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It is an axiom in ecology that knowing the sheer number of individuals in a pop-
ulation is of very little help if the objective is to understand future and past 
changes in population size. Yet, this is exactly how migratory European ducks 
are monitored, many of which are important quarry species in several countries. 
We argue that present monitoring is insufficient to address objectives of wise use 
and sustainability such as those emphasised in recent management directives and 
multilateral international agreements. The two main problems are the almost 
total lack of reliable data on recruitment and mortality. We advocate a pan-Euro
pean monitoring system based on undisputed scientific principles; i.e. a long-term, 
coordinated and standardised scheme that produces data about vital rates of duck 
populations as well as about harvest size. Data from such a scheme can be used 
by game biologists to produce predictive tools, thus providing a functional basis 
for management decisions for adaptive harvesting and conservation alike. 
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Quotes from sections 2.4.16 and 3.5.38 in 'the Guidance 
document on hunting under Council Directive 79/409/
EEC on the conservation of wild birds' by the European 
Commission.

Understanding population change
Basic population ecology emphasises that knowing pop-
ulation size alone is of rather limited help to those who 
want to forecast changes in numbers or understand the 
processes behind past variations. Another fundamental 
point is that population change depends on the combined 
effects of natality, mortality, immigration and emigra-
tion, and that these factors need to be expressed on a per 
capita basis. These so called vital rates are often age-, 
sex- and site-specific (e.g. Krebs 2001, Townsend et al. 
2003). Based on a large body of evidence, it is also gen-
erally acknowledged that vital rates may vary with pop-
ulation density (Newton 1998). If density-dependent  
processes produce such patterns, population size may 
change in a non-linear and even counter-intuitive fashion 
(Royama 1992).

In other words, variation in vital rates and density-
dependent processes both make it essential to document 
age structure, sex ratio and density of wild populations 
under study. Without such data it is impossible to under-
stand population change and to forecast population size, 
even if environments were stable. However, environ-
ments do change, for natural as well as for anthropogen-
ic reasons, generating variation in critical factors such 
as weather, habitat area and food abundance (Goss-
Custard et al. 1994, Sutherland 1996, 1998).

Harvested species are especially relevant examples in 

this context, as density dependence in one or more vital 
rates is a prerequisite for harvest mortality to be com-
pensatory instead of additive to natural mortality (Ander
son & Burnham 1976, Burnham & Anderson 1984, Sæ­
ther et al. 1996, Boyce et al. 1999, Kokko 2001). Further, 
the timing of harvest in relation to naturally occurring 
density-dependent processes is critical to future popu-
lation size and consequently to what can be considered 
a sustainable harvest level (Kokko et al. 1998). Recent 
decades provide ample examples of this predicament, 
for example in marine fisheries and hunting regulations 
(Buckworth 2001, Pitcher & Pauly 2001, Myers & 
Worm 2003, Sheaffer et al. 2004).

Importance of European duck populations
Waterfowl, i.e. swans, geese and ducks, are flagship 
birds in wetland research and in conservation world-
wide, being widely appreciated and well known by the 
public. They are also an integral part of wetland ecosys-
tems, with many species ranking high in importance as 
hunted game. The latter is true throughout the Holarctic, 
with hunters in the present European Union probably 
numbering close to 10 million (cf. Lecocq 1993).

Harvested migratory species present a particular chal-
lenge when it comes to understanding population dynam-
ics. Most European ducks are migratory, and many spe-
cies have their wintering areas in the western and south-
ern parts of the continent, while breeding generally takes 
place in the north and the east (Scott & Rose 1996). It 
is evident from recent analyses of ringing recoveries 
(Fransson & Pettersson 2001, Wernham et al. 2002, Bak
ken et al. 2003) that 'the average species' utilises sever-

“Furthermore, there is a need for sound, scientifically based monitoring mechanisms to ensure that any use is maintained 
at levels which can be sustained by the wild populations without adversely affecting the species’ role in the ecosystem 
or the ecosystem itself.”

“The availability of good quality scientific information on population size and natural mortality is a prerequisite of reli-
able calculations.”
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al countries during its annual cycle, which is why study-
ing as well as managing European ducks becomes a 
multi-lateral endeavour.

Hence, knowing the sheer numbers of the different 
species really does not do the job when it comes to fore-
casting population change or to devising sustainable man
agement strategies. Yet, this is the basic idea of most 
duck monitoring in Europe, and, with the exception of 
some threatened species (e.g. Green & Anstey 1992, 
Green 1993, Petkov et al. 2003), this is the type of data 
on which present policies for conservation, hunting and 
habitat management are deemed to be based.

Limitations of present monitoring
No one knows exactly how many birdwatchers, hunters 
and other volunteers are involved in the present activi-
ties for monitoring European ducks, but we expect it to 
be a five-digit number (cf. Gilissen et al. 2002). Large 
sums of money are spent on this purpose annually, by 
volunteers and by the bodies co-ordinating and compil-
ing the data. For the ONCFS alone, one of several par-
ticipating organisations in the French winter counts, the 
yearly cost is probably more than 120.000 €. What, then, 
do the results from this huge effort tell scientists and 
managers about variation in vital rates and other critical 
parameters? 

Unfortunately, the data do not provide much insight 
into this variation. We acknowledge that the monitoring 
schemes taken together indeed have and do generate 
useful data for the conservation of waterfowl and their 
habitats (e.g. Scott & Rose 1996, Delany & Scott 2002, 
Gilissen et al. 2002). However, the data obtained are 
utterly insufficient to achieve the objectives of wise use 
and sustainability in present national and multinational 
(e.g. EU) policies. This is because too little information 
of the type needed to understand and to forecast popu-
lation change is produced. 

Most European monitoring data are and have always 
been collected outside the breeding season. In addition, 
the vast majority of the long-term records originate from 
only a few densely populated regions in Western Europe, 
where birds, volunteers and money occur together. Major 
problems with this type of information include the fol-
lowing: 

• �Generally no data are collected about age-class distri-
bution and its variation within as well as between years. 
Hence, there are no estimates of recruitment.

• �Even if attempted, measuring recruitment on winter-
ing grounds is practically impossible because an un
known share of the mortality, natural as well as har-
vest, occurs before the birds get there. 

• �Local and national changes in 'population size' may be 
due to altered behaviour locally and can depend on to 
what extent non-monitored areas are utilised. 

• �Observed 'stable numbers' may result from increased 
recruitment from one breeding area compensating for 
a potentially noteworthy decrease in another. 

• �The spatial distribution of ducks in a given winter may 
depend to a large extent on weather conditions; i.e. an 
unknown fraction of the population may remain out-
side the monitored area in some years, especially in 
mild winters.

We argue that the present monitoring activities are large-
ly suboptimal for most species in terms of time, energy 
and money spent, especially when considered at a con-
tinental or flyway level. Some birds are counted sever-
al times, but in different countries, and some birds do 
not get counted at all. Moreover, most effort goes into 
counting live birds. A few European countries have bag 
statistics providing annual and fairly reliable indices of 
harvest levels for many species (Sweden starting 1939 
and ongoing, Kindberg 2003; Denmark since 1941 and 
ongoing, Strandgaard & Asferg 1980, Asferg 2004; Fin
land since 1962 and ongoing, Official Statistics of Fin
land 2004). In most countries national bag statistics are, 
however, collected with long intervals, not at all, or in 
a way that does not provide a reliable measure of har-
vest size (cf. Harradine 1985, Landry 1990, Nichols et 
al. 2001). This means there are no reliable data about 
annual hunting harvests for most species, at least at pop-
ulation and flyway levels, and notably not from coun-
tries where most ducks winter and where wildfowlers 
are numerous. 

Present monitoring schemes thus produce data restrict-
ing scientists and managers to retrospective and correl-
ative approaches of what may have happened and why. 
Put another way, the wealth of reports and papers pro-
duced about duck numbers in Europe does not provide 
the information needed to devise predictive tools. Con
sequently, most decisions about management are based 
on insufficient data, largely untested assumptions, or 
even guesses. Examples of decisions based on potential-
ly very poor knowledge are those concerning bag lim-
its, duration of the hunting season, the relative value of 
specific wetlands, and perhaps even the classification of 
international conservation status of species.

Management policies are increasingly being based on 
the idea that harvesting should be sustainable, i.e. that the 
kill and the natural mortality together must not exceed the 
recruitment. This can never be ensured as long as nei-
ther recruitment nor harvest is measured. Wetlands 
International and other NGOs frequently state that sus-
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tainability is a key issue in management. The idea of 
sustainability is also widely recognised and accepted by 
governments and in multi-lateral international agreements. 
Although the concept is not specifically mentioned in the 
EEC Birds Directive (Council Directive 79/409/EEC on 
the conservation of wild birds), EU member states “shall 
ensure that the practice of hunting, including falconry if 
practised, as carried on in accordance with the national 
measures in force, complies with the principles of wise 
use and ecologically balanced control of the species of 
birds concerned” (quote from article 7.4). Further, par-
ties to the agreement on the conservation of African-
Euroasian Migratory Waterbirds (AEWA) must “ensure 
that any use of migratory waterbirds is based on an assess
ment of the best available knowledge of their ecology 
and is sustainable for the species as well as for the eco-
logical systems that support them” (quote from Article 
III). 

As we have already argued, implementing sustainabil-
ity presumes some kind of forecasting, and the only way 
is through predictive models (e.g. Johnson et al. 1997). 
Reliable monitoring of recruitment, population sizes, 
survival and harvest rates is a minimum requirement for 
the adjustment of harvest regulations to long-term popu
lation changes (Sutherland 2001, Johnson et al. 2002). 
A truly adaptive management may even require that har-
vest can be 'fine-tuned' to population size on an annual 
basis.

Desiderata for a sustainable management
The study by Frederiksen et al. (2004) clearly points out 
that it is insufficient to count waterfowl and to assess 
recruitment by scoring juvenile proportions in the win-
tering area alone. This approach simply does not pro-
duce the relevant information and the data quality need-
ed for decisions in management, harvesting and policy-
making. Since population change depends on the com-
bined effects of natality, mortality, immigration and emi-
gration, all four parameters should be targeted in a com-
prehensive monitoring scheme. 

A much needed start would be to regularly produce 
estimates of the breeding population size and reproduc-
tive output of European ducks. This may be straightfor-
ward in some species, but for most it will be necessary to 
conduct stratified large-scale surveys in the breeding 
areas. Such surveys must represent different parts of the 
range of a species as well as breeding habitats of poten-
tially different quality. In some regions pair and brood 
counts can probably be carried out from low-flying air-
craft (cf. Haapanen & Nilsson 1979), as has been done 
in North America for > 50 years (Brasher et al. 2002). 
The vast areas of lake-dotted taiga and subarctic wetlands 

in Russia and Fennoscandia are especially suited for this 
approach, as there are few local ornithologists and severe 
logistic challenges for ground-based work. However, all 
aerial data will need ground verification on a regular 
basis so that results can be converted to 'real ducks' and 
subsequently to indices of per capita birth rate and re
cruitment. Although there are already a few nation-wide 
programmes approaching such ambitions (e.g. Pöysä et 
al. 1993, Musil et al. 2001), we are not aware of any 
multi-lateral effort in Europe concerning the more wide-
spread and commonly harvested species. As already 
implied, it is essential that estimates of population size 
and recruitment be made before fall migration starts and 
before any harvesting occurs.

Mortality should be assessed along migration routes 
as well as in wintering areas. Existing historical ringing-
recovery data can be used as a supplement to address 
aspects of mortality and site fidelity. In North America 
there is a long and successful tradition of such work (e.g. 
Krements et al.1997, Doherty et al. 2002). Corresponding 
databases in the European countries remain largely unex-
plored, though some exceptions do exist (Dow & Fredga 
1983, Hario & Selin 1988, Blums et al. 1996, Pradel et 
al. 1997, Milonoff et al. 1998, Ruusila et al. 2000, Blums 
et al. 2002).

Obtaining more reliable information on hunting bags 
is also a central issue so that mortality patterns are under-
stood in a spatial and temporal context, and the relative 
importance of hunting mortality in relation to natural 
mortality is documented. By combining bag statistics 
with collecting wings from hunted species (as practised 
in Denmark since 1966; Joensen 1978, Bregnballe et al. 
2003, Clausager 2004, cf. Geissler 1990 and Pendleton 
1992), valuable knowledge about the timing of the har-
vest as well as age- and sex-specific hunting mortality in 
populations can be obtained. This is especially true for 
wing samples from the breeding areas, i.e. from birds 
shot in late summer and early fall before the subpopu-
lations start mixing. 

A reformed European monitoring programme for 
ducks should be executed in a standardised multination-
al fashion and with a long-term perspective. Rather than 
attempting to count ducks everywhere, sampling must 
embrace areas representing different population densi-
ties, different geographical areas as well as habitat types 
of different quality and stability. By doing so, monitor-
ing may serve dual purposes by also creating synergies 
with game scientists, as practice and theory need to go 
hand in hand (Pöysä et al. 2004). For example, correla-
tive patterns emerging from a new monitoring approach 
can serve as a valuable basis for experimental research 
addressing the causality underlying variations in birth 
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and death rates, including density-dependent processes 
(Newton 2004, Elmberg et al. 2005). Such studies may 
include local manipulations of population density, exclo-
sure of foraging habitats to address food resource limi-
tation, artificially increased food abundance and aspects 
of mortality. The latter may be accomplished by tempo-
rary modifications of harvest regimes. 

Implications and prospects
We are not saying that the present monitoring activities 
of wintering ducks in Western Europe should be suspend-
ed. As we have already mentioned, they have produced, 
and certainly will produce, useful data for the conserva-
tion of waterfowl and their winter habitats. However, 
they should be supplemented and carefully reformed or 
replaced by a new monitoring system that can provide 
the necessary information for a scientifically based sus-
tainable management of European ducks. We also call 
for a system that will allow adaptive management, i.e. 
adjustment of harvest levels to annual variations in pop-
ulation size and breeding success. If the necessity of moni
toring breeding populations is acknowledged, resources 
need to be diverted to the breeding habitats. For some spe-
cies this means the boreal and arctic wetlands of Fenno
scandia and Russia, but for others ponds, lakes and wet-
lands throughout Europe would be involved. 

As is evident from the quotes in this paper, there is 
already some official awareness of what type of knowl-
edge the future management of European ducks should 
rely on. What political and organisational measures need 
to be taken in order to really achieve these goals is not 
a scientific issue, but the pressing responsibility of poli-
ticians, government agencies, the EU and NGOs involved 
in waterfowl and wetlands. As European ducks are a tru-
ly multinational resource, a high degree of internation-
al cooperation and coordination is needed.
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