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Do hunters tell the truth? Evaluation of hunters’ spring pair density

estimates of the grey partridge Perdix perdix

Jörg E. Tillmann, Martin Beyerbach & Egbert Strauss

Hunters’ estimates of pair densities of the grey partridge Perdix perdix as derived from an annual questionnaire survey
(’Game Survey Lower Saxony’, WTE) were evaluated by comparison with detailed ground-truthing censuses in 123

randomly chosen hunting districts representing 63,847 ha potential grey partridge habitat. Estimates and evaluation-
census-densities were highly significantly correlated. Themedian of the hunters’ estimate errors, disregarding the direction
of the relative discrepancy, was 24.2%. Hunters underestimated the density per 100 ha potential habitat by 0.16 breeding

pairs on average. The discrepancy increased with higher grey partridge densities and increasing size of the hunting district.
The satisfactory agreement between the estimates of the hunters, in most cases local farmers, and the evaluation survey is
explained by their comprehensive year-round presence through their hunting, farming but also their leisure activities and

their special interest in this charismatic bird combined with its site fidelity. We recommend the consultation of WTE data
as a valuable source of basic information on distribution and abundance of grey partridges to identify spatial conservation
priorities, to justify conservation initiatives and to adapt management practices.
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Until the late 1970s, the grey partridgePerdix perdix

was one of the most numerous birds in agricultural

landscapes in Germany and of extraordinary signif-

icance as a game bird. The winter of 1978/79 resulted

in a nationwide collapse of the grey partridge

population due to a prolonged snow cover in

combination with exceptionally unfavourable

weather conditions during the reproduction seasons

from 1979 to 1981, and unlike previous population

declines, the population has never recovered from

this collaps for various reasons (e.g. Tucker &Heath

1994, Potts 1997, Hagemeijer & Blair 1997, Putaala

& Hissa 1998, Bro et al. 2000, Tillmann 2006, 2009,

Joannon et al. 2008). This population history is

representative of a dramatic decline in grey partridge

numbers throughout its European range (compare

Potts & Aebischer 1995, Hagemeijer & Blair 1997,

Bro et al. 2001, Aebischer & Ewald 2004, De Leo et

al. 2004, Panek 2005). Average spring densities in its

currently populated habitats in Germany are esti-

mated to be ca 1 pair/100 ha (Tillmann et al. 2007).

The decline in hunting bags, which are considered to

reflect coarse population trends in grey partridges,

further illustrates the population collapse: in the

German state of Lower Saxony, for example, annual

grey partridge bags dropped from an average of

188,922 during 1936-1939 to only 797 in 2010. The

’unfavourable conservation status’ of the grey par-

tridgeacross the continent gave rise to thequestion, if

legal huntingof the greypartridgewas still justifiable.
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According to theRedLists of breedingbirds, the grey

partridge is of conservation concern in every federal

German state, being categorised between 1 (critically

endangered) and 3 (vulnerable). On the European

level it is categorised as vulnerable (BirdLife Inter-

national 2004). In Lower Saxony until 2006, the grey

partridge was listed as critically endangered on the

Red List (Südbeck & Wendt 2002). In the latest

edition of the Red List of threatened birds in Lower

Saxony (Krüger & Oltmanns 2007), the grey par-

tridge is only listedas endangered.This is not due toa

population recovery, but rather to a much more

comprehensive survey of its status compared to the

data basis of the list from2002 (Tillmann et al. 2007).

On the other hand, the grey partridge still has an

open hunting season in nine out of the 16 federal

states in Germany. As a consequence, a conflict has

evolved between the conservation status of the grey

partridge and the fact that it is still being hunted.

It is commonly accepted that decisions concerning

the management of wildlife have to be based on

discreet information on the population status and

dynamics as well as the distribution of the respective

wildlife species. Consequently, hunting associations

have been increasingly concerned with gathering

data on wildlife populations to evaluate the sustain-

ability of hunting, to document spatio-temporal

changes in wildlife populations and changes in

wildlife utilisation.

With the aim of monitoring wildlife populations,

assessing hunting modalities and providing a data-

base for decisions in the context of the hunting law

and guidelines, the Hunting Association of Lower

Saxony (Landesjägerschaft Niedersachsen, LJN)

introduced the monitoring programme ’Game Sur-

vey Lower Saxony’ (’Wildtiererfassung in Nieder-

sachsen’, WTE) in 1991. State-wide, every year,

owners or tenants of each hunting district are asked

to complete a questionnaire about their estimate of

the numbers of grey partridge pairs in spring among

other questions about further wildlife species in their

hunting district. However, these data provided by

hunters are subject tomuch criticism. The objections

include the validity of the data gathered by hunters,

as little is known about how hunters arrive at their

estimates, and as to whether their data might be

adjusted to assuage political pressures. In our study,

hunters’ estimates on grey partridge densities are for

thefirst time evaluatedusing the exampleof theWTE

in Lower Saxony. Data accuracy was assessed by

ground truthing, and the data quality is discussed in

light of the background of the social environment of

the responsible hunters.

Methods

Selection of study areas

In Lower Saxony, on average 89.3% out of 8,067

private hunting districts participate in theWTE each

year. In order to evaluate the WTE-data concerning

the estimates on grey partridge spring densities, a

total of 137 hunting districts in Lower Saxony were

randomly chosen. More than 90% of the initially

contacted tenants or owners of hunting districts

agreed to participate in the grey partridge count (N¼
123). The tenants or owners of the hunting districts

were not enlightened that these counts were con-

ducted in order to evaluate their estimates as given in

the context of theWTE. The hunting districts had to

fulfil the following criteria: the tenants or owners of

the hunting district had to have been participating in

theWTEon a regular basis, and the hunting districts

had to be at least 200 ha in size. To explicitly select

hunting districts with minimum 100 ha of potential

greypartridgehabitat, onlydistrictswithamaximum

forest cover of 50% were accepted. The evaluation

took place during the springs of 2002-2006 including

15-36 hunting districts/year.

Evaluation census

The countswereorganised and coordinatedbyafield

researcher from the Institute of Wildlife Research

and a field ornithologist from the Ornithological

Station of Lower Saxony (Staatliche Vogelschutz-

warte Niedersachsen) to guarantee that the stan-

dardised method was adhered to and that consisten-

cy was maximised. On average, nine people (the two

scientific supervisors as mentioned above plus local

ornithologists and hunters) participated in the eval-

uation censuses. Hunting districts had a mean area

extentof 652.5ha, and their sharesofopen landcover

types suitable as grey partridge habitat ranged from

108 to 1,537 ha (arithmetic mean ¼ 515.2, SE ¼
26.95).

To evaluate the hunters’ estimates, area-wide

spring-call counts were conducted to exactly the

same extent as the hunting district but focussing only

on the potential grey partridge habitat. The method

used here is a combination of the standardised but

relatively time- and labour-intensive method intro-
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duced by Pegel (1987) with the ’point-stop-count’, as
described by Bibby et al. (2000).

On a topographical map (1:25,000) of each hunt-
ing district, line transects with a length of between
1,000 and 1,500 m were established predominantly
oriented to the existing roadnetwork, fieldborders or
other accessible linear landscape features. The tran-
sects were at least 300 m but no more than 500 m
apart from each other. The distance between the
survey transectswas a result of the acoustical reachof
the rusty gate call of the grey partridge that can
usually be heard up to a distance of 100-300 m
dependingon the environmental noise and landscape
structure. The acoustical coverage of a line transect
and a person, respectively, therefore ranged between
56 and 76 ha with this method. The length of the line
transects results from the peak call activity phase of
grey partridges that begins 15 minutes after sunset
and lasts 30-45 minutes (see Rotella & Ratti 1986,
1988, Panek 1998). With four breaks of five minutes
each during the transect counts and a slow steady
walking pace, 1,000-1,500 m could be comfortably
covered during the targeted 40-60 minutes duration
of the count. These five minute breaks were estab-
lished to give the observers the chance to intensively
concentrate and interpret the acoustical environ-
ment.

All surveys during the 5-year study were conduct-
ed between 15 March and 30 April, which is the
period with the highest vocal activity. At this stage,
approximately from four weeks before the first egg is
laid and onwards, grey partridges are already rela-
tively site faithful,whichmeans that thedetected grey
partridges are representative for the considered site.

Surveys were only conducted under rainless and
calm weather conditions to reduce the weather-
induced bias in calling activity of the males. During
the survey, the type of observation was noted, i.e.
rusty gate call, the number of calls or grey partridges
being observed, and the exact time of the observa-
tions were noted. The observers marked their obser-
vations exactly on the general map in the case of
optical observations and in the case of an ’acoustical
observation’ with the assumed location of the grey
partridge. If grey partridges were flushed, the direc-
tionof the escapeflightwas notedand, if possible, the
landing position also. On this basis, all observations
were checked for double counts as a potential source
of bias after the survey.

The surveywas conducted in all of the 123 hunting
districts a second time after at least four days and no
later than 10 days, following the same procedure

except that the observers started from the other end
of the line transects. The survey was repeated a third
time if the variation coefficient between the two
counts was. 25%.This was the case in nine hunting
districts.

Categorisation of the evaluationcensusobservations

The acoustical and optical grey partridge observa-
tions of the two counts per hunting district were
categorised according to the internationally accepted
codes for breeding evidence (sensu British Trust for
Ornithology 2011): ’probable breeding’ (PrB); a
locally established breeding pair was assumed once
a greypartridgepair hadbeenobservedduringoneof
the two counts. When a pair was also observed
during the other count within a radius of 150 m
around thefirst count, thispairwas assumed tobe the
same. The radius of 150 m was chosen as the
respective circle covers an area of 7.1 ha, which
reflects the lower end of the territory size in the grey
partridge before nesting and before the breeding
season (compare Döring & Helfrich 1986, Panek
2002, Šálek et al. 2002). When one count observed a
call of or saw a grey partridge, but no evidence of the
bird was found at the second count within the radius
of 150 m around the same observation, the observa-
tion was categorised as ’possible breeding’ (PoB). In
case a single grey partridge was acoustically or
optically detected at both surveys within a radius of
150 m, it was categorised as PrB.
Due to this single piece of evidence of a grey

partridge being at a certain location and given the
male surplus in grey partridge populations as
described e.g. by Szederjei et al. (1959) or Dwenger
(1991), PoBswere assumed tonot directly represent a
breeding pair. However, even though not assured, a
single grey partridge observation can also be an
evidence of the presence of a breeding pair that could
not be substantiatedduring the two counts. Birkan&
Jacob (1988) correct the unbalanced sex ratio in
spring by dividing the number of single bird obser-
vations by 2.1. Accordingly, Reitz & Berger (1994)
and Bro et al. (2005) use this procedure to estimate
the number of grey partridge pairs from single bird
observations in addition to the assured number of
grey partridge pairs. Therefore, it was restrictively
hypothesised that a single observation (PoB) of a
grey partridge at a certain location counts only for
0.5 breeding pairs, whereas PrBs were considered as
directly representing a breeding pair. As result of the
ground-truthing surveys, the number of PrBs and 0.5
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PoBs were summed up (hereafter Breeding Pair
Census; BPC) to evaluate the respective hunters’
spring pair density estimates as derived from the
WTE (hereafter Breeding Pair Estimates; BPE).

Statistical analysis

Assumptions underlying the statistical tests used in
our study, normality and homogeneity of variance,
were checked using Kolmogorov-Smirnoff and
Levene’s tests, respectively. When the assumption
of normality was satisfied, the distribution of the
variables was characterised by the arithmetic mean
(mean) and the standard error of the arithmeticmean
(SE). Otherwise, it was characterised by the median
and the 25th and 75th percentile (P25 and P75),
respectively. To compare the data resulting from
counts and estimates,Wilcoxon signed rank test was
applied. To test for correlation, the Spearman Rank
Correlation was applied as BPC and BPE data were
not normally distributed.

All statistical comparisonswere two-tailedwith an
alpha level of 0.05. The statistical analyses were
performed using SAS statistical package version 9.1
(SAS Institute Inc., Cary,NorthCarolina,USA)and
SPSS version 16.0 (SPSS Inc., Chicago, Illinois,
USA).

Results

Altogether, 63,847hawere covered by the evaluation
census in order to ground-truth hunters’ estimates.
With 123 hunting districts and 255 counting dates, a
total of 1,978 people participated in the evaluation
counts.

During the 5-year evaluation study in the 123
hunting districts, 761 assured grey partridge detec-
tions were made at the first census date and 769
assured detections at the second census date.Overall,
767 of those 1,530 grey partridge observations were
categorised as PrB and another 631 as PoB resulting
in 1,096.5 breeding pairs (BPC), which were used for
evaluating the hunters’ BPE (BPE¼871/63,847 ha).

In Figure 1, the value distribution of the ornitho-
logical categories PrB and PoB related to 100 ha
potential grey partridge habitat is shown together
with the resulting BPC and test statistics for the BPE
of the hunters. On average, when analysing the two
survey dates, the grey partridge observations were
significantly more often classified as PrB (median¼
0.95) thanasPoB (median¼0.80;N¼123,Wilcoxon:
P ¼ 0.029). Comparing the resulting breeding pair

density as a result of the evaluation surveys (BPC)
with the hunters’ estimates concerning spring pair
density (BPE), on average the results of the evalua-
tion surveyswere significantly higher (median¼1.33)
than the hunters’ estimates (median¼1.14; N¼123,
Wilcoxon: P¼ 0.0001).
Hence, hunters underestimated the density of grey

partridge pairs per 100 ha potential habitat on
average by 0.16 breeding pairs (P25 ¼ -0.67, P75 ¼
0.07). In 56.9% (N¼70) of the hunting districts, the
grey partridge densities were underestimated, in
22.0% (N¼ 27) the density was overestimated and
in 21.0% (N¼ 26) hunter estimates matched evalu-
ation census densities exactly. The median of the
hunters’ estimate errors (N¼ 123) was 24.2% (P25¼
5.3, P75 ¼ 47.1), disregarding the direction of the
discrepancy between hunters’ estimates and evalua-
tion-census densities.
The estimated breeding pair density was highly

significantly positively correlated with the breeding
pair density as yielded by the evaluation surveys
(Spearman correlation coefficient r ¼ 0.854, P ,

0.0001). In Figure 2, the relation of the BPC/100 ha
with the respective BPE/100 ha is shown as a scatter
plot as well as the algorithm of the corresponding
generalised linear regression model. Assuming that
the evaluation census yielded unbiased results, the
line x¼ y, indicated as a dashed line, describes the
ideal correlation, and dots below the ideal represent
underestimates.
The hunter’s estimate error calculated as the

difference between BPE/100 ha and BPC/100 ha
washighly significantly negatively correlatedwith the
number of breeding pairs per 100 ha as determined in

Figure 1. Number of probable breeding pairs (PrB), possible

breeding pairs (PoB), the resulting breeding pairs as yielded by the

census (BPC) and the number of breeding pairs as estimated by the

hunters (BPE), respectively, per 100 ha.Median indicated as figures

within the box, boxes indicating P25 and P75, bars indicating

standard deviation and squares indicating minima and maxima.
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the evaluation counts (Spearman correlation coeffi-
cient r¼ -0.512, P , 0.0001). This underestimation
increased with higher grey partridge density.

After a decadic logarithmic transformation, the
hunter’s estimate error was negatively correlated
with the size of the hunting district (Spearman
correlation coefficient r ¼ -0.187, P ¼ 0.0358).
Therefore, the larger the hunting district was, the
higher the chance was of the breeding pair density
being underestimated by hunters.

Discussion

Knowing the absolute densities of grey partridge
pairs as reproductive stock is a fundamental factor in
the study of its population status and dynamics
(Pepin & Birkan 1981). Gathering data via question-
naire surveys among local hunters has the potential
to yield data on the population status continuously
andover a large scale for comparatively low costs.As
hunters are usually not professional ornithologists,
the quality of their estimates has to be evaluated by
ground-truthing.

To evaluate hunters’ spring pair density estimates
as derived from the WTE, a labour intensive search
of the entire area was found to be the most practical
andaccuratemethod.Furthermore, a repeat count in
every hunting district allowed for a qualification of
the observation into the categories PrBandPoB.The
high consistency of grey partridges detected per

transect between the two counts substantiates the
established site confidence right before the breeding
season as also found by other authors (e.g. Döring &
Helfrich 1986, Potts 1986).
Additionally, the chance is that at low densities

grey partridge populations are underestimated,
whereas with high densities, grey partridge popula-
tion are overestimated because of obvious social
interactions.
Comparing these evaluation census densities with

the respective estimates of the hunters, hunters were
on average found to underestimate grey partridge
spring pair densities in their hunting districts.
Underestimation of wildlife population densities by
amateurs is a common phenomenon (see Genet &
Sargent 2003,Newmann et al. 2003).Hunters are less
likely to notice the acoustic signals of the grey
partridge, because of the crepuscular habits of the
grey partridge in spring time. Additionally, between
midMarch and the end of April, which is the period
with the highest vocal activity of grey partridges, the
hunting activity and therefore also hunters’ presence
in the field are traditionally very low. The rusty gate
call is the most evident indicator of grey partridge
presence in spring. Relying predominantly on inci-
dental optical records as basis for their breeding pair
estimates might be the main reason for the average
underestimation of breeding pairs by 0.16/100 ha by
the hunters. In respect of a sustainable grey partridge
management, the average underestimation of grey
partridge densities by the hunters can be appreciated
as erring on the side of caution.
The average deviation of 24% of the hunters’

estimates from the evaluation census densities, dis-
regarding its direction, presents a remarkable accor-
dance compared to other studies evaluating bird
census methods (e.g. Raman 2003). The growing
discrepancy of evaluation census densities and hunt-
ers’ estimates with increasing grey partridge densities
might be due to the clarity of the situationwith lower
densities and vice versa. When the grey partridge
densities are low, the few and often only covey is
individually known, and its fate can be followed over
the winter. This applies accordingly to the resulting
breeding pairs after covey break-up. If the grey
partridge density is higher, the estimated number
becomes more diffuse; single coveys/pairs might be
mistaken with other coveys/pairs, leading to an
underestimation. Concerning the increasing discrep-
ancy between hunters’ estimates and evaluation
census densities with increasing size of the hunting
district, it can be hypothesised that the presence of

Figure 2. Relation of the number of breeding pairs as estimated by

thehuntersper100ha (BPE/100ha)andbreedingpairsasyieldedby

the census per 100 ha (BPC/100 ha;N¼123). 95%confidence limits

indicated as bold dashed lines.
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hunters per ha decreases with increasing size of the
hunting district resulting in a rather incomplete
picture of the grey partridge population compared to
a smaller area.

Despite of being unsystematically assessed, it is
assumed that � 90% of the local hunters, whose
estimates were evaluated, were either farmers or
involved in agricultural activities. Therefore, in the
case of small game hunting districts in agricultural
landscapes, local farmers often own or rent hunting
districts. This clearly differs from the situation in
forest landscapes with big game hunting districts,
where amajority of hunterswill lack traditional local
affiliation. Reading et al. (1996) state in respect to
their questionnaire survey on the status and distri-
bution of adders Vipera berus that farmers, com-
pared with other respondents, represent a more
stable community, and are therefore more likely to
have been familiar with their surroundings for a
longer period of time and are thus more likely to
notice changes in their environment. Observations
are usually incidental records, but in the course of a
year, these give a more or less clear picture of grey
partridge presence. Even though the estimates by
hunters are not derived from a consistent actively
standardised method, but rather from an individual
process and therefore have a high potential bias, it is
assumed that a basic degree of standardisation is
allowed for by the socio-psychological homogeneity
of the respondents. The passive standardisation due
to similar interests, similar professions and similar
presence phases in the hunting district explains the
highly significant correlation of estimates and grey
partridge densities as determined by the evaluation
censuses.

However, it is proposed that the applicability of
questionnaire surveys among hunters to gather data
on the distribution and population status of other
wildlife species has to be evaluated for each consid-
ered species as numerous species-specific biases can
rule out the usability of such data. Questionnaire
surveys are confronted with severe limitations when
emotionally and negatively documented animals are
the focal point (e.g. Lensing & Joubert 1977, Boshof
1980), as well as when cryptic species are the focal
point. For future studies, it is recommended to
include consideration of the professional, cultural
and political background of the respondents and the
socio-political situation, especially in respect to the
huntability of the grey partridge when a question-
naire survey was conducted during such data anal-
ysis.

Standard questionnaires canmotivate the involve-
ment of local people in wildlife monitoring and
management (Msoffe et al. 2007). An annual survey
among hunters such as the WTE on wildlife status
and management has the potential of actively
involving more ’community members’ in data col-
lection. By generating data, hunters are made aware
of underlying problems, for example the reproduc-
tive success in the grey partridge in relation to
weather conditions or population changes due to
changes in the land-use system (Noss et al. 2005).
Hunters are sensitised to the ecology of the grey
partridge and follow the fate of ’their’ population in
their hunting district. As a result of this reflection
process, hunterspotentially takemeasures to support
partridgepopulations for examplebyparticipating in
agri-environmental programmes (see Tillmann et al.
2005). Therefore, such an annual questionnaire
survey can have a value for the conservation of the
grey partridge, in addition to its initial purpose to
provide data on the population status of grey
partridges as a basis for decision-making concerning
its management.Under the umbrella of its ecological
profile, this means that it also has value for a whole
set of species with similar requirements.
The evaluation of the WTE data supports the

hypothesis that such a monitoring of the grey
partridge provides sufficiently accurate assessments
of the status in grey partridge populations from a
regional to federal state level. Its quality is a product
of the reliability of the hunters’ estimates combined
with the highparticipation rate of 89.3%out of 8,067
private hunting districts in Lower Saxony. The
satisfying quality of hunters’ estimates as found in
Lower Saxony demonstrates the option of establish-
ing reasonable monitoring programmes in coopera-
tion with hunters also in other parts of the grey
partridge distribution with hunting systems guaran-
teeing a similar presence of hunters in a distinct area.
Limitations of hunters’ breeding pair estimates
particularly in respect to the diminishing quality of
such estimates with increasing size of the hunting
district and the grey partridge density should be
considered.
This questionnaire survey among hunters is a

usefulmonitoring tool for the grey partridge that can
not be replaced for example by rule-based habitat
models (sensu Chamberlain et al. 2004). Such mon-
itoring is vital for detecting population declines,
especially given the absence of useful bag records at
very low densities, evaluating habitat quality, mon-
itoring conservation action e.g. in the context of agri-
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environmental measures, monitoring the effect of

hunting or carrying out environmental impact as-

sessments.
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Ministerium für Ernährung, Landwirtschaft, Verbraucher-
schutz und Landesentwicklung and the Niedersächsische
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Fassung, Stand 2007. - Informationsdienst Naturschutz

Niedersachsen, Germany (3/07), 52 pp. (In German).

Lensing, J.E. & Joubert, E. 1977: Intensity distribution

patterns for five species of problem animals in SouthWest

Africa. - Madoqua 10: 131-142.

Msoffe,F.,Mturi,F.A.,Galanti,V., Tosi,W.,Wauters, L.A.

& Tosi, G. 2007: Comparing data of different survey

methods for sustainable wildlife management in hunting

areas: the case ofTarangire-Manyara ecosystem, northern

Tanzania. - European Journal of Wildlife Research 53:

112-124.

Newman, C., Buesching, C.D. & Macdonald, D.W. 2003:

Validating mammal monitoring methods and assessing

the performance of volunteers in wildlife conservation -

"Sed quis custodiet ipsos custodies?" - Biological Conser-

vation 113: 189-197.

Noss, A.J., Oetting, I. & Cuéllar, R.L. 2005: Hunter self-
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Šálek, M., Marhoul, P. & Pintı́ř, J. 2002: Spring to autumn
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