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The paper reviews the use of birds as a tool in environmental monitoring by discussing
the value of birds as biological indicators and by describing the integrated bird monitoring
programme in Finland. The paper emphasizes the central role of the interpretation of data.
It is important that environmental authorities are aware of this interpretation.

Birds are useful biological indicators of, for example, broad-scale habitat changes and
environmental contaminants. Birds are especially suitable for detecting unexpected
changes which cannot be observed by measuring pre-selected physical and chemical pa-
rameters, and for monitoring biological, often cumulative and non-linear consequences of
many environmental changes acting simultaneously.

In Finland about 15 study projects monitoring the regional population ecology of birds
have been integrated to give maximal opportunity for data record linkage across projects.
The breeding and wintering resident species are the most important populations for
monitoring. The interpretation of results, the most important part of monitoring, tries to
confirm cause-effect relationships between birds and their environment. Useful ap-
proaches to find the reasons for bird population changes include indicator species, com-
parison of species with similar ecologies and partitioning the total population change into
different population processes. Knowing the reasons for changes is necessary to prevent
negative environmental changes, influencing both nature and human well-being.

Pertti Koskimies, Department of Zoology, University of Helsinki, P. Rautatiekatu 13, SF-
00100 Helsinki, Finland.

1. Introduction

Bird populations have been monitored in many
countries in the last few years, because birds are said
to be good indicators of environmental changes.
There are, however, only few thorough discussions of
the use of birds as a tool in environmental monitoring.
Morrison (1986) has critically reviewed the validity
of birds as environmental indicators, but there re-
mains the need of an integrated plan to solve the
practical problems in bird population monitoring.

This paper discusses the suitability of birds as
environmental indicators and presents an integrated
bird monitoring programme, emphasizing especially
the interpretation of data. The paper is based espe-
cially on recent research and planning work done in
Finland (Koskimies 1987, 1988a). By monitoring is
meant continuous and regular quantitative research
using standardized methods, which reveal changes

and causes of changes in the abundance and ecology
of birds (e.g. Tiainen 1985). The changes caused by
human activities are of greatest interest to environ-
mental administration, but the natural dynamics must
also be studied in order to separate the two from each
other. The primary causes of the natural dynamics are
climatic changes, geological processes and biological
evolution. At least the last two of these influence bird
populations many times more slowly than human ac-
tivities (Salwasser 1986).

The mere recognition of environmental changes
and problems can never be the final result of moni-
toring. Such a recognition must always lead to at-
tempts to define and interpret the problem more pre-
cisely and to indicate the importance and kind of
counter-measures (Goodman et al. 1986). The data
gathered for environmental monitoring can be used
also for other purposes, for example for ecological
research and conservation of birds.
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2. Birds as environmental indicators
2.1. Biological monitoring

Biological monitoring, for example using birds,
has two main advantages compared with non-bio-
logical monitoring. It is possible, first, to detect envi-
ronmental changes which cannot be observed or pre-
dicted by measuring a limited set of pre-selected
physical or chemical parameters, and second, to de-
tect and monitor biological, often cumulative and
non-linear consequences of many environmental
changes acting simultaneously. In more detail, bio-
logical monitoring can be motivated as follows (Zon-
neveld 1983, Koskimies 1987):

1) environmental changes often concern cumulative
processes of strongly fluctuating factors which
cannot be measured by one single observation
using a chemical or physical method which is se-
lected beforehand;

2) physical and chemical methods may be too time-
consuming and/or too costly;

3) the combination of effects is often more important
than the single factors and the total effect can be
different from the mere sum of all separate actions
(synergism);

4) various factors are very difficult to measure with
respect to their proper direct and operational ac-
tion.

A combination of biological and chemical/physi-
cal methods is the ideal way of monitoring environ-
mental changes and their effects. By integrated moni-
toring it is possible to study cause-effect relationships
which are of utmost importance in monitoring and in
deciding on the actions to be taken.

2.2. Are birds good biological indicators?

Biological indicators are species which are sensi-
tive to a human-caused change in their environment.
More precisely: a biological indicator is defined as an
organism so strictly associated with particular envi-
ronmental conditions that its presence is indicative of
the existence of these conditions (Morrison 1986).

Birds have been considered useful biological in-
dicators because they are ecologically versatile and
live in all kinds of habitats as herbivores, carnivores
and omnivores (e.g. Jarvinen & Viisdnen 1979, Jar-
vinen 1983). The ecology of birds is well known, and
census and other study methods are well developed
compared with those used for other biological taxa.

Furthermore, bird monitoring is relatively inexpen-
sive because voluntary bird watchers can gather the
field data.

Although we can safely conclude that birds re-
spond to quantitative and qualitative changes in their
environment, they are usually not indicators of the
primary cause of this change (Morrison 1986). Birds
most often respond to secondary changes brought
about by the primary cause, being one to more steps
removed from the actual phenomenon.

However, often the changes in the abiotic regime
of an ecosystem, or cause variables, may be over-
looked, be too subtle, or be of no interest to be mon-
itored directly. Monitoring of bird populations, or ef-
fect variables, is necessary for several purposes of
describing environmental conditions. Thus far birds
have been used most successfully to detect and mon-
itor the effects of environmental contaminants, im-
pacts that in many cases would probably have other-
wise gone undetected (e.g. Morrison 1986). Bird data
have been shown also to reflect broad-scale habitat
changes, such as those due to agriculture and forestry
(e.g. Jarvinen & Viisdnen 1979). The main point then
is identifying the most important among the very
many factors that can cause changes in bird popula-
tions. Interpretation of monitored data tries to solve
this problem. It should be noted that all quantitative
data, even those obtained with the most subtle chemi-
cal and physical methods, are difficult to assess be-
cause many actual operative factors are perhaps not
reliable for such measurements (Zonneveld 1983).

When using bird species as indicators of certain
environmental changes the manager must choose
species on the basis of the specific habitat factors
which must be monitored (Szaro & Balda 1982). The
ecology of the indicator species should be well-
known in order to separate the natural dynamics from
the effects caused by human activity. Good indicators
are specialized in their habitat needs, thus reacting
rapidly to changes.

3. Constructing a monitoring programme
3.1. Aims and levels of monitoring

In Finland a large amount of research and plan-
ning work has been done to develop a scientifically
valid, coordinated programme of bird monitoring in
close connection with other environmental monitor-
ing projects (Koskimies 1987). This work has been
organized and financed by the Ministry of the Envi-
ronment.
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The basic aim of the programme is general moni-
toring to detect unexpected environmental changes as
they occur, thus birds act as an early warning system
for any adverse consequences of human-caused envi-
ronmental changes. At the same time we try to meas-
ure the biological effects of environmental changes
on bird populations and to monitor the bird fauna for
conservation purposes.

Bird monitoring in Finland can be viewed at three
levels:

1) monitoring of species,
2) monitoring of sites, and
3) monitoring of habitats.

The monitoring of species is the basis of all mon-
itoring because it identifies the factors affecting bird
numbers. In the present paper I concentrate on this
level especially. This monitoring is carried out by
cencussing various bird species or species groups.
The monitoring of sites focuses on the entire bird
fauna of, for example, nature reserves, eutrophic wet-
lands, peatlands, lush decidious forests, old forests,
shore meadows and other important breeding sites. It
was started in association with the bird atlas project
(Viisinen 1989). The monitoring of habitats is based
on the two other levels identifying bird population
changes in various habitat types, by grouping species
and site data.

3.2. Criteria for a bird monitoring programme

There are several criteria for a bird monitoring
programme. It must
1) be continual,

2) be done in the same study areas from year to year,
or repeated at regular intervals of a few yeass,

3) use comparable methods,

4) cover as many species as possible,

5) cover most of Finland,

6) cover all habitats, both optimal and marginal,

7) detect both short-term and long-term population
changes,

8) be scientifically valid, and

9) have high efficiency.

The criteria 1-3 and 8-9 are self-evident for all
monitoring studies. Other criteria need more explana-
tion.

The monitoring of various. bird species forms the
skeleton of the monitoring system, because species
are units of adaptation to their environment. As many
species as possible should be studied (criterion 4) be-
cause several studies show the limitations of using a

limited number of indicator species to monitor over-
all, long-term trends in a wildlife community (e.g.
Verner 1984, Mannan et al. 1984, Toth & Baglien
1986).

Monitoring the populations of a larger set of spe-
cies makes it possible to recognize the environmental
changes and evaluate their significance more pre-
cisely than monitoring only a few species. Although
each bird species responds to its environment in an
individual way (e.g. Gaud et al. 1986), species with
similar ecology are likely to react in a similar manner,
and by grouping them data can be interpreted more
reliably. By using more species, indication will be
sharper and local deviation in behaviour of one of the
species will be less relevant (Zonneveld 1983).

Distribution between different geographical
scales (criterion 5) is of utmost importance. The re-
gional pattern is a result of complicated dynamics in a
mosaic of local populations. On the scale of local
communities, changes may not be linked with habitat
changes (e.g. Wiens 1981). What happens in a small
area over a number of years may be to a great extent
stochastic or determined by such factors as site tenac-
ity, weather during winter or migration, fluctuations
of food resources, and excess production of young in
better habitats (Helle & Jarvinen 1986). Adequate
geographical spread of monitoring is important since
changes may occur on a local scale in response to
regional environmental changes (e.g. Wiens 1985,
Helle & Jirvinen 1986, Viisidnen et al. 1986).

Observed patterns and inferred processes must be
interpreted with regard to the spatial scale, which also
influences duration, methodology, sample sizes or
analytical procedures of the studies (Wiens et al.
1987). The scales include
1) biogeographical,

2) regional,

3) local and

4) the space occupied by single individuals.

Many of the resulting patterns and processes in dis-
tribution, density, habitat relationships and popula-
tion ecology of bird populations highly depend on
extenct of the study (e.g. Wiens 1981, Rotenberry
1986, Wiens et al. 1987). It cannot be hypothesized
that a given process acted to produce a pattern ob-
served within a particular spatial and temporal scale
unless this process operates within the very same
scale. The studies should be designed to include a
nested hierarchy of scales. Emphasis on a single ob-
servational scale reduces the ability of the observer to
identify patterns only clearly seen within other scales
(Maurer 1985).
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Clear patterns are most likely to emerge in eco-
logical systems if these systems are relatively closed.
In an open system effects from beyond the boundaries
of the system as it has been defined may influence
both the patterns and processes that go on within the
system. For example, populations of migratory birds
that breed in a local area may winter in different eco-
system types thousands of kilometres away (Wiens et
al. 1987). Every local community is, therefore, likely
to differ from every other one in important ways that
are difficult to control in comparisons among them.
The systems are likely to be effectively closed only
over very large areas, or for species occupying highly
specific and localized habitats or those populations
restricted to islands, and these patterns are thus likely
to be derived from processes occurring within the de-
fined area of interest (Wiens et al. 1987, Helle &
Jdrvinen 1986, Viisdnen et al. 1986). Controls and
replicates are hence very important in monitoring
studies (e.g. Stewart-Oaten et al. 1986, Schamberger
& O’Neil 1986).

Monitoring bird populations in many geographi-
cal areas is expensive. One solution to the problem is
that part of the study areas in various geographical
regions are studied intensively and the rest exten-
sively. The spread of the changes can be mapped,
because the factors identified in the intensively stud-
ied areas probably explain the changes in the exten-
sively studied areas.

It has been shown many times since Palmgren
(1930) that trends differ between habitats (criterion
6). Even a broad habitat change can remain unde-
tected, if monitoring does not cover most of the habi-
tat range. Particular habitats may be more vulnerable
to man-made activities than others. Best & Stauffer
(1986) have recently demonstrated the ambiguities
that may be generated from incomplete sampling and
attested to the drawbacks of extrapolating (or interpo-
lating) from only a subset of the habitat gradient.

Density and population dynamics in optimal habi-
tats may be the same from year to year although the
whole population varies strongly. The migration be-
tween populations of different habitats is probably
intense because a part of these produce excess young
(source populations) whereas the rest produce too few
young to compensate the losses (sink populations;
Wiens & Rotenberry 1981, Helle & Jarvinen 1986).
In Britain, for example, many analysis have shown
that population ecology of various bird species varies
from habitat to habitat (e.g. O’Connor 1980a, 1980b,
1981, 1982, 1985a, O’Connor & Mead 1984, O’Con-
nor & Shrubb 1986). Whenever vacancies in more

optimal habitats occur, they are filled from the reser-
voir of the suboptimal habitats, thus keeping the den-
sity in the optimal habitat more or less constant at the
expense of the suboptimal habitats. In many species
there is probably not a single optimal habitat but a
broader scale of habitats including many equally
valuable solutions for an individual selecting its habi-
tat (Wiens 1985).

The importance of long-term data should be em-
phasized, because the scarce long-term data on eco-
logical systems collected thus far often show that
short-term data collection is misleading or inadequate
(criterion 7; e.g. Wiens 1981, 1983, Wiens & Roten-
berry 1981). The long-term trends are most in-
terésting in monitoring because they indicate more
permanent changes in the environment (e.g. Jdrvinen
& Viisdnen 1979). The monitoring methods must be
sensitive enough to detect the trend as early as possi-
ble. The amplitude of the year-to-year variation must
also be measured in order to separate it from the long-
term variation.

When, for example, studying wildlife-habitat re-
lationships, short-term studies may suffice for some
species but may be totally inadequate for other spe-
cies. Predictions based on short-term studies can be
misleading because of among-year density variation
on the same plots (Gaud et al. 1986). Researchers
usually have no control over this variation which
arises from the vagaries of weather or from other
factors affecting the population dynamics of the birds.
Long-term, complex and sometimes costly studies are
needed to accomplish multifaceted objectives and
still a degree of uncertainty will remain to be both
accepted and accounted for (O’Neil & Carey 1986).

3.3. Monitoring subject

The main criteria when selecting the monitoring

subject are as follows:

1) observed population changes must indicate real
environmental changes;

2) monitoring is based on scientifically valid meth-
ods and data analyses;

3) populations can be monitored both in natural and
man-altered environments;

4) monitoring covers as many species, habitats and
study areas as possible;

5) results are representative for larger areas of simi-
lar habitats;

6) population size, breeding success, mortality and
migratory balance (emigration/immigration) be-
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tween populations are monitored at the same time,

and
7) bird monitoring can be integrated with other envi-

ronmental monitoring.

Criterion 6 must be especially stressed. Mere data
on population sizes and densities provides no clue as
to the causes of observed population changes. An at-
tempt should be made to identify the particular popu-
lation processes which are affected by environmental
effects and which seem to be involved in the recorded
change. These population processes include natality,
mortality, emigration and immigration. Population
ecology of breeding and wintering birds studied in
different geographical scales, both regional and na-
tional, is the most suitable monitoring subject (see
also O’Connor 1985b, Tiainen 1985).

Some studies (e.g. Bezzel 1974, Bezzel & Reich-
holf 1974, Nilsson & Nilsson 1976) emphasize the
use of conglomerative community indices for conser-
vation and monitoring purposes. Many sources of
error, however, may affect community indices (see
Jirvinen 1985). Interpretation of diversity index
measures, for example, is extremely difficult (Wiens
1989). Although trends in diversity may sometimes
be linked to various environmental conditions, higher
diversity has no simple relationship to what might be
termed environmental ‘favourableness’ (Schroeder
1987). Community-level measuring of biological
structure do not provide information about the pres-
ence or status of particular wildlife species, but rather
represent an accumulation of information to yield a
measurement at the community level, being more
suitable for ‘pure’ ecological research (Jarvinen
1985, Gotmark et al. 1986, Schroeder 1987, Koski-
mies & Poysid 1989). The use of multivariate analysis
in monitoring of ecological communities should be
further studied (e.g. Gauch 1982), as well as the rela-
tionships between species, the main problem of com-
munity ecology.

The monitoring of resident species is especially
important because they are affected only by changes
occurring in Finland and all of their population pro-
cesses, at least in theory, can be directly studied
throughout the year. When interpreting the results it is
important to analyse, among other things, the in-
fluence of winter weather on mortality, which is pos-
sible, for example, with the help of long-term winter
bird censuses. The interpretation of data is greatly
enhanced by the site-fidelity of many resident birds,
their changes thus reflecting local environmental
changes which can be defined. Results can be tied to a
specified area which is an essential advantage in envi-
ronmental monitoring.

Migratory species, however, must be included in
the monitoring programme as well. They may indi-
cate other types of environmental changes in their
breeding areas compared to the year-round residents.
By using migratory birds it is also possible to observe
and monitor various environmental changes in-
fluencing bird populations in wintering areas and un-
der migration. There are some impressing examples
of the global environmental changes indicated by
birds (e.g. the Sahel drought, Winstanley et al. 1974).
Monitoring migratory birds goes to some extenct
towards fulfilling the responsibility for the global
environment, accepted by an increasing proportion of
the Finnish population.

Monitoring of migratory species in addition to
residents has also another important goal. Migrants
form an essential part in the breeding bird commu-
nity, especially in northern latitudes like Finland.
Although community indices may not be valid mea-
surements of bird population changes (see above), the
communities should also be monitored, not only for
the purpose of site and habitat monitoring, but be-
cause biological factors such as interspecific com-
petition, intraspecific competition and predation can
have an effect on wildlife populations, apart from in-
fluences of the habitat or environmental factors (Best
& Stauffer 1986, Diehl 1986). By monitoring both
resident and migratory species it is possible to com-
pare their changes and try to find out if the cause of
the change acts in the non-breeding area.

To conclude, breeding and wintering populations
of the numerous species, reflecting most reliably
large-scale environmental changes (e.g. Jirvinen &
Viisdnen 1979, 1981), are the most suitable for moni-
toring. In addition, rare and threatened species indi-
cating special environmental conditions must be in-
cluded.

3.4. Migrant counts

In many countries, counts or trapping of migrants
in the bird stations have been used as a monitoring
method (e.g. Edelstam 1972, Hjort et al. 1981, Bert-
hold et al. 1986, Roos 1987). There are many uncon-
trolled sources of error in these methods, however,
and difficulties in interpreting the results. The main
source of error when counting migrants is the great
variation in migrant numbers, which may not at all
indicate real population changes (Svensson 1978,
Moritz 1982, Koskimies 1987). In different years the
birds may come from different geographical areas
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due to shifts in migrating routes (e.g. Edelstam 1972,
Svensson 1978, Moritz 1982) and defining just the
general source area very broadly (e.g. Busse 1983,
Liljefors et al. 1985, Berthold et al. 1986) does not
fulfill the needs of interpretation, i.e. the identifica-
tion of populations and environments affected.

Variation in breeding success affects the autumnal
numbers of birds markedly, but coastal or archi-
pelagic bird stations are not able to monitor juvenile
productivity precisely because landing on these sites
may have age-specific variation (Alerstam 1978). In
partial migrants the proportion of migrating individu-
als may vary from year to year. The proportion of
migrants which can be seen from observatories, and
the proportion of birds landing and trapped varies
similarly, depending on uncontrolled factors, espe-
cially weather (e.g. Richardson 1978). Various cor-
rection coefficients (Hussell 1981) are based on un-
proven assumptions and can further distort the results.
In addition, due to unreliability and high variability
from year to year, the efficiency of detecting a long-
term trend by counting migrants is lower than by
censusing breeding birds (Svensson 1978).

Although the methodological errors listed above
could be, at least in theory, corrected or standardized,
there remains the vast difficulties in interpreting the
data. It is impossible to connect the counted birds
definitely to certain geographical areas. An even
greater problem is that the breeding habitats of the
birds counted are not known. Variations in ‘total’
population (Busse 1980) cannot be compared with
results from monitoring of population ecological pa-
rameters and other environmental studies in defined
areas and environments.

The monitoring of changes in migrant numbers,
whether expressed, for example, as counts of mi-
grants or birds ringed, leads to fairly obvious a pos-
teriori explanations in some species in some years,
based mostly on guesses derived from autecological
or from other knowledge. The argument that counting
migrants is measuring something different from
breeding time censuses (e.g. Busse 1980) is valid but
itis useful in the context of monitoring only if we can
know what the counting does actually measure
(O’Connor 1984, see also Svensson 1978 and Koski-
mies 1987). For population monitoring it is necessary
that the techniques involved have adequately solved
the problems of validation and of interpretation
(O’Connor 1984). Although it is perhaps true that
counts of migrants reveal the most marked population
changes in the long-term (20-30 years?), relying on
these does not fulfill the basic requirement of moni-

toring: the change must be identified early enough to
prevent negative effects.

3.5. Monitoring methods

The most important criteria when selecting the
monitoring methods are
1) suitability for the species and habitats monitored,
2) the constancy of accuracy and reliability indepen-

dent of the habitat and bird density,

3) the size of the change to be detected and
4) standardization between habitats, years and ob-

servers (e.g. Mgller 1983).

“There is no single method suitable for monitoring
all bird species and habitats. Compromises between
the accuracy of results and efficiency of work should
be made, but the results must be comparable from
year to year. The costs of data analyses after field
work vary a lot between methods, and must be taken
into account.

It must be kept in mind that there are many
sources of error in all census and population ecologi-
cal methods (e.g. Berthold 1976, Ralph & Scott 1981,
Mgller 1983, Verner 1985). For monitoring purposes
it is not, however, essential to develop methods with-
out errors, but to know the influence of different
errors on results and to standardize them. Rapid one-
visit census methods are often more suitable than
time-consuming multi-visit methods, which volun-
tary bird watchers may find unattractive. With rapid
methods more representative samples from different
areas and habitats can be gathered. In Finland over ten
different methods to monitor population changes and
different population processes are used (Koskimies &
Viisdnen 1988). The methods are described in the
following section.

3.6. The integrated bird monitoring programme in Finland

The Finnish bird monitoring programme covers
various environmental types and population ecology
of bird groups. A basic feature of the monitoring
programme is that different projects are largely inte-
grated to give maximal opportunity for data record
linkage across the projects. There are also institu-
tional connections between monitoring projects and
basic research activities in various related fields,
which is mutually beneficial.

Most projects study population ecology both in an
intensive and extensive manner. They have been clas-
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sified into four groups according to the monitoring

subject:

A) projects monitoring size of breeding and winter-
ing populations of land birds,

B) projects monitoring population ecology (popula-
tion size, breeding success, mortality and emigra-
tion/immigration) of different species groups,

C) projects monitoring population ecology of the en-
tire bird fauna, and

D) a project monitoring pesticides in birds.

The most important projects are designated, letters

indicating the respective group, followed by a brief

mention of other monitoring projects with more defi-
nite aims.

Al. Population changes of about a hundred of the
most common land birds have been monitored by line
transects since 1978 (Viisinen et al. 1989). Transects
cover representative samples of different habitats in
the census region. In the last few years about 30-50
transects (4—6 km each) have been censused by vol-
untary observers and paid assistants. The inter-
pretation of results will be enhanced by the long
tradition of line transects since the 1940s (e.g. Jarvi-
nen & Viisidnen 1978).

Point counts of land birds started in Finland in
1984. They are easier and more attractive to the ama-
teur bird watchers than line transects, but need to
cover a large sample of points to get representative
data of all main habitats. About 70—~100 routes with
20 points (5 minutes each counting) in each have been
Both line transects and point counts are made once a
season.

A2. Winter bird censuses were started in Finland
in the winter 1955/56 (e.g. Hildén 1988, Viisinen et
al. 1988). The birds are counted along about 500
permanent routes of about 10 km each, three times a
winter (early November, late December — early Jan-
uary and late February — early March) to study
changes in distribution and abundance of winter birds
in various habitats, and in mortality during winter.

B1. Population ecology of waterfow! and wetland
birds has been the subject of a coordinated nation-
wide monitoring project since 1986 (e.g. Lammii et al.
1988), although censuses of minor areas have been
carried out over 50 years. The breeding populations
are censused by point and round count methods, twice
in the beginning of the breeding season. In the former,
the waterfowl are counted from a fixed point and a
standard water area, in the latter by going round the
study lake by boat or by foot (e.g. Koskimies & Poysi

1989). From 1987 to 1988, for example, 608 point
counts and 168 round counts were repeated in a com-
parable way in 148 study squares (10x10 km). The
project will become more versatile by integrating
studies on, for example, reproductive success (brood
counts), on mortality, and on summer-time popula-
tions, into the present breeding population censuses
(Koskimies & Poysid 1987).

B2. Monitoring of population changes and repro-
duction of archipelago birds has been going on in a
few localities since the early 1900s (e.g. Kilpi 1985).
A coordinated project covering about 20 study areas
all along the coast was started in 1984 (Hildén 1987).
On every study island the observer counts the number
of nests and adults and records the content of the
nests, preferably three times in a breeding season.

B3. Population changes and breeding success of
birds of prey have been monitored by searching all
nests and territories of different raptor and owl spe-
cies in 10-km squares since 1982 (e.g. Saurola 1986,
Haapala & Saurola 1989a). About 120 squares have
been studied. Additional data on reproduction of birds
of prey outside the study blocks have been gathered
from ringers. Intensive projects mostly carried out by
ringers on the Golden Eagle Aquila chrysaetos,
White-tailed Eagle Haliaeetus albicilla, Osprey Pan-
dion haliaetus and Peregrine Falcon Falco pere-
grinus have been going on since the 1960s and 1970s
by checking all or most of the nests every year.

B4. Gallinaceous birds deserve a project of their
own because specific census methods are required
and because of the commercial value of these birds.
Since 1964, counts have been made along 800-900
routes (total length 25 000-30 000 km) once a season
in late summer, to monitor population structure and
population changes, as well as breeding success (e.g.
Lindén & Rajala 1981). From 1988 onwards the cen-
sus has been done along triangular routes (12 km
each), sampling the various habitats randomly (Lin-
dén et al. 1989).

BS. Box-nesting birds are in many respects ideal
for monitoring: compared with most other species
rather accurate measures on the size of the breeding
population, reproductive success, mortality and site-
tenacity of the birds can be obtained. Migratory bal-
ance between populations, irruptions and winter-time
mortality can also be monitored in resident species. A
special monitoring project of box-nesting passerines
has been carried out in Finland since 1975 (Hildén &
v. Haartman 1987). The project covers about 20 study
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areas in different parts of the country, with 50-300
nest-boxes in each area. The project will probably
include many other areas in the future.

B6. Nocturnal singers (Bittern Botaurus stellaris,
Rallidae, Luscinia luscinia, Locustella and Acro-
cephalus spp.) are monitored separately because of a
need of a special census method (listening to the
nocturnally singing males). All observations (usually
5 000-8 000 singing males in total per year) made by
bird watchers in Finland have been gathered since
1980 (e.g. Koskimies 1986). In addition, standardized
route censuses were introduced in 1988 to improve
the annual comparability. Each route (about 5-30 km
long) will be counted three times in early summer.

C1. Breeding success of birds has been monitored

since 1954 by gathering nest-cards from bird watch-
ers (e.g. v. Haartman 1969). A new card more suitable
for coordinated monitoring of bird populations, in-
cluding, for example, a standardized classification of
breeding habitats, was taken into use in 1986 (Tiainen
& Viisdnen 1986, Koskimies & Viisidnen 1988). On
average, about 5 000 nest cards have been filled in per
year since then. In addition to the general nest card
project, breeding success of waterfowl, archipelago
birds, birds of prey, gallinaceous birds and box-nest-
ing species are also monitored in their respective
projects (see above B1-B5), including, as far as pos-
sible, information on post-fledging mortality, which
is an important gap in our knowledge of avian popula-
tions.

C2. Standardized mist-netting for monitoring
population ecology of (mostly passerine) birds was
introduced in 1986 (Haapala et al. 1987). The method
is based on the Constant Effort Sites Scheme of the
British Trust for Ornithology (Baillie et al. 1986). The
ringer sets up a constant netting site with 5-25 nets.
Each ringer uses those nets for certain standardized
hours per day per 10-day period between May and
August (in total 12 trapping days a summer). All
netting routines are highly standardized from period
to period and year to year, as in the German MRI-
project (Berthold & Scherner 1975). The main aims
of the project are to monitor breeding success
(juvenile:adult ratio) and mortality of individuals
from year to year. In 1988 there were 26 ringing sites
in Finland (Haapala & Saurola 1989b).

C3. General bird ringing has been going on in
Finland since 1913. Ringing data can be used to
monitor mortality and to study causes of death, mi-
gration routes and wintering areas. However, this re-

quires more data than previously collected from most
bird species. More work is needed to develop the
mathematical calculation of mortality parameters (see
e.g. Wallin 1984, Lakhani 1987). Ringing can be used
in monitoring more effectively if ecological data on
the ringing site could be in some way coupled with the
results of site-related ringing (O’Connor 1984).
Koskimies & Viisdnen (1988) emphasize the value of
long-term and intensive ringing of local populations
of various species, to monitor, for example, mortality
and site-fidelity (emigration/immigration).

D1. Birds have been successfully used as an ob-
ject in monitoring pesticide levels in biological or-
ganisms (reviewed e.g. by Morrison 1986). In Finland
there has been no coordinated study programme, but
pesticide levels have been analysed in a number of
species (e.g. Lindberg et al. 1983, Solonen & Lo-
denius 1984, Lodenius & Kuusela 1985). This type of
monitoring will be activated in the near future.

Atlas studies can also be used in monitoring of
subsequent changes in distribution, which for many
species probably occur on a time scale of some dec-
ades. Thus, the atlas is not a continual annual project
as are projects Al to C3. The first atlas was compiled
in Finland in 1974-79 (Hyytid et al. 1983, Koskimies
1989a), and second one in 1986-89 with greatly im-
proved methodology using a more quantitative basis
than previously (Viisdnen 1989). Since 1976 atlas
information has been enhanced by gathering faunisti-
cally valuable records of less numerous bird species
(e.g. Koskimies 1989b), which are often typical of
threatened habitats but poorly sampled in ordinary
censuses due to their rarity.

Two monitoring projects having a clear conserva-
tion goal deserve special mention: data banks of valu-
able bird sites and threatened bird species. Data on
breeding bird faunas and the environmental condi-
tions of important bird sites (e.g. wetlands, peatlands,
open islands with bird colonies, shore meadows, old
and decidious forests, etc.) as well as probable threats
have been recorded in a special bird site register since
1986. Almost one thousand sites have been registered
so far for the purposes of nature conservation. Infor-
mation on each of the 38 threatened bird species
listed in the Finnish Red Data Book (Rassi & Viisi-
nen 1987) has been gathered from voluntary observ-
ers in a coordinated manner during the 1980s (e.g.
Koskimies 1989c). The main goal is to monitor the
size of the populations and their reproductive success,
in order to promote the protection of threatened bird
species and their habitats.
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In addition to these projects covering the whole of
Finland, there is a special study for monitoring pop-
ulation changes of breeding birds in virgin reference
areas. These are small catchment areas where versa-
tile environmental monitoring will be integrated in
the very same site. Breeding birds have been censused
by a standard mapping method in 60 ha study plots in
four areas since 1987 (Koskimies 1988b). In the early
1990s there will probably be about 10 areas in differ-
ent parts of Finland.

An applied, two-visit mapping method has also
been used in monitoring the breeding birds in agri-
cultural habitats (Tiainen et al. 1985). This project
started as a nation-wide status inventory in 1984 and
later on included more local and intensive studies on
the relationships between the breeding bird fauna and
agricultural landscape. Future tasks where a mapping
method should be used include monitoring of bird
communities in various habitats and at valuable bird
sites, and the mapping of the less numerous species in
large study areas (Koskimies & Viisdnen 1988).

Most projects have been organized by the Zoo-
logical Museum of the University of Helsinki with the
help of about 3 000 voluntary bird watchers. They
form a permanent observer network. The Museum
has published detailed standard field instructions and
computer forms for all the projects in a special book
delivered to all observers (Koskimies & Vdiisdnen
1988). The Finnish Game and Fisheries Research
Institute, Game Division, organizes the monitoring of
gallinaceous birds. They organize the monitoring of
waterfowl together with the Zoological Museum.

4. Interpretation of monitored data
4.1. The relationship between birds and their environment

Interpretation of data is the most important part of
monitoring studies, especially for environmental ad-
ministration. All interpretation should be based on
scientifically rigorous analyses of the data; monitor-
ing is basically a scientific, long-term analysis of the
relationships between Homo sapiens and its envi-
ronment (Goodman et al. 1986).

Interpretation means searching for cause and ef-
fect relationships to assess impacts of various human-
caused changes on biological organisms. Efforts
should be made to study the mechanisms both of the
proposed effect and of any plausible alternative ex-
planation. The differences in the impact of alternative
reasons seem often to be of degree, not kind (Stewart-

Oaten et al. 1986). Cause and effect can best be
inferred by comparing data from disturbed (opera-
tional) and undisturbed (control) sites with data col-
lected during baseline studies prior to implementation
of land-use practice or to any other change (Graves &
Dittberner 1986), but on broad geographical scales
controlled experiments may be unfeasible (Viisdnen
et al. 1986).

Study of habitat correlates is particularly valuable
in relation to monitoring because it identifies key el-
ements of habitat on which the various species de-
pend. Population changes detected for different spe-
cies can then be related to any identifiable changes in
the abundance of the habitat elements concerned,
whilst changes that are not consistent with known
habitat alterations require some other explanation,
such as a previously undetected environmental
change (O’Connor 1985b).

It is necessary to understand how birds actually
utilize their habitats and what habitat components ul-
timately influence the survivorship and reproductive
success of these birds (Holmes 1981). Wildlife-habi-
tat relationships can be obscured when the variables
used to characterize habitat are measured too
coarsely. Methods of habitat measuring and classifi-
cation (e.g. Noon 1981, Larson & Bock 1986) must
be developed and standardized to fulfill monitoring
needs. The relevant parameters must be carefully se-
lected (Wiens 1989).

In recent years, modelling habitat relationships of
birds and other vertebrates has been rapidly devel-
oped, especially in North America (for a review, see
Verner et al. 1986). A habitat relationship model must
include a functional relation between the nature of the
environment and the animal population, and simulate
the dynamics of the environment (Shugart & Urban
1986).

Although there are many weaknesses and un-
proved assumptions in, for example, the Habitat
Suitability Index (HSI) models (Verner et al. 1986),
based mostly on literature review, they greatly aid in
quantifying the species-habitat relationships and are
useful for interpreting and predicting the impacts of
different land-use practices on wildlife. They should
be viewed as the very beginning in modelling the im-
pacts of environmental changes on bird species. The
integration of an intensive smaller-scale habitat selec-
tion study and an extensive study of bird population
changes by Helle & Jarvinen (1986) proved to be very
fruitful.

Monitoring practioners should recognize when
populations respond to something other than changes
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in their habitats. Biotic and abiotic factors such as
weather fluctuations, varying resource bases, philo-
patry and competition may affect the sizes of popula-
tions independently of habitat changes (e.g. Klafs et
al. 1981, van Horne 1983, Hejl & Beedy 1986).
Weather and food resource fluctuations are probably
the most important non-habitat factors which should
be considered in bird monitoring work.

4.2. Methods of interpretation

There are many approaches in interpreting the
data of bird monitoring studies. The basic goal of
these is the separation of the influence of human-
caused environmental changes from ‘natural’
changes. The data base obtainable from virgin areas
remains limited because virgin areas are scarce and
poorly representative of different habitats. Thus, a
comparison between the data base from the virgin ar-
eas and that of human-altered habitats is not satisfac-
tory. In addition, bird population changes in (smaller)
virgin areas are dependent on the regional changes
influenced by human activities (Viisédnen et al. 1986).

Suitable approaches to be further developed in-
clude
1) single indicator species,

2) grouping species with similar ecologies (‘moni-
toring guild’ approach), and

3) partitioning the change in population size to pop-
ulation processes (‘population model’ approach).

4.3. Indicator species

Birds which are specialised in their life history
characteristics may be used as indicators of special
habitat needs and changes. In selecting indicator spe-
cies one should consider
1) residency status,

2) foraging and/or nesting substrate,

3) adequate data base,

4) ease of monitoring,

5) sensitivity to habitat perturbations,

6) sensitivity to environmental fluctuations and

7) the condition or range of conditions a given spe-

cies will indicate (Szaro & Balda 1982).
Indicator values of various bird species can be evalu-
ated by thoroughly documented case studies where
bird populations have been monitored through a mea-
sured environmental change. Species sensitive to
habitat perturbations will be the best indicators.

There are many problems, however. Any single
species can serve as an indicator for only a narrow
range of ecological conditions within the habitat type.
Some are even too rare to be of any help. The habitat
needs of most species are not fully understood and the
population level may indicate other changes than
those occurring in the study area (e.g. migrants).
There has been lively discussion on the use of single
or a few species as indicators of other species in the
same guild, since Severinghaus (1981). Most authors
(e.g. Verner 1983, 1984, Mannan et al. 1984, Szaro
1986) emphasize that the habitat and other needs of
different species differ so much that the indicator-
guild concept is not relevant in land management and
caution is needed when making generalizations to
other species.

Restriction to the indicator species of a priori
known environmental changes diminishes the power
of bird monitoring as a biological early warning sys-
tem of complex and unexpected environmental
changes. Important changes may remain unnoticed as
in many types of chemical and physical monitoring
where the parameters to be measured must be selected
beforehand and include only a limited set of the
whole. In addition, most of the changes are probably
non-linear and not of the type one-cause—one-effect.

4.4. Monitoring guilds

Because many population changes have multiple
causes, monitoring specific environmental changes is
most rewarding if birds are grouped, for example, by
habitat, by main strategy of migrating or feeding.
Grouping of ecologically similar species is princi-
pally based on the theory of guilds (Root 1967).
Verner (1984) developed the concept of ‘manage-
ment guild’, or a group of species that respond in a
similar way to a variety of changes likely to affect
their environment.

By using the above guild concept the land man-
ager tries to predict the presence and abundance of
species which will be left after the planned land-use
change. In the interpretation of monitoring results we
use the same kind of data. This data gives the pres-
ence and abundance, as well as trends of different
species and species groups through time. Our prob-
lem is to find the environmental change(s) which
caused the measured population changes. Species
having the same sort of population change are clus-
tered and their common or different ecological prop-
erties affecting the population-environment relation-
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ships are looked for. When guilds are defined more in
terms of an animal’s associations with zones of its
habitat than in terms of diets or foraging manouvres,
guild members are more likely to respond alike to
changes in habitat.

Short & Burnham (1982) and Short (1983) asso-
ciated wildlife species with habitat structure, ex-
pressed as a (breeding habitat layers) x (foraging
habitat layers) matrix. Defining guilds on the basis of
habitat layers has limitations, however. Foraging or
nesting guilds are less useful as the spectrum of habi-
tats being considered decreases (DeGraaf & Chad-
wick 1984).

The guild concept is most useful if species are ar-
ranged in guilds that accurately reflect their use of
habitats and resources (DeGraaf & Chadwick 1984,
Szaro 1986). With the help of manipulative experi-
ments and research on influence of known habitat al-
terations, we could define indicator species (see 4.3.)
and ‘response’ guilds using a scale that is more
closely related to the degree of likely environmental
changes (Szaro 1986).

4.5. Population model

The measurements of various population pro-
cesses (breeding success, mortality and emigration/
immigration) should be as thorough as possible. A
striking example comes from British farmland
(O’Connor & Shrubb 1986). Detailed examination of
breeding success of farmland birds in a variety of re-
gional samples with various chemical history sug-
gests that improvements in hatching success are re-
sponsible for the improved nesting success. This is as
expected if pesticides resulted in generally reduced
nesting success in the early 1960s. Of the alternative
explanations the most worrying is that average mea-
sured success has increased only apparently — if
there are fewer birds now they may all breed in the
best environments where breeding success is good.

Practical difficulties in monitoring survival of
birds are greater than those of reproductive success.
The intensification of ringing must be restricted to
young birds or older birds whose ages are known ac-
curately, to obtain as reliable data on survival as
possible (Lakhani 1987). The same holds true also of
the monitoring of emigration/immigration which, at
the moment, is possible only for intensively studied
populations.

There are some good examples which show the
complex of reasons and influences of environmental
changes on bird populations. The continuous de-
crease of the Partridge Perdix perdix in Britain was
due to increased chick mortality, which is mostly de-
termined by the abundance of their insect food (Potts
1980). The quality and quantity of a chick’s diet has
been progressively reduced by the use of pesticides
and by other modern farming techniques. The net ef-
fects of agricultural changes on a population, how-
ever, are not straightforward since Partridges are shot
to a varying extent throughout their distributional
area, and in some areas they also benefit from game
conservation techniques such as predator control and
re-stocking. These factors are further complicated by
the occurrence of a nematode parasite which has been
absent in recent years due to an environmental change
unrelated to Partridge or even game bird density.

To conclude, interpretation of data is the most
important part of monitoring, but seriously neglected
thus far. Without knowing the reasons for bird popu-
lation changes we are not able to find out rapid and
effective counter-measures to prevent negative envi-
ronmental changes influencing both natural sur-
roundings and human well-being. The key to the
interpretation is a sound knowledge of the cause-ef-
fect relationships between bird populations and the
habitat and non-habitat factors of their environment.
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