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Introduction
Increasing attention has been paid recently to the
methods used in censuses of breeding land bird
populations (for references, see Oelke 1980,
Ralph & Scott 1981), to the results obtained and
to the purposes for which the censuses are carried
out . Perhaps due to local conditions and different
traditions, different census methods have been
used in different parts of the world, especially for
population monitoring, e.g . the mapping method
in Great Britain and Sweden (see Marchant &
Hyde 1980, Svensson 1981), the point count
method in Denmark and also Sweden (see Braae
& Laursen 1980, Svensson 1981), the "auto-stop
method" in the United States (Robbins & van
Velzen 1970) and the line transect method
(Merikallio 1946, Väisänen & Jdrvinen 1981) and
homogeneous census plot method in Finland (e .g .
Palmgren 1930, 1933, 1981) .
The reliability of the results obtained by the

traditional Finnish line transect method based on
a single visit (Merikallio 1946), and the relevance
of generalizations made from these results have
been the subject of keen discussion (Berthold
1976, Järvinen et al . 1978a, b, Mikkola 1978,
Lehtonen 1979, Tiainen et al . 1980, Hilden 1981,
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among others) . It is significant that the methods
used in estimating numbers of breeding land birds
produce data of different "quality" : a line transect
"pair" is much more loosely determined than the
territory used as a unit in the mapping method
(Enemar 1959, Tiainen & Haila 1981) ; the correla-
tion between territories and nests can also vary
with the species and the circumstances (Snow
1965, Enemar et al . 1976, 1978) . Therefore, a
great many studies and experiments are needed
to elucidate the relationships between line transect
results, territory mapping results and the real
numbers of breeding pairs (number of nests ; for
transforming the line transect results to true den-
sities, see Järvinen 1978) .
The purpose of the present paper is to report

the results of a comparison made between line
transect counts and the real number of nests on
the remote island of Ulkokrunni in the northern
Bothnian Bay in the Baltic Sea .

Study area and methods

The study area, the island of Ulkokrunni (65°25'N,
25°00'E), lies about 20 km off the Finnish coast and
has been under a total protection order since 1936 . The
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area of the island amounts to 145 ha, of which 90 ha
is covered by forests, mainly of the Cornus-Deschampsia
type (Vartiainen 1980) .
The nest-hunting group, organized by E . Pulliainen,

consisted of four persons and worked from the end of
May to the beginning of August 1981 . The search was
concentrated on those species whose breeding biology
was of special interest and those whose nests were suffi-
ciently easily distinguishable to ensure that they could
in fact all be counted (see Table 1) . When searching
for the nests, the group first tried to map the territories,
and then started an extensive nest search, which lasted
until the nest was found, or, as in many cases, the male
was observed to lack a nest or a mate . The group
worked daily and systematically in all parts of the island
before the line transect counts, spending altogether
about 400 man hours, i .e . about 4 1/2 hours per hectare .
Territory mapping according to the standardized rules
was not, however, undertaken by the group.
The hole-nesting birds, the nests of which were easy

to find in their entirety, provided good cases for com-
parison with the other species in this study .
The constant line transect surveys, amounting in

length to 4050 m, were carried out by P. Helle at 04-07
a.m . on 23 and 24 June in excellent weather conditions
(Fig . 1) . This seemed to have been timed somewhat
too late in the season (see earlier censuses, Helle &
Helle 1979), although the phenology of the late spring
- early summer was complicated, since late May was
exceptionally warm and June was very cold up to mid-
summer . The numbers of pairs of breeding birds were
calculated (or estimated) from the transect data in three
ways : (1) according to the main belt data, (2) the com-
mon species according to the main belt data and the
rarer species with the aid of the supplementary belt (this
has also been used in the earlier studies dealing with
the land birds of the Krunnit islands, see Merikallio
1950, Helle & Helle 1979), and (3) according to the
survey belt data with species-specific correction coeffi-
cients (Järvinen & Väisänen 1977) .
The results of the nest hunting were accepted as repre-

senting the situation on 23-24 June, i .e . the nests in
use at that time . The study was restricted to the forest
area of the island, and the "forest species" were defined
by reference to Helle & Helle (1979), excluding Ac-
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Table 1 . The results of the two line transect counts, the mean densities according to the main belt (MB) and
survey belt (SB) data and the number of nests of certain forest bird species on Ulkokrunni .

rocephalus schoenobaenus . The results of the line trans-
ect counts were used to calculate densities for the forest
area of the island (Table 1) .

Fig . 1 . The island of Ulkokrunni, its forested areas
(bounded with broken line) and the constant census
routes . The nests of the Redwing (") and the Song
Thrush (O) are shown as examples of the nest search
results .

Census

23 .6 .
MB SB

results

24 .6 .
MB SB

Calculated
number of pairs
according to
MB SB

Number
of nests

Dendrocopos major 0 1 1 1 2.5 1 .2 2
Jynx torguilla 0 0 0 1 0 0.3 4
Parus major 0 1 1 1 2.5 1 .8 3
Certhia familiaris 0 0 0 0 0 0 1
Turdus pilaris 1 4 1 3 4.9 5 .8 6
T. diacus 2 7 2 7 9.9 9.3 23
T. philomelos 0 1 0 0 0 0.5 8
Phoenicurus phoenicurus 1 5 0 4 2.5 3.7 8
Sylvia burin 3 4 1 4 9.9 4.7 4
Nluscicapa striata 1 3 1 3 4 .9 7.7 6
Ficedula hypoleuca 0 2 0 2 0 3.0 10
Pyrrhula pyrrhula 0 0 0 0 0 0 1

Total 8 28 7 26 37 .1 38 .0 76
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Results

Efficiency of the line transect method . For those
species whose nests were presumably all found,
the mean efficiency of a single line transect count
is 50 % (Table 1) . Since it is still possible that
the nest findings were incomplete, this percentage
must be regarded as the maximum . The census
efficiency for the hole-nesting species appeared to
be 35 % . The species which are active at night
to some extent, Turdus philomelos, T. iliacus and
Phoenicurus phoenicurus, were detected with an
efficiency of 35 %, while the species with the
poorest efficiency values were Turdus philomelos
(survey belt efficiency 6%), Jynx torquilla (13 %),
Ficedula hypoleuca (30 %) and Turdus iliacus (41
%) . The "best" results were obtained for Dend-
rocopos major, Parus major, Turdus pilaris, Sylvia
borin and Muscicapa striata, although the values
for the last two (see Table 1) suggest that not
all the nests of these species had been found, that
they had not yet all commenced breeding, or that
not all the individuals concerned were breeders .

During the consecutive censuses, 12 and 13
species were identified in the main belt, and a
further 10 and 12 species in the supplementary
belt, which gives totals of 22 and 25 species, re-
spectively . Although the breeding data obtained
in the nest search are partly qualitative in this
sense, it can be concluded that at least some, and
probably the majority, of the species observed in
small numbers in the line transect counts were
not actually breeding on the island . Such a deduc-
tion can be made only if the study area and all
its habitats are perfectly known . Otherwise these
species should be classified into breeding pairs ac-
cording to the general rules of the method (sec
the 'quality' of the results as discussed in the int-

Table 2 . The results of two line transect counts, made
along the same route in similar weather conditions by
the same person on Ulkokrunni .

roduction) . Species with nest finds which were not
observed in either of the censuses were Certhia
familiaris (1 nest find) and Pyrrhula pyrrhula (1) .

Reproducibility of the line transect method. The
two line transect censuses carried out on consecu-
tive mornings gave very similar results : 44 and
46 main belt observations and 157 and 172 survey
belt observations (Table 2) . Species observed in
only one census were Columba palumbus and Tur-
dus philomelos (23 .6 .), and Erithactts rubecula,
Jynx torquilla, Corvcts corax, Phylloscopus sibilat-
rix and Prunella modularis (24.6 .), all of which
were represented by only one pair or a single indi-
vidual . Some of these at least were non-breeding
birds .
The different modes of application of the line

transect method gave consistent results (Table 2),
and the high positive correlation between the
methods using the main belt and survey belt data
shows only that the birds were observed in these
belts in the expected manner (see also Järvinen
& Väisänen 1977) . The consistency of the results
of the methods using supplementary belt data
(methods 2 and 3) is also as expected, the basic
difference between these methods being that one
uses these observations subjectively (2) and the
other objectively (3) .

Discussion

In calculating the survey belt densities, we used
the species-specific correction coefficients (Jdrvi-
nen & Väisänen 1977), which are based on the
extensive Finnish line transect data . The coeffi-
cients are somewhat too low for the Ulkokrunni
data, but the scanty material did not justify deriv-
ing new values . That the coefficients are too low
can be seen from the mean main belt percentage,
which is greater than in the data from which the
correction coefficients are calculated . On account
of this, the survey belt densities remain lower than
the main belt densities (Table 2) . The relatively
high main belt percentage in Krunnit is mostly
due to the fact that the supplementary belts in-
clude seashore or even open water (see Fig . 1) .
The result . that about 50 % of the breeding

land birds are detected in a single count, agrees
well with many earlier studies (the census effi-
ciency of a single line transect count being roughly
the same as the efficiency of a single territory
mapping, see e .g . Ralph & Scott 1981 for the lite-
rature) . In a similar nest search - one-visit census
test made by P . Hcllc in a forest area of 7 ha
in Central Finland in 1972, the mean efficiency
amounted to 60 % :

23 .6 . 24 .6 .

Main belt : number of species 12 13
number of pairs 44 46

Survey belt : number of species 22 25
number of pairs 157 172

Pair density (per km2) :
according to
- main belt observations 217 227
- estimate based on

one-visit census 211 220
- survey belt observations 180 203



The efficiency of a one-visit census is known
to vary greatly from one species to another and
within the same species from one habitat to
another (e.g . Enemar 1959, Williamson 1964,
Snow 1965, Bell et al . 1968, Haukioja 1968, Jen-
sen 1974, Marines & Alpers 1975, Nilsson 1977,
Järvinen 1978, Järvinen et al . 1978a, b, Hilden
1981) . In most studies the species efficiencies are
calculated by comparing the one-visit result with
the territory mapping result, the latter often being
assumed to be 100 % . This assumption may have
caused some extra variation in the results, because
the mapping efficiency does not always amount
to 100 % (Mvsterud 1968, Marines & Alpers 1975,
Nilsson 1977 and references therein ; but see
Enemar et al . 1973, 1976) . Another factor causing
overestimates of the efficiencies achieved in one-
visit censuses is non-breeding, floating individuals
which are interpreted as breeding pairs, e.g . in
the line transect method (e.g . Järvinen et al .
1978b) . The very high efficiency values for the
line transect method reported by Järvinen et al .
(1978a, b ; 2/3-5/6) may be at least partly due
to the above-mentioned factors . The large number
of species efficiency values greater than 100 %
recorded in previous studies serves to confirm this .
Haila & Kuuscla (1982) have reported the very
high single line transect efficiency of 91 % (com-
pared with the mapping result) in an experiment
made in the Aland archipelago, which was, how-
ever, probably a consequence of biased distribu-
tion of the different habitats in the transect .

Järvinen et al . (1978a) suggest that there may
be geographical differences in the efficiency of the
line transect method, the best result being
achieved in northerly areas . This would be under-
standable, since the forests of the north are not
so dense as those in Southern Fennoscandia, for
example, and hence the birds are more easily de-
tectable . The efficiency results from a primeval
oak-hornbeam forest in northeastern Poland are
high, however, about 80 % (Järvinen et al .
1978b), and thus contradict this "geographical
cline" . Similarly, the present result fails to confirm
this hypothesis, but we must also remember here
that (1) the forests of the island of Ulkokrunni
are physiognomically similar to those in southern
Finland in spite of their northerly location, and
(2) the efficiency values reported here originate
from comparisons with nest hunting, not with a
territory mapping result .
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Table 3 .

	

Census efficiency (%) for abundant and other
species (for definition, see text) in single line transect
counts .

Data :
A - Jdrvinen et at . 1978a : main belt (MB)/survey belt

(SB) densities vs . territory mapping
B - Järvinen et al . 1978b : MB/SB densities vs . terri-

tory mapping
C - Hilden 1981 : MB density vs . nest hunting
D - Hilddn 1981 : mean MB density vs . the highest

density achieved in six counts on the same transect
E - Haila & Kuusela 1982: SB density vs . territory

mapping
F - this study : MB density vs . nest hunting
G - this study : MB/SB densities vs . nest hunting

In general, Parus and Turdus species and many
species which sing at night are the most difficult
to detect on a single visit (with most non-pas-
serines) and Jynx torquilla and Ficedula hypoleuca
also proved difficult in this study . The present re-
sults for Turdus philomelos and T. diacus are
poorer than in many previous reports (Fig . 1 and
Table 1) . The best efficiency values in the Central
Finland experiment were obtained for Fringilla
coelebs (71 %) and Phylloscopus ti-ochilus (63 %)
the other 13 species showing an efficiency of 50

Since the efficiency of the line transect method
has not been studied here for all species occurring
in the area, one may ask whether the species con-
cerned (Table 1) may be the least suitable for
studying by the line transect method . This ques-
tion is complicated and we will concentrate on
only one part of it . Järvinen & Lokki (1978) have
analysed one-visit census efficiencies in numerous
mapping studies and pointed out that the census
efficiency of a species may increase with increasing
density ; as all the species studied in our efficiency
comparison are among the less abundant, the
mean efficiency value obtained by us (50 %) may
be expected to be too low for the total communi-
ty . The question whether the census efficiency for
a given species is dependent on its abundance was
studied by us using several comparisons of single
line transect counts with the results of territory
mapping or nest searching (Järvinen et al . 1978a,
b, Hilden 1981, Haila & Kuusela 1982, this study) .

Census
Abundant
species

efficiency
Other
species

(%)
Total

A Northern Sweden 87/56 87/79 87/74
B Poland 114/119 77/94 93/105
C Southern Finland 55 43 49
D -"- 67 51 59
E Åland archipelago 67 122 91
F Central Finland 63 57 60
G Ulkokrunni ? 49/50 ?

38

Nest Onc-visit Efficiency
search census (%)

Number
of pairs 40 24 60
Number
of species 16 12 72
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The species of each set of data were divided into
two groups, abundant species and others, the
abundant species making up about 50 % of each
community .

It seems that there is a difference in the mean
census efficiency between the abundant species
and the others : in four cases the efficiency value
for the abundant species is higher and in two cases
lower than that of the other species (the difference
is statistically significant in one "higher" and both
"lower" cases when tested with the 2x2 con-
tingency table (Table 3) . So the exceptation that
the mean efficiency value of the Ulkokrunni test
would be somewhat higher if all species had been
studied seems to be right .
Although the data presented in Table 3 were

obtained under widely varying circumstances and
our test is rather rough, one can see that when
the line transect result is compared with the terri-
tory mapping result the census efficiency is higher
than when comparison is made with the result of
nest hunting.
The reasons for the better census efficiency in

the abundant species are discussed by Jdrvinen &
Lokki (1978) . The first reason lies in the census
technique ; there is perhaps a greater danger of
counting individuals of a common species twice,
or even more often, than there is with rarer ones .
The second, more ethological hypothesis is that
the activity of birds may increase with an increas-
ing number of conspecific individuals and that this
might increase the probability of observing indi-
viduals belonging to abundant species .
When a remote island is used as a study area,

caution should perhaps be exercised in generaliz-
ing the results . An advantage of an insular envi-
ronment is its clear limits, but, on the other hand,
it is not known whether the proportion of non-
breeding individuals on a remote island during the
breeding season corresponds to that on the main-
land, where it can be quite substantial in some
habitats (see Cederholm et al . 1974) . The propor-
tion may also be very high in the present area,
but severe difficulties are encountered in evaluat-
ing the number of species breeding on an island
(see also Haifa & Kuusela 1982).
The fact that the line transect method yields

incomplete data would not be serious, if the (low)
efficiency level were constant, but since this is not
the case, due to seasonal and diurnal differences
in the detectability of birds (Bell et al . 1973,
Slagsvold 1977, Nilsson 1977, Hilden 1981) and
due to personal differences between observers
(Enemar 1962, Hogstad 1967, Svensson 1974,
Enemar et al . 1978), serious difficulties are en-
countered in using this method . In the latest appli-
cation of the line transect method, for monitoring
breeding bird populations (Väisänen & Järvinen
1981), the results from the constant routes are
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used as relative values, without density transfor-
mations, as in the Finnish winter bird census (e .g .
Sammalisto 1974), the main sources of error being
the interpersonal variation and weather condi-
tions . It must be noted, of course, that in estimat-
ing bird communities over very large geographical
areas or studying general ecological principles, the
line transect method is the only one which
supplies sufficient data, even though it is some-
what biased (e .g . Kirvinen & Väisänen 1981) .
Palmgren (1981) stresses that the answer to the
question of what is the real breeding bird popula-
tion depends on the purpose of the study.

Finally, attention should be paid to one point
involved in the line transect method, which to
some extent also applies to other census methods.
The transect lines (or study areas) should be very
carefully located in the field, to cover the right
proportions not only of the different habitats, but
also of the different edge habitats, since the bird
densities there may be extremely high compared
with those in homogeneous habitats (Sammalisto
1957, Helle & Helle 1982, P. Helle, unpubl.) . In
the island of Ulkokrunni, for example, the tran-
sects used are not distributed in the right manner
among the different edge zones, but lay excessive
weight on the centre of the island, where the bird
density is low compared with that in the marginal
forest ; therefore the densities calculated directly
from the line transect results are about 38 % too
low (Helle & Helle 1982). This does not, how-
ever, markedly affect the present efficiency values,
because the species involved in our test are among
those distributed fairly evenly over the island .
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Selostus : Pesimälinnuston linja-arviointi-
menetelmän tehokkuus: pesien etsintään
perustuva vertailu

Iin Ulkokrunnin saarella Perämerellä tehtiin kesällä 1981
lintulaskentamenetelmällinen tutkimus . Neljän hengen
voimin etsittiin pesiä noin kolmen viikon ajan ennen
linja-arviointeja, jotka suoritettiin kahtena perättäisenä
aamuna (linjat samat, pituus 4.05 km).

Linja-arvioinnin ja pesien etsinnän tuloksia verrat-
taessa pesätilanne hyväksyttiin mukaan linja-arvioin-
tiajankohdan mukaisena (ts . mukana eivät ole myöhem-
min käynnistyneet uusintapesyeet) . Edelleen mukaan
otettiin vain ne lintulajit, joiden pesien voitiin olettaa
löytyneen osapuilleen täydellisesti .
Yhden linja-arvioinnin laskentatehoksi saatiin 12 lajin

perusteella 50 % . Tulos oli olennaisesti sama, käytet-
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tiinpä pää- tai tutkimussaran tuloksia . Kololinnuille,
joiden pesien löytyminen oli todennäköisesti 101% ', las-
kentatchokkuudeksi saatiin 35 °/r. . Yksittäisistä lajeista
kehnoimmin yhden kerran laskenta tavoitti k,icnpiian .
laulu- ja punakylkirastaan sekä kirjosiepon . Suhteellisesti
paras laskentatchokkuus oli käpytikalla, talitiaisella ja
räkättirastaalla . Kaksi pesivää lajia jäi linja-arvioinneissa
tavoittamatta . Toisaalta linjoilla havaittiin yhteensä kuusi
lajia, jotka eivät todennäköisesti saarella pesinect .

Perättäisten aamujen linja-arvioinnit tuottivat erittäin
samankaltaisen tuloksen .

Useiden eri lintulajien laskentatehokkuutta kuvaavien
aineistojen perusteella vaikuttaa siltä, että runsailla
lajeilla tehokkuus on korkeampi kuin vähälukuisilki
lajeilla . Kirjoituksessa pohditaan mm . Iaskentatekniik-
kaan ja eri lajien elintapoihin liittyviä seikkoja, jotka
voisivat vaikuttaa tähän suuntaan .
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