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Estimating relative densities of land birds by point counts
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Estimates of breeding density (pairs/km?) can be obtained in point counts
(Swedish type) if the decrease in detectability with increasing distance from the
counting point is described by some mathematical function. Assuming a linear
relation, a simple formula is derived for computing densities. The accuracy
of the method proposed should be sufficient for detecting major differences in
bird densities between two areas censused with different methods. Point counts
are contrasted to line transects, and the evidence available suggests that, for
various reasons, line transect densities are more accurate than those obtained
from point counts.
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1. Introduction

In Europe, three methods are widely apphed
for censusing breedmg land birds: mapping,
line transects and point counts. Mapping is
based on eight or more visits to a well-defined
study plot. The number of stationary males is
estimated from the maps according to standard
rules (Anon. 1970). The results of mapping
censuses are not absolutely accurate, but for
studying bird densities in small census plots
mapping is certainly better suited than line
transects or point counts, which are useful
for studying extensive areas. Line transects
(MERIKALLIO 1946, JARVINEN & VAISANEN
1976b) are made by censusing all birds observed
along transects so planned that all habitats of a
large region are included in their true propor-
tions. Point counts (BLonNDEL et al. 1970,
SVENssoN 1975), on the other hand, are based
on 5- to 20-min stops, during which the birds
observed are recorded. Comparison of the
results obtained with the three methods, how-
ever desirable, is not yet possible in all cases.
Experimental data are available on the efficiency
of line transects compared with mapping (JAr-
VINEN et al. 1978a, b), but conversion of line
transect data to densities directly comparable
with mapping densities is still premature
(though see JARVINEN 1978). Coefficients for

transforming line transect (I.K.A.) or point
count (I.P.A.) data of the French type to
mapping densities have been devised by
BronDEL et al. (e.g. 1970; see also AFFRE
1976), but French coefficients cannot be used in
northern Europe. There the most serious
obstacle to collating census data seems to be
the present inability to make meaningful
comparisons between point counts (mainly
Swedish) and line transects (mainly Finnish).
Such comparisons would, no doubt, be of great
ecological and biogeographical interest. This
paper presents a simple method which can be
used for rough comparisons, although subtle
differences should be approached with more
refined methods.

2. The model

The following assumptions are made:

(1) The data are based on point counts made
according to the standard Swedish method
(Svensson 1975);

(2) an attempt has been made to cover the
whole range of habitats; and

(3) counts have been made in the early
morning in the breeding season.

In brief, the point counts should resemble
Finnish line transect censuses (JARVINEN &
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VAIsANEN 1976b, 1977b) as fully as possible.
Walking speed along line transects (1 km/h or
slightly more) seems to give about the same
chances of observing as the 5-min periods used
for observing birds in Swedish point counts.

It has been suggested (AFrre 1976, HakiLa
1976) that there is a species-specific observation
radius (r), and that density (D) may be com-
puted as the ratio of the number of observations
per counting point () to the area within 7, or

D = N [nr2. ' (1)

The Arrre-HakiLa formula incorporates an
empirical species-specific constant, r, which has
to be determined separately for each species;
it is the distance at which detectability, on
average, becomes zero. (AFFRE’s analysis has
been simplified here. He takes into account
singing frequency, which implies that detect-
ability within the observation circle is not 100
%, but a constant fraction of 100 %,.)

The main objection to eq. (1) seems to be
that the concept of an observation radius is too
simple. Empirical data (MEerIKALLIO 1946,
EMmLEN 1971) suggest that detectability decreases
with distance, first slowly or not at all, and then
more rapidly. Part of the slowness of the initial
decrease may be due to the disturbing effect
of the observer on birds. It is thus safest to
conclude that detectability is a monotonically
decreasing function of distance, but the exact
shape of this function is not known. However,
for most species rather different assumptions lead
to virtually indistinguishable estimates of relative
densities in line transects (JARVINEN & VAIsA-
NEN 1975), and so I shall here assume that
species-specific detectability (H) decreases line-
arly with distance (d, in m) from the counting
point and that H is 100 9, (or unity) atd = 0
(i.e. the counting point). These assumptions
were made because of their simplicity. The
model is described by the following equation:

H=—d +1, @)

where ¢ is a species-specific constant to be
determined empirically. Of course, the model
is valid only for values of d between 0 and 1/c.

Equation (2) has the following biological
interpretation : individuals of a certain species can
be detected within an “observation circle” with a
radius of 1/c metres. Detectability is not constant,
as in the AFFrRe-HAkILA model, but decreases
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from 1 to 0 as distance increases from 0 to 1/c.

In consequence, detectability decreases in
all directions from the counting point, so there
is a theoretical “detectability cone” (height I,
radius 1/c). The base of this cone is the observ-
ation circle, with an area of m/c2 Average
detectability is equal to the average height of
this cone, which is the ratio of the volume of
the cone (7/3¢%) to the area of the base, or
simply 1/3. This means that 2/3 of the pairs
occurring within the observation circle will not
be detected (cf. JARVINEN & VAISANEN 1975,
their section 3.6). Hence, density within the
observation circle will be 3N divided by the
area of the observation circle, or

D = 3-108Ne?/x . (3)

The constant 10% in eq. (3) stems from the
assumption that densities are expressed as
pairs/km?2. The species-specific constants ¢ can
be determined empirically, but it is also pos-
sible to use the constants (k) derived for line
transect data (JARVINEN & VAISANEN, 1977a,
give a list of empirical estimates for more than
170 species). Notice, however, that the linear
model used for line transects (JARVINEN &
VAIsANEN 1975) and the present linear model
for point counts are not equivalent, even though
based on similar equations (eq. 2). Two different
concepts of distance are involved: right-angle
distance from a transect versus distance from
a point. My unpublished calculations indicate
that, theoretically, substitution of k£ for ¢ leads
to an error of roughly 10 9,, though the effect
depends on many variables, such as walking
speed, singing frequency and the magnitude of
¢. In most applications the error introduced
by the substitution is tolerable.

The above method was applied to S. Svens-
son’s (pers. comm.) point count data from
Grimsjo, central Sweden. The results for most
species were relatively close to line transect
densities estimated on the Aland Islands (the
area of Finland closest to Grimsj). Discrepan-
cies were observed in several species, but the
point count data were based on 20 points only
(this corresponds to about one standard line
transect). Details of these calculations are
omitted here, as the comparison between
Grimsj6 and the Aland Islands is not biologically
illuminating.

Another test of the present method was based
on Hakr1La’s (1976) experiment made on 15—18
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May 1976 in southernmost Finland. He cens-
used two line transects totalling 8.2 km and
made point counts (17 points, total counting
time 60 min) in the same area. Equation (3)
was used in analysing HakiLaA’s data, though
his point counts took an average of less than
5 min. each. Therefore, I calculated a lower
estimate (interpreting the data as being for 17
points) and an upper estimate (interpreting the
data as being for 60/5 = 12 points) for each
species. (The upper estimate overestimates
densities, because new observations accumulate
most rapidly during the first minutes of count-
ing.)

The results (Table 1) should not be considered
a valid census of a spruce-dominated forest, as
the census was made earlier in the season than
is recommended for line transects (JARVINEN &
VAIsANEN 1976b). Fortunately, possible bias of
correction coefficients does not prevent com-
parisons between line transects and point counts.
As seen in Table 1, the estimates for Fringilla
coelebs differ considerably, but differences in the
estimates for other species may be due to the
small samples and the effect of using £ instead
of ¢ for computing densities.

Table 1. Line transect and point count densities (pairs/km?) of
birds in a spruce-dominated OMaT forest in Vantaa, S Finland,
as calculated from HAKILA’s (1976) data according to the method
of JARVINEN & VAISANEN (1977a). Line transect densities are
based on eq. (4), and point count densities on eq. (3) (the two figures
for each species are a lower and an upper estimate, see text).
The 1000k values used are also shown, as they illustrate the
range of k£ in a sample of common species. N = tctal numbers of
pairs observed. Sample sizes for single species can be computed
from equations (3) and (4).

Species (1000k) Point counts

(17 or 12 points,

Line transects

(8.2 km, N = 795)

N = 252)
Columba palumbus (1.702) 5 2—3
Cuculus canorus (0.697) 2 0.3—-0.5
Parus major (6.645) 50 40—60
Erithacus rubecula (6.408) 55 40—-55
Turdus merula (5.616) 25 25-35
T. iliacus (4.926) 30 25—35
T. philomelos (3.858) 10 8—12
Phylloscopus trochilus (3.772) 35 20—-25
Ph. sibilatrix (5.498) 40 35—-50
Regulus regulus (8.874) 40 40—60
Anthus trivialis (3.759) 30 20—25
Carduelis spinus (3.431) 5 2—3
Fringilla coelebs (4.632) 120 65—90
Total 450 320—455

Olli Férvinen

3. Discussion

Formula (3) is an improvement on previous
methods suggested for comparing point count
and line transect data, as its assumptions about
H are more realistic than in the AFFrRe-HAKILA
model (eq. 1). If data on singing frequency
are available, the approaches of ArFre (1976)
or EMLEN (1977) may certainly be used in
combination with equation (3), and the results
will then be roughly comparable with mapping
densities (cf. the distinction between lateral and
basal detectability, JARVINEN & VAISANEN 1975,
JArRVINEN 1978).

In planning census programmes, different
aspects need to be considered in the choice of
methods. Point counts are here compared with
line transects, as these are alternative methods
for similar purposes. Point counts may be
preferred owing to convenience (Hakira 1976),
and may be easier for observers who have no
previous experience of bird census work. How-
ever, they have two serious drawbacks.

First, eq. (3) shows an interesting feature
when compared with a similar equation derived
for line transect data (JARVINEN & VAISANEN
1975),

D = 10%k/L , 4)

where n = number of observations along trans-
ects and L = length of transects (in km).
The basic difference between (3) and (4) is
that (3) includes the second power of ¢, but
(4) includes the first power of k. As k£ (or ¢)
is experimentally determined and may have
considerable variance if based on scanty data
(JARVINEN 1976), densities estimated in line
transects (eq. 4) are less sensitive to sampling
errors than those estimated in point counts
(eq. 3), provided that ¢ cannot be more exactly
determined empirically than k. This conclusion
follows because a v-fold error in £ is a »2-fold
error in k% (or ¢2). This result appears to be
independent of the exact assumption we make
about the effect of distance on the detectability
of birds (eq. 2), as in point counts two dimensions
must be taken into account, but in line transects
one dimension (right-angle distance from the
transect) is sufficient. For the same reason, the
exact shape of the function describing the effect
of distance on detectability (here eq. 2) is more
critical in point counts than in line transects.
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Second, observations in point counts show a
saturation effect: it is easy to distinguish between
a few pairs from a counting point, but if density
is high too few records are made (e.g. FRocHOT
et al. 1977, WaALANKIEwICZ 1977; see also
Fringilla coelebs in Table 1). This effect can be
ignored in line transects, as shown by two
experiments (JARVINEN et al. 1978a, b); a
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related effect (JARVINEN & VAISANEN 1976a,

1977a) can be corrected with the aid of a
simple formula.
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