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1. Introduction

Composite indices or indicators have many
desirable properties, foremost being the
reduction of complex information into sim-
ple visual summaries. In the field of eco-
nomics the stock market indices, such as
the Dow Jones, FTSE 100 and Nikkei, are
highly familiar. Experts and non-experts
alike understand the trends in these indices,
though they may be unaware of the com-
plex patterns shown by the underlying data.

There are however, few examples of
such high profile and widely accepted indi-
cators for biodiversity, although there are
encouraging signs of change. Catalysed by
the Rio de Janeiro Earth Summit in 1992,
which reinforced the importance of biodi-
versity monitoring, a range of organisations
have been involved in the development of
indicators. For example, the Secretariat of

the Convention on Biodiversity, United
Nations Environment Programme (UNEP),
the UN Commission on Sustainability
(CSD), the World Bank, the Organisation
for  Economic Co-operation  and
Development (OECD), European
Environment Agency (EEA) and BirdLife
International. A series of recent studies
have sought to clarify the role of environ-
mental indicators and generate new indices
(Kuik & Verbruggen 1991, Ten Brink et al.
1991, Reid et al. 1993, van Strien 1997,
1999; Ten Brink 1997, Bell & Morse 1999).

First, it is important to distinguish
between ‘state’, ‘driving force’
‘response’ indicators. The first describes
the state of a variable, the driving force
gauges a process that influences the state,
and the response measures specific actions
to return the state to a desired condition.
In this paper, we restrict discussion to
quantifying a state indicator, namely, the

and
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Tab. 1. Some of the desirable features of a wildlife indicator.

Feature Details

Representative Includes all species in a chosen taxon, or a representative group

Immediacy Capable of regular updating, eg on an annual basis

Transparency Simple and easy to interpret

Assessment Shows trends over time

Sensitivity Sensitive to environmental change

Timeliness Allows the timely identification of trends

Precision Uses the raw data rather than categorical grouping of data

Cost Does not require excessive financial resources to be produced

Available Quantitative data are available

Indicative Indicative of the more general situation among other taxa

Relevant Policy and ecosystem relevant, relating to key sites and species; reflect main causes of
biological change and conservation actions

Stability Buffered from irregular, large natural fluctuations

Tractable Susceptible to human influence and change

population trends of breeding birds in the
United Kingdom (UK).

There are a number of key attributes to
effective bio-indicators. They must be;
quantitative, simplifying, user driven, pol-
icy relevant, scientifically credible,
responsive to changes, easily understood,
realistic to collect, and susceptible to
analysis (see Tab. 1).

One basic approach to generating an
indicator of the state of wildlife is to mea-
sure diversity through time. Species loss
or gain could then be used to gauge the
trends in biodiversity. A problem with this
method is that abundance and range could
be modified without a net change in
species number (van Strien 1997). There is
also the problem that species of conserva-
tion concern may be supplanted by less
desirable species, but in the process no
overall change occurs in species diversity.

A second approach would be to deter-
mine the passage of species through cate-
gories of conservation status, e.g. [UCN
categories (IUCN 1996). Van Strien
(1997, 1999, see Discussion) has devel-
oped a refined version of this approach. If
one’s interest is in rare or endangered
species then this method may be appropri-

ate, but there are limitations. For example,
it does not relate to biodiversity targets
and can only be updated at fixed time
intervals. Clearly, it does not take account
of the status of common and widespread
species in the environment.

A third approach would be to use a
mean index of change taken across
species. This would fulfil several of crite-
ria for a wildlife indicator (Tab. 1).
However, by taking this inclusive
approach there is the potential for the
declines among threatened species to be
balanced by population gains among com-
moner, ‘less desirable’ species (van Strien
1997). The advantage is that it is transpar-
ent, and beyond scaling the population
trends, no further decisions need to be
made about choosing species, deciding on
conservation status, nor deciding on popu-
lation targets or reference periods.
Therefore, while this approach has its
shortcomings, there is much to admire in
its simplicity.

Here we use birds as exemplar taxa to
illustrate some of the issues in developing
meaningful indicators for wildlife. We
describe a new method for creating indica-
tors based on the mean index.
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Tab. 2. Sources of data for the indicators.

Data source Partners No of spp Units used
ATLAS BTO/SOC/IWC 42 10-km squares in UK
CBC BTO/INCC 69 CBC index 1970-97
WBS BTO/INCC 4 WBS index 1974-96
RBBP BB/JNCC/RSPB/BTO 51 Mostly max total pairs 1973-95
RBBP/SURVEY RBBP/RSPB/EN 4 Mostly max total pairs 1973-95
SCR INCC/SEABIRD GROUP 9 Pairs
SCR/SURVEY SCR/RSPB/SNH 3 AOTs/pairs
SCR/SMP IJNCC/RSPB/SOTEAG 4 Mostly Thompson index
SURVEY RSPB/JINCC/BTO/+ 14 Various
OTHER BTO/RSPB/SNH/WWT/+ 9 Various
OTHER/SMP 2 Various
OTHER/SURVEY 1 Breeding pairs
WEBS WWT/BTO/JNCC/RSPB 6 WeBS index, 1970/71-1996/97
GAME BAG GCT 1 Bag/ 100ha
NONE 10

Acronyms of data sources explained in text.

BTO = British Trust for Ornithology. SOC = Scottish Ornithologists’ Club. IWC = Irish Wildbird Conservancy
(now BirdWatch Ireland). JNCC = Joint Nature Conservation Committee. BB = British Birds. RSPB = Royal
Society for the Protection of Birds. EN = English Nature. SNH = Scottish Natural Heritage. SOTEAG =
Shetland Oil Terminal Environmental Advisory Group. WWT = Wildfowl and Wetlands Trust. GCT = Game
Conservancy Trust. + = various other sources. AOT = apparently occupied territories.

2. Methods

2.1. Data sources

Taking an inclusive approach to producing
a wild bird indicator, we first interrogated
all of the long-term bird data sets to obtain
information on population trends or range
changes for as many species as possible.
Because the dates of the first breeding
atlas for Britain and Ireland and for the
start of a number of the more important
surveys were in 1970, it was decided to
obtain information from 1970 to the most
recently available data (1999 in this
report). Hence the index is based on
breeding bird populations for the period
1970-99. Approximately 230 species bred
in the UK during this period. Data were
available for 219 species. These data come
from a wide variety of sources (Tab. 2).
Wherever possible, an annual measure of
population size (either absolute, e.g. pairs,

or relative, e.g. an index) for 1970-99 was
sought. There were eight main data
sources:

2.1.1. Common Birds Census (CBC) and
Waterways Bird Survey (WBS)

CBC and WBS are long-running mapping
surveys of breeding birds (Marchant ez al.
1990, Crick et al. 1998, Baillie et al.
2001). CBC indices were calculated for
each year for 69 species using a general
additive model (GAM) with degrees of
freedom set to the full span of years in
each data set. This is equivalent to a log-
linear regression model with a full annual
effect (ie. without smoothing). Indices
were generated using data from all CBC
plot types (ie. farmland, woodland and spe-
cial plots; see Marchant et al. 1990). CBC
data were available mostly for the period
1970-99, although for House Sparrow
Passer domesticus they were available
only from 1975. Data from the Waterways
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Bird Survey (WBS) - (the riparian equiva-
lent of the CBC) were calculated in exact-
ly the same way for four specialist water-
side species; Common Kingfisher A/cedo
atthis, Dipper Cinclus cinclus, Common
Sandpiper Actitis hypoleucos and Grey
Wagtail Motacilla cinerea, and began in
1975. Indices were not calculated if sam-
ple sizes had fewer than twenty plots in
more than half the years with data.

2.1.2. Rare Breeding Bird Panel (RBBP)

The RBBP reports several population esti-
mates for each species. The lowest is based
on proven breeding pairs, the highest is the
maximum total number of pairs. Because
proof of breeding is difficult to obtain for
many species, the latter is more likely to
reflect the true breeding population and is
used in creating indices. The run of RBBP
data covers the period 1973-98, though
with some exceptions. For example, RBBP
only included a few species in their reports
some years after the instigation of the
scheme (e.g. Common Quail Coturnix
coturnix). For some, the panel ceased to
report national populations during the time
period (e.g. Common  Goldeneye
Bucephala clangula). Occasional years of
data are missed for some species (e.g.
Snow Bunting Plectrophenax nivalis, Black
Redstart Phoenicurus ochruros and Marsh
Warbler Acrocephalus palustris). For a few
species, such as Cirl Bunting Emberiza cir-
lus and Dartford Warbler Sylvia undata,
data from the panel are enhanced by full
national surveys at decadal intervals. These
are listed as RBBP/SURVEY in Tab. 2.

Since the monitoring of most rare
breeding birds by the RBBP began in 1973,
the indicator for rare breeding species was
started at, and indexed to that year.

2.1.3. Seabird monitoring

Seabirds are monitored by two separate
schemes. The Seabird Colony Register
(SCR) is a complete census of British and
Irish seabirds every 15 years. In practice
this has been in 1969-70 (Cramp et al.
1974) and 1985-87 (Lloyd et al. 1991). The
Seabird Monitoring Programme (SMP) has
counted a sample of plots throughout
Britain and Ireland since 1986. For most
seabirds therefore, population sizes are
known for the two complete censuses, and
trends are known for a number from 1986
onwards. Unfortunately, truly national
post-1986 trends are available only for a
small number of species (there are many
regional trends). For Common Guillemot
Uria aalge, Northern Fulmar Fulmarus
glacialis and Sandwich Tern Sterna sandvi-
censis, a chain index was produced from
1986 to 1999 (see Upton et al. 2000). These
species are listed as SCR/SMP in Tab. 2.
Annual trend data were available for Little
(Sterna albifrons) and Roseate Terns (S.
dougallii). For some species (e.g. skuas),
full national surveys have been undertaken
since 1985-87. Such species are listed as
SCR/SURVEY in Tab. 2.

2.1.4. Wetland Birds Survey (WeBS)

For a small number of waterfowl, the best
information on annual breeding popula-
tion levels is available from the WeBS
scheme (see Pollitt et al. 2000). Although
this monitors mainly the non-breeding
population, the WeBS trend can be taken
as the breeding trend for sedentary
species; ie those whose UK wintering pop-
ulation is made up solely of UK breeding
birds. Such species were, e.g. Mute Swan
Cygnus olor and Ruddy Duck Oxyura
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Jjamaicensis. Although year-to-year varia-
tions in trend will also be related to pro-
ductivity in the previous breeding season,
these are small compared to the overall
trend. WeBS produces indices for winter
months, which span the end of one year
and the beginning of the next. The winter
1970/71 index was taken as the 1970
breeding season value, 1971/72 taken as
1971 value, and so on. The indices were
generated using the Underhill method
(Underhill 1989, Underhill & Prys-Jones
1994), with 1970 set to an index of 100.

2.1.5. Single-species survey data

A number of species, though not monitored
annually, are monitored intermittently on
longer time scales; most commonly every
ten years at a national scale. In recent years,
much of this has been undertaken within
the Statutory Conservation Agencies/RSPB
annual breeding birds scheme
(SCARABBS), although other organisa-
tions have also been involved. Such species
are listed as SURVEY in Tab. 2.

2.1.6. Other population monitoring data

Information on trends for a variety of
other species was extracted from the sci-
entific literature (OTHER); for Red
Grouse (Lagopus lagopus scoticus) game-
bags were used as the best index of the
species population trend.

Tab. 3. Geographical scope of the species data.

2.1.7. Distributional data

For a number of species, some 42 out of
the total of 219 (=19%) there were no data
available on population size during the
time period. For these species a change in
range, rather than population, over a twen-
ty-year period was used. These data were
obtained by comparing the results of the
breeding atlases of 1968-72 (Sharrock
1976) and 1988-91 (Gibbons et al. 1993).
Data on population trends (rather than
changes in range) were always used wher-
ever available, even if they were for a
shorter time period than that spanned by
the atlases (Red-throated [Gavia stellata]
and Black-throated [G. arctica] Divers).
Wherever a population or range estimate
was collected from a survey spanning more
than one year, the value was allocated to
the middle year(s) of the range of survey
years. For example, values from the 1968-
72 atlas were allocated to its mid year,
1970, while data from the SCR collected
during 1985-87 were allocated to 1986.
The geographical scope of the data for
each species is summarised in Tab. 3. In
most cases (86%), the data are of change
in population or range for the UK. This is
because most of the major schemes (e.g.
CBC and RBBP) cover the UK. In prac-
tice, some of these schemes yield trends
that may be a biased representation of the
true UK trends, largely because some have
no formal sampling design. Data for half

Geographical No of Notes
scope spp
UK 188 e.g. CBC, WBS and RBBP data
GB 16 e.g. WeBS wildfowl indices
UK coast 5 Only coastal part of seabird populations monitored
Northern Isles 3 Skuas and Arctic Tern Sterna paradisaea; bulk of populations are in the Northern Isles
Shetland 2 Whimbrel Numenius phaeopus and Red-throated diver
Other 5 Various
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of the remaining species are representative
of Great Britain (GB) rather than UK (GB
plus Northern Ireland); thus for example
the WeBS trends used for a few wildfowl
are indices for GB not UK. The remaining
species data are from yet more restricted
geographical scales. However, in all of
these cases, the bulk of the UK population
for that species lies within these areas.
Thus, for example, for five species of
seabird the UK coastal population is mon-
itored, even though a small part of the
population may nest inland.

2.2 Dealing with missing values

Ideally, one would have measures of pop-
ulation (or failing that, range) for all 219
species for each of the 30 years, 1970-99.
In practice, this was not the case and there
were many missing species-year values.
These missing values were either of data
that has never existed, or which have been
collected but not reported at the time of
the analysis. Wherever possible missing
values were estimated by interpolation (ie
in years between known values) or by
extrapolation (ie in years beyond known
values) in the following manner.

To interpolate missing values a con-
stant annual rate of change (C) in between
the intermittent surveys was calculated as:

C=(value,/value,)"®"

Where: Value,=value (e.g. population size
or index) in yr,, and value,=value in yr,.
Knowing C and value,, it was possible
to estimate the values for yr,, yr,, yr, etc up
to yr,,. For species with several intermit-
tent surveys, C was estimated for each
intervening time period separately. The
approach taken to deal with missing val-
ues at the beginning and ends of data

series was to extrapolate forwards or back-
wards based on the species trend over the
previous or following periods. No data
were extrapolated (forwards or back-
wards) over more than a nine-year period.
This period is almost certainly too long
(see Discussion) and in subsequent ver-
sions of the indicator the period is likely to
be reduced. Instead, alternative data
sources will be sought, or the species may
be excluded from the indicator.

Extrapolations were either from inter-
mittent surveys or annual monitoring data.
The method of extrapolation was subtly
different for these two sorts of data. An
explanation of forwards extrapolation is
given here, but the principle is the same
for backwards extrapolation.

For intermittent surveys, the interpola-
tion formula (above) was used for forward
extrapolation beyond the last survey.
Where there were several intermittent sur-
veys, the most contemporary value of C
was used. The manner in which missing
values were extrapolated for annual data
was similar to the forward extrapolation
from intermittent surveys, but with C cal-
culated from the mean of the first and last
three years of data in the monitoring string.

One drawback with this approach is
that it assumes a linear change from begin-
ning to end of the data string, and this can-
not always be justified. Annual monitor-
ing data were only rarely extrapolated for-
wards by more than two years.

2.3. Calculation of the mean index

Since population size is measured in a
variety of units (e.g. pairs or indices, often
with different base years for indices), it is
necessary to standardise all figures to a
base year. We chose to use 1970 (the first
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year in the index) as the base year. This
may give the impression that the 1970
value was some kind of target to be
regained, particularly with an index that
declines from 1970, but this was not the
intention. Species for which no data for
1970 were available or where they cannot
be extrapolated from later years (because
of incompatible survey techniques, for
example) were excluded.

The mean index was calculated as an
average index of population trend taken
across species (or various groupings). One
cannot take a simple arithmetic average of
indices. Instead, for each year separately,
the log of each species index value was
taken, this was then averaged across
species and the exponential of the result
calculated. Hence, each indicator is simply
the average population trend of the species
that it includes.

2.4. Groupings of species prior to index
calculation

Each species was classified in three separate
ways, by native or introduced status, by
habitat and by abundance class. These clas-
sifications allowed the calculation of
across-species indices for different group-
ings. Each species was categorised as native
or introduced/feral following the definitions
used by Gibbons et al. (1993). Re-intro-
duced, or part-re-introduced species
(Capercaillie Tetrao wurogallus, Osprey
Pandion haliaetus and Red Kite Milvus mil-
vus) were included as native species.

Each species was allocated to one of
seven habitat categories. These categories,
which reflect the main habitat used for
foraging during the breeding season, were:
coastal, farmland, woodland, wetland,
urban, upland and ‘not classified’. The

classification follows Gibbons et al.
(1993), parts of which were taken from
Ratcliffe (1990, for uplands) and from
Fuller (1994, for woodland). Twenty addi-
tional species were allocated to their pre-
ferred habitat because they were too rare
or had too restricted a distribution to be
categorised by Gibbons et al. (1993).

In this situation, a species can be
included in only one habitat, even though
it may occur in many different habitats.
There is no reason why species could not
be included in the different habitats they
occupy (with an indicator for each), but
this would slightly alter the nature of the
indicator.

Each species was classified as rare
(<500 breeding pairs in UK) or not rare
(>500 breeding pairs) at the time of the
most recent population estimate included
in Stone ef al. (1997). For a few species, it
was necessary to convert into pairs the
unit in which population size was reported
(e.g. adults or individuals), following
Heath et al. (2000).

2.4. Rare bird indicator

The rare bird indicator follows the
methodology of the headline indicator but
there are important differences due to data
availability and quality. Thus, the index
runs 1973-1998, the period for which
these data were available. In calculating a
mean index, a five-year running mean was
used as the species-year value, instead of
the real count value. This not only allowed
smoothing of the sometimes large fluctua-
tions in yearly counts of some very scarce
species (through variations in observer
effort and the difficulties inherent in sur-
veying scarce animals), but also the inclu-
sion of some very scarce, colonising or
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Fig. 1. UK Headline wild bird indicator for 139
common (more than 500 pairs) native species
and indicator for 11 introduced species.

declining species that would have other-
wise been excluded from the mean index.
Species with an index of zero in any year
were set to an arbitrary index value of 1
(van Strien, pers comm).

3. Results

Annual population indices (both real and
estimated values) were available for 198
species for the period 1970-99. Of these,
11 were of introduced or feral origin and
their overall populations have increased
strongly (Fig. 1). Populations of some
other groups of species, most notably wet-
land birds, increased during 1970-99 (Fig.
2). Among the remaining 187 native
species, 42 had populations of fewer than
500 pairs. Populations of these rare
species have increased substantially, rising
by over 260% between 1973 and 1998, as
shown in the separate rare species indica-
tor (Fig. 3). Rarities were excluded from
the final headline indicator because their
population trends were not representative
of the wider environment, most having
increased because of direct conservation
action. The final headline indicator was
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Fig. 2. UK Headline wild bird indicator for 139
common (more than 500 pairs native species
and indicators for species of woodland, wet-
land, farmland and for unclassified species
with populations greater than 500 pairs.

thus based on trends of the remaining 139
common native species, indices being pro-
duced for all 139 species combined, and
for farmland and woodland birds (subsets
of the 139) separately (Fig. 4). While the
overall line has remained relatively con-
stant, the woodland and farmland indices
have fallen by approximately 20 and 40%
respectively  since the mid-1970s.
Farmland and woodland account for about
85% of the UK land surface and are home
to many of the UK’s most abundant
species. Declines of species in these habi-
tats are probably a sign of general envi-
ronmental change or deterioration.
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Fig. 3. UK Headline indicators for 139 com-
mon (more than 500 pairs) native species and
42 rare (fewer than 500 pairs) species.
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It has also been possible to produce
headline and rare species indicators for spe-
cific regions and countries within the UK,
following methods similar to those used
above. These are currently under develop-
ment, but examples are given in Figs. 5 and
6. It can be seen that there are considerable
differences in the indicator trends in differ-
ent regions and habitats, which are only
partly due to the differences in species
composition of the regional avifauna.

4. Discussion

4.1. General remarks

Here we describe a new method for pro-
ducing wildlife indicators based on an aver-
age index across all species. A version of
this mean index, representing the common-
er native bird species (Fig. 4) has been
adopted by the UK Government as one of
its 15 headline indicators, the so-called
Quality of Life Indicators, out of a set of
150 core indicators of sustainable develop-
ment (Anon 1998, 1999). It shows unequiv-
ocally, that on average, common birds of
both farmland and woodland are in sharp
decline. It is recognised that such an index
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Fig. 4. UK Headline wild bird indicators for
139 common species and for common wood-
land and farmland species, as accepted by the
UK Government as one of its 15 Quality of
Life Indicators.

has resonance with policy makers, politi-
cians and the public alike. The UK
Government is committed to publishing
annual updates of the headline indicator, its
goal being to reverse the long-term trends.
Furthermore, the Ministry for Agriculture
Fisheries and Food has pledged to reverse
the decline of farmland birds by 2020,
using the headline indicator to measure
their progress. There is mounting evidence
that farmland birds are threatened in the
UK (Marchant et al. 1990, Gibbons et al.
1993, Marchant and Gregory 1994, Fuller
et al. 1995, Baillie et al. 1997, Siriwardena
et al. 1998) and in Europe (van Strien
1997), and that the driver of these changes
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Fig. 5. Examples of regional Headline indicators

Scotland.
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Tab. 4. A comparison of the properties of different wildlife indicators.

(a) A mean index (b) AMEOBA (¢) Red List Index (d) Ecological Capital
approach approach Index
All widespread species Indicator species are Rare species included Species indicative of
are included selected habitats are chosen

All species are

All species are weighted Influenced by changes in status of

All the included species

weighted equally equally species of high conservation concern  are weighted equally
Underlying model is Underlying model is Underlying model is simple Underlying model is
simple simple complex

There is no reference A reference state/period A reference state/period must be A reference state/period
state/period must be chosen defined must be defined
Require high quality Require high quality Require lower quality data i.e. Require high quality
data data categorical data on rare birds data for chosen species
All species need to be  Indicator species need to Rare species need to be monitored Indicator species need to
monitored be monitored be monitored

Sensitive to change Sensitive to change

Relatively insensitive to change

Sensitive to change

is agricultural intensification (Krebs et al.
1999, Donald et al. 2001).

Recent work has extended the general
methodology presented here to examine
regional variation in common and rare
breeding bird populations within the UK,
and to produce regional headline and habi-
tat-based indicators (Figs 5 and 6.). The
methodologies of the UK-wide survey
schemes from which constituent data are
drawn lend themselves to collation of data
on a regional basis. Regional wild bird
indicators are currently being developed
as one type of a number of indicators of
regional sustainability in conjunction with
the UK Government.
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Data on non-breeding bird populations
were available for many (but not all)
species, but they were not incorporated in
the index. These may be incorporated at a
future date, with the possibility of includ-
ing an indicator of wintering bird popula-
tions in the UK, because the UK is global-
ly important as a wintering site for many
wildfowl and wader species.

4.2. Conceptual issues

The wild bird indicator is the average
trend of a group of species found in a par-
ticular country, region or habitat, and the
degree to which this indicates changes in
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Fig. 6. Examples of regional rare species indicators currently under development (a) England, (b)

Scotland.
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the landscape or biodiversity in general
remains open to question. In the case of
UK farmland, declines in bird populations
have been mirrored by declines in popula-
tions of many specialised invertebrates
and plants, declines driven mostly by sim-
ilar changes in land use (Donald 1998,
Sotherton & Self 2000). Whether birds can
act as bio-indicators in other ecosystems
and in other situations is less clear. In
some, perhaps rare, cases, population
gains among birds could reflect habitat
degradation e.g. mild eutrophication,
rather than any genuine improvement in
habitat quality. This reinforces the need to
be cautious in promoting birds as indica-
tors of other wildlife.

4.3. Statistical issues

The use of atlas range change in the place
of abundance data (for 42 out of 139
species in the headline indicator) is con-
tentious and its use in future breeding bird
indicators is under review. Range change,
based on two widely spaced surveys, is a
relatively insensitive measure of trends in
bird populations. First, the use of atlas
data assumes that changes in range and
abundance are analogous. This may not
always be true and the degree to which the
two are linked may be species specific.
Second, extrapolation of these data
assumes a linear consistent change over
the entire period, including after 1990. In
the absence of any evidence that this
assumption is justified, we should be
aware that these extrapolations may differ
considerably from actual changes. It
seems likely that the atlas information will
not be used in future updates of the head-
line indicators.

In this work, no assessment of the pre-

cision of the indicator has been made.
Some measure of statistical confidence
would be desirable if trends shown by the
indicator are to be ascribed to real
processes, rather than to chance fluctua-
tions. When dealing with single species
population indices derived by GAMs or
similar, this can be achieved by calculat-
ing confidence intervals by bootstrapping
on survey sites (Buckland et al. 1992,
Siriwardena et al. 1998). The bootstrap-
ping approach could also be adapted for
use in a multi-species indicator. It is not
possible to estimate the precision of data
from some of these sources, and hence the
average trend may incorporate these
‘unknown’ errors. However, it may be
possible to use analytical solutions to
approximate errors of the mean index (van
Strien, pers comm).

4.4. Alternative indicator models

The development of sustainable indicators
in the UK parallels work elsewhere. In the
Netherlands, for example, three separate
indices have been developed, termed the
AMOEBA approach (Ten Brink 1991), the
Red List Index and the Ecological Capital
Index (van Strien 1997, 1999). The gener-
al properties of these indicators (and the
mean index) are given in Tab.4.

The AMOEBA approach is an innova-
tive method that compares the status of a
number of species at some recent point in
time with a previous reference point, the
latter being chosen to represent an ideal
state (Ten Brink 1991, Ten Brink et al.
1991). This approach can also compare
two systems separated in space where,
again, one is chosen to represent an ide-
alised state. The index can include a range
of species, although there is some pre-
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selection. The visual presentation of the
indicator is one of its key characteristics
and was developed with non-specialists in
mind. The outputs show the difference
between the present and the reference sit-
uation, and their amoeba-like form gives
the indicator its name. A further product
of this diagram is termed an ‘ecological
Dow Jones Index’ that is the summed
numerical difference between the refer-
ence points and the observed data for all
the species. The smaller the difference, the
closer the system is to a desirable state.
This approach can be criticised because
different taxa are included with equal
weighting, although they may have differ-
ent values to some users and there is sub-
jectivity in choosing the species and the
reference condition.

In the Red List Index, the rarity of a
species is classified into one of five group-
ings, which have different associated
scores linked to range or numbers at sev-
eral time points. The scores are then
summed across species for each period
and expressed in relation to the reference
period. Van Strien (1997, 1999) was able
to calculate indices for eight taxa, and in
all cases but one, the index showed biodi-
versity to have declined in the Netherlands
since 1900. Curiously, the exception was
birds; overall, rare breeding birds had
increased. This result thus parallels our
own findings for the UK (Fig. 3). Rare
birds have increased in both countries
because of concerted conservation actions
to protect and enhance the species and
their habitats. Clearly, the Red List index
is not designed to deal with common
species, rather it is designed for use along-
side the Ecological Capital Index (see
below). A further criticism is that the clas-
sification of species into broad classes of

rarity may be too crude, and so species can
move between classes only rather slowly.
The Ecological Capital Index (ECI) is
arguably the most sophisticated of the
methods considered here. This habitat-
based approach combines the quality and
quantity of a habitat into a single figure.
Quality is taken to be the density of a num-
ber of habitat-specific species, and quantity
is the area of that habitat. Both rare and
common species can be included and their
contemporary densities are contrasted with
a reference situation in the past. Habitat
quantity comes from land cover statistics
and is expressed in relation to the reference
period. The ECI is the product of quality
and quantity. Using birds as an exemplar
taxon, van Strien (1997, 1999) showed a
decline in habitat quality and quantity in
the Netherlands, using the 1950s as the ref-
erence period. Overall, farmland and heath-
land habitats had deteriorated to the great-
est extent. This basic framework has also
been used with slight modification in the
Natural Capital Index that is again based on
concepts of ecosystem quality and quantity
(Ten Brink 1997). One of the difficulties of
this approach is that it concatenates two
fundamentally different but related
processes; the loss of habitat area and the
loss of biodiversity inhabiting that habitat.
One could have a situation where the area
of a habitat declined rapidly but the biodi-
versity of the remaining patches was unal-
tered, or a situation where the habitat area
remained constant but the biodiversity
declined rapidly, yet both might have the
same ECI. Disaggregating the index into its
component parts provides better under-
standing of the ECI. As van Strien is care-
ful to stress, there are two main practical
difficulties; they are the choice of the refer-
ence period and the selection of the habitat-
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specific species. While the selection proce-
dures have been based on expert advice, it
is still arguable whether they can be con-
sidered strictly objective. The choice of
species is akin to defining ‘keystone
species’ (Paine 1969), a concept that is
generally considered unworkable (Scott
Mills et al. 1993). However, by taking a
relatively wide group of species for each
habitat, the amount of subjectivity is min-
imised. Future editions of the ECI are like-
ly to take a broader group of species, thus
increasing its similarity with the UK index
(van Strien pers comm).

One of the main differences between the
mean index approach and the other biodi-
versity indicators (Tab. 4) is that the former
treats all species equally, regardless of con-
servation status, and does not include con-
servation targets. This may be seen as a
strength or a weakness. On the positive side,
there is no subjectivity in the choice of
species to be included or the relative impor-
tance they may have because it covers all
species for which data are available.
However, since all species are weighted
equally, ‘desirable’ rare or vulnerable
species are treated equally with ‘less desir-
able’ common, or even pest species. This
reinforces the point that indicator informa-
tion needs careful thought and interpreta-
tion. Disaggregating the trends is an impor-
tant step in understanding the underlying
patterns. The method we present allows the
simple presentation of large amounts of
ecological data, making it available to a
diverse non-expert audience. While our
method has some inherent limitations (and
should be regarded as a simplistic summary
of a complex situation), it has proved to be
an effective tool in communicating informa-
tion about biodiversity to the public, policy
makers and to Government in the UK.
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1. Introduction

Sauer, J. R. 2003. Developing a general conceptual framework for avian conservation science.
— Ornis Hung. 12-13: 25-31.

Avian conservation science in North America has produced a variety of monitoring programs
designed to provide information on population status of birds. Waterfowl surveys provide pop-
ulation estimates for breeding ducks over most of the continent, the North American Breeding
Bird Survey (BBS) provides indexes to population change for >400 breeding bird species, and
many other surveys exist that index bird populations at a variety of scales and seasons.
However, many fundamental questions about bird population change remain unanswered. I
suggest that analyses of monitoring data provide limited understanding of causes of population
n change, and that the declining species paradigm (Caughley 1994) is sometimes an inefficient
J approach to increasing our understanding of causes of population change. In North America,
the North American Bird Conservation Initiative (NABCI) provides an opportunity to imple-
ment alternative approaches that use management, modeling of population responses to man-
agement, and monitoring in combination to increase our understanding of bird populations. In
adaptive resources management, modeling provides predictions about consequences of man-
agement, and monitoring data allow us to assess the population consequences of management.
In this framework, alternative hypotheses about response of populations to management can be
evaluated by formulating a series of models with differing structure, and management and
monitoring provide information about which model best predicts population response.

J. R. Sauer, USGS Patuxent Wildlife Research Center, 12100 American Holly Drive, Laurel,
Maryland 20708, USA

Plan, and the Waterbird Management
Plan, an enormous amount of effort is
devoted to discussion of development of

The North American Bird Conservation
Initiative (NABCI) is a collaboration among
bird management plans in North America
(For more information, see their website at
http://www.nabci.org/cec/about_frame.htm).
It includes a variety of partnerships,
including government and private organi-
zations, and is international in scope.
Because it incorporates existing conserva-
tion activities such as Partners in Flight
the North American Waterfowl Manage-
ment Plan, the Shorebird Management

monitoring, management, and research
activities for birds. Avian research efforts
associated with NABCI focuses on 5 pri-
mary topics: monitoring, integrated mod-
eling/analysis, decision support, adaptive
management, and information manage-
ment (http://www.pwrc.usgs.gov/nacwep/
nabcidr.pdf). NABCI provides a unique
opportunity to consider the relative role of
these activities in increasing our under-
standing of the causes of bird population
change.
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2. Monitoring

2.1. History

Monitoring has long been a primary focus
of bird management. Documenting
changes in populations over space and
time is fundamental to any conservation or
management activity, and the notion of
tracking population response to manage-
ment is well established. Caughley (1994)
described 2 models for conservation. The
“endangered species” paradigm is applied
to small populations at risk of extinction.
For these species, genetics concerns are
important considerations, and population
dynamics modeling such as population
viability analyses are often conducted.
The “declining species” paradigm is the
alternative strategy of monitoring popula-
tions to identify species that are declining
in population, and then conducting
research to identify causes. Migratory bird
conservation activities in North America
historically have relied upon of the declin-
ing species paradigm, in that effort is first
directed in developing monitoring to iden-
tify population declines. Once these
changes are identified, conservation
actions are developed to prevent species
from further declines (USFWS 2000).

2.2. Shortcomings

Unfortunately, research does not always
provide coherent answers to managers. A
variety of North American species have
shown long-term population declines, but
the causes of these declines remain
obscure even though many research stud-
ies have attempted to identify causes.
Examples of these taxa with uncertain

causal factors for declines include Black

Ducks Anas rubripes, e.g. The Black Duck

Joint Venture Strategic Plan (http://

www.pwrc.nbs.gov/bdjv/bdjvstpl.htm),

Neotropical migrant birds, and grassland-

breeding birds (e.g. Peterjohn & Sauer

1999). Many important questions are still

unresolved for most species, including

such fundamental questions as:

1. Relative importance of wintering
ground and breeding ground in influ-
encing population change.

2. Relative influence of environmental
features on survival and productivity.

3. Influence of harvest on bird popula-
tions.

4. Influence of local habitat management
on bird populations.

5. Influence of habitat management at a
landscape scale on bird populations.
These questions are still controversial

for several reasons. The scale of some

questions is beyond our current resources
or tools. Banding is an insufficient tool for
addressing many demographic issues and
other complicated questions of movement
rates among breeding and wintering sites
of migratory birds. Often, the scale of
experiments is local, and extrapolation to
regional populations is
Estimation of survival rates from radio-
tagged birds and local productivity analy-
ses are examples of local studies that are
often difficult to extrapolate to a regional
scale. Coordinated experiments with
appropriate sampling frames that provide
inference to regions using these intensive
tools are still very rare. Models of bird-
habitat relationships are similarly limited
in scale. Generally, to evaluate regional-
scale hypotheses, we rely on association
analyses where ‘treatments’ (e.g. habitat
manipulations, harvest regulations) are not

uncertain.
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experimentally applied. Unfortunately, it
is generally difficult to establish causality
in these association analyses.

2.3. The debate

This uncertainty on causes of observed
population changes has led to introspec-
tion about the process of management and
the role of managers and researchers in
bird conservation. Subtle differences of
opinion exist about how information is
acquired and used, and whether monitor-
ing should provide general information on
population status or be an active tool with
specific goals. Tools such as decision sup-
port systems and geographic information
systems provide new opportunities for
managers to make monitoring an explicit
part of management, with clearly defined
goals. These tools also provide the oppor-
tunity to use models to predict conse-
quences of management on bird popula-
tions, and provide new goals for monitor-
ing in evaluating predictions from models.
NABCI provides an opportunity for
researchers and monitoring specialists to
evaluate their role in increasing our under-
standing of bird population dynamics.

2.4. Limitations of the declining
species paradigm

This paradigm is the prevailing idea for
much of bird conservation. In the declin-
ing species paradigm, bird conservation
has 2 phases: observation of population
change, and then research into causes of
declines. Unfortunately, this approach is
inefficient, as observing declines does not
lead to understanding of causes of
declines. Because observation of declines
tends to trigger simultaneously both man-

agement and research, it encourages action
to mitigate problems at the same time as
research is in progress. It justifies moni-
toring for monitoring’s sake, rather than
considering it as part of management.
When evaluation of causes is distinct from
management, there is no impetus to think
in an integrated manner about the roles of
research, monitoring and management.

Management of populations is
extremely difficult when decisions must
be made based only on monitoring data.
For example, it is impossible to interpret
the biological significance of most popula-
tion declines estimated from monitoring
programs. Often, arbitrary population
changes are set as standards, and estimat-
ed population changes that exceed these
thresholds are considered for additional
management and research. However, with-
out additional information on the context
of the population change estimates, most
of these thresholds are meaningless.
Occasionally, causes of population change
are obvious, and can be evaluated by asso-
ciation analyses of monitoring data. Often,
however, changes are subtle rather than
obvious, and managers cannot determine
the context for the observed population
change.

This lack of generally accepted stan-
dards for defining population declines is a
complication in any species prioritization
process (e.g. Carter et al. 2000).

An additional complication associated
with migratory bird conservation is that, in
the past, managers have not received
clearly defined management options, and
their ability to predict the consequences of
their management has been poor.
Management options have been limited,
and in North America the emphasis on
management of harvested species reflects
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the notion that for these species an obvi-
ous management tool exists. For land
managers at local and regional scales, the
management options for migratory birds
have been even more limited, because lit-
tle information exists on management of
habitats for migratory birds. Local man-
agement has relied on simple bird habitat
models that generally are not based on
experimental studies of the relationships
of population change and habitat change.
Defining management options and imple-
menting reasonable monitoring systems at
these scales is a fairly recent innovation.

3. Escaping the declining
species paradigm

3.1. Defining scales and systems for
management

NABCI has concentrated conservation
efforts on habitat management at local and
regional geographic scales. In particular,
Bird Conservation Regions (BCRs, Fig. 1)
have been developed to provide a common
geographic framework for conservation in
North America. Within these regions,
management plans define priority species
and plan conservation activities. Clearly,
conservation activities include manage-
ment of habitats to modify suitability for
priority species. This definition of spatial
scales and areas of conservation interest is
accompanied by development of geo-
graphic information that can be used by
managers to assess available habitats.
These tools permit emphasis by managers
on systems and scales of interest and on
options for management that can be rigor-
ously defined in terms of geographic mod-
els. Local land managers can evaluate the

consequences of changing land use on
parts of their areas, and regional landscape
managers can evaluate changing land-use
patterns at the regional scale.

3.2. New information sources help in
decision support

Remote-sensed data and geographic
information systems provide a variety of
new tools to describe habitats and bird
populations for local and regional man-
agement. Managers can use these tools to
define habitats in areas to be managed,
developed predictive models in the geo-
graphic context, and to describe alterna-
tive management scenarios. These deci-
sion support tools can be used provide
quantitative information on local and
regional landscapes and habitats, but only
recently have managers begun to gain
access to these sophisticated tools. A
great deal of additional work is needed to
develop tools that allow managers to use
decision support tools effectively in man-
agement.

3.3. New notions on use of management
as a tool for increasing understanding
of systems

Our limited understanding of causal fac-
tors influencing population change, and
our limited abilities to develop appropriate
experiments to evaluate factors influenc-
ing bird populations, have led to the idea
that management often provides our best
tool for learning about factors influencing
population change. Historically, monitor-
ing and management of harvested species
such as waterfowl has provided data used
in association analyses. Unfortunately,
these association analyses only provide



J. R. Sauer 29

weak evidence of causes of population
change. Adaptive management is an alter-
native approach that provides a coherent
framework for assessing causality.
Adaptive management is a model-based
approach to management that acknowl-
edges uncertainty in our understanding of
how management influences populations.
In adaptive management, models are used

Bird 4
Conservation  «
Regions

to predict outcomes of management and to
choose an appropriate management strate-
gy. Management then occurs, and monitor-
ing is used to assess the results of manage-
ment. Monitoring results are compared to
predictions of the models, and model
selection for use in prediction is updated to
reflect the new information on how man-
agement influenced the population. Later

Fig. 1. Map of Bird Conservation Regions, as defined by the North American Bird Conservation
Initiative (R. Johnson, United States Fish and Wildlife Service pers comm).
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management subsequently uses the updat-
ed models for prediction and selection of
the best management action. This approach
is used in harvest management of selected
species in North America (Williams &
Johnson 1999). It provides a coherent
framework for defining management goals,
organizing research information into mod-
els, and applying the results to subsequent
management decisions; monitoring is then
implemented to assess the species popula-
tion response to management.

3.4. Developing models of systems of
interest

Adaptive management requires an ability
to predict the consequences of manage-
ment. This requires us to formalize our
understanding of the system by develop-
ing predictive models about how manage-
ment will influence population change.
Models are supposed to explain essential
elements of the system, incorporating
both our knowledge of the system and the
uncertainties associated with our knowl-
edge. Although managers use many types
of models at present, much of the present
modeling is based on qualitative informa-
tion that does not provide specificity for
management. Now, new opportunities
exist for development of quantitative
models, because definitions of goals and
scales of management provide an explicit
context for developing models to
describe the effects of management on
birds. Furthermore, decision support
tools provide additional structure by pro-
viding information on relevant habitat
and environmental covariates for man-
agement.

3.5. Making models

To make a model, one must formally

define the physical boundaries of the sys-

tem. For bird conservation in North

America, systems are frequently defined

in terms of areas such as:

1. Refuges and surrounding landscapes.

2. National Parks.

3. Bird Conservation Regions.

For the system, it is necessary to define
the state variables, the variables that are to
be modeled (e.g. population size). It is
essential to include in the model:

a. Exogenous variables: i.e. factors that
influence population change but which
cannot be controlled, such as weather
and water levels.

b. Control variables; i.e. factors that
influence population change that can
be managed, such as harvest and habi-
tat.

Finally, a transition equation must be
developed that defines how wvariables
interact over time to influence population
change. Often, a transition equation is not
known exactly, but we can define alterna-
tive possibilities in a series of models. In
all modeling efforts, it is important to
incorporate uncertainty of the estimates of
these factors.

Modeling is an obvious component of
any management of populations, and all
migratory bird conservation fits implicitly
into a system that could be modeled.
Experimental work plays a large part in
the development of models, model struc-
ture and it is also crucial in the estimation
of components. Systems are never com-
pletely understood, but this uncertainty is
implicit in both modeling and manage-
ment. Our models change, either as knowl-
edge expands through experimentation or
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upon examination of management results.
Management actions followed by evalua-
tion is the only possible method of
increasing our understanding of many of
our systems. Consequently, ties to man-
agement must be explicit in models.

4. The role of monitoring in
adaptive management

Monitoring has a critical role in adaptive
management in that it allows us to assess
system status in the context of a model,
providing a basis for assessing results of
management. This role is fundamentally
different from monitoring’s role in the
declining species paradigm, where often
observation of pattern becomes discon-
nected from understanding of causes. Of
course, the traditional roles of monitoring
programs remain relevant in documenting
patterns of bird population change and in
bringing public attention to bird popula-
tions. However, it is important to recog-
nize that monitoring data are not sufficient
to address critical questions about causes
of population change, and we presently
rely too much on association analyses as
surrogates for research.

4.1. Framework for avian
conservation?

NABCI provides a possibility for getting
away from the declining species paradigm,
in which perception of interval-specific
change drives management actions and in
which qualitative notions of bird-habitat
(or bird-harvest) associations are used to
make management decisions. To develop a
new framework for avian conservation,
the essential requirements are:

1. Collaboration with managers in under-

standing:

a. Systems of interest.

b. Available (and needed) informa-
tion.

c. Management options.

2. Integration of information on systems
through model development.

3. Experimental work to help us under-
stand systems.

4. Development of alternative models
when controversy exists about the
effects of management.

5. Use of management as source of infor-
mation on the validity of models
through the use of adaptive manage-
ment. Monitoring has a very focused
role in assessing change in system sta-
tus associated with management and
hence in evaluating model predictions.

References

Carter, M. F., Hunter, W. C., Pashley, D. N. & K. V.
Rosenberg. 2000. Setting conservation priorities
for landbirds in the United States: the Partners in
Flight approach. — The Auk 117: 541-548.

Caughley, G. 1994. Directions in Conservation
Biology. — J. Anim. Ecology 63: 215-244.

Peterjohn, B. G. & J. R. Sauer. 1999. Population sta-
tus of North American grassland birds from the
North American Breeding Bird Survey. pp. 27-
44. In; Vickery, P. D. & J. R. Herkert, (Eds).
Ecology and conservation of grassland birds of
the western hemisphere. — Studies in Avian
Biology 19.

Williams, B. K. & F. A. Johnson. 1995. Adaptive
Management and the Regulation of Waterfowl
Harvests. — The Wildlife Society Bulletin 23:
430-436. (available as:
http://migratorybirds.fws.gov/mgmt/ahm2.html)

USFWS, 2000. Conservation of avian diversity in
North America.
(http://migratorybirds.fws.gov/reports/aviandiv.html )



32

ORNIS HUNGARICA 12-13: 1-2 (2003)



Ornis Hungarica 12-13: 33-40. 2003

Conservation of european farmland birds:
abundance and species diversity

C. Stoate, M. Araujo and R. Borralho

1. Introduction
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dance and species diversity. — Ornis Hung. 12-13: 33-40.

Across much of Europe, farmland birds have declined more than those in other habitats; many
of the most threatened birds are dependent on extensive farming systems. This paper describes
two case studies in which bird abundance was monitored in relation to spatial and temporal
differences in agricultural management, one in southern Portugal, the other in central England.
In Portugal, bird abundance and species diversity were monitored in 1995 using transects in
relation to three agricultural systems. Bird abundance and species diversity were both low in
simple intensively managed farmland, and highest in extensively managed farmland incorpo-
rating agroforestry systems (Montado). However, species of greatest national and European
conservation concern were most abundant in simple, open, extensively managed landscapes.
These extensive systems are therefore important for species diversity at national and European
scales. In England, a conventionally managed farming system was adapted to encourage game-
birds for shooting, and bird abundance was monitored annually. Transects were conducted
within the study area from 1992 to 1998 and additional transects were conducted randomly in
the surrounding farmland from 1995 to 1997. Bird abundance increased during the manage-
ment period and was higher in the study area than in the surrounding area, especially for
nationally declining species. However, there was little difference in species diversity across
years or sites. Our monitoring demonstrates three important points: 1- Extensive farming sys-
tems play an important role in maintaining species diversity at national and European scales,
even where abundance and diversity are low at the farm scale. 2- Abundance of nationally
declining bird species can be restored rapidly, following population declines, if appropriate
management systems are adopted. 3- Bird conservation can be accommodated within multi-
functional land-use systems, including agricultural systems incorporating game management.

C. Stoate, The Game Conservancy Trust, Loddington House, Loddington, Leics LE7 9XE. UK.
cstoate@gct.org.uk. M. Araujo, Centro De Ecologia Aplicada, Universidade De Evora,
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of Europe, farmland birds have declined as
a result of simplification of farming sys-
tems and increased use of external inputs
evolved  (Tucker & Heath 1994, Fuller 2000). 43%

ecosystems have

through the development of agriculture,
becoming almost uniquely characteristic
plant and animal communities (Potts
1991). However, rapid changes in farming
methods in the second half of the 20" cen-
tury resulted in the partial collapse of this
ecosystem (Potts 1997). Throughout most

of bird species associated with arable
habitats now have an unfavourable conser-
vation status (Tucker 1999). Such respons-
es to agricultural intensification are partic-
ularly well documented in northern
Europe, but in southern Europe, abandon-
ment of agricultural land has also caused



34 ORNIS HUNGARICA 12-13: 1-2 (2003)

severe declines in some bird populations
(Beaufoy et al. 1994). Increasingly, farm-
land bird species are becoming an impor-
tant focus for conservation policy (e.g.
Tucker 1997, Swash et al. 2000) and are
being used as indicators of wider ecologi-
cal changes (Tucker 1999).

This paper reviews two studies of
farmland bird communities in relation to
farming systems in Portugal (Araujo et al.
1996) and England (Stoate & Szczur in
press, Stoate in press). The Portuguese
study compares bird abundance and
species diversity between one intensive
and two extensive farming systems within
one year. The English study monitors bird
abundance and species diversity over a
seven-year period in which a conventional
farming system was adapted to meet the
ecological requirements of wild game-
birds. This game management system aims
to adapt a modern farming system to pro-
vide some of the ecological conditions
found in former extensively managed sys-
tems, but with minimal economic impact
on the farm as a business. The monitoring
aims to identify a potential role for such
management in the conservation of declin-
ing farmland birds.

2. Study areas and methods

2.1. Portugal

The study area included parts or all of five
administrative regions in Baixo Alentejo
(Ferreira do Alentejo, Aljustrel, Castro
Verde, Ourique and Almoddvar) and cov-
ered a total area of 155 000ha. Within this
region, three land-use systems were recog-
nised: intensive agriculture, extensive
agriculture and Montado.

The intensive agriculture category is
characterised by a greater frequency
(>55%) of heavy soils, much of the arca
being irrigated. Wheat Triticum aestivum
and barley Hordeum distichum are the
main cereal crops and silage grass Lolium
sp, sunflower Helianthus annuus, sugar
beet Beta vulgaris and oilseed rape
Brassica napus are also grown. Wheat
yields are 2.5-3.5 tonnes/ha’ without irri-
gation but can be almost doubled with full
irrigation (P. Eden pers comm 1998).
There are short rotations with little or no
fallow (e.g. sunflower - 1 cereal - 2™
cereal). This system requires frequent use
of fertiliser (130 units N,/ha™' (P. Eden pers
comm 1998) and herbicides, relative to the
other land-use categories. With the excep-
tion of some olive Olea europea groves,
there is little tree cover.

The extensive agriculture category is
characterised by thin soils and by the
largest average farm size of the three cate-
gories. There is no irrigation and fallow
area is relatively high. A typical rotation
takes the form: plough fallow - 1* cereal -
2" cereal - fallow - fallow, with fallow
periods often lasting five years or more
(Rio Carvalho et al. 1995). Wheat yields
are 1.5-2.5 tonnes/ha’ with yields at the
lower end of this range being more com-
mon. Triticale Triticum aestivum x Secale
cereale and oats Avena sativa are fre-
quently grown in the extensive category,
and grazed or cut for silage. The incorpo-
ration of a fallow period into the rotation,
and the relatively low potential yields are
associated with considerably lower annual
inputs than in the intensive category.

Montado (equivalent to the Spanish
dehesa) is characterised by thin soils and
tree cover, dominated by holm oak
Quercus rotundifolia and cork oak Q.
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Fig. 1. Location of 1-km bird monitoring tran-
sects in relation to the Loddington farm bound-
ary.

suber. Like the extensive category, there is
no irrigation and the fallow area is high. A
typical rotation is similar to that of the
extensive category, although the fallow
stage is often longer and it may include
forage lupins Lupinus luteus. Sheep Ovis
aries, cattle Bos taurus and pigs Sus scro-
fa are kept in all three land-use categories.
Zero grazing is adopted on some farms in
the intensive category but livestock nor-
mally graze fallows. More detailed infor-
mation on these land use categories is pro-
vided by Stoate et al. (2000).

One hundred and fifteen 250m tran-
sects, starting at 1km grid intersections and
stratified by land-use categories, were
walked along a random bearing (Intensive:
n=42, Extensive: n=42, Montado: n=31).
Transect counts were conducted by a single
observer in the first three hours after dawn
of December 1994, 1995 and 1996, and
April of 1996 and 1997. All adult passer-
ines seen or heard, other than those flying
across the count area, were recorded. For
each category of land use, species were
categorised into three levels of conserva-

tion concern (1 = rare, 2 = vulnerable, and
3 = other species thought to be declining
but for which reliable data were not avail-
able) based on the criteria of SNPRCN
(1991). In addition, total bird abundance
and an overall Shannon-Wiener index of
species diversity (Magurran 1988) were
calculated for each land use category.
Differences in bird abundance and species
diversity between land-use categories were
tested using ANOVA and LSD post-hoc
tests (at P<0.05), using transects as sample
units and log-transformed data.

2.2. England

The study area comprises approximately
150km* of mixed arable and livestock
farms in Leicestershire, central England.
The area consists of arable fields and
grassland enclosed by hedges and there
are numerous small woods. Soils are
mainly heavy clay and the main crops are
wheat, barley and oilseed rape. Within this
area, transects (see below) were used to
sample breeding abundance of birds in
four discrete zones (Fig. 1). The main
study area, at Loddington, is located at the
centre of the wider study area and covers
an area of 3.33km’. The
Loddington is owned and managed as a
research and demonstration farm by the
Allerton Research and Educational Trust,
the main incentive for environmental man-
agement being the management of wild
pheasants Phasianus colchicus for shoot-
ing (Boatman & Brockless 1998).

Game management started in 1993,
following a year of baseline monitoring.
This management included thinning and
replanting of woods and active manage-
ment of hedges in order to increase the
area of shrubby vegetation. Gamecrops

farm at
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were planted on 20m-wide mid-field and
field-edge set-aside strips in order to pro-
vide invertebrate-rich foraging areas for
gamebird broods in summer, and cover
and seed food in winter. Pesticide use in
cereal crops, especially on crop headlands,
was restricted in order to increase arable
invertebrate abundance (Sotherton 1991).
Beetle banks and herbaceous strips in field
boundaries were established to provide
nesting cover for gamebirds and suitable
summer and winter habitat for beneficial
invertebrates (Rands 1987, Thomas et al.
1991). Legal control of potential nest
predators was conducted from April to
July each year (Tapper et al. 1996) and
grain was provided by hand and from hop-
pers through the winter and early spring.

In the years 1992-1998, transect counts
across all habitats at Loddington were
used to provide an abundance index for
each species. Transect counts were con-
ducted by a single observer in fine weath-
er in May and early June, in the first three
hours after dawn. Four counts were con-
ducted on foot each year at approximately
fortnightly intervals. Transect routes
totalled 11.5km and were constant
between visits and years, incorporating
well-defined habitats on each side of the
transect line (ie the adjacent field and field
boundary). All adult passerines seen or
heard, other than those flying across the
count area, were recorded.

In the years 1995-1997, separate tran-
sect counts were used to compare an index
of breeding bird abundance at Loddington
with that in the surrounding area. For this,
five 1km long transects were conducted
within Loddington and five transects were
conducted at lkm intervals along each of
four bearings radiating out from the centre
of Loddington. The first bearing was

selected at random, with subsequent bear-
ings at 90°, 180°, and 270° to it. These
formed four zones lacking wild game
management for comparison with
Loddington (Fig. 1). Each of the 25 tran-
sect counts was conducted once in May in
the first three hours after dawn.

Data from the five transects in each
area were pooled. Passerine species were
divided into three categories: Biodiversity
Action Plan (BAP) species (targeted for
conservation action), other nationally
declining species, and nationally stable or
increasing species. In addition, a Shannon
diversity index was calculated as a mea-
sure of species diversity (Magurran 1988).
The index of total bird abundance (all
birds counted), the species diversity, and
the abundance indices for nationally
declining and stable/increasing species at
Loddington were all compared with the
equivalent measures in the four zones in
the surrounding area using log-trans-
formed data two-way ANOVA
(zonexyear) followed by contrast analysis
(Loddington v average of zones A-D).

and

3. Results

3.1. Portugal

Overall bird abundance differed between
all land-use categories (F,,,=23.85,
P<0.001), being significantly higher in
Montado than in extensively and inten-
sively managed farmland. Abundance of
birds in all three categories of Portuguese
conservation status differed significantly

between land-use categories (Rare:
F,,,=18.02, P<0.001, Vulnerable:
F,,,=9.31, P<0.001, Other declining

species: F,,,=23.78, P<0.001); birds were
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Fig. 2. Abundance of birds (mean + se) of
'Rare', 'Vulnerable' and 'Other declining' con-
servationstatus in Portugal in relation to three
Alentejo farming systems.

significantly more abundant in the exten-
sive farming category than in intensive
farming or Montado (Fig. 2). Species
diversity also differed between land use
categories (F,,,=40.24, P<0.001), but was
significantly higher in Montado than on
extensively or intensively managed farm-
land (Fig. 3).

3.2. England

At Loddington, numbers of birds in the
‘nationally declining species’ category
rose significantly over the seven-year
period (r,=0.87, P=0.01), the main
increase occurring between 1992 and
1995, and were 129% higher in the 1995-
1997 period than in 1992. Numbers of
birds in the ‘nationally stable and increas-

ing species’ category rose by 42%
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Fig. 4. Bird species diversity and relative abun-
dance of 'nationally declining species', 'nation-
ally stable or increasing species' at Loddington.
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Fig. 3. Shannon-Wiener index of bird species
diversity in relation to three Alentejo farming
systems.

(r,=0.66, n.s.) (Fig. 4). The Shannon Index
of species diversity at Loddington
increased from 1.10 in 1992 to an average
of 1.16 in the 1995-1997 period, although
this increase over the seven-year period
was not significant (r,=0.69, n.s.) (Fig. 4).

In the 1995-1997 period, there were no
zone X year interactions in any of the vari-
ables examined. There was no difference
in total bird abundance, bird abundance of
nationally stable species, species richness
or species diversity between Loddington
and the average across the four zones in
the surrounding area. There was a signifi-
cant difference in BAP species abundance
between Loddington and the average of
zones A-D (contrast analysis F,,=7.52,
P<0.05). Other nationally declining
species were also significantly more abun-
dant at Loddington than in the surrounding
area (F,,=16.77, P<0.01; Fig. 5).
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Fig. 5. Abundance (mean =+ se) of Biodiversity
Action Plan species, other nationally declining
species, and nationally stable or increasing
species at Loddington.
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4. Discussion

Intensively managed farmland in both
Portugal and England supports
species diversity and bird abundance.
Although lost from England, extensively
managed arable systems survive in
Portugal where they are represented by
such systems as Montado and the exten-
sively managed arable steppe considered
in this study. Montado supports both high
bird abundance and high species diversity.

Higher species diversity within
Montado may be explained by a combina-
tion of edge effects and the intermediate
disturbance hypothesis. Montado compris-
es transitional systems between extensive
arable steppe and forest and therefore it
shares the bird communities of both sys-
tems. This is similar to Odum’s (1971)
‘edge effect’ of increasing diversity as a
result of the spatial overlap of species
from neighbouring assemblages. Montado
has intermediate frequency and intensity
of disturbance, relative to intensive agri-
cultural old growth
Mediterranean forest. Theory predicts
higher mortality and lower productivity in
highly disturbed areas (e.g. intensive
farming), where diversity is low because
populations of some species are unsustain-
able. At low levels of disturbance (e.g. old
growth forests), mortality is reduced but
diversity is low due to competitive exclu-
sion, as the dominant species eliminate
poorer competitors (for a review, see
Huston 1994).

In this study, abundance of species of
greatest conservation concern was low in
Montado, relative to extensive arable
steppe. Although Montado supports higher
species diversity at the local scale, exten-

low

systems  or

sive arable steppes make an important
contribution as habitats supporting global-
ly threatened species such as Great
Bustard Otis tarda, Lesser Kestrel Falco
naumanni and other species of conserva-
tion concern within Portugal. In this study,
most species observed within Montado are
transitional species which also occur in
other habitat types. These generalist
species are not as threatened as those
dependent on the specific conditions asso-
ciated with extensive arable steppes. For
example, within this habitat Moreira
(1999) has shown that fallow area and
structural diversity of vegetation influence
bird abundance and species diversity.
Maintenance of these habitats is therefore
essential to the conservation of many
farmland species. Nevertheless, even
within more intensively managed areas of
farmland, agricultural management could
be adapted to meet conservation objec-
tives, either by restoring traditional exten-
sive management, or by introducing novel
management practices that are designed
specifically to meet the ecological require-
ments of nationally declining birds.

The results from England suggest that
this approach can be successful. In this
case, the incorporation of a game manage-
ment system into an otherwise conven-
tional farming system resulted in a greater
increase in numbers of species of conser-
vation concern than numbers of other
species. However, game management may
also benefit some of these less threatened
species, as indicated by Stoate et al
(2000) for Corn Bunting Miliaria calan-
dra at the Portuguese study site . Although
the English study found little change in
species diversity at the farm scale, modifi-
cations to farming systems, such as the
integration of game management, can
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therefore contribute to maintaining
species diversity at the national scale.

Extensive traditional farming systems
are currently receiving support in order to
meet social and environmental objectives
under EU Rural Development Regulation
1257/99. Borralho et al. (1999) indicate
that a Zonal Programme introduced under
an earlier regulation (2078/92) has suc-
cessfully contributed to bird conservation
in the Portuguese study area. In many
parts of northern Europe, and in some
parts of southern Europe, other innovative
approaches to agricultural management
may be more acceptable to farmers than a
perceived ‘reversion’ to traditional sys-
tems. This is especially likely where man-
agement changes have economic, social or
cultural benefits to farmers, as well as
meeting environmental objectives such as
the maintenance of national bird species
diversity on farmland.
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1. Introduction (Donald et al. 2001) and thus can be used
as a measure of agricultural intensity in
arable lands.

Populations of many farmland birds have
declined dramatically in Western Europe
(Flade & Steiof 1990, Saris et al. 1994,
Fuller et al. 1995). Numerous papers have
analysed these processes and have found
that most of the factors are related to
intensification of agriculture (e.g.
Chamberlain et al. 2000, Donald et al.
2001). It has been acknowledged that cere-
al yields alone explained over 30% of
variation in bird population trends

The processes in the agricultural sector
developed differently in Eastern Europe.
The intensity of Latvian agriculture has
never been as great as in many EU coun-
tries, where cereal yields exceeded 60
quintals per hectare (q/ha) (FAOSTAT
Database). After the collapse of the mod-
erately intensive collective farm-based
system in the beginning of the 1990s, agri-
cultural production in Latvia reached its
lowest point in 1995 (Anon 1996a).
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Cereal yields decreased from 23.3 to
16.6 g/ha, cattle numbers decreased by
70% and usage of mineral fertilisers and
pesticides decreased by almost 90% at that
time (Anon 1996a, 1999a). A more
detailed overview of agriculture in Latvia
is given in Aunins et al. (2001).

Unfortunately monitoring data on bird
populations in agricultural lands are
scarce for the period 1990-1995
(Priednieks, unpublished data) when these
dramatic changes occurred. Thus the
recovery and rapid increase of many bird
species like Grey Partridge Perdix perdix,
Kestrel Falco tinnunculus and others asso-
ciated with farmland remain undocument-
ed.

The principal purpose of the present
study was to analyse changes of bird pop-
ulations in Latvian farmland and the pos-
sible factors causing these changes. The
species-habitats relationships and the
importance of different habitats or land-
scape features have been reported earlier
(Priednieks et al. 1999, Aunins et al.
2001).

2. Study Area and Methods

Field studies

The field studies were conducted in
1995-2000 in four areas (Fig. 1). All
study areas are located in mixed farm-
land, each having a size of 100 km’. They
are located in different regions of Latvia,
have different landscape structure and
were selected to be representative of the
dominant farming practice in each region.
Together they create a gradient of farm-
ing intensity that is representative of
Latvian farmland as a whole. The two

Blidene

Fig. 1. Location of the study areas.

westernmost study areas are located in
regions of intensive farming but each has
different landscape structure. Jelgava has
very low percentage of forests and shrub-
land, most of its territory being used for
agriculture. Blidene has a very mosaic
landscape structure that is comprised of a
large percentage of forests and shrubland,
the presence of wetlands being character-
istic. The other two areas are in areas of
low intensity agriculture. The northern
area (Skulte) has large percentage of
woodlands and shrubland. Most former
arable land is abandoned. The eastern
area (Teichi) has lower percentage of
forests and shrubland, and has still main-
tained a large percentage of natural
(including floodplain) meadows. A more
detailed comparison of the study areas
has been given in Priednieks et al.
(1999).

In each of the four study areas, bird
count points were chosen randomly using
a grid pattern layout as described in
Priednieks et al. (1999) & Aunins et al.
(2001). Only the 160 points (40 in each
area) that were counted all six study years
were included in the analyses.

At each census point, five-minute bird
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Tab. 1. Relative occurrence of habitats and landscape features within the described 200 m zones
around bird count points of the study areas (mean measurements over the six years taken).

Blidene Jelgava Skulte Teichi
Habitats measured and displayed as % of area
Winter cereals 15.4 21.6 3.6 9.0
Summer cereals 5.5 23.7 13.0 17.2
Root crops 35 9.6 43 32
1% year fallow 2.5 3.8 2.6 3.8
Abandoned lands 19.9 7.6 214 134
Sown grasslands 10.3 15.9 22.8 22.6
Improved meadows and pastures 12.6 3.8 9.3 1.9
Dry and moderately moist natural meadows 11.6 1.1 2.8 11.7
Wet natural meadows 32 3.1 1.8 1.1
Ponds and pools with emergent vegetation. 24 0.1 0.2 1.1
Ponds and pools w/o emergent vegetation 0.2 0.1 0.0 0.5
Forests 4.6 2.9 9.8 6.7
Orchards 0.7 1.0 0.3 0.0
Shrubs 6.3 0.1 2.8 1.8
Farmsteads 1.1 29 43 34
Isolated farm buildings 0.0 1.7 0.4 1.0
Ruderal areas 0.1 0.9 0.8 1.4
Habitats measured as length (m), displayed as density (m/ha)
Clean ditches 7.8 11.5 6.7 17.7
Ditches with bushes 8.5 14.8 10.5 8.7
Natural rivers 1.1 32 1.5 0.3
Alleys 0.5 2.3 5.1 0.3
Linear shrub belts 35 0.9 6.6 4.7
Roads 259 28.3 28.6 32.6
Electric and telephone lines 12.3 23.9 41.1 33.7
Enclosures and fences 0.0 1.4 1.7 19.2
Features counted as absolute numbers, displayed as number per 100 ha
Small ponds and pools with emergent vegtn 0.8 0.3 0.2 29
Small ponds and pools w/o emergent vegtn 04 0.2 0.3 0.7
Separate trees 25.2 6.7 9.8 18.1
Separate bushes 17.6 16.3 15.0 34.1
Stone and brushwood heaps 1.3 0.2 1.3 8.3

counts (no limitation was placed on the
horizontal distance at which birds were
reported) were performed twice per sea-
son, at around mid-May and mid-June,
respectively. Migrants and other birds fly-
ing high above the site were excluded
from further analysis.

The total number of species recorded
per point was used as a measure of species
richness. For each point and species, the
number of birds recorded was interpreted
in pairs (e.g. Two singing birds were con-
sidered as two pairs, whereas one bird
singing and one bird observed (if not an

obvious male) were considered as one
pair). The higher of the two counts
obtained was used.

The area within a circle of radius 200 m
(area 12.56 ha) around each point was
described by means of 30 habitat vari-
ables. The variables, their units of mea-
surement, and their relative abundance
within the described zones are shown in
Tab. 1. Because the count points were dis-
tributed only in agricultural land, the pro-
portions of habitats within the described
200 m zones differ from general landscape
characteristics given above.
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Tab. 2. Changes in land use and occurrence of landscape features in the four study areas (1995-

2000).

Blidene Jelgava Skulte Teichi

Habitats measured as % of area

Winter cereals

Summer cereals

Root crops

1* year fallow

Abandoned lands

Sown grasslands

Improved meadows and pastures

Dry and moderately moist natural meadows
Wet natural meadows

Ponds and pools with emergent vegetation
Ponds and pools without emergent vegetation
Forest

Shrubberies

Linear habitats

Clean ditches

Ditches with bushes
Natural rivers

Linear shrub belts

Alleys

Roads

Enclosures and fences
Electric and telephone lines

Point objects

Separate trees

Separate bushes

Stone and brushwood heaps

Habitat groups

Active arable

Active arable incl. sown grass
Meadows

Meadows and abandoned

++ ++
---(F) + 0(F) --
0 ++ ++(F) -
F F F F
+(F) +++(F)
+(F) - ++

0 = change does not exceed 5%
+ or - = change between 5 and 20%
++ or -- = change between 20 and 50%
+++ or --- = change exceed 50%
F = fluctuating

We used the periodicals of the Central
Statistical Bureau of Latvia (Anon 1996b,
1997, 1998, 1999b, 2000) as an informa-
tion source on annual yields in the rele-
vant districts (1995-1999), but these fig-
ures should be treated with care because
they are not representative of all types of
farming, being biased towards state farms
and statutory companies. Nevertheless,
they represent the regional differences
quite well.

Statistics

TRIM version 3 software (Pannekoek &
van Strien 2001) was used for analysis of
bird count data. The following models
were tested for each species (with 1995 as
the reference year): no time effect (N), lin-
ear trend without covariates (L), linear
trend including the study area as covariate
(LC), linear trend without covariates and
with stepwise selection of changepoints
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(LT), and linear trend including the study
areca as covariate and stepwise selection of
changepoints (LTC). Level P<0.05 was
used as significance criterion in Wald tests
to enter or remove the changepoints in the
stepwise procedures. Models that included
the study area as a covariate were rejected
if the value of the Wald test for signifi-
cance of covariate exceeded P=0.20. The
remaining models were compared and the
model that gave the best fit according to
Likelihood Ratio was chosen. In the few
cases when several models gave maximum
fit according to this test (P=1.000), the
model with the smallest Akaike’s
Information Criterion was chosen. The
modelled indices were used for estimating
population status.

An attempt to use the TRIM software
for analysing habitat changes was made,
but almost all models were rejected, sig-
nificance being P<0.001.

3. Results

Changes in habitats and farming inten-
sity

All the study areas experienced significant
changes in land use and the abundance of
several landscape features during the six
study years (Tab. 2). A steep decrease in
meadows was common to all areas, being
caused both by abandonment and conver-
sion to arable land. However, there were
different patterns of change in the 3 cate-
gories of meadows. Blidene did not expe-
rience significant decreases of dry and
moderately moist natural
Although conversion to arable land per-
sisted, it was balanced by the introduction
of mowing, grazing in previously aban-

meadows.

doned lands, or both. The main meadow
losses in this area were experienced in the
category of improved meadows and pas-
tures. Conversion of meadows to arable
land was most severe in Jelgava & Skulte,
but was less so in Teichi where the
decrease in dry and moderately moist nat-
ural meadows was caused mainly by their
natural improvement and encroachment by
bushes after abandonment. An increase of
abandoned land was common to all areas
to various extents. However, note that the
main increase occurred between 1995 and
1997, after which period the rate of aban-
donment stabilized or started to decrease,
except in Teichi where it increased.

An increase in winter cereals was
observed in all areas. Only Jelgava expe-
rienced increases of other crop types that
fluctuated or decreased in the other
areas. However, the area of active arable
lands increased in all three western study
areas.

An important source of differences
between the study areas was reflected by
changes in distribution of various shrub-
dominated habitats (shrubland, ditches
with bushes, linear shrub belts and isolated
bushes). All these habitats decreased in
Blidene and either remained stable or
increased in Jelgava or Skulte. The main
source of increase was ditches becoming
overgrown. In Teichi bush encroachment
took place in meadows, abandoned lands
and ditches. At the same time, roadside
shrub belts decreased. Jelgava experienced
cutting down of roadside tree lines (alleys)
whereas in Teichi new alleys appeared
after removing the roadside bushes and not
removing the trees. All study areas experi-
enced reductions in cattle enclosures and
other fences as a result of the continuous
decrease in livestock keeping.
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Tab. 3. Mean number of bird species registered per point and total number of species registered in

the study areas.

Study area 1995 1996 1997 1998 1999 2000 Mean
Mean number of bird species registered per point

Blidene 15.20 13.45 13.78 13.68 14.55 15.55 14.37
Jelgava 11.25 12.60 11.58 12.28 11.35 11.45 11.75
Skulte 14.78 16.25 14.78 16.70 14.25 15.93 15.45
Teichi 14.41 16.61 17.71 17.29 20.46 21.15 17.94
Total 1391 14.74 14.48 15.00 15.19 16.05 14.90
Mean number of bird species registered per study area Total
Blidene 77 65 69 67 70 71 104
Jelgava 63 62 65 59 57 57 85
Skulte 68 60 62 62 61 65 97
Teichi 73 76 69 72 70 72 101
Total 105 96 95 96 94 102 134

The intensity of farming (measured by
yields) varied between the study areas as
well as changing during the study period.
The highest winter cereal yields were
found in Blidene & Jelgava (31.5 and
30.5 g/ha on average), the values reflecting
increasing yields (by 1.6 and 2.8 g/ha
respectively). Winter cereal yields in
Skulte & Teichi were much lower (19.3
and 15.7 g/ha respectively), the yield in
Teichi decreasing significantly by
5.1 g/ha). A rapid growth of yields in
Skulte was recorded between 1995 and
1997, followed by a decline, after which
the 1999 yields approximated the 1995
levels (an increase of 0.2 g/ha). Summer
cereal yields fluctuated synchronously in
all study areas without any pronounced
tendency, but they were higher in Blidene
& Jelgava (23.0 and 23.3 g/ha on average)
compared to Skulte & Teichi (13.9 and
12.1 g/ha). Yields of grass production also
were higher in Blidene & Jelgava (45.0
and 39.8 g/ha) than in Skulte & Teichi
(32.6 and 30.6 g/ha). Although the year-
by-year numbers fluctuated, there was a
tendency for the grass production yields to
grow in Blidene & Skulte and to decline in
Jelgava & Teichi.

Changes in bird populations

The mean number of species registered per
point was stable in all study areas except
Teichi (Tab. 3) where it increased from
14.4 in 1995 to 21.2 in 2000. At the same
time the total number of species registered
per study area did not increase in any of
the study areas (but slightly decreased in
Jelgava).

The analysis of the bird population
changes is summarized in Tab. 4. Some
species (e.g. Quail Coturnix coturnix,
White Wagtail Motacilla alba, Sedge
Warbler Acrocephalus schoenobaenus,
Thrush Nightingale Luscinia luscinia)
show a common change pattern in all
study areas suggesting that populations of
these species currently are more affected
by large-scale factors than by area-specif-
ic factors. However, population change
patterns for most of the species differ
between the study areas suggesting that
area-specific factors play important roles
there.

In general, increases of shrub and for-
est generalist species are obvious and dif-
ferences between the study areas are not as
pronounced as for other groups. These
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Tab. 4. Trends of bird populations in study areas (1995-2000).

Species I;eng;;tsr Blidene Jelgava Skulte Teichi Total  Best model
Open agricultural land (arable, grasslands, abandoned lands)
White Stork Ciconia ciconia 494 - - ++ +++ + LCH**
Quail Coturnix coturnix' 36 +++ +++ +++ +++ +++(F)  LT(1)***
Corncrake Crex crex 310 - + ++F) A+ ++(F) LCT@4)™
Lapwing Vanellus vanellus 505 F F +++ F +? N/A
Skylark Alauda arvensis 5245 - + ++ ++ + LCH***
Meadow Pipit Anthus pratensis 681 ++ - -- -- -- LC**
Whinchat Saxicola rubetra 877 ++ + ++ 0 + LCT()*
Shrubby edge of agricultural land
Grasshopper Warbler Locustella naevia 149 F F F F +++(F) LT(2)**
Red-backed Shrike Lanius collurio 124 + + +(F) + +(F) LT(3)***
Scarlet Rosefinch Carpodacus erythrinus 485 - - - +++ - LCT(1)*
Yellowhammer Emberiza citrinella 983 - - - +++ - LCT(2)***
Species feeding on agricultural lands
Buzzard Buteo buteo 239 - --- - ++H(F) 0(F) LCT(2)**
Woodpigeon Columba palumbus 259 0 0(F) 0(F) +++ ++ LCT(1)™
Fieldfare Turdus pilaris 155 0 0 0 0 0 LT2)™
Farmsteads
White Wagtail Motacilla alba 222 --- --- --- --- --- LT(2)***
Icterine Warbler Hippolais icterina 115 +++(F) --(F) -—(F) +++(F) +(F) LCT(1)***
Starling Sturnus vulgaris 777 - ++(F) +++F) -~(F) + N/A
Goldfinch Carduelis carduelis 143 0 0 0 0 0 N*
Linnet Accanthis cannabina 112 +++ -- - - -- LC*
Wetlands
Marsh Harrier Circus aeruginosus 66 0 0 0 0 0 Nw*
River Warbler Locustella fluviatilis 143 0 0 0 0 0 N**
Sedge Warbler Acrocephalus schoeniclus 168 - - - - - L*
Reed Bunting Emberiza schoeniclus 146 0 0 0 0 0 N**
Shrubberies
Thrush Nightingale Luscinia luscinia 979 +++ +++ +++ +++ +++ LT(2)**
Marsh Warbler Acrocephalus palustris 747 +++ --(F) +++(F) +++(F) ++(F) LCT(5)***
Whitethroat Sylvia communis 1162 +++ ++ ++ +++ +++ LC***
Garden Warbler Sylvia borin 367 +++ +++ +++ + +++ LTC3)***
Forest
Cuckoo Cuculus canorus 505 +4++ +++ +++ +++ +++ LT(3)***
Tree Pipit Anthus trivialis 502 - +++ +++ +++ +++ LC***
Blackcap Sylvia atricapilla 97 ++(F) ++(F) ++F) ++(F) ++(F) L**
Willow Warbler Phylloscopus trochilus 304 - - - - - LT(3)***
Chiffchaff Phylloscopus collybita 127 +++(F) +++ +++ +++ +++ LT(1)***
Blackbird Turdus merula 463 - ++(F) --- +(F) -(F) LCT(4)***
Song Thrush Turdus philomelos 371 - - +++ +++ +++ LCT@3)***
Redwing Turdus iliacus 103 +++ +++ +++ +++ +++ LT(1)*
Golden Oriole Oriolus oriolus 499 ++ +++(F) +++ +++ +++ LCT(3)***
Great Tit Parus major 144 +++ ++ 0 +++ +++ LCT@3)***
Chaffinch Fringilla coelebs 957 +++ - +++ +++ +++ LCT(2)***

Declining 13 13 10 6 8
Increasing 16 16 20 24 24

"' Population of the species was stable at a very low level 1995-1999

N = no time effects
L = linear trend

LC = linear trend, significant differences between study areas
LT = linear trend with significant changepoints, number of changepoints are given in brackets
LTC = linear trend with significant changepoints, significant differences between study areas, number of

changepoints are given in brackets

N/A = all models rejected with significance P<0.05, expert judgement used for estimation of trends

0 = stable (change does not exceed 5%)

+ or - = slight increase or decline (change between 5 and 20%)

++ or -- = moderate increase or decline (change between 20 and 50%)
+++ or --- = strong increase or decline (change exceed 50%)

F = fluctuating

* Rk kE* = model goodness-of-fit (significance of likelihood ratio test - P>0.95, P>0.99, P>0.999 accordingly)
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increases can be associated with the gen-
eral increase of forest and shrub areas in
Latvia due to encroachment of abandoned
lands. No such increase can be observed in
species groups of agricultural and wetland
habitats where the proportion of species
having declining trends is larger and dif-
ferences between the study areas are more
pronounced.

Jelgava & Blidene have larger numbers
of declining species than the other two
areas (Tab. 4). Teichi had the smallest
number of such species, half of which
were those declining in all areas. This area
also had the largest number of increasing
species, the difference being due mainly to
species of agricultural habitats.

4. Discussion

A six-year period is too short a time span
to indicate clear trends that would
describe current tendencies for the farm-
land bird populations for the whole of
Latvia. A large proportion of the changes
are caused by yearly fluctuations in num-
bers due to the influence of various abiot-
ic and biotic factors such as weather con-
ditions (both in wintering areas and breed-
ing grounds), availability of a variety of
resources, and nesting success in the pre-
vious breeding season (Wiens 1989, Fuller
1994). This conclusion mostly applies to
species whose best models do not include
the study area as a significant covariate
(Tab. 4). However, the large proportion of
species whose changing patterns differ
significantly between the study areas sug-
gests that local processes play very impor-
tant roles. These changes in breeding bird
populations during the study period
chiefly have been caused by changes in

distribution of agricultural habitats and
various landscape features and by changes
in farming intensity. In this respect, all the
study areas have undergone different sce-
narios of development.

The only that experienced
decreases not only of the area of active
arable lands (Tab. 2), but also of farming
intensity, Teichi. However, the
decrease of arable lands was balanced by
increase of sown grasslands, and the
decrease of meadows by the increase in
abandoned lands. Thus the proportion of
cultivated and uncultivated areas remained
approximately the same. As the total num-
ber of species did not increase we believe
that the increase of the mean number of
species registered per point in this study
area occurred due to the increase of shrub-
dominated habitats and the decrease of
farming intensity. Although encroachment
by bushes took place both in ditches and
abandoned lands, it did not affect nega-
tively open habitat species, yet here the
increase in abandoned lands was more
pronounced (Tabs 2 and 4). However, if
this area continues to develop this way, it
inevitably will lead to a reduction of total
open area and a decline of open habitat
species.

The other area with low farming inten-
sity (Skulte) has experienced an increase
of arable land (¢f winter cereals) and a
strong decrease of grassland areas. The
increase in farming intensity has been
insignificant and shrub encroachment has
been recorded both for abandoned fields
and ditches. Unlike Teichi, this area did
not experience any rapid increase in the
number of species registered per point.
Rather, decreases were observed of sever-
al typical agricultural species that were
increasing in Teichi.

arca

was
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The two westernmost areas are similar to
each other; both are more intensively farmed
than others and experienced further intensi-
fication during the study period, as
expressed by increases of yields and of the
area of arable land. However, the areas dif-
fer very much in their landscape structures,
proportions of farmland habitats and the
change pattern of shrub-dominated habitats.
Nevertheless, in both areas more than twice
as many species are decreasing than in
Teichi, most of them being associated with
agricultural habitats. Although farming
intensity is not even close to that in EU
countries yet, we expect many private farm-
ers will start, or have started, to use western
farming practices that have been a principal
cause of declines of most farmland bird
species populations in western Europe. Our
results, however, are based on the state sta-
tistics that are biased towards state and statu-
tory farms, and therefore cannot show the
full picture. Although all shrub-dominated
habitats decreased in Blidene, it is interest-
ing to note that the species associated with
them continue to increase. We explain this
paradox as a result of the still-continuing
expansion of these habitats in Latvia as a
whole, due to widespread encroachment of
former arable lands, thus providing these
species with ideal living niches, increasing
their reproductive success to allow overpro-
duction to export surplus birds to neighbour-
ing sub-ideal habitats.
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Views on the role of interspecific competition in shaping the structure and dynamics of bird
communities vary widely, from negligible impacts on one hand, to being the leading ecologi-
cal and evolutionary force, producing highly structured communities on the other. What role
has this factor played in forming pristine European forest bird communities? Data collected in
the primaeval temperate forest, the Biatowieza National Park (E Poland) over a period of 25
Y years are used to answer this question. The bird community of the Biatowieza Forest was com-
posed of numerous species, usually breeding at low densities. Food resources and nest sites
were usually superabundant, but production of young remained low, due to heavy nest preda-
tion. The population sizes of individual species/guilds changed either independently of each
other or in parallel. These results indicate that interspecific competition has apparently been
of minor importance in the primaeval conditions. This remains in sharp contrast to its fre-
quently dominant role observed in secondary woods that contain nest boxes. The implications
of these findings for our understanding of biological processes are discussed.

T. Wesotowski, Department of Avian Ecology, Wroctaw University, Sienkiewicza 21, 50 335
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1. Introduction

Deciduous and deciduous-coniferous
forests of the temperate zone have under-
gone extermination, fragmentation or deep
transformation well before the origin of
ornithological research. Our knowledge of
forest bird biology in pristine conditions is
therefore full of gaps or misinterpreta-
tions. Consequently, research conducted in
remnants of the ancient lowland temperate
forests is of utmost importance and pro-
vides the reference points or baseline
against which comparisons can be made
with data collected in habitats transformed
by human activity. This principle lay
behind the decision to launch in 1975 a
programme of ornithological studies in the

Biatowieza Forest, in which the last frag-
ments of European primaeval temperate
lowland forest are to be found. It was
hoped that the old-growth primaeval forest
stands preserved in the strictly protected
part of the Biatlowieza National Park
(BNP) would constitute 'a window into the
past' through which one would gain
insights into the ecology of pristine tem-
perate plant and animal communities. The
aims of the studies were to describe pat-
terns found in primaeval forest breeding
bird communities and to understand the
ecological and behavioural processes gen-
erating the patterns.

To achieve these broadly defined goals,
data on breeding bird densities were gath-
ered in permanent study plots distributed
in all types of old-growth stands in the
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BNP. Censuses, using a modified 'com-
bined mapping' technique (Tomialoj¢
1980a; a method of producing near-
absolute estimates), were repeated every
year from 1975, producing a 25+ year data
series. In addition to data on birds, infor-
mation was gathered also on the variation
in those environmental variables that
might be relevant, such as weather, leaf-
eating caterpillars, tree seed crops, holes
and small mammals. The results of the
first 20 years of census work have been

summarised in a series of papers
(Tomiatoj¢ et al. 1984, Tomiatoj¢ &
Wesotowski 1990, 1994 and 1996;

Wesotowski & Tomiatojé 1997). In addi-
tion to this long-term community-wide
approach, population studies of 12 indi-
vidual species were carried out for shorter
periods (see list of References); their
results allowed one to gain better insights
into processes that could have generated
the observed patterns.

In the mid-1970s when the project
began, the unitarian 'competitive' view of
bird communities (as equilibrial, stable,
strongly interacting units), as marshalled
by MacArthur (1972) and his followers,
prevailed. The opposing 'individualistic'
model (communities non-equilibrial, com-
prised of loosely-knitted sets of species,
changing numbers independently of one
another, individuals responding to a vary-
ing array of factors) was rather uncommon
(reviewed in Wiens 1989). Current views
of animal community structure are much
more pluralistic (MclIntosh 1995), recog-
nising that different processes can interact
in shaping the structure and dynamics of
communities. The pure 'equilibrial' and
'individualistic' models are now treated as
special cases, lying at opposite ends of the
continuum.

Results from bird studies in European
woodlands transformed by human activity
demonstrate that interspecific competition,
both exploitation and interference types,
can be common there. Interspecific compe-
tition is especially important in shaping
numerical relationships among hole-nest-
ing birds (reviewed in Newton 1998). Does
this picture hold also true under the condi-
tions prevailing in the BNP? How impor-
tant has been proximately acting interspe-
cific competition in forming breeding bird
communities in pristine European forest? I
shall come to these questions after intro-
ducing the Biatowieza Forest and its breed-
ing avifauna.

2. Bialowieza Forest

The Forest is situated on the border
between Poland and Belarus. Of its total
area of 1250 km?, some 580 km?* belong to
Poland. The geographic co-ordinates of
Bialowieza village (52°41'N, 23°41'E)
correspond to the latitudes of Berlin and
London. The climate is subcontinental,
producing long snowy winters, the snow
cover lasting usually for about three
months, although almost snowless winters
occasionally do occur. Biogeographically
the Forest falls within the mixed forest
(deciduous-coniferous) zone that contains
a significant amount of native Norway
spruce Picea abies in almost all types of
tree-stands. For more detailed description,
see Falinski (1968, 1986), Tomiatoj¢
(1991), Tomiatoj¢ et al. (1984), Tomiatoj¢
& Wesotowski (1990, 1994) and
Jedrzejewska & Jedrzejewski (1998).

The Biatowieza Forest constitutes a
remnant of the vast European lowland
forests that once extended across the con-
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tinent. Probably being the least changed

remnant, it contains the largest amount of

pristine features of any forest complex
existing in temperate Europe, its relatively
good state of preservation stemming from

a long chain of fortunate historical events.

Though people have inhabited the

Biatowieza Forest region since Neolithic

times, colonisation of the forest complex

proper became more intensive from only

the 10" century onwards (Falinski 1968).

Large-scale timber extraction in the Forest

did not begin until the 1914-18 World War.

Nevertheless, even by 1921, a 47.5 km?

patch of the most diversified and best-pre-

served stands had been excluded from
forestry use and declared a strictly protect-
ed nature reserve (currently within the

BNP; see Tomiatoj¢ & Wesotowski (1994)

for details).

The old-growth stands preserved in the
BNP are distinguished from those in other
temperate forests by these features:

1. They are multi-storied, mixed-species
and unevenly aged (the oldest trees
dating from 1500-1600).

2. They contain trees reaching unusual
heights (the tallest spruces reaching
57 m and several other species 42-
45 m).

3. They contain a large amount of undis-
turbed dead timber and uprooted trees
(the latter structures being very impor-
tant as nesting substrates (review in
Wesolowski & Tomiatoj¢ 1995).

The study plots were situated in three
main types of BNP forest habitats, upland
deciduous woods of the oak-lime-horn-
beam Tilio-Carpinetum type (44% of the
BNP area) and swampy deciduous (22%)
and coniferous stands (28%). Detailed
descriptions of the habitats and plots stud-
ied in the BNP are given in Tomialoj¢ et

al. (1984), Tomiatoj¢ & Wesolowski
(1990, 1994, 1996) and Wesotowski &
Tomiatojé¢ (1995).

3. Breeding bird community of
the primaeval forest

So far, 111 forest and forest-edge species
have been recorded breeding in the
Bialowieza Forest, 90 of them (81%) with-
in its strictly protected part (47.5 km?)
(Tomiatoj¢ & Wesolowski 1990, T.
Wesotowski unpubl). Non-passerines,
amongst which are eight raptor species,
four owls, eight woodpeckers, Black Stork
Ciconia nigra, Hazel Grouse Bonasa
bonasia and Green Sandpiper Tringa
ochropus form as much as 40% of the
BNP avifauna. These values appear to be
among the highest recorded for a single
forest complex, especially when set
against those pertaining to the equivalent
western European forests (Tomiatoj¢ &
Wesotowski 1990).

Within the permanent census plots
(total area 1.9 km?) 84 breeding species
have been recorded, 64 of them as annual
breeders, and 20 additional and scarce
species that have bred at least once since
the mid-1970s. With minor exceptions, the
species composition has not changed dur-
ing the whole period (Tomiatoj¢ et al.
1984, Tomiatoj¢ 1995, T. Wesotowski
unpubl). The number of species breeding
within a single plot (sizes 25-33 ha)
depended on habitat type and plot posi-
tion. The highest number - total number of
species was 72 (48-52 species/year) - was
recorded in the riverine forest at the forest
edge, followed by the oak-hornbeam plot
at the edge - total number of species was
63 (40 species/year). In the first years of
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the study, deep in the forest interior, river-
ine habitat harboured more species (35)
than did either oak-hornbeam (29-31) or
coniferous habitats (26 species/year)
(Tomiatoj¢ et al. 1984). However, due to
increasing species richness in coniferous
habitat in the 1990s these differences
ceased to exist, and since then all areas
have held 33-36 breeding species annually
(Tomialoj¢ & Wesotowski 1996, T.
Wesolowski unpubl).

As a rule, individual species bred in the
BNP in low densities, only two species,
Chaffinch Fringilla coelebs and Robin
Erithacus rubecula exceeding a density of
5 pairs/10 ha regularly. Examples of
species that achieved that level of abun-
dance irregularly are Wood Warbler
Phylloscopus sibilatrix, Collared
Flycatcher Ficedula albicollis, Song
Thrush Turdus philomelos, Hawfinch
Coccothraustes coccothraustes, Blackcap
Sylvia atricapilla and Starling Sturnus vul-
garis, but not necessarily in all habitats.
The remaining species occurred in much
lower numbers, the mean density range
being only 1.4-2.6 pairs/10 ha (Tomiatojé¢
& Wesotowski 1996, T. Wesolowski
unpubl). Overall, the breeding densities of
the above species in the BNP (see below)
are much lower than those recorded in
woods transformed by human activity, as
they are also for several other species.
Densities of Wren Troglodytes troglodytes
and Dunnock Prunella modularis are c8
times lower, of Great Tits Parus major 10
times, Blackbirds Turdus merula 40 times
and of Woodpigeon Columba palumbus as
much as 400 times lower than the highest
densities reported from secondary woods
(Tomiatoj¢ et al. 1977, 1984, Tomiatojé
1980b, Wesotowski 1983, Wesotowski et
al. 1987).

The overall density of the bird commu-
nity in the BNP was rather low, reaching
only 100-110 pairs/10 ha in the most
densely populated areas, 124 pairs/10 ha
being the maximum value recorded in a
single season (Tomialoj¢ & Wesotowski
1996, T. Wesotowski unpubl). Densities
declined from the forest edge to the interi-
or and from deciduous to coniferous habi-
tats. Densities in the latter, 35-
50 pairs/10 ha, always lowest
(Tomiatoj¢ et al. 1984, Tomialoj¢ &
Wesotowski 1996, T. Wesotowski unpubl).
In contrast to the late 1970s (Tomiatoj¢ et
al. 1984), bird community densities
increased during the study period, the
mean densities in all plots being higher by
13-38% by the late 1990s. These increases
resulted from the simultaneous numerical
growth of several species, such as
Chaffinch, Collared Flycatcher, Blackbird
and Marsh Tit Parus palustris. The ten-
dency towards parallel changes in species
that differ so much in their food require-
ments, nest sites, and migratory patterns
suggests that a number of different causal
factors had to be involved, as it would be
difficult to conceive of a common denom-
inator, a single factor which could account
for all those increases. Neither reduced
severity of winters, nor increased seed
crops, rodent numbers, or caterpillar abun-
dance (see below) showed long-term
trends in the BNP, and so these could be
ruled out as causes of the observed
increases of bird numbers in the Forest
(Wesotowski &  Tomiatoj¢ 1997,
Wesotowski unpubl).

Irrespective of these temporal changes,
in all habitat types, insectivores collecting
invertebrates in tree crowns constitute
¢50% of the whole breeding community
and ground insectivores (¢30%) are the

WeEre
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second most numerous group. In terms of
nesting requirements, approximately half
of bird species build open nests in tree
crowns, one-third use holes, and the rest
breed on the ground or just above it. Due
to rather severe winters, short-distance
(¢50%) and tropical migrants (c25%)
migrants form the bulk of the community
(Tomiatoj¢ et al. 1984, Tomiatoj¢ &
Wesotowski 1996, T. Wesotowski unpubl).

In summary, the BNP breeding bird
community is composed of numerous
species, but they usually breed in low to
moderate densities. For some reason their
numbers tend to change in parallel. Could
interspecific competition account for these
patterns? Are low densities caused by the
proximate interspecific competition for
limiting resources, such as the breeding
season food supply or nest sites? These
questions are explored below.

4. Food limitation and competition
for food in the breeding season?

Birds collecting invertebrates from leaves
and twigs form about 50% of bird assem-
blages in the BNP and leaf-eating caterpil-
lars constitute a substantial part of their
diet. Preliminary observations revealed
that these caterpillars constituted 70% of
Middle Spotted Woodpecker Dendrocopos
medius nestling food (in 1978), 40-60% of
food brought to Wood Warbler nestlings
(in 1987-1988) (L. Jenni unpubl, R.
Cisakowski unpubl), up to 80 % of Marsh
Tit nestling food and 55% in the case of
Nuthatch Sitta europaea (in  1998)
(Rowinski &  Wesotowski  1999).
Tomiatoj¢ (1994) observed that even for
Blackbird, in which Lumbricidae formed
the most important food source, the cater-

pillars still made up 14-32% of nestling
diet in 1986-1989. Therefore, there are
grounds to assume that variation in the
caterpillar numbers should have a strong
influence on the breeding birds. The defo-
liating Operophtera brumata caterpillars
occurred usually in low numbers, their
outbreaks, causing partial to total defolia-
tion of deciduous trees, separated by 8-11
(Wesotowski &  Tomiatoj¢  1997).
However, in the intervening years smaller
scale outbreaks of other species, providing
alternative food sources, could occur (e.g.
partial defoliation of Acer platanoides by
Ptilophora  plumigera  caterpillars;
Rowinski & Wesotowski 1999). If, as
these observations suggest, apart from the
few 'bonanza' years, food resources are
relatively scarce for several successive
years, we should expect to observe fre-
quent food limitation in the breeding sea-
son, and signs of interspecific competition
for food. These phenomena could find
expression in:
1. Compensatory changes in numbers of
would-be competitors.
2. Small clutches.
Frequent starvation of young.
4. Lack of resource defence polygyny.
Contrary to expectations, changes in
numbers of birds in the BNP over the 25-
year study period are mostly independent
of variation in Operophtera brumata
abundance, for numbers of but three of 13
crown insectivores were positively corre-
lated with  caterpillar
Moreover, changes in numbers of con-
geners are most often independent of one
another (e.g. Great Spotted Dendrocopos
major and Middle Spotted Woodpeckers,
Wood Warbler and Chiffchaff
Phylloscopus collybita) or positively cor-
related (e.g. Pied Ficedula hypoleuca and

w

abundance.
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Collared  Flycatchers, Blue Parus
caeruleus and Great Tits, Blackbird and
Song Thrush) (Wesotowski & Tomiatoj¢
1997, T. Wesotowski unpubl).

Starvation and strong brood reduction
was found to be unimportant, even in the
low-caterpillar years. The year-to-year
variation in nesting success in the eleven
primarily insectivorous species studied so
far in the BNP was mostly due to preda-
tion (review in Wesotowski & Tomiatojé
1995, Wesotowski 2001, L. Tomialojé
unpubl, D. Czeszczewik unpubl). During a
12-year study of Marsh Tit, only in a sin-
gle season, when cold and rainy weather
arrested caterpillar development and the
young were in nests ahead of maximum
caterpillar availability, sharp
increase in nest losses recorded that could
be attributed to food shortage. However,
even then, the impact of food shortage was
only indirect (e.g. causing the young to
beg louder), because in the main, broods
were lost to predation or nest soaking and
not to starvation (T. Wesotowski & P.
Rowinski unpubl).

The clutch size of Biatowieza birds
was as large, or larger than the highest val-
ues recorded elsewhere (Wesolowski
1983, 1985, 1995, 2000; Piotrowska &
Wesotowski 1989, Wesotowski &
Stawarczyk 1991, Tomiatoj¢ 1994);
polygyny was found to be regular in sev-
eral species in BNP habitats containing
higher breeding densities (Wesotowski
1987). Usually 10-20% of bigamous males
were recorded there, but in some years
there could be up to 40% of bigamists
(some even simultaneous trigamists) as
found in a Wood Warbler oak-hornbeam
area (plot C, 1978). Because none of the
predictions has been confirmed, it seems
justified to conclude that neither limitation

was a

by food shortage in the breeding season
nor interspecific competition for food
could be major forces shaping the struc-
ture and dynamics of insectivorous birds
in this primaeval forest. It is not the equiv-
alent of saying that food plays no role in
shaping life of birds breeding there, but it
stresses that food shortages alone cannot
account for low overall breeding bird den-
sities in the BNP.

5. Is competition for breeding
holes important?

Secondary hole-nesters serve as a classic
example of a group of species limited by
shortage of nest sites, or interspecific
competition (or both) (von Haartman

1971, Perrins 1979, van Balen et al. 1982,

review in Newton 1994). The highest den-

sities recorded in the BNP for this group
were 30-40 pairs/10 ha (Tomiatoj¢ &

1996, T.

unpubl), values that are only just as high

as those recorded for single species in
nestbox areas, for example 40 pairs/10 ha

for Pied Flycatcher (Tiainen ef al. 1984)

or 34 pairs/10 ha for Great Tit (Perrins

1979). Could low numbers in the BNP be

due to shortage of holes and competition

for this scarce resource? If so, then sever-
al phenomena should be visible:

1. Suitable holes are occupied every sea-
son.

2. Populations of potentially competing
species change numbers in compen-
satory fashion.

3. Frequent interspecific aggression aris-
es over holes and hole usurpation.

4. Only obligatory hole-nesters use holes.
By and large, the Biatowieza results do

not support these expectations. Different

Wesolowski Wesolowski
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hole-nesting species changed their num-
bers in parallel or independently of each
other (Wesotowski & Tomiatoj¢é 1997).
Furthermore, nest-holes are superabun-
dant. Although, due to enormous technical
difficulties (accessibility, safety) it has
been impossible to produce data on hole
density in the BNP, indirect conservative
estimates of hole availability clearly indi-
cate their excess. Collared Flycatcher, the
most numerous species of hole-nesters in
oak-hornbeam habitat (Tomiatoj¢ &
Wesotowski 1990), is the secondary hole-
nesting species that breeds latest of all. In
a detailed study carried out in 1989,
Walankiewicz (1991) found that were at
least 28 free holes/10 ha available for fly-
catcher selection. In other words, an aver-
age flycatcher female had at least two
potential nest holes to choose from.
Because all these flycatcher holes had been
available to those species that had begun
breeding earlier, early breeding species
had at least 3 potential holes from which to
select. These values represent minimum
estimates because they include only the
holes used by the birds in 1989 and it is
known that birds are often irregular occu-
pants of the numerous holes available
(Wesotowski 2001, unpubl), even if one
includes holes used by the facultative hole-
nesters. Blackbirds breeding in holes were
observed regularly in the BNP, almost 50%
of their nests in oak-hornbeam habitat
being in holes and semi-holes (Tomiatoj¢
1993). Moreover, Robin, Dunnock and
Wren also used holes regularly.
Interspecific aggressive encounters and
hole usurpation of one species by another
were recorded in the BNP (Tomiatoj¢ et
al. 1984) but their frequency was quite
low. For example, in a three-year study of
Nuthatch based on over 160 broods

(Wesolowski & Stawarczyk 1991) no case
of hole-usurpation was recorded.
Similarly no Collared (n=534) or Pied
Flycatcher (n=159) males were killed
while prospecting for holes. Hybridisation
between Collared and Pied Flycatcher
(though at only 0.4%, is nevertheless reg-
ular) is probably better understood in
terms of competition for mates than as a
by-product of competition for holes
(Walankiewicz & Mitrus 1997,
Czeszczewik & Walankiewicz 1999).

All these observations lead one to con-
clude that the low hole-nesting densities
found in primaeval stands of BNP cannot
result from limitation by the shortage of
nest sites. Therefore, reports from other
areas of the effects of nest hole shortages
on limiting bird numbers and of strong
interspecific competition for holes seem
due mostly to by-products of human-
induced habitat transformations, and not
due to factors that are relevant in primae-
val conditions.

6. Other possible mechanisms

As shown in the previous chapters, breed-
ing bird densities in the BNP usually
remain below levels set by food or nest
site availability. Furthermore, proximately
acting interspecific competition is of
rather minor importance. Therefore, the
Bialowieza data, do not offer much sup-
port to the idea of equilibrial, saturated,
strongly competitively interacting bird
communities (Lack 1971, MacArthur
1972). The Biatowieza breeding bird com-
munity seems to be better described by the
'individualistic' community model (Wiens
1989, MclIntosh 1995). If not shortage of
resources, then what keeps densities low
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in the BNP? Several mechanisms can be

involved, such as:

1. Undersaturation, or too few birds set-
tling in spring to occupy all the avail-
able space.

2. Density limitation by territorial exclu-
sion.

3. Low productivity due to high nest pre-
dation.

4. The effects of events outside the
Biatowieza Forest.
Undersaturation

among breeding birds in BNP. It is possi-

ble that most of scarce and irregular breed-
ers are permanently unable to fill space,
though it is impossible to prove that the
unoccupied areas really are suitable for
them (Tomiatoj¢ ef al. 1984, Tomiatoj¢ &

Wesotowski 1990). The year-to-year

changes in distribution of territories, with-

out any corresponding change in habitat
structure, demonstrate this phenomenon
much better. For example, densely packed

Wood Warbler territories filled plot C in

1978 (21 territories), whereas in 1983 this

areca was almost empty (3 territories)

(Tomiatoj¢ et al. 1984, Tomiatoj¢ &

Wesotowski 1994). Similarly Great Tit in

the low number years (Wesotowski et al.

1987) and Nuthatch, even in years of rela-

tively high numbers (Wesotowski &

Stawarczyk 1991), were not numerous

enough for their territories to fill all the

available space.

Saturation of habitats at low densities
resulting from birds defending large terri-
tories is also clearly demonstrated in the
BNP. Even birds as small as Wren,
Chiffchaff or Marsh Tit can occupy terri-
tories covering 8-10 ha, their territory size
in oak-hornbeam habit averaging up to
5 ha (Wesotowski 1983, Piotrowska &
Wesotowski 1989, T. Wesolowski unpubl).

can be common

The large territories in this habitat can to
some extent reflect the distribution of nec-
essary requisites, such as fallen logs
(Wren) or canopy gaps (Chiffchaff), but
the size can also improve males' chance of
attracting a mate and, by spreading nests
in space, can serve as antipredator device
(Wesotowski 1987, Wesotowski et al.
1987).

Repopulation of plots after the experi-
mental removal of territorial males (Wren,
Great Tit and Wood Warbler) (Wesotowski
1981, Wesotowski et al. 1987,
Wesotowski & Tomiatoj¢ 1995) shows
that if some males can be prevented from
establishing territories, limitation of num-
bers by territorial defence can produce
densities as low as 1.5 territories/10 ha.

For the majority of birds studied in the
BNP so far (Wesolowski 1983, 1985,
1995, 1998; Piotrowska & Wesotowski
1989, Wesotowski & Stawarczyk 1991,
Walankiewicz 1991, Walankiewicz et al.
1997, Tomiatoj¢ 1994, Jedrzejewski et al.
1994), the overall nest loss rate amounted
to 50-70%, occasionally rising to 76%
(Wood Warbler) or dropping to 15%
(Marsh Tit). For every one of these
species, the Bialowieza loss rates are
equal to or higher than the highest values
recorded for this species in other areas
more transformed by human activity.
Predation is responsible for at least 70-
95% of nest losses. The impact of preda-
tion is greater if the timing of nest destruc-
tion is at a late stage of breeding, as is the
case in the BNP, where they are destroyed
mostly during the nestling period (Wood
Warbler, Chiffchaff, Wren, Nuthatch,
Marsh Tit), when the majority of energy
investment necessary for rearing a brood
has already been input, and when much of
the time which otherwise could have been
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devoted to rearing a replacement brood
had been wasted. In other areas, the maxi-
mum rate of nest predation does not occur
during the nestling period. In consequence
of the heavy predation pressure in the
BNP, the production of young per breed-
ing pair (and especially the production of
young per unit area) is usually very low,
sometimes being an order of magnitude
lower than recorded in other areas
(Wesotowski 1983, Wesotowski et al.
1987). The depressed productivity, even
without heavy mortality in the intervening
non-breeding season, translates into fewer
potential recruits each following spring. In
turn, this could result in undersaturation
and low breeding numbers.

The situation in the BNP as described
above has been presented under the
assumption that either there are no signif-
icant external inputs, or the changes of
environmental factors in the Forest reflect
their variability larger
However, in spite of the BNP's relatively
large area, birds breeding within it do not
constitute fixed demographic units.
Immigration of birds has contributed, at
least in some years, to numerical increases
in the highly variable Siskin Carduelis
spinus and Wood Warbler, but its impact
was discernible in some seasons on sever-
al other species whose rate of numerical
increase in consecutive seasons could not
always be accounted for by local produc-
tion (Wesotowski & Tomialoj¢ 1997). One
might expect emigration to occur in other
years as well, though this would be more
difficult to demonstrate. If events taking
place outside the Forest were acting so
strongly that the effects of local factors
were swamped, the structure of the breed-
ing community in the BNP could not be
explained by analyses carried out solely

over arcas.

within the BNP. This explanation seems
scarcely to be applicable to Nuthatch
(Wesotowski & Stawarczyk 1991) and
other permanent Forest residents. But such
species constitute only ¢10% of the breed-
ing bird community in the BNP
(Tomialoj¢ & Wesotowski 1996) and for
the 90% of the population spending the
winter outside the breeding areas, such a
conjecture seems more plausible.
However, if conditions in the non-breed-
ing period were of the utmost importance
for population dynamics, then one would
expect species wintering in the same
regions to have similar patterns of numer-
ical change. This prediction, though, has
not been corroborated (Wesolowski &
Tomiatoj¢ 1997). It would be premature to
reject this hypothesis altogether, as migra-
tory categories used in the analysis were
quite broad, and species included in the
same guild could have totally non-over-
lapping wintering ranges. Nevertheless,
there is no evidence at the moment indi-
cating that events in the non-breeding
areas are the most influential in control-
ling bird numbers in the BNP
(Wesotowski & Tomiatoj¢ 1997).

7. Primaeval versus secondary
forests

A comparison of features of bird commu-
nities from primaeval BNP stands with
those in secondary forests shaped by
human activities in other temperate areas
of Europe reveals sharp differences
between them (Tab. 1), yet both forest
types are composed largely of the same
tree species and are inhabited by the same
bird species (Tomiatoj¢ et al. 1984,
Tomiatoj¢ &  Wesotowski 1990,
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Tab. 1. Major differences between primaeval and secondary temperate forests (modified after
Tomiatoj¢ et al. (1984), Tomiatoj¢ & Wesotowski (1990).

Primaeval Secondary
Forest size large, continuous fragmented, isolated
Predator diversity high low
Availability of holes excess shortage
Species richness high low
Production of young low high
Density low high

Interspecific competition

seldom, insignificant

frequent, eminent

Tomiatoj¢ 2000). The differences stem
most probably from anthropogenic caus-
es: in the secondary forests, a combina-
tion of fragmentation effects, a simplifi-
cation of forest structure and widespread
predator extermination. On one hand, the
anthropogenic factors led to extinctions
of more sensitive (large, specialised)
species and thus to declining species
richness. On the other hand they permit-
ted the more productive populations of
surviving species to burgeon, to increase
numbers to a level at which limitation by
resources and interspecific competition
becomes important (Tomiatoj¢ 1980b,
2000; Wesotowski 1983). The high pro-
ductivity and high bird densities in the
secondary woods seem to be characteris-
tic of all habitats in which predator pres-
sure is reduced (islands, colonies, some
human settlements) and not characteristic
features of temperate forest bird commu-
nities. As the Biatowieza data clearly
demonstrate, in the temperate zone and in
pristine conditions, the forest bird com-
munities have exhibited characteristics
attributed usually only to tropical forests
(high predation pressure, low densities,
high species richness). This should be
born in mind when one attempts large-
scale intercontinental comparisons. For
valid comparisons one should compare
only the equivalent states. It seems best
to avoid drawing conclusions if data from

primaeval tropical forest is equated with
those gathered in fragmented secondary
European woods.

The results discussed here underline
the vital importance of the preservation of
reference areas in which conditions and
processes characteristic of a pristine state
can be preserved (Tomiatoj¢ ef al. 1984,
Tomiatoj¢ &  Wesolowski 1990,
Angelstam et al. 1997, Tomialoj¢ 2000).
To ensure this, the whole Biatlowieza
Forest should be preserved.
Unfortunately, the BNP protects only
c15% of the Polish part, the remaining
parts being commercially managed.
Worse still is that logging is concentrated
in the last remnants of old-growth stands
of natural origin.
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1. Introduction

Husby, M. 2003. Point count census using volunteers of terrestrial breeding birds in Norway,
and its status after six years. — Ornis Hung. 12-13: 63-72.

At present two monitoring programmes for terrestrial breeding birds are being undertaken in
Norway. The Norwegian Directorate for Nature Management (DN) funds oneprogramme, which
began in 1990, has paid fieldworkers. The other census programme, begun in 1995 and described
here, is run by the Norwegian Ornithological Society in co-operation with Nord-Trondelag
University College (HiNT). Its fieldwork involves unpaid volunteers who choose their own
routes, each of 20 points. The number of participants has increased but slowly from the start so
that in 2000 just 69 routes were investigated. These routes are unevenly distributed geographi-
cally, very few being in northern Norway. From the results, it is uncertain if the indices for the
various bird species tell us only about changes in these routes, or if the data can be extrapolated
to inform us about Norwegian populations. The paper discusses advantages and disadvantages of
the census programme. The conclusion is that a new programme is needed and it is hoped to start
in 2001. Because of the uneven distribution of volunteers and of the extremely difficult terrain,
a semi-random approach will be applied. The country will be divided into regions, Of which five
regions will be chosen and divided into 18kmx18km squares. Within each chosen region 20
squares will be selected randomly. Each square will have 20 points determined according to a
prescribed procedure. The information to be gathered at each point in the survey is discussed.
This programme will be funded by DN, HiNT, and by companies sponsoring individual species.
Participants in this new programme will have their expenses covered. Data on distribution and
densities of Willow Warbler Phylloscopus trochilus and Chiffchaff P. collybita in Norway show
exclusive competition between the species. The volunteer programme will continue.

M. Husby, Nord-Trondelag University College, Rostad, N-7600 Levanger, Norway. E-mail:
magne.husby@hint.no

other chemicals. Some of these chemicals
may be very resistant to breakdown, thus
staying in the food webs for a long time.

The effect of human activity on environ-
ment has a great impact on living organ-
isms. For example, it appears that since the
1950s, agricultural, forestry and construc-
tion has reduced the number of birds in
wetlands, in forests or on farmlands
throughout Europe (Tucker & Heath 1994).
We modify the landscape and use increas-
ing amounts and varieties of pesticides and

Residues sometimes are still present in the
food we eat. It is also known that some of
the chemicals we release into the environ-
ment influence sexual development and
can cause sterility. Pollution and large-
scale landscape change may even be
changing the climate. In general, increas-
ing human populations and the scale of the
application of technological developments
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have a massive and continuing negative
impact on the environment. More than ever
we need to monitor wildlife throughout
Europe to see how natural populations are
changing over time. The way populations
change may give us important information
about the health of our surroundings.

Birds are very well-suited as ecologi-
cal indicators. They are relatively easy to
study, and because many of the the public
are knowledgeable about them, the work
of amateurs can be harnessed in useful
monitoring programmes. Because birds
are relatively easy to identify, monitoring
fieldwork methodology can be carried out
with a high degree of confidence.
Furthermore, birds have long been well-
studied. Because species occupy a variety
of niches throughout the food chain, some
are likely to be particularly suitable for
monitoring such as the accumulation of
substances  throughout that chain.
Moreover, they may also be sensitive to
some of the multiplicity of factors affect-
ing the food chain. Those species with
long life spans May well incorporate the
effects of environmental stress over time,
providing researchers with an opportunity
to measure pollution over many years
(Furness & Greenwood 1993).

Monitoring programmes must be effec-
tive and reliable. Well-defined objectives
and a trustworthy methodology are neces-
sary so that politicians and the public can
accept the results and make the right deci-
sions. The aims of the point count census
programme of breeding birds in Norway,
as designed by the Norwegian Ornithology
Society, are to detect:

1. The impacts of pesticides and other pol-
lutants on bird populations.

2. The effects of changing weather vari-
ables from year to year.

3. Still unknown threats to the environ-
ment.
4. The impact of human activity, especial-
ly land use, on bird populations.
To be able to do this, detailed informa-
tion about population changes is needed.
To separate environmental factors from
the masking effects of climatic changes, or
to find any cause-effect relationships
between birds and their environments, as
many species as possible should be moni-
tored (Koskimies & Viisdnen 1991). It is
also essential for a successful monitoring
programme to be able to distinguish
between natural and human-induced popu-
lation changes, which may be difficult to
do (Olsen et al. 1999). Because complete
counts are out of the question for most
bird species, careful selection of sampling
design is essential. In the following I will
present the methods used in the voluntary
programme of point count census of ter-
restrial breeding birds in Norway, and dis-
cuss proposed methodological changes.
Some findings are also presented.

2. Present monitoring system of
terrestrial breeding birds in
Norway

At present, two monitoring programmess
for terrestrial breeding birds are being
undertaken in Norway. The Norwegian
Directorate for Nature Management started
the first, a ‘Monitoring Programme for
Terrestrial Eco-systems’ (MTE) in 1990. In
brief, this programme includes monitoring
of precipitation, soils, plant communities,
birds (Golden Eagle Aquila chrysaetos,
Gyrfalcon Falco rusticolus, Willow Grouse
Lagopus lagopus and passerines) and mam-

mals (mountain (Arctic) fox Vulpes
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(Alopex) lagopus, mountain hare Lepus
timidus and rodents) in seven permanent
monitoring areas. In the MTE, monitoring is
concentrated in the northern boreal and
alpine ecosystems, and bird censuses are
undertaken in the sub-alpine birch forest
and above the tree line. In each of the seven
areas the census takes place along 10 routes,
each with 20 points. Stratified randomisa-
tion determines the placement of the routes.
All participants in the MTE are paid.

The Norwegian Ornithological Society
in co-operation with Nord-Trondelag
University College (HiNT) runs the cen-
sus programme (HFT) described below.
After a couple of years of planning in co-
operation with leaders of the Swedish
(Svensson) and the Finnish (Viisédnen)
programmes, the census started in 1995.
Some details of the census methods are:

2.1. Selection of counting routes and
points

There are 20 points on each route. The par-
ticipants can choose their route and points
freely. The distance between points may
vary, provided that there is a minimum of
350m between points in open areas and of
250m in forests, to minimise double-count-
ing of individuals. Exactly the same points
must be used in subsequent years for the
population indices to have any value. The
census must be taken by the same person
each year. There are no restrictions on how
the participants move between points (e.g.
on foot or by a vehicle of any kind).

2.3. Census periods
The ‘best’ period for census-taking in

southern Norway is from 10 May to 10
June, in central Norway from 10 May to

20 June, and in northern Norway from 30
May to 30 June. Although these are the
recommended dates, because each routes
is counted at the same time every year, the
results for each route are comparable, no
matter what the overall census period. For
any route, timing of a census in later years
should not differ by more than seven days
from that of the first year.

2.4. Time of day

The best time for census taking is between
0400 and 0900. Census work is not
allowed after 1000. The start of a count
should not differ by more than 30 minutes
from that of the first year.

2.5. Weather

Calm weather without precipitation is
ideal. Point counts should be avoided if
the weather is rainy or cold, or if the wind
is moderate to strong. The census can be
stopped and rescheduled to continue
another day if the weather gets too bad.

2.6. Field work

The enumerator should approach the point
carefully. The census period at each point
is exactly five minutes. The surroundings
within a 50m radius of the point are
described and assigned a habitat code
according to a prescribed list. Any habitat
change from one year to the next within
this 50m area is described. For each
species observed (seen or heard), the num-
ber of pairs within and beyond the 100m
circle is noted in a species list. An
observed pair is defined as:

1. A male heard or seen.

2. A pair.
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3. A single female.
4. A party of fledglings.
5. A nest.

Overflying birds are included as
‘beyond 50m’. Flocks beyond 50m are reg-
istered in parentheses, (F5) meaning a flock
of five birds. The organizing committee
calculates the number of pairs in such
flocks by taking into account the species,
geography and time of year (Husby 1998).
All bird species are counted.

In the Norwegian Ornithological
Society, an organizing committee of three
members manages the census programme.
There is one contact person in each of the
20 counties. The most important functions
for the contact person are to provide infor-
mation about the census programme at
meetings and to recruit qualified volun-
teers. Enumerators send completed census
forms directly to the organizing committee
after each season.

Svein Haftorn, a knowned Norwegian
ornithologist, originally recommended this
bird census programme (Haftorn 1995).
Information about the project was present-
ed orally at the annual meetings of The
Norwegian Ornithological Society in 1994
and 1995. Subsequently, both general
information and some of the results have
been published annually in the Society’s
magazine. Information is also published in
regional magazines, and an annual report is
sent to the volunteers and other interested
persons. One arbitrarily-chosen participant
was given a bird book in 2000, and the
same will be done this year.

All fieldwork is voluntary. The county
contacts
Members of the organizing committee do
nearly all their work for free. The
Directorate for Nature Management may
provide future financial support for this

receive no remuneration.

monitoring programme, but that will
depend on some methodological changes
as explained below. Some economic sup-
port is received from Nord-Trondelag
University College and The Norwegian
Ornithological Society. From 2001, finan-
cial support will be provided by compa-
nies paying 5000 Nkr (almost 400 GBP) to
sponsor individual species. So far of nine
companies asked to sponsor species, the
four that have agreed are; Norske Skog AS
(Chiffchaff  Phylloscopus  collybita),
Tronderenergi (Dipper Cinclus cinclus),
Trondermat (Great Tit Parus major) and
Aasen Sparebank (Magpie Pica pica).

Some results are presented, and an
index is calculated for all bird species
observed from a minimum of 20 routes.
The index in the first year is set at 100,
and the index the following years is calcu-
lated according to the formula:

Index year 1 x Number of pairs observed year 2

Index year2 = -
Number of pairs observed year |

The routes have to be enumerated on two
successive years by the same person before
they are included in index calculations.

The collected data in the point count
census can provide information to help
determine relative densities in different
parts of the country, habitat preferences
and analyses of the competitive strength
between different species. Chiffchaff and
Willow Warbler P. trochilus are sympatric
species in most of Norway, and they have
a considerable overlap in both habitat and
food selection (Saether 1983, Cramp
1992). Willow Warbler is the most com-
mon bird in the terrestrial bird monitoring
programme in Norway, and in some parts
there are also high densities of Chiffchaff.
Is it possible that these two sibling species
may competitively exclude one another at
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Tab. 1. Indices for bird species observed on 20 routes or more. An index value of 100 is assigned
to a species the first year the count exceeds threshold values. The sign indicates the significance
level according to Spearman rank correlation between index values and the year, two-tailed test: *

P<0.05, ** P<0.01 and *** P<0.001, and ns means not significant.

1995 1996 1997 1998 1999 2000 Sign
Common Sandpiper Actitis hypoleucos 100 100 109 152 118 ns
Common Gull Larus canus 100 114 125 127 113 ns
Woodpigeon Columba palumbus 100 90 112 123 99 ns
Cuckoo Cuculus canorus 100 113 174 136 159 ns
Tree Pipit Anthus trvialis 100 118 105 130 90,5 ns
Pied Wagtail Motacilla alba 100 82.8 96.8 114 109 ns
Wren Troglodytes troglodytes 100 77.7 121 151 145 ns
Dunnock Prunella modularis 100 90.4 88.1 91.1 88.2 ns
Robin Erithacus rubecula 100 77.8 75.2 116 109 ns
Blackbird Turdus merula 100 98.6 109 118 96.7 ns
Fieldfare Turdus pilaris 100 118 119 147 144 168 **
Song Thrush Turdus philomelos 100 87.3 125 126 134 *
Redwing Turdus iliacus 100 102 118 126 141 141 HHE
Garden Warbler Sylvia borin 100 96.7 115 115 121 ns
Blackcap Sylvia atricapilla 100 145 133 163 170 *
Chiffchaff Phylloscopus collybita 100 116 119 99.2 100 ns
Willow Warbler Phylloscopus trochilus 100 98.1 101 117 112 102 ns
Goldcrest Regulus regulus 100 118 150 177 129 ns
Spotted Flycatcher  Muscicapa striata 100 116 123 137 140 HHk
Pied Flycatcher Ficedula hypoleuca 100 120 111 103 87.5 ns
Willow Tit Parus montanus 100 79 70.6 85.4 63.8 ns
Blue Tit Parus caeruleus 100 72.4 913 99.7 70.1 ns
Great Tit Parus major 100 97.1 99.1 95.4 85.2 *
Magpie Pica pica 100 123 139 172 148 *
Carrion Crow Corvus corone 100 126 141 146 143 *
Starling Sturnus vulgaris 100 116 114 147 160 *
Chaffinch Fringilla coelebs 100 95.3 94.1 92.5 92.4 HHk
Brambling Fringilla montifringilla 100 117 90.2 113 97.8 ns
Greenfinch Carduelis choloris 100 120 120 105 151 ns
Siskin Carduelis spinus 100 129 114 97.3 115 ns
Redpoll Carduelis flammea 100 69.6 81.2 95.3 50.3 ns
Yellowhammer Emberiza citrinella 100 105 93.4 96 76.6 ns
Reed Bunting Emberiza schoeniclus 100 107 98.5 74.8 84.6 ns

the breeding grounds? The predictions are:
o If there is no competition between
Chiffchaff and Willow Warbler, there
will be low correlation values between
the number of pairs of the two species

Bl ENew routes

BEnumerated
last twio years

N of routes

1995 1996 1997 1988 1999 2000

Fig. 1. Number of routes enumerated each year
beginning in 1995.

in different parts of the country or in
different habitats.

o If there is considerable competition
between Chiffchaff and Willow
Warbler, there will be a negative corre-
lation between the number of pairs of
the two species.

3. Results

The number of participants in the bird cen-
sus has increased slowly (the number of
census routes is given in Fig. 1). In 2000,
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Tab. 2. List of all habitat categories in which at least 20 points were enumerated. Habitat catego-

ry numbers are the same as in Fig. 4.

Habitat category

Habitat category

Number of census

number points
1 Spruce forest without shrubs (spruce as dominant tree) 49
2 Spruce forest with shrubs (shrubs < 2m high) 90
3 Pine forest without shrubs 54
4 Pine forest with shrubs 43
5 Deciduous forest without shrubs 21
6 Deciduous forest with shrubs 182
7 Mixed forest without shrubs 73
8 Mixed forest with shrubs 192
9 Scrub with deciduous bushes and trees 33
11 Clear-cut area 45
12 Pine mire (a peat bog with some pines) 29
13 Open mire 22
15 Arable land (including grassland) 82
17 Pasture, possibly with scattered bushes or trees, or both 37
18 Rural settlement (buildings, yards, gardens etc) 87
21 Mountain birch forest 36
25 Habitat category other than above 80
26 Mixed habitat, the mixture comprising two or more habitat categories 136

as given above

57 different ornithologists enumerated the
69 routes. These routes are unevenly dis-
tributed throughout the country, as shown
in Fig. 2. Most routes are enumerated well
below the tree line, thus vertically separat-

Fig. 2. Map of Norway showing the counties
and the number of routes enumerated in each
county in 2000.

ing this monitoring programme from the
MTE programme.

During the last five or six years, there
has been a significant increase in index
values for birds that leave Norway and
spend their winters in Europe (all species
combined), especially Thrushes Turdus
spp, Blackcaps Sylvia atricapilla and
Starlings Sturnus vulgaris, but
Chaffinches Fringilla coelebs have
declined (Tab. 1). Index values for birds
migrating to Africa were more variable,
but the number of observations of Spotted
Flycatcher ~ Muscicapa  striata  has
increased every year since 1996. Birds
that winter in Norway also show variable
trends: Tits Parus spp have declined,
Corvids have increased, and finches vary
with the seed production of various trees.

The relative densities of Chiffchaff and
Willow Warbler in different counties in
Norway are given in Fig. 3. The relative
densities are given as the mean number of
pairs observed in each route (20 points) in
the various counties. The mean values are
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Tab. 3. Spearman rank correlations between the number of pairs of Chiffchaff and the number of
pairs of Willow Warbler in the two most popular habitats common to both species in 2000. Only
points (n) where at least one of the species was observed are included.

County Deciduous forest with shrubs Mixed forest with shrubs Both habitats
r p n r p n r p n
MR -032  >0.1 19 -0.76  <0.05 8 -0.35 <0.1 27
ST -0.57  <0.1 10 -1.0 <0.001 9 -0.73 <0.001 19
NT -047  <0.1 15 -0.63  <0.001 39 -0.59 <0.001 54
MR-NT 045 <0.01 44 -0.66  <0.001 56 -0.56 <0.001 100

calculated for all counties with more than
one route in the period 1996-2000. The
eight counties in eastern Norway had sig-
nificantly lower densities of both
Chiffchaff (Mann-Whitney U-test, two-
tailed: Z=-3.02, P<0.01) and Willow
Warblers (Mann-Whitney U-test: Z=-2.31,
P<0.005) than in the other eight counties.

The mean number of pairs of the two
species at each point in different habitats
is shown in Fig. 4. Naturally, the various
habitats differ in importance for
Chiffchaff and Willow Warbler. Mires and
mountain birch forest hosted only Willow
Warblers at significant densities. There is
a weak positive correlation in the number
of pairs of Chiffchaff and Willow Warbler

observed in different habitats, though not
significantly so (Spearman rank correla-
tion: r=0.42, P=0.08). This means that
both species have a tendency to prefer the
same habitats, which increases the possi-
bility of competition between them.
Looking at the eight counties in south-
ern Norway and further northwards along
the coastline, where the densities of both
species were highest (Fig. 2), there were
fewer Willow Warblers in areas where the
densities of Chiffchaff were highest. This
correlation was statistically significant
(Spearman rank correlation: r=-0.83,
P=0.010). To take a closer look at the
competition between the species, I picked
out the five habitats with the highest den-

Mean n of pairs
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Fig. 3. Mean number of pairs of Chiffchaff and Willow Warbler registered at each point in the peri-
od 1996-2000. (Fig. 2 shows the location of the counties.)
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sities of Chiffchaff, and the five habitats
with the highest densities of Willow
Warbler. Two of these habitats were com-
mon: a deciduous forest with shrubs (No 6
in Tab. 2 and Fig. 4) and a mixed forest
with shrubs (No 8). The number of pairs of
these two species were analysed to see if
the number of pairs of one of the species
was dependent or independent of the num-
ber of pairs of the other species. The
analysis included only data collected with-
in 50m of the census point, and only those
points where at least one of the species
was present. The three counties with the
highest densities of Chiffchaff were
included. The statistical tests are sum-
marised in Tab. 3, and all three counties
combined showed a strong negative corre-
lation in each of the two habitats. The neg-
ative correlation was strongest in the two
counties with the highest densities of
Chiffchaff, and also in the habitat that
contained most Chiffchaffs. The correla-
tion became more negative by including
only points with at least two pairs
observed (r=-0.79, P<0.001, n=34) or at

least three pairs observed (r=-0.86,
P<0.01, n=9).
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4. Discussion

According to Koskimies (1992), a nation-

al bird-monitoring programme must fulfil

at least the following criteria. It must:

1. Be continual.

2. Be done in the same study areas from

year to year.

Use comparable methods.

Cover as many species as possible.

Cover the whole country.

Cover all habitats, both optimal and

marginal.

7. Detect both short-term and long-term
population changes.

8. Be scientifically valid.

9. Have high efficiency.

Monitoring as many species as possible,
as stressed by Koskimies & Viisdnen
(1991), allows us to separate the effects of
some environmental factors from the mask-
ing effects of climatic changes, and to find
any cause-effect relationships between
birds and their environments. Both resident
and migratory species must be included,
because they experience different selection
pressures during different seasons.

Willow Warbler \

AN IS

12 3 45 6 7 8 9 1112131517 18212526

Habitat

Fig. 4. Mean number of pairs of Chiffchaff and Willow Warbler observed in 2000 within 50m of
each point in the various habitat categories. (Tab. 2 lists the habitat categories. Only those habi-
tats in which at least 20 points were enumerated are included.)
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Does the point count census pro-
gramme of terrestrial breeding birds run
by the Norwegian Ornithological Society
in Norway fulfil these criteria? Fig. 2
shows the distribution of enumerated
routes by volunteers in different counties,
and this uneven distribution will always be
a problem. We will not be able to enumer-
ate the whole country (criterion 5 above)
in a satisfactory way. Experience indicates
that we will have the same distribution
problem in the future.

Another weak point is that volunteers
choose their routes and their points non-
randomly. This is probably not justifiable.
Thus the results probably cannot be gener-
alised to infer what is happening to the
population as a whole. It is important to be
aware of what has been sampled and how
it might relate to the whole population in
relation to such factors as geographical
distribution and habitat coverage (Bibby et
al. 1992). Preliminary calculations in
Sweden indicate that routes chosen non-
randomly by volunteers contain more
birds than randomly selected standard
(Svensson pers comm). This
implies that volunteers choose bird-rich
habitats that are not representative for the
whole country. As far as I know, no test of
the relationship between index changes
from volunteer non-random routes and
random standard routes has been pub-
lished, but both Britain and Sweden have
used both systems for a few years and
soon will be able to present correlations
between the population indices derived
from those systems. The results of these
analyses will give some indication about
the reliability of our method.

Whatever the results of these analyses,
we will start selecting routes more ran-
domly, and standardise the way to choose

routes

points along these routes. Not all details

are clear at the moment, but a few alterna-

tives suggest themselves.

The LUCAS grid system, of 18x18km
squares, is applicable to the whole of
Europe. A fully random choice of grids in
Norway to enumerate will still be prob-
lematic because:

o It is a large country with few qualified
inhabitants able to enumerate a repre-
sentative number of routes in all
regions (Its area is ¢324 000km?, its
population c¢4.5 million). Southern
routes are liable to be well covered rel-
ative northern routes, where residents
and participants are few.

*  Much of Norway’s terrain is unsuitable
for bird census work, and so an arbi-
trarily chosen 20-point may include
features such as large lakes, fast-flow-
ing rivers, vast fjords and mountains
that are both high and steep.

The plan is therefore to find a semi-
random approach, which entails:

» The selection of about five regions in
different parts of Norway and the col-
lection of sufficient data from them to
identify bird population and distribu-
tion trends.

* Each region, being 20 000-30 000km*
in area, will include many LUCAS
grids.

e All grids unsuitable for bird census
work will be excluded.

* Among the remaining grids, at least 20
will be randomly chosen in each
region.

» Participants will have their expenses
covered and perhaps be paid wages,
which is probably necessary if more
than 100 routes in these five regions
are to be enumerated.

* In each grid the census has to follow a
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detailed standardised method. There are

two possible methods discussed so far:

+ Combine line transect and point counts
along the 2x2km square centred on the
grid centre. Every kilometer a point
count will be undertaken, to a total of
eight points. The line transect connect-
ing the points will be enumerated. Each
km should take between 30 and 40
minutes to complete.

* Make point counts all the way around
the 2x2km square centred on the grid
centre, with 400m between each point,
making 20 points altogether.

The first of these two approaches is

used in Sweden. Preliminary calcula-

tions show slightly more observations
per hour using line transect than using
point count censuses, but the differ-
ence is small (Svensson, pers comm).

Using point counts exclusively, the

field method and treatment of the data

will be uniform and similar to the
existing programme.

e The current programme with volun-
teers choosing own routes will contin-
ue concurrently with the new proposed
programme.

An essential aspect of any bird census is
to discover reasons for changing bird popu-
lations. Therefore it is important to collect
much information about the different fac-
tors affecting the birds. The Norwegian
Institution of Land Inventory, The
Norwegian Institute of Nature Research
and other organizations are gathering vari-
ous data in various regions, including data
linked to the grid. Data will be collected
on: pollution (local or remote in origin),
precipitation, temperature, vegetation
described by field investigation and by aer-
ial photographic interpretation, other vege-
tation parameters (e.g. seed production,

rate of growth), and some animal parame-
ters (rodent population sizes, hare popula-
tion changes). The bird population studies
will be a part of an integrated study.
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Deriving population estimates for wintering
wildfowl in Great Britain

M. Kershaw and P. A. Cranswick

1. Introduction

Kershaw, M. and Cranswick, P. A. 2003. Deriving population estimates for wintering wildfowl
in Great Britain. — Ornis Hung. 12-13: 75-87.

Information on the numbers of individuals in a population represents some of the most basic
data that are needed to conserve populations effectively. Over the past decades, many wildfowl
populations have undergone rapid changes in numbers as well as changes in distribution in
response to the creation of refuges, management of populations, the creation of man-made
wetlands and climate change. These continuing changes make it necessary to update popula-
tion estimates on a regular basis. Data on the numbers of wildfowl wintering on wetland sites
in Great Britain come primarily from the Wetland Bird Survey (WeBS), a joint scheme of the
British Trust for Ornithology, the Wildfowl & Wetlands Trust, the Royal Society for the
Protection of Birds and the Joint Nature Conservation Committee to monitor non-breeding
waterbirds in the UK. Coordinated monthly counts by volunteers at wetland sites throughout
Great Britain form the basis of the scheme, which focuses mainly on the months September
\ through to March. It is not a simple task to calculate population sizes from extensive, volun-
) teer-based surveys such as WeBS. In particular there are three main problems associated with
the derivation of population estimates from WeBS data. Firstly, not all wetlands are covered
by the scheme. Secondly, those that are covered do not represent a random selection of wet-
land sites. Thirdly, on any one count occasion there will be a number of missing counts from
individual sites. In this paper we discuss methods for deriving population estimates for win-
tering wildfowl in Great Britain, by using WeBS data and evaluating past assessments of pop-
ulation sizes. A variety of different methods have been used to generate previous estimates and
so it is important to distinguish whether a perceived change in population size is a real bio-
logical phenomenon or arises due to differences in the sampling method, the extrapolation
method or the formula used to derive the estimate. The results of this analysis would suggest
that previous population estimates have tended to underestimate the number of wintering wild-
fowl, and the resultant implications for conservation are discussed.

M. Kershaw and P. A. Cranswick, The Wildfowl & Wetlands Trust,
Gloucestershire, GL2 7BT, UK. E-mail: melanie.kershaw@wwt.org.uk

Slimbridge,

nate wetlands of international importance
within their territory. The criteria for
identifying wetlands of international

The Ramsar Convention on Wetlands of
International Importance especially as
Waterfowl Habitat, adopted in 1971, is
the intergovernmental treaty that pro-
vides the framework for international
cooperation for conservation and wise
(Davis  1994).
Contracting Parties are obliged to desig-

use of wetlands

importance were developed in 1974 and
place particular emphasis on the impor-
tance of a site to waterfowl. Several cri-
teria relate specifically to the numbers of
waterfowl on a site. Those sites that reg-
ularly support 1% of the individuals in a
population of one species or subspecies
of waterfowl qualify as internationally
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important. The adoption of this 1% crite-
rion has necessitated the generation of
absolute measures of population size for
waterfowl species and subspecies.

Generating an absolute measure of
population size is not straightforward,
especially for highly mobile, migratory
species whose ranges span a number of
political units. However, in northwest
Europe waterfowl do tend to concentrate
on discrete wetland sites during winter,
thus offering the opportunity to survey a
large proportion of the individuals of
many species at one time. International
population sizes are reviewed every three
years (Rose & Stroud 1994, Rose & Scott
1997). In line with the international
timetable, national population estimates
for waterfowl wintering in Great Britain
are scheduled for review every three years
(Pollitt et al. 2000).

Great Britain is of outstanding impor-
tance