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Abstract Problems induced by heterogeneity in species and individuals detectability are
now well recognized when analysing count data. Yet, most recent techniques developed to
handle this problem are still hardly applicable to many monitoring schemes, and do not
provide abundance estimates at the point count scale. Here, we show how using simple
weather variables can be a useful surrogate to detect variability in species detectability. We
further look for a potential bias or loss in statistical power based on count data while
ignoring weather and time-of-day variables. We first used the French Breeding Bird Survey
to test how each of the counts of the 97 most common breeding species was influenced by
weather and time-of-day variables. We assessed how the estimation of each species
response to fragmentation could be influenced by correcting counts with such variables.
Among 97 species, 75 were affected by at least one of the five weather and time-of-day
variables considered. Despite these strong influences, the relationship between species
abundance and fragmentation was not biased when not controlling counts for weather and
time-of-day variables and further found no improvement in statistical power when
accounting for these variables. Our results show that simple variables can be very powerful
to assess how species detectability is influenced by weather conditions but they are
inconsistent with any specific bias due to heterogeneous detectability. We suggest that raw
count data can be used without any correction in case the sources of variation in detect-
ability could be considered independent to the factor of interest.
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Introduction

Counts of individuals or species are the result of two processes: a biological process (the
true presence or absence of a species or individual), and a methodological filter (the ability
of the observer to detect an individual). If variation in detectability among species and/or
individuals is not accounted for, an unknown part of the variation in presence or abundance
of a given species will result from variation in detectability regardless of its true variation.
Therefore, using just the detected bird counts (per unit effort) as an index of abundance is
sometimes considered to be neither scientifically sound nor reliable (Burnham 1981). To
control the potential bias induced by heterogeneity in detectability, two approaches have
been adopted. On the one hand, several methods have been developed to account for the
whole detection process and to further directly estimate the probabilities of detection. Yet
these methods need either both spatial and temporal replications (Dodd and Dorazio 2004;
Royle 2004; Kéry et al. 2005), or temporal replication and marking of individuals
(Farnsworth et al. 2002; Alldredge et al. 2007). On the other hand, count data may be
corrected with covariables known to be sources of heterogeneity in detectability (Caughley
et al. 1976; Link and Sauer 1998, 2002). This approach may be simpler to apply but
sources of heterogeneity in detectability may remain unchecked and can still bias the
analyses.

Collecting abundance data from incomplete counts may respond to different objectives
which involve different strategies to deal with heterogeneity in detectability. First, it is
important to note that estimating a species total abundance over an area requires an
estimation of detectability even if detectability is constant across sites (Thompson et al.
1998). For these objectives, a direct estimation of detectability seems to perform well
(Kéry et al. 2005; Royle et al. 2007). However, most ecological studies do not need an
absolute measure of abundance, but rather an index, usually named relative abundance, to
infer spatial or temporal variations of species abundance. In these cases, imperfect
detection must be accounted for if detectability covaries with the dimension to be com-
pared. Here we focused on the use of count data to infer on abundance variations across
spatial variations of an ecological factor, which is a common output of large scale mon-
itoring programs (Jiguet et al. 2006; Julliard et al. 2006; Posthuma and De Zwart 2006;
Vaughan et al. 2007). As many ecological factors such as habitat characteristics are
measured very locally, these studies often need a measure of relative abundance on a very
local scale (e.g. for each point count), which unfortunately precludes using any spatial
replication of count data. Thus, in many cases, a direct estimation of detectability is still
not possible. In such cases, accounting for factors that potentially affect species detect-
ability could be a valuable proxy in counts analysis (Link and Sauer 1998). Moreover,
some of these factors are easily recorded by observers. Here, we focused on time-of-day
and weather variables which are more likely directly linked to detection processes rather
than to variations in true abundance (Robbins 1981; Verner 1985). We thus provided a
framework to test how these simple variables can influence the power of classical analyses
based on counts. We specifically addressed two objectives: (i) relating variations in counts
to weather and time-of-day factors, (ii) assessing how accounting for these variables could
correct bias and/or improve statistical power while testing ecological predictions. For this
purpose, we chose to use landscape fragmentation as an ecological factor impacting a wide
range of common species (Fahrig 2003; Devictor et al. 2008). Monitoring data came from
the French Breeding Bird Survey (Jiguet et al. 2007), which is similar to many classical
monitoring programs.
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We predict that time-of-day influences detectability of species in either a positive or a
negative way depending on the type of activity enhancing detectability (e.g. song activity
generally decrease and foraging activities might increase with time after sunrise; Robbins
1981; Lindenmayer et al. 2004). We also predict that weather conditions should affect
detectability if they restrain sighting or hearing of individuals or if they influence bird
activities (Verner 1985).

Material and methods
The French Breeding Bird Survey

A breeding bird survey (BBS) was started in France in 2001 carried out by volunteer
skilled ornithologists and following a standardized protocol with the same sites sampled
for several years. Each observer provided a locality from which, within a 10 km-radius, a
2 x 2 km plot to be sampled was randomly selected (i.e. among 80 possible plots). Such
random selection ensures the survey of representative habitats (including farmlands,
woodlands, suburbs and cities). In each site, observers monitored 10 point-counts separated
by at least 300 m. Data collected by observer on each permanent point-count stations were
the counts and specific identification of all individuals seen and/or heard during a fixed
period of 5 min.

We considered all points surveyed in 2005 for this analysis (n = 7350, i.e. from 735
plots). Birds were counted twice (before and after the 8th of May within April to mid-June)
in each plot, with 4-6 weeks between the two counts and within 1-4 h after sunrise. Only
individuals detected within 100 m of the observer were considered, to avoid bias due to
visual detections strongly depending on landscape structure. Habitats were recorded by
observers on their point counts, using a standardized code (Julliard et al. 2006). Finally, we
retained species for which at least 30 individuals were counted (n = 97 species, see
Appendix) to conduct the analyses.

Observers were also asked for each point count to note the time of the count start (to the
nearest minute) and to describe weather conditions for four variables: cloudiness, rain,
wind and visibility. Each of these variables was scored as 1, 2 or 3 (see Table 1). The
monitoring recommendations stated that counting during rain, strong wind or deep fog
should be avoided, so these extreme meteorological conditions are rarely found in the
dataset (mostly when conditions changed during the sampling).

Landscape fragmentation

An estimate of landscape fragmentation within each surveyed plot was obtained using the
geographical information system package ArcView 3.2 (ESRI 2000) and the Corine land

Table 1 Criteria used by observers to assess weather conditions for each point counts

Values Cloudiness (%) Rain Wind Visibility
0-33 Absent Absent Good

33-66 Drizzle Light Moderate
3 66-100 Showers Medium/strong Poor

Cloudiness is measured in sky covering percentage
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cover database. CORINE is a national geo-referenced land-cover, based on satellite digital
images for the whole country. This land cover layer was created in 2000 to classify, by
means of remote sensing, landscape units larger than 25 ha as belonging to one of 44
habitat classes (Bossard et al. 2000). The resolution concerning polygon limits is
20 meters. In other words, the difference between two polygons of different habitat types
as well as each polygon complex form was precisely represented by CORINE. The edge
density (sum of all contact length between polygons) was thus considered as a good
measure of habitat fragmentation (Lausch and Herzog 2002; Devictor et al. 2008). The
edge density was highly correlated to the number of polygons and to the average polygon
size of the different habitat types enclosed in the landscape (Devictor and Jiguet 2007).

Statistical analyses

We modelled each species counts with two successive statistical models. First, we con-
sidered an “uncontrolled model”, i.e. for each species, counts was only a function of
period (first or second), habitat type (among 18 classes) and habitat fragmentation using a
Generalized Linear Model: Counts vary with Period + Habitat 4+ Fragmentation. Second,
we considered a “controlled model” by adding in the previous model the five supple-
mentary predictors supposedly linked to detectability: Counts varies with Period +
Habitat + Time + Cloudiness + Rain + Wind + Visibility + Fragmentation.

Time recorded by the observer was converted to time after local sunrise (in min, source:
USNO 2007). Time and weather variables were considered as continuous predictors, as we
expected the response of each species to each variable to be monotone. These five variables
were also standardized by a z-transformation to allow comparisons of their magnitudes.
Spearman’s rank correlations between habitat fragmentation, time-of-day and each weather
variable were calculated. We found that habitat fragmentation and time-of-day were
extremely weakly correlated to other variables (Table 2). As expected, rain, wind and
visibility were weakly correlated to each other (Table 2).

We used generalized linear models accounting for “quasipoisson” distribution of errors,
differing from Poisson distribution by allowing overdispersion in the count data for a
species (McCullagh and Nelder 1989), with log as a link function.

Note that we didn’t account for spatial dependence between point counts (spatial
autocorrelation) as statistical models usually run to handle spatial autocorrelation hardly
support Poisson regression with large datasets. Despite violating the spatial independence
assumption, we assumed that it should impact both models equally (with or without
weather variables). Therefore, this problem should not impact the comparison between
both models, which is the main focus of our analysis.

Table 2 Spearman’s rank correlations between variables used in this study

Fragmentation Time-of-day Cloudiness Rain Wind
Time-of-day —0.067
Cloudiness 0.008 —0.005
Rain 0.049 0.006 0.310
Wind 0.023 0.094 0.172 0.119
Visibility 0.041 —0.031 0.319 0.282 0.028
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We analysed the effects of the five variables supposedly linked to detectability in two
steps. First, we performed for each species and for each variable, a #-test of the corre-
sponding slope fitted in the controlled model, compared to zero, to assess which species
respond significantly to each variable. Second, we gathered for each variable, the 97
species response slopes and performed f-tests compared to zero in order to test more
general patterns of response to weather and time-of-day variables. Time-of-day effects
were also tested for the “vocal” activities species subset (n = 73; species most often
detected because of their territorial vocalizations) as time-of-day effects were mostly
expected for vocal activities (Lindenmayer et al. 2004; Woltmann 2005).

We further looked for a possible bias in the fragmentation effect estimation for the
uncontrolled model by correlating fragmentation parameters of the two models in a paired
t-test. Finally, we compared the fragmentation effect estimation’s accuracy in both models.
For this purpose, we calculated, for each species, the statistical power gain as follows:

Gain = (SEI — SEQ)/SE] x 100

where SE; and SE, are the standard errors of the fragmentation parameters of respectively
the uncontrolled and the controlled model. This metric gave us a potential gain (or a loss if
negative) in accuracy of the fragmentation effect estimation, expressed in percentage of the
uncontrolled accuracy.

As the amount of available data was expected to affect model fits, we assessed whether
both eventual bias and gain in accuracy were related to the species commonness, measured
using the log of total number of individuals recorded in the dataset for each species.

Results
Time-of-day and weather effect

Among the 97 species considered, the counts of 38 species were significantly affected by
time-of-day (Table 3). These responses were as often positive as negative and the global
response of the considered species was not significant (Fig. 1a, b). But, “vocal” species
(n = 73) responded globally negatively to time-of-day (Table 3). Rain had globally the
strongest effect on counts, but only 15 species individually responded significantly
(Table 3, Fig. 1c). We also found highly significant negative effects of cloudiness and
wind on counts (Table 3, Fig. 1d). However, visibility seemed to affect few species counts,
without the expected global positive response (Table 3). Altogether, 75 of the 97 species
showed at least one significant response to any of the five variables considered.

Bias and accuracy in fragmentation effect estimation

Fragmentation effect slope was highly correlated between uncontrolled and controlled
models (n = 97, Pearson correlation coefficient: p = 0.997, see Fig. 2). Paired #-test
revealed no significant differences between these two estimations (¢t = 1.31, df = 96,
P = 0.194), and these slight differences were not linked to species commonness (r = 0.73,
df =95, P = 0.47).

Moreover there was no gain in accuracy in the estimation of fragmentation effect
(average gain = —0.7%, t = —1.33, df = 96, P = 0.186), and there was no significant
link between these gains and species commonness (¢t = 0.238, df = 95, P = 0.812).
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Table 3 Effects of Time-of-day and Weather variables on counts

Variable Species responses

- =) (+) ++ Total significant Average slope P

Time-of-day
Total 22 32 27 16 38 —0.001 0.974
Vocal species 19 28 19 7 26 —0.039 0.014
Cloudiness 21 43 24 9 30 —0.070 <0.001
Rain 9 37 45 6 15 —0.340 0.013
Wind 23 44 26 4 27 —0.072 <0.001
Visibility 5 35 46 11 16 0.041 0.50

The —, (=), (+) and ++ columns refer to the number of species that respectively respond significantly
negatively, non-significantly negatively, non-significantly positively and significantly positively to the
corresponding variable. Total significant column refers to the total number of species which respond
significantly to each factor (either positively or negatively). Average slope column refers to the average
response among species to the corresponding variable, and last column refers to the P-value from the r-test
of the Average slope compared to zero

Bold values are significant test with P < 0. 05

Discussion
Weather and time-of-day effects on detection

Among the 97 species we studied, 75 responded at least to one of the five variables
potentially linked to detectability. Time-of-day seemed to be the less influential variable
but the even distribution and large variability of this variable within the dataset showed
many significant responses for individual species and, as expected, a global negative trend
for vocal species (Lindenmayer et al. 2004; Woltmann 2005). Conversely, the four weather
variables showed stronger global effects but affected fewer species, most likely because
there were only three categorical values and very unequal sample sizes, as observers were
told to avoid rainy, windy and misty conditions as much as possible. This resulted in only
6% of the counts made in both rainy and strong wind conditions and only 1% in poor
visibility. Yet, many species still responded significantly to these variables, showing that
standardizing field methods in monitoring programs does not still guarantee a constant
detectability across sites (Verner 1985; Thompson 2002).

These results also showed that very easily recorded variables can provide valuable
information for practical issues. Similar analyses could help to provide strong recom-
mendations to new monitoring schemes, for example by recording time-of-day and weather
conditions to find optimal detection conditions of a targeted species. Such variables could
also be useful for more theoretical purposes. For example, these monitoring data could be
used to test predictions on the time-of-day specialization of song activities (Cody and
Brown 1969; Brumm 2006). In this latter case, we show that one should account for the
variation in counts induced by variation in the time of the records.

Implication for fragmentation effect estimation

We found no bias induced by weather conditions on the fragmentation effect. Indeed, the
fragmentation effect was remarkably robust to time-of-day and weather variables (Fig. 2).
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Fig. 1 Examples for differential detectability under different conditions. (a, b) The relationship between
counts and time after sunrise for (a) Common Nightingale (Luscinia megarhynchos Brehm), a species
detected almost exclusively by its song and for (b) Barn Swallow (Hirundo rustica L.) whose detection is
linked to its prey activity (dipterans). Fit from a non-parametric spline function with 4 df, adjusted to habitat,
count period and weather; dotted lines show 1 SE. (¢) The relationship between counts and rain conditions
for Tree Pipit (Anthus trivialis L.), a species whose detection is linked to territorial display activity which is
strongly inhibited by rain. Note that rain was here considered as a discrete variable, its effect was adjusted to
habitat, count period, time-of-day and weather; bars show £1 SE. (d) The relationship between counts and
cloudiness for Spotted Flycatcher (Muscicapa striata Pallas), a species detected mostly when sallying out
from vegetation hunting flying insects (Cramp and Perrins 1993). Cloudiness was here considered as a
discrete variable, its effect was adjusted to habitat, count period, time-of-day and weather; bars show =1 SE

Thus, this result suggests that when heterogeneity in detectability is not correlated to the
process of interest, there should be no bias in ecological correlations using raw counts.
However, Gu and Swihart (2004) found strong bias in habitat relationships with simulated
occurrence data, even when detectability was independent of habitats. We emphasize that
this pattern could be induced when considering occurrence data. Indeed, sites with very
few individuals should exhibit critically low detection probabilities which may stronger
impact occurrence than abundance potential bias. Thus, we argue that although counts may
include more sources of unchecked variations, using counts should be more robust than
presence-absence data to detectability heterogeneity.
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Moreover, we also found no gain in accuracy when accounting for time-of-day and
weather covariates. Thus in this example, there was no need to account for weather and
time-of-day covariates to answer our ecological question.

To conclude, we showed that raw counts can be influenced by weather and time-of-
day conditions even if the monitoring design intends to standardize field methods. Yet,
we also showed that these variations in detectability did not induce any bias nor any
lack of statistical power while estimating species response to habitat fragmentation.
We suggest that this example is representative of many ecological analyses performed
on large raw counts dataset. Obviously, sources of variation in detectability may be
more diverse than weather and time-of-day alone (Bart and Schoultz 1984; Schieck
1997; Norvell et al. 2003) and can give wrong ecological messages if not carefully
addressed (Moilanen 2002; Mazerolle et al. 2005). We thus strongly recommend to at
least list potential bias induced by heterogeneity in detectability. Then, we suggest
that counts from classic monitoring scheme may still be used without any correction
when relating species abundance to ecological factor, whenever variations in detect-
ability can be safely considered as independent of the ecological factor of interest.

Acknowledgements The success of such long-term, large-scale surveys relies entirely on the continuous
participation of voluntary observers to whom this study is dedicated. The national coordination of the BBS is
financially supported by the National Museum of Natural History, the CNRS and the French Ministry of
Ecology. We are grateful to two anonymous referees, for providing useful comments on a first manuscript.
We also thank Karen Lemaire and Didier Bas for correcting the English.

@ Springer



Biodivers Conserv

CIro + 811o— 9¢I'0 F+ 91T0— 901°0 F 91T°0 6C1°0 F 991°0— Y0I°0 F 6¥C°0 0 DpauouL snatoy
L0T'0 F 6000— ¥I'0 F ¥L0°0 981'0 F SIT°0 o F wv'0— I¥1°0 F+ L0T0 0 sn3apSnLf snaio)
9€0°0 F S00°0— 9¢0°0 F+ 100— 9€0°0 F 1200 6£0°0 F S00°0— 9¢0°0 F 1200 0 U010 $Na10)
2200 F 900°0— 00 F vLO0— 1200 F €100 €200 F 8000 1200 F+ LOoT°0— I snquingpd vquinjo)
€10 F ¥500— [ST0 F 80€°0— Y0 F ST0— 8I1CT°0 F 8L1'0— 681°0 F ¢80'0— I SDUI0 DGUINIO))
CIro + v60°0— ¥60°0 F 990°0 SLOO F LITO o F 69¢0— 980°0 F 80C0— I biai] bqunjoy
LO0 F LLOO— YIT'0 F 8LT0— CITo F ¢s1o— L800 F €810 €60°0 F 20T0— 0 $2JSNDAYI0I900 §JSNDAYI0II07)
900 F 10C°0— 2900 F S0°0— 101°0 F 881'0— SLO0 F 8200— ¥90°0 F 8€0'0— I sipunon{ vjosusiD
190°0 F S0T°0— 9L0°0 F €00°0— €L0°0 F ¥€0°0 §80°0 F €000— 980°0 F LSS0— I 1122 I
860°0 F 8L1'0— Y0I°0 F 99¢°0 IST°0 F 9IT°0— Yel'0 F ¥6C°0— [0 F+ L1I'0— I SUDIIUD] DIY1I2)
6200 F €200— €00 F €01'0— 200 F €100— 00 F 0 1€0°0 F ¢60°0— I DIGOP&YOVAq DY)
L200 F L2O0 9200 F S100— §20°0 F €00°0— L20°0 F 900°0— 9200 F 960°0— I SHOYS S1onpAv)
§€0'0 F LI00— €00 F 8100— §€0'0 F 200°0— LEO0 F L100— €00 F+ 200 I SHoNpADI S1aNpAnYy
S0°0 F 100°0— Sv0°0 F 2600 8¥0°0 F 00 7600 F ¢€0°0— Lv0'0 F LTT°0 I DuIquuUDS S12NPADY
¥L0'0 F ¥90°0 990°0 F ¥60°0— 9600 F S1°0— 890°0 F 650°0— 6500 F 8S1°0 0 o02nq oamg
1o + vwl'o— L9100 F LvO— SIT°0 F L9T°0 9v1'0 F 620°0— 6C1°0 F €800 I SHUUIP20 Snutying
8€1'0 F 880°0— 8600 F 6800 €600 F LTO wro F 1650— ¥60°0 F 881°0 0 sndp sndy
9€0°0 F ¢€0'0— 00 F 8L0°0— SO0 F 9¢1'0— 00 F+ S00°0 LEO0 F 100 I sipraLy snyjuy
¥80°0 F ¢20'0— §90°0 F 98¢0 7600 F 190°0— 6800 F L61°0— 80°0 F LvT0— I sisuapad snypuy
°6C F €69°C €80°0 F SLO0O— YIE€ F LLY'S— Y110 F 99¢°0— €80°0 F 8S1°0— I sLusadund snypuy
[L0°0 F L90'0— L60°0 F T9¢°0— LOO F 10 ¥80°0 F 120°0— 80°0 F €S0°0— I fii s101221y
6100 F 00— 8100 + S10°0 €200 F 8€0'0— 200 F 8100 810°0 F €60°0 I Sisusadv vpnvyy
2900 F v0°0— §90°0 F 100 9L0°0 F 601'0— 890°0 F 6S0°0 2900 F 811°0 0 SHIDpND) SO[YNSaY
ANIqQISTA purpm urey SSouIpno[) Kep-jo-ouir ], [B9OA QWeU JYNUAOS

sisATeue oy ur pasn saroads /6 o) JO ISTT

xipuaddy

pringer

Ns



Biodivers Conserv

%00 F L100— LEO0 F S10°0— 900 F +00°0 €70°0 F L00°0— 6£0°0 F 820°0— I DAPUDIDD DDA
SLEO F LIT°O L8T'0 F €19°0— 629 F €LY'S— TLTO F ¥SH0— SI'0 F 2811 0 121501dp sdosapy
120°0 F 6£0°0— €200 F 8L0°0— €200 F 1100 ¥20°0 F ¥90°0— €200 F €61°0— I SoYouyv3our pILOSHY
9500 F 850°0 €50°0 F 6S1°0— ¥S0°0 F TH00 SS0°0 F I1€10— 870°0 F £90°0 I D2.40q4D D]
#80°0 F 911°0— Y010 F 10°0— 101°0 F 6£0°0— 901°0 F £€90°0 LOT°0 F €210~ I 140U D]]21SN0]
STI'0 F 6110 9L0°0 F 9€1°0— S01°0 F 900°0— £60°0 F 801°0— 890°0 F L1°0 0 oLn|jod snuv’y
#I1°0 F €60°0— 8€T1°0 F STI0— LT1°0 F 2900 6¥1°0 F LOE0— ¥21°0 F 2S00 I vjjinb.oy xukp
1S0°0 F 9L0°0 8700 F ¥91°0— 00 F €00 8%0°0 F 8E€T°0 €00 F I¥€0 0 DIUSNL OPUNLE]
170°0 F €90°0— LEO'O F 190°0— LY0'0 F €20°0— €700 F LIT0— 9€0°0 F 8TI'0— I vojs&jod sijoddiy
170'0 F 80°0 8€0°0 F S00— LEO0 F 61070 6£0°0 F 680°0— SE0°0 F 1+0°0 0 SNUDPUD]S SNINLIDD
7600 F €61°0— SI'0 F 9LS0— 6'S9C F SLES— €E1°0 F 6570~ €01°0 F LIT0— I DIDISLL) DPLIIDD
110°0 F 1200 100 F 100 100 F ST10°0 1100 F 200 100 F #v0°0 I §q2]202 DISULL]
SLO0 F 9600 90°0 F 890°0 990°0 F LI00 890°0 F 9v0°0 7900 F 911°0 0 snpnounuul 09],4
S10°0 F T00°0— 910°0 F S00°0 S10°0 F 100— 9100 F 9£0°0 ST10°0 F 80°0— I DINOIqIL SHIDYILF
€170 F 180°0— Y910 F €120 €79 F L09'S— 82T0 F 61°0— 891°0 F ¥£T0 I DUDNLIOY DZIIGUIT
820°0 F 810°0 9200 F L00°0 1€0°0 F 8200— 620°0 F €100— LTO0 F LY00— I D]joULLD D2LI2qQUIT
¥0°0 F €000 6£0°0 F 1L0°0— ¥0°0 F 9%0°0 €700 F LIT0— 6£0°0 F 990°0— I SNLA1D D2QUIR

SET'0 F I1T°0— Y910 F SH0'0— 920 F 81€°0— LST0 F €8T0 €91°0 F 1620~ I D12 D2LI2qUIT
w10 F TI10 I€T°0 F 610°0— €210 F TI0°0 €210 F €€1°0 1210 F €90°0— I st sododofiq
LTT'0 F 000 I¥1°0 F 81T0— TET0 F S100— €10 F ¥100— 8I1°0 F €L0°0 I Aot sodod0ipua(q
1600 F 1€0— S01°0 F 68C0— 8T°0 F 66£0— 180°0 F LET'0— €L0'0 F ST0 I snipaut sododoipua(q
S€0°0 F 9€0°0 LEO0 F 69T°0— 6£0°0 F 850°0— $€0°0 F LS00 T€0°0 F 8€0°0— I 4olput sodosoapua(q
991°0 F +01°0— LST'0 F LOTO— €0¥°0 F STH0— 6L1°0 F 8€€°0— TET0 F €L0°0— 0 wnorqn uoydNaq
6200 F €ST°0— 6€0°0 F 1€1°0— S€0°0 F ST0°0 8€0°0 F ¥L00— S€0°0 F 600~ I SLOUDD SNNIIMNY
121°0 F 970~ €90°0 F L00'0— #60°0 F 9€0°0— SLO0 F 1€0°0 1L0°0 F 8LT0— I XHLINIOD XNUINOD)
ANIqIsip PUIp urey SsauIpno[) Kep-jo-owir ], [BOOA Qureu oYnualog

ponunuod  xipuaddy

pringer

AR



Biodivers Conserv

L200 F L200— L200 F 9L0°0 9200 F €200 €00 F 8¥0°0— 8200 F 8S0°0— ! SUppnpowt vjjaundd
8¢0°0 F S100— w00 F 101°0— 9¢0'0 F 1¥0°0 <00 F 100°0— 6€0°0 F+ ¢00°0— I Sipuia snoid
LEO00 F €000 £€0°0 F 9v0°0— 6£0°0 F ¥90°0— ¢e0'0 F S00°0— €00 F S¥0°'0— 0 void va1d
¥70°0 F SLO0— $50°0 F €90°0— 6500 F 6v1'0— SO0 F £¥C0 LY0'0 F €CT0 ! snpuyo0.43 sndossodyd
8I1°0 F 2600 10 F 8V€0— 8600 F 8110 601°0 F SLI'0 8010 F v10°0— I xLuppiqis sndoasolifyd
S10°0 F €10°0— 910°0 F LOO0 9100 F €50°0— 9100 F 1€0°0 S10°0 F 900°0— [ 11947102 sndodsolifyd
1900 + 8100 9900 F 6¥C0— 9900 F ¥£0°0 ¥90°0 F ¥SC°0— S0'0 F 160°0 ! 1jjouo0q sndossoj)Syq
€90°0 F 100°0— €900 F 290°0— SLO0 F S800— 9900 F €1'0— LSOO F L2O0 I snanooayd sninduaoyd
8¢€0°0 F 8110 €¢0°'0 F 911°0— 6200 F LV0'0 £€0°0 F v00°0— 1€0°0 F 90°0— I §ONLYO0 SNINOMIOYJ
960°0 F 600°0— 90'0 F $80°0— 6500 F 200 1900 F €S0°0— 1900 F 98¢°0— ! SNoIY2105 SNUDISLY
190°0 F €00°0 LSOO F L8O0— 6900 F €100 2900 F vL0°0 8600 F 100 0 xipad xipiog
€600 F S91°0— CIT0 F LO0T0— 10 F L90°0 SCI'0 F €ve0— Y010 F 9¥C0— 0 snupjuout 135S0d
6200 F 8200 1200 F 8200 200 F 2L00 200 F ¢60°0— 120°0 F 1000 0 SNOYSAUOP 125D
2900 F 1000 800 F vLT0— €900 F 6100 9900 F ¢C1'0 2900 F 601°0 I stysnpod snivg
9600 F I¥1°0 0 F 8200— §60°0 F LIT°0 8CI'0 F L90°0 PIT°0 F S¥0°0— 1 snupjuowt snivd
9100 F 1¥0°0 9100 F S60°0— ¥10°0 F 8200 9100 F LTO0 S10°0 F ST0'0— 1 Aofvw snipd
1L0°0 F 80°0— 6L0°0 F SO'0— 1°0 F 60— LLOO F ¥0'0— 1900 F €¥C°0 0 SMDISLO SNIDd
200 F 8200 200 F LEO0— 200 F S100— 200 F 810°0— 6100 F €00 1 SNINIPDI SNIDd

LY0'0 F 1€0°0 LY0'0 F 60°0 L¥0'0 F SO0 150°0 F 280°0— 1¥0°0 F SLT°0 1 4210 Snivd
€900 F 1’0 6¥0°0 F €11°0— ¥60°0 F S00°0 1S0°0 F+ IS00— S¥0°0 F L100— I §njoLLo SnjoLQ
¥90°0 F 91C°0— 600 F €L0°0— ¥80°0 F $90°0 8600 F 9¥0°0— G800 F ¢61°0 0 AYIUDU20 FYIUDUI(O)
661°0 F L90°0 921’0 F T80°0— 11¥°66C F CCTS— L9T°0 F L9Y'0— $01°0 F 98C°0 0 pivLs DAPIIOSIN
650°0 F SS0°0 9%0°0 + 8000 8900 F SLO0O— ¥S0°0 F+ €00 SO0 F 1€00— ! pavlf vyjvIoN
1¥0°0 + 100°0— 6¢£0°0 F 9100 9¢0'0 F L¥00 €00 F 290°0 ¥0°0 + T10°0— ! pqv vjIovIoON
LLTO F 8ST'0 8CI'0 F 9100 LITO F ¢r1'0 €S1°0 F 1v1°0— 6€1'0 F+ LOTO0— 0 Sup4Saut Snajipy
ANIQISTA PUIM urey SSQUIPNO[) Kep-jo-owi, [BOOA QWRU OYNUANDS

ponunuod  xipuaddy

pringer

Ns



Biodivers Conserv

[opoul PI[[ONUOD JY) UI SI[QRLIEA PIULIOJSUBI-Z KeP-JO-JWI) PUB I3YJeam Ay Y} 03 (FSF) sodofs asuodsar saroads
MOUS SUWN[OD 9AY ISB AL, 'SUONLZI[ESOA [ELIOILIId) 0] oNp ATUTEW 9IE SUOTIOAP S0UYM "9'T () 10U IO (]) [BIOA,, SB PIIOPISUOD U3 dARY SAIAdS YOTYM SMOYS UTUNJOD [BIOA

L61°0 F 2200~ T0 F 12€0— ¥91°0 F ¥€C0 9€7°0 F 10£°0— 191°0 F 96£°0 0 SNjjoUDA SN]JIUDA
9v0°0 F 8LT0— 900 F 620°0 $90°0 F 1200 ¥L0°0 F TSTO— 890°0 F LETO— I sdoda pdndp)
W00 F I€1°0— 1S0°0 F 620°0 500 F $80°0 9500 F €10~ S0°0 F €200~ I SLOALISIA SHPUN]
L60°0 F ¢ST0— TCI0 F ¥€0 ¥01°0 F TLOO TS1°0 F ¥€0°0— LET'O F €10°0— I suvpd snpan],
120°0 F 9€0°0— ¥20°0 F 620°0— €20°0 F 9v0°0— €200 F L60°0 €200 F I¥1°0— I sojawopyd snpan,
1100 F £€00°0— 1100 F ¥#v0°0— 100 F 6200 1100 F S€0°0 1100 F 290°0— I DINLUL SNPN]
#10°0 F €100 ¥10°0 F $T0°0 $10°0 F €20°0— 100 F €900 ¥10°0 F 8E1°0— I $218poj5o.y sa14pojso. [
€S1°0 F 1920 9110 F LIT'0— €8¢ F 896G~ TIT0 F 881°0 L60°0 F 6v0°0 I vpun i
650°0 F 9€1°0— 6L0°0 F 1€C0— TLO0 F €€0°0— TLO0 F €£0°0— L90°0 F 901°0— I vipydodouvjaut vIajEg
961°0 F SIT0 SE1'0 F 660°0— [11°0 F 850 991°0 F T80~ 821°0 F 620°0 I DINLIND DIAJAS
820°0 F TLO0O— LTO0 F 6£0°0 S€0°0 F 690°0— 1€0°0 F ¥00°0— 820°0 F ¥00°0 I Stunuuiod viajig
8ST1°0 F 9€T°0 YIT'0 F SET0— 80°0 F 9S+°0 8S1°0 F 16L°0— €600 F 1210~ I SupjjuUD) PIAJES
TS0'0 F 810°0— 9%0°0 F €£0°0 L90°0 F SLT'0— 600 F STI'0 S¥0'0 F 900 I uLi0q v1ajeg
110°0 F 9100 1100 F LEO0O— 1100 F 8000— 110°0 F 6000 1100 F 610°0— I ]p1dvoLIY DIALS
€700 F SLO'0O— SO0 F €00— $0°0 F 6£0°0 80°0 F LIT'0 S¥0°0 F S20°0 I SUDSINA SNUINIG
S€0°0 F $90°0— €€0°0 F ¢LO0— 00 F S80°0— S€0°0 F S10°0 €00 F v10°0— I angany vijadoidoug
$20°0 F 100°0— 9200 F 760°0— T°0'0 F TH0'0 9200 F 620°0 ST0°0 F #90°0— I 0120022p vijadoidag
1$0°0 F 2S00 00 F 1410~ 8500 F $60°0— 8€0°0 F ¥€0°0— ¥€0°0 F 850°0 I vapdo.na vig
LEO0 F 910°0— LEOO F €S0°0— 8€0°0 F ¥20°0— 8€0°0 F 910°0— 9€0°0 F 60°0— I SHULIDS SNULIDS
1¥0°0 F 8200 6£0°0 F 2600~ 6£0°0 F 650°0 00 F 600°0— 6£0°0 F ¥20°0 I snpnb.oy vjodNxXDg
TE10 F TLOO 1'0 F TI10 6£1°0 F TH0'0— 6C1°0 F 8€T0— €I1°0 F SLTO— I D412qNL D]OIIXDS
900 F $S0°0 9900 F LST'0— LS00 F 1900 7900 F 140°0— ¥S0°0 F 8200 I sninga snn3ay

LY00 F 9S0°0— 900 F Ly10— 900 F 8L00 9500 F 820°0— 1S0°0 F €100~ I snjjdoous) snnsay
780°0 F €000 7800 F 100 80°0 F 200 L80°0 F 2100 LLO0 F 8600 0 vpyild vyl
ANIqIsip PUIp urey SsauIpno[) Kep-jo-owir ], [BOOA Qureu oYnualog

ponunuod  xipuaddy

pringer

AR



Biodivers Conserv

References

Alldredge MW, Pollock KH, Simons TR et al (2007) Time-of-detection method for estimating abundance from
point-count surveys. Auk 124:653-664. doi: 10.1642/0004-8038(2007)124[653: TMFEAF]2.0.CO;2

Bart J, Schoultz JD (1984) Reliability of singing bird surveys—changes in observer efficiency with avian
density. Auk 101:307-318

Bossard M, Feranec J, Otahel J (2000) CORINE land cover technical guide—Addendum 2000. Technical
Report 40. http://reports.eea.europa.eu/tech40add/en. Cited 29 May 2000

Brumm H (2006) Signalling through acoustic windows: nightingales avoid interspecific competition by
short-term adjustment of song timing. J Comp Physiol A Sens Neural Behav Physiol 192:1279-1285

Burnham KP (1981) Summarizing remarks: environmental influences. In: Ralph CJ, Scott JM (eds) Esti-
mating numbers of terrestrial birds. Stud Avian Biol 6:324-325

Caughley G, Sinclair R, Scottkemmis D (1976) Experiments in Aerial Survey. J] Wildl Manag 40:290-308.
doi:10.2307/3800428

Cody ML, Brown JH (1969) Song asynchrony in neighboring bird species. Nature 222:779-780. doi:
10.1038/222778b0

Cramp S, Perrins CM (1993) Handbook of the birds of Europe, the Middle East and North Africa: the birds
of the Western Palearctic, vol 7. Oxford University Press, Oxford

Devictor V, Jiguet F (2007). Community richness and stability in agricultural landscapes: the importance of
surrounding habitats. Agr Ecosyst Environ 120:179-184

Devictor V, Julliard R, Jiguet F (2008) Distribution of specialist and generalist species along spatial gradients of
habitat disturbance and fragmentation. Oikos (in press). doi 10.1111/.2008.0030-1299.16215.x

Dodd CK, Dorazio RM (2004) Using counts to simultaneously estimate abundance and detection proba-
bilities in a salamander community. Herpetologica 60:468—478. doi:10.1655/03-60

ESRI (2000) Arcview 3.2. Redlands, California

Fahrig L (2003) Effects of habitat fragmentation on biodiversity. Annu Rev Ecol Evol Syst 34:487-515. doi:
10.1146/annurev.ecolsys.34.011802.132419

Farnsworth GL, Pollock KH, Nichols JD et al (2002) A removal model for estimating detection probabilities from
point-count surveys. Auk 119:414-425. doi:10.1642/0004-8038(2002)119[0414: ARMFED]2.0.CO;2

Gu WD, Swihart RK (2004) Absent or undetected? Effects of non-detection of species occurrence on
wildlife-habitat models. Biol Conserv 116:195-203. doi:10.1016/S0006-3207(03)00190-3

Jiguet F, Julliard R, Thomas CD et al (2006) Thermal range predicts bird population resilience to extreme
high temperatures. Ecol Lett 9:1321-1330. doi:10.1111/j.1461-0248.2006.00986.x

Jiguet F, Gadot AS, Julliard R et al (2007) Climate envelope, life history traits and the resilience of birds
facing global change. Global Change Biology 13:1672-1684. doi:10.1111/j.1365-2486.2007.01386.x

Julliard R, Clavel J, Devictor V et al (2006) Spatial segregation of specialists and generalists in bird
communities. Ecol Lett 9:1237-1244. doi:10.1111/j.1461-0248.2006.00977.x

Kéry M, Royle JA, Schmid H (2005) Modeling avian abundance from replicated counts using binomial
mixture models. Ecol Appl 15:1450-1461. doi:10.1890/04-1120

Lausch A, Herzog F (2002) Applicability of landscape metrics for the monitoring of landscape change: issues of
scale, resolution and interpretability. Ecological Indicators 2:3—15. doi:10.1016/S1470-160X(02)00053-5

Lindenmayer DB, Cunningham RB, Lindenmayer BD (2004) Sound recording of bird vocalisations in
forests. II. Longitudinal profiles in vocal activity. Wildl Res 31:209-217. doi:10.1071/WR02063

Link WA, Sauer JR (1998) Estimating population change from count data: Application to the North American
Breeding Bird Survey. Ecol Appl 8:258-268. doi:10.1890/1051-0761(1998)008[0258:EPCFCD]2.0.CO;2

Link WA, Sauer JR (2002) A hierarchical analysis of population change with application to Cerulean
Warblers. Ecology 83:2832-2840

Mazerolle MJ, Desrochers A, Rochefort L (2005) Landscape characteristics influence pond occupancy by
frogs after accounting for detectability. Ecol Appl 15:824-834. doi:10.1890/04-0502

McCullagh P, Nelder JA (1989) Generalized Linear Models. Chapman and Hall, London

Moilanen A (2002) Implications of empirical data quality to metapopulation model parameter estimation
and application. Oikos 96:516-530. doi:10.1034/j.1600-0706.2002.960313.x

Norvell RE, Howe FP, Parrish JR (2003) A seven-year comparison of relative-abundance and distance-
sampling methods. Auk 120:1013-1028. doi:10.1642/0004-8038(2003)120[1013:ASCORA]2.0.CO;2

Posthuma L, De Zwart D (2006) Predicted effects of toxicant mixtures are confirmed by changes in fish
species assemblages in Ohio, USA, Rivers. Environ Toxicol Chem 25:1094-1105. doi:10.1897/
05-305R.1

Robbins C (1981) Effect of time of day on bird activity. In: Ralph CJ, Scott JM (eds) Estimating numbers of
terrestrial birds. Stud Avian Biol 6:301-310

@ Springer


http://dx.doi.org/10.1642/0004-8038(2007)124[653:TMFEAF]2.0.CO;2
http://reports.eea.europa.eu/tech40add/en
http://dx.doi.org/10.2307/3800428
http://dx.doi.org/10.1038/222778b0
http://dx.doi.org/10.1111/j.2008.0030-1299.16215.x
http://dx.doi.org/10.1655/03-60
http://dx.doi.org/10.1146/annurev.ecolsys.34.011802.132419
http://dx.doi.org/10.1642/0004-8038(2002)119[0414:ARMFED]2.0.CO;2
http://dx.doi.org/10.1016/S0006-3207(03)00190-3
http://dx.doi.org/10.1111/j.1461-0248.2006.00986.x
http://dx.doi.org/10.1111/j.1365-2486.2007.01386.x
http://dx.doi.org/10.1111/j.1461-0248.2006.00977.x
http://dx.doi.org/10.1890/04-1120
http://dx.doi.org/10.1016/S1470-160X(02)00053-5
http://dx.doi.org/10.1071/WR02063
http://dx.doi.org/10.1890/1051-0761(1998)008[0258:EPCFCD]2.0.CO;2
http://dx.doi.org/10.1890/04-0502
http://dx.doi.org/10.1034/j.1600-0706.2002.960313.x
http://dx.doi.org/10.1642/0004-8038(2003)120[1013:ASCORA]2.0.CO;2
http://dx.doi.org/10.1897/05-305R.1
http://dx.doi.org/10.1897/05-305R.1

Biodivers Conserv

Royle JA (2004) N-mixture models for estimating population size from spatially replicated counts. Bio-
metrics 60:108-115. doi:10.1111/j.0006-341X.2004.00142.x

Royle JA, Kery M, Gautier R et al (2007) Hierarchical spatial models of abundance and occurrence from
imperfect survey data. Ecol Monogr 77:465-481. doi:10.1890/06-0912.1

Schieck J (1997) Biased detection of bird vocalizations affects comparisons of bird abundance among
forested habitats. Condor 99:179-190. doi:10.2307/1370236

Thompson WL (2002) Towards reliable bird surveys: accounting for individuals present but not detected.
Auk 119:18-25. doi:10.1642/0004-8038(2002)119[0018: TRBSAF]2.0.CO;2

Thompson W, White G, Gowan C (1998) Monitoring vertebrate populations. Academic Press, San Diego

USNO (2007) Complete sun and moon data for one day. http://aa.usno.navy.mil/data/docs/RS_OneDay.php.
Cited 12 Sep 2007

Vaughan IP, Noble DG, Ormerod SJ (2007) Combining surveys of river habitats and river birds to appraise
riverine hydromorphology. Freshw Biol 52:2270-2284. doi:10.1111/j.1365-2427.2007.01837.x

Verner J (1985) Assessment of counting techniques. In: Johnston R (ed) Current ornithology. Plenum,
New York

Woltmann S (2005) Patterns of daily temporal variation in detectability of forest birds in Bolivia. Ornitol

Neotrop 16(3):337-346

@ Springer


http://dx.doi.org/10.1111/j.0006-341X.2004.00142.x
http://dx.doi.org/10.1890/06-0912.1
http://dx.doi.org/10.2307/1370236
http://dx.doi.org/10.1642/0004-8038(2002)119[0018:TRBSAF]2.0.CO;2
http://aa.usno.navy.mil/data/docs/RS_OneDay.php
http://dx.doi.org/10.1111/j.1365-2427.2007.01837.x

	Accounting for weather and time-of-day parameters when analysing count data from monitoring programs
	Abstract
	Introduction
	Material and methods
	The French Breeding Bird Survey
	Landscape fragmentation
	Statistical analyses

	Results
	Time-of-day and weather effect
	Bias and accuracy in fragmentation effect estimation

	Discussion
	Weather and time-of-day effects on detection
	Implication for fragmentation effect estimation

	Acknowledgements
	Appendix
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


