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Suitable habitat distribution for the Long-tailed Tit
(Aegithalos caudatus) as indicated by the frequency of
occurrence -a long-term study

Gunnar Jansson & Lennart Saari
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Data from 22 seasons were used to analyse the occurrence ofLong-tailed Tits (Aegithalos
caudatus) in relation to the habitat distribution in 26 one km-squares on the island
Aasla in the SW archipelago of Finland. The one km-squares most frequently used by
Long-tailed Tits had considerably higher proportions of deciduous/mixed (all species)
and alder forest, whereas the number of habitat patches in the km-squares were less
correlated to bird occurrences . A threshold for the frequent presence of Long-tailed
Tits showed at 15-20% deciduous/mixed forest in km-squares in a logistic regression
model, which agrees with the level suggested from a study in a Swedish landscape
where the total proportion of deciduous/mixed forest was much lower. Further, the
occurrence pattern of Long-tailed Tits over time suggested a density dependent rela-
tionship . The six km-squares occupied in low density seasons had a mean proportion
of deciduous/mixed forest twice as high and a mean proportion of alder forest three
times as high as the 20 others . Long-tailed Tits were also present in these six km-
squares in all seasons with higher population densities, as predicted by a density
dependent habitat selection . Theimportance of long-term monitoring, scale considera-
tions and the use of population densities for habitat or landscape assessments are
discussed.

Aspects oflandscape ecology are nowcommonly
introduced into Scandinavian forest management
(Angelstam&Pettersson 1997). However, knowl-
edge ofspecies-habitat relationships on large geo-
graphical scales applicable in landscape manage-
ment is scarce . This lack of general results may
be due to, for example, different and complex pat-
terns among species and for homogenous versus

heterogeneous landscapes (Morris 1995), or un-
predictable rates of patch colonisation in land-
scapes with partly isolated populations (Hanski
et al . 1994, Edenhamn 1996). Further obstacles
to the analyses of large study areas are the diffi-
culty ofdetermining relevant measures of habitat
quality (Morrison et al . 1992, Wiens 1995) and
that long-term studies and experiments covering
large spatial scales are rare . The relationships
between population density and habitat quality



may also vary between, and within, species due
to the scale of the study area, the season and ge-
ography (Wiens et al . 1993, Jokimäki & Huhta
1996).

In birds, long-term data are often available and
are used for population surveillance, where
changes in the relative density are analysed (Mar-
chant et al . 1990, Koskimies & Väisänen 1991).
However, these data are rarely used by managers
because, for example, they are often not spatially
explicit. It is also clear that the use of population
density for assessment of habitat or landscape
quality involves scientific pitfalls . Habitat selec-
tion by individuals is suggested to be density de-
pendent (Svärdsson 1949, Fretwell & Lucas
1970). However, in territorial species with des-
potic distributions, population density maybe in-
versely related to habitat quality or breeding suc-
cess (Van Horne 1983, Pulliam 1988, Vickery et
al . 1992). In general, studies of the dynamics of
population density in relation to habitat quality
show a great variation due to the species and scale
under study (Whitham 1980, Holt 1985, O'Connor
1986, Maurer 1986, Pulliam 1988). In spite ofthe
difficulties, the possible use of species occurrence
frequency (if not density) for habitat assessments
continues to interest ecologists (Furness &Green-
wood 1993, Pollard & Yates 1993). For defini-
tion of habitat types plant species are often used
(Bunce 1982, Hägglund & Lundmark 1984), but
including animal species in such habitat evalua-
tions as well would further improve their value
(Morrison 1986, Angelstam 1997).

However, to obtain reliable data regarding the
relationships between population densities or dis-
tributions and habitat characteristics, long-term
studies are often a prerequisite. Also, the only tool
to discriminate between good years andpooryears
and to define natural variations in population den-
sities is long-term data on population trends (Kos-
kimies & Väisiinen 1991, Morrison et al . 1992,
Beshkarev et al . 1994). Unfortunately, useful and/
or comparable data on populations, spanning sev-
eral seasons, are rare for most species and areas.

In the present study we used data on Long-
tailed Tit (Aegithalos caudatus) occurrences dur-
ing 22 seasons in a landscape where suitable habi-
tats were fairly well represented . The aim of the
study was to define a suitable habitat distribution
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for Long-tailed Tits on a scale larger than single
forest stands . We used the frequency ofbird pres-
ence to reflect the quality of sample plots (one
km-squares) and thereby determine measures of
suitable habitat distributions.

The Long-tailed Tit is a resident species in
Fennoscandia . Population densities are generally
quite low but show great variations (Svensson
1996), where irruptive invasions and long-distance
night flights occur (Lampolahti 1985). Pairs of
the Long-tailed Tit defend territories only during
the breeding season, approximately three months
from early to mid-summer (Gaston 1973). Most
of the year, however, they roam around in flocks
searching for suitable habitat patches, with daily
movements normally within 1 km2 (Nakamura
1969, Gaston 1973, Bleckert 1991). The preferred
habitat of the Long-tailed Tit is mature deciduous
forests (> 30 years), often mixed with some coni-
fers, where they feed on insects in the canopy
(Gaston 1973, Rosenberg 1988, Harrap & Quinn
1996). Insects are most abundant on old decidu-
ous trees of, for example, alder (Alnus spp.) and
birch (Betula spp.) (Ehnström & Waldén 1986).
Thesetwo generaare also known to be frequently
used by foraging Long-tailed Tits (Bleckert 1991,
L. Saari unpubl.) . Long-tailedTits are also shown
to be sensitive to habitatisolation, as they are com-
mon only in areas with relatively dense aggrega-
tion of suitable habitats (Enoksson et al . 1995,
Hinsley etal. 1995). Jansson and Angelstam (1999)
presented amodel, based on a five year study, for
the occurrence of Long-tailed Tits prior to the
breeding season (March-April) inhabitat patches
in aboreal landscape. Their modelshowed thresh-
olds for the isolation ofpatches (< 300 m) and the
proportion of suitablehabitat (> 15% perkm2) for
the reliable presence of Long-tailed Tits . We re-
late our results to their model.

2. Methods

2.1 . Study area

Thecensus was conducted on the island of Aasla
(15.85 km2) in the south-western archipelago of
Finland (60°17'N, 21°55'E) . The area is owned
by private landowners and is characterised by a
mosaic of coniferous and deciduous forest, agri -
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cultural fields and lakes. Forestry and agriculture
are fine-grained and the distribution offorest habi-
tats has not changed notably during our study
period . The forest is dominated by scots pine (Pi-
nus sylvestris) and norway spruce (Picea abies),
and the most common deciduous species are
birches (Betula pendula andB. pubescens), black
alder (Alnus glutinosa) and aspen (Populus tre-
mula) (Saari 1984). Deciduous trees occur both
as pure or mixed stands and as single trees dis-
persed throughout most forest types. Deciduous
and mixed habitats cover about9% of the island .

Based on field determinations, the position and
shape of all deciduous/mixed (deciduous-conif-
erous) and alderpatches largerthan approximately
0.25 ha were registered on a conventional topo-
graphical map (scale 1 :20 000) . These patches
were not always delineated by clear borders from
the surrounding habitats, but still, since they were
relativelylarge, we treated them as separate patches.
A grid of 26 one kilometre squares, which often
included water (the Baltic Sea or lakes), covered
all parts of the island . For each square we calcu-
lated the number of deciduous/mixed and alder
patches, as well as the total proportion ofthe land
area (%) covered by these habitats, and from that,
also the proportions of deciduous/mixed forest
except alders were calculated . The habitat pro-
portions were measured from the mapwith aplan-
imeter (Appendix) .

2.2. Census

Long-tailed Tits were counted regularly on Aasla
during 22 seasons, from 1975/76 to 1996/97. Data
on the Long-tailed Tit occurrence were obtained
by bird counts along a route that went through all
the 26 one km-squares ofthe island, approximately
twice a month all the year around . The route passed
through all the habitat types present in each one
km-square but because of, for example, the vary-
ing amounts of water the time spent in each km-
square was not equal. To avoid the breeding pe-
riod, when Long-tailed Tits are hard to detect, and
to match the data used in Jansson and Angelstam's
(1999) model, only data from October to March
were used. All observations were recorded on the
map and thereby attributed to a specific one km-
square .

2.3 . Analyses

Observations of Long-tailed Tits, flocks or indi-
viduals, were only used as presence/absence data
per sample plot (one km-square) and season for
the species-habitat analyses . Density was notused
because flock size is often hard to determine and
usually decreases during the season and may not
be an accurate estimate of density. However, to
what degree the frequency of observations re-
flected the number ofindividuals seen was tested .

The relationships between the number of sea-
sons with Long-tailed Tits presence per one km-
square and the measured habitat variables were
analysed by simple and multiple regressions . A
logistic regression was used to analyse the rela-
tionshipbetween themostfrequently used onekm-
squares and a significant habitat variable .

Further, the proportions of deciduous/mixed
and alder forest in the one km-squares used by
Long-tailed Tits in low density seasons (framed
in Fig. 1) were compared to those of the other
squares by the Mann-Whitney U test .

3. Results

The number of one km-squares with Long-tailed
Tits presence per season overthe study period are
shown in Fig. 1 . In five seasons (see Fig. 1) no

Fig . 1 . The number of one km-squares at Aasla with
Long-tailed Tit presence per season from 1975/76 to
1996/97. The rectangle frames the three seasons
selected as low density seasons (see Discussion) .
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Fig. 2. The relationship between the number of sea-
sons with Long-tailed Tit presence in one km-squares
and the proportion (%) of deciduous/mixed forest in
these squares (n = 26).

Long-tailed Tits were observed, which is why
these are excluded from our analyses . Both the
number of individuals and flocks observed per
season were correlated to the number of onekm-
squares with Long-tailed Tits presence per sea-
son (R2 = 0.661 and 0.671, P < 0.0001 for both,
n = 22), suggesting that the mean flock sizes do
not vary over time .

Simple regressions showed that four ofthe six
habitat distribution variables were positively cor-
related to the number of seasons with Long-tailed
Tits presence per one km-square, while two vari-
ables, specifically the number of alder patches,
showed poor relationships (Table 1) . The relation-

Table 1 . Data from simple regressions on the number
of seasons with Long-tailed Tit presence per one km-
square (n = 26) in relation to the habitat distribution
variables .

Fig . 3. The modelled probability of seasonal Long-
tailed Tit occurrence in relation to the proportion (%)
of deciduous/mixed forest in one km-squares at Aasla.
The final equation used in the model was: y (= pres-
ence in > 10 seasons) = exp (- 5.04 +0.32 x%mixed
forest)/(1 + exp (- 5.04 + 0.32 x % mixed forest)) .

ship between the number of seasons with Long-
tailed Tits presence and the proportion ofdecidu-
ous/mixed forest per one km-square is shown in
Fig. 2 (simple regression: P = 0.002, polynomial
regression : P=0.006). The probability of the fre-
quent presence of Long-tailed Tits in one km-
squares on Aasla, here more than 10 seasons (of
the 22 seasons possible), was modelled by a lo-
gistic regression (Fig . 3) . The model suggested a
steep threshold for the frequent presence of Long-
tailed Tits of 15-20% deciduous/mixed forest in
the one km-squares . The level for the dependent
variable (y = > 10 seasons) was arbitrarily selected
to represent suitable areas; therefore, it was put
well above the mean number of seasons with Long-
tailed Tits presence for all the one km-squares
(mean = 8, range = 1-15 seasons) .

The multiple regression included four vari-
ables; the proportion and number of patches of
deciduous/mixed forest (total) and alder forest,
and explained significantly the numberof seasons
with Long-tailed Tits presence per one km-square
(R2 = 0.538, P = 0.002). The result was similar
(R2 = 0.476, P = 0.0024) when the number of al-
der patches, which alone showed no relation to
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Variable R2 p

Decid./mixed forest (tot.)
Proportion (%) 0.328 0.002
No . of patches 0.153 0.048

Alder
Proportion 0.356 0.001
No . of patches 0.027 0.424

Decid./mixed forest excl . alder
Proportion 0.153 0.048
No . of patches 0.093 0.129
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the bird occurrences (Table 1), was excluded . (The
variables regardingdeciduous/mixedforestexcept
alder were not used since they only constituted
proportions of the other variables.)

The one km-squares (n = 6) used by Long-
tailed Tits in low density seasons (Fig . 2) showed
considerably higher means regarding the propor-
tion of deciduous/mixed forest (17.6% vs . 8 .1%)
and the proportion ofalder forest (9.0% vs . 3 .2%)
compared to the 20 other squares, but only the
latter difference was statistically significant(Mann-
Whitney, P = 0.019).

4. Discussion

In our long-term data set from Aasla we found
the occurrences of Long-tailed Tits to be strongly
related to the distribution of suitable habitats in
respective one km-squares . In general, the pro-
portion of suitable habitats showed stronger rela-
tionships to Long-tailed Tits occurrences than did
the number ofhabitat patches. The strongest cor-
relation emerged for the proportion of alder for-
est, while the number ofalder patches didnot show
any tendency in relation to Long-tailed Tits oc-
currences. This was because the proportion of al-
der and the number of alder patches in one km-
squares were not correlated (R 2 = 0.15), one km-
squares often contained several very small patches
or a few large ones (see Appendix). The result
suggests that the amount of alder was more im-
portant in deciding the attractiveness of km-
squares for Long-tailed Tits on Aasla, than was
the travelling distances between separate patches.
Further, since the total amount of deciduous/mixed
forest in the squares also included some aspen,
which is only rarely usedby Long-tailed Tits (Ble-
ckert 1991), a lower correlation to that variable
was expected . However, stand quality, e.g . tree
species composition, maybe more important than
landscape composition for the patch selection of
individuals when suitable habitat is relatively
abundant, i.e . easy to find, as on Aasla.

Although the relationship between the tits and
the total proportion ofdeciduous/mixed forest was
only the second strongest, that variable was se-
lected for graphs because it is the most conven-
ient one for possible use in forest management
for at least two reasons. First, alder patches are

rarely acknowledged in forestry manuals and, sec-
ondly, unlike several of the other deciduous tree
species the occurrence of alder stands can rarely
be planned for, since the site requirements of al-
ders are relatively narrow (wet and/orsteep sites) .

The one km-squares with the most frequent
presence of Long-tailed Tits showed proportions
of deciduous/mixed forest, here 15-20%, very
similarto the level suggested by Jansson and An-
gelstam (1999) forthe reliable presenceofthe bird
in south-central Sweden. The steepness of the
curve (Fig . 3) suggests a threshold regarding the
proportion of suitable habitat, as also shown in
their model. Jansson and Angelstam's (1999)
study was performed in a landscape with a very low
total proportion of deciduous/mixed forest (< 5%),
while onAasla several one km-squares held more
than 10% suitable habitat and some even 20-30% .
Nevertheless, almost identical levels of suitable
habitat per square-kilometres showed as a thresh-
old for the frequent presence of Long-tailed Tits,
suggesting a reliable result . This level (> 15%),
for the proportion of suitable habitat in landscapes,
most likely also applies to the patch occurrence
of the Blue Tit (Parus caeruleus), the Marsh Tit
(P. palustris) and theLesser-spotted Woodpecker
(Dendrocopos minor) (Jansson 1998). However,
in Jansson and Angelstam's (1999) model thedis-
tance between suitable patches was the best pre-
dictor ofbird occurrences . Unfortunately, this was
not aproper variable to test in our data, because
on Aasla much of the deciduous forest was more
or less connected along fields or shores, while
totally isolated suitable patches were rare.

Although we used onlypresence/absence data,
our study suggests a density dependent pattern of
Long-tailed Tit occurrences in relation to the pro-
portion of suitable habitats in the one km-squares .
Three seasons with few, but some, bird observa-
tions were arbitrarily selected as low density sea-
sons (1990/91, 1994/95 and 1995/96, framed in
Fig. 1) . Theone km-squares used by Long-tailed
Tits in these seasons were all, but one, top ranked
regarding the total number of seasons with bird
presences (Appendix) . Furthermore, these one
km-squares used at low densities, i.e . the best ones
according to the general hypothesis concerning
density dependent habitat selection (Fretwell &
Lucas 1970), had much higher proportions of de-
ciduous/mixed and alder forest than the other
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squares. Without knowledge of the reproductive
success of individuals in the later breeding sea-
son, we could not say if the occurrence pattern of
Long-tailed Tits on Aasla came out of an ideal
free or a despotic distribution of individuals (Fret-
well & Lucas 1970) . The pattern could even fol-
low both distribution types at different spatial
scales (Huhta et al . 1998). However, in general, it
followed the predictions from adensity depend-
ent behaviour of the species .

Although we present data at only one scale
(one km2), we address the importance of choos-
inga relevant scale in ecological field studies re-
lated to the species under study and the general
composition of the study area. We learned more
about the preferrences ofLong-tailedTits regard-
ing the distribution of habitats than would have
been the case if we studied single stands or used
the whole island as one sample . Species have dif-
ferent needs at different spatial and time scales
(Kareiva 1990, Wiens et al . 1993, Morris 1995,
Jokimäki & Huhta 1996), and the general habitat
composition, range of variation in the study area,
the length of study period, among other things,
may dramatically influence the outcome of eco-
logical field studies. Therefore, to examine rela-
tionships at several scales, and when possible, to
define measurements ofthoseuseful for land man-
agers, are urgent research tasks for ecologists (Li
& Reynolds 1994, With & Crist 1995, Doncaster
et al . 1996, Jokimäki &Huhta 1996). Such meas-
ures, for example on documented threshold lev-
els, would be applicable indicators for use in land-
scape management (Jansson &Angelstam 1999).

In order to reach the knowledge suggested
above, long-term data are invaluable. For exam-
ple, if data from only one season on Aasla had
been available, one could have drawn contradict-
ing conclusions regarding the suitability of the
island for Long-tailed Tits depending on whether
they were collected at a peak, middle or low den-
sity year of the species. Moreover, long-term data
appear to be necessary when relating varying pop-
ulation densities to habitat qualities and possible
habitat changes (Van Horne 1986, Morris 1995,
Fuller et al . 1997). Of course, occurrence data
alone have the limitation that non-occurrences
give no information on possible reasons for the
absence. For many studies and monitoring counts,
however, that may not always be the question
asked. Instead, the possible influence of coinci-
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dence on species occurrences is mitigated when
long-term data are used . Therefore, if the occur-
rence frequency ofspecies should beused to study
habitat and/or landscape quality, it must be as-
sessed using data from long-term monitoring and
probably with special attention paid to, the situa-
tion at low population densities .
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Sammanfattning : Gynnsambiotopfördel-
ning förStjärtmesen (Aegithalos cauda-
tus) indikeradgenombesöksfrekvens-
en långtidsstudie

Data från 22 säsongers (1975/76-1996/97) få-
gelinventeringar användes för analys av stjärt-
mesens (Aegithalos caudatus) förekomst i prov-
rutor (1 km2) i relation till biotopfördelningen . Stu-
dien utfördes på ön Aasla i Finlands sydvästra
skärgård, ettför stjärtmesen överlag lämpligt land-
skap, dvs. medjämförelsevis hög total andel läm-
pliga biotoper. De km'-rutor somunder studiepe-
rioden användes flitigast av stjärtmes innehöll av-
sevärt högre andelarlövblandskog och al, medans
däremot antalet bestånd av dessa skogstyper en-
dast visade svaga samband. Ett tröskelvärde att
överskrida för erhållande av pålitlig förekomst av
stjärtmes sågs kring 15-20% lövblandskog i prov-
rutorna. Denna nivå på andelen lämplig biotop
stämmer väl överens meden studie av stjärtmes-
förekomsten i ett Svenskt skogslandskap, där
mängden lövblandskog totalt var mycket låg.
Förekomsten av stjärtmes över studieperioden
pekade även på täthetsberoende samband. De sex
provrutorsomanvändes vid lågapopulationstäthe-
ter innehöll >dubblad medelandel lövblandskog
och >tre gånger högre andel al än de 20 övriga
provrutorna . Stjärtmesen förekom i dessa sex rutor
också underalla år medhögrepopulationstätheter,
vilket även förutsägs av den generella teorin an-
gående täthetsberoendebiotopval. Fördelarnamed
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långtidsstudier, överväganden avseende använ-
dandet av populationstäthet vid bedömning av om-
rådens kvalitet samt avseende skalberoendet vid
ekologiska studier diskuteras .

References

Angelstam, P . 1997 : Landscape analyses as a tool for the
scientific management of biodiversity . - Ecol . Bull.
46:140-170 .

Angelstam, P.& Pettersson, B . 1997 : Principles of present
Swedish forest biodiversity management . -Ecol . Bull .
46:191-203.

Beshkarev, A . B ., Swenson, J. E., Angelstam, P ., Andrén, H .
& Blagovidov, A . B . 1994 : Long-term dynamics of
hazel grouse populations in source- and sink-domi-
nated pristine taiga landscapes . -Oikos 71 : 375-380 .

Bleckert, S . 1991 : Informationsöverföring vid socialt f6do-
s6k hos stjärtmes . - Undergraduate thesis paper, Inst .
of Zool . Ecol ., University of Gbteborg, Sweden.

Bunce, R . G . H . 1982 : A field key for classifying British
woodland vegetation, Part 1 . - Institute of Terrestrial
Ecology, Cambridge .

Doncaster, C . P ., Micol, T . & Plesner Jensen, S . 1996 :
Determining minimum habitat requirements in theory
and practice. - Oikos 75 : 335-339.

Edenhamn, P . 1996 : Spatial dynamics of the European tree
frog (Hyla arborea L .) in a heterogeneous landscape .
- Doctoral thesis, Swedish University of Agricul-
tural Sciences, Uppsala .

Ehnström, B . & Waldén, H . W . 1986: Faunavård i skogsbru-
ket : lägre faunan . - Skogsstyrelsen, Jönköping, Swe-
den .

Enoksson, B ., Angelstam, P . & Larsson, K. 1995 : Decidu-
ous forest and resident birds : the problem offragmen-
tation within a coniferous landscape. - Landsc . Ecol .
10:267-275 .

Fretwell, S . D . & Lucas, H . L . Jr . 1970 : On territorial
behaviour and other factors influencing habitat distri-
bution in birds . I . Theoretical development . - Acta
Biotheor. 19 : 16-36 .

Fuller, R . J ., Trevelyan, R . J . & Hudson, R . W . 1997 :
Landscape composition models for breeding bird
populations in lowland English farmland over a 20
year period . - Ecography 20 : 295-307 .

Furness, R. W . & Greenwood, J. J . D . 1993 : Birds as
monitors of environmental change . - Chapman &
Hall, London .

Gaston, A. J. 1973 : The ecology and behaviour of the
long-tailed tit. - Ibis 115 : 330-351 .

Hanski, I., Kuussaari, M . & Nieminen, M. 1994 : Metapopu-
lation structure and migration in the butterfly Melitaea
cinxia. -Ecology 75 : 747-762.

Harrap, S . & Quinn, D . 1996 : Tits, nuthatches & tree-
creepers . - Christoper Helm, A & C Black, London .

Hinsley, S . A ., Bellamy, P. E ., Newton, I . & Sparks, T . H .

1995 : Habitat and landscape factors influencing the
presence of individual breeding bird species in wood-
land fragments . - J . Avian Biol . 26 : 94-104.

Hinsley, S . A ., Bellamy, P. E ., Newton, I . & Sparks, T. H .
1996 : Influences of population size and woodland area
on bird species distributions in small woods. - Oecol-
ogia 105 : 100-106 .

Holt, R . D . 1985 : Population dynamics in two-patch envi-
ronments : some anomalous consequences of an opti-
mal habitat distribution . -Theor. Pop . Biol . 28 : 181-
208.

Huhta, E ., Jokimäki, J.& Rahko, P . 1998 : Distribution and
reproductive success of the Pied Flycatcher Ficedula
hypoleuca in relation to forest patch size and vegeta-
tion characteristics ; the effect of scale . - Ibis 140 :
214-222.

Hägglund, B. & Lundmark, J. E. 1984: Handledning i
bonitering med Skogshbgskolans boniteringssystem .
Del 3 . Markvegetationstyper skogsmarksflora . -
Skogsstyrelsen, Jbnkbping .

Janssen, G . 1998 : Guild indicator species on a landscape
scale - an example with four avian habitat special-
ists. - Ornis Fenn . 75 : 119-127 .

Jansson, G . & Angelstam, P . 1999 : Threshold levels of
habitat composition for the presence ofthe long-tailed
tit (Aegithalos caudatus) in a boreal landscape . -
Landscape Ecology 14 : 283-290 .

Jokimäki, J . & Huhta, E . 1996 : Effects oflandscape matrix
and habitat structure on a bird community in northern
Finland : a multi-scale approach . - Ornis Fenn . 73 :
97-113 .

Kareiva, P. 1990 : Population dynamics in spatially com-
plex environments: theory and data. - Phil . Trans . R .
Soc . London . 330: 175-90 .

Koskimies, P . & Väisänen, R. A. 1991 : Monitoring bird
populations . -Zoological Museum, Finnish Museum
of Natural History . Helsinki .

Lampolahti, J . 1985 : Intensive night migration of long-
tailed tits Aegithalos caudatus . - Ornis Fenn . 62 : 170 .

Li, H . & Reynolds, J . F. 1994 : A simulation experiment to
quantify spatial heterogeneity in categorical maps . -
Ecology 75:2446-2455 .

Marchant, J . H ., Hudson, R ., Carter, S . P . & Whittington, P.
1990 : Population trends in British breeding birds . -
British Trust for Ornithology, Tring .

Maurer, B . A. 1986 : Predicting habitat quality for grass-
land birds using density-habitat correlations . - J.
Wildl. Manage . 50: 556-566 .

Morris, D . W . 1995 : Habitat selection in mosaic land-
scapes. - In : Hansson, L ., Fahrig, L . & Merriam, G.
(eds .), Mosaic landscapes and ecological processes :
110-131 . Chapman & Hall, London, UK.

Morrison, M . L. 1986: Bird populations as indicators of
environmental change. - In : Johnston, R . F. (ed.),
Current Ornithology 3 : 429-451 . Plenum Press, New
York .

Morrison, M . L ., Marcot, B . G. & Mannan, R . W. 1992 :
Wildlife-habitat relationships : concepts and applica-
tions . -The University ofWisconsin Press . Madison,



122

Wisconsin .
Nakamura, T . 1969 : Structure of flock range in the long-

tailed tit, I . Winter flock, its home range and territory .
- Misc. Rep . Yamashina Inst . 5 : 1-29 .

O'Connor, R . J . 1986 : Dynamical aspects of avian habitat
use . - In : Verner, J ., Morrison, M . L. & Ralph, C . J .
(eds.), Wildlife 2000 : Modelling habitat relationships
of terrestrial vertebrates : 235-240 . University ofWis-
consin Press, Madison, Wisconsin.

Pollard, E . & Yates, T . J . 1993 : Monitoring butterflies for
ecology and conservation . - Chapman & Hall, London.

Pulliam, H . R . 1988 : Sources, sinks, and population regu-
lation . - Am. Nat. 132 : 652-61 .

Rosenberg, E . 1988 : Fåglar i Sverige. - Norstedts (ed.) .
Saari, L . 1984: The ecology of the wood pigeon (Colomba

palumbus L .) and stock dove (C . oenas L .) populations
on an island in the SW Finnish archipelago . - Finn-
ish Game Res . 43 : 17-18 .

Svensson, S. 1996: Övervakning av fåglarnas populationsut-
veckling . Årsrapport för 1995 . - University of Lund
(ed.), Sweden .

Svärdsson, G . 1949 : Competition and habitat selection in
birds. - Oikos 1 : 157-174.

ORMIS FENNICA Vol. 76, 1999

Van Horne, B . 1983 : Density as a misleading indicator of
habitat quality . - J . Wild] . Man . 47 : 893-901 .

Van Horne, B . 1986 : Summary : When habitats fail as
predictors-the researcher's viewpoint. -In : Verner, J .,
Morrison, M . L. &Ralph, C . J . (eds .), Wildlife 2000:
Modelling habitat relationships of terrestrial verte-
brates : 257-258 . University of Wisconsin Press, Madi-
son . Wisconsin .

Whitham, T . G . 1980 : The theory of habitat selection :
examined and extended using Pemphigus aphids . -
Am. Nat . 115 : 449-66 .

Vickery, P . D ., Hunter, M . L. Jr. & Wells, J . V . 1992 : Is
density an indicator ofbreeding success? - Auk 109 :
706-710.

Wiens, J . A . 1995 : Habitat fragmentation : island v . land-
scape perspectives on bird conservation . - Ibis 137 :
97-104.

Wiens, J . A ., Stenseth, N . C ., Van Horne, B . & Ims, R . A .
1993 : Ecological mechanisms and landscape ecology .
- Oikos 66 : 369-380 .

With, K. A . & Crist, T. O . 1995 : Critical thresholds in
species' responses to landscape structure . - Ecology
76:2446-2459 .

Appendix . Habitat data on the 26 one km-squares at Aasla, ordered according to the number of seasons with
Long-tailed Tit presence . Bold type denotes the six one km-squares used by Long-tailed Tits in low density
seasons (Fig . 1) . Data on the proportion and number of patches of "Deciduous/mixed forest except alder" (as
used in Table 1), were calculated from the habitat data presented here .

No . of sea-
sons used

% deciduous/mixed
forest of land area

No. of
patches

% black alder
of land area

No . of
patches

15 22.0 10 19.0 7
14 22.0 6 10.0 6
13 17.0 11 7.0 4
13 3.5 7 2.4 3
11 36.0 3 12.5 3
11 25.0 7 5.0 5
10 13.0 8 8.0 6
10 9.0 5 3.0 3
10 7.0 3 3.6 3
10 6.0 10 1 .3 5
8 10.0 9 3 .1 5
8 9.0 3 5.0 2
8 5.0 7 3.0 4
8 1 .2 5 0.4 1
7 12.8 6 4.5 6
7 6.7 8 2.2 2
6 10.5 7 4.4 6
6 7.0 3 2.0 2
6 2.7 7 2.8 7
5 9.4 6 1 .1 6
5 8 .1 4 5.4 3
4 5.7 5 1 .7 4
3 5.0 4 1 .8 2
2 5.5 6 5.0 6
2 4.7 7 2.0 5
11 4 .7 4 1 .4 2


