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Preface

The idea for this book came from a general perception amongst field workers
of the British Trust for Ornithology (BTO) and Royal Society for the
Protection of Birds (RSPB), that the methodology for various bird census
methods was scattered throughout the scientific literature and difficult to
access. Indeed many field-staff or volunteers were only familiar with one or
two methods and there was often little attempt to standardise methods or to
check that the counting was being undertaken in a systematic manner over
wide geographical areas. It was also evident that there was a need amongst
volunteers, junior researchers, students and scientists in the developing
world for a practical guide synthesising all aspects of the various methods of
counting birds, their uses, and the things which ought to be considered
before, during and after counting birds.

Methods described in the literature for counting birds are many and
various. In this book we have devoted whole chapters to the most widely
used and most suitable methods, and attempted to amalgamate other count-
ing methodologies into major groups. Examples of the use of methods are
provided wherever possible and the relative value of various approaches for
answering specific questions is also addressed.

We have not attempted to obtain and review all the available literature on
bird counting. Instead we have extracted examples in the hope of providing
guidance and making workers more aware of the problems involved in bird
counting.

XVii



Purpose and Design in Counting Birds

Introduction

Birds are counted for a wide variety of reasons by a bewildering range of
methods. This guide is offered largely to people lacking the time or facilities
to read and assess the extensive and often conflicting bird census literature.
For a critical review of methods, the reader is referred to Verner (1985).
Ralph and Scott’s (1981) book contains a wide collection of papers on many
aspects of the problems of counting birds, and Wiens (1989) provides
abundant illustration of the extent to which methodology is critical to the
valid interpretation of the results of bird counts. A pessimist reading some of
this material would conclude that bird counting is so unreliable as to be of
limited value. We have tried to take a more positive view. There are practical
reasons for counting birds and the pitfalls in methods and study design can
be avoided. It is hence possible, with adequate care and awareness of the
possible limitations of the methods used, to produce valuable results.

Appropriate methods for a particular study become more obvious if there
is a clear purpose, specified in advance. A recurrent theme of good study
design is that methods must be tailored to aims. It is a mistake to rush to the
field and start counting without prior thought. Many bird counts have no
doubt been done at considerable cost of time in the field but have turned out
to be just a waste of time. Results may fail to meet the aims if these are not
properly understood until it comes to analysis and writing. Writing, in the
sense of communicating the results to someone else, should be the final
intention of any study. Because appropriate census methods are so much
related to aims, it is worth giving some thought to the classes of possible
aims.

Questions about numbers of birds vary greatly in scale. Are the results
intended to apply to a wide geographical area or to a single site? Are many
species involved or just one? Are accurate counts needed or will relative
counts or presence and absence data suffice? The available effort for counting
is usually limited but may be adequate for studies of a single site or species
which can be more intensive than is possible if many species or large areas
are involved. Accurate counts are often very difficult to obtain but for many
purposes are not really needed. The key to a good study lies in recognising
what kinds of data are required and understanding the pitfalls of the possible
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2 Bird Census Techniques

counting methods. It is easy to agonise over errors of 10-20% when it may
often be enough that counts are right within 100-200%. Questions about
accuracy are so important that the next chapter is devoted to them. In truth,
the perfect bird count probably does not exist, but this need not prevent the
extraction of useful results from a good study. For a review of data analysis
and the design of experiments in ornithology the reader is referred to James

and McCulloch (1985) and Hairston (1989).

Stock-taking

The simplest aims are of a kind that ask what birds occur here. Such studies
might be used for evaluating poorly known sites or for setting a baseline prior
to fuller study or experiment. An answer that is little more than a species list,
perhaps with gross approximations of numbers between common and rare,
may be sufficient. Elaborate methods may not be necessary and it is surpris-
ing how informative such studies can be. On a wide scale, such are the aims
and methods of atlas studies, but similar work is possible at a more local level
with a finer grid (Chapter 9). The general presumption of such an approach
is that presence or absence can be detected with some- reliability given
enough effort. Consideration might be given to problems of counting particu-
lar bird species (Chapter 7) or dealing with large numbers (Chapter 8). It
will almost never be possible to do equally well for all species. Indeed, such
an aim is almost hopeless; some birds are very difficult to detect, let alone
count.

Stock-taking aims are very often appropriate for studying single species on
an extensive scale. The methods may be fairly crude but nonetheless valu-
able, especially if it is reasonable to expect to count the whole population of a
wide area. Many surveys of single species requiring help from a large number
of people have taken such an approach. It is very difficult to know how
accurate the results are because both gaps in the coverage and flaws in the
methods may be poorly known. A common assumption is that features of
interest will be clear enough to survive some deficiencies of method. Thus
population levels of Herons (Reynolds 1979) and Rooks (Sage and Vernon
1978) have been monitored by fairly simple counts and with useful, even if
not totally accurate, results. Waders which are difficult to count have been
studied both in breeding (Smith 1983) and non-breeding (Prater 1981)
habitats. The ideal in such studies is to have a uniform effort in different
areas. Failing this, the effort needs to be known, especially if some places are
not visited at all (Box 1.1).
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Population counts with varying effort. Box
1.1
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A hypothetical county happens to be a perfect rectangle and the recorder is interested in
describing the Magpie population. Three different approaches are tried in succession.
(a) Map of all Magpie nest areas in the past 5 years: what does it show? A possibility is
that 10 km squares 01 and 02 are good for Magpies which are generally rare in the
county. Perhaps there are about 20 pairs in the whole county allowing for a few which
have been missed?

(b) Sample survey. five randomly selected 10 km squares were fully covered and the 12
nests marked were found. What does this mean? Square 02 now looks less special.
Four nests were also found in square 30 where Magpies had not been recorded casually
as shown above. The total population for the county can be estimated from this survey as
12 x 20/5 = 48 pairs. These squares could be re-visited in future years to assess
population changes.

(c) A full survey. this shows that there were actually 50 pairs. Assuming that the method
was accurate, this figure is correct.

The sample survey took only a quarter of the effort and produced quite a good answer
for the total population but did not, of course, actually locate most of the pairs. The
sample survey was good enough to get total numbers but not sufficient if location was
also important. '

The data from the full survey could be analysed to explain variation of density in terms
of habitat.

Example (a) was totally wrong. This was because the ringing group based in the town
marked with a circle was very keen on Magpies and submitted all the records. No one
else thought Magpies worthy of note!
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Box
1.2

Mapping census and habitat map.
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{a) Map of Yellowhammer territories on a mapped plot (Williamson 1968). It means very
little on its own if you happen not to know the site where it was done.

(b) It makes more sense when some key habitat features such as field boundaries have
also been mapped in. Yellowhammer seem to prefer territories along hedges or other
field boundaries, with few in the centres of fields.
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Mapping distributions at different levels of scale.
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(a) Distribution of Stonechat from the Tetrad Atlas of Breeding Birds in Devon (from
Sitters 1988). Stonechats occur especially on the upland areas of Exmoor, Dartmoor
and in coastal regions. The survey results are presented in 2 x 2 km squares. A repeat
survey will be able to show any distribution changes.

(b) The same data redrawn by 10 x 10-km squares which is the standard used for
national atlases in Britain (e.g. Lack 1986). The details of factors influencing distribution
have been obscured. It will take a much bigger range change before this scale of work
can detect it.

Box
13
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Box Survey coverage affecting results.
1.4
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(a) The distribution and numbers of grassland sites surveyed in each 10 km square. All
survey sites are included even if no breeding waders were located (from Smith 1983).
(b) The distribution and numbers of breeding Lapwing pairs found on grassland in each
10 km square (from Smith 1983).

(c) The distribution of nesting Lapwings in England and Wales in 1987 (from Shrubb and
Lack 1991). The symbols represent numbers in one tetrad in each 10 km square: small
dot = 1—4 pairs recorded; medium dot = 5-10 pairs; large dot more than 10 pairs;
blank = the tetrad was visited but held no birds; and an open circle = not visited.

What does it mean? It is very difficult to infer much from the bird map (b) because it is
influenced by the coverage map (a). The coverage map may represent the distribution of
suitable habitats but this is not claimed becausé coverage was incomplete. The species
distribution map (b) does not, in fact, represent the breeding distribution of the Lapwing
which reaches its greatest abundance in the north-west in England (c).
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A complete population survey. Box
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The numbers of breeding adult Marsh Harriers in Britain, 1911-1986 (from Day 1988).
Problems with sample coverage and design do not arise in interpreting what this means.
The only question is whether the coverage was complete for a study dating back so far. It
is believed that it was for such a conspicuous bird which breeds in a restricted range of
habitats.
Trends in population derived from indices. Box
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Trends are shown for breeding Lapwing populations in areas of England and Wales
dominated by cereals (a) and sheep rearing (b) (from O’Connor and Shrubb 1986). The
trends are derived by estimating the proportional population changes from one year to
the next on plots that were counted by the same observer and methods in both years.

The implication that these are general results seems surprising from casual obser-
vation, which suggests that Lapwings have disappeared very widely from cereal areas
but have also declined markedly in sheep-dominated areas such as Wales. The
generality of the results depends on how the study plots were chosen and where they
were located. This information was not given. Without it, it is not possible to say exactly
what these plots mean.
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Box
1.7

Population trends from studies using paired plots.

Year 1 Year 2
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Three mapping plots (a—c) in one county are studied in 2 years. All plots are 25 ha in
extent. Hypothetical results show territories of Wood Warblers. What does it mean?

The mean density of Wood Warblers was 36 pairs per km? in year 1 and 54 pairs per
km?in year 2. There was a 50% increase from year 1 to year 2 as shown by mean density
on all the plots studied.in each year. As it happens, the one plot studied in both years also
showed a 50% increase. So might we infer that Wood Warblers increased in numbers by
50% in the county from year 1 to year 2 and that they generally occur at densities of 30—
60 pairs per km3?

Not necessarily. The observers chose their study areas and picked interesting-looking
woods, not typical of the county where few of the woods actually support Wood Warblers
at all. So no reliable general estimate of Wood Warbler density in the county’s woods can
be made. Half of the woods in the county blew down in a gale in winter of years 1 and 2,
which is why observer (a) gave up his plotin year 2. The total number of Wood Warblers in
the county actually went down by 25% between the two years. This is not represented in
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Box
paired plot studies of this kind if observers stop counting on plots that have become 1.7

unsuitable.
This illustration is deliberately exaggerated to make its points. it would be obvious that cont.

half the woods had blown down. It is easy to see that more subtle changes could be
overlooked and the results could mislead.

A hypothetical study designed to show the effect of age of trees on bird Box
communities in conifer forests produced the following results from four equal- 1.8
sized mapped plots.

Plot A B C D
Age (years) 2 5 10 40
Tree Pipit 0 6 1 18
Nightjar 0 0 3 0
Great Spotted Woodpecker 1 0 0 0

It is impossible to tell what the data mean! The plots differed in many attributes, other
than age, which might have caused the differences. Plot D was surrounded by a large
clear-fell which attracted many Tree Pipits toits edge. Plot C was the only one on a sandy
site which is why it had Nightjars, the rest were on clay. Plot A was adjacent to an
oakwood which is where the Great Spotted Woodpecker nested. The possibilities for
explaining the results are endless. The inference that Tree Pipits favour older stands and
Great Spotted Woodpeckers prefer very young trees would be wrong.

What could be done to improve the study?

(1) Match the plots more carefully to reduce the number of factors in which they differ.

(2) Spread the survey more widely so there can be replicates for areas of different age.
Using point counts or transects would allow this.

(3) Study a small number of plots for several years, though 40 years would be a long
time to wait for the resuits.
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Box The use of an experimental control.

1 '9 Plot A
Year A Year B
Before thinning After thinning

No. pairs 10 No. pairs 4

Control plot

Year A

No. pairs 14 No. pairs 15

The figure shows a hypothetical experiment to test the effects of thinning of conifer forest
plantations on populations of Wrens. One plot (A) was studied in the years before and
after thinning.

What does the decline in numbers mean? It is not clear. The snowfall in December
was the heaviest in living memory and Wren numbers may have suffered even if the
forest had not been thinned. But the national Common Birds Census index went up by
8% from year A to year B. Unfortunately this is not very helpful as the study area is in
northern Scotland and the CBC index is biased to southern England which did not have
much snow.

What could be done to improve the study? Include a control piot without any
vegetation change. This will measure the effects of other factors such as weather. In the
control plot in this study, the numbers of Wrens did not decline.

Conclusion: Wrens did not suffer severe mortality in the great blizzard (it thawed very -
fast). The decline in numbers was therefore probably due to the thinning, but without
replication it is impossible to say how repeatable this result might be.
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If the area of study is relatively small and special such as a nature reserve
or a particular wood, farm or marsh, then mapping methods (Chapter 3)
may be used to answer stock-taking questions about the numbers and
distribution of breeding birds. The relatively high costs of time per unit of
result may not matter. The great advantage of mapping is that the result is
not only a table of numbers but also a picture of the approximate location of
the bird territories. Someone who knows the site will find the species maps of
considerable interest. An outsider will find them hard to interpret unless
quite a good habitat map is also made (Box 1.2). A common use of such
maps is to estimate what losses of habitat or drastic habitat change might
produce an effect on birds. One can show which parts of a plot hold
particular birds and then argue that the loss of these areas would have a big
impact on the local birds. If a bigger area or a result of wider generalisation is

needed, then transect or point counts might be appropriate (Chapters 4 and
5).

Distribution studies

Several aims do not require counts at all but merely to specify where birds do
and do not occur. Distribution maps used to be drawn from casual records.
More recently, they have mapped presence or absence by some map unit:
10 km squares in Britain nationally and 2 km squares for various counties.
To be interesting, such maps need to have a mixture of areas with and
without birds, which depends to some extent on the distribution of the bird
and the size of the map units (Box 1.3). Coverage needs either to be
reasonably uniform or to be measured and reported (Box 1.4). Otherwise,
the resulting maps will show distribution of observer effort as much as
distribution of birds. Distribution studies are described in Chapter 9. Vari-
ous kinds of counts might be based on separate and recognised areas so that
results can be expressed as maps of relative density as well as tabulation of
numbers.

Population monitoring

Trends in numbers over time are of particular interest to nature conser-
vation. The birds may be inherently rare and thus in need of surveillance.
They may occupy habitats known to be changing, or perhaps be candidates
for recognising adverse effects of pesticides or pollution. Numbers also
fluctuate naturally, usually because of the effects of weather on reproduction
and survival, but also because of the density-dependent effects of population
level itself. It is necessary to understand such fluctuations so that they are not
confused with those attributable to human beings. The ability to distinguish
between natural and man-made population changes is an essential attribute
of a successful monitoring scheme (Baillie 1990). The expectation in such
studies is that annual changes in a long-term trend may be quite small but
there may be substantial year-to-year variation which could conceal a long-
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term trend. The fluctuations due to weather or population level need to be
measured with some confidence if they are to be recognised.

Species in which the whole population can be located with reasonable
confidence are not much of a problem. Thus the number of Marsh Harriers
breeding in Britain has been fairly well documented over a great many years
(Box 1.5) as a result of many people checking the suitable patches of habitat
within the known range each year. Almost complete counts have been made
at periodic intervals of birds as diverse as Great-crested Grebes, Peregrines,
Gannets and Dartford Warblers. In all these examples, valuable results have
been obtained in spite of methodological imperfections.

If the species is more numerous or widespread, population monitoring
may be no less important but complete counting may be out of the question.
Moreover, these species often give greater problems in counting. It is rela-
tively easy to tell if a crag has a pair of Peregrines or not. It is substantially
harder to tell if a wood has ten pairs of Chaffinches or 20 pairs. Such
problems of population monitoring fall into two categories. First, if a com-
plete count is out of the question, a sample is required and this must be
selected with some care. Random sampling of 10 km squares (or similar
units) is possible, especially if prior knowledge of which are or are not
occupied is available. Such a system has been used with Mute Swans
(Ogilvie 1986) and Wood Warblers (Bibby 1989). Samples of auk breeding
colonies (Stowe 1982), on the other hand, have been criticised because their
distribution was not random. An important point is that, if sampling is non-
random, results can less justifiably be generalised to infer what the popu-
lation as a whole was doing. It is thus important to understand just what has
been sampled and how it might relate to the whole population in relation to
such factors as geographical spread and habitat coverage.

The most extensive sample population monitoring scheme in Britain is the
Common Birds Census (CBC). This illustrates this sampling problem well
because it is tempting to believe that the published indices for farmland and
woodland apply to the whole populations (Box 1.6). In fact they apply very
strictly to the places from which they came, which are strongly biased to
south and east England (Fuller ef al. 1985). Internal checks are made to
ensure that, within this area, the plots are representative of the range of
agricultural practice and do not drift over time. One could imagine observers
giving up when their farm is converted into a wheat prairie, while a new
starter might be tempted to select somewhere more well-hedged. It is easy to
see how a non-random sample could fail to show up the effects of habitat
deterioration for such a reason (Box 1.7). In practice, random sampling is
often not possible, so one must be well aware of the potential consequences of
this departure from the ideal.

The second problem in population monitoring is that the methods should
be repeatable from year to year. Repeatable counts do not need to be
accurate in the sense that the population numbers recorded are the actual
population figures. If the numbers are constantly wrong for any reason, the
changes from year to year can still be measured accurately. The CBC tidily
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avoids this problem by calculating a population index based only on plots
counted in the same way by the same observer in successive years. Provided
an observer with poor hearing detects twice as many Goldcrests if numbers
double, it does not matter if only two and four pairs are recorded when in fact
there were ten and 20. If, on the other hand, the counter becomes gradually
deafer over time, Goldcrests might appear to become rarer when in fact they
have actually maintained their numbers.

For songbirds in Britain, there has been a general presumption in favour of
mapping methods because of the example of the CBC. Other methods such
as transects (Chapter 4), point counts (Chapter 5) and capture methods
(Chapter 6) are all routinely used elsewhere. Even the remarkably ill-
standardised Christmas Bird Count in the USA has been able to detect
population trends (Bock and Root 1981; Drennan 1981; Root 1988) although
this was not its original purpose. In this case, confidence in the results is
clearly less than with other techniques, so only larger changes can reliably be
believed to be real. The most important point about population monitoring is
not that the methods be accurate but that they be similar from year to year so
that systematic inaccuracy does not have an adverse effect. The other
essential consideration is that the areas being counted are representative of
the population to which the answer will be generalised. Such studies need to
have a wide spread of samples to be meaningful.

Assessment of habitat requirements

The habitats of birds are of interest for a variety of reasons. In the applied
field, predicting the effects of land-use changes is often important. Results
may also have application in land-use planning issues or in the management
of areas such as nature reserves specifically for birds. Legislation requiring
developers to make environmental impact assessments of their plans has
resulted in considerable work on bird habitats in the USA from which much
useful methodology has arisen.

Greater accuracy may be required to permit comparison with results
previously published (though there is rarely much certainty that these will be
accurate anyway). Comparison internal to the study may also pose problems
of accuracy, especially if the range of habitats covered is large: e.g. are counts
in dense habitats as good as those in open ones or are differences partly an
artefact of census problems? Not only may the requirements for accuracy be
greater but so too may be the demand for quantity of data and these may
tend to suggest divergent options in the study design.

The reason for needing copious data is that a small number of plots will
vary from one another in a great many attributes. Some of these could
produce spurious or confounding results. A small set of woods might, for
instance, be chosen to represent a range of ages. But what if one happens to
face south, or be on better soil, or have less scrub, or a more open canopy?
Clearly in a small number of plots, the prospect for any trend under
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investigation to be swamped by other variables is great. If the other variables
were not recorded at all, this could go unnoticed (Box 1.8). If they were
recorded, then the statistics will not work unless there are many more plots
than habitat variables (see Chapter 10). The other reason why data are
required in quantity is that, in a small plot, the majority of birds will belong
to a small number of common species and there will be rather few records of
a greater number of species which are each scarce. It may, however, be the
scarcer species that are more exacting in their habitat requirements and of
more interest to the study. More efficient methods such as point or transect
counts may be preferred to tackle this problem. A special modification of the
point counting system can be used to study bird habitats without any
counting of the normal kind at all (see Chapter 5). Habitats may be studied
through a mapping census by looking at the distribution of birds within a
plot in relation to vegetation features (see Chapter 3).

Habitat-oriented studies also pose problems in recording the habitat. They
clearly cannot work adequately without proper recording. This problem is
discussed in Chapter 10. Even after the habitat data have been collected in a
suitably designed study, there are difficult analytical problems. Computers
and elaborate multivariate statistical methods may be required. This area is
largely beyond the scope of the present book but a brief discussion is
provided in Chapter 10.

Management experiments

An experimental approach to test hypotheses about bird habitats has a lot to
be said for it, apart from the problem of manipulating vegetation on a
sufficient scale. Observation trials are more often conducted by taking
advantage of some planned change, be it deliberately intended to encourage
wildlife on a nature reserve or possibly prejudicial as in a so-called improve-
ment scheme on a river. To be fully satisfactory, it is essential to know what
would have changed on the plot if the alteration had not occurred (Box 1.9).
The before and after measurements may be made in successive years. But
how can you tell whether a change in a particular species was due to the
experimental factor or to an extraneous factor such as poor rainfall in the
winter quarters?

A well designed study needs its own control with the same level of census
effort in the before and after stages of the trial as is given to the study plot
itself. A particular problem occurs in studies conducted in a single season, an
approach often necessary in the investigation of pesticide applications. It
then becomes very difficuit to deal with the seasonal changes in detectability
of birds. Only very detailed methods can adequately approach this kind of
problem.

A frequent difficulty with studies of this kind is that samples are too small
both in the statistical sense and by way of only treating the more common
species. If the study is being done by expedience with the management
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already planned, it is worth considering whether the area is big enough. In
coppice areas in woods, for example, the plots cut are rarely larger than a
hectare, so most possible species are absent or represented by a single pair
whose territory boundaries may well be wider than the plot. If the area is too
small to show any meaningful results, the study needs redesigning before any
data are collected.

Conclusions

Throughout the rest of the book, we have attempted to illustrate the use of
particular methods to meet particular aims. Our examples are necessarily
very selective. Table 1 indicates a range of recent studies classified according
to their methods and purposes. This shows where to look in the book for
further discussion and also offers some pointers for additional reading.

In a brief sketch, this chapter has given a range of possible objectives of a
census study. The rest of the book describes a wide range of methods. There
is a challenge in picking the right method. It will be a recurring theme that
the right method is one that is appropriate to the questions being asked. Care
in thinking about matching methods to aims will more than repay the time
that could otherwise be wasted. So the first task is to specify just what the
question is. What scale of result is needed? Must it apply to one area, to one
habitat type or to many habitats and a large area? The selection and number
of study plots will largely define the scale of the work but do they match the
question? Is a complete survey needed or is the proposed scale so large that
sample plots will have to be used? If samples are to be used, how will they be
selected to be representative of the conditions in question?

What accuracy and precision of results are needed (see Chapter 2) and
how will they be achieved? An extreme view of accuracy concerns the need
for absolute or relative measures. Is it necessary to know exactly how
numerous a particular bird is or will an index suffice provided the index is
large where the bird is abundant and vice versa? It is common to believe that
absolute numbers are needed. In practice, they are at best expensive to
acquire. At worst, they may be virtually impossible to achieve and so
represent a futile quest. A great many questions can be answered with
relative counts.

Finally, thought should be given to the methods of analysis. This gives a
further chance to recognise whether the methods are likely to suit the aims of
the study. Once these hurdles are crossed, the time has come to select a
census method.



16 Bird Census Techniques

Table 1.1 Examples of studies using different methods to address a variety of study areas.
Numbers in parentheses are the Chapter in the book where the example occurs and/or where the
relevant reference for the study is given. It can be seen that some counting methods are more
regularly used for addressing certain questions than others.

Counting
method

Studies

Chapter

Biogeography

Site
evaluation/
inventory

Index of
population
changes

Absolute 1
2

Mapping 3

Transects 4

(4) Seabirds at
sea (Taskeret al.
1984)

(1) Marsh Harriers
in UK (Day 1988)
(7) Herons
(Marquiss 1989)

(7) Bittern

(7) Red Grouse
(7) Nightjar
(7) Owls

Passerines

(7) Capercaillie
(2) Black Grouse
(7) Upland waders

Passerines

(1) Marsh Harriers
in UK (Day 1988)
(7) Herons
(Marquiss 1989)

(1) Lapwing
population in UK
(Shrubb and Lack
1991)

(3) CBC programme
in UK

(7) Little Grebe in
UK (Vinicombe
1982)

(7) Bittern in UK
(7) Red Grouse
(Hudson and Rands
1988)

(7) Pheasant (Hill
and Robertson 1988)
(7) Owls and
Nightjars

(7) Coots/Moorhens
(7) Corncrake
(Stowe and Hudson
1988)

(4) Finland Bird
Census

(7) Raptors in USA
(Fuller and Mosher
1981)

(7) Capercaillie
(Rolstad and Wegge
1987)

(7) Owls (Fuller and
Mosher 1981)

(8) Skuas (Furness
1982)

(7) Upland waders
(Fuller et al. 1983)
(8) Gulls

Lovebirds
(Thompson 1989)
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Studies
Lifespan
Habitat Density and
preferences dependence survival Energetics

(I) Lapwing
population of UK
(Shrubb and Lack
1991)

(3, 10) UK
woodland habitats
(Fuller et al. 1989)
(10) Grassland birds
in USA (Wiens
1969, 1973)

(4) Shrub-steppe
birds of USA (Wiens
and Rotenberry
1985)

Aerial seabirds
(Ryan and Cooper
1989)

Avocets (Hill 1988)
Sparrowhawk
(Newton 1988)

Willow Grouse
(Andreev 1988)
Nuthatch
(Matthysen 1989)

(Continued)
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Table 1.1 continued

Studies

Site Index of
Counting evaluation/ population
method Chapter  Biogeography inventory changes

Point 5 (5) Azores Passerines (5) Breeding birds in
counts Bullfinch (Bibby USA (Robbins et al.
and Charlton 1986)
1991) (Massa Oak—pine woodland
and Fedrigo birds (Verner and
1989) Milne 1989)

Capture- 6 (6) Lincoln index

recapture Canada Goose
(Hestbeck and
Malecki 1989)
(6) du Feu method
(du Feu et al. 1983)
Lovebirds
(Thompson 1989)

Catch per 6 (6) UK Constant
unit effort Effort Sites
(6) Stock Dove in
UK (O’Connor and
Mead 1984)

Radio- 6
tracking 9
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Studies
Lifespan
Habitat Density and
preferences dependence survival Energetics

(5) Young forestry
plantation in UK
(Bibby et al. 1985)
(10) Woodland birds
and structure (Bibby
and Robins 1985;
Hill et al. 1990)

(6) Pheasants in UK
(Hill and Robertson
1988)

(9) Pheasants and
woodland edge (Hill
and Robertson 1988)
(10) Grey and Red-
legged Partridge
(Green 1984)

(10) Woodcock
(Hirons and Johnson
1987)

(6) Bewick’s Swans
at Slimbridge,
Barnacle Goose
(Owen and Black
1989)

White Stork
(Kanyamibwa et al.
1990)

MULT program
(Conroy et al. 1989)

Wandering
Albatross (Jouventin
and Weimerskirch
1990)

(Continued)
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Studies
Site Index of
Counting evaluation/ population
method Chapter  Biogeography inventory changes
Direct 7 Canvasback (7) Wildfowl, (7) Nesting female
and 8 ducks (Lovvorn waders, corvids, ducks (Hill 1984 a,b)
indirect 1989) seabirds (terns, (7) Off-duty male
counting Penguin auks, gulls) ducks (Poysa 1984)
rookeries (10) Satellites and (7) Migrating
(Schwaller et al. waders (Avery and  raptors
1989) Haines-Young (7) Grey Partridge
1990) (Potts 1986)
(7) Lowland waders
(BTO 1989)
(7) Corvids
(8) Cliff-nesting
seabirds
(8) Wader roosts
Emu (Horne and
Short 1988)
Woodcock, singing
ground counts
(Tappe et al. 1989)
Look-see 7 Golden Eagle (7) Roosting Hen (7) Divers in UK

(Watson et al.
1989)

Harriers (Clarke
and Watson 1990)

(Gampbell and
Talbot 1987)

(7) Herons in UK
(Marquiss 1989)

(7) Obvious
wildfowl (Ogilvie
1986)

(7) Buzzards in UK
(Taylor et al. 1988)
(7) Roosting raptors
(Clarke and Watson
1990)

(7) Owls

(7) Corvids
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Studies
Lifespan

Habitat Density and
preferences dependence survival Energetics
Diving ducks Waders (Goss- Diving ducks
(Bergan and Smith Custard and Durell (Bergan et al. 1989)
1989) 1990) Waders (Young
Black-tailed Godwit Magpie Goose 1989)

(Buker and Groen
1989)

(Bayliss 1989)
Snow Goose (Cooch
et al. 1989)

(Continued)
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Studies
Site Index of

Counting evaluation/ population
method Chapter  Biogeography inventory changes
Distribution I (1) Lapwings in (9) Red-backed
presence/ 2 UK (Shrubb and Shrike (Bibby
absence Lack 1991) 1973)

(1) Waders (9) Wintering

(Smith 1983) Birds in USA

(1) Stonechat in (GBC) (Root

Devon (Sitters 1988)

1988) (9) Fuerteventura Changes in

(7) Buzzards in Stonechat (Bibby avian density

UK (Taylor et al. and Hill 1987) (Bart and

1988) Klosiewski 1989)

9 (9) UK Atlas

(Sharrock 1976)
(9) USA
Christmas Bird
Count (Root
1988)

Birds and
afforestation—
satellite imagery
(Smith 1988)
Canada Atlas
(Welsh 1989)
USA —Breeding
Atlas (Robbins et
al. 1986)

East African Atlas
(Pomeroy 1989)

Summary and points to consider

1. What is the purpose of the study?

Is the question worthwhile?
What can be learned from reading about previous studies?
What scale of generality is wanted?

Which and how many species need to be included?
Are guesses, indices or absolute numbers needed?
What sort of sample sizes are needed?

2. What are the field methods?

What basic methous (maps, point counts, look-see, etc.) should be used?
How many plots/routes/points should be used?
How are sample areas to be chosen?

How much will it cost (time or money)?
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Studies
Lifespan
Habitat Density and
preferences dependence survival Energetics

(1) Lapwings in UK
(Smith 1983; Shrubb
and Lack 1991)

(1) Yellowhammer
on farmland
(Williamson 1968)
(8) Waders on
estuaries

(9) Winter birds in
USA (Root 1988)
(9) Woodland birds
(Fuller et al. 1989)
(9) Heathland birds
(Bibby and Tubbs
1975)

(10) Partridges on
farmland (Green
1984)

Are the observers skilled or how will they be trained?
What are the likely sources of bias?

What steps will be taken to deal with bias?

How will the results be recorded —design of forms, etc.?

3. Do the methods suit the purpose?

Are the methods sufficient but not excessive?
Do any other variables need to be measured?

4. How will the analysis work?

Are the sample sizes going to be sufficient?
What about the scarcer species?

Are there enough data points to deal with many habitat variables?

What sort of statistical and computing facilities will be needed?
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Census Errors

Introduction

The numbers of birds in a particular place, the average density of birds in a
habitat for one season, or whatever is to be estimated, has a precise value—
the true value, which is of course unknown to us. Except in trivial cases the
estimate of this value will be somewhat different from the true value. This
difference is called error, the word being used in a statistical sense rather
than in its common meaning of a mistake. Many reports of bird censuses do
not acknowledge errors directly but understanding them is of great import-
ance in designing a study. Casually one might think that they are undesirable
and should be avoided. In fact this is neither possible nor necessarily even
the best approach. Whatever else, they should not be ignored. There are two
sources of error: normal variation and bias. Results with minimal amounts of
each are known as precise and accurate (or unbiased), respectively. The
concepts of precision and accuracy are very important and must always be
considered in designing a bird-counting study.

Precision

Imagine that we want to measure the average density of Skylarks in a
relatively uniform area of arable farmland in a particular summer. Assume,
improbably, that we have some means of telling exactly how many pairs
there are in a small plot. The density on this plot might be quite similar to
the average density but it is unlikely that it will be exactly right. In the same
way, it is most unlikely that you, the reader, are of exactly average height. If
we take several small plots and average the densities, the result will probably
be better. If, and this is a theoretical rather than practical suggestion, we
took 100 plots, the average would probably be rather close to the true
density. A histogram of the frequency of small classes of densities in these
plots would have an approximately symmetrical humped shape. With an
infinite number of plots, this could be represented by a smooth curve: the
Normal distribution. A single sample is very unlikely to be exactly represen-
tative. As more samples are added so their average becomes closer to the true
value. The result becomes more precise (Box 2.1).

24
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Precision increases with sample size.

(a)

(b}

No. of plots

©

The figure shows hypothetical densities of Skylarks from small sample plots in a large
uniform area of habitat. The true density is 70 birds per km?, SE = 20.

{(a) Three study plots show results scattered about the truth (which is unknown to the
observer; sample mean 81.6 birds per km?).

{b) The mean of 10 results is quite close to the truth (sample mean = 75.0 birds per km?).
(c) One hundred plots would take a huge effort to cover but give a good impression of the
mean density and its variation from piot to plot (sample mean = 71.2 birds per km?).

Box
2.1
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Box Precision increases with sample size.
2.2
100 [ =50
SD=10
z 95% confidence Iimits\
P3N 0 SRS S e e « Mean
3 density
10 20 30 40
Number of plots
The figure shows the relationship between the number of plots sampled and the
confidence which can be put on the result for a particular hypothetical population.
Box Random and Stratified plots.
23

@

(a) The area to be studied is divided into square blocks on a map. Plots are selected at
random to ensure that the results can be taken to be generally representative of the
whole area under study. By chance, three plots fall in one habitat and only one in the
other.

(b) The whole area is again divided into square blocks on amap. These can be attributed
to each of two habitats which are known or thought to differ in their suitability for the study
bird. Two randomly chosen piots are picked within each of the two categories of habitat.
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A biased sampling method.
e

b,

(a}

(b}

The relative density of Skylarks is measured at a sample plot by counting all the birds
singing during a 10-minute observation period.

(a) A count of all the birds in the sky showed four birds, even though there were actually
seven present (three on the ground).

{b) A count of singing birds showed one bird and again there were really seven present.
In both cases the number of birds recorded is less than the true number. Census results
will almost always be less than the real number of birds present. The result may still,
however, be proportional to the true number: if there are twice as many birds in a plot
then twice as many might be expected to be counted.

Box
24
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Box Precision and bias.
2.5 True

value

{c} Imprecise and accurate

N B T BN | 5 (TS Y E W

{a) Precise and accurate .
Loty Density
scale

(d} imprecise and inaccurate

1 11 11 3 pall L
{b} Precise and inaccurate A

SR IETEE|
[ Mean value of population estimate &

Precision and bias vary independently so either can be high or low in a particular study.
The results for 15 different plots are shown in relation to the unknown true density.

(a) Precise and accurate. The results are closely spaced about the true value. This is the
ideal situation and is probably rarely met in practice.

(b) Precise and inaccurate. The results are closely spaced but their average deviates
from the true value. Since the true value is unknown to the observer, this result cannot
readily be recognised as different from that in (a).

(c) Imprecise and accurate. The results are spread rather widely about the true value.
(d) Imprecise and inaccurate. The results are spread widely and their average deviates
from the true value. Again, since the true value is unknown to the observer, this result
cannot readily be recognised as different from that in (c). Some cynics would say that this
pattern is the most common result obtained in bird counts.

Box Bias due to effort and speed.

2.6

% /(,u«,, @l ne

—

—_—

You see more birds if you put in more effort. if you race through a plot, you will miss the
quiet and skulking species.
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Bias due to habitat.

Standard errors

6 Succession —

Bird detectability
—

Height (m}

%~
e -‘
et Loars

AT S A ‘
'. .ﬂ\i’..ﬁr"

“open open  dense forest ¢ . 5
grassland scrub  scrub Habitat density —

i 4 i 3

Birds are more conspicuous in open habitats than in dense woodland (from Bibby and
Buckland 1987). The hypothetical species is equally abundant across the succession,
but might appear more abundant in the grasstand and young trees where it is more easily
detected. This effect is particularly serious if the bias arises from the same source as the
object of study (such as the effect of forest succession on bird communities).

Box
2.7

Bias due to bird species.

048,
QOﬂQ 00 n,
q. ,“, lm“

Noisy and active birds are easier to find than quiet or skulking ones. As a result, different

species may in practice be counted on different scales that do not allow comparison with
each other.

Box
2.8
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Box Bias due to bird density.
29
At high bird densities the observer may be swamped by the numbers of birds to be
located, recognised and counted. It may be difficult to separate the individuals pre-
viously recorded.
Box Bias due to season.
2.10 Months
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Chaffinch -ssfesssiene Rt
Greenfinch seselieosmm —— | seeee o o
- I I SO SO | 98
ot = S PO RO . veederreforeead]
Mistle Thrush - -
Nightingale -fe

Pied Fiycatcher -l

Chiffchaff

Whitethroat

Turtie Dove

Regular song
= = = = Irregular but frequent song
-------- Dccasional song

Birds sing over different periods of the year (from Alexander 1935).

(a) In the UK the resident species sing early in the spring.

(b) The resident species have all but finished singing before African migrant species
arrive and begin singing.
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In wet or windy weather, birds may be less active and skulk out of sight. Calls are harder
to hear against the noise of the wind or rain. The observer finds it difficult to concentrate
on keeping warm and dry as well as counting birds.

Bias due to time of day. Box
2.1
20
8
[}
£
o 15|
£
o
o
s
10r
5
0 20
Eastern Standard Time
All-day activity patterns from point counts on five mid-July days. Solid line is singing
males per 20 minutes, with 95% confidence limits as dotted lines.
Activity and song output is often greatest near dawn, low during the middle of the day,
and higher close to dusk (from Robbins 1981). Places visited in the middle of the day will
therefore appear to be poorer for birds.
Bias due to weather. Box
2.12
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In this example, the error causing imprecision arose from the fact that we
surveyed only a small part of the total area in question and the birds were not
perfectly uniformly distributed. This might have been by chance, history of
their settlement or because the habitat was not as perfectly uniform as tacitly
assumed. Some kinds of measuring errors also have an identical property of
averaging out in large samples. If 100 people used the same ruler to measure
your height, there would be some variation in the results but they would
probably be closely grouped about the true value. The Normal distribution is
of such widespread occurrence as to be the basis of a large part of statistics
and is dealt with in the early chapters of a great many books. These should
be consulted for more than the rather rapid treatment given here. Fowler and
Cohen (1986) provide an introduction with examples drawn from the bird
world.

If the variation in density from one small plot to another is little to do with
the census method, then it is a property of the circumstances being studied.
Nothing can be done to alter this fact apart from making the plots bigger,
which is equivalent to taking more samples and averaging them. The correct
response is not to put all the effort into one huge plot and get a single answer
but to count several smaller plots. In this way, the mean can be obtained
together with an estimate of its precision or error. The standard error of
densities is the measure of the error inherent in a single observation. A simple
statistical manipulation with an appropriate value looked up in a table of the
t-distribution gives an estimate of the range within which we can be reason-
ably confident that the true answer lies. A common conventional value for
reasonable certainty is 95%. The upper and lower points of this range,
within which the true value is expected to lie 95 times out of 100, are known
as,the 95% confidence limits of the estimate. As more samples are added, so
the range between the confidence limits will tend to contract. This formally
measures the intuitively obvious concept that the larger the sample size, the
closer the average will be to the true value (Box 2.2).

Precision can therefore be measured. It can also be increased by taking
more samples, but this takes more time. Unfortunately, precision increases
only in proportion to the square root of sample size. To double the precision
obtained from ten samples requires another 30. To double it again would
require a further 120. Clearly this scale of multiplication rapidly becomes
unrealistic. The precision that can be obtained has to be balanced against the
time available. It also has to be considered in relation to the nature of the
question being asked. Is an estimated density that is right to within 50%
good enough? Or must it be better? Ifit is intended to compare the result, say
with the density in a different place, then the precision required depends on
how large a difference is expected. If the two densities are grossly different,
then fairly imprecise estimates will confirm the fact. If they are only rather
slightly different, then a lot of work will be required to get sufficient pre-
cision. In the best of all worlds, one would predict in advance how large the
difference to be compared was by conducting a pilot study or by reading
other work. Once the likely variability of results is known, it is a simple
statistical process to estimate how many samples are required. If the answer
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is hundreds more than could possibly be collected then it is pointless to
continue. The study needs redesigning and a great deal of wasted effort can
be saved. Similarly (though less commonly in practice) it would be possible
to waste time in collecting more than enough data for the intended purpose.
In this case the time could be more profitably used in developing other
aspects of the study.

In truth, many bird census studies do not measure their precision at all
and even a pragmatic aim of measuring it and trying to get within about 25%
of the true value would be an improvement.

A still simpler point would be to urge the use of at least two plots before
coming to any general conclusion. If their results are widely different then
the conclusion cannot comfortably be generalised. Similar results from two
plots could be due to chance, but even this low level of replication would well
repay the extra effort in improving the confidence with which the results can
be regarded. It is important that replication counts different birds in a
different area. Apparently increasing the numbers of birds counted by
making more visits is not the same thing.

In the example we are using, a critical feature is that we are trying to
estimate the density of Skylarks in some fixed area which is larger than we
could survey in full. If a full survey was possible because the fixed area was
quite small, then questions of precision do not arise in the same way. On the
other hand, the result could not be viewed as general and likely to apply
elsewhere. It would merely say how many birds were on the area concerned,
perhaps one farm.

We suggest that precision of the density estimate should be measured
where possible by counting more than one area. How should the areas be
selected? The answer is that they should be randomly located within the total
area over which we want the answer to apply. The critical feature of
randomness is that, as each plot is chosen, it should have equal probability of
falling anywhere within the study area. Its location should not in any way be
influenced by any prior knowledge which might bear on the expected
number of birds. This requirement is essential to ensure that the resulting
answers are representative of the study area without bias (see below).

Randomly located plots are picked from a numbered list of all possible
plots that could be surveyed, using random numbers which are readily
generated by computer, or looked up in a table. They should not be picked
by eye in any way such as sticking pins into a map. The human eye is very
bad at picking a set of random points. Still less should they be selected by
looking around and trying to pick a range of places that seem to look pretty
average for the area. An increasingly common practice is to use the national
grid as a framework and to sample randomly selected 10 km or smaller
squares. This makes picking random ones easy to do and is a useful practice
in study design.

Although much of the variability between estimates from repeated samples
is a property of the circumstances under study, there is another way of
treating it. Variation between the sample plots might cause some of the
spread of individual density estimates. It might be better to recognise the
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habitat variation and sample recognisable types separately. In the farmland
Skylark example we perhaps ought to try to measure densities in different
crops; taking some plots in sugar beet and others in wheat (Box 2.3). The
same effort might then obtain more precise estimates for individual crops
than for the wider more mixed area. Plots would be chosen with knowledge of
the distribution and abundance of the various habitats, but the number to be
chosen in each would depend on the objectives of the enquiry. In many cases
it will be desirable to put more effort into the less frequent habitats than
would be the case if the samples were taken at random. This sampling
procedure is known as stratification. All possible plots or grid squares are
attributed to a stratum (such as crop type) and the sample squares are
picked randomly from within each stratum. The habitat variation may not
be sharply split like crops but be continuous like the scrub cover on some
grassland plots. In this case, plots could be spread along the range of
variation, the scrub cover measured and the analysis performed by re-
gression methods.

Accuracy

In seeking precision, we are dealing with random errors which on average
tend to become zero with large samples. A different class of error is system-
atic in the sense that it goes in one direction and thus does not disappear with
a large sample. This is known as bias. Methods free of bias are said to be
accurate. In discussing the Skylark example with respect to precision we
postulated a perfect census method with no bias. Imagine that in practice we
wanted a good number of samples so chose a very quick method. This
entailed standing in the middle of a plot and counting the maximum number
of birds that were singing at any one time (Box 2.4). Obviously it is likely
that this count will be larger in a place with more Skylarks. Equally
obviously, it is most improbable that all the birds breeding in the plot will be
singing simultaneously. Thus, unless birds from elsewhere or non-breeders
are also coming in and being recorded, the count will not exceed the true
number present but will inevitably tend to fall short of it. The results of this
study would be said to be biased or inaccurate. They will on average fall
below the true value but unfortunately we do not know to what extent this
will be so.

Bias is inevitable in almost any realistic bird census method and in general
we know neither how large it is nor in what direction it lies. It might arise
from several sources, some of which exaggerate the result while others lower
it. It is common, but not at all desirable, to list several possible sources of
bias and suggest that they will cancel each other out and then ignore the
problem. On the other hand, it is increasing awareness of countless sources of
bias that has made much recent bird census literature so depressing. If, as is
generally the case, accurate results are very difficult or perhaps nearly
impossible to obtain, the perfectionist can argue that it is safest to give up.

It is possible to take a more pragmatic view. This entails being on the look-
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out for bias both in the field and in the literature with which one might be
comparing results. Secondly, though much harder to deal with than random
error, bias is not totally intractable. There are three kinds of action available.
Firstly, if the likely sources are anticipated, steps can be taken to minimise
bias for the particular project. Secondly, with careful design it is possible to
sidestep the problem by confining comparisons to entities that have the same
bias. Finally, it is possible, though often very difficult, to measure bias.

Bias is minimised by recognising its sources (see below) and not allowing
them to creep into the study design. Counts are restricted to a fixed season
and time of day. Observers are trained. Work is suspended if the wind is too
strong. The counting methods are standardised so that point counts last for a
fixed period or transects are walked at a fixed speed. Within a single study,
the sources of bias that cannot be totally removed should be spread around
fairly. If, for instance, there are ten plots each to be visited eight times, the
order of visits should be designed so that the seasonal spread of visits to each
is similar. This might be more expensive in travel but, if the first plot had
most of its visits in April and the last was mainly counted in June, then bias
would have been needlessly built into the results. On mapping plots, the
direction of walking should be altered across visits. Otherwise one area will
tend to be walked at a different time of day from another and spurious
differences in bird distribution might be added. The Common Birds Census
evades bias due to different observers by making year-to-year comparisons
only where the same observers cover the same plots in a pair of years.
Avoidance of bias can be thought about in the same way that experiments
are designed. The purpose of an experiment is to isolate the factor(s) of
interest from all other variables which could influence the outcome. The
counting methods are just one class of such variables which should not be
allowed to add unwanted variation likely to obscure the point of study.

Measuring bias is much more difficult. It can be done only if the true value
can be ascertained. In practice this is somewhere between very difficult and
completely unachievable. For a single species, it might be done by use of
marked birds (Chapter 6}, or by nest-finding and mapping on a small subset
of study areas (Chapter 3). Different observers or more effort might be put
into some study areas. If different observers come up with different answers
then the possible scale of bias can be guessed, but not measured until an
unbiased estimate has been obtained. For a community of birds, an unbiased
estimate is probably not possible. If bias can be measured on a few plots,
however, then it can be corrected on the other study areas counted by a
quicker method.

In general, there is likely to be a trade-off between precision and accuracy
in study design. The most accurate methods are the most expensive in time,
so using them tends to preclude collecting many samples to maximise
precision and increase the generality of results. It is our view that, in Britain,
a tradition of using mapping methods (Chapter 3) for songbirds has rep-
resented an attempt to obtain better accuracy which may have been prejudi-
cial to what might have been learnt by using quicker methods (Chapters 4
and 5) and collecting a greater spread of possibly less accurate data. The
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attempt to produce completely accurate results at the expense of leaving
precision and generality unattended may often be futile. Future study
designs will be aware of bias but will seek to optimise the trade-off with
precision and generality (Box 2.5).

Sources of bias

In designing a study to handle bias it is necessary to understand its known
sources. In many cases, a sensible response is then obvious.

1. The observer

Different people vary enormously in their birding skills and (in the case of
some professionals, though probably not amateurs) their motivation. No-one
would put much trust in comparing counts made across several years on a
reserve where the work is the annual chore of a different, new and inexperi-
enced assistant. At minimum, it is essential to be familiar with the study
birds, including their calls and songs if appropriate. Deafness and failing
eyesight may creep up with age. Beware. At a major bird census conference it
was found that a large proportion of participants were partially deaf. It is
also desirable to feel enthusiastic rather than run down by tiredness, cold or
hunger because the schedule is too demanding.

In counts involving several people it is possible to spread the work in such
a way that observers swap places, so results are less likely to be due to
observer differences. This also serves as training by drawing attention to
unusual results. More direct training may sometimes be desirable so that
methods are used similarly between observers. This is especially the case if
any difficult skills, such as counting large wader roosts or estimating dis-
tances, are involved. In general, we would always recommend that thought
be given to training observers and ensuring that they meet a minimum
standard before their results are used. If face-to-face training is not possible,
then the use of full and clear written instructions can serve a similar function.

The mapping method (Chapter 3) has a special additional observer
influence in interpreting the field results. The rules by which this is done are
not sufficiently full for several people to be able to read and execute them and
get the same results. BTO staff analysing the CBC are trained but this
facility is obviously not available to anyone contemplating their own map-
ping study.

2. Census method

Different census methods undoubtedly vary in their susceptibility to bias,
though this is rarely known. For this reason care should always be taken to
state methods in written results, particularly if any special variations have
been allowed on ‘standard’ methods. Putting effort into finding nests for
instance can have a major effect on the results of a mapping census. It may
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make it more accurate, but it is different from the normal standard and thus
leaves a bias in comparison with someone else’s study. A more insidious way
of adding bias could be the use of prior knowledge, for instance of the home
patch. Imagine the effects this could have in atlas studies when comparing
remote areas with those that are someone’s well known local patch. Even if
time spent in the field is similar, more of the different species actually present
will be detected on the home patch because the observer knows what to
expect and where.

Results obtained by different methods are very likely to have different
biases. In general, if there are common rules for a method, they should be
adhered to. Equipment is hard to standardise but could alter results.
Someone with a good telescope is going to count more ducks than someone
with poor binoculars.

There has been a tendency amongst songbird counters to believe that the
mapping method is accurate and any other methods can have their accuracy
compared with it. This view is now understood to be spurious. The fully
accurate method is a very elusive thing. For the present, suffice it to say that
comparison of any results derived by different methods will include bias
which should be considered before biological conclusions are drawn.

3. Effort and speed

You generally see more the harder you try, either by walking slower or by
putting in more overall time (Box 2.6). Within a study, effort should be
standardised across years or plots or whatever. Size of plots might be
considered as part of effort. If plots of differing size are involved, they should
receive similar effort per unit area rather than similar total efforts. For
common methods, there are normal standards which should be followed.
The trade-offs with other considerations apply very obviously to effort.
Consider the question of what would happen to the value of the results if the
effort per plot was halved so that twice as many plots could be visited or vice
versa. Unfortunately a magic formula for answering this question is not
known. Intuition and expert judgement must play their part. One way of
saving on effort so that it can be used for more plots would be to attempt to
count fewer species. This is less heretical than it sounds once it is remem-
bered that standard methods are so poor at counting some species (such as
owls) that they are effectively not counted at all. So if some species are left
out anyway, would it be possible to identify which are the critical species for
a particular study and count only those? Would this make a valuable saving
of time?

Effort is a particular problem in widespread surveys involving many
people. If the ideal of making it constant is not achievable, then the next best
thing is to measure it. In this way at least, it is possible to tell whether
irregularities in distribution or numbers might be real or whether they were
simply caused by variation in effort. Effort can also be recorded in any
published results so that a reader comparing different studies can tell the
extent to which their differences might simply have been due to differences in
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effort. In some analyses, the effects of variation in effort might be allowed for
by statistical means. Related to recording effort is the recording of zero
counts so that these can be treated as different from no records due to no
effort. Birds of prey, for example, are often counted by checking previously
known nest areas. In recording effort, both the reporting of zero counts and
the effort put into intervening areas need to be considered.

4. Habitat

Birds are easier to find in some habitats than others. Some methods deal
better with this potential problem than others. Ifit is not dealt with, it should
be remembered as a possible source of bias. Bibby and Buckland (1987)
show how birds are more detectable in open habitats than scrubby ones and
how this can be allowed for in estimating densities from point counts (Box
2.7). Barn Owls are quite readily found if they nest in barns which can all be
located and checked in a study area. If they nest in trees, they will be much
harder to find. Since the use of these two kinds of sites varies regionally
(Shawyer 1987), there is considerable risk of bias in comparing results from
different parts of Britain. A well designed study would need to recognise this
bias arising from habitat differences and deal with it by using sufficient effort
to find tree nesters.

Some habitats such as dense scrub or marshlands are difficult to count in
because of sheer inaccessibility. Densities of birds in suburbia are poorly
known because of a different kind of inaccessibility. Near rivers, roads or
industrial sites, there may be so much noise that quiet bird calls or songs are
very difficult to detect. Even outside the breeding season, sound is more
important than sight for detecting small birds in thick vegetation. It may
simply not be possible to obtain accurate counts in some circumstances.

5. Bird species

Different bird species also vary in their susceptibility to being counted. Some
are noisier than others (Box 2.8). Some breed late, some early. Some are
readily mist-netted, others not. It is most unlikely that a generalised method
will count all species in similar units. It might therefore be valid to compare
results within a species but not necessarily between species. No general
methods work on all species, and some require special methods (Chapter 7).
In some species, the counting methods might count only parts of the popu-
lation. Counts of breeding seabirds or birds of prey can include only the
breeding part of the population. In long-lived species with delayed maturity,
the pre-breeders may be a sizeable part of the total population and may
escape counting. This would be a serious bias if| as is plausible, a population
was declining but this allowed immatures space to breed earlier. In such
circumstances, a decline might not be noticed because it was primarily the
pool of pre-breeders that was declining while the counts were just of the
breeders. The extent of this possible scenario is poorly known and may be
larger than generally appreciated even in short-lived passerines.
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6. Bird density

At high densities, the observer may be swamped by the problem of recognis-
ing different species or individuals or territory boundaries (Box 2.9). At low
densities, boredom may tempt lack of thoroughness in searching. Counting
very abundant birds poses special problems considered later (Chapter 8).
Counting very scarce or dispersed species returns to the need to ensure that
effort is properly distributed and recorded.

7. Bird activity

Individuals may vary so much in their detectability according to their
activity as to make comparison difficult or impossible. Counting Puffins
sitting at a colony would, for instance, say little about the numbers on nests
underground or out of sight at sea. The occurrence of the activity that makes
birds countable may itself be related to weather, time of day or time of year.
Feeding waders may be dispersed over a wide area and conspicuous. When
roosting, the same birds may be in a tight flock which could be completely
overlooked. It is in general very difficult to count breeding birds in a
comparable way to counts at other seasons. In some cases, counting methods
may be deliberately aimed at part of the population involved in a particular
activity (Chapter 7). Breeding duck numbers, for instance, are often assessed
by counting the gatherings of males in the early part of the breeding season.

Colonial birds are often counted in a way that is related to breeding
success. The number of birds in attendance at a colony could well be related
to whether breeding success has been good or poor that year.

Numbers of Arctic Terns breeding in Shetland appear to have declined, as
well they might after several years of very poor breeding success. How
confident can we be that the decline is properly estimated? It is quite possible
that food supplies are so poor that many individuals do not attempt to breed
and, together with those that have lost eggs or chicks, they might stay at sea
and avoid being counted in colonies. Green and Hirons (1988) provide a
model which shows the effect that such a phenomenon could have on such
counts. In general, counters should be aware of this possible bias and
consider measuring breeding success so that possible effects of its variation
are not overlooked.

8. Season

Breeding birds, especially, vary in detectability by season (Box 2.10). The
best period for repeatable counts may be very brief. Many warblers, for
instance, sing for rather few days and then become much quieter once mated.
At the same time, growth of vegetation can rapidly make counting harder in
the early summer. Count periods therefore need to be carefully standardised
for comparison. Across years, the standardisation should ideally be by the
birds’ season rather than the calendar. Unfortunately, there is a wide
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difference between species in the best period for counting so a general census
method may involve compromise.

9. Time of day

Time of day should similarly be standardised because of variation of activity
(Box 2.11). The greatest output of song for some species is close to dawn and
is sometimes so vigorous as to be overwhelming. Moreover, the rate of
change of singing intensity near dawn is often high. Common advice is
therefore to count songbirds starting shortly after dawn and to stop by mid-
morning. Again, standardisation is important.

10. Weather

Extremes of weather affect bird activity and the comfort and acuity of
observers (Box 2.12). High wind-speeds pose the greatest difficulties for
songbirds which are harder to see or hear if trees are moving and noisy. Light
rain, in contrast, is rarely a problem. Morning activity is often terminated
earlier in hot weather. For long-range counting of wildfowl, waders or
seabirds, light intensity and visibility are important. The best advice is to
avoid counting in poor weather. It is difficult to specify just what this means,
especially as weather factors are often related to each other and to time of day
or year. In some circumstances, it might be possible to measure the weather
and allow for it but this is rarely fruitful.

Summary and points to consider

1. Precision

What is the total area under study?

What kind of study method is required?

Would a more accurate/less accurate approach with smaller/bigger sample
sizes be better?

Is it necessary to count many species or would fewer do?

How are plots/points/routes to be distributed?

Are they representative of the area being studied?

Would a stratified design be better?

Are there enough plots/points/routes to get a sufficiently precise answer?

2. Accuracy

What steps are to be taken to deal with bias from the following?
Observers
Methods
Effort and speed
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Habitat
Bird species
Bird density
Bird activity
Season
Time of day
Weather
Can some bias be eliminated?
Can remaining bias be spread similarly across all plots?
Can bias be measured?
Should any other factors, which might cause bias, be measured?

41
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Territory Mapping Methods

Introduction

During the breeding season, many species are territorial. Especially among
passerines, territories are often marked by conspicuous song, display and
periodic disputes with neighbours. Often, the area is not completely filled
with territories because of low densities or gaps in suitable habitat. In such
cases, mapped registrations of birds should fall into clusters approximately
coinciding with territories. Where a species has closely packed territories, the
mapping of simultaneously singing birds presumed to be in their respective
ranges becomes important. Territory boundaries are taken to be between
such birds. The mapping approach relies on locating all these signs on a
series of visits and using them to estimate locations and numbers of clusters
or territories.

This method has formed the basis of the BTO’s Common Birds Census
since 1962 (e.g. Williamson 1964) and has been widely used elsewhere
(William 1936; Kendeigh 1944; Enemar 1959). To some people, it has come
to be seen as the standard against which other methods can be compared.
This view is not justified. Mapping does not work well on birds that do not
show much territorial behaviour, especially semi-colonial species and those
that do not sing. Even among passerines there are troublesome variations.
Many migratory warblers sing for a brief time before finding a mate and
becoming inconspicuous. Some species, such as Linnets, nest in loose aggre-
gations with little territoriality. Other species such as Pied Flycatchers or
Wood Warblers may sing in more than one territory and keep quiet while
moving between the two. Some species, such as Reed Warblers, occur at high
densities but can move within a season if successive nests fail.

Most of these problems do not matter if the methods are standardised and
the results are used for population-indexing as in the CBC. In such an
instance, standardisation of method is critical. There are rules for mapping
census work set out by the International Bird Census Committee (Inter-
national Bird Census Committee 1969). As discussed later, the rules are a
matter of some controversy, and the methods needed to make mapped results
more accurate go beyond the rules. In attempting to obtain good density
figures or meet a purpose not reliant on comparison with other studies, it
might be better to ignore the constraint of these rules.

42
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The mapping method is the most time consuming of the general bird count
methods for a fixed number of birds finally counted. In this sense, it is
inefficient. For this reason, it is often difficult to design studies requiring the
representation of a range of habitats or with experimental treatments, con-
trols or replication. Point counts or transects might be considered instead in
such cases. The mapping method really gains if use is made of the fact that
the data are mapped, i.e. if inferences are drawn about the relationships
between the distribution of birds and of habitats.

Field methods
1. The study plot

The location of plots needs careful consideration depending on the objective
of the study. Are the results going to be claimed to have any generality over
and above describing what is actually on particular plots? If they are to
describe the farmland birds in a particular area, then they need to be selected
in some systematic way (see Chapter 1). Are the plots big enough to
encompass any scarcer species of particular interest?

A study plot needs to be adequately mapped at a scale of about 1:2500
(Box 3.1). It is important that birds are mapped accurately and, at this scale,
symbols can be positioned to within about 10-20 m which is probably
comparable to the error to be expected in map reading. Other scales between
1:5000 and 1:1250 may be preferred depending on the density of birds on the
plot. It may be useful to reproduce copies from a traced and simplified
outline if the map is too cluttered. In open or uniform areas, it is essential to
mark selected stones or trees, or other features on the ground and on the map
so that any bird can be located accurately. In many woods, it is necessary to
survey the plot extensively in advance to make sure that it is possible to map
the birds accurately. In woods, it may become very hard to see far at the
height of summer.

In woodlands with high bird densities, a plot of about 10-20 ha is suitable
for coverage in a single visit of 3—4 hours. On farmland, about 50-100 ha can
be covered depending on the number of hedges and woody areas. It is
necessary to walk the boundaries of the plot, so on arable farmland it is
recommended that these should be field boundaries. This approach will
exaggerate the average density of birds on farmland, since the bulk of the
birds are in the hedges. It is particularly undesirable to choose boundaries
that contain a lot of birds such as those against a woodland. Because of the
problem of edge effects, it is better to have plots that are roughly square or
round and to avoid those with long and complicated edges. The edge effects
become relatively less important the larger a plot becomes. An upper limit
will be set by the time taken to cover the area properly.

To make the most of a mapped plot, it is necessary to describe its
vegetation in some way (Chapter 10). Since the bird data are mapped, it is
ideal to map the vegetation as well. This allows a variety of further analyses
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on habitat utilisation. If the plots are each relatively uniform and there are
several of them that differ from one another, it might be sufficient to describe
or measure the vegetation without mapping it.

2. Time and route of visits

The results of a mapping census can be influenced by the number of visits. It
might be thought that more visits would be better, but in fact they can add
confusion rather than clarity. The CBC has adopted ten visits as a standard.
In southern English woodland, these would take place between about mid
March and mid June. Ideally they would be spread fairly uniformly at about
weekly intervals. For any one species, all ten visits are rarely needed. The
total number of visits and the length of the season should give all species
enough registrations to clarify clusters. The important visits for most resident
species will fall in the first half of the survey. Later arriving migrants will not
be recorded until the later half of the season. By then, many of the residents
have young, and territories are neither so important nor so clearly advertised
and defended.

Early morning is the best time for visiting, but some (in the CBC up to
two) evening visits might be helpful. It is best to avoid the first hour of
activity before dawn. At this time, bird activity peaks very markedly, so there
is a risk that the part of a plot covered first will produce more records. A
period of more uniform activity lasts from about sunrise to about midday. On
hot days, these periods may be briefer. Since time of day and differences in
effort can cause bias, it is important to record data and start and finish times
as part of the documentation of a visit and to standardise these variables as
far as possible.

The plot should be walked at a slow pace so that all birds detected can be
identified and located. The route should approach to within 50 m of every
point on the plot (Box 3.1). In thicker vegetation, a closer approach would be
better. On farmland, all hedgerows usually need to be walked. Routes and
directions should vary between visits so that there is no systematic tendency
for any particular part of the plot to be visited later or earlier in the day, on
average. Single visits should be completed in a single period of fieldwork.
Splitting visits across several days may cause problems with double record-
ing of the same birds. If visits are split, it is useful to record them as such.
Woodland can be surveyed at the rate of about 5 ha per hour, while farmland
might be covered at 20 ha per hour. The duration of a visit depends on bird
activity, which may be good for up to 6 hours, and on the stamina of the
observer.

3. Bird recording

The identity and activity of all birds are mapped with small and tidy writing
in pencil or ball-point pen. If the map gets wet, some inks run; ball-points do
not work on a wet map but pencils still do. It is helpful to use a standard list
of codes for bird species. Codes for some common British birds are shown in
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Base maps for territory mapping.

A

B

(a) Part of an outline map for a woodland plot with a 20 m grid. Grid-points are marked
A1, B2, C3, C4, etc. The map also shows tracks, habitats, grids, marker posts or other
features. Observers can foliow the grid-lines, using a compass if necessary, so that they
always know their position on the map.

(b) For studies on more open farmland, the use of the grid is unnecessary as
topographical features such as telegraph poles, trees, stakes hammered into the ground
at known positions, houses, etc. can be used to fix the position of the observer, and
hence ensure accuracy in mapping of the registrations. In this example more birds are
expected in the hedge than in the crops, and it is often difficult to walk through crops,
hence the census route follows a line closer to the hedge than the centre of the field.

Box
3.1

Box 3.2. Activities are also given standard codes (Box 3.3). Care should be
taken to record as much detail as possible such as the sex and age of the bird.
It is often critical in analysis to know whether a multiple observation was a
party of juveniles. Were two different birds nearby the male and female of a
pair, or were they of the same sex and thus presumably near a territory
boundary?

The most useful point to concentrate on is the location of individuals of
the same species that can be seen or heard simultaneously. A key feature
of analysis is the assumption that territory boundaries fall between such
records. For uniformly distributed species, it is difficult to analyse results
without such simultaneous registrations. Is the bird now singing different
from the one seen 50 m away and 2 hours previously? The ambiguous
registrations must be linked with a question mark to indicate uncertainty.
They are quite likely to be the same bird. If they really are different, the
chances are that both will appear simultaneously on a different visit. Search-
ing for nests is not a good use of time on mapping surveys, though the
information is used in analysis if available.
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Box
3.2

Standard codes for mapping birds.

A selection of standard species codes developed by the British Trust for Ornithology for
British passerine species commonly recorded on Common Birds Census plots. The full
list (British Birds 1984) can be used for any kind of bird recording in all habitats and
conditions throughout the Western Palaearctic.

SD
GS
S
TP
WR
R
N
sC
B
ST
SW
RW
LW
WH
GW
BC
WO
cc
GC
PF
LT

Stock Dove
Great Spotted Woodpecker
Skylark

Tree Pipit

Wren

Robin
Nightingale
Stonechat
Blackbird

Song Thrush
Sedge Warbler
Reed Warbler
Lesser Whitethroat
Whitethroat
Garden Warbler
Blackcap

Wood Warbler
Chiffchaff
Goldcrest

Pied Flycatcher
Long-tailed Tit

MT
WT
CcT
BT
GT
NH
TC
MG
RO
C
RN
SG
CH
GR
GO
LI
LR
BF
Y
RB
CB

Marsh Tit
Willow Tit
Coal Tit

Blue Tit
Great Tit
Nuthatch
Treecreeper
Magpie

Rook
Carrion Crow
Raven
Starling
Chaffinch
Greenfinch
Goldfinch
Linnet
Redpoll
Bullfinch
Yellowhammer
Reed Bunting
Corn Bunting
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CM,CHJ', CHQ
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Standard symbols for bird activities.

The standard BTO list of conventions is shown. These are designed for clear and
unambiguous recording. Symbols can be combined where necessary. Additional
activities of territorial significance, such as displaying or mating, should be noted using
an appropriate clear abbreviation.

Chaffinch sight records, with age, sex or number of birds
if appropriate. CHg indicates one pair; 2CH¢ means two
pairs together.

Juvenile Robins with parents(s) in attendance.

A calling Robin

A Robin repeatedly giving alarm calls or other vocalisa-
tions (not song) thought to have strong territorial signifi-
cance.

A Robin in song

An aggressive encounter between two Robins.

An occupied nest of Robins; do not mark unoccupied
nests, which are of no territorial significance by them-

selves.

Blue Tits nesting in a specially provided site (e.g. nest-
box)

Pied Wagtail nest with an adult sitting.
Pied Wagtail carrying nest material

Pied Wagtail carrying food.

Movements of birds can be indicated using the following conventions:

A calling Greenfinch flying over (seen only in flight)

A singing Dunnock perched then flying away (not seen to
land)

A male Blackbird flying in and landing (first seen in flight)

Box
3.3

(Continued)
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Box
33
cont.

The following conventions indicate when registrations relate to different birds, and when
to the same bird. Their proper use is essential for the accurate assessment of clusters.

A Wren moving between two perches. The solid line
WR WR indicates it was definitely the same bird.

Two Wrens in song at the same time, i.e. definitely

—_— different birds. The dotted line indicates a simultaneous
registration and is of very great value in separating
territories.

Two Linnet nests occupied simultaneously and thus
W oo - *, belonging to different pairs. This is another example of
the value of dotted lines. Only adjacent nests need be
marked in this way.

®___@ The solid line indicates that the registrations definitely
refer to the same bird.

A question-marked solid line indicates that the registra-
tions probably relate to the same bird. This convention is
of particular use when the census route returns to an

? area already covered—it is possible to mark new posi-
tions of (probably the same) birds recorded before,
without the risk of double recording. If birds are recorded
without using the question-marked solid line, overesti-
mation of territories will result.

No line joining the registrations indicates that the birds
are probably different, but depending on the pattern of

@ WR. mak  otherregistrations they may be treated as if only one bird
was involved. (It is possible to use a question-marked
dotted line, indicating that the registrations were almost
certainly of different birds.)

Where adjacent nests are marked without a line, it will
C* Cx often be assumed that they were first and second broods,
or a replacement nest following an earlier failure.

In all cases the standard BTO codes for British birds should be used.
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A field map. Box
3.4

PATE: G683
TIMES: 0730 ~ 1025
500 osseRvER gun

Part of a completed visit map for a woodland census, as used in the field (from Marchant
1983). This is one of the ten visits recommended for such work, spread over the spring
breeding season and conducted in the early to mid morning. Such visits are labelled as A
to J, and all the registrations of birds are presented in the standard way. Other important
factors such as the weather, wind force (W3}, date of the survey and observer name
should all be appended to the survey map so that detailed comparisons between sites in
the same year or the same site in different years can be made with the knowledge that
other variables are not influencing the data.

In this instance it was a productive visit and all parts of the map are crowded with
registrations from different species. The dotted lines will be particularly helpful in the
later analysis of territories. Blackbird registrations have already been copied to the
species map and cancelled with a light stroke of the pen.

A species map. Box
2 3.5
@© /
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<7 — 1983

This is the Blackbird species map from the same census as in Box 3.4. On transfer to the
species map the B for Blackbird has been replaced by the visit letters A—J which
represent the ten visits. However, the symbols indicating sex, song and movements
have not been changed. The map has already been analysed, and six territories were
found in this portion of the plot.
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Box Minimum requirements of a cluster (from Marchant 1983).

3.6

(a) ib)

{c} (d}

®
@

(a) There are two records of a Robin on visits A and C. If there had been only eight
census visits to this plot then this amount of data would be sufficient to define a territory;
however, if there were nine or the recommended ten visits to the plot then the two
records would be insufficient to define a territory.
(b) There are two records of Whitethroat on visits F and J (early May and late May) out of
. a sequence of ten visits. Because Whitethroat is a migrant which does not arrive in
Britain until relatively late in the breeding season these two registrations are sufficient to
mark this as a breeding territory.
(c) There are two records of Tawny Owl on visits A and D. These are sufficient to define
this as a breeding territory because Tawny Owls are difficult to count and hence the
minimum requirements for a territory are lowered.
(d) There are two records of Willow Warbler on visits F and G. However, these are
separated by only 2 days, not the required 10, hence the territory is not valid as the
records may well refer to a bird that sang briefly whilst on passage to another site and did
not breed.
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Dotted, solid and question-marked solid lines. Box
3.7

This figure shows examples of the correct treatment of lines between registrations of
Willow Warblers (from Marchant 1983).
(a) The dotted line between the two warblers recorded on visit F means that the two F
registrations cannot be placed in the same cluster. The solid line between the two birds
recorded on visit D means that both records were of the same bird and should be placed
in the same cluster.
(b) and (c) The question-marked solid line between the two birds recorded on visit D can
be treated in either of these two ways, depending on the pattern of other registrations. In
(b), there are sufficient registrations to support a second cluster DFH and the D records
are treated as being of separate birds. In (c), there is no support for a second cluster
because there are fewer than two birds recorded in the second possible cluster, and
hence the D records are treated as if one bird was involved. In this case the second F
registration is treated as a superfluous registration.

These examples are correct as they stand, but on a real map they might be further
influenced by the pattern of adjoining registrations.
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Box Interpretation of dotted lines.
3.8
(a)
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In (a) and (b) there are two different analyses of the same set of registrations of Willow
Warbler (from Marchant 1983). Standard BTO instructions to counters state that
example (a) is unsatisfactory because the apparent nucleus of registrations on visits
ABC is split between two clusters. Example (b), giving three smaller clusters, is said to
be a better analysis because it uses ABC as the basis of a separate cluster. The
treatment of dotted lines is correct in both examples.
Box Large diffuse clusters.
3.9

Plot
Boundary

When mapping large and mobile species such as Kestrel, it may be difficult to gain
sufficient records to be sure of territory boundaries. In this example either one or two
birds were seen on visit B. It was not known whether they were the same bird or not.
Other records give the impression of two clusters and the interpretation of the map is the
best fit of the available data. Only one territory is confirmed.
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Territory shifts and multiple registrations. Box

3.10

)
©
@l T

(a} (b} 3]

Three correct examples of analysis are shown (from Marchant 1983).

(a) The two groupings ABDE and GHJ are merged into a single cluster on the
assumption that there has been a shift of territory. It would be wrong to draw clusters
where such groupings are so close together.

(b) The addition of a second E and a dotted line makes it clear that there are two clusters.
(c) The figure is extended to show a correct treatment of multiple registrations. Neither
cluster has any double registrations.

Semi-colonial species. Box
3.11

For a semi-colonial species such as Linnet it is often necessary to draw clusters
representing groups of territories. Examples (a) and (b) show correct and incorrect
treatments of the same set of registrations. Example (a) is correct, based on totals of
seven birds on visits D, E and F. The high count on visit A is discarded as probably a
remnant of a winter flock, while that on visit J probably includes juveniles. Example (b} is
incorrect, since the peak counts in these two adjacent putative clusters occurred on
different visits, and combining them as in example (a) considerably reduced the
assessment (from Marchant 1983).
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Box

3.12

Edge clusters.

i
&)
a )

In this example of a territory map there are three possible interpretations of the number
of territories depending on the system being followed. In the CBC (Marchant 1983) alil
the edge territories would be counted as well as those wholly within the plot; this method
would therefore give five territories for the plot. In the International Bird Census
Committee methodology (International Bird Census Committee 1969), edge clusters
are treated differently and only those clusters in which most of the registrations occur
within the plot are counted as bird-territories for the plot. In this case there would be three
territories within the plot. In an alternative system only the territories wholly within the plot
are counted as full territories, others are accorded a proportion. In this case the number
of territories would be interpreted as c. 2.5 territories.

That the CBC regards all edge territories as a part of the total number of territories for
the piot can lead to an overestimation of the density of birds on the plot unless allowance
is made. Errors are worse if the margins are rich in birds. Itis recommended that plots are
selected so that their margins are typical of the plot in terms of their bird abundance in
order to minimise this effect.

Box

3.13

Population indices for Song Thrush and Blackcap derived from CBC data in
British woodland and farmland habitats.

{a) Song Thrush {b) Blackcap
200 200
x . Farmland
i o/
£ \ N ! mwrlo e Woodiand
=YY LY SRR Ot N O S OV AL
2 v '\ oo, Woodland i ey A /
5 W I S A
g \J’ Farmland P N
50 50 £
< N
/
30 30
62 66 70 74 78 82 86 64 68 72 76 80 84 88
Year Year

(a) Song Thrush. This graph indicates population trends caused by both weather and
other factors. The harsh winters of 1961/62 and 1962/63 caused populations of this
resident British species to decline markedly. However, since the mid 1970s the
population has been in longer-term decline, due in part to cold winters in 1978/79 and
1981/82 but aiso to unexplained factors (from Marchant et al. 1990).

(b) Blackcap. The CBC index for this migratory species shows a long-term increase
throughout the period 1963—1988. There are various theories for this increase which are
summarised in Marchant et al. (1990) but, as those authors conclude, no reasons can
definitely be ascribed for this increase.
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Some territories will overlap the plot boundary. Several ways of dealing
with these are considered below. Generally it is necessary to map records
outside the plot. In the field, this is usually accomplished by recording
everything detected from the boundary without walking outside the plot. The
field maps therefore need to extend by about 100 m in all directions beyond
the plot.

Variations of the method

Mapping is the method used in the BTO’s Common Birds Census. In this
case, it is vital that the method does not vary. For other uses, however, there
are ways of making mapping more accurate and these might be considered.

1. Restricting the list of species covered

The CBC and bird community studies include all species, or at least as many
as can possibly be recorded. If the purpose of the study is more restricted, the
first variation is to map fewer species. This helps in concentrating time and
effort in the required direction. The purpose of making ten visits is to gather
enough data to register territories of species differing in their breeding and
singing seasons. If only one species is being studied, five visits at the most
appropriate season and time of day for the species would suffice.

Recognising adjoining birds as different is the single most important part
of the field data for the support of the analysis. In a study aimed at a
particular species, more effort can be put into finding neighbours singing at
each other and marking their positions while they do so. The species map
could be updated after each field visit. In this way, it would be obvious if
there were any areas where it was going to be difficult to resolve the number
and pattern of clusters. Extra field effort could be made in these places on
subsequent visits.

2. Eliciting responses

The observer can increase the chance of finding birds and obtaining simul-
taneous registrations by using a tape to play snatches of song of the target
species and recording any responses. If a tape is played in places that may be
territory boundaries, it might help to see whether or not there is a response
from both birds. Owners of isolated territories often sing less than those
where the neighbours are close. A tape recorder could increase the chance of
getting sufficient records for a cluster. Many migrants only sing early in the
breeding season, but a tape recorder can get a response while birds are
nesting and have largely stopped singing. Thought should be given, however,
to the risk of disturbance caused by this method.

For some elusive birds, dogs can be used to increase the chance of
obtaining registrations. Dogs are regularly used for counting gamebirds and
for finding nests of ducks or waders. It goes without saying that a suitable
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and well trained dog is needed if it is to do more good for the census than
harm to the birds.

3. Consecutive flush

Another way to make birds respond is to try to chase them to their territory
boundaries. They will often fly readily within the territory but be reluctant to
go beyond it. In this way, the extent of an individual’s territory might be
sketched with 10-20 flushes trying to move it round its boundary. With any
luck, the neighbours might be seen or heard responding at a territory
boundary. Critical areas for interpretation can be tested again if the species
map is updated after each field session. Fieldwork need continue only until a
coherent result has been reached with all clusters meeting the minimum
requirements and no spurious registrations unexplained.

4. Nest-finding

The disadvantage of looking for nests in a study involving many species is
that it is unlikely that they can all be found with equal ease. In a study of a
single species, the location of nests may be needed for other purposes. Since
they must belong to a pair, they provide the strongest possible evidence of the
presence and location of that pair. Often the evidence from the distribution
and timing of nests will be consistent with that from the more conventional
mapping.

For some species with weak signs of territorial behaviour, nest-finding is
the only really good way of counting them. Some such as corvids or pigeons
have fairly conspicuous nests that are quite easy to find. Other nests such as
those of ducks or waders are much harder to find. The disadvantage of using
nest-finding alone is that it is hard to know when all the nests have been
found. There is a risk that the more easily found ones might be a biased
sample. If mapping is used as well, there is the possibility of continuing field-
work until the results of the two approaches are consistent.

5. Marked birds

Much of the difficulty in interpreting maps comes from the problem of
knowing which records refer to the same individual and which to different
ones. This problem becomes much simpler if birds are uniquely colour-
marked or radio-tagged. Territories can be drawn from records of known
individuals. A drawback of this approach is that it is very time-consuming.
The birds have to be caught and marked, and more effort is needed in their
field recording. Colour-rings can often be diffcult to see and read, and radio-
tracking is time-consuming. Marking is discussed in Chapter 6.

Marking is the only way of dealing with interpretation of those individuals
in the population that are not breeding and are therefore behaving in a way
incompatible with the assumptions of the territory mapping method. As
more studies are published, it is becoming increasingly clear that many
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populations, even of short-lived songbirds, contain a sizeable floating popu-
lation of non-breeders.

6. The full study

If marking and nest-finding are used, and all efforts made to maximise the
critical records for a mapping study, there is a chance that the results will
give a good picture of the absolute number of birds using an area in a season.
The output will of course include much more detail than a mere count. Such
studies represent the only known way to obtain absolute counts for many
birds. Needless to say, they are rarely attempted because of the effort
required.

Interpretation of results
1. Transposing the field data

Field maps are generated for each visit and contain all records of all species
(Box 3.4). These have to be converted into species maps. The visits are
identified by letter (A, B, C, D, etc). For any one species, registrations are
copied from all the field maps to a single species map. The species code on
the field map is replaced by a visit code on the species map (Box 3.5). It is
difficult to extract all the records unless those transcribed are crossed
through on the visit maps. Even then, it is worth a thorough check to see that
all have been extracted. In practice, it is possible to plot several different
species on a single sheet by the use of colours and selection of common and
rare species or a pair that occupy different habitats and thus have little
overlap. Ball-point pens are best: some coloured felt-tips fade rather rapidly.

2. Interpreting the species maps

Interpretations of maps is not such a simple process that unambiguous rules
can be described. The BTO has published some general guidelines, which
form the basis of this section (Marchant 1983). There may be more than one
‘correct’ way to interpret a particular map. For the CBC, the BTO analyses
all species maps sent in by the field workers. Analysts can confer on difficult
specifics and are trained to a consistent standard. For the purpose of the
CBC, consistency is more important than any notion of absolute correctness.
The main problem with the guidelines is that they include some circularity in
calling for avoiding clusters that are too large or too small for the species.
Unfortunately, the normal range of territory sizes assessed from an indepen-
dent method is not known for most birds.

The general aim is to draw non-overlapping rings around clusters of
registrations that refer to one pair of breeding birds. These clusters are often
called territories and results are presented in terms of number of territories.
It should not be thought that the rings drawn are necessarily territory
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boundaries or indeed say very much about where the birds might range in
the course of the summer. They are essentially products of the analytical
method. .

In perfect circumstances, a species map would show a group of distinct
clusters each of which would contain records of one or two birds on most or
at least several visits. There would be several records of the male singing.
Dotted lines would radiate to adjacent clusters to show that these had been
seen in the field as belonging to two separate pairs. Some species cluster well
and others do not (Fuller and Marchant 1985). In practice there will be some
occasions when more than one registration in an apparent cluster came from
a single visit. Was this a double recording of one bird or a temporary
intrusion by another, or does it indicate that the apparent cluster in fact
refers to two pairs? There will be other areas of the map with rather sparse
registrations. Were these casual records of non-breeding birds or those
briefly out of their normal ranges or are they the signs of a territory where the
birds were normally missed for some reason? All clusters that meet a
minimum standard for acceptance can be sketched in. Use a soft pencil so
that changes can be made if necessary.

3. Minimum requirements for a cluster (Box 3.6)

There must be at least two registrations if there were eight or fewer effective
visits for the species, and at least three registrations for nine or more effective
visits. For migrants the number of effective visits is the number from the first
visit on which the species was detected. If ten visits at weekly intervals
started in late March, many migrants will not be seen at all in the first two
visits. In this case they will have eight or fewer effective visits. They need
only two registrations per cluster. Difficult species, especially nocturnal ones
such as owls or Woodcock, are considered to have rather few effective visits
and clusters can be counted from two registrations.

The records in a cluster must additonally be at least 10 days apart. This is
to avoid including temporary migrants present for a few days and registered
twice. This rule has to be dropped, however, if, as is sometimes done,
mapped plots in remote areas are visited at a higher than normal rate over a
shorter than usual season.

A single record of a nest with eggs or young can be counted as a cluster
even in the event of the adults not having been seen at a level to qualify.
Broods of flying juveniles or of nidifugous species such as gamebirds or
waders should not be counted in the same way as a nest. They might have
moved from a territory already recorded or from one outside the plot.

4. Dotted and solid lines (Boxes 3.7 and 3.8)

A dotted line indicating two different birds seen simultaneously should not
normally be included within one cluster. The only exception can be where
there is reason to believe that these birds are the two adults of a pair or an
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adult and juveniles. Two records joined by a solid line should not be split
into two clusters, as they belong to the same bird. Uncertain records joined
with a question mark can be treated either way in accordance with the sense
of the other information.

It is the dotted lines that make it possible to analyse complicated maps.
This is why their detection in the field is so important. Analysis can begin by
sketching in the places that have to be boundaries between clusters because
they are crossed by dotted lines. It is then possible to start completing
clusters that contain the minimum numbers of records to be acceptable.

5. Multiple sightings

Records of more than two birds, other than mates or juveniles, together
should generally be treated as belonging to more than one cluster. There is a
legitimate cause of multiple observations if a single bird is unwittingly
recorded twice. This is where careful field observation helps. If a group of
birds showed any sign of aggression to each other, then it would be reason-
able to put them on a boundary between two clusters. If during field-work,
two records fall very close together on a single visit, it is worth -another few
minutes of waiting to see whether or not they are two different birds. This
might be done by seeing whether the one still visible will fly past the place
where the first was recorded, and if so whether there is a reaction by another
bird. In some cases, multiple records will be due to migrants such as
Blackbirds, which are still present in Britain during April while the local
birds are breeding.

If a cluster contains multiple registrations on more than two dates or if
they have any suggestive spatial division, it might be best to divide the
cluster into two. Consider whether the division would yield two clusters
which both meet the minimum standards for acceptance. Would they be of
realistic size for territories of the species in question based on knowledge from
nearby on the map? Some species are particularly good at moving rapidly
and undetected across their territories. Examples are Chiffchaff, Wren and
Sylvia warblers. Some migrants pause briefly and sing before acquiring a
territory in the spring. Extraneous records of species such as Sedge or Willow
Warbler might be due to this and do not merit a split of a cluster. Some
species, such as Blackbird and Yellowhammer, move widely outside their
territories or do not have very marked territories at all.

6. Superfluous registrations

Some records will neither be enough for a cluster on their own nor obviously
be part of a nearby one. They should be included with the nearest cluster if
this will not make that cluster too large for the species and will not cause it to
have too many multiple registrations. Otherwise they should be left out.
Some such records might belong to a territory largely located off the plot. In
other cases, they will belong to floating birds, especially early in the season or
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later on if they are juveniles. The analysed map should include some notation
of how such records have been treated to show that they have been con-
sidered rather than overlooked.

7. Large or diffuse clusters (Box 3.9)

In uniform areas and for some difficult species, records may be widely spread
rather than grouped. It is generally best to start by drawing in the obvious
possible clusters with guidance from groups of registrations or dotted lines.
Then work from these centres to see how the rest of the data can be made to
meet the rules. It is not usually helpful to start at one edge of a map and work
systematically across it.

Large species may show diffuse clusters and are more likely to have
territories that reach well beyond the boundaries of the plot. The best that
can be done for these is to see whether there are any signs that parts of two
territories meet somewhere on the plot. In cases of large or diffuse records,
the clusters drawn should be appropriate for the size of territory known to be
occupied by the species in question. The difficulty here is that this may not
be known and may vary with population density or habitat.

8. Spurious clusters (Box 3.10)

Adjacent clusters may meet the minimum rules for qualifying but should be
examined to see whether they could better be classed as one larger cluster.
Joining the two could produce just one cluster that did not exceed the
allowed number of double registrations. This should be preferred if it does
not produce an unrealistically large cluster. It is likely that the pattern of
field records arose from the birds having two preferred areas of activity with
something of a gap in between. They might, for instance, sing in two separate
patches on scrub and not in the intervening grassland. Another possible
explanation might be that a territory has shifted during the course of the
season. In this case, the early registrations will tend to be in one part and the
later ones in another. Such cases should always be assumed to belong to a
single pair if they still obey the rules when joined up.

Attention should be given to the possibility that very small clusters in fact
better belong with a nearby group. Other spurious clusters may occur in
preferred feeding areas. Be especially wary of those that do not have records
of singing birds.

9. Colonial or non-territorial species (Box 3.11)

The mapping method really only works well for species that show clear
clusters but is used on other species as well. For species that defend small
areas near a nest-site or a female, but range widely, group clusters are drawn.
Such species include hirundines, pigeons, ducks and some finches. The CBC
uses the following guidance. The clusters must include a potential nest-site,



Territory Mapping Methods 61

so swallows feeding over a field would not be included unless there was also a
building. If adjacent group clusters contain similar maximum numbers of
birds on different visits they should be amalgamated. Group clusters should
be large enough for the numbers of pairs attributed to them.

Each group cluster is given a number of pairs. This should be the highest
or second highest count of males obtained on any one visit. The second
highest is arbitrarily used to reduce the possibility of a spuriously high
temporary figure for one visit. If the sex of the birds is not or cannot be
recorded, they are assumed to be equally divided by sex. Excessively high
counts, possibly due to temporary feeding flocks, are not included, so if one
count is very high, then it is the third highest count that is actually used.
Care has to be taken to avoid high counts in the spring before winter visitors
or passage migrants have left. Similar care has to be taken to avoid young or
post-breeding concentrations of species such as Lapwing.

If the number of nests or broods simultaneously recorded in a cluster is
larger than the number of males, then the former figure is used.

10. Edge clusters (Box 3.12)

In the CBC, clusters that lie partly outside the plot are all counted because
the maximum number is needed to obtain the most precise index. If densities
are to be described, then dividing the number of clusters by the plot area will
produce an exaggerated figure. This is because the number of pairs is
actually using an area of land rather larger than the plot. The convention
recommended by the IBCC is to include edge clusters if, but only if, more
than half their registrations lie within or on the plot boundary. If the
boundary is a feature such as a hedge, then all records in the hedge are
counted as on the boundary. This method will still tend to exaggerate
densities because a species with a territory extending well beyond the plot
might still have most of its registrations on the plot. On visits when the bird
was elsewhere, it would simply not have been recorded.

There are two other ways to deal with edge clusters. They might on
average extend equally within the plot and beyond it. Each territory that
includes the edge of the plot is therefore counted as a half. Alternatively, all
the edge clusters can be sketched in allowing rings of typical size for their
species in cases where a cluster probably extends further beyond the plot
than has been recorded. The proportion of the area of each cluster that falls
inside the boundary is then counted towards the plot total. Proportions
might be estimated by eye to the nearest tenth.

These considerations emphasise the importance of dealing with edge
records properly during the field-work. Nearly square or round plots whose
boundaries are not particularly rich in birds minimise their number. The
most satisfactory approach is to record well beyond the edge of the plot,
perhaps by 50-100 m, which helps to interpret clusters that lie across the
boundary.
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Assumptions
1. The observer is good at finding and identifying birds

This almost goes without saying for any bird census method. In dense
vegetation, mapping relies considerably on the detection and recognition of
songs. In more open habitats, birds may flee from the observer or skulk
quietly, and most of the records may have to be detected, identified and
mapped at some range. The main challenge to acuity is in being able to
detect and map the more distant records to maximise the numbers of
simultaneous registrations. Mapping is not quite as demanding of identifi-
cation skills as transects or point counts (Chapters 4 and 5) because it is
possible to deviate from the route to check anything uncertain. Familiarity
with the plot and its birds after a few visits also helps, compared with point
counts or transects where the same areas will not be visited repeatedly.

2. Records are plotted accurately

Inaccurate plotting greatly increases the chances that clusters will not be
interpreted correctly. Good plotting is helped by a good map with enough
features marked on the ground and on the map. In woodland, a compass
may be essential. If the distance and thus location of a singing bird is
uncertain, it might be possible to move further along the route and try again
or to triangulate it with a compass. Familiarity with the geography of the plot
helps. Especially in woodland, it is useful to be able to check this out in
winter. It is quite surprising how fast the views shorten and change as the
leaves come out.

3. The standard rules are used, or broken selectively

The factors known to cause bias such as time of day and year, weather and
speed of coverage should be standardised as far as possible. The number of
visits should also be close to the standard unless for good reason another
number is chosen. It might be tempting to make more visits, but this
generally seems to add more confusion than useful further data. The best
way to improve the useful records is to give close attention to simultaneous
registrations during the field-work.

Interpretation of the maps must also be done carefully. The most arbitrary
part of the rules concerns the use of an expected territory size to help in
resolving ambiguous data. The best way out of this problem is to try to
minimise the collection of ambiguous records in the first place.

4. Birds live in pairs in fixed, discrete and non-overlapping ranges
This is the most critical assumption of the mapping method. Rather little is

known about its general realism. Of the birds so far studied, there is quite a
range of exceptions. Many non-passerines either violate this assumption or
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range so widely that mapping plots are too small to encompass more than
part of a territory. Species such as doves, corvids, finches and hirundines also
have patterns of ranging and territoriality not suited to the method. Poly-
territorial species such as Wood Warbler or Pied Flycatcher risk being
counted twice for each male. In marshes, the numbers and loose territoriality
of species such as Reed and Sedge Warbler make the chances of mapping
territories rather remote except in low density areas. However, a good
number of songbirds do appear to breed in fixed and non-overlapping
territories.

Accuracy of the finished result depends on a high ratio of good records of
territory owners to spurious records. The latter might come from wanderers
in species where activity is not confined to a restricted and defended range.
They might also come from genuine non-breeders. There is increasing
evidence that this class of bird is quite common in some species. The
mapping method not only fails to count them, it also risks obtaining spurious
results because of their presence.

5. There is a reasonable chance of detecting a territory holder

The need for a high ratio of good records to spurious ones also calls for a good
chance of finding a territory owner. Clusters with few records must be
excluded in case the records are spurious, but real territories with few records
may thus fail to qualify as well. The birds that sing clearly meet this
assumption best but it should be noted that the season for some is very brief.
Nocturnal species are not well counted by mapping because of failure of this
assumption unless suitably timed visits are made.

Examples of the use of territory mapping
1. Population monitoring in Britain

The CBC has been run by the BT'O since 1962 using the mapping method. It
was originated at a period of concern about the impact of habitat changes
and agrochemicals on farmland birds. It aims to measure the natural
fluctuations in numbers of common birds and to detect any long-term trends.
Results have been summarised in Marchant et al. {1990). A subsidiary aim
has been to generate data on bird distribution in relation to habitats.

Methods are described in Marchant (1983) and discussed in Marchant et
al. (1990). Study plots are categorised as woodland or farmland. About 100
of each are recorded annually by observers who are mainly amateurs.
Observers select their own plots and are asked to pick plots representative
of farmland or woodland in the region. They are asked to follow rules which
are clearly set out and are largely as set out in this chapter. The maps
are analysed centrally by a small number of people who are trained for
consistency.
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Population indices are calculated for species with sufficiently large
samples. They are based on the year-to-year changes of numbers of territor-
ies summed over all plots that were consistently covered in both years. If
observers change or methods deviate from the standard, then the data are
not admitted for the years involved. An index for each year is calculated by
applying the percentage change from the previous year to the previous index.
The index is arbitrarily set at 100 for all birds in a datum year (currently
1980). Long runs of these indices show patterns of population change over
time (Box 3.13).

The design of the CBC deals with much of the bias in counting by using
paired years from the same observers with standardised methods. It does not
matter if a particular observer tends to find more or less than another would,
provided this bias is consistent. There is a high level of consistency between
observers in measuring year-to-year changes. The mapping method is less
susceptible than point counts or transects to the effects of the weather during
visits.

The system has weaknesses in that it is not known exactly how results
might represent changes in total bird numbers in the country. Nor is it
known whether observer choice in starting and stopping work on a particular
plot might bias the resulting population changes. If plots with major habitat
losses were abandoned, then the indices might not reflect their impact on
overall bird numbers. The other disadvantage of the CBC is that it is very
demanding of time from volunteer observers and from professional analysts.
Point count and transect systems in other countries (Chapters 4 and 5) are
based on cheaper methods.

2. The distribution of birds in coppiced woodland in relation to
vegetation age

Two studies (Fuller and Moreton 1987; Fuller ef al. 1989) have related the
distribution of birds to the time since coppicing in woods in Kent. A problem
with coppicing is that it occurs in small blocks (medians 1.2 ha and 0.3 ha, in
the two studies, respectively: range in the first case 0.3-2.7 ha) so that it is
difficult to obtain samples of adequate size. The total study areas were 22.3
and 30 ha and had been surveyed for 10 and 5 years, respectively. The
mapping method was used so as to associate bird records with coppice plots
of known age. It would have been difficult to conduct these studies by any
other method because of the small sizes of the study area.

In the first study, bird densities were estimated by attributing each
territory to the coppice plot in which it mainly lay, and summing by age
classes over all years. It is surprising, however, that it was realistic to
attribute individual territories to year classes of coppice—one would not
expect the birds to show such close correspondence to a forest plan. In the
second study, registrations were counted and summed by age classes over
years. This approach avoids the time-consuming problem of drawing and
locating territories. Sample sizes were increased by making 23-25 visits per
summer thus deviating from the conventional use of the mapping method. A
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problem with increasing the apparent sample size by making more visits is
that many records will be from the same individual birds, so one cannot
generalise from the results from the sample plots.

Both studies reached the same general conclusions that species differed in
their preferred age classes. There was a general tendency for migrants to be
more abundant in the earlier stages and resident species at greater ages.
Results for several species are presented in Chapter 10.

Summary and points to consider

Mapped counts are time consuming to complete in the field and to analyse.
Their best feature is that, unlike other techniques, they produce a map of
distribution of birds.
Is this feature going to be used?
If not, would transects or point counts be more efficient?
Combined with colour-marking and nest-finding, mapping counts have the
potential to give good absolute estimates.
There are fixed rules for mapping censuses. Need they be used?
If fixed rules are used, they must be used strictly.
Simultaneous registrations are the key to good mapping.
Can the study be restricted to a limited set of species?
If so, there are variants of method to consider:
Tape-recorded playback
Consecutive flush
Nest-finding
Marked birds
The guidelines for analysing maps need careful consideration.
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Line Transects

Introduction

The idea of walking about and counting all the birds detected has the appeal
of simplicity. One would expect to count more individuals of a species in its
favoured habitat than elsewhere and more in a year of high than low
population density. By keeping moving, it is possible to cover more ground in
a fixed time than by any more elaborate method. Large sample sizes can be
generated efficiently. Long transects can be divided into small sections whose
habitats can be measured.

This chapter describes the methods used in the field and in calculating
relative densities. The critical assumptions are described with hints on how
to minimise their violation. Three examples are given of line transects in use.
One such study provides widescale monitoring of birds in Finland. One
example makes status assessments for seabirds offshore in the North Sea and
the third is intended to describe the influence of habitat change on bird
communities in North American shrub-steppes.

It is fanciful to suggest that simple transect results are more than indices of
relative abundance. There are, however, ways of generating relative density
estimates. Various assumptions can be made about detectability of birds
which can be used to remove bias of density estimates for comparisons
between species or habitats. The assumptions all involve some measuring of
distances between bird and observer. As ever, there is a trade-off between the
complexity of field methods and the type of results produced: a study needs
methods adequate for its purpose.

None of the field methods for transects has been standardised beyond
particular national schemes. Indeed, it would probably not be possible or
desirable to standardise them because different habitats, bird species and
study objectives need different methods. This lack of standardisation, how-
ever, has the disadvantage that it is hard to compare results across studies.

Line transects are best suited to large areas that are relatively uniform
within sections of hundreds of metres or more. To avoid double counting of
birds detectable at long range, transects need to be fairly widely spaced. For
these two reasons, the approach is not very good in small areas or for
detecting the effects of fine-grained habitat variation. In dense habitats, it is
often difficult for an observer to detect birds while moving and point counts
may be preferred (see Chapter 5).

66
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The theoretical basis of transect counting can also be applied to detection
of signs of birds, such as droppings. It can also apply to transport methods
other than foot, with specialist applications in aerial and ship-based surveys.

Detecting and identifying birds while walking is a challenge to ornithologi-
cal skill. The approach is thus sensitive to bias from observer quality and
experience. It is also susceptible to bias from factors affecting detectability of
birds which must be controlled where possible and understood in the in-
terpretation of results if control is not possible.

Transect methods can be used year round. Their interpretation in this case
needs to consider assumptions about the seasonal variation of detectability
due to bird behaviour, weather and vegetation.

Transects are probably more accurate than point counts. This is because
the most likely violations of assumptions concern distances between bird and
observer. Their impact rises linearly for transects and by square for point
counts.

Field methods
1. Routes, visiting rate and travel speed

Routes are selected in accordance with the aims of the study but are usually
constrained by accessibility. There is a risk that bias is introduced as a result
of selecting for easy access. On farmland, for instance, it is easier to walk the
field margins. This will not give a good estimate of overall densities because
most species either prefer or avoid hedges. To avoid counting the same birds
twice, routes need to be reasonably spaced. In enclosed habitats, this means
no closer than about 150-200 m. In open areas, at least 250-500 m would be
needed. If the study area can be sufficiently large, it is probably better to
avoid having adjacent routes altogether. Another route several kilometres
away will produce more thoroughly independent data than one within a few
hundred metres of previous coverage.

Routes might be of any total length. In an ideal study, single sections
would not adjoin, but all would be separate and independent (see Box 4.1).
In practice, spending time and energy in moving from one place to another
after completing a single section would rarely be a realistic idea. Routes
might be of a fixed length so that each could be covered in a single session of
fieldwork.

The total length of route covered depends on the aims of the study and on
the resources available. As a rough guide, a minimum of about 40 registra-
tions is needed for a reasonably precise estimate of density of any one species.
Clearly the effort needed to estimate densities of any but the most numerous
birds is considerable.

For many analytical uses, it might be sensible to divide routes along their
length into fixed intervals. Their length would be greater in more uniform or
species-poor habitats such as moorland: perhaps up to a kilometre. In richer
or more varied habitats, they might be as short as 100 m. If records are
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separated into such divisions, some estimation of the variability of the results
is possible. If habitat features are also measured in the same intervals, then
some interpretation might also be applied.

Routes are generally visited once or a small number of times. In a breeding
survey, it might be sensible to have two visits to catch the peak activity
periods of sedentary and migratory species. Repeating the counts allows
some chance of assessing how much more information is being gathered as a
result. In general, repeat visits will count many of the same birds. Thus,
although the sample sizes appear to be increasing, this is not creating a real
increase in precision because the counts are not independent. Rather than
count the same individual birds several times, it will often be preferable to
use the time to include more different routes.

The speed of walking the routes depends on the numbers of birds present
and any difficulty in recording them all. In open habitats, a speed of about
2 km per hour might be reasonable. In thicker areas with greater difficulty in
recording all the birds, half this might be reasonable. Speed should be
standardised within any one study to avoid adding bias to comparisons
between years, sites or whatever.

2. Field recording

The counts used for analysis might be the total (or average) of all registra-
tions or the highest count for any species on any visit per transect section.
The reason for the latter is that there are many reasons why a particular visit
could produce a low count. In a breeding season survey, it is unlikely that
more birds will be counted than generally occur in the area. It does not make
much sense, for instance, to take the average count from two visits for a
migrant species which had not even arrived on the date of the first visit.
Taking a maximum count rather than a total also ensures that spurious
precision is not added from an apparently larger sample size which in fact
consists of all the same birds counted twice.

Birds can be counted within sections or sketched on a map. Mapping is
necessary if there is some uncertainty as to how the next stage of analysis is to
be completed. This might include uncertainty over suitable lengths into
which to divide the routes because the extent of variation in density is not
known in advance. Mapping keeps open the option of changing some of the
methods of analysis. It has the disadvantage that the data need a subsequent
stage of work which could be avoided if the appropriate totals were recorded
on a suitable form in the field. It might also be easier to measure distances
from a map than to estimate them in the field. Field estimates have a marked
tendency to be rounded to end in a zero or a 5. This can be avoided by
deciding in advance to estimate distances to the nearest 5 m.

There are options over what to record by way of activities. Some studies of
breeding birds have attempted to get closer to estimates of pairs or singing

‘males by recording sex and activity and treating the records differently. The

potential variety of options is limitless. Any such elaboration, however,
complicates the field-work and adds assumptions at the analytical stage.
Unless such assumptions and the need for invoking them are well founded on
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Selection of transect routes. Box
41

(a) b)

(a) A single route following a natural path is the simplest way to sample an area. The
design has the advantage of being the quickest and easiest to follow in the field. It may
be the only possible one if access or time is limited. It has the disadvantage that the route
may not be typical of the whole area—the path may follow a feature such as astreamora
contour line which affects bird distribution and numbers.

(b) The same length of route divided into six randomly located parts. This design would
give a truer representation of the bird fauna of the sampled area if that was the
requirement of the study. Since the six routes are independent, it becomes possible to
estimate the precision of the resulting mean counts or relative densities for species. The
disadvantage of the design is that it would be harder to cover in the field and would take
longer because of time spent moving between routes.

(c) Six routes are randomly located with two in each of three classes of distance from the
edge of the plot in a study investigating the effects of edge and interior habitats. This
stratified random design is often the best if there is some prior knowledge about factors
causing variation and those factors can be geographically located in advance.

particular knowledge of the species involved, it is probably not a good idea to
add such complication.

3. Distance measuring

There are many ways of generating relative density estimates from transect
counts. They all depend on some measurement of distance of the bird from
the route (see Boxes 4.2 and 4.3). Distances can be estimated within belts
(say 0-10 m, 10-20 m, etc.) or each measured individually. In all cases the
critical distance is perpendicular from the transect to the bird, not from the
observer to the bird. A bird that flushes 200 m ahead, but on the transect
route, counts as distance zero. A common method of recording distance is to
use two belts, near and far, which can be analysed in one of two ways (see
below). The next possible method uses several belts up to about five. Most
sophisticated of all is to estimate exact distances (which corresponds to a
great many belts). The more belts there are, the harder the estimation of
distance becomes in the field and the more elaborate the analytical approach
becomes. Using two belts is a good compromise. The width of the inner belt
should be such that about half the records fall within it and half beyond. In
scrub or woody vegetation this might be at about 50 m, half on each side of
the route. In open habitats, a near belt might be more like 200 m across.
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Box
4.2

Methods for measuring distance in transect routes.

d d
Transect o
route Y
Bird
(e} (d) @)
-3
d
[}

Whether distances are recorded completely or in belts, it is the perpendicular distance
between the bird and the transect route which should be measured.
(a) Distance (d) is estimated by eye kept in practice with periodic checking against a

measured distance. Marker posts might be set out to help.

(b) The observer (O) remembers where the bird was and measures the perpendicular
distance (d) with either a range-finder or a tape measure when opposite it (O,).

(c) Distance (d) and angle (8) from the route are measured with a range finder and a
compass so that perpendicular distance can be calculated (d cos 8). This system is not
very good for birds close to the route but a long way ahead when detected.

(d) Records are plotted on a map and distances (d) measured subsequently. Good

mapping is required and may be aided by fixed markers.
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Use of bands for recording distance in transect counts.

(a) No distance measuring; all birds are
counted. This method is simple but different
species are counted on different scales
because of differing detectabilities. Five
birds (x) have been recorded.

(b1) Fixed belt. All birds are counted within
a pre-determined fixed belt (near belt). This
lowers the total count but removes distant
records of the more conspicuous species.
There is little to recommend this approach
because it would be optimistic to assume
that differences in detectability would not
still have a large effect. If the belt was small
enough to make high probability of detec-
tion realistic for all species, then most sight-
ings would have to be rejected. In this case,
four birds have been recorded and three
birds have not been recorded.

(b2) Two belts. All birds are counted but
attributed to one of two belts. This is an
effective method which is very simple to
use in the field. Relative densities can be
estimated. Four birds have been recorded
in the near belt and three in the far belt.

(c) Several belts. Birds are attributed to one
of several belts of fixed width (d,—ds). This
is harder to do in the field because dis-
tances have to be estimated to greater
precision. It is often more satisfactory to
use the methods given above or beiow.
Counts in the first four belts were 1, 3, 2, 1.
(d) Distances are measured to all birds.
Distances are perpendicular to the route
even if the bird was ahead when detected.
This is the hardest method to use in the field
but generates the best data for estimation
of densities. Birds were recorded at dis-
tances d; and d,.

(a)

{b1)
(b2)

{c)

(d)

- — — = S — — - -

Transect
line

Belt
width

X

d

I i

Box
4.3
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Box Differences in detectability between species.
4.4 {a) Golden Plover
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Numbers of (a) Golden Plover and (b) Dunlin, detected at different distances from the
observer on moorlands in northern England are shown (from Yalden and Yalden 1989).
Golden Plovers are noisy and conspicuous, especially as they react to an observer
and give alarm at greater distances than do Dunlin.
Dunlin are cryptic and sit tight, so are not detected beyond 100 m. This difference
between species needs to be taken into consideration in the design of appropriate
breeding water sampling methods.

Box Simple ways of dealing with detectability and distance.
4.5

1.0 (a) 1.0 (b) 1.0 (c}

Probability

Distance

The number of birds detected declines with distance from the observer. This can be
expressed as a decline in the probability of detection of a bird which is present. The
shape of this relationship is unknown, but three plausible models can be suggested: (a)
linear, (b) exponential, (c) half-normal. With data counted in two belts, an actual line can
be calculated for any of these assumed general shapes. In practice, all three have been
shown to give similar density estimates. The mathematics of the first two are simpler.

Note that in all cases, it is assumed that a bird actually on the transect line is always
detected (probability = 1).
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Calculation of densities from the two-belt method.

Definitions

Transect length (km) L

Centre to inner band (m) w

Total birds N
Number within w N,
Proportion within w p=Ny/N
Density birds per ha D

Linear model

Note that at distance 1/k, the bird will not be detected.

It can be shown that p = Kkw(2 — kw)
Hence k={(1—-SQRT(1 — p))/w
Density D =10Nk/L

Negative exponential model

It can be shown that p=1—e
Hence a=(—loge(1 — p))/w
Density D = 5aN/L

Example

Transect length L = 150 km; inner band w =25 m
Total birds counted N = 119; number within 25 m N; = 17
Hence p = 0.1428

For the linear model k= 0.00297
Density D = 2.35 birds per km?
For the exponential model a=0.00616
Density D = 2.45 birds per km?

10 000 to get birds per ha or by 1 000 000 for birds per km?.

Probability of detection of a bird at x metres = 1 — kx where k is an unknown constant.

Probability of detection of a bird at x metres = e~ ®*where ais an unknown constant.

Note: beware of the units. If the transect length and band widths are in metres, the
answer is in birds per m?, which will be a very small number. it must be multiplied by

Box
4.6
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Box
4.7

Densities from full distance recording.

Estimating densities from data where perpendicular distances to all records have been
measured is statistically the soundest approach. A full treatment is given by Burnham
et al. (1980) and a computer program by Laake et al. (1979).

The method can be illustrated through a simple example. A transect 1000 m (L) long
recorded 40 (n) birds, whose perpendicular distances (x) were measured in metres.
Birds beyond 65 m were excluded. (This cut-off distance (w) is arbitrary; it is best if wis
set to include 97—-99% of the birds detected.)

Values of a, and a, are calculated from the equation

ax = (2/nw){Z cos (kxiw)}, for k=1, 2, 3, etc.

(Note that one works in radians for the cosine, not degrees.) The calculations can be laid
outin a table:

K=1 K=2

Bird
No. b'¢ shxiw cos(kx/10) shxiw cos(rtkxiw)

1 24.10 1.165 0.395 2.330 —-0.688

2 32.92 1.591 —-0.020 3.182 —-0.999

3 8.53 0.412 0.916 0.825 0.679
40 7.95 0.384 0.927 0.768 0.719
Total 10.586 —2.888
a 0.00814 —0.00222

We then calculate a critical value,

1/w(2/n + 1) = abs(ap,.1). In this case, 0.003398 > abs(a,) = 0.00222.

Since the absolute value of as is less than the critical value, we calculate

f=a; +1/w=0.00814 + 1/65 = 0.023.

If the absolute value of a, had been greater than the critical value, we should have
calculated as, ay, as, etc., until we reached one whose absolute value was less than the
critical value. The sum of all the a values, excluding this final one, would then be used in
place of a4, to calculate f.

Density can then be calculated from

D = nfi2L = (40 x 0.023)/(2 x 1000) = 0.00046 per m? = 4.6 per ha.

Confidence limits can also be calculated.

In practice, one should always do such calculations by computer: hand calculation can
lead to substantial rounding error.
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(a) 4 » Bird outside transect
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(a) Birds sitting on the sea are counted in blocks of 10 minutes of travelling so that the
size of the block is related to the ship’s speed which must be known. One side only is
counted so the observer has to scan 90° out to a distance of 300 m. In the illustration, six
birds are counted and another five seen but not counted.

(b) Flying birds are counted instantaneously in blocks 300 m wide and as far ahead as
the observer thinks all are visible. The total number of such scans in each 10-minute
period is such that they add up to the same area covered as for the counts of sitting birds.
In the illustrated case, there are five birds flying nearby but only one is actually in the box
at the instant it is counted. About five such spot-counts will have to be made in every 10-
minute period.

Population trends of Willow Tit and Capercaillie in Finland in winter measured Box
from transect counts (from Hildén 1987). 4.8
{a) Willow Tit
160
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(a) The population of the Willow Tit has been stable since the mid 1950s.
(b} The population of the Capercaillie has been in decline since the early 1960s.
A counting system for seabirds at sea (from Tasker et al. 1984). Box
4.9
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Box
4.10

Populations of American shrub-steppe birds affected by alteration of the habitat
(from Wiens and Rotenberry 1985).

Pre-treatment Post-treatment
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Estimated population densities are shown for four major breeding species in Guano
Valley before and after herbicide treatment in 1980 (hatched). Clearly an alteration inthe
habitat has had an impact on the populations of these species. The herbicide treatment
had a negative effect on the population of Brewer’s Sparrow immediately after the
treatment, but this species rapidly recovered its population level. The Sage Sparrow
went into slight decline following the treatment, the Sage Thrasher remained at a similar
population level, and the Horned Lark increased somewhat.
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4. Special variants

Various methods can be used to increase the detection rate of birds on
transects. In open habitats, dogs might be used to flush sitting birds. Rope-
dragging can also be used to flush close-sitting birds. This is very hard work
and is only worthwhile where nests occur at fairly high densities. In some
cases (see Chapters 7 and 8), indirect signs such as wildfowl droppings or
seabird nests or burrows might be recorded rather than the birds themselves.

As well as on foot, transects can be conducted from a car, boat or
aeroplane. The same general considerations apply to such methods. Count-
ing from a car is particularly good for large and conspicuous birds which
occur at low densities, such as raptors.

Counting from a plane is commonly used for waterfowl where access
would be difficult or impossible by other means. A plane has an advantage
over a boat where either could be used because it is easier to avoid double
counting birds that have previously been flushed and have moved a short
distance. A plane is also rather more effective at flushing birds, such as some
ducks, which might be hard to see in dense vegetation. Air counts are usually
conducted with two observers so that one can count each side of the route.
Cooperation with the pilot is needed to locate records to routes. The normal
system is to fly a prearranged pattern and to time the passage of landmarks,
turning points and bird counts. With modern equipment, end points of
transects can be programmed into the plane’s navigation system. A tape
recorder is usually used because counts may accumulate very fast and there
is no time to look down and write notes. Flights are normally conducted at a
height of 50-100 m and a speed of about 150 km per hour. If the height is
kept constant, marks on windows and struts can be used to indicate distances
on the ground.

Seabirds may be counted from a ship or boat. The highest possible forward
looking vantage point is needed. Some birds are attracted to ships and these
may need to be recorded separately. As from the air, it is usual to count by
time period and locate the times from knowledge of the timing of the voyage.
Most ship-based surveys to date have not used the more sophisticated
methods developed for land birds. Seabirds are generally detected because
they are moving. This causes considerable difficulties as their flight speed
and direction relative to that of the ship will influence the results. Gaston et
al. (1987) provide some elaborate ways of dealing with this problem. The
suggestions of Tasker et al. (1984) are simpler (see later).

Briggs et al. (1985) compared plane and ship surveys of seabirds. More
birds were fully identified from a ship than from a plane, where some had to
be grouped. Air counts generally gave higher densities. This was because the
air surveys covered a strip 50 m wide while the ship surveys counted birds up
to 400 m away (only 150 m for smaller species). Smaller auks can probably
avoid detection at such a range even in good sea conditions. The amount of
data gathered per unit of time is much higher from a plane. Briggs et al.
concluded that an aerial survey is more effective for most descriptive pur-
poses. Ships come into their own if other data are to be gathered on bird
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behaviour, hydrography or biological sampling. To many researchers, how-
ever, the cost of using a plane may be prohibitive.

Interpreting counts with distance estimates
1. Single counts

Single counts may be taken either to infinity or to some pre-ordained
distance. Counting to infinity has the advantage of using all possible bird
records. The disadvantages may be that more distant birds were not in the
same habitat as recorded along the route. Different species are quite obvi-
ously counted on very different scales by such an approach (Box 4.4).
Whether or not this is a sensible design will depend on the objects of the
study and the nature of the ground covered.

Single counts within a fixed band give smaller numbers, but they have the
advantage, if this is needed, that the birds were at least within the habitat
described. Although the effect may be less than with counts to infinity,
different species will again be counted on different scales. Although it is
sometimes done, there is rarely justification for dividing the count by the area
(length of route times band width) and calling it a density. This assumes that
all birds are detected and none has fled from or been attracted to the
observer. Such an assumption might be valid if the band is narrow and the
counting unit is the nests of a colonially breeding species (Chapter 8), but
even in such a case, detectability falls off very fast. Thirteen per cent of duck
nests were missed when an observer searched a band of 2.46 m on either side
of a transect and the band would have to be 1.54 m on either side for 100%
efficiency (Burnham and Anderson 1984). For live birds of most species, an
assumption of complete detectability at any distance from the observer could
not generally be warranted.

2. Two belts

If birds are counted in two belts, it is possible to assume the general shape of
the relationship between distance and detectability (see Box 4.5) and use this
to estimate relative density. Three shapes are commonly used. Detectability
may fall linearly from one at the transect line to zero at some distance from it.
Alternatively, a half normal function might be assumed. In this, detectability
falls off slowly at first, rapidly at some distance and then again more slowly.
A third possibility is a negative exponential which has a concave shape.

Estimates of relative density can be obtained with simple algebra using
these assumptions (Box 4.6). They have the effect of adjusting the rank order
of abundance of different species as judged from the total counts. An
inconspicuous species moves higher up the ordered list of abundance. Most
of its records will have been close to the route so a smaller area is being
counted than is the case for a noisier or more visible species.

This method has been used for a long time in Finland (see Jarvinen and
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Viisdnen 1975) and has been widely explored. Jarvinen and Viisinen
(1983a) provide a table of numbers of birds recorded within and beyond
25 m of the observer. This data set comes from many habitats and observers.
These figures could be used for smaller surveys to correct density estimates
where the data are insufficient to estimate detectability functions. Different
figures are provided from different geographical regions so there is a choice of
the most appropriate corrections to use. Before using such an approach,
however, it would be wise to check that the Finnish results are appropriate to
the new study. This could be done by comparing the near and far counts for
the more abundant species with those from the Finnish samples of the same
species.

Standard errors of estimates can be estimated from two-belt surveys. A
short cut is given in another useful paper (Jarvinen and Viisdnen 1983b)
which shows that the standard error can be predicted remarkably well from
the estimated density, the number of transect routes involved and the
correction factor (as above). The latter has only a small effect. The standard
deviation is approximately proportional to the square root of density and
inversely proportional to the number of routes counted. The effect of the
correction factor is again small. Jarvinen and Viisdnen showed that their
conclusion was correct in an independent test far to the north in Finland and
in different circumstances from the source of the original data. Their
equations could thus be used with reasonable confidence elsewhere in
Europe. They can also be used in planning future work.

3. Several belts

If birds are counted in several belts, it is possible to plot the counts against
distance from the observer (Emlen 1977). They would be expected to decline
with distance. The point at which the decline starts can be estimated (by eye
or statistically). It will be a different point for each species. Relative densities
can then be estimated by dividing the total count within the critical range for
each species. The method thus ends up akin to having a single belt count. It
differs in that the width of the belt is allowed to vary by species. It will be
narrower for inconspicuous species than for noisy or obvious ones. A practi-
cal problem with this method is that counts do not always fall off smoothly
with distance. Very often the highest count will not be in the central band
but at some fairly small distance out from the observer. This is probably
because of birds fleeing from the route and not being noticed until they have
done so. It is thus sometimes difficult to select the point at which the
measured density begins to fall off.

4. Full distance measuring

If distances to all birds are measured, it is possible to make a more detailed
model of the shape of the plot of detectability against distance from the
observer (Box 4.7). Various functions such as Fourier series, and power or
polynomial functions can be fitted. Such methods require computing. For
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further details of methods and a computer program see Laake et al. (1979)
and Burnham ¢f al. (1980).

A minimum sample size for satisfactory description of detection curves is
probably about 100 detections. For many less common species in 2 commu-
nity, this requires a very much higher effort than will generally be given in a
study. This problem can be overcome by using data from elsewhere for the
species or from other species believed to be similar with respect to detect-
ability.

Assumptions

1. Birds exactly on the route are all detected

Even the most sophisticated of distance modelling methods do not work if
birds directly on the transect line can be overlooked. This might happen
because they are very cryptic in trees above the observer or because they
have fled unseen from some distance ahead (thus violating the second
assumption as well). If densities are estimated without correction from data
from a main belt, then this assumption becomes more likely to be violated.
All birds within the main belt must be detected. Because this extra assump-
tion is so unlikely, simple belt methods cannot often be considered likely to
measure true densities.

2. Birds do not move before detection

All variants of density estimation assume that birds are randomly distributed
with respect to the distance from the route. If they move in response to the
observer, then this will cease to be true. Some birds may be attracted, but
fleeing is a more likely reaction. In these cases, it is often found that rather
more birds occur at some distance from the observer than in the closest
region to the route. In the field, particular care should be given to the area
immediately ahead from which birds are most likely to flee when they detect
an approaching human. In methods using two or a few belts, it is only
important that birds do not move from one to another, so the assumption is
slightly less restrictive.

Assumptions about movement might also be violated for birds that move a
lot in general and are detected only once they come quite close to the census
route. Clearly, if the route was walked at an ever slower pace, more and more
such birds would be detected merely because they had been given more
chance to do so.

3. Distances are measured accurately
This goes without saying but is not easy to do in the field. For birds detected

well ahead, it may sometimes be sensible to note a nearby feature and
estimate the perpendicular distance from the route once the point is reached.
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A tape measure can be used, but this is very time-consuming. An optical
range finder is more expensive but very helpful. If distances are estimated,
then thorough training and repeated self checking against measured dis-
tances should be used. For belt methods, the bird only has to be recorded in
the correct belt so the skill demanded in the field is that much less daunting.

4. Individual birds are counted only once

This assumption is hardly surprising but may still cause a problem in the
field. If a species is very abundant there is a risk of double counting because
of sheer confusion from birds appearing in all directions. Species that move
quietly between places where they sing or call might also cause such con-
fusion. The only advice that can be given for field-work is to try to keep track
of individuals of the more difficult species. Avoiding problems from this
assumption also calls for moving faster rather than slower down the route but
this is usually constrained by the need to meet previous assumptions which
demand more time.

5. Individual birds are detected independently

The main difficulty with this assumption is likely to arise if birds are more
detectable at high rather than low densities. One bird singing or giving an
alarm call might, for instance, stimulate others to do so. At lower densities,
this is less likely to happen so individuals may be less likely to reveal
themselves.

6. Bias from observers, seasons and weather is understood

Transects are more dependent on observer skill than mapping counts where
repeat visits give a better chance of finding each pair of birds, and a territory
can be registered even if the occupant is overlooked on several visits.
Observers can be trained or allocated to routes by systematic design.
Seasonal effects might also be large when comparing across years. Routes
should be revisited at the same season. Ideally this would be phenologically
the same, but in practice calendar date might have to be used if, for instance,
timing of breeding is not known. Weather can be handled by applying rules
for preventing counts in unsuitable conditions.

Examples of the use of line transects
1. Population monitoring in winter in Finland
Population levels of both wintering and breeding birds have been monitored
in Finland by transect methods. The winter project started in 1956 and is the

only long-running study of its kind in Europe. Methods and results are
described by Hildén (1986, 1987). The aims have been both to monitor
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population trends and to describe winter numbers and distribution in re-
lation to habitat.

The field methods are very simple. Observers choose their own routes with
general guidance. Three counts are conducted each winter within defined
2-week periods. All birds are counted irrespective of the range at which they
are detected. About 600 observers take part each year and routes average
11 km in length. Over 10 000 individuals are counted for the most abundant
species. Annual counts of the scarce Black Woodpecker have been 91. The
simplicity of the method is believed to contribute to its popularity and thus to
the amount of data gathered. Results are expressed as individuals per
kilometre walked. They can be divided regionally.

Although confidence intervals are not given for individual estimates of this
density index, they could be calculated from the data. Inspection of results
(Box 4.8) shows that year-to-year changes are often quite small for non-
irruptive species such as the Willow Tit. This suggests that the relative
densities have been measured quite precisely. Other species show long-term
trends or irregular patterns associated with variation in food abundance.

This is a simple study design with methods adequate for its purpose. Open
winter habitats and low bird densities lend themselves to transect counts.
Because no distance measures are used, the counts cannot be compared
across species. Comparisons across habitats would also probably be biased
because a greater range would be covered in more open areas. For popu-
lation monitoring, these problems do not matter so much. There could be a
problem, however, due to observers choosing their own routes. Population
changes are not computed on a year-to-year basis for the same routes as in
the British Common Birds Census (see Chapter 3). If habitat losses were
severe, it would be possible for their effects to be concealed by observers
picking more interesting areas to count.

2. Distribution of birds in the North Sea

Assessing the distribution and abundance of seabirds at sea has been much
in demand especially in relation to recognising places and times when birds
are at risk from oil spillages. Birds may be counted by transects from ships.
This is not easy because some species are attracted to ships and others flee.
Flying birds often violate a critical assumption. If they were all counted fully,
a stream of birds crossing the ship’s route would lead to an inflated estimate
of density. Small or dark species are much harder to detect than the larger
and paler species. Those, such as auks, that sit on the sea are harder to detect
than those, such as shearwaters, that habitually fly.

Tasker et al. (1984) have proposed standardised methods which have been
widely used around British coastal waters (Box 4.9). Counts of birds on the
sea are conducted in 10-minute periods in a band 300 m wide on one side of
the ship and converted to birds per km?. It is assumed that correction factors
for detectability might eventually be devised to convert different species more
nearly to absolute densities. Flying birds are counted instantaneously in a
series of imaginary boxes. These boxes are 300 m wide and stretch as far
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ahead as the observer considers suitable for the species and conditions
concerned. These counts are repeated at intervals, which depend on the
speed of the ship, and can then be converted to densities. If the birds are
flying in one general direction, this method can be modified. Counts are
made for a minute in a similar imaginary box and the time for an individual
to cross it is also estimated. Such counts can then be turned into birds per
unit area. Densities of flying and sitting birds can be added. Birds associated
with the ship may be recorded but are not added to the estimates of densities.

This approach to counting seabirds may deviate from obtaining absolute
densities. To do better would be very much harder and would require more
standardisation of viewing conditions than is realistically possible. The
essential feature of design is that methods have been standardised as far as is
practicable. If everyone followed such a standard, counts of birds at sea
would be more widely comparable than is presently the case.

A similar method used in Canada is described in Diamond et al. (1986).

3. Habitat of shrub-steppe birds in the USA

Bird communities of the shrub-steppes have been studied using transect
methods (Rotenberry and Wiens 1980; Wiens 1985). Individual routes were
walked four times in mid June when bird detectability is at its highest.
Records were accumulated in several bands up to a range of 244 m on either
side of the transect. Densities were estimated by the method of Emlen (1977),
discussed above. Habitat data were recorded by laying ten perpendicular
transects at fixed intervals across each route and recording at one randomly
located point within each 10-m length. The main studies relied on having
various different plots surveyed in the same way. The fairly open habitats
lent themselves to transect counts. Mapping surveys would have been far
more time-consuming.

In one study (Wiens and Rotenberry 1985), the effects of a herbicide
treatment and reseeding were reported. The affected plot was surveyed for
3 years before and 3 years after the treatment. Other plots in the area acted
as controls. This was not a designed experiment; the authors did not know
that their plot was due to be ‘improved’ but took advantage of the event.

Changes of abundance of four species are shown in Box 4.10. Two
analytical approaches were tried. The authors predicted the effects to be
expected knowing the vegetation changes that had taken place and having
studied the relationship between bird abundance and habitat parameters on
other plots. They found that they were not very successful in predicting
changes in bird abundance. There were immediate effects on vegetation but
bird numbers changed less than would have been expected. Comparisons of
before-and-after results at the study site with those elsewhere showed very
little consistent pattern from site to site. As a result, it was hard to tell
whether changes were due to the vegetation treatment or whether they might
have occurred anyway.

There is a clear moral to this story. A short-term before-and-after study on
a single plot could be very misleading. If the study had been conducted in the
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single years before and after treatment, it would have fundamentally mis-
identified the effects on Brewer’s and Sage Sparrows (Box 4.10). The effects
that were expected to occur did, but they did not happen immediately and
were further masked by large annual variations. The authors suggest that
individual birds may have been site faithful in spite of the habitat having
become unsuitable.

Such studies clearly need to be replicated and to be conducted over several
years. The authors point out that political and funding considerations often
demand instant answers. Those from short-term studies may, however, be
dangerously misleading, as this study shows.

Summary and points to consider

Transects are particularly suitable in extensive, open, uniform or species-
poor habitats.
They require a high level of identification skills.
They are the most efficient of all general methods in terms of data gathered
per unit effort.
Where their use is appropriate, transects can be more accurate than point
counts.
Transects generate less detail than mapping counts.
In addition to walking, transect routes can be followed using ships, planes or
cars in appropriate circumstances.
Habitat measurements can be made along sections of the routes to coincide
with the division of bird records.
There are four variants of measuring distance to birds: one, two, or several
belts and complete measuring.
More elaborate measuring is harder to do in the field but permits more
elaborate analysis.
A compromise is required to select an appropriate measuring system for the
purpose of the study.
There are no fixed rules for transect counts, but careful thought needs to be
given to:

Selection and location of routes

Number of visits

Walking speed

Whether or not to count birds according to activity, age and sex

Distance estimation

Observer and other biases
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Point Counts

Introduction

If you stand at one place, it is possible to count all the birds seen and heard.
At its simplest, such a method repeated over several places will assemble a
list of species present in an area. With some assumptions about how detect-
ability of birds varies with distance, this can be made into a powerful method
of measuring relative abundances rather efficiently (Reynolds et al. 1980).
The method has come to be widely used for counting songbirds, particularly
in France and America. It has some attractive variants if the habitat is also
measured in a circle around the census point. Inferences can then be drawn
about habitat selection and preferences of individual bird species or commu-
nities (Chapter 10).

This chapter describes the methods used in the field and in calculating
relative densities. The critical assumptions are described with hints as to how
to minimise violation of them. Three examples are given of point counts in
use. One such study provides wide-scale monitoring and biogeographical
description of North American birds. One example makes a status assess-
ment of a rare bird for conservation application and the third is intended to
describe the influence of habitat succession on bird communities.

Point counts are similar in conception and theory to transects (Chapter 4).
In fact they can be imagined as transects of zero length conducted at zero
speed. They have the advantage over transects of being easier to incorporate
into a formally designed study. It is easier to locate points randomly or
systematically than it is to lay out transect routes because routes require
better access which may bias the habitats sampled. A well spaced sample
series of points in an area will provide more representative data than a few
transects. Point counts are often preferred to transects in more fine-grained
habitats if identification of habitat determinants of bird communities is an
objective of the study. This is because the habitat data can more easily be
associated with the occurrence of individual birds (Box 5.1).

Point counts are similar to transects in requiring a high level of observer
skill. By waiting at each point, there is slightly more time to detect and
identify difficult birds than in transects. In some habitats, there is also the
advantage of being able to concentrate on birds without the noise and
distraction of avoiding obstacles while walking. In scrub or woodland, points
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may be preferred for these reasons. On the other hand, transects offer a
chance to record fleeing birds ahead of the observer. Although they might be
seen, such birds cannot be recorded in a point count system if they have
disappeared by the time the point is reached and the formal count begins.
For this reason, point counts are not commonly used in open habitats or for
many larger birds where there are marked problems of fleeing from the
observer.

Distance estimation can be applied to point counts in a way analogous to
that used for transects. The area surveyed is proportional to the square of the
distance from the observer. With transects it is only linearly proportional to
lateral distance, with the other dimension coming from transect length.
Relative density estimates from point counts are therefore more susceptible
to error arising from inaccurate distance estimation or from violation of
assumptions about moving birds.

A great advantage of point counts is that they are efficient (Box 5.2). In a
single morning one observer might visit 10 points. If the breeding season
lasts for about 50 days and points are visited twice then some 200 points can
be studied (assuming that the weather is unsuitable on 10 days). In wooded
British habitats this would amount to about 2500 records of birds. In the
same time it would be possible to conduct mapping censuses on four plots
visiting each one ten times. In comparable habitats, this might generate
about 500 clusters or territories. So for the same effort, point counts might
generate five times more independent bird data for analysis.

A disadvantage of point counts is that there are no standardised methods.
On the other hand, standardised methods might be undesirable since differ-
ent circumstances might be better studied by different designs. Important
variables, discussed below, include the number of visits to each point, the
measuring of distance to records and the duration of counts. As a result,
there are not many published data that can readily be compared from one
study to another.

What do densities derived from point counts mean?

There have been very few studies that have tried to compare results from
different methods with absolute bird numbers. This is because absolute
numbers are extremely difficult or expensive to determine. Many studies
have compared different methods, often with the dubious assumption that
territory mapping is more accurate than any other.

DeSante (1981) conducted a study in Californian scrubland with complete
enumeration by mapping, colour-marking and nest-finding, and compared
densities derived from variable circular plots. The point counts underesti-
mated densities but most results were within about 30%. Densities were
likely to be overestimated where the species was scarcer and underestimated
where it was more common. This is probably because birds in sparser
regions probably have larger ranges and make bigger movements round
them, so are more likely to be detected. DeSante (1986) has undertaken a
similar study in Sierran subalpine forests in America.
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Choosing transects or point counts. Box
5.1

(a) Out (b)

{c) (d)
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(a) In a fine-grained habitat, such as a wood, a transect following an access route might
not be very representative. It would not be easy to divide the bird records into habitat
types. Indeed, in this example, two of the habitat types have not been sampled at all.
(b) In the same place, point counts could be set out at random or systematically so as to
represent the full range of habitats present in the wood. Each point could also have the
habitat recorded around it.

(c) In open country, transects could be set out in a way to cover more of the ground and
divided into sections for recording birds and habitats.

(d) The equivalent design for point counts would theoretically record fewer birds but
would take about the same time to execute. However, if birds were flushed ahead of the
observer, as is generally the case in open ground, this would be a poor design because
the observer watking up to a point would scare all the birds away.
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Box Three different methods for a breeding season census in a hypothetical set of
5.2 20 ha oak woods in England.

(a) <>
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(a) A mapping census. About 150 territories would be mapped for all species. Ten visits
would be needed which would take ten mornings. One person could count four such
plots in a season. The records would provide the most detailed descriptions of the birds
of these sites with most of the species present at least being recorded. Territories would
be mapped which would allow comparison with a map of management history or habitat
features.

(b) Transect counts. A route of 1 km following existing paths would take about 1 hour to
record once. With two visits per route, one observer could record about 40 such routesin
the summer assuming they were close enough to allow the coverage of two per moming.
In one wood, about 150 bird records (X ) might be generated. A longer transect could be
fitted into the wood if straight lines were used. This might be difficult to do if the ground
vegetation was thick. It could double the number of records in the wood but take so long
that it would not be possible to count two such woods in one morning. Habitat records
could be taken but it might be difficult to divide the route and the bird records sufficiently
finely to reveal the influence of fine-grained variation on birds.

(c) Point counts. Ten point counts (©) would be selected randomly with none allowed to
be closer than 150 m from its neighbour. They would take a morning to count including
the measurement of habitat features in a 25 m circle round them. Visiting each twice
would allow 20 such woods to be counted by one person in a summer. Each would
generate about 120 bird records. The description of one site would be quicker but less
complete than that from mapping.

If data from many woods are required by the study design, mapping would be too slow.
Although collecting slightly less data on birds than transects, point counts might be
preferred if habitat associations were also to be investigated, or if there were problems
with access, making transects difficult to execute.
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Systematic, random and stratified allocation of points.

Box
5.3

(a) [a c A B c Cc
X X X X X X
B Cc C A c c
X X X X X X
(b) TA, C A By |C c
X X X
B c c A C c
X X
X
X
X X

The birds of the rectangular area are best characterised by a random or a systematic
allocation of points.
(a) If allocated systematically, three points fall in habitat A, twoin B and seven in C which
is the most abundant. If allocated randomly, it would also be likely that there would be
more points in the common habitat than in the rarer ones but the numbers would
probably not be exactly 3, 2 and 7.
(b) A stratified random sample would be better for describing the effects of the three
habitats. Equal effort (four points shown) now falls in each habitat. The points were
selected by choosing the location of each with random numbers but were constrained so
that four fell in each habitat type. In practice, several randomly generated points were
rejected after four had been chosen in C but two more were still needed in A. They were
also constrained so that no point could lie closer than 50 m from a previously chosen
one. Again this was done by rejecting a newly chosen point if it was not suitable for this
reason.

Random numbers always look odd but they provide the soundest way of making
unbiased statements about the bird communities of the three habitats. Note for instance
that by chance one block of habitat C has two points in it while by chance four have none.
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Box Cumulative percentages of total individual counts with increasing count dur-
54 ation for three Hawaiian species (from Scott and Ramsey 1981).
< 100
g |
] i
3 (¥ K —-=-= ‘Oma’o (n = 58)
A —— Red-bllied Lelothrix {n = 49)
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a 0
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The 'Apapane is the most mobile of the species and the 'Oma’o the least mobile. Half the
records of 'Oma’o were achieved in 1 minute while it took 7 minutes to achieve this level
for ’Apapane. Longer durations of counts were accumulating records of 'Apapane that
had moved during the count which violates a key assumption and leads to an
overestimate of density.
Little is known about the details for individual bird species and thus about the practical
consequences of such bias.
Box Point counts within a fixed radius are not very satisfactory.
5.5
(a) A (b) A
A
Point
B
B
A
A A

(a) Counts to infinity. Although they actually occur at the same density, more of bird A
than bird B are detected because A is easier to detect than B. This might be because
they sing more loudly or because they are easier to see moving. As a result, there are
distant records of A but B is only detected close to the observer.

(b) Counts within a fixed radius. The ratio of abundance of the two species has
apparently changed and most records of A have not been used. This could also be
because A is also warier than B and has tended to flee from the immediate vicinity of the
observer.
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Counts within and beyond a fixed radius. Box
5.6
(b)
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The probability of detecting a bird that is present will decline with distance from the
observer according to some curve whose shape is not known. A plausible general
equation is: p = exp (— (x/a)®) where x is the distance from the observer and a is an
unknown constant.

Two plots of this detectability function are shown for a = 20 and a = 50. Bird (a) is
rather cryptic—there is only a 40% chance of detecting it at 20 m from the observer. Bird
(b) is much more conspicuous: there is an 85% chance of detecting it at 20 m and it can
still be detected at 50 m with a 25% chance.

This curve has the feature of a probability of 1 of the bird being detected at zero range.
This is an assumption of the method. Detectability falls off slowly at first with distance
and then much faster so that there is not a long tail.

Assuming that the detectability function has this general shape and other assump-
tions (see text) have not been violated, the value of a can be calculated from the counts
for a particular species. This is not actually needed because the density of birds can also
be calculated directly thus:

Density = loge(n/no) x n/m(zr?)

where

nis the total number of birds counted

n, is the number beyond the fixed radius (r)

ny is the number counted within radius (r) so that n=ny; + n,
m s the total number of counts

ris the fixed radius

Example: in 326 (m) points there were 421 (n,) Willow Warblers within 30 m and 925 (n)
in all. Their density was therefore 6.09 per ha. Note the units. If ris entered in metres the
density is in birds per square metre and needs to be muitiplied by 10 000 to turn it to birds
per ha.
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Box
5.7

Birds are assumed to behave independently of one another. This may not be
true.

(b}

(a) R M%
a

{c) (d)
Centre
of Point

(a) At high densities, individuals may be more vocal as they sing at each other to defend
and advertise their territories. Territories are small (¢), and individuals may not move far
during the count period.
(b) At low densities, individuals may not have a near neighbour and may be quieter. The
owner of the larger territory (d) may move further during the count which could lead to an
overestimate of density.
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Trends in House Finch numbers in the United States from the Breeding Bird Box
Survey (from Robbins et al. 1986). 5.8
House Finch
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The data points are the mean number of birds per census route. The piotted trend lines
are calculated in a way too detailed to elaborate here.
Marked increases were noted in the Eastern Region (@) and Southern New England
(O) with population levels calculated for Central Region (H), Western Region (¢) and
Continental data (O) remaining similar.

Mean relative abundance of the Plain Titmouse and Tufted Titmouse in the Box
United States (from Robbins et al. 1986). 5.9

In the Breeding Bird Survey of America, the distribution of routes across the continent,
and standardised methodology, make it possible to draw general inferences about the
geographical variation of abundances of species. This is not hampered by the abun-
dance figures having no absolute meaning. Note the tendency which is shown by many
species to be more abundant at the centre of their ranges than at the margins.
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Box
5.10

Habitat selection by the Chiffchaff in conifer plantations in Wales (UK) (from

Bibby et al. 1985).

A total of 326 point counts were conducted and habitats measured at the same places.
This allowed a variety of analytical approaches to describing habitat selection of the bird

community.

In this figure, all the census points are plotted according to their position in a two-
dimensional view of habitat. The axes (derived from principal components analysis)
approximately coincide to age (Axis I} and conifer/broadleaf mixture (Axis ll). Chiffchaffs
(marked with squares) occur only in forest stands with comparatively mature vegetation

and a high broadleaf content.

Field methods

1. Selection of points

Points to be counted can be laid out systematically or selected randomly
within the study area (Box 5.3). Random selection based on a grid of random
numbers generated from a computer or a table allows general inferences to
be drawn about the area sampled. The sample design may be stratified. One
might, for instance, want to study the effect of succession on the bird
community in a certain kind of woodland. An appropriate design might be to
allocate 20 points randomly in each of five groups of stands representing
different stages of succession. Such a stratified approach would be more
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efficient for such a purpose than simply allocating points randomly in a large
area which might under-represent some of the scarcer habitat features of
interest.

Points should ideally be no closer than about 200 m apart in woody
vegetation. If they were any closer, some individual birds would be counted
at more than one point. This would give a spurious inflation of sample sizes
and apparent precision of results. If habitat selection is the object of the
study, it will be found that the scarcer birds in the community will only occur
at rather few points. Habitat selection by such species can be studied by
collecting habitat data in a circle around the bird once it has been detected
(see Chapter 10). Such data cannot, of course, be used to make inferences
about the density of the species involved (which could be derived from
randomly allocated points). They can, however, be compared with the
habitat data at points where other species have been located. In other words,
habitat data are compared at points with and without a particular species.

Because of the need to avoid duplication from nearby points, it is difficult
to fit many points into a small area. For this reason, point counts do not lend
themselves to describing the birds, or measuring year-to-year changes, in a
small area. In a 20 ha wood, all the songbirds might be counted in a
mapping survey, but there might be room for only five to ten point counts
depending on the minimum separation used and the shape of the wood. The
point counts could easily miss several of the species represented by only one
territory and would only just be adequate to describe the densities of the
commoner species. If the 20 ha wood was a nature reserve and was the object
of study, a mapping survey might be chosen. If, on the other hand, the study
was about habitat factors affecting woodland birds in a large area, point
counts might be suitable. Several woods would be sampled and habitat data
collected at the study points (Chapter 10).

In small patches of habitat, thought needs to be given to the inclusion of
points near the edges. These will include birds living in adjoining habitats, so
open country birds might appear in a woodland bird census. Depending on
the purpose of the study, this may or may not be desirable.

2. Duration of counts

Counts can begin as soon as the observer reaches the point or can be delayed
for a few minutes to allow birds to settle down from any disturbance caused
by the observer’s arrival. A possible design, if habitat features are being
described or measured, is to do some of this during a settling down period
and then start the bird counts. If there is a settling down period, it would not
be a good idea to use this for any habitat measuring that involved the
observer walking around the area.

Point count studies have used durations as short as about 2 minutes and
up to as long as 20 minutes. The longer one stays at a point, the more birds
are detected (Box 5.4). Normally, however, the majority of records are
accumulated quickly and fewer and fewer are detected in each successive
time interval. In a long count, it becomes ever harder to be certain that a
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‘new’ detection is not in fact a bird that was seen some minutes previously
and has moved somewhat. Longer durations are also more likely to record
birds making long movements which invalidates a critical assumption of the
method (see later).

In most temperate situations, a shorter count duration of 5 or perhaps 10
minutes is to be preferred (Fuller and Langslow 1984). The French IPA
(Index d’Abondance Ponctuel) uses 20 minutes. This is probably longer than
is ideally efficient. Longer intervals might be needed, however, in places with
a richer bird fauna or with more species that are very hard to detect, such as
tropical forests. Time saved by shorter counts can be used to gather data
from more points.

3. The recording method

The objective in point counts is to count each individual bird once and once
only. It is, however, possible to separate birds into different categories of
means of detection. Some observers have counted individuals by sex and
combined the results into pairs or territories. In Finland, for instance, pairs
are the counting units. Pairs can be based on a single male or female, a true
pair, a flock of fledglings or a nest. If several individuals are encountered the
number of pairs is obtained as half the total, rounded up for an odd number.
Alternatively it is possible to accumulate all records together. In most
circumstances in woody vegetation, more birds are detected by sound than
by sight. In the breeding season, many will be singing, but at other times of
the year this will not be the case. For most purposes, it seems rather arbitrary
to establish elaborate rules for combining records of different kinds. The
rules have to differ by species according to whether the sexes can be
recognised and whether or not song is frequent.

4. Distance estimates

With certain assumptions (see below) estimates of density can be made if a
distance measure is associated with each bird detection (Scott et al. 1981). It
is always worth doing this and the simplest methods are not too difficult in
the field. The most sophisticated approaches are more difficult to execute in
the field and involve elaborate computation. There is a trade-off between
time and difficulty in the field and quality of the results.

The simplest bird counts with no estimation of distance produce results
biased in favour of conspicuous species. Imagine two equally abundant
birds. Bird A has a very loud and carrying song—one of the thrushes would
be a good example. Bird B has a very quiet song, such as a Goldcrest or
Treecreeper. It is obvious that more of bird A will be detected than of bird B
even though they are actually of equal abundance. This is because bird A can
readily be detected at up to 100 m even in a closed wood, but rather few
individuals of bird B will be detected at more than about 30—40 m.

The most sophisticated method of point counting involves measuring
the distance from the observer to each registration. If the bird moves, the
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distance to measure is to the point where it was first detected. In practice,
distance measuring is extremely difficult in closed vegetation. It is hard
enough to estimate distance from oneself to a fixed visible point. If the bird
has been detected by call or song, it is still harder to estimate its distance.

There are compromises between these two extremes. Records can be
allocated to one of two or more circular bands of distance from the observer.
If two bands are used, a sensible dividing point is at about 25-30 m. If many
bands are used, they may be of about 10-20 m in width.

Interpreting counts with distance estimates

The considerations that apply to transects are the same for points, with the
exception that errors in assumptions or measurements are more serious. The
algebra of the calculations is slightly different.

1. Single counts

Single counts either to infinity or within an arbitrary range, such as 25 m
from the observer, provide no more than an index of relative abundance.
Different species are measured on different scales, and abundances across
species cannot be compared. Large and conspicuous species will be over
counted relative to quiet or cryptic ones (Box 5.5). The counts are, however,
quick and simple to make in the field. If a fixed radius is used, this bias might
be less severe, but the actual area counted is very small. With a counting
radius of 25 m, ten points counted in a field session cover only 2 ha. By
comparison, an 8 km transect with a similar distance limit would cover
40 ha. The other problem with fixed radius point counts is that many birds
might have moved and be just beyond the zone included. Many potential
records therefore have to be ignored. This is less difficult with transects
because there is a chance of recording birds close to the line as they flee
ahead of you.

2. Two counting bands

With two counting bands (0—r and r to infinity) relative densities can be
corrected for variation in detectability of species. An assumption is needed
about the form of the relationship between distance and detection prob-
ability. One plausible assumption and the required calculations are shown in
Box 5.6.

3. Several counting bands

The density of registrations should fall with distance from the observer as
birds become harder to detect at greater distances. Note that it must be
density rather than number because bands of fixed width have greater area
at greater distance. The distance (R) at which the decline becomes marked
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can be identified. Relative density is calculated by dividing the number of
records within R by the area of the circle of radius R. In practice, this
procedure is not always simple with point counts because the peak density of
records is often not in the central circle.

4. Full distance measuring

If the distances to all records are measured, then the shape of the detection
curve for each species can be estimated and relative densities can be calcu-
lated. The statistics of this approach are quite elaborate and require a
computer to calculate. Details are given by Buckland (1987) and are not
repeated here.

Assumptions

As with all methods, it is important to understand the assumptions that are
made. In this way, steps can be taken to ensure that they are met in the field
or that unwarranted conclusions are not drawn if the assumptions are
violated. Point counts require the following assumptions.

1. Birds do not approach the observer or flee

This assumption is most conspicuously untrue in open country where very
few birds will remain within 10-20 m of an observer. It is also particularly
violated by larger species which in general are warier of humans. If a
distance measuring approach is being used, the critical assumption is that
fleeing birds do not move from one band to another. In practice if the
number of registrations per unit area is plotted against distance from an
observer it is often found that most birds are some tens of metres away with
very few remaining close to the observer. This suggests that the closest
recording band used in analysis should be big enough to embrace the
abundance of birds that have fled a short distance. A larger band-width is
generally required in more open habitats. Violation of the assumption about
fleeing will generally lead to underestimates of density. If birds approach the
observer, densities might be overestimated.

2. Birds are 100% detectable at the observer

Various assumptions can be made about the rate at which detectability
changes with distance but all methods assume that the bird is fully detectable
at the observer’s location. In practice this assumption is most likely to be
violated for very quiet and skulking species which includes most nocturnal
birds such as owls, which are barely detected by point counts (or by any
other general census method). It is likely that in high forests birds directly
overhead could be missed if there is dense foliage between them and the
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observer. Violation of this assumption leads to an underestimate of density
and makes some birds uncountable by this method.

3. Birds do not move much during the count period

If birds were highly mobile, it would be possible to count large numbers of
individuals of one species whilst standing at a point. Mobility of birds is
possibly one of the reasons why the number of birds counted increases the
longer one stays at a point. It also causes considerable problems in recogniz-
ing individuals. Imagine a bird calls from one direction, goes quiet for a
period and moves, and then calls again somewhere else. It is difficult to avoid
counting that individual twice. The problems of mobility are best dealt with
by taking a short census period. If the period is too short, however, one may
miss the more silent or skulking species nearby. Violation of mobility
assumptions make it difficult to compare species such as raptors, pigeons or
corvids on the same scale as measures given of songbirds. Densities of mobile
species will be overestimated. Point counts can be used in winter but birds
are generally then more mobile than in the breeding season so densities
might be overestimated. Species moving in parties in tropical forests cause
similar difficulties.

4. Birds behave independently of one another

Sometimes one bird reveals itself by call or a song as a result of another
individual calling or singing (Box 5.7). The effect of such behaviour might be
to make high densities more easy to measure more accurately than lower
ones. There may also be an interaction between density and mobility of
birds. At lower densities, individuals may have larger ranges and move more,
thus violating the assumption above. In other words, it would be possible for
the number of birds detected to have a non-linear relationship with the
number actually present. There is no known way to deal with the conse-
quences of violation of this assumption which are anyway poorly understood.

5. Violations of the above assumptions do not interact with habitat or
elements of study design

It is quite possible that fleeing, detectability or moving behaviour of birds
might vary by time of day or habitat. In this case bias might fall differently in
different circumstances. Problems with matters such as time of day or
weather are dealt with by standardising the method to a fixed range of
conditions and ensuring that the analysis compares like method with like.
Interactions with habitat are potentially more serious since the effects of
habitat variation may well be an objective of the study. It is fairly evident
that fleeing behaviour and detectability may vary with openness of vege-
tation. If no distance measuring is done then counts in different habitats will
quite clearly be unrelated to densities in any simple way. If counts have been
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made with one of the methods that includes distance estimating then it is
possible to correct for different detectabilities in different kinds of vegetation.

6. Distance estimates are accurate

Accurate distance measuring is particularly important for point counts
because any errors are squared in density estimates. Observers should be
trained to assess distances. Training has been shown to have a marked
improving effect. If permanent points are counted repeatedly, it is possible to
mark some fixed distances to use as reference points. Some studies have used
optical range measuring equipment. This is quite helpful for a visible bird
but not very good for one that cannot be seen. Some studies have recom-
mended locating calling birds by the observer moving. This has the disad-
vantage of creating further disturbance and exaggerating the problems of
birds fleeing.

If counts are conducted in bands rather than by full distance measuring
methods, it is only necessary that individuals are put in the correct bands.
This is obviously not as difficult to do in the field as complete distance
estimating. In the case of the two-band method, it is only necessary for the
observer to have a very good idea of what the single radius looks like and to
check each bird as to whether it is within or beyond that distance.

7. Birds are fully and correctly identified

Because most detections are by sound, point counts require a particularly
high level of field skill. The option of moving to see and identify a bird is often
not available. Observers, therefore, need to be fully familiar with all the
species in the area and with the separation of any that sound similar.
Training for consistency in identification is almost certainly worthwhile in an
area unfamiliar to the observer. Tapes might be used for training and for
assessment of standards of observers. If many observers are used in one
study, thought should be given to how they are allocated to particular points.
In this way, study design could, for instance, prevent bias arising in the
counts from one habitat type because one aberrant observer did all the
recording there. If points are visited more than once, observers could be
swapped. In this way, it would be possible to check their degree of consist-
ency. Point counts are not a very good method for people with hearing loss.

Examples of the use of point counts

1. Monitoring breeding birds in the USA

The American Breeding Bird Survey (BBS) is a large programme which has
run throughout the USA and Canada since 1965. It is sponsored by the US
Fish and Wildlife Service and the Canadian Wildlife Service but draws much
of its support from an organised network of amateurs. The BBS aims to
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monitor population trends of a wide range of breeding birds (about 230
species). The information generated can contribute to a variety of objectives
of differing scales.

(1) Measure normal year-to-year fluctuations in numbers of individual
species.

(2) Detect the effects of variations in weather including catastrophic
events.

(3) Measure long-term trends in numbers.

(4) Allow description and analysis of fluctuations and trends on a geo-
graphical or habitat basis.

(5) Describe widespread biogeographical phenomena such as regional and
habitat based differences in relative densities of particular species.

Data are gathered by point counting. Points are located along roadside
routes each of which consists of 50 points spaced at about 800 m apart
(actually 0.5 miles). They are visited once each summer at a date mainly in
June but with some allowance for latitude. The counting starts half an hour
before sunrise and each point is counted for 3 minutes. The total number of
each species is recorded up to a distance of 0.25 miles away (about 400 m).
The results are recorded on pre-printed forms which give a species list and
columns for each count stop. Observers also add the records up on a
summary sheet which saves administration costs, but the field sheets are also
archived.

From year to year, the routes are always run in the same direction. Stop
points for counts are mapped and described once established so that they are
constant from year to year rather than reliant on a car’s odometer (mile-
ometer in UK). No methods of attracting or provoking calls from birds are
allowed. The instructions make it very clear that the counts are not expected
to be a complete record of all species actually present. Standardisation rather
than completeness is essential. Observers are cautioned not to stay longer or
otherwise bend the rules in the hope of a ‘good’ species which they know or
suspect should be present.

Forms are returned by the end of July, checked by an editor at the Fish
and Wildlife Service, entered on tape and run through a further checking
program. Observers receive a printout of their data to check that the official
computer entry is correct. Machine-generated summary data are produced
annually for a variety of purposes.

The BBS has about 2000 routes which are counted each year generating
about 1500000 records of around 500 species annually. A remarkable
feature of the BBS is that routes are formally randomly selected. Each lies
within a single one degree block of latitude and longitude and within one
state. The majority lie within a single physiographic unit derived from a map
of the life zones of America. Organisers try to find observers to count
allocated routes in contrast to the system in Britain where observers select
and drop their mapping plots as they please (Chapter 3). Coverage varies
with human population density but this can be allowed for in a stratified
design. The advantage of such a system is that conclusions can be genera-
lised with confidence by weighting the results from different routes. Other
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countries have doubted whether a largely amateur effort can be so effectively
directed in the interests of good statistical design.

Long-term trends were originally calculated on the basis of ratios of counts
for a species on the same routes in two adjacent years. For a variety of
reasons, this method has now been abandoned in favour of a statistically
more rigorous one. Trends are estimated for each route by a log-linear
regression model. In this case, all the data are used for each route but the
method can cope with occasional missing values. National trends are com-
piled as a weighted mean of all the site trends. The weighting factor has three
elements to ensure that each region is weighted by area irrespective of
number of routes involved, that routes with more birds are more highly
weighted and that routes with more data points and thus a better trend
estimate are more highly weighted. An example is shown in Box 5.8. Fuller
statistical details including description of the estimation of variances is given
in Geissler and Noon (1981).

All the count data originating from the BBS are on a relative rather than
an absolute scale. Different species are counted on different scales so it is not
possible to say that one is more numerous than another by any known
amount. Within species it is, however, valid to draw strong inferences about
population fluctuations and trends and about patterns of relative abundance
in relation to broad habitat type and geographical location (Box 5.9). The
design of the study means that such conclusions can be generalised to the
whole area and confidence limits can be set. This is not a perfect bird census
(such a grail may not even exist!) but one can only admire the range of
information it has generated. Further reading can be found in Engstrom and
James (1984) and Robbins ef al. (1986).

2. Estimating the range and abundance of the Azores Bullfinch

The Azores (or San Miguel) Bullfinch is a very rare bird which went unseen
for 40 years, was recently rediscovered, and is now known from a very small
area of one island in the Azores. The terrain is steep, susceptible to land-slip
and covered with impenetrable vegetation. The objective of a 20-day study
was to assess the Bullfinch’s range and numbers so as to be able to make a
start on a conservation plan. Lack of time, lack of prior knowledge and the
complete inaccessibility of so much ground made much formality of method
difficult.

We chose to use point counts. A mapping census would have been
completely impossible because of access problems. We would not anyway
have known where to locate plots because of lack of prior knowledge.
Transects were considered but access was again a problem. We expected the
bird to be very quiet like the European Bullfinch and thought that even the
noise of walking over difficult ground might lower the chances of detection.
The points were spread at intervals of 200 m along any access routes found
in or near the suspected range of the species. Counts lasted for 10 minutes
since we expected the bird to be quiet and inconspicuous and possibly able to
remain close to an observer, but undetected, for several minutes. This was



Point Counts 103

checked by separating records into two 3-minute periods. Records were
allocated to within or beyond 30 m at first detection. Descriptive records of
the vegetation were made at each point so that we could compare points with
and without Bullfinches.

The method was described in terms of numbers of points covered and their
locations, the time of counts (10 minutes) and the radius separating near and
far records (30 m). It will be possible for anyone to repeat this survey at any
time and tell whether this very rare and localised bird is declining or
increasing in numbers.

The results are published elsewhere (Bibby and Charlton 1991). We were
able to narrow down the likely range of the bird because we had formally
located both where we found it and where we had looked with similar effort
but failed to find it. We were able to make some general observations on its
habitat for the same reason; we had described the habitat where we found the
bird and where we did not. The counts could be turned into relative density
estimates by assuming an exponential relationship between detectability and
distance. By applying such an analysis to areas in which we found the bird,
we could make a first estimate of densities and total area of the likely range
and thus of total numbers. The total population estimate of about 100 pairs
should be treated as little better than an order of magnitude estimate. The
areas that were accessible were not the same as those that were not so we
cannot be confident that our sample was representative of bird density across
its very small range (about 500 ha). Because counting methods were stan-
dardised, we can, however, claim that changes of numbers will be detectable
when the same method is repeated in the future.

This was not a perfectly designed study because access did not allow it.
This case illustrates that some consideration of methods is none the less
worthwhile. Many of the world’s 1029 endangered birds (Collar and Andrew
1988) have never been counted, which is a severe obstacle to their conser-
vation (Green and Hirons 1988). Even partly designed and formalised
methods are more useful than casual records in the process of assessing
changes of numbers and threats.

3. Studying the effects of vegetation in young forestry plantations

The aim of this study (Bibby et al. 1985) was to investigate the factors
influencing bird occurrence in young forestry stands at the start of the second
rotation. There was one summer in which to do the work with two observers.
It was important to obtain results of wide generality so all the forests in
North Wales were included. Stock maps showed all possible plots below 10
years of age. The only way to collect enough data was to use point counts.
Size of area cut was potentially important so study plots were chosen {on a
random basis) to cover the range of sizes within the six main forest blocks.
The number of points per plot was set to be proportional to size of plot, and
individual locations were selected randomly with the constraint that two
sample points had to be at least 60 m apart.

Each point was visited twice at an interval of about 30 days because many
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of the birds were migrants with later breeding seasons than the residents.
The two observers were trained in distance estimation and checked that they
were familiar with all the likely birds. Further, to remove any observer bias,
each observer made just one of the two visits to each point. Vegetation
measurements were made at each of the sampled points. Many of the study
plots were densely vegetated and difficult of access but 326 points were
visited in a 2-month field season. Over 3200 records were obtained of 31 bird
species.

The study would have been very difficult to execute by any other counting
method. An advantage of point counts is that one can compare vegetation
features at points with or without particular birds (Box 5.10). A problem
with the method is that estimates of relative densities cannot readily be
compared with much other published data. Mapping results have been
published more extensively to date.

Summary and points to consider

Point counts are suitable for conspicuous birds in woody or scrubby habitats.
They are suitable for study of extensive areas but do not provide the level of
detail of mapped counts.
They are more efficient in terms of data collected per unit effort than mapped
censuses but less so than transects.
They may be more appropriate than transects in areas where access is poor
or where habitat is very fine-grained.
In open country or large-scale habitats with good access, transects may be
more suitable.
Point counts have special value in habitat studies when habitat is measured
at the counting points.
There are no fixed rules for point counts but careful thought needs to be
given to:

Selection and location of points

Number of visits

Duration of counts

Measuring of distance to records

Observer bias
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Introduction

Individual birds may be caught and marked in order to estimate population
size, to investigate habitat selection and other distributions, to calculate
survival rates, measure dispersal and other movements, and to measure the
reproductive success of individual birds. This chapter concentrates on the
use of catching and marking to aid the counting of birds and the estimation of
population size. The methods can be divided into capture-recapture (in
which birds are caught, marked, released, and a proportion recaptured), and
capture per unit effort (in which the effort used to catch them is standardised,
or the capture rate for a species relative to the total number of birds captured
is used for calculating population indices}. Some developments of studies
involving capture, such as the use of matrix models, are also given.

There are many difficulties and assumptions involved in catching and
marking birds. These include the need for training, legal licensing, expertise
in applying marks, and experimental design. In respect of the latter, for
instance, habitat structure, particularly vegetation height, will influence
what you catch. However, properly thought out and organised marking
experiments can provide information of immense value which would not be
produced by any other method. i

This chapter gives some guidance as to when it is necessary to mark birds
and how to go about it. References to licences and permits refer to work
undertaken in Britain. Similar, but by no means identical, considerations,
apply to almost every other country. For many mobile species colour-
marking systems are controlled through international agreements. These are
set up to protect the research workers from duplicating marks and so flawing
each other’s work and also to facilitate the exchange of sightings. In some
countries, including Britain, cooperation with such protocols is mandatory
for anyone obtaining a licence to mark birds, and every research biologist
considering such marking should cooperate.

Major considerations in catching and marking

A number of assumptions need to be met. Not all methods require that
individuals should be recaught. In some cases field observation is adequate.

105
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(1) Will it be possible to catch enough individuals to obtain worthwhile
results? Some species are far easier to catch than others.

(2) Will the mark harm the bird or affect its behaviour? Will it make the
bird more vulnerable to predation, alter its place in any hierarchy (e.g.
feeding), or interfere with pair bonding?

(3) If the bird has to be handled again for the ring to be read can it be
caught again? Are its chances of capture affected by the fact that it was
caught in the first place?

(4) If the bird is to be observed in the field are the marks used properly
distinguishable? They may fade or fall off, your co-workers (or you yourself)
may be colour-blind. Is your recording system as foolproof as possible? Is the
range at which you can distinguish the marks distant enough to be useful?

Marking methods

These are listed with description, constraints, advantages and disadvan-
tages. Readers are referred to the BTO Ringers’ Manual (BTO 1984) for
details of field etiquette, catching methods and recording. This information
has international relevance.

1. Metal ring

Each split metal ring has a return address and unique serial number. The
bird is uniquely marked but must be recaught to establish its identity.

2. Colour ring

Celluloid springy rings are used on small birds but more modern materials
(mostly darvic) are used for bigger birds. The most usual style is a spiral-flat
band. Rings may be placed above the knee on waders to provide a greater
number of colour combinations. Celluloid rings (only material available for
small birds below about 30 g) may fade. Larger celluloids rings are cemented
or sealed but smaller ones are not.

3. Leg flag

Coloured sticky tape around the metal ring can be used, though it falls off
after a few weeks or months. This is a problem since the exact life of any tag
applied cannot be known. On most types the flag sticks out about as far as
the height of the ring.

4. Patagial tag

A small plastic flap is pinned on the top surface of the wing by a stainless
steel pin through the bird’s patagium and held in place with a nylon washer.
Such tags may be distinguished by their colour, letters, numbers or symbols
stuck or drawn on their surface. For many large species such as dabbling
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ducks they have been shown to be safe but are not recommended for diving
birds and have never been permitted on anything smaller than a Starling in
Britain. They may not be easily visible as many birds preen them into the
wing coverts. Particularly bright colours used on patagial tags may make the
marked birds significantly more vulnerable to avian predation, though evi-
dence is sparse.

5. Neck collar

A large colour ring can be put around the neck of the bird. These have been
supposedly successfully used on geese and swans but have also been the
subject of significant problems e.g. affecting pair bonding or causing physical
distress and choking.

6. Plumage dyes

Feathers do not dye easily. The best dye is picric acid which dyes light-
coloured feathers orange—yellow. The marks are temporary (until the next
moult at the latest).

7. Radio-tracking

This is an unrivalled technique for locating individual birds to determine
home-range, time budgets, habitat selection, etc. (see Chapter 9). This
equipment is commercially available, and further details of considerations in
a radio-tracking study are given later in this chapter. It has the disadvantage
that only a few individuals can be tracked at a time by one observer, unless
expensive automated tracking is used.

8. Individual marks
Some species of birds have individually identifiable marks which makes

recognition possible without the aid of an artificial marker. The bill patterns
of Bewick’s Swans are a classic example {Box 6.1).

9. Others

Bill plaques, back tags, imped feathers, numbers painted on the faces of
swans or the shields of Coot have all been used. These rather specialist and
individual marking methods are not described further in this book.

Capture-recapture methods

The two main reasons for catching and marking individuals within a popu-
lation are (1) to estimate population size and/or migration routes and (2) to
estimate survival rate. Analytical methods for mark—recapture data for each
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of these have been developed and the underlying principles, largely concen-
trating on population estimation which is the focus of this book, are outlined
here.

Estimation of population size is based on the assumption that, if a pro-
portion of the the population is marked in some way, when it returns to the
original population complete mixing occurs. A second sample is then taken.
The number of marked individuals in the second sample should then have
the same ratio to the total numbers in the second sample as the total number
of marked individuals originally released has to the total population. As the
number originally caught, the number marked and the number of marked
individuals in the second sample are known from catching and marking, an
estimate of the size of the total population can easily be calculated. Mark—
recapture population estimation is particularly useful where absolute esti-
mates of population size are needed for species that are difficult to count in
the field.

Ornithologists have not made much use of mark—recapture methods (e.g.
Jolly 1965) for estimating population size although reviews can be found in
Cormack (1968, 1979), Seber (1973) and Nichols et al. (1981). Mark-
recapture models can be classified according to assumptions about whether
the population is closed, i.e. the population is not influenced by mortality,
recruitment or migration (both immigration and emigration). ‘Models’ or
mathematical expressions are used to define two broad classes —for closed
and open populations. Such models as the Lincoln index and Jolly—Seber are
used to analyse capture—recapture data and this section concentrates on their
applicability and assumptions rather than mathematical detail. References
to further details of these models are given later in this chapter.

There are four classes of mark-recapture models:

(1) Closed populations:

(a) two-sample experiment (e.g. Lincoln index type model with two cap-

ture events)

(b) K-sample model (many capture events)

(2) Open populations:

(¢) completely open populations (both losses and gains, e.g. Jolly-Seber

model)

(d) partially open populations (most commonly losses and no gains, but

also gains and no losses)

To satisfy the requirements of the various methods of analysing mark—
recapture data for population estimation, and having defined why it is to be
performed, a number of assumptions of the methods should be considered.
The identifying number of each assumption is related in Box 6.2 to the four
types of model described above. The ways in which these assumptions are
likely to be violated and possible ways of reducing the problems are pre-
sented below.
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Naturally ‘marked’ birds.

"Yellowneb’ 'Pennyface’
Bewick's Bewick’s

- ‘Darky’
Bewick’s

Sir Peter Scott, of the Wildfowl and Wetlands Trust, showed that bill patterns on Bewick’s
Swans can be identified by variations in their black and yellow bill markings, which

usually fall within the three major categories illustrated (from Scott 1981). Reproduced
with kind permission of Lady P. Scott.

Box
6.1
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Box Assumptions of the four classes (a—d) of mark—recapture models.
6.2

For example, models a and b both assume that the population under investigation is
‘closed’, i.e. there are no additions or subtractions (immigration/births or emigrations/
deaths), and so on.

Assumption a b c d

(1) Closed population X X
(2) Equal capture probability X X
(3) Marking has no effect on catchability X X
(4) Second (subsequent) sample(s) are
random X
(5) Marks are permanent X X X
(6) All those marked that occur in second X X X X
sample are reported
(7) Capture probability assumed constant for X
all time periods
(8) Same probability of being recaught in all X X
capture events
(9) Equal probability of survival X X
(10) Equal probability of caught birds being X X
returned
(11) Sampling time is negligible X X
(12) Losses from emigration and death are X
permanent
(13) Population closed to recruitment only X

Note: a = Two sample model—closed populations.
b = K-sample model—closed populations.
¢ = Completely open populations.
d = Partially open populations.
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Calculation of the simple Lincoln index. Box
6.3

The simple Lincoln index is used here to analyse a ‘two-sample’ case of capture—
recapture data to provide an estimate of population size, P. The calculation of standard
errors is also shown. The general format is: Number in population/Original number
marked = Number in second sample/Number recaptured, or

an

r

where n = number of individuals in the second sample, a = number marked and
r = number recaptured.

If the second sample (n) consists of a series of sub-samples and a large proportion of
the population have been marked, recovery ratios (= r/n) can be used to calculate the
standard error (from the variance) of the estimated population where:

a
p==
Rr
where Rr = the recovery ratio (/n) based on the number of birds in all of the samples;
and the variance is approximately:

a\? 1-R
Varp=(R—T2) X RT(TT)

where y = number of birds in the sub-samples. The standard error of the estimate is the
square root of the variance.

The method is based on direct sampling in which the number in the second sample is
predetermined. Alternatively, inverse sampling, where the number of marked birds to be
recaptured is predetermined, has the advantage of giving an unbiased population
estimate and variance in cases where the number of recaptures is small:

_n(a+1)
Tr

P 1

An approximate estimate of the variance of this is given by:

5 (@—r+1)@a+1)n(n-r)
var P = 2re)

Further details of this group of methods are given in Southwood (1978).

Example of estimating population size in the Pheasant using the
simple Lincoln index

Consider a simple example in which, during the winter of 1984/85, 27 male and 70
female Pheasants were marked using plastic back-mounted fin-tabs, each bearing an
identifying number. Trapping was conducted continuously each day and as more birds
were marked, the number of recaptures increased. The traps were not moved and were
baited with grain to attract birds into them. Aithough the primary aim was not to estimate
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Box : . . . L
6.3 population size from these data, but to investigate behavioural trends in spring, it is
g useful to consider the application of the Lincoln index method in estimating population
cont. size. A comparison will then be made with that for the spring population using the marked

birds observed from a vehicle in daily morning and evening watches.
Catches made after the 70 females were marked included 62 marked birds out of 66

birds caught.
70 x 66
P=
62

= 74 females = size of winter population.

Catches made after the 27 males were marked included 21 marked birds out of 24
caught.

27 x 24

P
21

= 31 males = size of winter population.

This gives a total winter population of 105 birds.

The main limitations of this method are assumptions 1—6 in Box 6.2. Those of
population closure, no mortality and equal capture probability, are most important.
Pheasants are relatively sedentary during the winter although immigration and emi-
gration occur during late winter and early spring (and in some cases throughout the
winter). Further, the period over which capture took place was too long and some
mortality due to Fox predation was known to have occurred. Some individuals,
particularly hens from the same harems, were trap-happy and usually a greater
proportion of hens from the same harem were caught than would be expected by
chance, since they feed together during the winter and early spring period. For these
reasons the use of the Lincoln index is not recommended in this particular case.

The spring censuses of Pheasants on the study area were used to estimate a spring
population size for, approximately, a 1-month period by mapping all birds seen on
successive morning and evening visits throughout mid April-mid May. The position of
marked and unmarked males and females (together with identifying code for those
marked) were entered on a map. The proportion of males and females on the census
that were observed tabbed (CT) for the whole of the spring observation period are shown
below. The total number (TT) of males and females tabbed on the study area during the
catching period is also shown. Simple Lincoln index calculations permit the estimation of
population size of the sexes separately. In this case recapture events are actually
resighting events.

The Lincoln index method used on resighting data for Pheasants rather than on
recapture data:

Census birds tabbed (CT as percentages) 50 males, 59 females
Total birds tabbed (TT) 27 males, 70 females

Estimated population (1011(_) X TT) 54 males, 119 females

From this it can be suggested (with the proviso of population closure, no mortality and
equal captive probability) that both the female and male ‘populations’ have been
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added to from late winter to early spring. This is one of the many benefits of having birds Box
marked with visible tags which allows ‘sampling’ to be observational without capture. 6.3
To summarise the Pheasant example, there are various assumptions with this cont.

method, mostimportant of which are (1) that the marked birds must freely mix within the
extant population; (2) all birds should have an equal probability of being seen; (3) tags
must be permanent and must not fall off; and (4) no mortality should occur from the
period of capture and marking to the period of resighting. These correspond to
assumptions 4, 2, 5 and 1, respectively, in Box 6.2.

The du Feu method of analysing capture—recapture data. Box

6.4

Du Feu et al. (1983) present a method for making ‘spot estimates’ of populations in which
the number of new birds (N) and the number of recapture events (R), over S captures,
are used. The number of new birds (N) is the number of birds captured for the first time in
the session. If a bird is captured four times in a session it contributes 1 to Nand 3to R.
The equation is:

N 1\8
1 ’—,_(1 ’—,)

where Sis also equalto N + R. The equation has no explicit solution so Phas to be found
iteratively.

One begins by making a sensible guess. Then, with successive sessions, and by
inputting N and R from them, one can use a program to make a running estimate of the
population. A graph of running estimate (P) against capture event (N + R) will show if the
estimate is stable, which can indicate when the trapping should be stopped, since more
captures would not alter the estimate. Such a plot would also indicate whether the
population is closed in that, for example, immigration would give rise to a decrease in
recapture events and an increase in new birds. An example of how the estimates are
refined as the number of recaptures increases is shown in Box 6.5.

The standard error of Pis:

P
SEp:\/
e(“ﬁﬂ)_1_¥q

Example of the use of the du Feu method on the Pheasant data

The values of N (the number of new birds caught) and R (the recapture events) for the
same session i.e. winter period, gave du Feu population estimates of 51 + 12 for males
and 89 + 6.6 for females, with a total population estimate of 132 + 9.7 birds. Running
estimates using the du Feu method could also be made for successive capture events
through the catching period. The Lincoln index method gave a totat population estimate
of 105 birds, compared to 132 birds using the du Feu method.
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Box
6.5

800

700

Population estimate
»
3

The du Feu method for calculating population size.

40

In this method, each bird captured, whether it is a new bird or a recapture,
enables a new population estimate to be made. If each successive estimate is
piotted against the capture event it is possible to foliow fluctuations in the
estimate, and to identify the point at which it settles down. Confidence limits are
also calculated and plotted (from du Feu et al. 1983).
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Numbers of new and

P

Box
6.6

events.

{a)

Examples of du Feu estimates of population size against number of capture

{b}

.......... ‘true’ population
size

{e)

Population size

(d}

(a) Population closed; (b) population with emigration; (c) population with steady
immigration; (d) population with step-wise immigration (from du Feu et al. 1983).

Number of capture events
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Percentage juveniles
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Changes in the percentage of juveniles caught under constant trapping effort at specific
sites are shown for Chiffchaff, Blackcap and Sedge Warbler for 1981-1988 (from Peach
and Baillie 1989). These show broadly similar trends.

Population indices derived from the UK Constant Effort Sites Scheme. Box
6.7
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The base year of the index is 1986, and Chiffchaff and Reed Warbler indices are shown
from 1981 to 1988 (from Peach and Baillie 1989). Reed Warbler populations have
remained stable and Chiffchaff populations have increased, for unknown reasons.
Productivity monitoring using the BTO Constant Effort Sites Scheme. Box
6.8
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Box
6.9

Importance of standardisation in netting operations.
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The diagram is of two hypothetical netting operations within scrub habitat—one where
capture effort has been standardised and the other where capture effort has been
variable over the past 20 years. Population indices for Whitethroat calculated from
captures are different, yet the indices for Whitethroat in the standardised-effort system
were used to calculate those in the variable-effort system. The standardised-effort
system shows a decline in numbers, the variable-effort system does not. We should put
more trust in the index trend for the standardised-effort system whereas nothing useful
could be said about population trends from the results from the variable-effort system.
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Capture per unit effort where ringing effort is not known—correcting for annual Box
variations in ringing effort. 6.10

To correct for annual variations in ringing effort, the numbers of individual species ringed
each year can be transformed into numbers of each species ringed per 100 000 birds
ringed, referred to as the standardised annual totals according to the formula:

Yoo+2Y, i +4Y,+ 2y + Yois
10

Y, =

where Y, is the annual total of birds ringed in year n, and Yn is the weighted running
mean of year n.

Variation in ringing effort from year to year is difficult to estimate since few ringers or
observers record the total length of net they use, the total number of hours they spend
ringing, or the variation in weather during ringing sessions. To correct for this variation
the total number of birds of all species per year is used, and individual species totals are
adjusted accordingly to remove any increasing or decreasing trend in totals ringed
which, it is assumed, is due not to increases in bird populations but to an increase in
ringing effort. An example of the use of this method to identify population trends in birds
ringed in Sweden is given in Osterlof and Stolt (1982).

Comparison of population indices produced by different methods. Box
6.11
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This figure presents the results of three methods of population indexing for the Stock
Dove in Britain since 1930.
(a) From Common Birds Census; (b) from ringing totals; (¢) from nest record card

totals (from O’Connor and Mead 1984). Dashed lines are periods with limited nest card
returns.
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Box Example of the use of the simple matrix model.

6.12

Let us assume we have the following data for a hypothetical population in which we know
the current size of the population because we have censused each age cohort:

Fecundity
Age (young Survival Population
(years) produced) rate size
0 0 0.2 650
1 6 0.5 320
2 10 0.8 65
3 5 0 30

Hence, no offspring are born to adults of between 0 and 1 year, six are born to those of
1-2 years, etc. Survival is highest in the age category 2. These data are then used tc
construct (1) a transition matrix (7) and (2) a column vector of the numbers in each age
category (A) in the following way:

T A

0 6 10 5 650
0.2 0 0 0 X 320
0 0.5 0 0 65
0 0 0.8 0 30

When the transition matrix (7) and column vector (A) are multiplied, we get:

= (0)(650) + (6)(320) + (10)(65) + (5)(30)
(0.2)(650) + (0)(320) + (0)(65) + (0)(30)
(0)(650) + (0.5)(320) + (0)(65) + (0)(30)
(0)(650) + (0)(320) + (0.8)(65) + (0)(30)

= 2720
130
160
52

This new column vector is the number of individuals in the population of the next
generation according to the four age categories. Matrix models allow us to condense the
complexities of age-specific schedules into a simpler form. One disadvantage of the
model outlined here is that no account is made for density-dependent survival or
fecundity, which have been shown to exist in many bird species. More recent develop-
ments in matrix modelling have addressed this problem. The reader is referred to Begon
and Mortimer (1986) for further details of matrix models.
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Major considerations for undertaking a radio-tracking study.

Consideration Comment

Activity of the bird Will breeding or feeding behaviour damage
the transmitter?

Weight How big is the bird relative to its probable

Weight of transmitter in relation to
body size
Harness design

Range

How many birds to mark

Special transmitters

How much sampling

How to obtain data in the field

Analysis of home range from radio-
location

range in the habitat?

Should be less than a notional 5% of the
bird’s body weight

Will this affect its behaviour?

Tail mounted, back mounted, collar mounted,
leg mounted?

What is the habitat; will this reduce or
improve expected range of transmitter?
Logistics of observer moving between radio-
location points. How many birds can be
tracked comfortably at any one time?

To monitor bird activity e.g. flying or resting,
upending by ducks, depth measurements in
diving birds, physiological measurements
e.g. heart rate

How many radio-locations and over what
period? e.g. 30 locations over 10 days for
Pheasants will define their home range
adequately for analysis during this period
Triangulation from a vehicle, on foot; use of a
data logger linked to a computer database;
automatic triangulation from a fixed location
Minimum polygon area; probabilistic
methods; harmonic mean; Kenward (1987)
‘Ranges’ suite of programs

Box
6.13
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Box
6.14

Comparison between radio-tracked and visually marked Pheasants.

{a) Observed from a stationary vehicle

Hypothetical example of the value of radio-tracking data when compared with that
obtained from the same bird which was back-tabbed. In (a) the data obtained from a
census from a stationary vehicle are restricted. If the Pheasant (®) enters the wood, or
moves a long distance, the census might fail to pick it up. In (b) the same bird is radio-
tracked, and this identifies an area around the nest-site within woodiand which was
previously unrecorded, and a feeding area in an old game crop a long distance from the
main part of its range. Consequently, if the stationary vehicle census data were used to
say something about habitat selection by the bird, a biased picture wouid be presented.
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Assumptions

1. The population is either closed or immigration and emigration can
be measured or calculated

A closed population is one where there is no immigration or emigration of
birds during the period of population estimation. There should also be no
births or deaths within the sampling period unless allowances can be made
for them.

Likely causes of violation: immigration, emigration, births or deaths
occurring at the time of the study may be exacerbated by captures being
taken over a long period.

Reducing the problem: reduce time intervals over which captures are
made and conduct captures at a time of the year when migration and
recruitment of young birds to the population are not occurring. Sampling
should be at discrete time intervals and the time involved in taking the
samples should be small in relation to the total time.

2. There is equal probability of capture in the first capture event

All individuals of the different age groups of both sexes should be sampled in
proportion to that in which they occur in the habitat. Therefore, all indi-
viduals of the different age groups should be equally available for capture
irrespective of their position in the habitat.

Likely causes of violation: there may be part of the population that is never
captured because the individuals concerned are trap-shy or they cannot be
sampled in certain habitats. Alternatively some birds may be trap-happy.

Reducing the problem: if it is possible that the probability of capture
differs between the sexes or other ‘sub-groups’, population estimates should
be derived independently. For example, female pheasants are both trap-
happy and more likely to be captured than males whilst living in harems
prior to egg-laying. The regular movement of traps within the study area
reduces the over-sampling of these individuals. It may be desirable to use
traps to catch the first sample and to apply highly visible markings so that
the second sample can be obtained by re-sighting rather than capture. This
has been used successfully on Mallard (United States), Pheasants (United
Kingdom) and Willow Ptarmigan (Red Grouse) (Scandinavia).

3. The marked birds should not be affected by being marked

Likely causes of violation: marks significantly affect behaviour e.g. neck
collars have been reported to contribute to starvation in Snow Geese. Higher
re-sighting probabilities have been suspected for patagial-tagged, back-
tagged and dyed birds, than for unmarked birds, in studies in the U.S.A.
Increased predation of birds tagged using patagial markers has also been
recorded.
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Reducing the problem: be aware of these effects and remedy by changing
the marking system.

4. The population should be sampled randomly in subsequent
capture events

Likely cause of violation: individuals do not mix randomly and perhaps
change the area they use, biasing future capture.

Reducing the problem: this is a difficult problem to overcome. More traps
and more field observations are desirable.

5. The marks should be permanent

Likely causes of violation: marks fall off or become unreadable at a distance.
Reducing the problem: be aware of unsuitable designs which have a high

failure rate. Double mark where necessary (e.g. a leg ring or band as well as a

back-tag). On future capture worn or lost markers can be replaced.

6. All marked individuals occurring in the second or subsequent
samples are reported

Likely cause of violation: this assumption is generally relevant to experi-
ments in which the second sample is based on ring or band recoveries made
by the general public (e.g. hunting recoveries).

Reducing the problem: the total number of recoveries for use, for example,
in Lincoln-index model estimates requires an estimate of the reporting rate,
i.e. the proportion of recovered rings or bands that is reported. Reporting
rate has been estimated using either additional information on the number of
recovered rings obtained from hunter questionnaire surveys, or reward
studies in which some rings or bands are marked with a message that a
reward is offered for their return.

7. Capture probabilities are assumed constant for all periods

Likely cause of violation: capture probabilities will vary from one capture

event or sampling period to another, as a result of weather factors and
possible changes in sampling effort.

Reducing the problem: conduct sampling under the same weather con-
ditions wherever possible, and use the same sampling effort, e.g. length of
capture net, number of traps, etc.

8. Every bird in the population has the same probability of being
caught in sample i

This assumes that the bird is alive and in the population during sampling
period i.
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Likely causes of violation: age-specific and sex-specific variation in capture
or habitat use.

Reducing the problem: sample the different age, sex and other ‘sub-
groups’ independently.

9. Every marked bird in the population has the same probability of
surviving from sampling periodsitoi+ 1.

This again assumes that the bird is alive and in the population immediately
after the time of release in sample i.

Likely causes of violation: age-specific and sex-specific variation in sur-
vival, e.g. higher mortality of female waterfowl (as shown in studies in the
USA for example), caused by differential predation.

Reducing the problem: sample the different age, sex and other ‘sub-
groups’ independently.

10. Every bird caught in sample i has the same probability of being
returned to the population

Likely causes of violation: differential age, sex and individual stresses causing
mortality during handling.

Reducing the problem: be aware of experiences and keep handling time to
a minimum.

11. All samples are taken instantaneously such that sampling time is
negligible

Likely causes of violation: this assumption is never strictly met.
Reducing the problem: as previously, keep the sampling period short.

12. Losses to the population from emigration and death are
permanent

Likely causes of violation: birds that have emigrated return to their natal site,
showing high site fidelity (common in birds).

Reducing the problem: use capture and re-sighting efforts. Radio-
telemetry is a useful technique in distinguishing between dispersal move-
ments and emigration, and direct mortality.

13. Population closed to recruitment only

Likely causes of violation: recruitment occurs but goes unnoticed.

Reduction of problem: choose the time of year when recruitment does not
occur. This has been successfully achieved in American Woodcock, using a
model known as the ‘death but no immigration model’.
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Estimating population size

There are many methods for estimating population size, and only a few are
given here. They are (1) the simple Lincoln index, (2) the du Feu method,
and (3) other methods in which there are more than two sampling occasions.

1. The simple Lincoln index

The simplest Lincoln index model is based on one capture and one recapture
only, i.e. a two-sample case, although computations for a multi-sample case
in which a number of sub-samples are taken are described below. Variants of
the method have been derived to allow for losses (emigration and death) or
gains (immigration and birth) to the population. Provided the conditions
listed under model a in Box 6.2 are satisfied, the total population, size P, can
be calculated from the simple Lincoln index as shown in Box 6.3. The
method is most appropriate for studies of colonial species which cannot be
counted directly such as a seabird colony (e.g. Storm Petrel) or warblers in a
reedbed. In both cases the boundary of the habitat is known and can be
defined. It is perhaps least useful for populations that are continually
changing in number, or for birds in more complex habitats such as gardens.

2. The du Feu method

The standard methods of mark-recapture analysis, such as Jolly’s (1965),
require repeated samples being taken at fixed intervals from which measures
of immigration and emigration may be estimated. The du Feu method (du
Feu et al. 1983) is particularly useful for estimating the population of a
species, such as a warbler in a wood, being ringed during a single session e.g.
day, week or season, depending on the mobility of the species concerned. If
the species is sedentary, the session can be a winter or other field-season
measure. Details of the method are given in Boxes 6.4 and 6.5.

Plots of typical running du Feu estimates are shown in Box 6.6 for four
scenarios: (a) for a closed population wide fluctuations are rapidly damped
to a relatively stable value; (b) for declining populations the estimate slowly
declines, but is always greater than the true population—the estimate can
never be less than the number caught (&), although in a rapidly declining
population there may be fewer birds present at the end of the season than
have been ringed; (c) for smoothly increasing populations the estimate
increases smoothly; (d) for a stepwise increasing population the estimates
consist of a series of steps.

The conditions and limitations of the method refer to assumptions under
class b in Box 6.2. In particular the method assumes population closure,
equal probability of capture, no modification to behaviour caused by trap-
ping, and additionally (assumption 11 of Box 6.2), negligible handling time
of the birds relative to the study period. In respect of the assumption of
population closure, trapping should be carried out for a long enough period
to obtain a reasonable number of recaptures, but not so long as to risk
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immigration and emigration. In isolated small habitats it is possible that the
whole population is being sampled, whereas in large, uniform habitats the
estimated population may be an accurate measure of the catchment area
population, but that area may not be known. Where individuals are being
caught at an exploited resource, e.g. a water source, it is the usage that is
being estimated, not the population.

Underhill and Fraser (1989) have developed a Bayesian analogue of the du
Feu estimate and have used the method to estimate the number of Malachite
Sunbirds at a flower food source in South Africa. The assumptions are
identical to those of the du Feu method but the Underhill and Fraser method
is computationally simpler.

Bayesian methods assume some prior knowledge about the maximum size
of the population being trapped whereas the du Feu method does not require
prior knowledge or assumptions of maximum population size. As new birds
are caught the method calculates the new probabilities of there being x birds
in the population. Each unringed bird captured shifts the probability distri-
bution to the right, increasing the estimated population size; each retrapped
bird shifts the probability distribution to the left, leading to a decline in the
estimated population size.

The method has a number of advantages over that of du Feu, and is likely
to be used more extensively in the future, in preference to the du Feu method.
First, it provides more realistic confidence limits because they are based on
an exact probability distribution. Second, the method is better than that of
du Feu for small populations (<100 birds). The main disadvantage of the
method is that if the initial guess of the maximum population is too low, the
population estimate will approach its asymptote at the far right of the plot,
therefore it is important not to make a serious underestimate from the outset.
There is no harm done to the estimate of population size if the maximum
population is overestimated however.

3. Other methods with more than two sampling occasions

For useful reviews see Nichols et al. (1981) and Pollock (1981). These
methods are generally multi-sample Lincoln index type models and the
sampling regime is similar to a Lincoln index two-sample case in that birds
are captured during an initial sampling period, marked and returned to the
population. A second sample is then taken (e.g. on the following day) and
recaptures of marked birds are noted. New captures are also given marks and
all birds are returned to the population. This procedure is repeated for K
sampling periods. The main difference between these methods and the
Lincoln index two-sample method is that each bird must be given an
individual mark e.g. serially numbered leg ring. The models used to describe
recapture data from K sample studies require complete capture histories.
The probability distribution for the set of possible capture histories is then
expressed using a multinomial model treating population size and capture
probabilities as parameters. Examples of models for closed populations are
described in Otis et al. (1978). Assumptions of these types of models relate to
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class b in Box 6.2. For short-term studies, closed population models allow for
unequal catchability of individuals (see Pollock 1981).

Models that take account of population gains and/or losses, i.e. for com-
pletely open populations have been developed by Jolly (1965) and Seber
(1965). These are denoted the Jolly—Seber stochastic models for completely
open populations. Both population size and survival rates are calculated.
The model has not been extensively used because of violation of a number of
the assumptions presented under class c in Box 6.2. Further, a better survival
model has been developed by Clobert ¢t al. (1987), although population size
estimation is not a feature of their model. For long-term studies, open
population models that assume equal catchability are used (see Pollock
1981). Such models allow estimation of survival and birth rates as well as
population sizes.

Mark-recapture models for populations that are open to both gains and
losses, as described in the last paragraph, have the greatest potential applica-
bility to studies on bird population dynamics. Models do, however, exist for
populations that experience only losses, and no gains, and which are subject
to the assumptions in class d of Box 6.2. See Nichols ¢t al. (1981) for further
descriptions.

Methods based on catch per unit effort

Methods based on capture per unit effort rely on standardising effort of
capture or observation. The aim is to estimate a species abundance by
making the effort by which the abundance data are obtained constant. The
main assumption is that the standardised design yields unbiased data from
which to calibrate population size or an index thereof. Seber (1973) provides
a review of the method for closed and open populations.

1. Where ringing effort is standardised

By controlling i.e. standardising the effort invested in catching and marking,
detailed studies of (1) population size, (2) productivity and (3) survival can
be made. The Constant Effort Sites Scheme (CES) of the BTO aims to
collect data to investigate changes in these variables by using a series of
constant net-sites worked on each of 12 standard visits spread between May
and August. The following are investigated.

(1) Index of population change —changes between years in the numbers of

adults captured.

(2) Productivity—the ratio of juveniles to adults captured late in the

breeding season.

(3) Survival —between-year retraps of ringed birds.

The same ringing and netting sites, with the same length and type of net,
are used each year. No other netting is carried out within 400 m of the net-
sites. Where possible, sites within a single major habitat are preferred.
Continuation of the study is important in order to minimise fluctuations in



Caltching and Marking 127

population indices resulting from changes in the habitat or geographical
composition of the sample, and to allow comprehensive survival estimates to
be calculated.

Netting is conducted for a set time of about 6 hours per visit and no tape
lures or baits are used (as in other studies) to attract birds to the site. Habitat
is recorded on 1:2500 scale maps. The validity of measuring population
changes by mist-netting is assessed by comparing results with those from
point counts (see Chapter 5), which are conducted at the site in the time
between visiting individual nets.

The results are interpreted by (1) calculating changes in the number of
adults caught between years using the same sites, to provide a measure of
change of the size of the adult population; (2) calculating the proportion
of young birds caught on the same sites as an estimate of productivity in
the post-fledging period; (3) calculating survival rates using the SURGE
routines described in Clobert et al. (1987).

Box 6.7 shows an example of a CES population index in which the base
year of 1986 is taken as 100. Box 6.8 shows an example of productivity
monitoring from CES sites in which the proportion of those caught rep-
resented by juveniles is plotted each year. Significant changes in the popu-
lation index and proportion of juveniles can be calculated.

Another example of a programme in which ringing effort and habitat is
standardised is that of the ‘Mettnau-Reit-Illmitz’ (MRI) scheme (Berthold ez
al. 1986). The three sites are in central Europe (S and N Germany and E
Austria) and trapping of passage migrants has taken place from the end of
June to the beginning of November since 1974. Trapping takes place daily,
for the same length of time per day, using the same netting system and the
same length of nets at the same number of net-sites. Vegetation is trimmed to
maintain consistent profiles between years so as to halt the effects of succes-
sional changes in habitat. Five regression models were used to analyse
correlation coefficients for regressions of total numbers of individual species
captured against year, 64% of the coefficients being negative implying
population declines.

Box 6.9 shows a diagram of two hypothetical netting operations within
scrub habitat. At one site the same net length is used, visits are made every
week, for the same length of time every day, in similar weather, and
vegetation profiles are trimmed to keep the habitat at the same successional
stage. The other site uses variable net length, different observers, variable
work day length and variable number of visits through the season, and the
habitat is succeeding to woodland. Population indices for Whitethroat calcu-
lated from captures from the two sites are not very similar. Which one should
we trust? Obviously, the data collected under standard effort is more trust-
worthy.

Ormerod et al. (1988) used a constant length of mist-net and constant
catching effort to sample Dipper, Kingfisher and Grey Wagtail along river
systems in Wales. The effective width of the river sampled was also recorded.
The results for Dippers were calibrated with the known abundance. Mean
catch per hour was correlated with the number of birds per 10-km stretch
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(r=0.99), as was the mean catch per hour standardised per 10-m net
(r=0.96). The study concluded that standardised ringing along rivers can
be used in population monitoring and suggested that the method may be
effective in assessing annual change in breeding success, post-fledging sur-
vival and overwinter survival.

2. Where ringing effort is not known

Annual ringing totals can be used to analyse population trends. The main
assumption is that there is a relationship between changes in annual totals
ringed and the abundance of a species when corrections are made for ringing
effort. Box 6.10 shows how to correct annual variations in ringing effort for
individual species, and therefore how to relate this to variations in a species’
abundance.

A similar approach has been used for data for the Stock Dove in Britain
(O’Connor and Mead 1984). The number of nestling Stock Doves ringed
annually per 1000 nestlings of all species ringed nationally during 1931-80
was calculated. The all-species totals alter with ringing effort, but, with a
large number of species involved they are likely to average out species-
specific fluctuations. In this analysis information was further compared to
annual ratios of nest record cards submitted to the BTO (dating back to
1930), as well as the Common Birds Census Index (dating back to 1962).
Box 6.11 shows the agreement between the three methods of population
indexing since the early 1960s, and can usefully suggest population trends
prior to censusing (i.e. pre-1962).

Further developments of studies involving capture

There are two more specialised procedures which involve the use of catching
and marking techniques but which fall outside capture-recapture and cap-
ture per unit effort categories. These are (1) the use of matrix models in
which productivity, population sizes and survival estimates are used to
predict future numbers of a species (i.e. using some of the techniques
previously described), and (2) the use of radio-telemetry in the special case of
studying the change in location of an individual bird and its use in calibrat-
ing with more extensive but more cheaply obtained data.

1. Modelling with birth and survival rates —the matrix model

Survival and fecundity (leading to productivity) are often age-specific in
certain species. The descriptions given below present one method of model-
ling data obtained from ringing recoveries when fecundity of age cohorts is
known. The matrix model was developed by P.H. Leslie in 1945.

There are three requirements for using the matrix model: (1) the number
of individuals of each age category in the population being studied (P);
(2) the age-specific fecundity (B); and (3) the age-specific survival rates (S),

.
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derived, for example, with the use of the SURGE program (Clobert ef al.
1987). An example of the matrix model is given in Box 6.12.

2. Radio-telemetry

This section is meant only to give an overview of the major considerations to
be addressed when embarking on a radio-tracking study. For a fuller descrip-
tion of the technique and analytical routines see Kenward (1987). The radio-
tracking system usually consists of the transmitter, which is fixed to the bird,
a multi-channel receiver which detects the signal emitted by the transmitter,
and one or two hand-held portable directional or fixed antennae. Box 6.13
lists the main considerations and provides additional comment. Box 6.14
shows the value of radio-tracking in being able to pick up movements of the
bird to new areas: observations of the tabbed Pheasant from a vehicle were
more restricted and did not pick up the bird within woodland or when it
moved some distance to feed in a game crop. The use of radio-telemetry in
studying bird distribution at the habitat-scale, and habitat selection, is
described in Chapter 9.

Summary and points to consider

Is it necessary to catch and mark the individuals in order to satisfy the
objectives of the study? How is this related to bird counting?

Design of marking method, catching protocol and time constraints must be
addressed.

If population size is to be estimated using catching and marking methods,
are any of the assumptions of the analytical method violated? Can any
violations be dealt with?

Consider a number of methods for achieving the same product, as in the
Stock Dove example where long runs of data are available. Are these
products similar, i.e. do the methods provide a consistent interpretation of,
for example, changes in population size?

Wherever possible consider standardised and replicated procedures for col-
lecting data from marked individuals. Reference, for example, to the Con-
stant Effort Sites scheme is important here.
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Introduction

For some species the ‘standard’ methods of counting breeding populations
such as territory mapping (Chapter 3), point counts (Chapter 5) or line
transects (Chapter 4) are not particularly successful. Reasons for this may be
a low breeding density (e.g. raptors), a secretive nesting habit (e.g. ducks,
many waders), crepuscular or nocturnal ecology (e.g. owls, nightjars), or
semi-colonial and colonial nesting behaviour (e.g. herons, Rooks). For such
species other methods have been developed which aim to produce an index of
the breeding or non-breeding population and thereby facilitate comparisons
of populations between years and sites. In some cases these methods are
modifications of territory mapping or transect methods, but two other types
of counting are commonly used: direct and indirect counting and ‘look-see’
counting. These are explained below.

Direct and indirect counting

For direct counting a suitable vantage point is selected and all visible birds
are counted. The method is very useful when all birds can be easily seen, e.g.
at raptor migration bottlenecks, places where waders breed on small islands,
wader roosts, or smaller seabird colonies (also see Chapter 8).

With direct counting, a high level of accuracy at a given time may be
possible, but there are several ways in which the results can become biased.
The most important are a failure to ensure even effort and coverage between
sites or years, resulting in data that are not comparable. Other factors such
as the weather during the counting, the people undertaking the counts and
whether the naked eye, binoculars or telescopes were used will all influence
the accuracy and comparability of the counts.

Indirect counting relies on counting signs of bird activity (droppings,
burrows, etc.). This may be the only suitable method for particularly secre-
tive (e.g. rain-forest pheasants) or non-visible birds (e.g. those nesting in
burrows: Chapter 8). Theoretically, indirect signs of birds might be cali-
brated to produce indices of population level. This may be possible when
counting nesting burrows. However, when counting droppings, both the

130
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number of birds and the length of time they have spent in that particular area
will influence the number of droppings recorded. Hence, the number of
droppings counted per unit area gives an index of bird usage, not necessarily
population level (see Owen 1971).

Look-see counting

The look-see method relies on a prior knowledge of the habitat-preferences of
the bird, and, more than any of the previous methods, requires the observer
to ‘know’ well the bird concerned. Potentially suitable habitat for the species
of interest is identified (1) from a map of the area, (2) from an aerial
photograph of the area, or (3) through contact with local experts. Once
suitable areas are identified, a programme of site visits is arranged at the
appropriate time and using appropriate methodology to count any birds
present. From such counts, population estimates are made (Box 7.1).

Such counts will become biased if the area covered or the effort put into the
counting varies over time. There is also a general tendency for more birds to
be discovered over a period of years as the study area becomes better known;
hence counts may tend to increase over time.

Data on the habitat preferences of many birds, which can be used as the
basis of Look-see counts, are available in Cramp & Simmons (1977 onwards:
Western Palaearctic), Brown et al. (1982 onwards: Africa) and Palmer (1962
onwards: North America).

Methods for counting different groups of birds

This section presents methods for counting populations (mainly during the
breeding season) of a selection of bird-groups where standard methods do
not work well. Examples are arranged in taxonomic order and most are taken
from the British Isles. However, it should be possible to adapt methods to
count similar species throughout the world.

In all cases the counting methods are quite specific and hence it is difficult
to compare results between species. Such counts are useful in studies that
focus on one or a small number of species and are not appropriate for
community studies where there may be several counting methods in use at
the same time.

1. Divers

Look-see methods are employed to count divers breeding at low density in
remote areas.

For Red-throated, Black-throated, and Great Northern Diver the counting unit is
the adult bird. The best counting period is late incubation or early fledging
as all territories and nests are by then well established (mid May to late June
in Britain). Waterbodies within the study area are identified from maps and
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then visited twice during the survey period, with the second visit not less
than 2 weeks after the first. Two visits assess site-occupancy more fully than
one as birds may be feeding away from the site on one of the visits.

On each visit the whole loch should be systematically scanned from
suitable vantage points to detect adult divers on the water (Box 7.1}, and all
known nest-sites checked. Excessive walking along the shoreline, or searches
for nests, should be avoided as they are extremely time-consuming and may
disturb the nesting birds.

Detailed studies in northern Scotland (Bundy 1978; Campbell and Talbot
1987) used the following criteria to indicate a breeding territory: (1) chicks
seen, (2) nests with eggs seen, (3) pair of adults on loch on two visits, (4) pair
of adults on one visit but single adult on the other visit, (5) single adult on
loch on both visits.

2. Grebes

Grebe species are often widely dispersed over suitable wetland sites.
Methods for counting an obvious and secretive species are presented below.

OBVIOUS SPECIES

For the Great-crested Grebe the counting unit is the adult bird. A recent study
in Denmark (Woolhead 1987) indicates that an accurate population estimate
can be obtained by counting the number of adult Great-crested Grebes on a
waterbody several times up until the start of the first nest-building attempt
(April in Britain: Hughes et al. 1979). Such counts should not be affected by
either changing visibility as vegetation grows or failed breeders moving
between lakes.

Woolhead (1987) showed that a reliable estimate of the number of breed-
ing pairs could be produced by halving the average number of adults
obtained from the counts. However, overestimation is possible on large lakes
as non-breeding birds tend to congregate and might be regarded as breeding
pairs.

SECRETIVE SPECIES

The Little Grebe is highly secretive, and in addition pairs often make several
breeding attempts, moving between lakes when doing so; thus breeding
populations are difficult to assess. Vinicombe (1982) recommends making
several counts of a study site over the first breeding attempt of the year (April
to May in Britain). On each visit all sight and calling records are marked on
a site-map. Often the only clues to the presence of breeding pairs are the
‘trilling” calls.

An estimate of the number of breeding territories can be produced using
methods outlined in Chapter 3. Alternatively, a single visit can be made
during the first breeding attempt and all birds recorded. This will produce a
population index which will allow comparison of breeding population levels
between years.
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Look-see surveys of species in remote areas.

(a)

Z —>

G
<«
¢

(b}

(a) When counting divers on lochans in Scotland all the lochans in the study area must
first be located and a programme of site visits planned to each of them, giving equal
coverage effort.

(b) At each site the whole surface of the water must be scanned slowly and carefully from
side to side. Too little time spent at each site will lead to birds being missed if they are
behind vegetation, during periods of poor visibility, etc. To obtain accurate results even
the most remote and inaccessible lochans must be counted using the same amount of
effort as the most accessible sites. Otherwise results might reflect the ease of reaching
sites rather than the population of birds in the area.

Box
71




134

Bird Census Techniques

Box
7.2

Please mark on the grid the positions of all
pairs and nests found, using the following
symbols to represent the state you
recorded on your last visit:

Territorial pair
Pair with nest
Pair with brood

Against each symbol write the letter used
for the site code on the other side of this
form.

Please shade any parts of the 10 km
square that you were unable to cover.*

What is your best estimate of the number
of pairs in the shaded part? What is your
reason for this belief?*

o)

No swiTABLE HABTAT

Please write your name, address, and
phone no. here:

T.SvrteTH
| FIELD ROAD
BRISTOL
RuoN.

654321

BsSi 1Aaa

*Note: estimates are much less useful than
proper coverage.

Census form for an obvious breeding waterfow!l species.
BTO/WWT/SOC MUTE SWAN CENSUS 1990: BREEDING PAIRS

County (England & Wales) or

District & Region (Scotland) Avon
A ( L~ -
, o
\.\ T
8 .o
p
7 \'\
. *c oE ?
5
3 o
D
2 -]
1
[]
0

0 1 2 3 4 S 6 7 3 9

As soon as possible after 31 May,
please return to your local organizer.

Your local organizer is:
sivtor DELANY
VoW, SLUMBRIDGE 405,
k2 78T (0453-82033%)

MUTE SWAN CENSUS 1990: BREEDING PAIRS: OBSERVATIONS

Site Dates and observations
code Location Grid ref. Habitat (Dates as 00/0 please)

AP TN BRI qiLean [GRAV. PiT 03T, sfeN, o 1/S N
B | ALvESTON RES. | 747007 |RESERVOIR|0Z/eN, 01/5 N, 27/5T
¢ |HIESIDE SOXE | 701068 LAKE |03/4T

D | M aroRy | TRuoRl | sTREAM | 15/4N, 67/5D

E |R SGVERgéome 733062 | R\WVER |01/ N
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Shooting bag records as indices of population level. Box
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Historical records of shooting bags of Red Grouse, Pheasant, Grey Partridge and
Woodcock are available from a wide sample of sites throughout Britain (from Tapper
1989). These provide valuable information on population trends over extended periods.
However, other factors need to be considered for each species before the true meaning
of the graphs can be assessed.

(a) Average bag records of Red Grouse per 100 ha of moorland from several sites in
England and Scotland. Numbers shot in England show cyclicity, with 1989 being a poor
year. However, there are several other facts needed before the graph can be fully
evaluated; these are the number of persons shooting, changes in the shooting equip-
ment, periods of adverse weather, changes in the law on shooting or gamekeeping, etc.
Such factors will influence the numbers of birds shot and hence the shooting bag records
obtained.

(b) Average bag records of Pheasant per 100 ha. Taken alone this graph might tend to
suggest an increasing natural population. However, the bar charts on the graph present
the number of young birds artificially reared and released into the wild. Considering
these data, it now appears that the number of birds shot has, in fact, notincreased in line
with the number released. An increasing number of birds being released also implies
increasing interest in Pheasant shooting and thus increased shooting pressure. Much
additional background data on trends in Pheasant rearing, Pheasant shooting and the
status of the wild population need to be available before this graph can be fully
interpreted.

(c) Average bag records of Grey Partridge per 100 ha. The graph shows a dramatic
decline in numbers shot in the early 1960s, followed by an extended period when the
number of birds shot has remained low and relatively stable. The population decline in
the 1960s is believed to be due to the increased usage of pesticides from that time,
reducing the food supply for Grey Partridge chicks (Potts 1986). However, to interpret
the graph fully, the level of shooting pressure over time and the number of birds released
over time would need to be known.

(d) Average bag records of Woodcock per 100 ha. The number of Woodcock being shot
per annum has been increasing since the mid 1970s. However, this does not necessarily
reflect an increasing Woodcock population. There may be, but as most Woodcock are
shot on Pheasant shoots, the increased shooting of Pheasant may have also increased
the bags of Woodcock.
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Box
7.4

A 2 Partridges
A Single Patridge
= Roads

— Field boundaries
- Tracks

() Farm building

1km

By plotting all the birds seen on an early morning survey of farmland between mid March
and late April, the number of Grey Partridge on the site can be counted and some idea of
the population and their habitat preferences obtained (from Hudson and Rands 1988).
For example, it is clear from this figure that most of the Partridges are associated with
field margins, with relatively few seen in the centres of fields, and also few alongside the
road running roughly north—south through the figure. Moreover, some fields appear to
support more Partridges than others and the birds seem to be approximately equal
distances apart in individual fields. Various hypotheses could be erected to explain the
population level and its distribution within the survey area; these could then be tested on
the ground. Similar surveys repeated after the breeding season would assess producti-
vity and could be used to see if there is a shift in the positioning of the birds.
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{a) Redshank

100

50

Flying birds per km?

Specialised counting methods for breeding waders.

)

50

{b} Snipe
100

50

Drumming birds per ken?

50

Peak nests per km?®

These graphs show the relationship between counts of birds per km? and peak numbers
of nests per km? for (a) Redshank and (b) Snipe (Green 1985b). Each point represents
the data from an individual study area. Peak nests per km? were calculated by locating
nests by intensive rope-dragging experiments. Peak numbers of birds per km? were
calculated somewhat differently for the two species. For Redshank, the mean density of
birds seen per visit in April and May was used, and for Snipe, the mean density of
drumming (aerial display) birds in April and May. At least three counts and usually five or
six were made for each species. Fitted regression lines to these graphs (not shown)
indicate that one Redshank counted in April and May represents approximately one nest
at the peak period. For Snipe, one drumming bird is equivalent to about two nests at the
peak time, although there are rather few data to substantiate this latter relationship.

Box
7.5
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Box
7.6

Survey sheet for the 1989 British Lapwing survey.

INSTRUCTIONS

AREA: Observers shouid count all nesting
Lapwings in the tetrads (2 x 2-km
squares) which have been selected at ran-
dom by the National Organiser. All fields
and other open habitats in each tetrad
should be checked. Please return a card
for every tetrad selected, even if appar-
ently unsuitable or no Lapwings are
found. Nil returns are wanted.
COUNTING: Lapwings are conspicuous
when nesting and displaying. Territorial
males, pairs or birds standing guard near
nests are easily counted. On short vege-
tation incubating birds are easily seen and
all fields should be carefully scanned for
them. Counts of nesting pairs should be
based on these points. Extensive open
ground can be checked from roads, tracks
and footpaths without disturbing nesting
birds and this technigue should be used
whenever possible to ensure accurate
counts. Even in apparently flat fields
undulations can hide birds, so please
ensure that all the field has been studied.
Walking through a field (with permission),
or a Crow flying over, will usually cause all
the Lapwings to fly up, including any incu-
bating birds. In this case the total seen
may be halved for the number of pairs.
Please ask for access if it is necessary to
enter private land away from public rights
of way.

TIMING: A complete count of each tetrad
{(which may need more than one visit to
cover thoroughly) carried out in April is
wanted. Nesting birds and nesting habitat
being the aim, counts in southern coun-
ties may be best timed for the first half of
the month, and in northern for the second
half.

NOTES ON FILLING IN THE CARD:

1. Please record the total number of nest-
ing Lapwings found in each habitatineach
1-km square in the appropriate box. If no
Lapwings are found in a 1-km square put a
zero in the totals box only. Any hatched
broods seen should be recorded on a sep-
arate sheet.

2. Only record livestock if present during
counts, noting C, S or H as appropriate, in
the relevant box.

3. Farms may keep both cattle and sheep
{and horses) and cattle and sheep may be
grazed together. In these cases summar-
ise the number of nesting Lapwings pres-
ent with each type of stock in the relevant
box as, e.g. 5C, 2S, 3 C+S etc.

4. Some autumn cereals are tramlined and
some may have bare patches after the
winter, which attract Lapwings. Where
pairs nest in autumn cereals please note P
(bare patches) or T {tramlines) if appropri-
ate, e.g. 4T 5P 2 etc.

5. Record any pairs in oil-seed rape under
Other habitats.

6. An enlarged copy of the 23 inch OS map
of each tetrad is supplied with each card.
These show field boundaries. On the map
please record the number of pairs found
nesting in each occupied field and the
field’s boundaries. The latter is important
as many of these maps are rather out of
date.

7. Autumn and spring cereals differ
sharply in April. Autumn cereals are taller
and/or bushier and usually darker green.
Many spring cereal crops will still be at the
single |leaf stage, having just emerged.

8. Tramlines are the permanent wheel-
tracks left across growing cereals.

9. Other spring crops are crops other than
cereals planted in spring, e.g. potatoes,
peas.

10. Plough is bare land still in furrow. Tilled
land is bare land worked down fine but
without an emergent crop. Please record
bare land as one or the other, even if it is
known to be planted.

11. Permanent grass and ley are often
difficult to distinguish. Leys usually fack
the varied plants, uneven structures and
firm turf of permanent grass. Young leys
left for forage may be very even and dense
stands, resembling thickly-sown cereals
rather than a grazed meadow.

12. Don’t know grass. It is important to
separate permanent grass and ley when-
ever possible, but when it is not please
record the field under this heading.

13. Rough grass should be taken as
poor grassland infested with rushes or
weeds.

14. Tetrads. The letter-
ing system for tetrads
is illustrated right.

15. Previous counts. If
you have any previous
counts for this tetrad
please enter year and
number in the box
provided or on a sep-
arate sheet.
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Box
7.6
cont.
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In this survey sheet, data on the number of birds recorded, their activity and habitat they
were found in are requested. This enables both population and habitat studies to be

completed. Results of this census are presented in Shrubb and Lack (1991).
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Box Specialised mapping of territories for Tawny Owils.
7.7

Study area

The figure presents Tawny Owl territories in Wytham Great Wood in 1954 and 1955, as
determined by observation (from Southern and Lowe 1968). The large square is the
detailed study area. Small circles connected by dashed lines show positions of birds
giving territorial challenges (*hooting’) simultaneously and thus separated. Brackets
show territorial boundary disputes. The shading indicates the minimum area of a territory
from the observation of territorial challenges. Black lines with arrows show observed
movements and direction. Heavy black lines show the best fit of territories determined
from observations and prey items marked with rings and recovered from pellets. The
interrupted parts of these heavy lines show where changes of boundaries occurred
before the year 1955/56. The black squares represent nest-boxes used for breeding and
the inner triangle is the trapping grid.

This method is similar to the CBC but only territorial disputes can be used to separate
territories. Interpretation of the results can produce density estimates for this species
and can allow the position of territories over time to be mapped, the mortality and
longevity to be investigated and the habitat relationships of the birds to be understood.

Reproduced with permission of the Institute of Terrestrial Ecology.
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3. Herons

Methods for counting breeding populations of an obvious tree-nesting
species and a secretive species are presented below.

OBVIOUS SPECIES

The Grey Heron breeds colonially in trees. Care must be taken when visiting
colonies as disturbance may cause the birds to abandon their nests.

The counting unit is the Apparently Occupied Nest. These should be
counted in the late incubation or early nestling period (late April in Britain).
Nest occupancy can be ascertained using the following criteria: (1) eggs in
nest, (2) eggshells beneath nest, (3) young seen or heard, (4) adults sitting,
(5) fresh nesting material found, (6) droppings on or below the nest. It may
be difficult to distinguish between individual nests and in such cases the
number of Apparently Occupied Nests must be estimated. Detailed counts in
a sample of heronries in Scotland have shown that these methods record
about 70% of the pairs using a site (Marquiss 1989). It may therefore be
possible to produce correction factors for heronry counts.

In large study areas, all heronries, or a random sample of them, may be
counted to produce an accurate picture of changes in the breeding popu-
lation. Colonies naturally increase and then wane, with new smaller colonies
being set up. Hence, in long-term studies of a regional heron population the
new colonies must be located, otherwise counts will be biased towards
showing a population decline.

SECRETIVE SPECIES

The Bittern, inhabits extensive reedbeds and is extremely secretive during the
breeding season, hence its breeding population is very difficult to count.

Traditional methods involve counting vocalisations (booms) over the
breeding period, February until June or July. Booming is of greatest intensity
in the early morning and dusk, hence survey visits are recommended at these
times. At least three survey visits should be undertaken to assess population
levels.

The ‘booming’ male is the counting unit. During survey visits, positions of
‘booming’ birds are marked on a map of the site. Attempts should be made to
count the whole site simultaneously to avoid problems when birds move. The
number of territories is interpreted as is described in Chapter 3.

It may be possible to obtain a more accurate count of Bittern populations
by electronically analysing the boom-patterns of all birds in a study area
which are known to be specific to a single male (RSPB, unpublished).

4. Wildfowl

Populations of larger and more obvious species (swans and geese) are
counted using the look-see method, and populations of smaller and more
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secretive species by a variety of specialised methods. Examples of each are
presented below.

OBVIOUS SPECIES

For the Mute Swan the counting unit is the territorial bird with a nest. Counts
should be made when the territories are well-defined and the nests conspicu-
ous (April or May in Britain).

Males vigorously guard their breeding territories from all potential
intruders. Proof of breeding is the location of an active nest or brood of
cygnets. Potential bias in counts results from poor coverage of waterbodies,
and because non-breeding males will sometimes set up and defend territories
even though they are not paired.

The Mute Swan population for the whole of Britain has been estimated by
counting territorial pairs in 10-km square counting units in April and May
(Ogilvie 1986). Box 7.2 shows the standardised census form used in a 1990
Mute Swan census.

SECRETIVE SPECIES

Breeding populations of many Anas and Aythya duck species are difhcult to
count as they nest in dense vegetation and often move their broods to other
areas as soon as they hatch. Three counting methods are commonly used.

(1) Counts of nesting females. The counting unit is the female with nest.
The most accurate method of locating nests involves rigorous searches in
suitable habitat (e.g. Hill 1984a,b). However, foot-searches for nests are
extremely labour intensive and may result in nest desertion; consequently
they are rarely undertaken.

In America, line transect methods have been developed to count the
number of females nesting in prairie grasslands. One method involves driv-
ing two jeeps with a 50 m cable chain between them through the grassland
along a transect of known length. The number of females flushed per unit
area is counted and used to assess densities (Duebbert and Lokemoen 1976).
A second method utilises light aircraft to fly transects and count ducks
flushed from their nests (Bellrose 1976).

(2) Counts of off-duty males. The counting unit is the male duck. The
number of males in small groups are counted just after the females have
started to incubate their eggs and thus have become highly secretive. Groups
of males counted should comprise fewer than five birds to exclude flocks of
non-breeding or late wintering birds.

Different species of duck should be counted at different times during the
spring. For example, in a climatically average year in southern Britain,
Mallard start nesting in March/April, Shoveler in late April/early May, Teal
in April, Pochard in April and Tufted Duck in May. However, these timings
can be shifted forwards or backwards according to the weather in a particu-
lar year, hence the best counting periods for most ducks will vary by year.

P6ysd (1984) recommends a series of counts spread throughout the poten-
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tial breeding period to identify the optimal census period for each duck
species in a particular year. This time is recognised as when the maximum
number of males have flocked together, after the wintering flocks have
dispersed and before any post-breeding flocks return.

(3) Counts of duck broods. The counting unit is the female duck with
young brood. Counts can be made by direct observation of a site over a
designated period, or by flushing broods onto the open water by walking the
banks with dogs (Rumble and Flake 1982). Flush counts are generally more
successful and quicker than observations, except on larger or more vegetated
waterbodies.

5. Raptors

Counting breeding and non-breeding raptors poses special problems as most
are found at low densities and often use specialised nesting habitat in remote
and inaccessible areas.

BREEDING RAPTORS

Look-see methods are commonly used to assess breeding populations of
raptors, e.g. for Golden Eagle (Watson et al. 1989). During such studies it is
particularly important that equal time is spent studying each site in detail.

The counting unit is the Apparently Occupied Nest-site, or Breeding
Territory. Proof of occupancy by a pair would be (1) seeing two birds
together, (2) finding moulted feathers or droppings, or preferably (3) finding
a nest containing eggs or young, or seeing adults carrying food or hearing the
begging calls of young birds.

OBVIOUS BREEDING RAPTORS

For the Buzzard the counting unit is the soaring bird. These should be
counted when they are on their breeding territories and when the ground has
warmed sufficiently to allow soaring.

The British breeding population has recently been assessed by counting
birds within randomly located 10-km squares throughout Britain in the early
spring (Taylor ¢t al. 1988). Population estimates were produced by assuming
one soaring bird was equivalent to one pair.

SECRETIVE BREEDING RAPTORS

For the Sparrowhawk the counting unit is the nest-cluster, where clusters
include nests from previous years. Counts are made in the early spring once
the birds have set up their nesting territories.

Recommended methods of locating nest-clusters are the observation of
adult birds in or near a woodiand, followed by searches of the woodland floor
for droppings, feathers from plucked prey, pellets, or the nests themselves
(Newton 1986).
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In Britain, nest-clusters are regularly spaced over extensive areas, being
between 0.5 and 2.0 km apart depending on their geographical location
(Newton et al. 1986). Once one nest has been located a useful method to
locate the next nest is to draw a circle of appropriate diameter on a map of
the region and then visit any woodlands intersected to check for nesting
Sparrowhawks.

DISPERSED NON-BREEDING RAPTORS

In North America line transects are commonly used to assess non-breeding
raptor populations over extensive areas. In general, these surveys rely on
cars for transport and roads to provide the transect routes. The method
involves driving slowly (17-40 km per hour) and counting all birds that one
or two observers detect, usually within a specified distance (0.4-1.6 km) on
each side of the road, and on calm and clear days (Fuller and Mosher 1981:
Chapter 4). This method is valuable for the obvious soaring species, but
cannot detect the more secretive forest-dwelling birds. Variability in the
detectability of raptors, and consequently errors in density estimates derived
from these counts, are fully discussed in Millsap and LeFranc (1988).

ROOSTING RAPTORS

Populations of some raptors can be assessed by counting birds at their
roosting sites. In the recent count of wintering Hen Harriers in Britain
(Clarke and Watson 1990) questionnaires were widely distributed to local
conservationists and amateur ornithologists, requesting data on known or
suspected roosts. A co-ordinated programme of watches of all roosts was then
organised and the number of birds present in mid-winter (January) was
assessed.

MIGRATING RAPTORS

Migrating raptors (and other large species) can be counted at bottlenecks
along their migration routes. For example, raptors on migration from Africa
to Europe can be counted at The Bosporus (Turkey), Eilat on the Red Sea
and the Straits of Gibraltar. The most complete migration-route counts are
made over the entire migration period, but 80-90% of the birds can be
recorded over 2-3-week windows, the dates of which are known for the more
important routes. To count the birds, teams of observers (ideally one to three
counters, one identification checker and one transcriber) are positioned 6-8
km apart across the flyway. The exact location of the counting site should
give (1) the best available view of the centre of movement and (2) the best
possible views of the birds to make identification as easy as possible; in
general these are areas of higher ground. If there is a wide migration front
and observers can be spaced the recommended 6-8 km apart there is little
likelihood of double counting, but with closer spacings these risks are
increased. Teams count the number of gliding birds (not those circling in
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thermals) passing per hour. It is useful for one observer to count to the north,
one to the south, and one overhead. Counts should be carried out and
recorded in hourly units, starting on the same hour to facilitate comparison
of results between sites and years.

6. Gamebirds

There are a variety of methods available to count these species. Examples are
grouped for convenience into upland and lowland species.

UPLAND SPECIES

There are three methods commonly used for Red Grouse.

(1) Direct observation of territorial encounters. The counting unit is the
territorial male. These can be counted from late autumn to spring, as males
are on territory, frequently display and have territorial disputes (Hudson
and Rands 1988). Males can be counted from a vantage point, or whilst
walking or driving transects across suitable habitat.

(2) Pointing dogs which locate all birds. The counting unit is the indi-
vidual Red Grouse, both territorial and non-territorial. Maximum detect-
ability by dogs is in the autumn (October to December) and spring (March
and April) (Hudson 1986). The total number of birds in the study area can
be assessed using this method, but it is difficult to define the number of birds
holding breeding territories.

(3) Shooting bag records. Useful information on population fluctuations
and trends can be derived from bag records from shooting estates (Box 7.3:
Tapper 1989). In Britain, such data are available for the past century, but
are influenced by several factors apart from population level, hence their
main use is in long-term studies of population dynamics (e.g. Barnes 1987).

Three methods are also used for Capercaillie.

(1) Counts of males and females at lekking sites. The counting unit is the
male and/or female at the lekking site. These should be counted from a
suitable vantage point at dawn in the early spring (mid to late April in
Britain; Moss and Oswald 1985). Lekking sites can be identified by system-
atically searching suitable areas, looking for tracks in snow, or field-checking
information provided from local sources (Rolstad and Wegge 1987). If all
lekking sites have been located, an accurate assessment of the breeding
population can be made. If it is unknown whether all leks have been
recorded, then the mean of the maximum number of birds (cocks and hens)
seen at lekking sites may be used to produce an index of the breeding
population.

(2) Counts of females with broods. The counting unit is the female with
chicks. Counts should be undertaken during July when females are moving
around with their broods (Moss and Oswald 1985). Females are counted by
two persons with pointing dogs quartering the study area or walking tran-
sects 20 m apart; the dogs should locate all the birds and the presence of
chicks can then be ascertained and mapped. If the number of females with
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broods has been assessed from a number of sample plots in a larger site the
density of breeding females can be extrapolated for the whole site.

(3) Drives with beaters. The counting unit is the individual bird. These
should be counted on drives undertaken from late October to early
November, when most birds have taken to the trees (Lindén and Rajala
1981; Moss and Oswald 1985). Several people (beaters) arranged in lines
20 m apart, walk slowly through suitable habitat to flush the birds.

LOWLAND SPECIES

Two methods are used for Grey Partridge.

(1) Spring count. The counting unit is the individual bird. These are
counted in March, when the birds have paired and before the vegetation gets
too high. Counts are made in the 2 hours after dawn and the 2 hours before
sunset, when the birds should be feeding in the open. Calm and dry con-
ditions are preferred (Potts 1986). Birds are counted by an observer using
binoculars from within a vehicle. Using this method, up to 200 ha of
farmland can be covered in about 2.5 hours. Birds show up well in newly
planted crops which can be counted from the field margins, but the vehicle
has to crisscross well-grown grasslands. On each visit maps showing the
location of birds should be produced (Box 7.4). The maximum number of
pairs plotted on the survey maps is used to produce a population estimate for
the study area.

(2) Post-breeding stubble count. The counting unit is the individual bird,
or pairs with chicks. These are counted in the first 2 hours after sunrise
during August. The post-breeding population can be estimated from the
peak counts, and the breeding success can be quantified from the number of
young birds observed and the proportion of pairs with no chicks.

7. Rails and Crakes

Many of these species are very secretive during the breeding season and most
species are associated with wetland habitats where they may be exceedingly
difficult to view. Methods for counting obvious and a highly secretive species
are presented.

OBVIOUS SPECIES

For Coot and Moorhen the counting unit is the breeding territory. Counts
should be made early in the breeding season (late March or early April in
Britain). Several visits are recommended during this period to obtain the
best population estimate.

All evidence of breeding birds along the vegetation/water interface is
recorded on maps of the study site on each visit. Coots display and fight more
than Moorhens, making mapping of their territories easier.

Population estimates are produced using methods outlined in Chapter 3.
Criteria used to define a territory are: (1) lone bird, (2) pair (two birds,
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together), (3) territorial dispute (= two pairs) and (4) calls of birds unseen
(Koskimies and Viisanen 1991).

SECRETIVE SPECIES

Methods of counting Corncrake have been developed in northern Scotland and
Ireland (Cadbury 1980; Stowe and Hudson 1988).

The counting unit is the breeding territory. Calling birds (presumed to be
mainly males) are counted on several visits to the study area between 23.00
and 03.00 hours BST in late May, June or even early July. The location of
calling birds is plotted on a map of the study area on each visit. Play-backs of
the craking call may be used to stimulate the birds into calling.

The number of breeding territories is assessed using methods outlined in
Chapter 3. A territory is regarded as being occupied if the bird is heard
calling for more than 5 days (Stowe and Hudson 1988).

8. Waders

Two general sets of methodologies have been developed for counting breed-
ing waders in Britain: field-by-field counts (Fuller ¢/ al. 1983, 1986; Barrett
and Barrett 1984; Green 1985a,b; BTO 1989), and transect methods (Reed
and Fuller 1983; Reed et al. 1984, 1985; Avery 1989).

FIELD-BY-FIELD METHOD

This method is most suitable for fine-grained habitats. It was used in the
Breeding Waders of Wet Meadows Survey in Britain (BTO 1989). Large-
scale maps of study-sites showing site boundaries and numbered individual
fields were issued to all counters and three counting visits were recom-
mended:

Visit I —between 15th April and 30th April;

Visit 2—between Ist May and 21st Mayj;

Visit 3—between 22nd May and 18th June.

If possible, sites were to be visited before 12.00 hours BST, cold, wet or
windy weather was to be avoided and successive visits were to be at least
I week apart. All fields were to be walked to come within 100 m of all points,
and fields were scanned 200-400 m ahead to check for displaying larger
waders.

TRANSECT METHOD

This method is most suitable for open habitats. Reed and Fuller (1983) have
recommended counting birds along transects in a series (between two and
four) of visits in May and June. Transects are located between 50 and 200 m
apart depending on the ‘anticipated’ density of breeding birds and all birds
recorded are marked on maps. Counting is conducted between 09.00 and
17.00 hours BST as this avoids the confusing periods of maximal bird activity
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in the early morning and evening. Avery (1989) modified the method to
cover larger areas by using only one observer to traverse transects 200 m
apart, and by having only two visits during the breeding season (May and
June).

Methods used to assess population levels for individual species of wader
are presented below.

SECRETIVE GRASSLAND SPECIES

The counting unit for Snipe is the displaying (drumming) male. These should
be counted on at least three occasions during the display period (April and
May in Britain), and within 3 hours of dawn or dusk (Green 1985a). Rope-
dragging experiments, which discover all Snipe nests in a study field, have
indicated that the true nesting population can be calculated by doubling the
mean of April/May counts of drumming birds (Box 7.5).

The counting unit for Redshank is the flying bird showing alarm. These are
best counted when the birds have young (late May to early June in Britain),
between 09.00 and 17.00 hours BST. At this time both parents will mob an
observer traversing a field or walking set transects, and both should be
counted individually. Several visits spread over a couple of weeks are recom-
mended to increase the accuracy of the results. Detailed work by Green
(1985b) indicates that the mean number of Redshank recorded during the
recommended period equates to the maximum number of nests present (Box
7.5). However, the population can be estimated by halving the number of
flying birds recorded on a single survey visit.

OBVIOUS GRASSLAND SPECIES

The counting unit for Lapwing is the incubating bird. Counts are recom-
mended when the birds are sitting on eggs (late March to late April in
Britain) because later juveniles, finished and failed breeders flock and con-
fuse the count (Reed and Fuller 1983; Barrett and Barrett 1984). Incubating
birds are located by carefully scanning the study area. Several counts should
be made over the recommended period, between 09.00 and 12.00 hours BST
when activity is most stable. Detailed experimental work has concluded that
the maximum of a series of counts made during the period when most pairs
are incubating gives a good estimate of the number of birds breeding (Green
1985b).

A recent survey of breeding Lapwings in Britain counted birds in a
randomised selection of 10-km squares throughout the country using volun-
teers and the form shown in Box 7.6.

BARE-GROUND NESTING SPECIES

For Ringed Plover and Little Ringed Plover the counting unit is the territorial
bird which is best counted when it is incubating (Parrinder 1989; Prater

1989).
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The recommended counting technique is to scan 50-100 m ahead and
count all visible birds, then walk on rapidly and repeat the process. However,
because the birds are inconspicuous, careful scanning is important. Little
attempt is generally made to prove breeding by finding nests or broods as
this causes disturbance and is very time-consuming. There are also problems
with keeping track of all the birds during the count; individuals may under-
take fast pursuit flights over large areas which can lead to overestimation.

LARGELY NOCTURNAL SPECIES

For Stone Curlew the counting unit is the incubating bird. These are counted
at dusk and during the night. Birds are located by playing tapes of their call
from a slowly moving vehicle. If the taped call is within 500 m of an
incubating bird it will answer and can thus be counted.

Woodcock is a difficult bird to count accurately as it spends the day in
woodland and feeds on fields during the night. There are three counting
methods.

(1) Counts of displaying males. The counting unit is the displaying
‘roding’ male. The counting period is throughout the breeding season (April
to end June in Britain), with the maximum activity in Britain occurring
towards the end of May (Hirons 1980). Populations can be only roughly
estimated because some males rode more than others and the birds do not
occupy discrete areas.

(2) Drives with beaters. The counting unit is the individual bird. These are
counted after being flushed by teams of beaters and dogs. Drives should be
undertaken during the winter in the day-time. As drives allow all birds to be
counted they permit densities to be calculated.

(3) Nocturnal feeding counts. The counting unit is the individual bird.
These are counted as they fly to or from nocturnal feeding areas at dusk or
dawn. Counts can be undertaken throughout the year and allow indices of
population level to be produced.

UPLAND SPECIES

For Golden Plover the counting unit is the calling bird. These should be
counted once the chicks have hatched (generally by mid June in Britain)
because at least one parent remains on guard near the chicks and calls loudly
and persistently if anyone approaches. Before this time Golden Plover are
secretive. Birds should be counted by walking transects 100 m apart through
areas of suitable habitat. Population estimates are produced by assuming
each calling bird equals one pair. Transect recording in association with
intensive nest searches has suggested that the method locates over 80% of the
breeding pairs (Yalden and Yalden 1989).

Dunlin is an extremely difficult species to count accurately as it breeds
semi-colonially, has small territories, does not move far to mob intruders,
and is very inconspicuous (Reed and Fuller 1983; Reed ef al. 1984). The
counting unit is the individual bird. These should be counted along transects
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during the day (between 09.00 and 17.00 hours BST in Britain). Greatest
detectability in Scotland has been found in June, as once the birds are
incubating they are more difficult to flush and are even more subject to
underestimation.

For Curlew and Whimbrel the counting unit is the displaying bird. These are
counted on three visits to the study area in the late incubation/early fledging
period (late May/early June in Britain). Birds are counted whilst the ob-
server walks transects 200400 m apart, or from the edge of a field. All birds
showing signs of being on territory are marked onto 1 : 2500 scale maps in the
field.

For Whimbrel, population estimates are produced from the identification
of breeding territories based on criteria such as (1) alarm calls most intense,
(2) both birds of a pair calling actively overhead or undertaking distraction
displays, (3) one of the pair adopting a characteristic secretive ‘creeping’ run,
(4) both birds of a pair alighting near observer and calling in a highly
agitated state (Richardson 1990).

9. Owls and Nightjars

These birds are all mostly nocturnal or crepuscular, and modified methods of
counting their breeding numbers are required.

TERRITORY MAPPING METHODS

The counting unit for the Tawny Owl is the territorial male. Counts are made
in late autumn (October-December in Britain) when territorial activity is
most intense (Southern and Lowe 1968; Mead 1987). All records of ‘hooting’
and other calls should be plotted on maps during biweekly visits to the study
area. Territories are identified from boundary disputes between males and
clusters of records (Mead 1987; Box 7.7).

For the Nighijar the counting unit is the calling (churring) male. These
should be counted at dusk on calm days (Beaufort force 0—4) throughout the
breeding period (May to July in Britain). The number of churring males is
assessed as the maximum number of birds that call from separate locations at
dusk and for the next half-hour. Separate locations are generally defined as
sites over 500 m apart with calling less than 30 seconds apart (Cadbury
1981; Gribble 1983). Large numbers of people are required to record indi-
vidual calling locations on a large site and thus produce accurate population
estimates.

TRANSECT METHODS

In North America, populations of owls are counted by recording the number
of birds responding to calls played from tape-recorders. Calls of several
species (starting with the smallest) are played at fixed distances (0.4-1.6 km)
along transects defined by roads and return calls listened for. The calls are
repeated several times to allow birds to reply. All returned calls are noted
and are used to produce population estimates (Fuller and Mosher 1981).
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LOOK-SEE METHODS

For the Barn Owl the counting unit is a bird on its territory. The breeding
population of Britain has been assessed by widely distributing questionnaires
on the bird, allied with publicity campaigns, local knowledge and interviews
with farmers (Bunn et al. 1982; Shawyer 1987). Only the proof of a bird on its
territory has been required to define a breeding pair.

In more detailed population studies Barn Owls have been counted by
rigorous searches for nests. The procedure is to mark down on detailed maps
of the survey area the location of all buildings, groups of trees, etc. that may
provide suitable nest-sites. All potentially suitable areas are then rigorously
cold-searched for nesting birds. In simple areas with few potential nesting
sites this method is practical, in other areas it may prove too time consuming.

10. Corvids

Various methods are available to count the colonial and non-colonial mem-
bers of this group. Examples of methods used in Britain are provided below.

COLONIAL SPECIES

The counting unit for the Rook is the Apparently Occupied Nest. These
should be counted in the spring (April) before the leaves are fully unfurled to
aid location of the tree-based colonies (Sage and Vernon 1978). Apparent
occupancy is assessed from criteria such as (1) birds bringing nesting
material, (2) birds sitting on nest, (3) birds landing on nest.

NON-COLONIAL SPECIES

The counting unit for the Crow is the Apparently Occupied Nest. Nesting
birds should be counted in the spring (April) before the leaves have fully
unfurled. Nests are located singly in trees, hence all suitable habitat in a
study area must be carefully scanned for potential nests. Occupancy is
determined by (1) birds bringing nesting material, (2) black feathers and
droppings present beneath nest, (3) birds observed flying to or from the nest,
(4) birds observed on the nest.

The counting unit for the Raven is the Occupied Territory. This can be
determined early in the year (January/February in Britain) by assessing the
number of birds at potential nesting sites. Ravens are conspicuous and their
nests are built in easily recognisable sites, are bulky and persist for several
seasons. In the study of Marquiss et al. (1978), information on the nuinber of
Ravens in a study area was built up from a combination of local knowledge
and active searching for nests. In general pairs are regularly distributed in an
area of similar habitat, so by plotting the distribution of known pairs on a
map, gaps become apparent which can be checked on the ground. Over a
period of years the exact number of Ravens in an area can be determined.
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11. Other Passerines

Breeding populations of the majority of passerines are counted using map-
ping methods, point counts or transects (see Chapters 3-5). However, there
are groups of species, such as those nesting in extensive wetland vegetation,
where the habitat is so difficult to census that no reliable counting methods
have been developed. British examples of such species are Reed Warbler,
Sedge Warbler and Bearded Tit. There are many other species in the world
where no useful method of counting their population has been developed.

Summary and points to consider

Look-see population surveys involve studies of areas of habitat thought to be
suitable for the study bird, usually during the breeding season. It is import-
ant to be familiar with the study area and the ecology and behaviour of the
bird concerned. Similar levels of effort should be expended in counting each
potential site to avoid counts reflecting effort rather more than number of
birds.

Modified mapping methods can be used to count individual species which
have interactive encounters with others of the same species.

Modified transect methods can be used to count certain individual species,
especially larger or more obvious ones.

Drives with beaters are a useful way to count larger ground-birds which can
be scared into flight. If the area beaten is known, then the density of the bird
can be calculated.

Shooting bag records provide an index of the population level of hunted
species. Bag records are, however, also influenced by factors other then
population such as shooting pressure.

There are many species that are not easily counted by the standard methods
of territory mapping, transects and point counts, and are also not amenable
to the more specialised methods presented in this chapter (e.g. rainforest
canopy species, many wetland passerines). At the present time assessing
their populations remains extremely difficult.
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Counting Colonial Nesting and
Flocking Birds

Introduction

Counting colonially breeding seabirds and non-breeding flocks of birds
presents special problems which must be addressed if accurate counts are to
result.

In a seabird colony these problems include the difficulties of assessing the
proportion of breeding and non-breeding birds, locating and counting breed-
ing colonies on remote and rugged coastal sites, evaluating the proportion of
birds that have left the nest to obtain food, and defining the effects of harsh
weather on numbers of birds at the colony.

In flocks the problems include the limitations of binoculars and telescopes,
the variability in the ability of observers to identify species of birds in flocks
or to estimate numbers of birds within a flock, especially when several species
of different sizes are intermingled.

Despite these problems, however, procedures have been developed to
count birds in breeding colonies and in flocks. These are outlined below.

Seabird breeding colonies

The various stages in counting seabird breeding colonies are presented
below.

1. Description of study area

The region to be surveyed should be visited and the position of all seabird
colonies and other breeding areas marked on a base-map at 1:10000 scale
{Box 8.1).

If colonies are spread along an extensive length of cliff, or one colony
cannot be viewed from one site, or if breeding density is high, then the study
area should be divided into counting sections dependent on the availability of
suitable vantage points.

153
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2. Description of breeding colony

A colony is defined as a concentration of breeding birds separated from
others by an area of cliff, sea, or open space. If in doubt it is usually best to
sub-divide a colony, so long as this can be done unambiguously.

For each colony the following should be recorded (after Seabird Group/
NCC 1988; Lloyd et al. 1991).

(1) Colony name. Names taken from base map and the same as on
national 1 : 50 000 map of study area.

(2) Location, e.g. north side of Firth of Forth, near Crail. Six figure grid
references from the base-map for the start and finish of the cliff section, or the
approximate centre of a colony on flatter ground should also be given.

(3) Status, e.g. Statutory Nature Reserve, Private Nature Reserve, private
landowner (specify owner if possible).

(4) Description. Details of cliff height and orientation, shore slope, rock
type (geological map), vegetation cover (type and amount), or main habitats
if a flatter site or an island. If possible sketch these details in the field and
take Polaroid photographs as a permanent record (writing date and details of
colony on back of photograph). Location of counting positions and direction
of view should also be marked (Box 8.1). It is important that the boundaries
of the colony or sample plots are shown in relation to the main features of the
region, streams, gullies, etc. so that they can be located exactly in the future.

(5) Access. How to get to the site, boathandler’s name and address,
landowner’s name and address, etc.

(6) History. Counting history if known, with bibliography where possible.

(7) Counting problems. Indicate approximately what percentage of the
colony can be counted from land, how much can be seen from the sea and
any particular counting problems, e.g. birds nesting in caves, counted whilst
looking up, broad ledges hiding birds, restricted view of colony, disturbance
of colony by observer.

(8) Other notes. Any relevant information on the colony, e.g. site of annual
population monitoring etc.

(9) Bibliography. Any details of books, scientific papers, reports, etc. that
mention the colony.

3. Selection of counting method

The aims of the count and the species present will largely determine the
methods used. A rough estimation of breeding numbers of some seabird
species over a large geographical region can be achieved using rapid and
relatively crude methods such as aerial surveys. However, full population
estimates for a defined study area usually require more detailed and time-
consuming methods. For example, counting populations of ground-nesting
seabirds (e.g. Herring Gull) may involve counting nests in quadrats located
in a colony, and counting populations of cliff-nesting seabirds (e.g. Common
Guillemot) may involve several counts of individual birds in well defined
areas of cliff at particular stages in the breeding cycle.
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Division of coastline study area into easily countable sections.

km

g Rocky cliff
D Sandy shore
Boulder beach

& Vantage point

Sea

When colonies of seabirds are distributed along extensive seacliffs or shorelines, it is
necessary to divide the cliff or shore into easily countable sections. These are best
defined by the features of the area (vertical cliff, boulders, sandy beach, etc.), the
availability of suitable vantage points from which the birds can be counted, and because
each section can be counted easily in one go. Itis important that all sections and vantage
points are marked on the base-map of the study area, and the results of the counts are
presented according to the various sections. 1t is also worth considering counting the
sections in the same sequence, or randomly, to minimise bias caused by colony
attendance altering over the counting period.

Box
8.1

4. Counting the birds

To obtain the most accurate counts at cliff-nesting colonies the position of the

observer is important. Ideally, observers should be at the same level

, or

slightly above, the birds and should be looking directly at the colony (Box
8.2). If this preferred position cannot be obtained, the observer is forced to
count the birds from available locations. As cliffs are dangerous places

observer safety should be considered an overriding priority in the selection of

the counting position.
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Box
8.2

Positioning of observer for counting seabirds breeding on cliffs.

(a) Like this

section of

Study plot/|
colony

{c) Not like this

Side view Side view
{b) Like this {d) Not like this
1. Study plot/
Observero. section of
NS colony
Aerial view Aerial view

Correct and incorrect positionings of observer for viewing and counting study plots or
whole colonies of breeding seabirds are shown (from Birkhead and Nettleship 1980). (a)
Side view—observer should be slightly above breeding birds; (b) aerial view—observer
should be directly opposite the study plot. In examples (c) and (d) poor positions for
counting birds are presented. However, observer safety should always be considered
the number one priority and if the ideal positions for counting birds cannot safely be
obtained, then a compromise should be reached.
Reproduced with permission of the Minister of Supply and Services Canada, 1991.
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Census form for counting breeding seabirds.
SEABIRD COLONY REGISTER m
FOR
LITT L] Jorrce
Data Sheet USE
Name: Year: ‘ I {1 '
Give address on back of sheet if
different from Colony Register Form Colony Name:
Notes: Use back of sheet County or District:
FILL IN HERE
A R aa A
Fulmar 022 Ly ]
Manx shearwater 046 L] |
Storm petrel 052 | | | |
Leach’s petrel 055 | |
Gannet AN I L
Cormorant 072 Ly |
| Shag 080
| > = [ |
Arctic skua 567 |1 |
Great skua 569 |
Black-headed gull 582 L1 |
Common gull 590 1 1L
Lesser black -back 591 'l‘ | |
Herring gull 592 L |
Great black-back 600 L
Kittiwake 602 | | ﬁ
_S.a‘v.liiwich tern 611 11 )
Roseate tern 614 Ly L
Common tern 615 L1 L
Arctic tern - 616 L1 |
_-Liltle tern 624 11 |
B _G_uullemot 634 | L
Razorbill 636 L1 !
__B_Iitzh Ellemot 638 1 L
Puffin 654 | i \
FILL IN HERE
UNIT BREEDING STATUS
1 = Individual bird on land 01 = 8ird in habitat 09 = Nest building
2 = Apparently occupied nest 02 = Singing in habitat 10 = Distraction
3 = Apparently occupied territory 03 = Pair in habitat 11 = Used nest
COUNTING METHOD 04 = Territory 12 = Fledged young
1 - Fromland 4 - From pholo 05 - Display 13 = Occupied nest
2 Fromsea 5 From land and sea 06 - Nest site 14 Food for young
3 = Fromair 6 = Other, give details 07 = Anpxious parent 15 = Nest + eggs
in Notes. 08 = Incubation 16 = Nest + young

Box
8.3

(Continued)
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Box
8.3 In Britain a standardised form has been produced for the purpose of counting breeding
- seabirds (from Seabird Group/NCC 1988; Lloyd et al. 1991).
cont. Numbers of birds counted and estimated are entered in separate columns, so that the

two parts of the census when added together give an approximate total for the colony.

The following codes define the counting units.

1 = Individual birds on land, excluding any on non-breeding ledges or loafing areas;
2 = apparently occupied nest-sites; 3 = apparently occupied breeding territories;
4 = other, give details in notes.

The following codes define the counting methods.

1 = From land; 2 = from sea; 3 = from air; 4 = from photo; 5 = from land and sea;
6 = other, give details in notes.

The following codes define the level of certainty that the species breeds in the colony.

01 = Bird in suitable nesting habitat during the breeding season; 02 = bird singing in
suitable nesting habitat during the breeding season e.g. petrels; 03 = pair of birds seen
in suitable nesting habitat during the breeding season; 04 = bird seen defending
territory, two records at least 1 week apart; 05 = courtship displays recorded; 06 = nest-
site found; 07 = agitated/anxious parents seen; 08 = bird seen incubating; 09 = bird
seen building a nest; 10 = distraction display recorded; 11 = used nest found, e.g.
broken eggshells, droppings, food remains, etc.; 12 = fledged young present —not used
for species that may have travelled some distance e.g. petrels; 13 = occupied nests,
contents unknown; 14 = food seen being brought to young; 15 = nest with eggs found;
16 = nest with chicks found.
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Seasonal variations in numbers of nests and clutches at breeding colonies.
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This figure shows changes in the total number of nests (B), complete nests (including
those containing eggs) (@) and clutches (A) of Larus gulls in six plots on the Isle of May
in Scotland between April and June 1983 (from Wanless and Harris 1984). The
horizontal dashed line indicates the number of pairs breeding in the plot (taken to be the
highest count of clutches plus nests that had lost clutches during the 12 days prior to that
count). The vertical dashed line shows the median date of laying of the first egg. This
figure indicates that the population of breeding gulls reached a peak in late May and
began to fall in June. Nest-counts should be made during the period of maximum nests
(late May) and counts in future years should be made at the same time.

Box
8.4
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Box
8.5

Randomly distributed quadrats for counting ground-nesting seabirds.

e
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_____
Boundary of colony __.--e-eoeeeo.e [-;— ----------- —ﬁ";: ':' ‘\_‘
e 25m n E
7 [ 9N )

m “UQVN T

In this example the extent of the colony was first mapped. Then the colony area was
overlain on a grid of 25 X 25 m, and quadrat locations of this size that fell wholly within
the colony were chosen by random numbers generated on a calculator. Numbers of
birds were counted in each of the ten quadrats and the population of the whole colony
could thus be calculated from the following data.

Number of nests in quadrats = 84.

Area sampled = 6250 m2.

Nesting area = 39 550 m?.

Area sampled

This method would be wrong if the colony density differs between the edge and the
centre, since edge quadrats are excluded from the sample. A more correct method
would be to lay out a grid that covers the entire colony and then count randomly located
squares, whether or not they fall wholly within the colony.

Number of nests in the colony = ( Nesting area) x Nests in quadrats = 532.

Bird Census Techniques
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Seasonal variation of breeding seabird numbers at breeding colonies.
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This figure presents the nest attendance of Arctic Terns at colonies on Orkney and
Shetland in 1980 (from Bullock and Gomersall 1981). By plotting the variation in the
number of birds over the season these authors have demonstrated that the best census
period for this species in northern Scotland is mid June as numbers are increasing up
until this time, and begin to fall afterwards. With other species, or in other regions,
the form of the graph may differ and indicate a different ideal counting period.
The regression line shown on the graph fits the regression equation
y = 0.8496 + 0.2433x — 0.0242x% (P < 0.025).

Box

8.6

Comparison of observed and expected numbers of Common and Roseate
Terns in the Azores using a ratio of three flushed birds equalling two breeding
pairs (del Nevo unpublished data).

Colony Flush Expected Known

and species count pairs pairs Difference %Difference

(1) Common 70 47 45 2 44
Tern

(2) Common 14 9 8+ 1 12.5
Tern

(3) Common 28 19 18 1 5.6
Tern

(4) Common 120 80 83 3 3.6
Tern

(5) Common 190 127 120 7 5.6
Tern

(6) Common 126 84 85 1 1.2
Tern

(7) Roseate 32 21 21 0 0

Tern

Box
8.7
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Box
8.8

breeding season.

Statistical variation of breeding bird numbers at cliff-breeding colonies over the

Hatch 1989). Each plotted value is t

graph may vary and similar studies
counting the birds.
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This figure presents seasonal changes in the coefficient of variation (CV) among daily
plot counts of Guillemots over 4 years on the Semidi islands, Alaska {from Hatch and

indicated date at its midpoint. This technique shows that variation among daily counts of
plots is lowest between 20 June and 30 July showing that counts should be made at this
time when they would be quite reliable. For other birds, or in other regions, the form of the

he coefficient calculated for a 7-day interval with the

might be necessary to elucidate the ideal period for
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Transects for counting populations of burrow-nesting seabirds.
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In this example, transects of 5 X 5 m quadrats are positioned continuously across an
area of seabird nesting burrows. The estimate of the number of burrows within the
colony was produced using the following data (from Nettleship 1976).
Number of quadrats in colony = 98.
Number of quadrats sampled in colony = 24.
Number of active burrows in quadrats sampled = 88.
Average number of active burrows per quadrat = 3.67.
Number of active burrows in colony = 3.67 x 98 = 359.

Reproduced with permission of the Minister of Supply and Services Canada, 1991.

Box
8.9
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Box Methods of estimating numbers of birds in flocks (modified from Howes 1987).
8.10
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(a) In small roosts and feeding flocks, the number of birds can be counted directly.

(b) For small flying flocks of even density, the birds can be counted individually (1, 2, 3, 4,
5, etc.) to produce an accurate total. If a suitable landmark is present it can be used to
help to count the birds.

(c) In unevenly distributed flocks with small groups of varying size, each group of birds
should be rapidly counted and added together.

(d) For larger numbers of birds in evenly distributed flocks the birds should be counted in
multiples e.g. 2, 4, 6, 8, or 3, 6, 9, 12, etc. Again if landmarks are present they can be
used to help divide the flocks in order to count them more accurately.

(e) For densely packed flocks in flight or at a roost, the birds should be counted in
estimated blocks. The size of the blocks used (10, 100, 1000, etc.) varies according to
the size of the flock. The largest flocks of 10 000 birds or more present the biggest
counting problems with even the block method giving a very rough estimate of numbers.
(f) Flying flocks often bunch in the centre. In this case it is important that the blocks are
closer together in the centre of the flock than towards the edges, but in practice this may
be difficult to achieve.




Counting Colonial Nesting and Flocking Birds

165

Trends in the accuracy of different observers at counting flocks (from Prater
1979).

+40

+30F

+20 Observers

+10F
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K

1 1 1
100 500 1000 3000 5000

Birds accurately counted

This figure shows that overall there was a tendency for observers A—K to over-estimate
slightly (10—20%) the number of birds in smaller flocks (100—400), but to under-estimate
increasingly numbers in larger flocks. For example, in flocks of 3000 birds estimates
were consistently low by around 25%. However, individual observers vary in their ability
to estimate numbers of birds. For example, observer A consistently produces estimates
between 10 and 20% above the true number, but the accuracy of the estimate hardly
varies with increasing numbers of birds. In comparison, observer K estimates 10-20%
more birds in flocks of 100 individuals, but this rapidly changes to an estimate around
70% below the true figure when counting flocks of 3000 individuals. This indicates that
the accuracy of different observers is highly variable and needs to be checked in any
formal counting programme.

Box
8.11
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5. Use of standardised census forms

As with other census methods, standardisation of approach and recording is
vitally important when counting seabirds. Standard forms have been pro-
duced in many countries and for many purposes. The standard form of the
British Seabird Colony Register is shown in Box 8.3. This illustrates the type
of information which should be collected during a seabird count.

All such census forms stress the importance of recording the year, month,
date, and phase of the breeding cycle (pre-laying, incubation, chick-rearing)
when the counts were made. Standardisation of data enables them to be
compared with those from other areas and between years.

Counting methods for various groups of seabirds

Detailed descriptions of counting methods for various seabirds are provided
below. The bulk of the information has been taken from a small number of
publications (Nettleship 1976; Birkhead and Nettleship 1980; Evans 1980,
1986; Seabird Group/NCC 1988; Lloyd et al. 1991).

1. Gulls

The recommended counting unit for Kiitiwake is the Apparently Occupied
Nest-site. This is defined as a substantial or well-constructed nest capable of
holding two or three eggs and occupied by at least one bird on or within
touching distance of the nest (Seabird Group/NCC 1988). An active nest is
usually obvious, owing to a covering of white faeces. Apparently Occupied
Nest-sites are counted during the late incubation to early nestling period
(Nettleship 1976; Heubeck et al. 1986; Harris 1987), generally early to mid
June in Britain. When a whole colony is being counted, the count is made
easier if the cliff is divided into sections and these are counted separately.

Some non-breeding birds build nests but do not lay. These nests are
generally less well built and less obvious than active nests. If possible they
should be excluded from counts; also guano-stained loafing sites should be
identified and similarly excluded. The final counts should ideally be the
mean of at least three counts of the same section of the colony on the same
day. Repeat counts of particularly dense colonies on different days are a
valuable way of checking the results, and if the same observer undertakes all
counts their variation can be calculated. However, if time is short, a single
count of the site in June provides a good estimation of numbers as the
variation in colony attendance at this time is low.

Nest-counts made from photographs of the colony are also useful, but
should be treated with caution as the status of some sites is difficult to
interpret.

Several methods are available for counting Larus gulls (e.g. Herring Gull,
Black-headed Gull, Lesser Black-backed Gull, Great Black-backed Gull and Common
Gull).



Counting Colonial Nesting and Flocking Birds 167

(1) Full nest-counts. For this method the counting units are Apparently
Occupied Nest-sites. These are defined as the summed number of occupied
and unoccupied nests that appear to have been used during the present
breeding season (Box 8.4). This caveat is applied because gulls have pre-
cocial young and some nests may have fledged young when others still
contain young or have not yet had eggs laid in them. If a good vantage point
is available and the colony contains fewer than c. 200 pairs then all Appar-
ently Occupied Nest-sites can be counted directly during the mid incubation
period, late May to June in Britain.

In the British Isles it is recommended that full nest-counts are made
between 09.00 and 16.00 hours BST as colony attendance is most stable
during this period. It is also recommended that counts are not made during
periods of heavy rain, fog or high winds as these are believed to affect the
accuracy of the count (Wanless and Harris 1984).

(2) Nest-estimate using transects. In less easily viewed, or larger, colonies
the number of Apparently Occupied Nest-sites, as defined on the criteria
presented above, may be estimated using transects through the colony.

The first stage is to map the extent of the colony either from a ground
survey, or more rapidly from aerial photographs, and mark the boundaries
on a base-map.

The second stage is to define transects through the colony to obtain a
representative sample of the population, and where possible mark these with
coloured string. Each transect is walked by an observer and the number of
Apparently Occupied Nest-sites 0.5-1 m either side of the transect line are
counted and marked by tags or paint to avoid double counting. If the area of
the colony and the area of the transect are known, then the number of
breeding pairs in the colony can be calculated (see Chapter 4).

(3) Nest-estimate using quadrats. It is also possible to use quadrats to
sample the gull population and thus derive a population estimate. Quadrats
should be between 5 X 5 m and 20 X 20 m depending on the density of the
colony. They can be placed at equal distances along a transect, or randomly
within the colony (Box 8.5). A good methodological example of the use of
quadrats to count ground-nesting seabirds is provided by Thompson and
Rothery (1991).

When using transects or quadrats it is important to minimise the time
spent in the colony. Thirty minutes is the maximum period observers should
remain in a colony, and if the birds are disturbed within the first few minutes
the observers will have to withdraw until they settle down again. Prolonged
disturbance may lead to egg loss (e.g. predation), or chick loss (e.g. wander-
ing from their nests and being either attacked or killed).

Two other less precise but much more rapid methods are available to
count nesting gulls.

(4) Flushing counts. In this method the counting unit is the flying bird. All
the gulls are flushed from their nests and rapidly counted, and the number
divided by two to give an estimate of the number of pairs. The method is
primarily useful in isolated locations and especially on small islands (Haila
and Kuuesla 1982; Hanssen 1982). The technique involves the observer(s)
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startling the birds by raising and lowering their arms whilst standing on the
highest point in the area, or by making a loud noise. This causes the gulls to
leave their nests and fly around where they can be counted using methods
outlined later (see Terns). For this method it is especially important that
disturbance is kept to a minimum length of time as predators may steal
nestlings and eggs, and the birds may abandon their nests.

(5) Aerial counts. By flying over a colony a rough estimate of the breeding
population can be made by counting all sitting birds and assuming they have
nests. More accurate counts can be obtained from aerial photographs taken
whilst flying over a colony. These can fix the colony boundaries precisely and
allow the nesting birds to be counted back on land. Disadvantages of an
aerial survey are the expense, poor level of counting accuracy, high level of
disturbance which may cause birds to desert their nests, and difficulties of
identifying breeding and non-breeding birds.

2. Terns

Terns are prone to moving their colonies between years, hence it is extremely
important to search the study area thoroughly to determine the distribution
of colonies before the counting commences. Three methods have been devel-
oped to count the numbers of breeding birds at colonies of Common, Little,
Arctic, Sandwich and Roseate Terns.

(1) Direct counts. For this method the counting unit is the Apparently
Occupied Nest-site, defined as those birds sitting tight and apparently
incubating eggs or brooding chicks. Ideally these Apparently Occupied Nest-
sites are counted from a position where the whole of the colony can be
viewed. However, problems occur when the whole colony cannot be viewed,
and where both members of the pair sit slightly apart and both are counted
as incubating. Nevertheless, this method produces accurate results if used
with care and is most useful in smaller colonies.

(2) Flushing counts. For this method the counting unit is the flying bird.
The method was developed to count Arctic Terns in the Scottish islands of
Shetland and Orkney (Bullock and Gomersall 1981), and has subsequently
been applied in counting all terns in Ireland (Whilde 1985) and Common
and Roseate Terns in the Azores.

The procedure is to flush all birds present at a colony into the air using a
loud noise (e.g. fog horn) and then count the birds several times whilst they
are in the air. By averaging these counts the mean number of birds at the
colony can be calculated.

Bullock and Gomersall (1981) showed that the timing of these counts was
important if accurate results were to be obtained. Counts made throughout
the incubation and post-incubation period, starting in late May (first egg-
laying) and continuing until mid July (first chicks fledging), showed a peak
in the number of birds in mid June (mid incubation to early nestling) (Box
8.6). It was concluded that this is the best counting period for this species in
Shetland and Orkney. Bullock and Gomersall also counted birds throughout
the day and showed that colony attendance was stable between 08.00 and
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22.00 hours BST. Hence it was concluded that in this area counts could be
made between these hours.

In other regions similar validation counts may need to be carried out to
assess diurnal and seasonal variation in colony attendance.

Flushing counts have been related to the true number of nesting pairs by
the calculation of a nest-attendance index (Bullock and Gomersall 1981).
This was calculated by counting terns using both direct counts of Apparently
Occupied Nest-sites and flushing counts at a small number of ‘calibration
colonies’ every 5 days over the breeding season at 2-hourly intervals between
08.00 and 22.00 hours BST. It was discovered that three flying birds were
equivalent to two breeding pairs. By using this calibration figure an estimate
of the total breeding population was made for the whole study area.

Close correspondence has also been demonstrated between flushing counts
and direct nest counts for colonies of Common and Roseate Tern in the
Azores (Box 8.7).

(3) Transect counts. For this method the counting unit is the Apparently
Occupied Nest-site as defined above. Firstly, the total extent of the colony is
assessed on the ground or from aerial photographs. Then transects passing
through the colony are used to sample, and hence assess, the breeding
population. Ideally more than one transect should cross the colony and
around ten 5 X 5 m quadrats positioned along this transect are used to count
the number of Apparently Occupied Nest-sites. This method may cause
particular disturbance and hence can be used only in the less dense colonies.

Whatever method is being used to count terns, the observer should never
remain in the colony for longer than 20 minutes as terns are highly sensitive
to disturbance and may desert the site, have their eggs taken by predators, or
be trampled by inexperienced observers. Indeed on many occasions the terns
will become so agitated in the first few minutes that the observer will have to
retreat and allow the birds to calm down.

3. Auks

The counting unit for the Common Guillemot is an individual at the breeding
colony (Birkhead and Nettleship 1980; Evans 1980). These are best counted
during the middle egg-laying to middle chick-rearing period, as colony
attendance is most stable during that period (Box 8.8).

Counts also vary with the time of day (see Chapter 2). To minimise these
diurnal effects, counts in Britain are made between 06.30 and 16.00 hours
BST (10.00-13.00 hours BST is preferred). However, other studies have
noted a different diurnal attendance pattern (Evans 1986; del Nevo 1990) so
it may be necessary to obtain colony-specific diurnal attendance patterns
before detailed counting begins.

Counts should be made on 5-10 separate days over the counting period
(Box 8.8) and results averaged to even out between-day differences in
attendance. If possible the number of birds nesting in crevices and cracks
should also be estimated.

Calculating the number of breeding pairs from the counts of individuals is
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difficult because the breeding density and number of non-breeding birds
present at the colony varies over the breeding season (Harris 1988). Correc-
tion factors, or k values, have been developed to calculate numbers of
breeding pairs at a Guillemot colony. These £ values are calculated from
designated ‘control’ ledges where the number of birds on nests (N,) and the
mean number of individuals (N;) are carefully assessed from 10 separate
counts during the census period, i.e. between the last egg being laid and the
first chick hatched. The £ value is then calculated as £ = N,/N; (Birkhead
and Nettleship 1980).

Counts of individuals should be multiplied by the mean £ value for the
colony to obtain an estimate of the number of breeding pairs. Since attend-
ance patterns vary between colonies, derived £ values may be colony-specific
and should not be used at different colonies (but see Harris 1988).

Guillemots can also be counted from photographs of the colony. However,
such counts are generally unreliable because the birds are often not obvious
on photographs: when viewed from the front they blend in with guano-
covered ledges and from the back with rock and shadows. Moreover, the
number of non-breeders cannot be deduced from photographs (Birkhead and
Nettleship 1980).

For Razorbill, individuals form the counting unit and these should be
counted in the incubation to early nestling period. Counts should be made
between 07.00 and 15.00 BST in temperate regions, but between 05.00 and
15.00 hours BST in the Arctic (Birkhead and Nettleship 1980; Evans 1986).
As the diurnal attendance pattern may vary between sites this should be
checked before a counting programme is initiated.

It is usually impossible to calculate correction values (£ values) for Razor-
bills because they rarely form discrete colonies, the birds often nest in scree
slopes or boulders in inaccessible locations, and it is difficult to assess the
number of breeders and non-breeders.

The counting unit for Black Guillemot is the adult-plumaged individual.
Counting the breeding population directly is difficult because nests are
generally out of view in cracks and gullies and the species generally nests at
low density. As a consequence, the recommended counting method is to walk
along the top of rocky shores and low cliffs, or drive a boat along the base of
cliffs in the early morning (05.00-09.00 hours BST) in the pre-breeding
period (April to early May), and attempt to flush all birds out onto the sea.
All adult-plumaged birds on the sea within 200-300 m of the shore should
then be counted, and all immature-plumaged birds noted separately. These
counts are best repeated 3-5 times on separate days to produce an average
count, and preferably should be made only when there are calm sea con-
ditions and winds less than Beaufort force 4 as higher winds make counting
extremely difficult and colony attendance is altered. Counting in the early
morning is important as the birds fly out to sea later on in the day (Birkhead
and Nettleship 1980; Ewins 1985). As the proportion of non-breeding birds is
very variable and the birds are difficult to see, £ values are not useful for this
species.

For Puffin the counting unit is the Apparently Occupied Nest-site, which in
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burrow-nesting colonies is defined as a burrow sufficiently deep for a Puffin
to nest in, showing signs of being occupied (Apparently Occupied Burrow)
(Harris and Murray 1981; Harris 1983; James and Robertson 1985; Harris
and Rothery 1988). Occupancy can be determined by the presence of fresh
diggings or droppings in the burrow entrance, and during the nestling period
by the presence of broken eggshells, discarded fish, a fishy smell or directly
with an optical fibrescope. Rabbit burrows are easy to separate from those
used by Puffins using these methods, but Manx Shearwater burrows cannot
be reliably separated. In mixed colonies, careful observation early in the
morning (before 07.00 hours BST), when Puffins bring fish to the burrow,
may be required to determine those burrows occupied by Puffins and those
by Manx Shearwaters.

The density of occupied Puffin burrows is best assessed using a sampling
procedure such as randomly located quadrats or transects (Box 8.9). In the
study of Harris and Rothery (1988) 56 circular quadrats of 30 m? in each
area were randomly positioned throughout an extensive Puffin colony; ran-
dom numbers were used to define quadrat-locations on a map and these were
marked with stakes in the field. By knowing the area of the quadrats and that
of the colony the sample results could be used to extrapolate the number of
occupied burrows in the whole colony.

Probably all that can be achieved on cliff-nesting Puffin colonies is to count
individual birds on land and the sea close to shore to produce a crude index
of the breeding population (Nettleship 1976). These counts are best carried
out just before dusk when the birds come in to the colony. It is important to
record land and sea counts separately from burrow counts, and to note the
time of day (BST), weather conditions and length of count.

4. Other species

The counting unit for Fulmar is the Apparently Occupied Nest-site, defined
as an individual sitting tightly on a reasonably horizontal area large enough
to hold an egg (Nettleship 1976). Two birds on a site, apparently paired,
count as one site. It is difficult to determine the number of breeding pairs
because prospecting birds may occupy a site for several years before produc-
ing an egg and may be confused with breeding pairs.

Counts of Apparently Occupied Nest-sites should be made in the late
incubation to early nestling period when the colony attendance is greatest,
usually in late June or early July in northern Europe (Dunnet e al. 1979).
Several counts are generally made over a period of 3-7 days to reduce
problems with colony attendance varying between days, and a mean number
of Apparently Occupied Nest-sites calculated. Counts should also be made in
the middle of the day (12.00~13.00 hours BST, maximum 09.00-16.00 BST)
as attendance is highest at that time.

The counting unit for Manx Shearwater is the Apparently Occupied Nest-
site, defined as a burrow of sufficient depth to support a Manx Shearwater
and showing signs of occupation (Apparently Occupied Burrow). Occu-
pancy can be determined from the presence of droppings and scrapings over
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the breeding period, a fishy smell in the burrow, directly with an optical
fibrescope, or by recording the number of responses to a tape of Manx
Shearwater calls played down the hole at night (James and Robertson 1985).
Counts of Manx Shearwater colonies should be made shortly after the
completion of egg-laying (June in Britain). Usually the limits of the colony
are defined on a base map and then samples of the number of occupied
burrows using randomly located quadrats or transects are used to extrapo-
late the total colony population from this sample. Circular sampling plots are
recommended. They can be created using ropes tied to a central stake, for
example a rope of 1.78 m will produce a circular quadrat of 10 m?, 2.52 m of
rope will produce a quadrat of 20 m?, and 3.09 m of rope a quadrat of 30 m?,
The smaller quadrats should be used in high density colonies and larger
quadrats in increasingly lower density sites. About 30 quadrats should be
recorded in each colony to facilitate comparisons between years and sites
(Wormell 1976).

On Skomer Island in Britain attempts have also been made to assess
Manx Shearwater numbers using capture-recapture ringing methods (see
Chapter 6).

The counting unit for Northern Gannet is the Apparently Occupied Nest-
site, defined as those sites where an individual is sitting tightly on a reason-
ably horizontal area large enough to hold an egg. Two individuals sitting
next to each other, and apparently paired, count as one site, as do single
sitting individuals. All sites should be counted irrespective of whether or not
any nesting material is present.

The count is made in the late incubation to mid nestling period, usually
June. Two counting methods have been developed.

(1) Direct counts. Counts of Apparently Occupied Nest-sites can be made
directly from boats or from the land.

(2) Counts from photographs. Photographs are an easy method to assess
the status of a colony as expanding colonies always increase in area, and
declining ones decrease. Gannet numbers are also relatively easy to count
from photographs as Apparently Occupied Nest-sites are large and regularly
spaced (Harris and Lloyd 1977). Slides taken from a boat or the air can be
projected onto a screen and then individual Apparently Occupied Nest-sites
blocked out as they are counted. Tests of observers counting birds from
photographs indicate that observer error in the counts is usually less than
15% and with experienced observers may be less than 10% (Murray and
Wanless 1986).

The counting unit for Great and Arctic Skuas is the Apparently Occupied
Territory, as assessed in the mid incubation to mid nestling period, approxi-
mately early June in northern Scotland (Everett 1982; Furness 1982; Meek et
al. 1983). Two counting methods exist.

(1) Direct counts. The procedure is to select a suitable vantage point and
scan the study area using binoculars. Beware of counting paired birds
standing apart as two territory holders, and of overlooking birds that blend
against the background. The counts should be repeated on three separate
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days spread over the counting period, with all Apparently Occupied Terri-
tories marked on a map.

(2) Transect counts. In this method, the procedure is to walk a transect
through the study area. Pairs that show annoyance or feign injury when an
observer passes through their nesting area can be counted as Apparently
Occupied Territories and marked on a map. Possible errors in this counting
method are (i) both members of a pair may be counted as two separate
territory holders, (ii) birds may be overlooked, or in the air, or out of the
territory, when the count is conducted, (iii) difficulties may occur in sub-
dividing large colonies into separate territories, (iv) counts late in the season
may be higher than those earlier as a few young birds may establish
territories.

The counting unit for Shag is the Apparently Occupied Nest-site, defined
as substantial or well-constructed nests, occupied by at least one individual
(Evans 1986); bear in mind that the species has a long breeding season and
there may be some nests that have fledged young when others have eggs, and
that some sites are used by more than one pair (Harris and Forbes 1987).
Recent research on the Isle of May in northeast Scotland shows that the
number of nests increases to a peak in early June and then declines. In this
study the peak count of Apparently Occupied Nest-sites was 89% of the true
annual total number of nests (Harris and Forbes 1987), suggesting that a
single count of Apparently Occupied Nest-sites in early June produces a
reliable index of the breeding population, at least in this part of Scotland.

Monitoring breeding seabird populations

As well as complete counts of the breeding birds in a study area, it is also
important to be able to monitor seabird populations annually to assess if
populations over large areas are changing. In the British Isles there has been
much progress towards developing a unified seabird monitoring programme
over the past 15 years (Stowe 1982; Evans 1986; Mudge 1988; Harris 1989;
Lloyd et al. 1991). This information is held as a part of the Seabird Colony
Register run by the Joint Nature Conservation Committee, the Institute of
Terrestrial Ecology and the Royal Society for the Protection of Birds.

In this scheme, the monitoring plots are well defined areas, usually a
colony or a group of birds within a colony, where annual counts of the
breeding seabirds take place. As a general rule, and depending on the species
being studied, these monitoring sections should include 50-100 pairs of cliff-
nesting seabirds.

The position of the monitoring site within the colony is important. The
plots should aim to provide a representative sample of the colony. Ideally
plots would be randomly located throughout the colony, but in practice
randomly located plots may be impossible to count. At the present time most
monitoring plots have been pragmatically selected for their ease of counting
and believed representativeness, i.e. plots encompass most of the variation in
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the colony, including some edge, but they avoid areas where birds are
particularly densely packed, where they are extremely difficult to count.

Details of the methodology used to establish a monitoring plot for Com-
mon Guillemot is presented below (after Harris 1989).

Select several study plots (e.g. five) dispersed through the colony where
there are 50-100 nests which can be viewed from the same level or from
above. Ideally these would be randomly distributed throughout the colony
but observer safety and difficulties of viewing in most colonies dictate that at
most sites their location will be chosen non-randomly. This can be done by
dividing a colony into four or five approximately equally sized sections and
picking one or two plots within each section, trying not to bias plots towards
the centre or edge of the colony.

Take photographs of the monitoring plots from a good vantage position
when the birds are incubating or brooding small young (June in Britain).
Large-scale photographs (20 X 20 cm) are essential for the first year, but in
subsequent years the outline of the colony, important features and location of
study plots can be traced from the original photograph. Tape overlays onto
the original photograph so it can be annotated in the field.

View the area from where the photographs were taken, at approximately
the same time of year. Plot the positions of (1) birds with an egg, (2) birds
with a chick, (3) birds apparently incubating, (4) pairs regularly attending a
site that appears capable of supporting an egg (bearing in mind that some
eggs are laid on unsuitable sites).

Make several visits until satisfied that most of the occupied sites have been
located. Record any chicks without an adult in attendance. Number the
active sites. To assess breeding success the contents of active sites should be
noted every 1-2 days. Any young leaving when aged 15 days or more and/or
are well feathered can be considered as having been raised successfully.

If assessing breeding success, present the results as x young fledged from y
active (i.e. 1-3 above) and z inactive (i.e. 4 above) sites as found on the dates
of the first checks.

Make notes if you have any reason to suspect the season, or the results,
may have been atypical.

Follow the same areas each year.

Similar methods can be used to monitor populations and breeding success
of other species of cliff-nesting seabirds.

Flocking birds

Many species of birds form flocks for roosting, feeding and protection. These
flocks are very difficult to count using standard methods (Chapters 3-5) and
specialised counting methods have been developed.

The first stage in the counting procedure is to mark the boundaries of the
areas to be counted on a map. This allows the same areas to be counted in
the future to assess population changes.

Wherever possible try to position the observer with the sun behind, and in
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some cover. This enables birds to be more easily viewed and identified and
not scared away. For smaller sites it is desirable to count the whole site from
a single viewing position to minimise disturbance and the possibility of birds
being counted twice. However, this will not be possible on larger sites and
the site will have to be divided into counting sectors. The boundaries of the
sectors will depend on the habitat being surveyed, e.g. for counts of roosting
waders on the coastline, the sector will be a length of coast that can be
covered by a counter within 2 hours of a high spring tide, preferably with
obvious landmarks at either end.

1. General counting methods

Counts of roosting, flying and feeding flocks are made using two main
methods.

(1) Direct counts. If the congregation is no more than a few hundred
birds a suitable vantage point should be located and all the individual birds
counted directly using binoculars or a telescope. This is easy with large birds
close up, but becomes progressively more difficult with large numbers,
smaller birds and greater distance. Eventually estimation methods have to be
used (Box 8.10).

(2) Estimation counts. If there are large numbers of birds, especially if the
flock is mobile, specialised estimation procedures should be used to count
them. Firstly, a good vantage point is located (e.g. where birds can be seen
entering or leaving the roosting site, or where the feeding habitat is over-
looked), then the birds in the flock are counted in mentally-divided groups of
e.g. 5, 10, 20, 50, 100, 500, 1000 depending on the total number of birds in
the flock and the size of the birds (Box 8.10). Landmarks can be used to help
break up large flocks into more manageable sections. If possible, counts
should be repeated several times and another observer’s opinion obtained on
the number of birds before a final count is recorded. Problems arise when
snap estimates have to be made of a rapidly moving and large flock. Counts
should be expressed in terms of the species forming the flock (may be mixed),
the total number of birds, and an estimation of the numbers of the various
species if the flock is mixed, or the proportion of each species.

2. Example of counting roosting birds

The example chosen here is that of roosting waders. On the coast wading
birds are forced to retreat to higher ground during high tides. On such
occasions most of the wader population on, for example, an estuary will be
concentrated at a few high-tide roost sites where they can be counted. The
British Birds of Estuaries Enquiry (Prater 1981; Kirby 1987, 1990), coordi-
nated by the BTO and WWT, collects data on wader populations at a large
number of British estuaries, allowing total population levels, population
changes and seasonal patterns of movement to be assessed.

Counts of waders at their roost sites are made 2 hours either side of high
tide on the highest spring tide of the month that lies on a Sunday in hours of
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daylight, preferably close to the middle of the month. Sunday is chosen
because most of the counters are volunteers and this is the best day for them.
Counting effort is focused on the winter period (September to March) when
movements tend to be least and the numbers of birds highest. The counting
area is divided into sectors which are counted every year. The monthly
counts are coordinated so that all roosting sites within a single estuary are
counted as near simultaneously as possible, by a team of counters if the site is
large. The maximum peak count for the winter period at a particular estuary
is published annually (e.g. Kirby 1987; Salmon 1989). To obtain compara-
tive data for peaks between years at least five counts are required over a
winter period, since it is almost certain that some of them will have to be
discarded (because of incomplete coverage, poor visibility, disturbance, etc.)
To obtain a reliable index to enable comparison with the first year of
counting it is also important that there is a continuity of counters and that
everyone knows the area well.

Wader roosts are usually traditional and it is important that sufficient time
is expended to locate them prior to any counting. To locate roosts, all
suitable habitats such as saltmarsh, shingle, beaches and spits should be
visited on a rising tide when birds are beginning to congregate. Birds will
also congregate on short pasture, recently tilled or rolled arable fields or
recently harvested fields up to | km inland. Where possible these sites should
also be checked and counted where practical.

In small roosts (a few hundred waders) individual birds can usually be
counted from a suitable vantage point at high tide when all the birds are in
the roost. Larger roosts, and those comprised of small species, are more
difficult to count accurately, and considerable care must be taken when
arriving at totals. One, or a combination, of the following techniques is
usually successful.

(1) Count all the birds as they fly from their feeding grounds to roost sites,
repeating counts where possible. Counts should start at least 2 hours before
high water.

(2) Count the stationary birds whilst they are roosting at high tide,
repeating the counts several times. This is the best method as long as the
birds are not too tightly packed, as is often the case for small species such as
Dunlin and Knot.

(3) Count birds on the ebbing tide when they are leaving the roost,
repeating the counts where possible. This method works particularly well for
those species that disperse quickly from the roost to start feeding e.g. Dunlin
and Redshank.

At some roosts a combination of all three methods will be needed to
produce accurate totals, and with roosts of smaller species which are tightly
packed the most reliable estimates will be obtained when the whole flock is in
flight and can be counted using methods outlined in Box 8.10. Estimates are
generally recorded in parentheses e.g. (3400). Generally speaking counting
takes place over a 3—4-hour period (2 hours before and 2 hours after high
tide).
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Some species of wader are difficult to count using the high-tide-roost
technique. These include species such as Purple Sandpiper which roost on
rocky shores, and Lapwing, Golden Plover and Snipe which mainly roost
inland. Other species, such as Knot, may be highly mobile at high tide and
close liaison between counters of adjacent sectors and simultaneous counts
are necessary to produce accurate totals.

3. Examples of counting feeding and flying flocks

The example described here is that of wintering flocks of waders and
wildfowl. In the British Isles, feeding and flying flocks of wildfow]l and
waders are often counted as a part of the Birds of Estuaries Enquiry. Also,
counts of wildfowl are made at inland waters as part of the National
Wildfowl] Counts, coordinated by The Wildfow]l and Wetlands Trust (Owen
et al. 1980).

British National Wildfowl Counts contribute to the International Water-
fowl Census (Rose 1990}, whose counting dates are defined internationally as
the middle of January in the northern hemisphere and the middle of July in
the southern hemisphere. Methods used to count flocks are outlined in Box
8.10.

In wildfowl counts the study area is normally counted in defined sectors,
preferably ones that are used from year to year. For example in low-tide
wader counts the intertidal area is divided up, either using natural features,
or by positioning canes or poles in the mud at predetermined intervals. These
sectors are counted on a cyclical basis with the same pattern of visits being
undertaken on each count. All birds feeding and moving within the areas are
counted every half-hour. Where possible the observer counts from the first
appearance of mud to low water, or from low water until all the mud is
covered.

4. Errors in estimating size of flocks

The numbers of birds estimated in a flock may be incorrect for many reasons:
flocks may contain a very large number of birds, they may have a rapid
swirling movement, there may be an interchange of birds between different
flocks, the species within a single flock may be of considerably different sizes,
some of the birds within the flock may be hidden at any one time, and there
may also be problems of poor visibility or with the limitations of binoculars
and telescopes.

A few studies have been made on the errors involved in counting flocks of
birds (Prater 1979; Rapold et al. 1985).

Prater (1979) attempted to quantify observer error when estimating the
size of flocks. Observers were asked to assess the number of birds on a large
photograph which had been accurately counted using a binocular micro-
scope. This method found that although individual observers differ in their
ability to estimate the number of birds in a flock, the level of error generally
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varied with the number of birds being estimated (Box 8.11). In Prater’s
study estimates had to be made within 30 seconds, whereas in the field
counts may sometimes be made over much longer periods and repeated
several times before a final number is written down, hence repeated field
counts may be more accurate than counts from photographs. However, snap
estimates may also have to be made in the field for large numbers of small
species briefly disturbed from a roost; these may be much less accurate than
the counts obtained from photographs.

Prater (1979) has also shown that experience appears to affect the accu-
racy of counts produced from photographs of wader flocks. In general the
least experienced counters produced the least accurate results.

The detailed studies of Rapold e/ al. (1985) also indicate large observer
errors in the estimation of flying flocks, especially of smaller species. More
details can be found in their paper.

Summary and points to consider

1. Breeding seabird colonies

These must be located, described and the birds counted using appropriate
methods. Methods vary according to species but are well standardised.
Gulls and terns are counted as Apparently Occupied Nest-sites directly,
along transects, within quadrats, or after flushing.

Auks are counted as individual birds during the peak nesting period.
Counts of individuals can be used to produce estimates of pairs.

Burrow-nesting species are counted using sampling procedures.

For monitoring purposes, groups of birds in colonies should be counted in
sections, or within well defined study plots.

2. Flocking birds

Roosting birds are often counted as they fly in or out of their roost. In smaller
roosts, where the birds are visible, birds can be counted directly.

Feeding and flying flocks are best counted by dividing a site into sectors
before counting the birds. Flocked birds are either counted individually, in
small groups, or as blocks, depending on the size of the flock.

The errors in counting flocks may be considerable and tend to increase
with the size of the flock.



9

Distribution Studies

Introduction

A species’ distribution can be expressed simply as its presence or absence, or
by some measure of abundance, across a set of sample units. The sample
units may be on a regular grid such as employed in most bird atlas studies, or
a random point within a habitat, at which bird data are collected.

There are essentially three types of distribution of animal species and
communities: random, regular or aggregated (Box 9.1). Birds rarely show a
random distribution because this implies they are distributed independently
of features on the ground and independently of the presence of other birds.
Further, the resources that birds exploit are rarely randomly distributed. For
example, songbirds defending breeding territories in a woodland are more
likely to be distributed regularly, if within-wood habitat patchiness is taken
into account, whereas Sand Martin colonies tend to be aggregated.

The description of the distribution depends on the scale at which the birds
are observed which in turn depends on the objectives of the study and the
species concerned. Some birds use whole continents during their life-time
(e.g. Arctic Tern) whilst others are so sedentary that their whole life may be
spent in one particular woodland. The breeding distribution of a territorial
woodland bird at the scale of the whole of England, for example, will be
aggregated because of the distribution of woods. At the woodland level (or
2 X 2-km scale) however, they may be distributed more or less regularly
because of territorial behaviour e.g. for Sparrowhawk (Box 9.1b). The
dispersion patterns of several forest breeding species change as the size of
area analysed changes (Wiens 1989). It is important to understand that
answers to questions on bird distribution at one scale will not be provided by
studying them at a different scale.

A knowledge of the distribution of a species is important because (1) the
distribution can be related to land-use, (2) many of the conservation needs of
a particular species or community can be identified by investigating habitat
preferences which may manifest themselves through patterns of distribution
(see Chapter 10), (3) the relative value of sites of conservation importance
and vulnerability can be assessed with respect to their bird fauna, (4)
information valuable to environmental impact assessments is provided, (5)
baseline information is generated against which future changes can be
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assessed. Changes to populations may be more obvious from range changes
exemplified by a distribution map than from counts (i.e. measures of abun-
dance) taken at the centre of the range.

Distribution studies have been used to identify local, regional, national
and international ranges of birds, habitat determinants of bird numbers, the
effects of weather, arrival times of migrants, the extent of partial migration,
patterns of influx by irruptive species, conservation importance of a particu-
lar species, threats to a site and a site’s value to conservation.

There are three basic types of distribution study, each of which can be
conducted at different scales of detail.

(1) Atlas studies: the bird distribution is considered at the international,
national, regional or local scale, i.e. on a ‘large scale’. Generally atlas studies
are presence/absence of bird species, or in some cases abundance measures
based on some regular grid-square system across the total area studied.

(2) Single species studies: the bird distribution for a single species is
considered at the medium scale, e.g. birds on an island. Look-see methods
may be used in which the observer searches for a low-density species based
on a priori knowledge of its broad habitat requirements.

(3) Habitat-based studies: the bird distribution is considered at a small or
minute scale by focusing on separate habitats, e.g. birds in a wood, on an
estuary, on a heathland. Finest detail of scale can be obtained using radio-
telemetry.

Atlas studies

The first major atlas of breeding birds was that undertaken by the BTO
(Sharrock 1976). Sharrock developed the first system for achieving stan-
dardisation, and produced three breeding codes, possible, probable and
confirmed, for each species in each 10 km square. An overview of grid-based
atlas work is given by Udvardy (1981).

1. Considerations of scale

Atlas studies, for all species present, are conducted at a number of different
scales. Obviously the smaller and more fine-grained the scale or grid, the
more detail will be attributed to the bird data. Generally four categories of
scale exist in bird distribution studies (minute, small e.g. at the scale of
a wood, medium and large), and three of these are shown by examples in
Box 9.2.

The scale of the study will be determined by the number of field workers
available, the detail required, whether the objective is to estimate population
size locally, regionally, nationally or internationally (or indeed at all). The
capacity to relate to habitat data at the same scale may also be a consider-
ation. The availability of maps is another important factor which is why
some countries have used seemingly odd-shaped blocks. National atlasing of
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bird species distribution has become a major preoccupation of organised
ornithology. A hierarchy of working groups, e.g. a national headquarters of
an organisation coordinating on-the-ground field teams, is likely to achieve
the best coverage and results.

Any atlas is organised on a grid basis. A grid of lines separated by 10 km,
2 km, | km, or other scale distance as appropriate and at right angles to each
other, divides up the area to be atlased into 10 km, 2 km, or 1 km squares,
etc. However, countries in which rectangular maps are produced generally
adopt these for atlasing, rather than imposing the less familiar square grid
system.

The following gives the scale of a number of previous bird atlases:
International

Europe —UTM grid 50 km squares
National

United Kingdom — 10 km squares

Netherlands —5 km squares

France —Rectangles approximately 23 X 15 km

Portugal —20 X 32 km rectangle

Others in Europe —multiples of 5 or 10 km

Madagascar— 1/2 degree squares

Tanzania— 1/2 degree squares

Uganda—1/2 degree squares

Kenya—1/2 degree squares

Lesotho—1/4 degree squares

USA —State-wide e.g. 1 degree blocks, 5 km squares

Canada— Province-wide, 10 X 10 km or 50 X 50 km
Regional

Counties in UK—Tetrad (2 X 2 km) or 1 X 1 km in some.

2. Effect of grid size on species diversity

The number of species observed in a grid square increases with observation
time and the size of the grid squares, which is directly related to scale. More
species are discovered in large grid squares than in small ones, since the
former are likely to contain more habitat types. Species diversity can be
considered across a range of spatial scales, from continents to variations from
point to point within a small copse or woodlot. Wiens (1981), using infor-
mation from Whittaker (1977), describes seven diversity ‘categories’ in
relation to an increase in area surveyed, or representing a change in diversity
across an environmental or climatic gradient or between habitats (Box 9.3).
The relationships between species richness and grid size are non-linear,
making it difficult to compare studies that relate to different-sized areas.
Further, the number of species per unit area (D) and the proportion of grid
squares occupied by a given species (i.e. grid-square frequency (F)) cannot
be compared directly when grid sizes are different because the numerical
figures change at a non-linear scale. Ellenberg (1985) presents a method of
conversion in which plots of density and frequency of species in relation to
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grid size should be on a semi-logarithmic scale, so that there is a constant
number of species added (or subtracted) for each duplication (or halving) of
observation effort.

For a range of plot sizes between 10 and 1500 ha the number of bird
species breeding in an area and the size of area measured in duplication steps
i.e. 25 ha, 1 km, 4 km, 16 km squares, representing steps of 1, 2, 3, 4,
respectively, are strongly correlated (Box 9.4). The constants of the linear
regressions are characteristic for different broad habitat types.

Further, irrespective of the change of grid size (e.g. 25 ha to I km, or I km
to 4 km), the relative change in F (grid-square frequency) is similar, enabling
the calculation of conversion factors (CF) for F as a function of the grid-
square frequency in a smaller grid square. Details are given in Ellenberg

(1985).

3. Using historical information

Where resources do not permit a full and new survey, historical information
is sometimes used. This has been the case for some African atlas studies, and
in part for the European Atlas for countries with few birdwatchers. In such
cases the historical data are in the form of bird reports for previous years, and
of county gazeteers which may date, for Britain at least, back to the 18th
century. These data have also been used to determine the changes in range of
certain species in Britain, notably Buzzard, Capercaillie, Wryneck, Red-
backed Shrike, Stone Curlew and Little Ringed Plover. Box 9.5 gives an
example for the Red-backed Shrike. Usually, however, the assumptions and
biases of the data collection are not known, nor is the sampling method,
making comparisons of quantitative with descriptive data difficult to inter-
pret. This approach can, however, be quite adequate for determining broad
changes in range.

4. Planning an atlas

Many of the above atlases have endeavoured to use standardised method-
ology, e.g. the use of the same codes as the European Atlas for the Ontario
Bird Atlas, and the recommendation that atlases in African countries should
use the same scale as each other. The following are important considerations.

(1) The methods must be scientifically valid.

(2) The methods must be acceptable in the field to the largely amateur
observers.

(3) The methods should be the same for all species, although some atlases
do employ different methods for different species, particularly common
Versus rare ones.

(4) All data must refer to birds actually recorded. Observers must not be
able to send in data based on what they ‘know’ to be present.

(5) The methods must be able to incorporate casual observations other-
wise a great deal of potentially usable information will be lost, espe-
cially for the rarer and more elusive species.
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(a) Hypothetical examples of random, aggregated and regular distribution patterns (from
Southwood 1978). Birds are rarely randomly distributed because the resources they
exploit are rarely so dispersed. Clumped distributions are often observed, for example,
colonial nesting seabirds (although even in this example, nests may be distributed
regularly within the clump as a result of nest-defence e.g. Northern Gannet).

(b) Regularly distributed nest-sites. Distributions tending towards regularity are largely
observed in species that defend a resource, for example, the distribution of nest-sites of
the Sparrowhawk shows that they space their nests at a reasonably regular distance
from each other at the landscape level (from Newton 1986).
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Box

9.2

Different categories of spatial scale in bird distribution studies.

(a} R .
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(a) Minute-scale distribution studies. This example shows the position of probe holes of
waders in quadrats of 10 X 10 m placed on a muddy shore. A sample of these quadrat
units across the shore would reveal patterns of differences in feeding intensity. For an
example of a small-scale distribution study at the 5~100 ha scale, see Box 9.10.

(b) Medium-scale distribution studies. This example shows the distribution of the Barn
Owl, based on tetrads (2 x 2 km squares) from the Devon County Atlas (from Sitters
1988).




Distribution Studies

185

{c)

BARN OWL
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(c) Large-scale distribution studies. This example shows the distribution of the Barn Ow!
in winter, based on 10 x 10 km squares surveyed as part of the BTO Winter Atlas for the
whole of Britain and Ireland (from Lack 1986). In Chapter 1 an example is given of what
the Devon Atlas would look like had data been collected atthe 10 X 10 km square scale,
showing that much detail is lost with respect to the species relationship to land-use and
habitat features.

Box
9.2
cont.
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Box
9.3

Levels and types of species diversity (from Wiens 1989 and Whittaker 1977).

Inventory diversities™

Differentiation diversitiest

(1) For a small or microhabitat sample
within a community regarded as
homogeneous, subsample or point
diversity

(3) For a sample representing a
homogeneous community, within-habitat
or alpha diversity

(5) For landscape or set of samples
including more than one type of
community, landscape or gamma
diversity

(7) For a broader geographical area
including differing landscapes, regional
diversity

(2) As change between parts of within-
community pattern, pattern diversity

(4) As change along an environmental-
gradient or among different communities
of a landscape, between-habitat or beta
diversity

(6) As change along climatic gradients or
geographical areas, delta diversity

* Inventory diversity refers to that pertaining to a site at various scales of
magnitude; essentially derived from a list and/or abundance measure.
1 Differentiation diversity refers to that pertaining to a change associated with

some gradient.
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Effect of grid size.

Rural

Number of } » Suburban

species

A Woodland

,» City centre

025051 2 4 8 16 32
Grid size (km?)

The number of species per unit area and the proportion of grid squares occupied by a
given species i.e. grid-square frequency, cannot be compared directly when grid sizes
are different because the numerical figures change at a non-linear scale. Ellenberg
(1985) presents a method of conversion in which plots of density and frequency of
species in relation to grid size should be on a semi-logarithmic scale, so that there is a
constant number of species added (or subtracted) for each duplication (or halving) of
observation effort. For a range of plot sizes between 10 and 1500 ha the number of bird
species breeding in an area (on the y-axis) and the size of area measured in duplication
steps (on the x-axis) i.e. 25 ha, 1 km, 4 km, 16 km squares, representing steps of 1, 2, 3,
4, respectively, are strongly correlated. As the plot size within the grid is increased in
grid-based distribution studies, more species are encountered. The relationship is
almost linear for a range of habitat types varying in structure. The main difference in the
lines is due to the higher values of the intercept (on the vertical axis) for samples taken
from more structured habitats. This shows that more structured habitats for a given area
have more species, based on the assumption that greater structural diversity supports
more exploitable niches.

Box
9.4
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Box
9.5

Long-term population monitoring using distribution studies.

1960 1971

1989

County recording of the distribution of pairs of Red-backed Shrike at irregular intervals
since 1960 shows the decline in the species in southern England (from Bibby 1973).
Here the number of pairs were added up by using county boundaries as units.
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Designing an Atlas Study.
I Set objectives i *
Decisions on scale Size of geographical
area
Practicalities: Develop methods Number of participants
Scientific validity
Enjoyability
Data on observed IPiIot survey
birds only
Use of casual records
Collect habitat data

Standardisation:
Dealing with large flocks

Corrections for observer effort

Period over which
atlas is done

l

Analytical:

Develop index of relative abundance/
density estimating methods

Dealing with bias associated
with coverage

Organisation in the field

Regional teams/coordinator

!

Production of recording cards

!

Handling incoming data
Presenting the data

| Computing, checking, data storagel

!

I Producing maps, full atlas |

I Further developments using the atlas data |

The processes involved in designing and conducting an atlas study are shown.
Previously used field methods known to the organiser (a priori) can be modified and
tested through a pilot survey. One of the most valuable products of an atlas study is often
never attempted —that of relating the bird data to habitat, land-use and topographical
features, terminating in the development of predictive models which can then be used for
conservation evaluation purposes.

Box
9.6
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Box
9.7

Problems and solutions in designing the British and Irish Winter Atlas.

Problem

Solution

Roosts

Habitats crossing 10 km-square

Determining position of square

Birds flying over the square

Uneven coverage explains significant
amount of variation in distribution e.g.
lowland England received greater
coverage than Scottish highlands

Exaggerated impression of distribution
of rare species

Flocks or rare individuals moving
between squares

Counts made at roosts should be kept
separate from other counts. After a pilot
study the difference was not considered
important

Deal with each 10-km square
individually e.g. put a [ake into a 10-km
square in which it predominates

In the case of estuaries square
boundaries were boundaries described
by natural points near to the real
boundary

Not included in the counts

The maximum count of each species
should be tested for correlation with the
number of visit cards received for the
square. If there is a correlation then
uneven coverage could be biasing the
bird distribution

Caused by recording presence of one
individual found in each of a widespread
number of grid squares. Represent rare
species independently from the main
atlas maps by giving square-specific
abundance measure

Difficult to overcome, apart from using
ecological common sense at the
regional or local level, e.g. Marsh Harrier
recorded in three squares in the Wexford
Slobs area in SE Ireland, all probably
refer to the same individual
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Sample positioning to relate distribution of a single species to large-scale Box
habitat features. 98

Using the 1 km grid map of Fuerteventura in the Canary islands, sample grid squares to
be searched for the Fuerteventura Stonechat were determined randomly. Filled squares
had breeding season records from 1985, 1984 or 1979; open squares were fully covered
in 1985 but had no records of breeding chats. Topographical and habitat features of the
squares with and without chats could also be recorded and used to relate, without bias,
these features to bird abundance (from Bibby and Hill 1987).
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Box

9.9

Distribution of a single bird species in relation to smaller-scale habitat features.

20

15

10

Registrations per ha

5 10 15 20
Age of coppice (summers of growth)

This figure shows per ha registrations of Nightingales in relation to the age of coppice
(cyclically cut) woodland. The coppice age categories holding the highest densities of
registrations are taken to be those preferred by Nightingales. This shows an example of
adistribution study from which data are interpreted in relation to habitat type (from Fuller
et al. 1989).
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Aggregated distribution of a group of birds in relation to habitat features. Box
9.10

B Mudflats that together
hold ¢. 50% of birds

~ [ Less used mudfiats
[ Little used mudflats

In this case the whole of the Severn estuary in England was divided into manageable
units and wading birds {many species) were counted. The counts for all units were
ranked and those making up a cumulative 50% of the total were shaded black. The map
shows that the majority of birds are using only a small percentage of the total area of the
estuary, which infers that resources also have an aggregated distribution. Note that,
compared with Box 9.2, this example represents a smali-scale distribution study (from

Clark 1990).
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Box

9.11

In this example vegetation height was measured at each intersectionofagridof5 x 5 m
placed across the island on Willen Lake in Buckinghamshire. Four height categories are
represented on the map by different shading, having first interpolated similar heights into
contours. A plot of Mallard and Tufted Duck nests is overlaid on the vegetation map. By
calculating the area of each vegetation height and relating to the observed and expected
(based on area) number of nests, selection for the tallest height category is demon-
strated (from Hill 1982, Hill 1984b).
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dently, since their breeding seasons overlap.

The number of Mallard and Tufted Duck nests is shown in patches of vegetation of
different heights. (Chi-square comparing observed with expected nests = 18.8, degrees
of freedom = 3, n = 62 nests, P < 0.005). Nests were placed in taller vegetation than
would have been expected on the basis of the area of habitat available (from Hill 1982,
Hill 1984b). The two species were analysed together since their fate (e.g. predation)
operates on the population of nests rather than the nests of the two species indepen-

Box
9.11
cont.

Vegetation Area of vegetation
height of this height Observed Nest density Expected
(cm) (ha) nests (no. per ha) nests
>50 0.83 26 313 15.3
25-50 1.33 23 17.3 245
<25 0.52 12 23.1 9.6
0] 0.68 1 15 12.5
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Box
9.12

Radio-telemetry used to determine distribution of individuals.

Radio-locations

{a)

Radio-location/unit area

+50 50 40 30 20 10 10 20 30 40 40+
Distance inside (m) Distance outside {m)

(a) Radio-locations to determine habitat preference. Radio-locations of Pheasants,
assigned to the distance of the bird from a woodland edge (both inside and outside the
wood), show a significant preference for edge habitats. One immediate interpretation
would be that the Pheasants, feeding just outside the edge of the wood, move into the
edge on the approach of the radio-tracking observer. However, locations were taken at
an adequate distance to overcome this problem (from Hill and Robertson 1988).

(b) Radio-locations used to determine home range. In the first example, the minimum
polygon area (MPA) method is used to determine the home range of Pheasants; in this
method the outermost points are joined together. This gives a totally different value to
that when home range is calculated by the multinuclear clustering method, producing a
probability contour. The MPA method fills in more non-used habitat than the others (from
Robertson et al. 1990). See also Kenward (1987) and Dixon and Chapman (1980) for the
harmonic mean contour method.
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limit

South  Rest of
Region Scotland Lakes Marches Wales west England Total
10-km squares 69 11 21 47 26 243
covered
Total birds 749 215 290 1636 610 1936
recorded
Mean birds per 10.9 19.6 13.8 34.8 235 8.0
square
Total squares 317 43 71 159 83 430
in region
Estimated 3441 840 980 5535 1947 3426 16 169
population
Upper 4020 1130 1280 6390 2390 4160 17 560
confidence
limit
Lower 2880 590 730 4720 1550 2860 14 850
confidence

Distribution data used to calculate population levels. 98;»;
Male density
{No. per km?)
a>1.0
®05-1.0
Unmarked <€0.5
The topography of Fuerteventura was measured by the number of 20 m contour
intersections of the boundaries of each 1 km square, and related to the number of male
chats per square km. The regression line fitted to the original data is y = 0.027 + 0.024x,
o4 = 0.342, P < 0.001. This regression was then used to predict the distribution map of
Fuerteventura Stonechats on the map-derived measurement of topography of the whole
island (from Bibby and Hill 1987).
Distribution data used to estimate the British population of Wood Warblers Box
(from Bibby 1989). 9.14




198

Bird Census Techniques

{(6) Two or more observers will sometimes be working independently in
the same area. The methods must not involve a subjective decision as
to which observations to use.

Principles broadly relate to assessing objectives, deciding on scale, devel-
oping methods, standardisation, analysis, organisation in the field, comput-
ing and producing maps. A diagrammatic representation of the process of
designing and conducting an atlas study is given in Box 9.6.

Examples of atlases

1. The atlas of wintering birds in Britain and Ireland

This example is given to show the various stages in the process of producing
an atlas of bird distribution. A full-scale pilot survey for the Winter Atlas
{(described in more detail in Lack 1986) was conducted in the winter 1980/81
with two main aims. Firstly, it was necessary to find a method of assessing
abundance; secondly, it was necessary to find out about any movements
between November and March in order to define the limits of the ‘winter’,
i.e. the months that can be categorised most specifically as winter based on
their bird complement. It was decided not to start the field season until the
middle of November, and to finish at the end of February before breeding
activity commenced in order to reduce effects caused by movements of
migrants.

The pilot survey suggested that the number of birds seen on any one day
was a good unit of relative abundance. The ‘day’ was standardised as a
period of 6 hours (see below). It was also decided to take the maximum
number of birds counted on one day as the measure of abundance. Some-
times this might lead to one particularly large count being used, but this risk
was outweighed by major statistical difficulties when calculating means or
medians, caused particularly by casual records.

This method has two weaknesses.

(1) It is possible to use misleadingly one particularly large count, e.g. a
flock.

(2) There is only correction for observer effort within a day but not for the
total number of days, which may have specific species as well as overall
community biases.

The strengths of this method are associated with difficulties when calculat-
ing means or medians, particularly so in the case of casual records. For
example, a ‘zero’ count for a species in a restricted habitat, e.g. ducks on a
lake, could mean either that there are no ducks there or that the habitat was
not visited and yet ducks were present.

Two kinds of records were accepted: first, the result of a visit to a 10 km
square specifically to do field-work for the Winter Atlas; and second, any
casual records (termed Supplementary Records) of individual species.

For a specific visit observers were asked to spend a minimum of 1 hour in
their 10 km square and to count all birds seen and/or heard. At the end of the
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visit the total number of each species was recorded on a Visit Card to aid
easier computer checking, together with the 10 km square, an identifying
feature of the square, the date, the time spent in the field and the total
number of species recorded.

A ‘day’ was defined as 6 hours in the field, this being the longest that most
people would be likely to spend doing field-work on a winter’s day. In fact
only about 3.5% of all cards received were for periods longer than this.

All timed counts of longer or shorter than 6 hours were standardised to
6 hours to permit better comparisons of areas that might have only 1- or 2-
hour counts with those that had 6-hour counts. The procedure adopted was
to calculate, for each species individually, a coefficient for the regression of
number of birds seen on time spent in the field. The data were normalised by
putting both axes on a logarithmic scale. With a large number of data points
available even quite weak relationships between numbers of birds and time
spent in the field are significant at the usual statistical point of P = 0.05. As
nearly 200 species are considered in the atlas, standardisation corrections
were used only if the relation was statistically significant at P < 0.001. Many
of the commoner land birds came into this category. The majority of the
rarer species and those restricted in their habitat preferences have a zero
coefficient and no corrections were made. In practice this means you are just
as likely to see a rarer or more elusive bird in the first hour of a count as in the
sixth or, similarly, visit the restricted habitat, e.g. a lake, in the first or sixth.
You are unlikely to accumulate more and more as field-work continues. For
the commoner land birds though this is what does happen, and therefore the
coefficient is positive and standardising corrections are needed by multiply-
ing by (6/T)? where 6 is the standard 6 hours, T the actual time spent on the
count and & the regression coefficient.

The final atlas (as with the first Breeding Atlas by Sharrock) was accom-
panied by overlay maps of topographical and environmental information, to
aid the reader’s interpretation of bird distributions.

Problems encountered with the Winter Atlas and their solutions are given

in Box 9.7.

2. The atlas of wintering North American birds

This atlas is an analysis of the Christmas Bird Counts conducted since 1900
(Root 1988). Assumptions and refinements to the counts are given in Bock
and Root (1981), Drennan (1981) and Arbib (1981). Each count site covers a
circle of 15 mile (24 km) radius and at least 8 hours must be spent counting.
Twelve hundred or so sites are covered annually on any day within a 2-week
period around Christmas. For the purpose of the atlas, mean values counted
per site per year over a l0-year period were used to produce computer-
generated contour and 3-dimensional maps of distribution and abundance
patterns of species in winter. The use of means over a 10-year period is
thought to reduce any spurious effects due to weather and abnormal move-
ments of birds. These means summarise the raw data and are therefore an
interpretation.



200

Bird Census Techniques

There are a number of deficiencies in the counting procedure. Sites at
which counts take place are not uniformly distributed so that there may be
biases due to uneven coverage. The abilities of participants, the miles they
travel, the hours they spend counting and the size of counting parties, differ
between count sites. Further, abundances of gregarious species are inaccura-
tely recorded for two reasons: because flocks are difficult to count accurately;
and because chance movements of large flocks can significantly change the
recorded abundance of a species.

Variation in count effort at the different sites was diminished by dividing
the number of individuals seen at a site by the total number of hours spent
counting by the groups of people in separate parties at a site. Mean values at
each site were then calculated by summing these values over the various
years and dividing by the total number of years the count was held. Since the
area counted is restricted to a 15 mile radius, these mean values are densities.

The density values are normalised to range between zero and one for each
species by dividing the mean values at each site for a given species by the
mean value at the site with maximum abundance. These normalised values
are plotted. Maps of species with extremely high {more than 200 individuals
counted per hour) or low (fewer than 0.2 individuals counted per hour)
abundances are excluded from the main section of the atlas because of
difficuities over their interpolation. The atlas also presents overlay maps of
elevation, vegetation, mean minimum January temperature, mean winter
ocean surface temperature, mean length of frost-free period, mean annual
precipitation, general humidity, and national wildlife refuges. Although
there are a number of biases and difficulties with the North American Atlas,
the vast area covered and the participation required precludes a more
statistically valid project being undertaken cost-effectively. This atlas is a
good example of the potential of amateur field-work.

3. The atlas of the birds of the Netherlands

This atlas was constructed by the Netherlands’ ornithological body SOVON
(SOVON 1987), from data collected monthly from October 1978 to Sep-
tember 1983 in 5 X 5 km grid squares. Birds both using and flying over the
squares were recorded simultaneously, the former often being accompanied
by numbers observed. The monthly distribution maps represent a cumu-
lation of 5 years field-work, so that, for example, a map for January contains
the results for the Januarys of 1979, 1980, 1981, 1982 and 1983. For most
species histograms are used to illustrate their occurrence throughout the 60-
month period of field-work. The columns of the histograms represent the
proportion of squares in which the species was observed in the month
concerned, corrected for the number of squares observed per month. Because
it has been conducted at the 5 km square level over a 60-month period, this
atlas represents one of the most intensively detailed yet attempted in any
country. Overlays of ecological data are also provided at the same scale as
that for birds, detailing deciduous forest, coniferous forest, coastal dunes and
beach, wet moorland, heathland, marsh, standing water bodies and drift
sands.
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4. The raptor grid scheme of Finland

The scheme, begun in 1982, aims to collect data on population size and
nesting success of Finnish raptors and owls, to establish population trends,
and to use nest-site data for conservation purposes. A minimum of 200 hours
per raptor grid square (10X 10 km, chosen freely by a birdwatching group)
is spent on field-work during February to August. In each square aerial
displays of diurnal birds of prey are noted (April), owls are listened for
(March), and nests and fledged young are searched for (owls—May and
June, respectively, hawks — June and July, respectively). The data are stored
in map form thereby constituting a distribution study of both abundance and
nesting success, which can then be interpreted geographically.

Single-species studies

Distribution studies of single species may require a more fine-scale approach
than the larger-scale atlas studies of all species described above, but this
depends on the original objectives of the study. It is important that the
reasons for conducting a single-species survey are identified at the outset and
that the methodology maximises the potential for interpretation, for example
the calculation of densities and their relation to habitat variables.

The first example given is that of the Fuerteventura Stonechat, one of the
most localised bird species occurring in the Western Palearctic and endemic
to the arid island of Fuerteventura in the eastern Canaries. This island was
visited for 16 man-weeks from 18 February to 11 March 1985 with the aims
of estimating the numbers and distribution of the bird, describing its habitats
and assessing its likely future welfare (Bibby and Hill 1987).

Fuerteventura, with an area of 1653 km?, is sparsely vegetated and moun-
tainous but also has stony plains and sand dunes. The survey was based on
21 blocks each of 12 1 X 1 km grid squares (Box 9.8). Inland the blocks were
3 X 4 km rectangles. The central squares of the blocks were selected ran-
domly from a list of all squares on the island. If surrounding squares
contained no land, an adjoining terrestrial square was selected. The sam-
pling pattern was determined in advance and bore no known systematic
relationship to physical features, vegetation or likely suitability for chats.
Blocks were visited only once by field teams working at an intensity of about
2-3 man-hours per km?. Pairs had nests, or, in many cases, fledged young
and were generally noisy and conspicuous in open terrain.

For the purpose of analysis, 1 km squares were excluded if they had not
been completely covered for lack of time. Some of the random blocks were
less than 12 km? in area because they adjoined the sea. The 21 blocks had a
land area of 235.2 km? of which 209.8 km? (89%) was searched. The results
are a random sample of 12.7% of the land area of Fuerteventura. A later
section of this chapter describes how the information was used to estimate
population size.

A special case of single-species studies applies to rare or low-density
species using look-see methods. The amount of effort required to sample the
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species using random sampling would be inappropriate and too costly of time
in such a case. Using a priori knowledge of the species requirements, the
method entails searching the most likely areas in order to maximise the rate
of encounter of the species. Habitat measures taken at localities where the
species is present can be paired with sites in which the species is absent.

Habitat-scale studies

Mapping the distribution of species in specific habitats is done for two main
reasons: (1) to relate the distribution of bird registrations derived from
territory mapping to the availability of habitat types, thereby enabling
preference or avoidance to be determined; and (2) for specific management
objectives.

1. Bird registrations and habitat types

The distribution of Nightingales (and other songbirds) in Ham Street
Woods, Kent, an area of actively coppiced woodland, shows a preference for
6-7 year coppice stands than for older and younger types (Fuller e al. 1989).
In this study, birds were counted by a single observer using territory
mapping (see Chapter 3), over a 5-year period. Each year 23-25 visits were
made, spread throughout the breeding season from late March to early July.
Each year the entire site was covered evenly and coverage (effort) was
consistent between years. One important modification to the methodology
was that, because the site, with 52 compartments (blocks of woodland), was
extremely complex, it was impossible to assign most of the ‘territories’ to one
compartment or another. Therefore, the densities of ‘registrations’ recorded
in compartments of different ages were used as indices of abundance. The
map of the registrations for Nightingales is shown in Chapter 10.

The age of coppice (number of summer’s growth) for all compartments
was known and used to investigate the density of registrations in coppice of
varying age (Box 9.9).

For each year class of coppice the total number of registrations recorded in
that year class was divided by the total area. The resulting index was
expressed as the number of registrations per ha. There are two potential
problems with interpreting the derived patterns of bird distribution: (1)
individual compartment effects (e.g. coppice composition, soil type) could be
confounded with year-class effects, but as compartments within each age
class were widely distributed this was not too severe; (2) it is not possible to
test statistical deviation of the patterns away from randomness because the
registrations upon which they are based are not independent samples but
are, in many cases, repeated observations of the same individual. This could
be overcome if results were based on territories.

Roost and feeding sites of waders on estuaries provide another example of
distribution within a habitat. There may be fine-grained environmental
changes across the estuary which drive the distributions of birds. Such plots
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reveal the aggregated distribution of waders on some estuaries in which
honey-pot areas hold most of the birds. Box 9.10 shows an example for the
Severn estuary.

2. Nest distribution patterns

We have already given an example of the use of maps of nest-site locations in
explaining the distribution of breeding Sparrowhawks (Box 9.1b). Here a
further example is given of the use of nest distribution patterns in relation to
vegetation for Mallard and Tufted Duck. Regular searches of a small island
on a lake in Buckinghamshire were conducted to find all duck nests and to
monitor their fate. Vegetation height across the island was also measured.
The resultant contours of vegetation are shown in Box 9.11 overlaid with a
map of the nest positions. Observed nest density is compared with that
expected on the basis of no selection for height. A chi-squared test was
performed (Box 9.11) but a more rigorous test would have been that of Neu et
al. (1974).

3. Radio-telemetry

Distribution data obtained by radio-telemetry are less biased by the observer
than those collected as part of a survey count or census, and are particularly
useful for determining micro-habitat selection by a species, such as selection
of a small group of shrubs or of one crop type in preference to another.
Firstly, the radio-locations are marked on a map {or input to a computer
database which can generate them in relation to a study area map), and the
home range is then determined by joining the outermost points (minimum
polygon method) or by some probabilistic method, such as by calculation of
the harmonic mean or multicentred clustering, which identifies core activity
areas (see Dixon and Chapman 1980; Kenward 1987). Box 9.12 gives an
example of the use of radio-telemetry in studying habitat selection by
Pheasants (Hill and Robertson 1988). An example of a multicentred cluster-
ing and of a minimum polygon area plot for the same data from the Pheasant
study are also shown, to illustrate the different areas produced by the two
methods {Box 9.12).

The amount of use of a habitat as determined by radio-telemetry, or the
numbers of registrations of birds within it, can be related to the availability of
that habitat using various preference/avoidance indices (Ivlev 1961; Jacobs
1974). Such indices provide only a ratio of habitat use to habitat availability
and do not provide statistical test. A number of other models use a common
statistical approach; Alldredge and Ratti (1986) compare four such tech-
niques (Quade 1979; Neu et al. 1974; Iman and Davenport 1980; Johnson
1980). Most use a chi-squared goodness-of-fit analysis to test whether obser-
vations of habitat use follow the expected pattern of occurrence based on
habitat availability.

The models test slightly different hypotheses and a number of the follow-
ing assumptions are applicable to different models. (1) All observations are
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independent in that location ‘fixes’ are collected far enough apart in time for
there to be no temporal serial correlation, i.e. the presence of a bird at
position x at time a should not affect its position at time 4. Technically, over
short periods of time the observations of the same bird cannot be indepen-
dent. Furthermore, at its worst, numerous radio-locations are really pseudo-
replicates. (2) The sample size is sufficiently large to allow a chi-square
approximation for the goodness-of-fit statistic (i.e. more than 1 expected
observation in each habitat category and less than 20% of all categories
contain fewer than 5 expected observations. (3) Habitat availability is the
same for all individuals. (4) Results from one animal do not influence results
from the other animals. When the number of habitats is small, and with more
than 20 animals and 50 observed locations per animal, the Neu method
performs best. One warning—with all methods, as the number of habitats
used increases, the multiple comparison error rates increase; therefore the
number of habitats considered should be limited in the study design.

For radio-tracking data, in which visually obscured individuals can be
tracked without disturbance and hence bias, the area of each habitat in the
core areas (or 85-95% range contours) can be calculated and the observed
number of locations in the area compared to that expected if the bird
wandered randomly throughout the area defined by its home range contour,
polygon, or some pre-determined sample area. The use of compositional
analysis (Aitchison 1986; Aebischer & Robertson 1992), overcomes various
constraints posed when habitat use is presented as proportions and analysed
by chi-square methods. Compositional analysis involves using a ‘logratio’
transformation on the proportions of different habitat types available and
used by the bird. One of the principles underlying the method is that
all habitat types should be considered simultaneously because the results
from analysing one type at a time are not independent, simply because
if one habitat type is used a lot, at least one other will be used less as a
consequence.

Examples of the use of distribution studies
1. Estimating population size

Three examples are presented in which population size is estimated from
well designed distribution surveys.

The first is for the Fuerteventura Stonechat, for which the study design has
already been described. Total population estimates were made from the
number of known pairs and from the total numbers of males (pairs plus extra
males). Densities varied considerably between plots, and since each was a
different area, variances of the estimated total populations were calculated
by jackknife (Miller 1974) thus:

Proven pairs: mean = 591, 95% confidence range = 500-682
All males: mean = 779, 95% confidence range = 663-893
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If this survey was 90% efficient and half the extra males found actually
represented breeding pairs, a round estimate for the population in 1985
would be 750 £ 100 pairs.

Within the formally randomised census, 196 non-coastal squares were
searched and the numbers of males per square were regressed on land-form
factors measured from maps. In particular there was a strong correlation
between number of males per square km and topography, as measured by
the number of 20 m contour intersections of 1 km square boundaries. This
model was then used to estimate a total population of 880 males (95%
confidence range 792-962) for the whole island based on the whole island’s
topographical values, and using the model, the distribution map for the chat
was predicted (Box 9.13).

The second example is for the Wood Warbler breeding in Britain (Bibby
1989). Wood Warblers have a very distinctive and carrying song and are
readily detected so there is close coincidence between single visit survey
results and actual numbers (Bibby 1989). These birds therefore lend them-
selves well to a single-species survey based on fewer visits than is involved in
mapping studies. The objective of the survey was to count a random sample
of one-third of those 10 km squares with proven or probable breeding in the
Atlas of Breeding Birds (Sharrock 1976) in northern and western regions
where full cover was not thought achievable. For the rest of England it was
intended to count all such atlas squares.

Observers were asked to make a single visit to all suitable habitat in each
chosen 10 km square during 15th May to 10th June. Counts were returned as
totals by tetrad, or else tetrads were recorded as unsuitable for these birds.
The total number of singing birds in those 10 km squares in which the species
probably or certainly bred in the period of the atlas was estimated by
assuming that the samples covered were a random selection.

Because of the non-normal distribution of counts and differing sample
fractions between the different regions of Britain, Monte Carlo simulation
(Buckland 1984) was used to calculate confidence limits, by taking the
average for each statistic from 10 simulation runs, each of 500 trials. The
estimate for the whole of Britain using these techniques was 16 170 singing
birds, with fairly wide confidence limits (14 850-17 560) (Box 9.14). The
range is high because the number of birds in a square varied widely (from 0
to 253) so it is difficult to be confident about estimating numbers in squares
not counted. Further refinement, giving an estimate of 17 200 * 1370, was
achieved by including ‘possible’ atlas records.

The final example is for the breeding Lapwing survey conducted in Britain
in 1987 (Shrubb and Lack 1991). First, every 10 km square in England and
Wales that contained some land was identified. Within each a tetrad was
randomly chosen, even if the tetrad within the 10 km square fell on water.
Observers were asked to visit these chosen tetrads and count the numbers of
breeding pairs (males displaying, females incubating, pairs occurring
together) of Lapwings by looking into every field in that tetrad. Habitat type
was also recorded. One figure for the total number of pairs in the tetrad was
produced. The counts were found to be skewed, with 60% of counts having
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zero Lapwings, if one includes ‘counts’, for tetrads located in the sea. The
sample counts were multiplied by 25 to give the number of pairs in each
10 km square. This was done regionally (nine MAFF regions), and the
regional values were summed to give a figure for England and Wales.
Because the sample counts were skewed, 95% confidence limits were calcu-
lated by bootstrapping methods (Efron 1982).

2. Relating distribution to environmental data

This is one of the most important uses of distribution studies. Grid-based
environmental data are available from a number of sources, and can be
related to bird data at the appropriate scale, for example as that collected as
part of an atlas study. Information from the following UK-based environ-
mental databases could be related to bird data using multivariate statistics.

(1) Land Characteristics Data Bank collected by the Institute of Terres-
trial Ecology in the UK.

(2) Land Classification System also collected by the Institute of Terrestrial
Ecology.

(3) Agricultural Census Statistics collected by the Ministry of Agriculture
Fisheries and Food in England and Wales and the Department of Agricul-
ture and Fisheries in Scotland.

Together these databases provide measures of habitat, topography, cli-
mate and land-use at various scales down to 1 km® Predictive models could
be constructed which incorporate these data with bird data in order to
identify possible effects of land-use change on species (and communities).

An example of the use of such statistics is that for the BTO 1987 Lapwing
survey. Details of the survey are given above under the section on estimating
population size. For the purpose of identifying habitat selection by Lapwings
it was assumed that the proportion of various agricultural habitat types
within the sample tetrad was the same as that for the 10 km square. Habitat
proportions in each region were obtained from MAFF statistics, and these
were used to calculate the expected number of Lapwings for each of the nine
MAFF regions. The expected numbers of Lapwings in each habitat type
were then compared to those observed using a preference index. It is also
possible to carry out the same analysis within individual regions as opposed
to nationally in order to identify strong regional preferences in crop types.

The scale at which the bird data are collected will influence the predictive
value of models so developed. For the Devon Atlas (Sitters 1988) for
example, tetrad-based data on geology, extent of urbanisation, agricultural
land quality, woodland coverage, and location of standing water would
enable a useful multivariate analysis of bird distribution in relation to these
variables. This approach could be used to validate models built from other
data collected at a larger scale.

Osborne and Tigar (1992) used logistic models of bird atlas data
(presence/absence) in relation to topographical and land-use data for
Lesotho, South Africa. The probability of finding a species in an unvisited
grid square enabled prediction of the distribution of species, thereby allowing
gaps to be filled in on the basis of the model predictions.
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3. Conservation evaluation

Species distributions can identify areas or tracts of land that might benefit
from site protection and conservation through one of the various statutory
legislative forms of designation. This is relevant in the UK for example, in
the identification of ‘Special Protection Areas’, ‘Environmentally Sensitive
Areas’ and ‘Sites of Special Scientific Interest’ etc., administered by the
British government’s various conservation and land use agencies. In terms of
numbers of species the Breeding and Wintering Atlases would enable regions
to be identified with respect to their species-richness. Map-based information
is presented using symbols increasing in size to indicate greater species-
richness. In winter, coastal regions, particularly those in the south of Britain,
are more species-rich than sites further inland, whereas the uplands are seen
to be species-poor. Splitting the data into species of similar groups such as
freshwater species, waders and seed-eating species reveals, however, major
differences in distribution. A4 prieri knowledge of a species’ or group’s ecology
can allow biologically meaningful splitting of the data in this way.

The Winter Shorebird Count organised by the BTO is an example of a
distribution study with delimited boundaries which has special reference to
conservation evaluation. The whole coastline of Britain outwith estuaries
was walked by a team of observers at low tide between mid-December and
mid-January. The areas were divided into segments on the basis of their
primary habitat type—bedrock, boulders, cobbles, gravel, sand and mud.
Secondary habitat types, including all of these plus weed cover, and slope of
the shore, were also documented. The bird counts can thus be analysed with
respect to habitat preference, and evaluation of particular stretches of coast-
line based on species and community assemblages can be made.

4. Effects of weather

Distribution studies, such as those of the Breeding and Winter Atlases have
been used to investigate the effects of weather on such subjects as (1) early
breeding in a number of species, (2) mortality in cold winters, (3) body size
and winter distributions, (4) seasonal patterns of movement.

An increase in the number of 10 km squares in which the species was
recorded in late winter during the Winter Atlas showed evidence of early
breeding activity in Corn Bunting, Lesser Spotted Woodpecker, Goshawk,
Hawfinch, Dipper, Raven and Golden Eagle. Because the extra registrations
were randomly distributed throughout the ranges, the increases were prob-
ably not due to movement of the population. However, caution is needed in
such interpretations. In other species marked declines for the same periods
were noted, indicating higher mortality in cold weather and towards the end
of the winter. Kingfisher, Grey Heron and Goldcrest are well known to be
susceptible to cold weather.

The Winter Atlas was also used to investigate how species of different body
weight are distributed during winter. Bigger species tended to be distributed
further north than smaller species.

Seasonal patterns of movement involving the arrival and departure times
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of winter migrants and the arrival and departure times of breeding migrants
into Britain have also been studied using the Winter Atlas. Breeding-ground
conditions for northern breeding waders such as Dunlin, and geese such as
Brent Goose, influence the time of arrival in Britain where they will expect to
spend the winter. This has been shown using comparisons of distribution
maps for winters varying in their severity. Likewise, warm conditions
towards the end of winter hasten the departure of these and other winter
visitors and encourage the early arrival of spring migrants such as warblers
and hirundines. Upland breeding individuals of species that breed across
Britain such as Song Thrushes tend to move to the coast in winter. This was
determined by analysing seasonal patterns of distribution from the Winter
Atlas (Lack 1986).

5. Identifying partial migration

The Winter Atlas illustrated the two types of partial migrants in Britain and
Ireland. (1) Some individuals leave Britain and Ireland in the autumn while
other individuals remain. (2) The breeding population is augmented in the
winter by birds from Fennoscandia and other parts of northern and eastern
Europe. Males of certain species, e.g. Chaffinches and Pochard, are more
common in the north than in the south of Britain, so there are partial
migrants with respect to sex. A number of species, for example Stock Dove
and Skylark, in the Winter Atlas were shown to vacate the north of Britain
before the end of the winter period. These movements are thought to be in
response to food availability. This information is a valuable use of atlas data
in identifying partial migration through temporary changes in distribution.

6. Irruptive species

The Winter Atlas also showed patterns of distribution of species that irrupt
through, generally, shortages in their food supplies in Scandinavia and
elsewhere in northern Europe. For Britain there are four classic irruptive
species — Waxwing, Crossbill, Brambling and Siskin. From the Winter Atlas
the species were found to irrupt in different years probably because they feed
on different foods. The analysis of irruptions is based on counting the
number of squares in which the species is recorded in different years.

Summary and points to consider

What questions are to be addressed by the distribution study? Set objectives.
What is the appropriate scale?

Is the study appropriately atlas, single species or habitat-based?

Are habitat data to be collected alongside the main survey data?

Is a pilot study necessary to identify problems?

Make sure the methodology is standardised (same grid size as a previous
study in order to allow comparisons).
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Make sure the methodology is adequate to achieve the objectives e.g. to be
able to place confidence limits on population estimates.

Has the effect of grid size on the number of species observed been taken into
account in the study design?

How will coverage problems be dealt with?

How are data to be handled and dealt with? Design the data collection in a
way that eases the methods of analysis.

What statistical treatments are necessary?
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Description and Measurement of Bird
Habitat

Introduction

Counts of birds in a study plot become more valuable if they are related to
the habitat variables within the plot, as such analyses can discover factors
which affect bird occurrence or abundance (see MacArthur and MacArthur
1961; Cody 1985; Rotenberry 1985; Wiens 1989). Moreover, understanding
bird-habitat relationships can help predict the effects of management and
habitat change on bird populations.

The level of detail collected on the habitat(s) to be studied should be
related to the objectives of the study. If, for instance, the distribution of birds
over an extensive area is being assessed, habitat information at the broad
level (perhaps from satellite imagery or aerial photographs) may be all that is
required. However, investigations aiming to elucidate habitat preferences of
a particular bird species require more detailed and time-consuming studies
of the birds’ habitat, often involving the measurement of habitat variables in
sample plots, or at the exact position of the bird. In such cases the collection
of data on the abundance of a particular bird and variation in the habitat in
which it lives is often followed by data-analysis using multivariate statistical
procedures (see Gauch 1982).

In general, there is a gradation of detail of habitat recording in ornithologi-
cal studies from the broadest scale where habitat details are mapped and the
positions of birds are marked on the map (map based), to a finer scale where
the bird populations and habitat variables are sampled in a statistically
representative number of sites (plot based), and the finest scale where
habitat variables are recorded at the exact position of a territorial or radio-
located bird (individual based) (Box 10.1).

In this chapter, this gradation of scale is described and illustrated with
examples taken {rom Great Britain and North America.

Habitat mapping methods

Mapped counts of birds are fairly meaningless without an adequate mapping
of habitat features in the area (see Chapter 1, Box 1.2). Hence, a typical first
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step in understanding the habitat preferences of birds in a study area is to
produce a map showing the habitat features.

Habitat maps are generally produced in several stages.

(1) A base map of the area is obtained. Such maps may be national
cartographic maps produced at various scales, aerial photographs taken from
light aircraft or balloons, or photographs produced from satellites such as the
Landsat system.

(2) A provisional habitat map of the study plot is traced from the base map
onto tracing or similar paper using fine-nib pens. In Britain, provisional
habitat maps are commonly drawn at 1:10 000 or 1:2500 scale depending
on the size of the study area and the spatial resolution needed for plotting
data. The boundaries of the study plot and obvious major divisions or
features such as roads, woodlands, built-up areas or arable farmland, as well
as reference points such as isolated farm houses, are marked.

(3) The provisional habitat map is checked and refined by a ground survey
of the study area. The level of detail mapped in at this stage should be related
to the problems being addressed by the study. It is important that the maps
are not too detailed as the time taken in their production will be wasted, or
too generalised as little will be learnt from their use.

In Britain, a broad scale of habitat mapping can create habitat maps
according to standardised habitat types (e.g. Fuller 1982). The following 26
bird habitats in Britain are defined by Housden et al. (1991).

Natural and semi-natural
(1) Montane
) Upland heaths
) Upland mires
) Upland grasslands
) Broad-leaved woodland/scrub
) Native pine woods
) Lowland heaths
) Downland
) Swamps/fen/carr
) Lowland wet grasslands
) Marine
) Inshore waters
) Sea cliffs and rocks
) Intertidal flats
) Salt marshes
) Shingle/sand/machair
) Coastal lagoons
) Oligotrophic/mesotrophic waters
) Eutrophic waters
) Rivers and streams
(21) Marine
Mainly artificial
(22) Plantations

(2
(3
(4
(5
(6
(7
(8
(9
10
11
12
13
14
15
16
17
18
19
20

(
(
(
(
(
(
(
(
(
(
(
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(23) Extraction pits and reservoirs

(24) Arable

(25) Improved pastures and leys

(26) Built-up areas

These habitats all have distinctive bird communities. An advantage of this
system is that habitat divisions can be easily and rapidly recognised by non-
specialists, hence the classification is cheap in labour terms. Disadvantages
are that only the most broad bird/habitat relationships can be described
(Box 10.2).

In Britain it is also possible to define the habitats present on a study plot to
a much finer degree using hierarchical habitat-classification systems. Habi-
tats can be described in terms of the Royal Society for Nature Conservation/
Joint Nature Conservation Committee (RSNC/JNCC) system, which aims
to give an alphanumeric code to all British habitats (NCC 1990). Vegetation
communities can also be defined throughout Britain using the system of
‘British Plant Communities’ (e.g. Rodwell 1991).

Box 10.3 presents an example of the hierarchy for woodland and scrub
habitats. An example hypothetical woodland could be coded as
A.1.1.1.(W8), which would translate to: a broad-leaved, semi-natural, high
forest of the Acer campestre—Fraxinus excelsior woodland vegetation community.
Given sufficient data, habitats can be described down to the vegetation
community level throughout the rural and urban environment of Britain.

Non-quantitative field survey is adequate to ascribe habitats to the first
four levels of the hierarchy. For example, the code A.l.] means a stand of
broad-leaved woodland which is easy to assess from a brief site-visit. How-
ever, detailed field surveys are necessary to define the most refined levels of
the habitat hierarchy (levels 5 and 6), where critical differences between
woodland types are required e.g. the presence of coppiced (regularly cut) or
un-coppiced shrubs. Moreover, definition of the habitat to the level of the
vegetation community often requires quantitative measurement of plant
species abundance in a number of quadrats, followed by running the data set
through a system of keys to assign it to a particular community (e.g. Rodwell
1991).

Similar, although often less precise, systems of habitat classification exist
in most other countries world-wide.

By marking the positions of birds on a habitat map the most appropriate
level of habitat mapping to elucidate factors of importance to the bird can be
determined. In the example given in Box 10.2 the habitat map showing the
structural variation in the woodland best explains the distribution of the
Nightingale. This bird is a scrub specialist and its song locations (breeding
areas) closely follow the distribution of coppice-with-standards woodland,
where there is a dense shrub layer. This distribution pattern could be further
explained in terms of measured habitat variables as discussed later.

The advantage of using a standard system to record habitats and vege-
tation communities is that all maps produced will be in the same ecological
language and hence inter-site studies will be facilitated. There are several
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disadvantages, however. These are that botanical specialists may be required
to identify sufficient plants to define the vegetation communities, and that a
reasonable level of knowledge of ecology and of the site are necessary to
define habitats to a fine level. Such studies are also labour-intensive, hence
relatively costly.

There are many examples of studies which have made use of habitat
mapping techniques to understand bird counts; some of these are presented
below.

Examples of the use of habitat mapping studies
1. Satellite mapping of remote sites

Satellite images have recently been used to map habitats in the Flow Country
of Caithness and Sutherland in northern Scotland and thereby assess breed-
ing populations of Dunlin (Avery and Haines-Young 1990). In this study
coloured Landsat images, produced using the near-infra-red band 7 which is
sensitive to vegetation type and ground wetness, were used to map areas of
differing habitat. Then by using prior knowledge of the abundance of Dunlin,
which suggested they should be most abundant in the wettest areas, total
numbers of these birds breeding in a random selection of 2.5X 2.5 km squares
in the study areas were predicted. These predictions were then tested by field
counts of the Dunlin (Chapter 7) in a selection of sites ascribed to different
vegetation types. A high level of correlation between the number of Dunlin
estimated from the Landsat image and the number counted on the ground
was obtained (Box 10.4). One advantage of this method was that it produced
data from an extensive area which would have been difficult to survey
adequately using other methods. Major disadvantages are the high cost of
the satellite photographs, and the fact that these photographs cannot show
fine scale of habitat intergradation which are important to many birds. In
such cases satellites are not an appropriate method for mapping habitats and
assessing bird populations.

2. Habitat mapping from aerial photographs and topographical maps

The habitat preferences of the European Woodcock in Ireland have been
assessed using habitat maps. The base habitat map of the study plot was
created from an Ordnance Survey map, aerial photographs and ground
survey (Wilson 1982). The radio-located positions of 12 Woodcock equipped
with radio-transmitters were then marked on the map at dawn and dusk
(Box 10.5). By this means, both the nocturnal and diurnal habitats of the
Woodcock were assessed, and a habitat preference index was calculated.
This study showed that the birds spent the day in the densest area of the
forest and ranged more widely over arable and grassland habitats during the
night.
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Box

10.1

Scale of habitat recording for bird studies.
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(a) All habitats are mapped without any habitat measurement and the locations of birds Box
are marked on the habitat map (@®). This method produces a broad understanding of the 10.1
birds’ habitat preferences, but it is difficult to test any relationships statistically. cont

(b) Habitat is subdivided into parcels on the basis of criteria such as vegetation age or

plant species composition (O = recent coppice coupes; & = old coppice coupes). Bird
registrations (@), derived from a mapping census, are allocated to each parcel and
compared with quantitatively measured habitat variables. The habitat data from the
parcels are produced independently of the territory mapping census and a statistical
comparison between the two to test any significant relationships is possible.

(c) Habitat variables are recorded in standard sample plots at measured distances along
the route of a transect bird count. This produces data on habitat variables at the same
time and in the same position as the transect count and allows the use of multivariate
statistical methods to test relationships between birds and habitat variables. Because
transects usually involve walking at a regular speed (Chapter 4) and birds flee from an
observer on open ground, this may be a poor method, unless habitat variables can be
measured very quickly, or after the birds have been counted. (x) = transect band width,
(y) = measured transect segments, (z) = example radius of habitat recording circle.
(d) Habitat variables recorded in sample plots around the position of randomly located
point counts. This produces detailed habitat data in the same position and at the same
time as the point count. Again this method allows the use of multivariate statistical
methods to test relationships between birds and habitat variables. As described in
Chapter 5, this method works best in fine-grained habitats such as woods. The relatively
poor visibility in woodlands also allows the habitat variables to be measured without
disturbing the birds greatly.

(e) Habitat variables are recorded at the position of a territorial, feeding, or radio-located
bird. This produces precise habitat data in an area selected by the bird. By also recording
habitat variables at a random selection of plots within the study area it is possible to
quantify habitat selection by the birds in terms of measured differences in habitat
variables that were selected and avoided.
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Box Scales of habitat mapping in relation to bird distribution (modified from Fuller et
10.2 al. 1989).

ta) A4 e

J1a
Woodland

Al

J1.2
W10b
A.1.1 — Broad-leaved woodland B W10a British plant communities
J.1.1—Farmland (arable) Ewsb

J.1.2—Gardens (grassland)

[ Coppice 04 years
] 5-9 years
A " 10+ years
E3 Thinned coppice ® Nightingale registrations

(a) Habitats in the study plot are mapped at the crudest habitat scale. Broad-leaved
woodland (code A.1.1) is recognised but this does not predict the distribution of breeding
Nightingales presented in (d).

(b) Habitats in the study plot are mapped at a more detailed level where coppiced
(cyclical cutting of shrub species) areas are separated by age. The areas of coppice of
between 5 and 9 years’ growth predict the distribution of Nightingales (d) quite well.

(c) Habitats in the study plot are mapped down to the level of the standard British Plant
Community sub-community (Rodwell 1991). Three vegetation types are recognised in
the wood, and woodland types W8 and W10a predict the distribution of Nightingales (d)
quite well. There may well be a correlation between the vegetation communities
presented in (c) and the areas chosen for coppicing presented in (b); this could be
investigated further.

(d) Distribution of Nightingale registrations in 1970 at Ham Street Woods, Kent (source
Fuller et al. 1989).
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British habitat classification system to the level of vegetation community for Box
woodlands and scrub (from NCC 1990 and Rodwell 1991). 10.3
First level Second level Third level Fourth level
hierarchy hierarchy hierarchy hierarchy
(A) Woodland and (1) Woodland (1) Broad-leaved (1) Semi-natural
scrub (2) Coniferous (2) Plantation
(3) Mixed
Fifth level hierarchy Vegetation community
(1) High forest One of 25 possible ‘British Plant
(2) Coppice Community’ woodland/scrub vegetation
(3) Coppice-with-standards communities e.g. Fraxinus excelsior-Acer
(4) Orchard campestre woodland (W8)
(5) Underplanted
(6) Oak pasture
(7) Unmanaged

Use of satellites to predict bird numbers from habitat data. Box
50 10.4

40

30

20

Observed numbers

0 10 20 30 40 50 60 70 80
Predicted numbers

Relationship between Dunlin numbers in northern Scotland predicted from Landsat
images and counts obtained by a field survey using standard methods (from Avery and
Haines-Young 1990). There is a significant correlation between these two variables.
This shows that the method can be used to obtain population estimates for extensive
and remote areas without the need for intensive field surveys; only verification surveys
are required to check the accuracy of the estimate. The predicted slope is 0.4 (plotted for
reference), with an intercept at (0,0). The observed slope of the regression was
+0.39 + 0.07; observed intercept, —1.7 + 2.12. The technique could be applied to
many other species inhabiting relatively simple habitats (e.g. waders on different types
of mudfiats or mires) during their breeding or non-breeding seasons.

Reprinted by permission from Nature, 344, pp. 860—862. Copyright © 1990 Macmil-
lan Magazines Ltd.
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Box Habitat use by Woodcock in Ireland.
10.5

:_.: Diurnal Activity Centre

D Nocturnal Activity Centre

.Area of overlap (Bird F)
(a) 1978/79 (b) 1979/80

[J Agricultural land
DWoodIand
500 m

The nocturnal and diurnal distribution of ten radio-tagged Woodcock (labelled A—J) ina
study site near Rathdrum in County Wicklow are presented (from Wilson 1982). This
shows a clear tendency for these birds to use the woodland habitats, especially the
young thicket stages of plantation conifers during the day (‘diurnal’), and agricuitural
land during the night (‘nocturnal’).
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Selection of habitat variables measured in grasslands of North America and Box
related to populations of birds (from Wiens 1969, 1973; Rotenberry and Wiens 10.6
1980).
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Box (a) Habitat variables and bird numbers are measured in 10 ha sample plots subdivided
10.6 into sampling units at 50 x 50 m—within each unit a randomly located sampling position
cont (marked x) is used to record the habitat variables.

(b) Wooden poles 2 m long are used to create a cross on the grass—the ends of the

cross mark the positions of the four vegetation sampling points (A-D).

(¢) A wooden dowel sub-divided into 10 cm units is placed vertically into the grassland
and used to measure the depth of the grass and the litter.

(d) A portable light meter (photometer) can be used to measure light penetrating into the
grassland to produce an index of vegetation density at different heights.

(e) A chequered board with 5 x 5 cm subdivisions is used to produce an index of
vegetation density at various heights.

(f) The patchiness in the height of the vegetation at the various corners of the poles can
be used to calculate a heterogeneity index for the vegetation.
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Selection of habitat variables measured in lowland wet grasslands of Britain
and related to bird populations (from Green 1985b, 1988).

Wellington

boots lines
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(a) The study plot is defined by the boundaries of an individual field surrounded by
ditches.

(b) By marking height lines on the wellington boots worn by the observer the height and
heterogeneity of the vegetation can be rapidly assessed.

(c) Many species of wader breeding in lowland wet grasslands in Britain (particularly
Snipe) need soft soils in which to probe for invertebrate food. The important feature is
that the water table is close to the surface of the soil during the breeding season and this
makes the soil soft.

(d) Penetrometers simulate a bird’s beak and can measure the penetrability of the soil in
terms of the force needed to probe it. The value produced is an index of the soil
conditions required for Snipe and other probing birds to obtain food.

Box
10.7



http://7r-7.-7.-7

222

Bird Census Techniques

Box
10.8

Number of nests

Wader nesting density in relation to vegetation height.
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Density of nests of (a) Black-tailed Godwit, (b) Lapwing, (c) Snipe and (d) Redshank with
respect to median vegetation height in mid May at three lowland wet grasslands in
southern Britain (from Green 1985b).

@ = data from the Ouse Washes (Cambridgeshire), ¥ = data from the Nene Washes
{Cambridgeshire), B = data from West Sedgemoor {Somerset and Avon).

Examples (a) and (b) show that Black-tailed Godwit and Lapwing are most common in
fields with a median vegetation height of 1020 cm in May, whereas examples (c) and
(d) show that breeding densities of Redshank and Snipe are less influenced by the
recorded vegetation heights.
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Commonly recorded grassland habitat variables and examples of methods

used to measure them.

Variable Methods of recording

Vegetation height Wellington boot marked into bands of 5 or 10 cm
Stick marked into bands 1—10 c¢m high

Vegetation density Chequered board marked with height bands and

Vegetation heterogeneity

Litter depth

Grazing regime

Plant species diversity

Vegetation community

Soil softness

Soil type

Environmental factors

Natural grassland or Ley

height of 90% obscuration of bands read at 5 m
distance

Light meter lowered a known distance into the
vegetation and light intensity measured

Variability in vegetation height calculated for 50
readings over e.g. a field

Ruler used to measure litter depth directly,
averaged over a representative number of samples
(at least 30)

Presence and type of grazing animals
Number of livestock grazing-units per ha per year

Number of plant species in representative (at least
20) quadratsof 1 X 1 mor2x 2 m

Assignment of vegetation to standard vegetation
community based on data collected in at least five
standard quadrats

Measurement of penetrability of the soil using a
mechanical device which measures force to insert
steel rod (penetrometer)

Observation in shallow soil pit

Rainfall, temperature, altitude, latitude/longitude,
season etc.

Historical knowledge, presence of indicator species

Box
10.9
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Box Some commonly used devices to measure habitat variables in woodlands.
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These devices have most frequently been used to assess the vertical density of foliage
in a forest to produce a foliage profile, but they can also be used to generate independent
data on habitat variables to test against the abundances of the various bird species
present. Most ideas originate from James and Shugart (1970) and MacArthur and
MacArthur (1961).

(a) Graduated pole held upright—most useful to measure the features of the foliage in
the shrub layer, and low forests.

(b) 35 mm camera with 135 mm or ‘zoom’ lens—can be focused down through the forest
profile (heights read off range-finder) and used to assess foliage density through a
vertical section of the forest.

(c) Sighting tube—observer looks directly up and assesses the canopy or shrub layer
foliage density, or attempts to divide the profile into height bands and assesses
vegetation cover within each.

(d) Chequered board—used to assess vertical density of shrub layer. Observer walks
away from the board until 50% of the board is assessed to be obscured by vegetation;
this produces an index of the shrub density which can be repeated at a variety of heights.
It is important that the same observer assesses when 50% of the board has become
covered as observers may vary in this ability.
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Foliage profiles for two hypothetical woodlands and an example of their Box
relationship to bird populations. 10.11

Height (m)

27

1 " A L
25 50 75 100
% Vegetation cover

A vertical section of the forest vegetation has been broken into height bands and the
foliage density has been either estimated or measured within each band; this infor-
mation can be used to produce a foliage profile which can be used to calculate a foliage
height diversity index, or put to other comparative purposes.

Forest stand (a) is a semi-natural woodland and has a well developed canopy, shrub
layer and ground layer—these give rise to a smooth foliage profile. This profile might be
expected to favour both species that require height diversity, and aiso to support a high
total diversity of species as there are many ecological niches.

Forest stand (b) is a plantation where all the trees are of uniform age and there is a
dense canopy, but virtually no shrub or ground layers. This profile might be expected to
support a less diverse bird community than profile (a) as those species that use shrub
and ground layers will be absent or very scarce, and species that range widely through
different vegetation levels will also be rare. However, some species prefer poorly
developed understorey conditions and these might well be more abundant in this
woodland type.
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Box
10.12

Commonly recorded woodland/scrub habitat variables and examples of

methods used to measure them.

Variable Methods of recording

Canopy height By trigonometry, with a camera or hypsometer, or
directly (at least 20 readings)

Canopy cover Estimate through sighting tube, or through camera
with acetate grid on view-finder (at least 20
readings)

Canopy heterogeneity Summed data from at least 50 readings on canopy

Vertical foliage height diversity
Horizontal foliage diversity

Dead wood

Ground cover

Shrub density at various heights

Tree diameter
Tree age

Broad-leaved or conifer

Plant species diversity

Vegetation community

Natural forest or plantation
Grazing regime
Soil type

Environmental factors

cover analysed by a heterogeneity index

Percentage vegetation cover (to 5%) at various
height bands taken vertically through woodiand

Variation in cover in various height bands laterally.
Can be used to create heterogeneity index

Estimate through sighting tube percentage
quantity dead wood in the canopy or on the ground
(at least 20 readings)

Estimate herb, leaf-litter, twig, moss cover using
e.g. a quadrat of 0.5 m? or sighting tube (at least
20 readings)

Use chequered board to produce at least 20 half-
sighting distances at various heights in the shrub
layer. Normal heights are 0.5, 1.0and 1.5 m
above the ground

Diameter of at least 20 trees at breast height

Knowledge of planting regimes, cores through
tree-trunks, or simply diameter

Direct observation of stand, percentage frequency
occurrence along at least 20 representative
transects

Assessment of tree, shrub, and ground layer plant
species diversity in at least 20 quadrats of

20 x 20 m for trees and shrubs and 5 x 5 m for
ground layer

Assignment of vegetation to standard vegetation
community by recording species composition and
relating to reference documents

Historical knowledge, presence of indicator
species

Presence and type of grazing animals

Number of livestock-units per ha per year
Observation in shallow soil pit

Geological/soil survey maps

Rainfall, temperature, altitude, iatitude/longitude
season, etc.
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Effects of structural change in vegetation on bird populations.

Box
10.13
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The vertical changes in vegetation in a coppiced woodland for 15 years after coppicing
and populations of various migrant warblers plotted by age of coppice (from Fuller et al.
1989).

Following coppicing the cut shrubs grow rapidly and there is a rapid change in the
vertical vegetation structure and shrub density of the example woodland. This rapid
structural change is reflected in populations of various African migrant warbler species
(a—f) which select different structural characteristics (in this case age/density) of
coppice. After around 10 years of growth the structure of the coppiced shrub layer is
changing much more slowly and the bird community becomes more stable. Populations
of the African migrant warbler species fall, and are replaced by resident birds such as tits
and thrushes (not shown). The species graphs are presented (a—f) approximately in
order of habitat selection with species preferring the youngest coppice coming first.
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Box Habitat factors making a significant (P < 0.05) contribution to explaining bird
10.14 | numbers, as assessed by multiple regression analysis (from Bibby and Robins
1985).
Variables
% Variance
1 2 3 4 5 6 7 8 9 10 11 12 13 explained
Blackcap + 54.7
Willow Warbler + + o+ 49.8
Chiffchaff + 45.7
Wood Warbler + + - 71.0
Goldcrest - - 62.9
Pied Flycatcher — + + - 72.5
Redstart - - 59.3
Blackbird + + + 64.3
Willow Tit - - + 60.6
Nuthatch + - + 57.5
Treecreeper - - 54.0
Wren + 61.6
Song Thrush NS
Robin NS
Great Tit NS
Blue Tit NS
Chaffinch NS
Key to variables: 1 = birch %, 2 = sessile oak %, 3 = tree species diversity, 4 = canopy cover
diversity, 5 = shrub cover, 6 = foliage height diversity, 7 = herb cover, 8 = density trees > 15 m,
9 = % overmature trees, 10 = holes, 11 = hazel %, 12 = bramble %, 13 = scrub height diversity.
The higher the variance explained the better the correlation with that particular variable.
Variations of over 60% are highly significant.
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Radio-telemetry as a tool for studying habitat preferences of individual species. Box
10.15
(a) Grey Partridge (b) Red-legged
partridge
Winter wheat
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Habitat selection by (a) Grey Partridge and (b) Red-legged Partridge in Britain is shown
(from Green 1984). Histograms show ratios of observed to expected numbers of radio-
locations in five crops and at various distances from the nearest field boundary. This
shows the preference of these two species for areas adjacent to hedges, and also shows
that they prefer different crop types. But see page 203.

L
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Box

10.16

Means and standard deviations of habitat variables that were significantly
different (P < 0.05) between Woodcock feeding locations as determined by
radio-telemetry of marked birds and random sites (Hirons and Johnson 1987).
Woodcock Randomly
feeding chosen
areas areas Significance

Variable Mean SD Mean SD level
Vegetation structure

Basal area of trees (m? per

ha) 2.8 1.73 4.4 4.20 <0.05

Mean basal area of trees

(cm?) 27.8  10.50 377 1850 <0.01

Height of co-dominant

vegetation {(cm) 8.2 6.96 49 6.73 <0.05
Vegetation composition

Dog’s Mercury (% cover) 19.9 13.34 1.3 537 <0.001

Beech (% of point quarters) 124  25.30 40.6 40.63 <0.05

Oak (% of point quarters) 3.2 7.78 03 3.08 <0.05
Ground surface and soil

characteristics

Litter (% cover) 415 14.52 62.6 25.00 <0.05

Litter depth (cm) 1.5 1.14 25 2.67 <0.05

pH 6.3 0.79 5.2 1.15 <0.001

Earthworm biomass {(g per

0.25 m?) 562 3.21 3.08 327 <0.001

Earthworm numbers (per

0.25m?) 18.92 1.74 1041 1.80 <0.001
In this analysis the lower the level of P the higher the significance of the result, hence the most
significant results are:

(1) the preference for feeding within Dog’s Mercury;

(2) the preference for feeding in areas with higher soil pH, earthworm numbers and earthworm
biomass.

Measuring habitat variables in sample plots

Mapping procedures are able to provide broad information on the habitat
preferences of a particular bird, or assemblage of birds, but cannot define
which features of the habitat are of most importance.

Plot-based studies generally aim to refine knowledge on those habitat
variables that are most important to the birds. Because these methods may
collect large volumes of data, interpretation of the bird-count and habitat-
variable data necessitates analysis with sophisticated multivariate statistical
procedures (e.g. Gauch 1982). For example, the density of the shrub layer
might be expected to be an important factor in determining the distribution
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of a shrub-dwelling woodland bird; this could be measured at the same time
as counts of the bird were made (see Chapters 4 and 5) and possible
relationships tested.

Several methods have been developed to measure habitat variables in
grassland and forest habitats and then relate these to a bird’s distribution
and abundance. Practical details of the methods of recording habitat vari-
ables in grassland and woodland/scrub habitats in relation to counts of birds
are presented below.

Grassland habitat variables

Study plots in grasslands should be large enough to gain an adequate sample
of the bird species being studied, but not so large that vegetation features
change dramatically within the plot. Moreover, enough plots should be
studied to enable statistically meaningful results to be obtained; over 20
study plots are generally recommended. Plots are normally positioned within
different grassland management regimes such as grazing or mowing (strati-
fied random sampling), as these will be important when the results are being
analysed. Within these constraints, study plots should be randomly located,
and vegetation sampling positions should also be randomly located within
the plots.

The distribution and abundance of grassland birds appears to be most
influenced by habitat variables such as vegetation height, vegetation density
and heterogeneity, vegetation composition, grazing density, soil-moisture
content and ease of obtaining food. These variables are generally those
sampled in ornithological studies.

Examples of studies using grassland habitat variables collected in
study plots

1. Habitat preferences of breeding birds of North American prairies
counted using mapping methods

In North America, the effects of vegetation height, vertical vegetation den-
sity, vegetation heterogeneity, depth of the litter layer and grazing pressure
on the breeding abundance of selected grassland birds have been intensively
studied {(Wiens 1969, 1973; Rotenberry and Wiens 1980).

In these studies, habitat and bird data were collected in 10-ha study plots
in representative areas of vegetation throughout the mid-west of North
America. Each study plot was demarcated by a grid marked out with stakes
around 60 m apart. All plots were surrounded by a ‘buffer zone’ of similar
vegetation at least 100 m wide in order to minimise edge effects. Breeding
densities of birds in these plots were assessed using a mapping method with
the birds being flushed to define their territory boundaries accurately
(consecutive-flush method: see Chapter 3).
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Features of the vegetation structure in these plots were recorded at samp-
ling units located randomly within each 61 X 61 m block (Box 10.6a). At
each sampling unit, four sampling plots were located on the ends of 2 m long
poles arranged in a cross (Box 10.6b). The following vegetational attributes
were recorded.

(1) Vertical vegetational structure: this was recorded by noting the num-
ber of vegetation contacts along a 1 m long wooden dowel of c. 5 mm
thickness sub-divided into 10 cm bands positioned vertically in the vege-
tation (Box 10.6¢c). The type of vegetation making contact with the dowel
and the depth of litter or mulch could also be recorded.

(2) Vegetation density: this was assessed as the quantity of light, as
measured by a portable field photometer, penetrating a known distance into
the vegetation (Box 10.6d). Readings were taken at the same time of day and
under similar weather conditions to produce standardised results. Another
means of measuring vegetation density involved placing a 10 cm wide board,
marked into | X I cm squares, vertically into the vegetation (Box 10.6e).
From a distance of 5 m an estimate was made of the height on the board
where 90% of the squares were obscured by vegetation.

(3) Vegetation heterogeneity: the height of the vegetation at the four
corners of the 2 m square quadrat were measured (Box 10.6f) to enable
vegetation heterogeneity to be calculated, as below:

3, (max — min)

2x

Heterogeneity index =

where max = maximum height of the vegetation in the quadrat, min = mini-
mum height of the vegetation in the quadrat, and x = mean height of the
vegetation in the quadrat. Low values of this index indicate uniformity of the
vegetation and high values heterogeneous vegetation. Values can be summed
over the whole study plot to give an overall heterogeneity measure which can
be compared with other plots and against the different abundance of birds.

2. Habitat preferences of probing wetland waders in Great Britain
counted using specialised counting methods

Research into the habitat preferences of breeding waders on the lowland wet
grasslands of Britain (Green 1985a, b, 1988) also shows how measured
habitat variables in sample plots can be used to understand the abundance of
breeding birds. In these studies the sample plots were defined by field
boundaries. At each site populations of various breeding wader species were
assessed in several fields using standard methods (Chapter 7). Habitat
variables were also measured using the following methods.

(1) Structural variation of the sward: this was sampled every 20 paces
along randomly orientated transects through fields. Vegetation height was
measured next to the observer’s foot, at a rate of around 10~20 sample points
per ha of field. By painting white height lines on the wellington boots worn
by the observer data collection was speeded up considerably, without loss of
accuracy (Box 10.7b).
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(2) The ease of penetration of the soil: this controls whether the birds can
continue to probe the soil and hence obtain invertebrate food. Penetrability
was measured with a penetrometer, a device comprising a metal needle
which mimics a wader’s beak, attached by a linkage system to a 10 kg
balance. At each sampling point (where vegetation height was measured)
five penetration measurements were made by sticking the needle 10 cm into
the ground. From 30 to 60 penetration readings were collected per km? of
study area (Box 10.7d).

Data collected were used to demonstrate the relative importance of these
habitat factors to a variety of waders breeding in lowland wet grasslands. For
example, by presenting the vegetation height data as the percentage falling
within various height classes it was shown that the highest density of nesting
Lapwing and Black-tailed Godwit occurred in fields with short grass up to
10-20 cm median vegetation height in mid May (Box 10.8). In comparison,
Snipe and Redshank nested in grasslands over a wider range of vegetation
heights (Box 10.8).

A more complete list of the variables that can be recorded in a grassland
with the aim of investigating bird/habitat relationships is presented in Box
10.9.

Woodlands and scrub

Woodlands are complicated 3-dimensional habitats, so describing their vari-
ations at a scale applicable to bird studies is more difficult than for grass-
lands. Many methods have been used in woodlands and there has been little
standardisation of what has been measured and the ways in which this has
been done. In this section, methods are presented to measure some of the
most commonly recorded woodland habitat parameters.

As with grasslands, habitat variables of probable importance to an indi-
vidual species or assemblage of woodland or scrub birds can be collected in
sample plots. Plots can be positioned (1) at the site of a randomly located
point count (Chapter 5), (2) at regular intervals along transects (Chapter 4),
(3) in relation to the distribution of mapped bird territories (Chapter 3), or
(4) at the position of a singing or radio-located bird.

1. Circular sample-plot method

The ‘circular sample-plot’ is widely used to collect data on habitat variables
in woodlands and scrub (James and Shugart 1970). The standard sample-
plot is circular and 0.05 ha in extent (12.62 m radius). Within this plot a
number of habitat variables can be quantitatively recorded or estimated
depending on the time available for the study and the precision of results
being sought. In cases where several observers are being used to collect
habitat data it is important that they all receive a day’s training in order to
minimise observer variation.
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2. Habitat variables measured in woodlands and scrub

Methods of measuring the habitat variables most commonly recorded in
studies of woodland and scrub birds, because ecological knowledge suggests
they are most important to these species, are described below and in Box
10.10.

(1) Tree species and diameter: each tree is identified to species level and
the diameter at breast height recorded either to the nearest cm, or more
commonly within bands of 5 or 10 cm. Tree diameter gives an index of forest
maturity, especially if the same tree species are compared between otherwise
similar forests.

(2) Presence/absence of dead wood: the quantity of dead wood on the
forest-floor or in the canopy can provide both an index of its availability and
some idea of forest maturity as older woodlands generally have larger
quantities of dead wood.

(3) Tree and shrub diversity: the number of species of trees and shrubs can
be recorded within the whole plot.

(4) Ground cover: the percentage cover of ground vegetation, leaf-litter,
sticks or bare ground can be evaluated using a 0.5 X 0.5m or 1 X 1 m
quadrat. An index of ground cover by vegetation can also be calculated from
a number (e.g. 20) of plus or minus readings made through a sighting tube
(plastic or metal tube) pointed directly down at the ground. Suitable tubes
are between 2 and 5 cm in diameter.

(5) Canopy cover: canopy cover can be assessed as a percentage through a
zoom lens attached to a camera, or a sighting tube. An index of the estimate
of the canopy cover can also be made by taking a number (e.g. 20) of plus or
minus readings for the presence or absence of green leaves sighted directly
upwards on alternate steps along a transect through the circle.

{(6) Canopy height: the average height of the canopy can be measured with
a measuring device such as a clinometer, by using trigonometry, or read off
the range-finder scaje (logarithmic) of a camera lens held vertically and
focused on the top of the canopy.

(7) Shrub density: the density of the shrub layer foliage can be calculated
by means of a standard 30 X 50 cm board which has been painted with red
{or black) and white squares of 10 X 10 cm (see Fuller et al. 1989). When the
chequered board is being used one observer holds the board at a predeter-
mined height in the vegetation and the other walks away until the board is
half obscured by vegetation. This ‘half-sighting distance’ is then measured to
give an index of vegetation density whereby the shorter the sighting distance
the denser the vegetation. These boards are normally used to record shrub
densities at three different heights in order to assess height variations.
Commonly chosen heights in British woodlands are 0.5 m, 1.0 m and 1.5 m.
However, the height of recording is often varied according to local con-
ditions. Between 10 and 50 half-sighting readings are commonly made in
each woodland study site, with the number of readings being controlled by
the variability of the results—the more variability the more replicates will be
needed. The density of shrubs near the ground can also be recorded along
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two transects of outstretched armlength width (c. 2 m) across the circle, each
totalling approximately 0.02 acres (0.008 ha). All contacts with shrubs along
these transects are noted, in different size categories if appropriate.

(8) Vertical vegetation density: the density of the canopy, shrub layer and
ground layer can be measured separately as defined above, or regarded as
components of a vertical vegetation profile through the forest. Such ‘foliage profiles’
are calculated by dividing a vertical section of the forest into defined height bands
and then assessing the foliage cover within each band (Erdelen 1984; Petty and
Avery 1990). Vegetation density can be measured in several ways.

(a) Estimation: the most rapid technique to produce a foliage profile
involves assessing the maximum and minimum foliage heights, either by
visual estimation or with some form of measuring device, and then estimat-
ing the percentage vegetation cover to the nearest 5% at various heights
through the profile. A profile of each study site can be sketched in the field
using the upper and lower canopy and the maximum percentage cover as
guide-lines.

(b) Sighting tube: the vertical density of vegetation can also be measured
through sighting tubes 5-20 cm in diameter. These are pointed directly up
into the forest and by looking through them and focusing by eye through the
forest layers (Box 10.10c) a visual estimation of the foliage densities can be
produced.

(c¢) Graduated pole: another rapid method to assess the foliage profile uses
a long thin rod graduated along its length. This pole is positioned vertically
through the forest profile and the number of foliage contacts within measured
sections of the pole are recorded. These contacts can be converted to a foliage
density at the various heights and this can be used to produce a foliage
profile. This method is most successful in low-growing canopies as position-
ing and reading the pole becomes increasingly difficult in taller stands (Box
10.10a).

(d) 35 mm camera: vertical sightings are taken through a 135 mm or
‘zoom’ lens attached to a standard 35 mm single lens reflex camera. The
density of intersected leaves can be estimated at various heights defined by
the range-finder scale on the camera lens (Box 10.10b). By using a grid
marked on an acetate film placed over the camera eyepiece more detailed
quantification of the vegetation cover at different heights can be obtained.
Foliage profiles can be plotted from these data. 35 mm cameras with ‘fish-
eye’ lenses can also be used as they produce a photograph of the whole of the
profile, and the foliage density of the various layers can be measured off the
photographs.

(e) Chequered boards can also be used to measure the density of vege-
tation at various heights (Box 10.10d), although this becomes increasingly
difficult further from the ground.

Examples of profiles from two contrasting hypothetical woodlands are
presented in Box 10.11. Classic research in the early 1960s indicated that the
diversity of bird species was directly related to the diversity of vegetation in
the foliage profile (MacArthur and MacArthur 1961; MacArthur e al. 1962).
This has been elaborated many times since then (e.g. Wiens 1989).
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To test this relationship, foliage profiles must be turned into foliage height
diversity values using the Shannon—Weiner formula:

H=-%p;Inp,

where p; is the proportion of the total foliage which lies in the ith of the
chosen horizontal layers.

Thus, for instance, a woodland with one layer has zero diversity. Two
layers, one with 1% cover and the other with 99% cover will have a diversity
of —0.01 In 0.01 — 0.99 In 0.99 = 0.056 (close to zero), while two layers each
with 50% cover will have a diversity of 2 X (=0.5 In 0.5) = 0.694. This
illustrates why FHD is a better measure of diversity than the actual number
of layers, for the community with 99 of one species and one of the other seems
closer to the community with only one species.

FHD values so calculated can then be compared with bird species diver-
sity produced using the same formula. As mentioned above bird species
diversity and foliage height diversity have been positively correlated in many
studies.

As many further habitat variables and physical/climatic features of the
sample areas as considered appropriate can be measured in each sample
plot. Box 10.12 summarises sorts of habitat variables that can be measured to
gain useful knowledge on the habitat preferences of birds.

Examples of the use of quantitative measurement of structural
variables in study plots in woodlands and scrub

1. Mapping method used to study the effects of shrub layer density
on populations of breeding birds

Historically, many British woods were actively coppiced (shrub species cut
down every 7-15 years in a regular cycle). Within each coppiced area there
are extensive changes in the vertical vegetation structure as the coppice re-
grows (Box 10.13). The detailed effects of this vegetation change on popu-
lations of various breeding birds have been investigated by Fuller e al.
(1989). Positions of all bird registrations were mapped in Ham Street Woods,
Kent over a 5-year period with 23-25 census visits annually. Vertical
vegetation structure was recorded using chequered boards at 0.5 m and
1.5 m above the ground in stands of known age from the last coppicing. This
work showed that coppiced shrubs in the woodland grew quickly and
reached their highest vegetation density after 3-5 years, thereafter declining
(Box 10.13). Different species of scrub-specialist migrant warblers were
found at maximum densities in coppice of different age, particularly in the
first 2-10 years following coppicing when the density of the shrub layer was
changing most rapidly.
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2. Point counts used to assess effects of vegetation structure on bird
populations of sessile oakwoods in western Britain

The point count (Chapter 3) method of counting birds has the advantage
over mapping methods (Chapter 3) of being able to collect habitat data in a
sample plot centred on the point count immediately following the bird count.
Also, only one site visit is necessary to collect both bird and habitat data
whereas around ten visits are necessary with the mapping methods. As a
consequence, point counts of birds allied with habitat measurement allow
data to be rapidly collected from many sites and permit detailed statistical
investigations.

For example, by estimating 13 habitat variables at the position of ran-
domly located point counts in sessile oak woods in the west of Britain, Bibby
and Robins (1985) were able to investigate statistical relationships between
birds and their habitat. Box 10.14 gives the results of a multiple regression
analysis on the bird counts and habitat variables.

This study provided clues on the most important habitat features for these
various birds. For example it suggests that of the measured habitat variables,
the presence of a herb layer was most correlated with numbers of Blackcap.
Redstarts by contrast showed a negative correlation with herb cover, reflect-
ing the fact that this species prefers more open, often heavily grazed,
woodlands. The numbers of Robin, Great Tit, Blue Tit, Song Thrush and
Chaffinch were not statistically correlated with any of the measured habitat
variables, probably because these species are quite flexible in their habitit
requirements. Such information is invaluable when conservation action is
being planned, or habitat management programmes are being designed.

Similar studies can be undertaken using transect counts of birds with
habitat measured at either regular, randomised or selected positions along
the transect (e.g. Hill et al. 1990, 1991).

It is important to note that spurious correlations may result when habitat
variables are themselves correlated. For example, a dense shrub layer will
tend to produce a sparse ground layer and both of these may be statistically
significantly correlated with the numbers of a particular bird, although a
broad ecological understanding of the bird would suggest that it spends all its
time in the shrub layer and never uses the ground. However, on occasion
apparently spurious correlations may prompt a useful re-investigation into
the habitat preferences of the bird!

Individual-based studies

As well as relating bird counts to mapped habitat features, and habitat
variables measured in sample plots, it is also possible to record habitat
variables at the exact location of a singing bird, or one located by radio-
telemetry. Such studies can be used to define habitat selection by a bird more
precisely, and if habitat variables are recorded at positions with and without
a bird, then a habitat preference index can be created (see later).
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Examples of the use of measuring habitat variables at the position of
an individual bird

1. Radio-marked partridges on farmlands in Britain

An example of recording habitat features in grasslands at the precise location
of a study bird is provided by Green (1984). In this investigation the early
morning (roosting site) locations of female Red-legged and Grey Partridges
with young were assessed by radio-telemetry. Then by visiting the precise
location of the radio-fix and finding the roosting area, habitat variables such
as crop type and distance from the nearest hedge were measured. Moreover,
droppings could be collected and used to assess what the birds had been
feeding on.

After many such sites had been visited and habitat variables collected and
analysed, it could be shown that both species roost most often close to
hedges, but that the habitat preference varies between the species. Grey
Partridge preferred cereals, whereas Red-legged Partridge preferred carrots
and sugar beet crops within the study area (Box 10.15).

2. Radio-marked Woodcock feeding in woodlands and fields

The study of Hirons and Johnson (1987) recorded details of woodland
habitat in a study area, and used radio-telemetry to locate Woodcock within
it and assess their habitat preferences. To describe the habitat the study plot
was first divided into four strata (trees, saplings, shrubs and herbaceous).
Radio-tagged Woodcock were then located within these broad habitat div-
isions by radio-telemetry and details of the habitat were collected by means
of a 0.25 m? quadrat at feeding, nesting and randomly located sites. As an
example, 30 habitat variables were recorded at each of the 50 feeding
locations. By recording habitat variables in areas used by feeding Woodcock
and in randomly located quadrats a habitat preference index could be
developed, showing that the Woodcock positively selected some of the habi-
tat attributes in the study area (Box 10.16). For further information on the
use of radio-telemetry data see Chapter 9.

Summary and points to consider

Bird habitats can be measured at various intensities from mapping the
habitat and marking the positions of birds, to measuring habitat variables at
the position of a study bird. Habitats are generally recorded within three
broad divisions: (1) mapping methods — producing habitat maps; (2) sample
plot methods—measuring habitat variables in representative sample plots;
(3) individual-based methods—measuring habitat variables at the known
position of a study bird.
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1. Mapping methods—habitat maps

Base habitat maps are produced from national geographical maps, aerial
photographs or satellite images. They are refined by ground survey and, at
the highest intensity of effort, habitats can be classified down to the vege-
tation community level. If registrations of birds are marked on habitat maps
they provide basic information on the birds’ habitat preferences, but cannot
determine which detailed features of the habitat are most important to the
birds. Given prior knowledge of the habitat-preferences of a particular bird
species, habitat maps can be used to predict bird distribution and population
levels over extensive areas.

2. Measurement of habitat variables in sample plots

Habitat variables can be recorded in sample plots at the position of a point
count or along a transect. Measurement of habitat variables of probable
importance to the bird, as derived from prior knowledge of its ecology,
enables the relative importance of habitat features to be investigated. It is
then possible to discover which habitat variables are the most important to
an assemblage of birds, or an individual bird species and act on this
knowledge.

3. Measurement of habitat variables at the position of a study bird

Habitat variables can also be measured at the precise position of a breeding
or feeding bird (e.g. located by radio-telemetry). A more refined level of
knowledge of the important habitat features to the bird should result from
this form of study.



Appendix

Mammals
Fox
Plants

Ash

Beech

Birch

Bramble

Dog’s Mercury
Field Maple
Hazel
Pedunculate Oak
Sessile Oak
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Scientific Names of Species Mentioned in the Text

Vulpes vulpes

Fraxinus excelsior
Fagus sylvatica
Betula spp.

Rubus fruticosus agg.
Mercurialis perennis
Acer campestre
Corylus avellana
Quercus robur
Quercus petraca
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Species Index

Ratites
Emu, Dromaius novaehollandiae, 244

Penguins, general, 16-23

Divers (loons)
Black-throated Diver, Gavia arctica,
131-132
Great Northern Diver, Gavia immer,
131-132
Red-throated Diver, Gavia stellata, 131-132

Grebes
Great-crested Grebe, Podiceps cristatus, 12,
132
Little Grebe, Tachybaptus ruficollis, 132

Albatrosses
Black-browed Albatross, Diomedea
melanophrys, 167, 253
Wandering Albatross, Diomedea exulans,
16~23

Petrels
Leach’s Petrel, Oceanodroma leucorhoa, 157
Manx Shearwater, Puffinus puffinus, 157, 171
Northern Fulmar, Fulmarus glacialis, 157,
171
Storm Petrel, Hydrobates pelagicus, 124, 157

Gannets
Northern Gannet, Sula bassana, 12, 157, 172

Cormorants
Great Cormorant, Phalacrocorax carbo, 157
Shag, Phalacrocorax aristotelis, 157, 173

Herons
Eurasian Bittern, Botaurus stellaris, 141
Grey Heron, Ardea cinerea, 141, 207

Storks
White Stork, Ciconia ciconia, 16~23

Ducks, general, 142-143

Canvasback Duck, Aythya valisineria, 16~23

Common Pochard, Aythya ferina, 142, 208

Green-winged Teal, Anas crecca, 142

Mallard, Anas platyrhynchos, 121, 142,
194-5, 203

Northern Shoveler, Anas clypeata, 142

Tufted Duck, Aythya fuligula, 142, 194-5,
203

Geese
Barnacle Goose, Branta leucopsis, 16~23
Brent Goose, Branta bernicla, 208
Canada Goose, Branta canadensis, 16~23
Magpie Goose, Anseranas semipalmata, 16~23
Snow Goose, Anser caerulescens, 16~23

Swans, general, 142
Bewick’s Swan, Cygnus bewickii, 16-23, 107,
109
Mute Swan, Cygnus olor, 134, 142

Birds of Prey, general, 143-144

Buzzard, Eurasian, Buteo buieo, 16~23, 143,
182

Golden Eagle, Aquila chrysaetos, 16~23, 143

Hen Harrier, Circus cyaneus, 16-23, 144

Kestrel, European, Falco tinnunculus, 52

Marsh Harrier, Circus aeriuginosus, 7, 12,
190

Northern Goshawk, Accipiter gentilis, 207

Northern Sparrowhawk, Accipiter nisus,
143-144, 179, 183, 203

Peregrine Falcon, Falco peregrinus, 12

Game Birds

Black Grouse, Tetrao tetrix, 16~23

Capercaillie, Tetrao urogallus, 1623, 75,
145, 182

Grey Partridge, Perdix perdix, 135-136, 146,
229, 238

Red Grouse, Lagopus lagopus scoticus, 121,
135, 145-146

Red-legged Partridge, Alectoris rufa, 229,
238

Ring-necked Pheasant, Phasianus colchicus,
111-113, 120, 121, 129, 130, 135

Willow Grouse, Lagopus lagopus lagopus,
16-23

Willow Ptarmigan, Lagopus mutus, 121

Rails and Crakes
Black Coot, Fulica atra, 107, 146
Corncrake, Crex crex, 147
Moorhen (Common Gallinule), Gallinula
chloropus, 146

Shorebirds
Avocet, Pied, Recurvirostra avosetta, 16~23
Black-tailed Godwit, Limosa limosa, 222233
Common Snipe, Gallinago gallinago, 137,
148, 177, 221, 222, 233
Curlew, Western, Numenius arquata, 150

252



Species Index

Dunlin, Calidris alpina, 47, 72, 149, 176,

208, 213, 217
Golden Plover, Pluvialis apricaria, 72, 149,
177

Knot, Red, Calidris canutus, 176, 177
Lapwing, Vanellus vanellus, 61, 138, 148,
177, 205, 222, 233
Little Ringed Plover, Charadrius dubius, 148
Purple Sandpiper, Calidris maritima, 177
Redshank, Tringa totanus, 137, 148, 176,
222,233
Ringed Plover, Charadrius hiaticula, 148
Stone Curlew, Burhinus oedicnemus, 149, 182
Whimbrel, Numenius phaeopus, 150
Woodcock, American, Scolopax minor, 123
Woodcock, Eurasian, Scolopax rusticola, 58,
135, 149, 218, 230, 238

Skuas (Jaegers)
Arctic (Parasitic) Skua, Stercorarius
parasiticus, 157, 172
Great Skua, Catharacta skua, 157, 172

Gulls
Black-headed Gull, Larus ridibundus, 157,
166
Black-legged Kittiwake, Rissa tridactyla,
157, 166

Common {Mew) Gull, Larus canus, 166

Great Black-backed Gull, Larus marinus,
157, 166

Herring Gull, Larus argentatus, 154, 157, 166

Lesser Black-backed Gull, Larus fuscus, 157,

166
Terns
Arctic Tern, Sterna paradisaea, 39, 157, 161,
168-169, 179
Common Tern, Sterna hirundo, 157, 161,
168-169

Little Tern, Sterna albifrons, 157, 168—169

Roseate Tern, Sterna dougallii, 157, 161,
168-169

Sandwich Tern, Sterna sandvicensis, 157,
168-169

Auks, general, 77, 82, 169

Atlantic Puffin, Fratercula arctica, 39, 157,
170-171

Black Guillemot, Cepphus grylle, 170

Common Guillemot (Common Murre),
Uria aalge, 154-155, 162, 169-170,
174

Razorbill, Alca torda, 157, 170

Pigeons
Stock Dove, Columba oenas, 46, 117, 128,
208
Turtle Dove, Streptopelia turtur, 30

Owls, general, 150-151
Barn Owl, Ty alba, 38, 151, 184-185
Tawny Owl, Strix aluco, 50, 140, 150

253
Nightjars
European Nightjar, Caprimulgus europaeus,
16-23, 150
Kingfishers

River Kingfisher, Alcedo atthis, 127, 207

Woodpeckers

Black Woodpecker, Dryocopus martius, 82

Great Spotted Woodpecker, Dendrocopos
major, 9, 46

Lesser Spotted Woodpecker, Dendrocopos
minor, 207

Wryneck, Jynx torquilla, 182

Passerines

‘Apapane’, Himatione sanguinea, 90

Azores Bullfinch, Pyrrhula pyrrhula murina,
16-23, 102

Bearded Tit, Panurus biarmicus, 152

Blackbird, European, Turdus merula, 46, 47,
49, 59, 228

Blackcap, Sylvia atricapilla, 46, 54, 115, 227,
228, 237

Blue Tit, Parus caeruleus, 46, 47, 228, 237

Brambling, Fringilla montifringilla, 208

Brewer’s Sparrow, Spizella breweri, 76

Bullfinch, Pyrrhula pyrrhula, 46

Carrion Crow, Coryus corone, 46, 151

Chaffinch, Fringilla coelebs, 12, 30, 4647,
208, 228, 237

Chiffchaff, Phylloscopus collybita, 30, 46, 59,
94, 115, 227, 228

Coal Tit, Parus ater, 46

Corn Bunting, Miliaria calandra, 46, 207

Crossbill, Loxia curvirostra, 208

Dartford Warbler, Sylvia undata, 12

Dipper, White-throated, Cinclus, cinclus, 127

Dunnock, Prunella modularis, 47

Fuerteventura Stonechat, Saxicola dacotiae,
191, 197, 201, 204

Garden Warbler, Sylvia borin, 46, 227

Goldcrest, Regulus regulus, 46, 96, 207, 228

Goldfinch, Eurasian, Carduelis carduelis, 46

Great Tit, Parus major, 26, 228, 237

Greenfinch, Western, Carduelis chloris, 30,
46, 47

Grey Wagtail, Motacilla cinerea, 127

Hawfinch, Coccothraustes coccothraustes, 207

Horned Lark, Eremophila alpestris, 76

House Finch, Carpodacus mexicanus, 93

Lesser Whitethroat, Sylvia curraca, 46

Linnet, Carduelis cannabina, 42, 46, 48, 53

Long-tailed Tit, Aegithalos caudatus, 46

Magpie, Yellow-billed, Pica pica, 3, 46

Marsh Tit, Parus palustris, 30, 46

Mistle Thrush, Turdus viscivorus, 30

Nightingale, Luscinia megarhynchos, 30, 46,
192, 202, 216, 227

Nuthatch, Eurasian, Sitta europaca, 16-23,
30, 46, 228

’Oma’o (Hawaiian Thrush), Myadestes

obscurus, 90



Passerines, continued

Pied Flycatcher, Ficedula hypoleuca, 30, 42,
46, 63, 228

Pied Wagtail, Motacilla alba, 47

Plain Titmouse, Parus inornatus, 93

Raven, Common, Corvus corax, 46, 151, 206

Red-backed Shrike, Lanius collurio, 182, 188

Red-billed Leiothrix, Leiothrix lutea, 90

Redpoll, Common, Acanthis flammea, 46

Redstart, European, Phoenicurus phoenicurus,
228, 237

Reed Bunting, Emberiza schoenicus, 46

Reed Warbler, Acrocephalus scirpaceus, 42,
46, 115, 152

Robin, European, Erithacus rubecula, 46, 47,
50, 228, 237

Rook, Corvus frugilegus, 2, 46, 130, 151

Sage Sparrow, Amphispiza belli, 76

Sage Thrasher, Oreoscoptes montanus, 76

Sand Martin, Riparia riparia, 179

Sedge Warbler, Acrocephalus schoenobaenus,
46,115, 152

Siskin, Carduelis spinus, 208

Species Index

Skylark, Alauda arvensis, 24, 25, 27, 33, 46,
208

Song Thrush, Turdus philomelos, 46, 54, 228,
237

Starling, Common, Sturnus vulgaris, 46, 107

Stonechat, Common, Saxicola torquata, 5, 46

Treecreeper, Certhia familiaris, 46, 96, 228

Tree Pipit, Anthus trivialis, 9, 46

Tufted Titmouse, Parus bicolor, 93

Waxwing, Bohemian, Bombycilla garrulus,
208

Whitethroat, Sylvia communis, 30, 46, 50,
116, 127, 227

Willow Tit, Parus montanus, 46, 75, 82, 228

Willow Warbler, Phylloscopus trochilus,
50-51, 91, 227-228

Wood Warbler, Phylloscopus sibilatrix, 8, 12,
42, 46, 63, 197, 205, 208

Wren, Winter, Troglodytes troglodytes, 46, 47,
59, 228

Yellowhammer, Emberiza citrinella, 4, 46, 59

Yellow-tufted Malachite Sunbird, Nectarinia
famosa, 125
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Absolute scale, 102
Absolute numbers, 86
Absolute count, 16-23
Accuracy, Chapter 2,13, 15,24, 37, 165
Activity symbols, Chapter 3, 47
Aerial photograph, 131, 169, 210
Aerial count, 168
Aggregation, 179, 183
Agricultural Census Statistics, 206
Apparently Occupied Nests, 141, 151, 166,
168-173
Atlas studies, Chapter 9
considerations of scale, 180
effect of grid size, 181
using historical information, 182
planning, 182, 198
examples, 198-201
Wintering Birds of Britain and Ireland,
198
Wintering North American Birds, 199
Birds of the Netherlands, 200
Finland raptor grid, 201
UK Breeding Birds, 199, 207
Devon, 5, 185, 206
East African, 16-23
Canadian, 16-23
Attendance pattern, 169-170

Bag records, 135, 145
Base-map, 45, 153
Biased sampling, 10, 27-31, 64, 141
Bias
from effort and speed, 37
from habitat, 37
from bird species, 38
from bird density, 39
from season, 39
from time of day, 40
from weather, 40
from observer, 36
from census method, 36
from bird activity, 39
Birds of Estuaries Enquiry, 175
Breeding colonies
seabirds, 153-155
passerines, 53
Breeding Waders of Wet Meadows Survey,
147
Breeding Bird Survey of USA, 93, 100
British Plant Communities, 212, 216, 217
British Trust for Ornithology (BTO), 36,
128, 175, 180, 185, 206
Burrow counts - seabird, 163

Catching and marking, Chapter 6
major considerations, 105-106
marking methods, 106108
capture-recapture methods, 107-126
assumptions, 121-123
estimating population size, 124-126
Catch per Unit Effort, 126-128
further developments involving capture,
128-129
CBC see Common Birds Census
Census form, 101, 134, 157
Census errors, Chapter 2
Christmas Bird Count (USA), 13, 16-23, 199
Codes for birds, 4445
Colonial species, Chapter 8, 53, 151
Common Birds Census, Chapter 3,12, 82, 117,
140
Common Birds Census Index, 127, 128
Complete population survey, 7
Consecutive-flush, 56, 231
Constant trapping effort, 115
Constant Effort Sites Scheme, 115, 126
Counting methods
breeding colonies, Chapter 8
capture-recapture, Chapter 6
catch per unit effort, Chapter 6
direct, 16-23, 130, 136, 175
distribution studies, Chapter 9
estimation, 175
field-by-field, Chapter 7
flocks, Chapter 8
flushing, 167-168
indirect, 130
large numbers of birds, Chapter 8
line transect, Chapter 4
look-see, Chapter 7
point count, Chapter 5
roosts, 144, 175
territory mapping, Chapter 3

Detectability, effects of
season, 39
habitat, 29
species, 27, 29
Detectability function, 91, 97
Direct counting, 16-23, 130, 136, 175
Distance estimation, 86, 78, 96, 97, 99, 100
Distribution studies, Chapter 9
atlases, 180-201 see also Atlas
single species studies, 201-202
habitat-scale studies, 202-204
examples of the use of distribution studies,
204-208
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Dropping counts

transect, 67
Du Feu method, 16-23, 113-114, 124-125
Duration of count, 90, 95

Environmental impact assessment, 179
Error, Chapter 2, 32, 86

Estimation counts, 175

Experimental design, Chapters 1-2

Flocks, Chapter 8, 153, 164, 174-178
Flushing count, 167-168

Habitat
selection, Chapter 10
mapping methods, 210-213
examples of use of habitat mapping,
213-214
measuring habitat in plots, 230-236
grasslands, 231-233
woodlands, 233-236
measuring habitat at individual birds,
237-238
Harmonic Mean Contour Method, 119, 196,
203
Home range, analysis, 119

Internationai Bird Census Committee, 42, 54,
61

Index of population change, 7, 12, 126

Index d’Abondance Ponctuel (France), 96

Indirect counting, 130

Institute of Terrestrial Ecology, 173-206

International Waterfowl Census, 177

Joint Nature Conservation Committee, 173,
212

Land Characteristic Data Bank, 206
Lincoln Index, 108-112, 122-125, 142
Line transects, Chapter ¢
assumptions, 80-81
band width, 71
calculating density, 73-74
examples of use of line transects, 81-84
field methods, 6778
full distance measure, 79
interpreting counts with distance
estimation, 78-80
measuring distance, 70
seabirds, 75~77
several belts, 78-79
Look-see method, Chapter 7, 16-23, 131, 133,
180, 201

General Index

Management experiments, Chapter |
Mapping method see Territory mapping
Mapping symbols, 47
Mark-recapture see Catching and marking
Marked birds, 56
Mettnau-Reit-Illmitz scheme, 127
Minimum polygon method, 196-203
Monitoring schemes
Birds of Estuaries Enquiry, 175
Breeding Bird Survey, 93, 100
Christmas Bird Count (USA), 13, 16-23,

199
Common Birds Census, Chapter 3, 3, 12, 36,
82, 117, 140

Constant Effort Sites, 115, 126
Finnish raptor grid, 201
Finnish transects, 78, 81
International Waterfowl Census, 177
National Wildfowl Counts, 177
Seabird Colony Register, 157, 166, 173
Seabirds at sea, 75

MULT program, 16-23

Multicentred clustering, 203

National Wildfowl Counts, 177
Nest Record Card Scheme, 117, 128
Non-territorial species, 60

Observer effects see Bias

Play-back, 147
Point counts, Chapter 5
what do densities derived from point
counts mean, 86
field methods, 94-97
interpreting counts with distance estimates,
97-98
assumptions, 98-100
examples, 100-104
Population
monitoring, 11-12, 63, 188 see also
Monitoring
indices, 13, 1623, 54,64, 117, 135
trends, 8, 75, 82, 128, 201
Precision, Chapter 2, 15, 24, 26, 28, 32, 36
Probabilistic method, 119

Radio-telemetry: general, 1623, 128-129,
180, 196, 203, 218, 229-230, 238
study design, 119
Random sampling, Chapter 1,12, 89, 141, 202
Relative density, 66, 85, 104
Relative abundance, 93
Response, eliciting, 55
Roost counts
waders, 175
raptors, 144
Royal Society for the Protection of Birds, 173
Royal Society for Nature Conservation, 212
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Sample Standardisation, Chapters 1-2
plot, 15, 33, 215, 230 effort, 37, 116, 126
size, 26, 32, 94 time of day, 40
survey, 3 ringing, 128
Sampling count period, 39
random, 12, 89, 141, 202 Stock-taking, 2
regular, 89 SURGE, 127, 129

stratified, 26, 43, 94, 204
Seabird Colony Register, 157, 166, 173
Seabird Group, 154, 157-158, 166 assumptions, 62-63
Seasonal variation, 159, 161, 162 examples of :xse 63-65
Shooting bag records, 135, 145 field methods, 4’3_57
Simultaneous registration, 45, 62 interpreting results, 57-61

SOVON, 200 The Wildfowl and Wetlands Trust, 109, 177

Spatial scale Transects see Line transects
minute, 184

medium, 184
large, 185 Visit code, 57
Species Code, 46, 57 Visit card, 199

Territory mapping, Chapter 3
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