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abundance within each sampling unit. In modern atlases 
(Hustings and Vergeer 2002, Estrada et al. 2004), observ-
ers are asked to evaluate the abundance of each species in 
the sampling units (local estimates). Population estimates 
for the whole region that is covered by the atlas project can 
next be evaluated when the local estimates are combined.
Nevertheless, important variation in the amount of effort 
expended by the manifold observers covering the differ-
ent sampling units could prejudice the reliability of the 
regional population estimates (Vaisanen 1998, Link and 
Sauer 1999). Besides variations in the time spent in the 
field, significant disparity in identification skills and field 
experience among observers may determine important bi-
ases (Sauer et al. 1994). Accordingly, heterogeneous cov-
erage of data is an inherent limitation that confounds large-
scale atlas data (Donald and Fuller 1998, Link and Sau-
er 1998). Regional population estimates would therefore 
greatly benefit from making use of methodologies able 
to mitigate these limitations (Link and Sauer 1999), with 

INTRODUCTION

The mapping of bird distributions using grid-based atlases 
at different spatial scales is one of the most frequent form 
of ornithological survey and is based on the coordinated ef-
fort of dedicated volunteers in most cases (Hagemeijer and 
Blair 1997, Gibbons et al. 2007). These atlases collect da-
ta on species occurrence or abundance from a continuous 
grid composed of equal-sized sampling units to cover the 
whole region that is under examination (Bibby et al. 1992).
 Atlas data offer many potential avenues of investiga-
tion (reviewed by Donald and Fuller 1998), including the 
estimation of regional population sizes (Robertson et al. 
1995, Estrada et al. 2004). These estimates are relevant for 
descriptive purposes, for population ecology studies, but 
also for the evaluation of species conservation status and 
for the implementation of conservation strategies (Robert-
son et al. 1995).
 This implies to rely on local information on species 
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indices representing different aspects of the sampling effort at the sampling unit level. Those indices are not sensitive to the natural dis-
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a view to differentiating true species abundance patterns 
from artefacts.
 Most existing approaches use local estimates that have 
been scaled by sampling effort, ranging from simple divi-
sion of local estimates by effort (Root and McDaniel 1995) 
to complex parametric adjustment of the relationship be-
tween local estimates and effort (Link and Sauer 1999). 
These methods rely either on directly known effective 
sampling time, when reported (Link and Sauer 1999), or 
on indirect estimation of sampling effort (Vaisanen 1998, 
Telfer et al. 2002, Estrada et al. 2004).
 Here, we propose a procedure to compute regional 
population estimates by controlling for the variation in the 
effective sampling effort, when the latter is not reported 
directly by the observers. We evaluate and discuss to what 
extent the procedure is able to counterbalance the uneven-
ness in the sampling effort. The data collected between 
2001 and 2007 for the Breeding Bird Atlas of Wallonia 
(Southern Belgium) (Jacob 2000) were used to illustrate 
our method.

METHODS

Study area and data collection
The grid-based Breeding Bird Atlas of Wallonia 2001-
2007 covers the Southern part of Belgium and is composed 
of 508 fundamental sampling units of 40 km² (5x8 km). 
The fieldwork was conducted by more than 350 amateur 
ornithologists.
 Each sampling unit was assigned to one or several vol-
unteers who surveyed all habitats during the whole breed-
ing season. They collected information on species abun-
dance and reproduction with no standardized procedure 
(see ‘Unrestricted surveys of sampling units’). In addition, 
several 1x1 km sub-sampling units were selected within 
the sampling units, according to a regular systematic sam-
pling procedure, to reach a 17% coverage of the region (see 
details in Jacob 2000). The sub-sampling units were sur-
veyed according to a standardized procedure (see ‘Timed 
surveys of sub-sampling units’) by the same observers as 
the corresponding unrestricted survey in most cases.

Unrestricted surveys of sampling units
The observers were asked to provide the highest possi-
ble breeding evidence for each species according to the 
EOAC classification, i.e. non-breeding, possible, proba-
ble and confirmed breeding (Timothy and Sharrock 1974, 
Hagemeijer and Blair 1997). Non-breeding species were 
excluded for the subsequent analyses. The local popula-
tion estimates were supplied by observers in the form of 9 

abundance classes derived from a geometric progression 
with a common ratio set to 2 (see Tab. 1). Three values 
were retained to describe the local population estimates: 
lower, central, and upper values of the abundance classes.

Timed surveys of sub-sampling units
Within the different sub-sampling units, walked itinerar-
ies were delineated by the observers, so that the itinerar-
ies covered the diversity of broad habitats in representa-
tive proportions. The observers walked along the itiner-
aries twice a year (March-April/May-June), at low speed 
(1-hour walk in total) and in the first 4 hours after sunrise. 
All encountered individuals of all species (detected either 
by sight or by sound) were recorded and counted (Schmid 
et al. 1998, Estrada et al. 2004, Schmid 2008 for similar 
approaches).

Estimation of the effective sampling effort in the sam-
pling units
A score was assigned to the different sampling units that 
were completed in early 2007 (N = 334) in order to repre-
sent the variations in the effective sampling effort put by 
the observers. This score was based on the computation 
of three indices based on three corresponding criteria that 
accounted for different aspects of the coverage quality. 
The species that are considered as strictly linked to lakes 
and ponds (i.e. anatidae, grebes, coots and laridae) were 
removed for the subsequent analysis, since variations in 
the presence or abundance of those habitats among adja-
cent sampling units or among sub-sampling units within 
sampling units would lead to significant discrepancies in 
the indices calculated below, irrespective of the sampling 
effort.

1. Index of richness variation between unrestricted and 
timed surveys (RS). The number of species reported for a 
given sampling unit depended mostly on the nature/diver-
sity of the habitats, but also on the sampling effort. The 
nature/diversity of habitats within the sampling units were 
assumed to be proportional to the number of species en-
countered during the timed surveys (Estrada et al. 2004). 
For each sampling unit, we have therefore computed the 
ratio (on a logarithmic scale) between the number of spe-
cies reported from the unrestricted survey (N

Unrestricted
) and 

the total number of species reported from the correspond-
ing timed surveys (N

Timed
), as follows:

 This allowed controlling for the inherent disparity in 
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the nature/diversity of the habitats among sampling units 
(Estrada et al. 2004) and informed us on the amount of ef-
fort put by the observers in the unrestricted surveys, as-
suming that their detection skills did not differ between 
unrestricted and timed surveys.

2. Index of neighbourhood similarity (NS). For each sam-
pling unit, the number of species reported from the un-
restricted survey (N

Unrestricted
) was compared to the mean 

number of species reported from the unrestricted surveys 
in the k adjacent sampling units (N

Unrestricted(k)
), as follows:

 where k = 8 except for border sampling units.
 The NS index highlighted the fine-scale artefactual 
variations in the sampling effort, by pointing out the suspi-
ciously poorly surveyed units in a complementary way as 
compared with the RS index.

3. Index of confirmation of breeding (CB). The relative 
proportions (p

j
) of possible (j = 1), probable (j = 2) and 

confirmed (j = 3) breeders were calculated for each sam-
pling unit. Corresponding weighting coefficients (w

j
), ar-

bitrarily set at 1, 2 and 4 respectively, were attributed to 
these breeding evidences, so as to represent the average 
effort needed to collect them. For each sampling unit, the 
weighted sum of the p

j
 proportions was then computed as 

follows:

 The CB index was used to evaluate the attention paid 
and the effort made to collect breeding evidence for all the 
species (Vaisanen 1998).

The effective sampling effort score (S)
The three indices were standardized between 0 and 1 (by 
subtracting the minimum value of the index among the 
whole sampling units and then by dividing this difference 
by the range between the minimum and maximum values 
of the index) to make their relative contributions to the fi-
nal score comparable. For each sampling unit, the stand-
ardized indices were then combined into a single multi-cri-
terial score (S) using their geometric mean. This resulting 
score represented indirectly the effective sampling effort 
for each sampling unit (including time/effort spent collect-
ing data in the field and skills/experience of the observers).

Regional population estimates
For each species, the mean abundance among the sampling 
units was calculated as the weighted mean of the differ-
ent local estimates given by the observers (lower, central 
and upper values in turn), using the sampling effort score 
S as a weighting coefficient. Multiplying these mean lo-
cal estimates by the number of sampling units provided 
the lower, central and upper weighted regional population 
estimates (WPE). For the comparison exercise, the non-
weighted population estimates (NWPE) were also calcu-
lated as the sum of the different local estimates given by 
the observers in the sampling units, irrespective of the esti-
mated sampling effort score S. The difference between the 
lower and upper regional estimates defined the regional es-
timation range for each species.

RESULTS

The individual indices (RS, NS and CB) and the overall 
sampling effort score (S) exhibited a bell-shaped distri-
bution (Fig. 1). A few sampling units were off-centred as 
compared with the tight distribution of the score, which 
means that a small number of sampling units were either 
very well or very poorly surveyed as compared with the 
mean coverage quality. Although the three indices were 
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Table 1. Abundance classes (number of breeding pairs) as count-
ed at the sampling unit level and used by the Breeding Bird Atlas 
of Wallonia 2001-2007.

Class

A

B

C

D

E

F

G

H

I

Boundaries

1 - 5

6 - 10

11 - 20

21 - 40

41 - 80

81 - 160

161 - 320

321 - 640

> 640

Central value

3

8

15

30

60

120

240

480

960

Table 2. Pairwise Spearman correlation tests for each pair of in-
dices (RS, NS and CB).

N

334

334

334

Pair

NS-RS

CB-NS

CB-RS

Spearman rho

0.24

0.29

0.12

p-value

< 0.001

< 0.001

0.024
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significantly correlated, fairly low correlation coefficients 
pointed out poor collinearity among them (Tab. 2 and Fig. 
2) and indicated that the indices stressed different aspects 
of data-covering.
 The lower, central and upper regional estimates were 
significantly higher (paired comparisons using Wilcox-
on signed rank test, W = 257.5 for the central value, N = 
153, p < 0.0001) when rescaling the relative contribution 
of the sampling units proportionally to the sampling effort 
(WPE) than when ignoring the sampling effort (NWPE) 
(Fig. 3). This indicates that, on average, the regional esti-
mation ranges shifted towards slightly higher values when 
considering the uneven sampling effort (mean relative dif-
ference = 5% [SD = 8.3%]).
 On the other hand, the magnitude of the regional esti-
mation range reflects the imprecision in the local estimates 
(due to the use of abundance classes) and is higher than 
15% of the central regional estimate for most of the spe-
cies, irrespective of the procedure (WPE or NWPE). When 
compared with this magnitude, the difference between 
WPE and NWPE can be considered as negligible in most 
cases. Nevertheless, this difference was quite relevant for a 
series of uncommon species, including the Whinchat (Sax-
icola rubetra, mean relative difference 16%) or the Eur-
asian Siskin (Carduelis spinus, mean relative difference 
18%), most of them being of conservation-concern and/or 
quite elusive.

DISCUSSION

This paper suggests a modus operandi to deal with the is-
sue of heterogeneous data coverage in atlases, with a view 
to refining regional population estimates. All sampling 
units were evened out to represent equal sampling effort 
by using a weighting procedure. The method relied on a 
dual data collection and was implemented in the analytical 
framework of the Breeding Bird Atlas of Wallonia 2001-
2007.
 Three indices were computed on the basis of criteria 
reflecting different aspects of the attention paid and effort 
made to collect data in each sampling unit. The first index 
compared the data reported from the unrestricted surveys 
in the sampling units and from the timed surveys in the 
sub-sampling units to quantify the relative reliability of the 
unrestricted surveys. The second index evaluated to what 
extent the species richness reported from the unrestricted 
surveys in the sampling units departed from the species 
richness reported in their neighbouring units, which point-
ed out suspiciously poorly surveyed units. The third index 
was based on the relative proportions of species with pos-
sible, probable and confirmed breeding evidence reported 
from the unrestricted surveys and enabled us to evaluate 
the attention paid to collect the breeding bird data. These 
indices were next combined into a single score (see also 
Vaisanen 1998) defining the effective sampling effort in 
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Figure 1. Frequency distribution of the individual indices (CB, RS and NS) and the overall sampling effort score (S).
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the sampling units. This score was finally used to weight 
the relative contribution of each unit to the regional pop-
ulation estimates, by giving a lesser (respectively great-
er) importance to the units that were poorly (respectively 
well) covered.
 As a general rule, weighted regional population esti-
mates (WPE) were slightly higher than non-weighted re-
gional population estimates (NWPE), therefore indicating 
that, on average, well-covered units reported higher local 
estimates than poorly covered units. In comparison with 
the magnitude of the regional estimation ranges (related 
to the inaccuracy of the local population estimates as a re-
sult of the use of abundance classes), the importance of 
the weighting procedure appeared, however, to be globally 
negligible (Fig. 3), except for some particular species. The 
field collection of more precise information than abun-
dance classes (as adopted in this atlas) would undoubtedly 
contribute to reducing the estimation ranges for many spe-
cies. In addition, the weak differences between WPE and 
NWPE can be explained by the existence of outlying sam-
pling units along the range of score values (Fig. 1). A few 
sampling units exhibited either dramatically low or high 
score values due to their sensitivity to the different criteria 
used to evaluate the sampling effort, whereas most of the 
units were restricted to a narrow range of score values. As 
a result, when using the score values as a weighting coef-
ficient for the generation of regional population estimates, 
most of the sampling units were set on equal terms, result-
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Figure 2. Pairwise scatter plots for each pair of indices (RS, NS 
and CB).
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Figure 3. Scatter plots comparing WPE and NWPE for all the spe-
cies (except for species linked to lakes and ponds, i.e. Anatidae, 
grebes, coots and Laridae). The diagonal line represents the situa-
tion in which WPE is equal to NWPE.
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ing in low differences between WPE and NWPE. Accord-
ingly, further investigation should focus on the calculation 
of indices that would be able to discriminate between poor-
ly- and well-surveyed units in a more gradual way so as to 
better reflect the whole gradient of disparity in the sam-
pling effort.
 The objective of the weighting coefficient proposed 
here is to derive the unevenness in the effective sampling 
effort from the field data provided by the observers. For 
this reason, this sampling effort score could be used in 
a variety of atlas data analyses in addition to population 
size estimations, such as comparison of sampling effort in 
space (e.g. detection of under-surveyed sub-regions) or in 
time (e.g. consideration of differences in local sampling 
effort for between-atlas comparisons).
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