an important issue (Heuvelink 1998; Shi et al.
2002). Although only factors as, for example, geodata availability and price
are often considered for selecting inputs for particular research, many recent
studies have focused on influence of uncertainty resulting from data deficien-
cies on results of analyses (e.g. Barry and Elith 2006). In ecological research,
particularly in species distribution modelling (SDM), the problem of uncer-
tainty includes, beside other things, positional accuracy of species occurrence
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data (see Moudrý and Šímová 2012 for review). Species occurrence data are
increasingly available thanks to data sharing activities (e.g. www.gbif.org),
however its positional accuracy can be influenced by a variety of factors, in-
cluding field mapping method, inaccuracy in the measurement of location or
georeferencing error (e.g. Graham et al. 2008).

For the mapping of bird assemblages on the fine scale (extent of tens of
square kilometers), the ornithological point sampling method (Bibby et al.
2000) is often used. Sampling points create a network of 300 × 300 meters and
all birds which are heard or seen in the vicinity of the point are localized to
the point. Although this method is commonly used in ornithological research
(Ralph et al. 1995) and gives ecologically reasonable results (e.g. López and
Moro 1997; Davis 2004), it is a data source prone to both false negative and
false positive errors. False negative detections occur because it is generally
impossible to detect every individual within a sampled area, whereas false pos-
itive detections occur when species that are absent are erroneously detected
(e.g. commonly heard species). For example, in a study by Miller et al. (2012)
8.1% of recorded occurrences were due to false positive error. It is a ques-
tion, whether the false positive errors can influence the performance of species
distribution model.

The effect of positional error in species occurrence data on the performance
of species distribution models is of recent interest (Graham et al. 2008; Osborne
and Leitao 2009). However, to our best knowledge, there is no study dealing
with this topic at fine scale resolution. For our case study, we selected the
Wild Duck (Anas platyrhynchos), because it is easily detectable and thus the
data are less prone to false positive and false negative errors. We investigated
the influence of positional error, caused by false positive detection of species,
in species occurrence data on the performance of SDM at 300 × 300 meters
resolution.

Materials and Methods

Data sources

The study area is located in the western part of Žďárské vrchy Protected Land-
scape Area. The data on the Wild Duck occurrences were obtained from the
field mapping, which were conducted during the high breading season in May –
June 1999 to 2003. The occurrence of bird species was mapped in 300 × 300 m
network on 1141 sampling points. The habitat variables were obtained from
the Base map of the Czech Republic at scale 1:10 000 (ZABAGED), obtained
from Czech Office for Surveying, Mapping, and Cadastre. At each mapping
point (square 300 × 300 m) we calculated the area of following habitats: forest
(for), arable land (ara), grasslands (gra), watercourses and water bodies (wat),
villages (vill), and wetlands (wet).
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Introduction of positional error

To investigate the effect positional error, caused by false positive detection
of species, on the performance of the model, we generated 5 datasets with
introduced positional error. We assumed that false positive error occurs when
a species is wrongly assigned to the mapping point instead of neighbouring
point. For the first dataset D1, we randomly selected 20 percent of recorded
presences of the Wild Duck and moved them randomly to one of the eight
mapped neighbouring points (i.e. one pixel at the resolution analysed). To
assess more extreme errors, we moved randomly 40 percent for D2, 60 percent
for D3, 80 percent for D4, 100 percent for D5 of presences of the Wild Duck.
If moving the occurrences resulted in transferring them outside the mapped
points (i.e. study area) we recalculated the shift until the point remained
on a mapped point. All geodata processing was performed using geographic
information system ArcGIS 9.3 (ESRI, CA, USA).

Statistical analysis

To assess which habitat variables are important for breeding distribution of
the Wild Duck, we used generalized additive models (GAM, Hastie and Tib-
shirani 1990) with an automated bidirectional stepwise selection method based
on Akaike’s Information Criterion (AIC, Akaike 1974). The modelling was per-
formed with a binomial error distribution and a logit link function. All data
(1141 sampling points) were used for model training and testing.

Model performance was evaluated using area under the receiver operating
characteristics curve (AUC). AUC is a threshold independent measure of the
ability of a model to discriminate between sites where species is present and
those where it is absent (Fielding and Bell 1997) and ranges from 0.5 for models
with no discrimination ability to 1 for models with perfect discrimination. Ad-
ditionally, we calculated sensitivity (ability to predict presences) and specificity
(ability to predict absences) as the most simple and straightforward measure of
model performance. The threshold was chosen to maximize the sum of sensitiv-
ity and specificity (Jiménez-Valverde and Lobo 2006). The analysis was carried
out using the ‘gam 1.06.2’ (Hastie 2011) and ‘PresenceAbsence 1.1.5’ packages
(Freeman 2007) in free statistical software R version 2.12.2 (R Development
Core Team 2010).

Results

Area of water, forest and villages were selected as important habitat variables
in the model for the Wild Duck. The model explained 36.5% of the variation
in distribution of the Wild Duck (total deviance change 162.9 out of 446.8).
The model of the Wild Duck distribution received relatively high AUC value
0.92 indicating “excellent” accuracy of the model.

In all cases the datasets with introduced positional error have lower AUC
scores than AUC score obtained with the original dataset (Tab. 1). However,
the drop in AUC was relatively low for D1 and the model was still regarded as
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“excellent” when judged by AUC. Even when each recorded presence had been
shifted (D5), the performance of the model would be regarded as “good”.

Table 1: AUC values, Sensitivity and Specificity for the model with original
data and models with incorporated error in the species occurrences (D1–– D5).

Original
data

D1 D2 D3 D4 D5

AUC 0.92±0.03 0.90±0.02 0.85±0.03 0.79±0.03 0.78±0.03 0.79±0.03
Sensitivity 0.90±0.07 0.80±0.05 0.73±0.06 0.72±0.06 0.72±0.06 0.67±0.07
Specificity 0.81±0.02 0.80±0.01 0.81±0.01 0.72±0.01 0.66±0.01 0.79±0.01

Discussion and Conclusions

The habitat variables important for occurrence of the Wild Duck are in concur-
rence with our expectations. Water is important nesting habitat of the Wild
Duck and forests are the most important component of the landscape of the
mapped area. Also, there are small ponds in villages, where the Wild Duck oc-
cur and which are not recorded in water habitat data for their relatively small
area.

In our study, we investigated the influence of positional error, caused by
false positive detection of species, by shift in species occurrences on one of the
eight mapped neighbouring points. Our finding showed that positional error
incorporated into the occurrence of the Wild Duck led to a reduction in model
prediction accuracy. However, it has a small effect on the performance of mod-
els judged by AUC, which is in concurrence with Graham et al. (2008) and
Osborne and Leitao (2009). According to Graham et al. (2008), useful predic-
tions can be made even when species occurrence data include some positional
error. However, it depends on the range of spatial autocorelation in the habi-
tat variables, which reduces the impact of positional error on the predictions
(Naimi et al. 2011). It can explain why the shift in 60% and more of species
occurrences did not lead to further decrease in model performance. Moreover,
the reliability of AUC as a comparative measure of accuracy between model
results has been recently criticised (Lobo et al. 2008). In consequence, models
developed with species occurrence data containing false positive errors would be
probably interpreted as relevant, when judged by AUC. The incorporated false
positive error in species occurrence data had the greatest influence on model
sensitivity. In our opinion, sensitivity and specificity should be additionally
reported to better indicate the erroneous models.

We are aware that our models are built and tested on the same data, which
can lead to overly optimistic estimates of model accuracy and that evaluation
of the models using independent data is preferred (Newbold et al. 2010). How-
ever, it was not our intention to assess relevant habitat variables and to provide
reliable model of distribution of Wild Duck, but to evaluate the performance
of a model built with data that contains false positive errors.
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Vliv nesprávného určení výskytu druhu na mo-
delování distribuce druhů: Případová studie
s kachnou divokou (Anas Platyrhynchos)

V poslední době je v popředí zájmu ekologického výzkumu, zejména pak v mo-
delování distribuce druhů, neurčitost vyplývající z nedostatků datových vstupů.
Toto téma zahrnuje mimo jiné polohovou přesnost určení výskytu druhu. Před-
kládaná studie zkoumá vliv polohové chyby způsobené nesprávným určením
výskytu druhu na výsledky modelování distribuce druhů. Pro analýzu byla vy-
užita data o výskytu kachny divoké (Anas platyrhynchos) mapované v rozlišení
300 × 300 metrů a proměnné prostředí získané ze Základní mapy ČR v měřítku
1 : 10 000. Environmentální proměnné, nejlépe vysvětlující výskyt kachny di-
voké, byly zjištěny krokovou regresí zobecněného aditivního modelu. Přesnost
modelu byla vyhodnocena dle hodnot AUC, sensitivity a specificity. Uměle za-
hrnutá polohová chyba vedla ve všech případech ke snížení přesnosti modelu,
i když ne takové, aby mohl být model zamítnut.

Klíčová slova: prostorová neurčitost, polohová přesnost, SDM (modelování
distribuce druhů)
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