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Forest loss and fragmentation induces harmful ecological effects especially for species

preferring mature forests. The Eurasian Treecreeper, Certhia familiaris, is highly special-

ised in foraging on large tree trunks and can only occasionally forage outside of mature fo-

rests. We quantified nest defence behaviour of Treecreeper parents toward a stuffed

model of Great Spotted Woodpecker Dendrocopos major in central Finland. We used a

Geographical Information System (GIS) to measure the landscape structure within a 200

m radius around the nest. We found that females with more fledged offspring gave alarm

calls from farther away from the predator model than did females with fewer fledged off-

spring. The alarming distance of females was longer when the forest patch around the nest

was larger. In males, however, alarming distance decreased with increasing home patch

size. It seems that forest loss may influence parental nest defence behaviour, which is one

of the fundamental life-history traits in birds. The association between habitat characteris-

tics and nest defence behaviour of birds need more attention to understand how human

modified habitats affect bird breeding success.

1. Introduction

Destruction of natural habitats results in habitat

loss, edge effects, and habitat isolation. The last

two elements have been termed habitat fragmenta-

tion (Andrén 1994, Fahrig 1997, Schmiegelow &

Mönkkönen 2002), and may have several harmful

biological and ecological effects (Andrén 1994).

In fragmented environments, behaviour, breeding

success and other fitness-related consequences are

committed to follow the constraints set by patch

size, habitat within patches, variable food supply,

and inter-specific interactions, and changes in veg-

etation structure and climatic conditions close to

the edge (Gates & Gysel 1978, Møller 1988 &

1991, Robinson et al. 1995, Burke & Nol 2000,

Zanette et al. 2000). Bird species often show vari-

able responses to forest loss and fragmentation
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(Schmiegelow & Mönkkönen 2002), but in this

study we concentrate on a bird species which is

strongly associated with old growth forests. The

reproductive performance of mature forest birds

has been shown to decrease with an increasing

level of habitat fragmentation (Gates & Gysel

1978, Robinson et al. 1995, Kurki et al. 2000).

Modern forestry usually diminishes the quality

of forested environments as a living habitat for fo-

rest-dwelling species. It especially causes the loss

of mature forest habitats, particularly in the boreal

forest ecosystems. As a result of this rational forest

planning, forest blocks are fragmented and sepa-

rated by large clear-cuts and dense sapling stands

(Mykrä et al. 2000). This environmental alteration

increases the harmful effects on species that are

dependent on continuous and homogeneous wood

and forest cover (Niemelä 1999, Kouki & Väänä-

nen 2000). These species may have restricted abil-

ity to disperse between suitable habitat patches

(Hansson 1992), and the energy expenditure of

food and mate searching may fail in strongly frag-

mented landscapes (e.g. Rolstad & Wegge 1989).

Also, increased predation pressure in fragmented

forest landscapes is exhaustively documented (e.g.

Kuitunen & Helle 1988, Andrén 1992, Kurki &

Linden 1995, Huhta 1995, Huhta et al. 2003,

2004). A general interest in associations between

forest habitat loss and fragmentation and forest

bird communities has led to the publication of sev-

eral studies from all over the world (Haila et al.

1993, Faaborg et al. 1995, Freemark et al. 1995,

Greenberg et al. 1997, Boulinier et al. 2001). In

several studies, it has also been shown that forest

fragmentation due to timber production has delete-

rious effects on forest birds (e. g. Askins et al.

1987, Jokimäki & Huhta 1996, Schmiegelow et al.

1997, Luck 2002). For species experiencing

strong habitat fragmentation, both empirical data

(Doncaster et al. 1996, Jansson & Angelstam

1999) and theoretical models predict that there are

critical thresholds of habitat proportions within a

landscape at which various ecological processes

change abruptly (O’Neill et al. 1989, Dytham

1995, With & Crist 1995, Bascompte & Solé

1996).

Nest defence is one of the most important life-

history traits in the reproductive investment of

birds and it increases the probability of successful

breeding (Blancher & Robertson 1982). The main

benefit of nest defence is increased brood survival,

but nest defence also has costs like energy expen-

diture and a risk of injury or even death (Mont-

gomerie & Weatherhead 1988). It could also de-

crease the future reproductive life of the parents

(Wallin 1987). The intensity of nest defence may

be affected by many factors such as clutch and

brood size, offspring age, parental age, laying

date, weather and predator type and food condi-

tions (Knight & Temple 1986, Winkler & Wilkin-

son 1988, Clutton-Brock 1991, Hakkarainen &

Korpimäki 1994).

We examined the effects of landscape structure

on nest-defence behaviour in the Eurasian Tree-

creeper Certhia familiaris (hereafter “Treecreep-

er”). The Treecreeper is an excellent study object

for forest fragmentation studies because it breeds

in old-growth spruce (Picea abies) and mixed

spruce and pine (Pinus sylvestris) coniferous fo-

rests (Kuitunen 1987, Kuitunen & Helle 1988,

Aho et al. 1999). Further, its breeding densities are

three times higher in old-growth forests than in

managed forests (Virkkala et al. 1994, Haila et al.

1989). Also, this species is known to be extremely

sensitive to forest fragmentation, because it is ab-

sent from clear-cuts and saplings (Kuitunen &

Helle 1988). Treecreepers breed in specially de-

signed nest boxes in managed forests (Kuitunen

1987). Breeding parents need large trees for forag-

ing (Suhonen & Kuitunen 1991a, Aho et al. 1997

a, b, Jäntti et al. 2001) where they search for ar-

thropods for their nestlings (Kuitunen & Törmälä

1983, Suhonen & Kuitunen 1991b). The Tree-

creeper is a monogamous passerine bird showing

biparental offspring care (Kuitunen & Suhonen

1989, Kuitunen et al. 1996) and nest defence, es-

pecially during the first brood (Jäntti et al. 2003).

Potential nest predators for Treecreepers in our

study area are the Great Spotted Woodpecker

Dendrocopos major, Least Weasel Mustela nivalis

and Stoat Mustela erminea (Kuitunen & Alek-

nonis 1992).

In this study we had two aims. First, we studied

whether parent Treecreeper nest defence behav-

iour was related to number of nestlings and laying

date, since the number of nestlings is an important

life-history trait. Second, because habitat loss and

landscape fragmentation has often been associated

with poor habitat quality we aimed to study pos-

sible associations between forest loss and frag-
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mentation and parental nest defence behaviour. No

study so far has documented the effects of land-

scape structure on the nest defence behaviour of

birds.

2. Material and methods

2.1. Study area and general methods

This study was conducted in 60–100 year old co-

niferous and mixed managed forests in the vicinity

of Konnevesi Research Station in central Finland

(62º37’ N, 26º20’ E) during the summer of 1991.

There were about 60 forests with two special nest

boxes for Treecreepers, one for the first clutch and

one for the second clutch (Kuitunen 1987). We

used mist nets to trap breeding females at the nest

near the end of egg incubation, and males were

trapped when they were feeding their offspring.

The birds were individually marked both with alu-

minium and coloured rings. The throat of each par-

ent was coloured to distinguish the females from

the males. The adult birds were sexed by morpho-

logical criteria, e.g. bill length, and the presence of

a brood patch in females (Suhonen & Kuitunen

1991a, b, Kuitunen unpublished data).

2.2. Quantification of nest defence

We used 18 early brood pairs of Treecreepers to

study nest defence (17 May–3 June, 1991). Nest

defence measurements were done when the nest-

lings were 13–15 days old, i.e. a couple of days be-

fore fledging. At this age nestlings are quite vul-

nerable to predators because they are generally

noisy (see Jäntti et al. 2003). We used a stuffed

Great Spotted Woodpecker as a predator model.

The model was wired to a 1 m long wood stick,

which was put up at the front of the nest box about

20 cm away from the two side entrance holes. Ob-

servations were made with binoculars from a shel-

ter at a distance of 10–40 m from the nest on sunny

or cloudy days, but not on rainy days. Data were

recorded into a dictaphone and later transcribed.

We started each measurement period (later

called trial) as soon as we saw or heard one of the

parents calling; to be sure that it had noticed the

predator. The tape-recorded measurement period

lasted for five minutes. Generally, the arrival time

was different for the male and female, so the trial

was performed separately for each parent. Arrival

time was the time from setting up the predator

model until the parent arrived and started to dis-

play (Jäntti et al. 2003).

Mobbing rate was the attack or fluttering be-

haviour of the Treecreeper towards the predator

model during the five minute period. The distances

of parents from the predator were measured during

the trial, and after the trial the mean, minimum, and

maximum distances from the predator model were

recorded. The mean distance from the predator

was the mean value of the bird to predator dis-

tances recorded every fifteen seconds during the

trial. The minimum distance was defined as the

shortest recorded distance of the Treecreeper to the

model during the trial. The maximum distance was

the longest observed distance of the parent from

the model during the trial. We also recorded the

number of parental visits into the nest box (Jäntti et

al. 2003).

The call rate was the mean number of tjii warn-

ing calls per minute during the five minute period.

At each nest, we waited for about 20 minutes to

make sure the parents were present or absent. Dur-

ing the trial, we also observed the level of quieting

that resulted after the parents’alarm call to address

whether the high-pitched calls are enough to si-

lence the offspring in the nest. Generally, the two

week old nestlings made some noises (chirr) in the

nest box. In our observations, offspring in all nests

made some chirr sounds before the parents were

present and made alarm calls (Jäntti et al. 2003).

2.3. Landscape data analyses

Land use and forest data for the study area as well

as the location of each Treecreeper territory were

imported into a Geographical Information System

(GIS). We measured the forest structure within

200 m radii around each of the nest-boxes (12.75

ha), which was the maximum observed foraging

distance of breeding parents from the nest (Su-

honen & Kuitunen unpublished data).

We used classified Landsat TM 5 satellite im-

ages produced by the National Land Survey of

Finland (NLS) from the year 1990 as the land-use

and forest-resource data (Vuorela 1997). Pixels
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originally measuring 30 m × 30 m were re-samp-

led to measure 25 m × 25 m by NLS. Digital maps

of roads, agricultural land etc. were used to sepa-

rate forest from non-forest land. Each pixel in an

NLS classification can initially belong to one of 50

land use and forest classes. In the case of forested

areas, each pixel was classified according to the to-

tal timber volume (mainly applying 50 m
3
/ha inter-

vals) before being further classified according to

the main tree species or mixed species composi-

tion.

Clear cuts and sapling stands were separated as

distinct classes by allowing a maximum timber

volume of 4 m
3
/ha for clear-cuts and 12 m

3
/ha for

sapling stands (Vuorela 1997). According to the

national forest inventory, this definition refers to

sapling stands of 1–20 years old (Tomppo et al.

1999). Mature forest area was calculated by com-

bining the area of forest land where total timber

volume was > 151 m
3/
ha (Tomppo et al. 1999).

Thus, the identification of mature forest stands is

based on the timber volume and not, for example,

on the management status of the stand. However,

we find this criterion reasonable since, according

to the national forest inventory, forests in the age

class of 101–120 years have on average a timber

volume of 211.3 m
3
/ha in the study area. Further,

intensive forest management in this area with

clear-cutting as the main regeneration method

mainly concerns forests > 100 m
3
/ha in timber vol-

ume.

The habitat classes (means in parentheses)

used in the analyses to describe the landscape

structure at the radii of 200 m were lake (3.5%),

open mire (0.0%), agricultural field (11.1%),

clear-cut (4.8%), open land (combined with

unforested habitat, 22.8%), wet spruce forest

(1.3%), pine mires (0.7%), sapling stands (3.3%),

pine forest (14.5%), spruce forest (34.8%), decid-

uous forest (2.1%) and mixed forest (20.5%). We

also measured the number of forest patches, total

length of forest-open land edge within 200 m radii,

and the size of a home patch (forest patch where

nest boxes were situated) using FRAGSTATS

(McGarigal & Marks 1995).

2.4. Statistical analyses

Spearman correlations were calculated between

the mean distance of males and females and fledg-

ling number, laying date and habitat quality vari-

ables including number of patches, total edge

length, and area of the home patch (Table 1). We

used the Mann-Whitney U-test to find differences

in the distance from the woodpecker model, mini-

mum distance from the woodpecker model, mob-

bing rate and alarm call rate in female and male

Treecreepers in small (< 10 ha) and large (at least

10 ha) home patches (Table 2). There were no dif-

ferences between age and quality of males and fe-

males between small and large home patches. We

performed a regression analysis to examine rela-

tionships between the mean distance of females

and males as dependent variables and habitat qual-

ity variables, number of nestlings and laying date

as predictors (Table 3). Colinearity analysis re-

vealed significant correlations between several

habitat variables and behavioural variables. Due to

these correlations, we only included in our final re-

gression model mean distance of males and fe-

males from the stuffed woodpecker, fledgling

number, laying date and habitat quality variables

including number of patches, total edge length,

and area of the home patch and omitted most of the

habitat variables from the model. Finally, we used
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Table 1. Spearman rank correlations between the mean distance of the female and male Treecreeper and sep-
arate landscape indices at a radius of 200 m from the nest (Number of observation in females n = 15 and in male
n = 18).

Index Female Male

r
s

P r
s

P

Number of patches (no/200 m radii) –0.54 0.038 0.27 0.274
Total edge length (m/200m radii) –0.46 0.082 0.05 0.845
Area of home patch (ha) 0.77 0.001 –0.48 0.044



a stepwise linear regression to fit the final model.

The statistical analyses were conducted in SPSS

version 12.0.1 for Windows.

3. Results

We found that female Treecrepers with more

fledged offspring gave alarm calls from farther

away from the stuffed woodpecker than did fe-

males with fewer fledged offspring (r
s
= 0.52, n =

15, P = 0.049; Fig. 1). In contrast to females, the

number of fledged offspring was not associated

with male Treecreeper distance from the stuffed

woodpecker (r
s

= –0.24, n = 18, P = 0.35). Mean

distances of females and males from the stuffed

woodpecker did not depend on laying dates (r
s

=

0.49, n = 15, P = 0.064 r
s
= –0.18, n = 18, P = 0.47,

respectively).

Because habitat loss has often been associated

with poor habitat quality, we tested separate vari-

ables measuring the structure of the breeding land-

scape. Only the mean distance of parents from the
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Table 2. Mean ( SD) distance from the nest, minimum distance distance from the nest, mobbing rate and alarm
call rate in the female and male Treecreeper in small (< 10 ha) and large (at least 10 ha) home patch. Test statis-
tics refers to Mann-Whitney U-test.

Variable Small home patch Large home patch

Female n = 6 n = 9

Mean SD Mean SD U P

Mean distance 2.5 0.2 5.9 3.2 3 0.003
Minimum distance 0.4 0.2 0.7 1.2 20.5 0.46
Mobbing rate 0.2 0.4 0.8 1.5 21 0.53
Alarm call rate 33.2 18.6 41.1 18.0 20 0.46

Male n = 8 n = 10

Mean SD Mean SD U P

Mean distance 13.6 9.8 6.4 6.8 12 0.012
Minimum distance 0.5 0.4 0.5 0.2 37.5 0.83
Mobbing rate 1.0 1.4 2.1 3.0 31 0.46
Alarm call rate 37.3 17.3 49.5 17.2 23 0.15

Table 3. Final stepwise regression model (adjusted
R

2
= 0.482) to explain the mean distance of female

Treecreeper from the Woodpecker model for the first
broods (F

2, 12
= 7.52, P = 0.008).

B SE t
2,12

P

Constant –9.46 3.73 –2.54 0.026
Number

of Fledglings 1.42 0.56 2.55 0.025
Home Patch Size 0.77 0.32 2.38 0.035
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Fig. 1 Number of fledglings in relation to the mean
distance (m) of female Treecreeper from the stuffed
Woodpecker during the five minute trial.



stuffed woodpecker was associated with land-

scape indices (Table 1, 2; Fig. 2). In females the

mean distance was longer when the home patch

size was larger and in males it was opposite (Table

1, 2, Fig. 2). However, because most of the land-

scape indices or habitat variables did not correlate

significantly with the mean distance of females

and males from the stuffed woodpecker (Table 1),

we performed a stepwise regression analysis to es-

timate the most important variables in explaining

the mean distance of females from the stuffed

woodpecker (Table 3).

Both the number of fledglings and size of

home patch were statistically significant predic-

tors for mean alarming distance of females (Table

3) and number of patches in 200 m radii, total edge

length was omitted from the final stepwise linear

regression model. No measured variable ex-

plained the mean male distance from the stuffed

Woodpecker.

4. Discussion

Treecreeper females have a longer alarming dis-

tance in larger forest patches, and when there were

more fledged offspring. This longer distance

seems to be dependent on laying date. Treecreep-

ers use warning calls to silence the nestlings in the

nest (Jäntti et al. 2001). Possibly, noiseless, well-

fed nestlings in larger forest environments may be

easier to silence by a Treecreeper parent, even

from longer distances from the nest, than in poor

quality, small forest fragments with hungry and

stressed nestlings (see also Suorsa et al. 2003). As

we expected, parents seem to take more risks in

their nest defence in smaller forest patches to keep

the hungry nestlings quiet because they must be

close to the nest for noisy offspring to hear their

alarm-calls.

Many large, old-growth forest-dwelling bird

species, for example Goshawk Accipiter gentiles

and Black Woodpecker Dryocopus martius, can

survive in fragmented fine-grained habitats by

having large territories with many patches of forest

per territory (Widen 1989, Tjernberg et al. 1993,

see also Forsman et al. 1984, Wegge & Rolstad

1986). Treecreepers, however, seldom fly over

wide open areas (> 100 m) during the breeding

season, and large territories could be very costly to

control and protect, especially for males, in frag-

mented, fine-grained forest habitats (Jäntti et al.

2001, Suorsa et al. 2003, Huhta et al. 2003 &

2004).

Within populations of passerine Ovenbird

Seiurus aurocapillus, males paired better in a con-

tiguous forest farther from edges than in fragments

created by agriculture and forestry (Bayne & Hob-

son 2001). Female Ovenbirds seem to avoid pair-

ing with males near edges, because rates of nest

predation and brood parasitism near edges in small

farm land fragments were higher (van Horn et

al.1995, Burke & Nol 1998, Bayne 2000, Hobson

& Bayne 2000). Also, the earliest-arriving male

Pied Flycatchers Ficedula hypoleuca consistently

avoid experimental breeding sites at the edge be-

tween forest stands and clear-cuts, and prefer nest

boxes 50–100 m from the edge (Huhta et al. 1999).

Our nest defence study was done during the

nestling phase when nest defence activity was as-

sumed to be strongest and nestlings are most valu-

able because of their age (Andersson et al. 1980,

Grieg-Smith 1980, Montgomerie & Weatherhead

1988). Two week old Treecreeper nestlings are

very noisy and almost ready to fledge. Conse-

quently, they are vulnerable to predators like Stoat,

Least Weasel, and Great Spotted Woodpecker at
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this age. Thus, in this phase of breeding effective

nest defence by parents is required.

The Treecreeper nest is normally quite crypti-

cally located in a crevice of a tree or between the

bark and the tree trunk, and consequently it could

be assumed that birds with cryptic nests should de-

fend their offspring less than birds with open nests

(Montgomerie & Weatherhead 1988). Treecreeper

nest defence consists of alarm calls that are high-

pitched and narrow frequency (tjii). These calls are

difficult to locate, and Treecreepers are hard to ob-

serve in thick spruce forests. Furthermore, at the

same time, the nestlings in the cryptic nests be-

come quiet (Jäntti et al. 2003). Treecreepers use

these alarm calls to silence nestlings, like many

other bird species (Grieg-Smith 1980, East 1981,

Knight & Temple 1986, Jäntti et al. 2003), rather

than immediately engaging in active nest defence.

Parents with high-pitched alarm calls do not ex-

pose the nest or themselves to the nearby predator.

This could explain the nest defence behaviour

of Treecreepers, which does not appear to be very

active. We have earlier shown that over 90% of

nests were silenced by one or both parent Tree-

creepers (Jäntti et al. 2003). Thus, parents have

done enough to defend their nest if they can silence

their offspring from far away before a predator

gets too close to locate the nest. This could partly

explain why landscape structure had only minor

effects on direct nest defence actions of the Tree-

creeper.

To conclude, it seems that forest loss as mea-

sured by forest patch size is associated with par-

ents nest defence behaviour, which is one of the

fundamental life-history traits in birds. The associ-

ation between habitat characteristics and nest de-

fence behaviour of birds needs more attention to

understand how human modified habitats affect

the breeding success of birds.
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Puukiipijän pesänpuolustuskäyttäytyminen

ja maisemarakenne

Maisemarakenteen pirstoutuminen ja elinympä-

ristöjen huonontuminen on etenkin boreaalisten

havumetsien osalta osoitettu viimeaikaisissa tutki-

muksissa lintujen pesintätulosta merkittävästi hei-

kentäviksi tekijöiksi. Sen sijaan maisemaraken-

teen merkitystä lintujen pesänpuolustuskäyttäyty-

miseen ei ole aiemmin tutkittu. Testasimme puu-

kiipijä emojen pesänpuolustusaktiivisuutta käyt-

täen petomallina täytettyä käpytikkaa. Käpytikka

on puukiipijälle todellinen peto, koska se syö sen

munia ja poikasia, ja se voi tuhota niin luonnonpe-

siä kuin pesäpönttöjäkin.

Tutkimus toteutettiin Keski-Suomessa Konne-

veden tutkimusaseman ympäristössä. Pesän-

puolustuskokeet tehtiin kevään ensimmäisen poi-

kueen ollessa vajaa kaksiviikkoisia ennen pesästä

lähtöä touko–kesäkuun vaihteessa, jolloin poika-

set ovat vielä haavoittuvia ja nälkäisinä ne helposti

paljastavat olinpaikkansa pedoille. Käpytikkamal-

li asetettiin puolentoista metrin mittaiseen keppiin

pesäpönttöä vasten, minkä jälkeen odotettiin emo-

jen saapumista pesälle. Emojen saavuttua ke-

räsimme käyttäytymistietoja noin viiden minuutin

ajan: saapumisaika puolustukseen, varoitusten

määrä per minuutti, emojen etäisyys pesästä ja

hyökkäysten määrä kokeen aikana. Tutkimukses-

sa käytettiin vain aikaisia pesintöjä sekä koirasta ja

naarasta seurattiin. Maisemarakenne määritettiin

maankäyttö- ja puustotulkitusta Landsat-satelliitin

tuottamasta aineistosta, josta Fragstat-ohjelmalla

ajettiin maisemaindeksit: metsälaikkujen määrä,

keskimääräinen laikun koko, laikun koon CV, reu-

nan pituus ja tiheys pinta-alayksikköä kohden,

keskimääräinen muoto indeksi, keskimääräinen

etäisyys lähimpään naapuriin ja puukiipijän pesi-

mälaikun koko.

Puukiipijän pesänpuolustus koostuu pääosin

korkeista tjii-varoitusäänistä, joiden tarkoitus on

hiljentää poikaset pesässä. Maisemarakenteen

pirstoutuneisuus näkyi puukiipijän pesänpuolus-

tuksessa siten, että varoittavan naaraan keskimää-

räinen etäisyys täytetystä käpytykasta oli lyhyem-

pi ja koiraan pidempi pienissä metsäsaarekkeissa

kuin suurissa yli 10 ha metsäsaarekkeissa. Muu-

toin maisematekijöillä, kuten metsälaikkujen mää-

rällä, reunan pituudella ei ollut vaikutusta pesän-

puolustukseen.

Jäntti et al.: Tree creeper nest defence in fragmented forests 151



References

Aho, T., Kuitunen, M., Suhonen, J., Hakkari, T. & Jäntti,

A. 1997a: Effects of male removal on female foraging

behavior in the Eurasian Treecreeper. — Behavioral

Ecology and Sociobiology 41: 49–53.

Aho T., Kuitunen M., Suhonen J., Jäntti A. & Hakkari, T.

1997b: Behavioural responses of Eurasian Treecreep-

ers, Certhia familiaris, to competition with ants. —

Animal Behaviour 54: 1283–1290.

Aho T., Kuitunen M., Suhonen J., Jäntti A. & Hakkari T.

1999: Reproductive success of Eurasian Treecreepers,

Certhia familiaris, lower in territories with wood ants.

— Ecology 80: 998–1007.

Andersson, M., Wiklund, C.G. & Rundgren, H. 1980: Pa-

rental defence of offspring a model and an example. —

Animal Behaviour 28: 536–542.

Andrén, H. 1992: Corvid density and nest predation in re-

lation to forest fragmentation: a landscape perspec-

tive. — Ecology 73: 794–804.

Andrén, H. 1994: Effects of habitat fragmentation on birds

and mammals in landscapes with different proportions

of suitable habitat: a review. — Oikos 71: 355–366.

Askins, R.A., Philbrick, M.J. & Sugeno, D.S. 1987: Rela-

tionship between the regional abundance of forest and

the composition of forest bird communities. — Bio-

logical Conservation 39: 129–152.

Bascompte, J., Solé, R.V. 1996: Habitat fragmentation and

extinction thresholds in spatially explicit models. —

Journal of Animal Ecology 65: 465–473.

Bayne, E.M. 2000: Effects of forest fragmentation on the

demography of Ovenbirds (Seiurus aurocapillus) in

the boreal forest. Ph.D. dissertation, University of

Saskatchewan, Saskatoon.

Bayne, E.M. & Hobson, K.A. 2001: Effects of habitat frag-

mentation on pairing success of Ovenbirds: Impor-

tance of male age and floater behavior. — Auk 188:

380–388.

Blancher, P.J. & Robertson, R.J. 1982: Kingbird aggres-

sion: does it deter predation? — Animal Behaviour 30:

929–930.

Boulinier, T., Nichols, J.D., Hines, J.E., Sauer, J.R.,

Flather, C.H. & Pollock, K.H. 2001: Forest fragmenta-

tion and bird community dynamics: interference at re-

gional scales. — Ecology 82: 1159–1169.

Burke, D.M. & Nol, E. 1998: Influence of abundance,

nest-site habitat, and forest fragmentation on breeding

Ovenbirds. — Auk 115: 96–104.

Burke, D.M. & Nol, E. 2000: Landscape and fragment size

effects on reproductive success of forest-breeding

birds in Ontario. — Ecological Applications 10:

1749–1761.

Clutton-Brock, T.H. 1991: The evolution of parental care.

— Princeton University Press, Princeton, New Jersey.

Doncaster, C.P., Micol, T. & Plesner Jensen, S. 1996: De-

termining minimum habitat requirements in theory

and practice. — Oikos 75: 335–339.

Dytham, C. 1995: The effect of habitat destruction pattern

on species persistence: a cellural model. — Oikos 74:

340–344.

East, M. 1981: Alarm calling and parental investment in

the Robin Erithacus rubecula. — Ibis 123: 223 – 230.

Faaborg, J. Brittingham, M., Donovan, T. & Blake, J.

1995: Habitat fragmentation in the temperate zone. —

In Ecology and management of neotropical migratory

birds (ed. Martin, T.E. & Finch D.M.): 357–380. Ox-

ford University Press, New York.

Fahrig, L. 1997: Relative effects of habitat and fragmenta-

tion on population extinction. — Journal of Wildlife

Management 61: 603–610.

Freemark, K.E., Dunning, J.B., Hejl, S.J. & Probst, J.R.

1995: A landscape ecology perspective for research,

conservation, and management. – In Ecology and

management of neotropical migratory birds (ed. Mar-

tin, T.G. & Finch, D.M.): 381 –426. Oxford University

Press, New York.

Forsman, E.D., Meslow, E.C. & Wight, H.M. 1984: Distri-

bution and biology of Spotted Owl in Oregon. —

Wildlife Monographs 87: 1–64.

Gates, J.E. & Gysel, L.W. 1978: Avian nest dispersion and

fledging success in field-forest ecotones. — Ecology

59: 871–883.

Greenberg, R., Bichier, P., Agon, A.C. & Reitsma, R.

1997: Bird populations in shade and sun coffee planta-

tions in central Guatemala. — Conservation Biology

11: 448–459.

Grieg-Smith, S.W. 1980: Parental investment in nest de-

fence by Stonechats (Saxicola torquata). — Animal

Behaviour 28: 604–619.

Haila, Y., Hanski, I.K. & Raivio, S. 1989: Methodology

for studying the minimum habitat requirements of fo-

rest bird. — Annales Zoologici Fennici 26: 173–180.

Haila, Y., Hanski, I.K. & Raivio, S. 1993: Turnover of

breeding birds in small forest fragments: the “samp-

ling” colonization hypothesis corroborated. — Eco-

logy 74: 714–725.

Hakkarainen, H. & Korpimäki, E. 1994: Nest defence of

Tengmalm’s Owls reflects offspring survival pros-

pects under fluctuating food conditions. — Animal

Behaviour 48: 843–849.

Hansson, L. 1992: Landscape ecology of boreal forests. —

Trends in Ecology and Evolution 7: 299–302.

Hobson, K.A. Bayne, E.M. 2000: Effects of forest frag-

mentation by agriculture on avian communities in the

southern boreal mixed-wood of western Canada. —

Wilson Bulletin 112: 373–387.

van Horn, M.A. van, Gentry, P.R. & Faaborg, J. 1995. Pat-

terns of Ovenbird (Seiurus aurocapillus) pairing suc-

cess in Missouri forest tracts. — Auk 112: 98–106.

Huhta, E. 1995: Effects of spatial scale and vegetation

cover on predation of artificial ground nests. — Wild-

life Biology 1: 73–80.

Huhta, E., Aho, T., Jäntti, A., Suorsa, P., Kuitunen, M.,

Nikula, A. & Hakkarainen, H. 2004: Forest fragmen-

tation increases nest predation in the Eurasian Tree-

152 ORNIS FENNICA Vol. 84, 2007



creeper. — Conservation Biology 18: 148–155.

Huhta, E., Jokimäki,J & Rahko, P. 1999: Breeding of Pied

Flycatcher in artificial forest edges: The effect of a

suboptimally shaped foraging area. — Auk 166: 528–

535.

Huhta, E., Jäntti, A., Suorsa, P., Aho, T., Kuitunen, M.,

Nikula, A. & Hakkarainen, H. 2003: Habitat-related

nest predation effect on the breeding success of the

Eurasian Treecreeper. — Ecoscience 10: 283–288.

Jansson, G. & Angelstam, P. 1999: Threshold levels of

habitat composition for the presence of the Long-

Tailed Tit (Aegithalos caudatus) in a boreal landscape.

— Landscape Ecology 14: 283–290.

Jäntti, A., Aho, T., Hakkarainen, H., Kuitunen, M. &

Suhonen J. 2001: Prey depletion by the foraging of the

Eurasian Treecreeper, Certhia familiaris, on tree-trunk

arthropods. — Oecologia 128: 488–491.

Jäntti, A., Suhonen, J., Kuitunen, M. & Aho, T. 2003: Nest

defence of Eurasian Treecreeper, Certhia familiaris,

against the Great Spotted Woodpecker Dendrocopos

major: only one parent is needed. — Ornis Fennica 80:

31–37.

Jokimäki, J. & Huhta, E. 1996: Effects of landscape matrix

and habitat structure on a bird community in northern

Finland: a multi-scale approach. — Ornis Fennica 73:

97–113.

Knight, R.L. & Temple, S.A. 1986: Why does intensity of

avian nest defence increase during the nesting cycle?

— Auk 103: 318–327.

Kouki, J. & Väänänen, A. 2000: Impoverishment of resi-

dent old-growth forest bird assemblages along an iso-

lation gradient of protected areas in eastern Finland.

— Ornis Fennica 77: 145–154.

Kuitunen, M. 1987: Seasonal and geographical variation

in the clutch size of the Common Treecreeper, Certhia

familiaris. — Ornis Fennica 64: 125–136.

Kuitunen, M. & Aleknonis, A. 1992: Nest predation and

breeding success in Common Treecreepers nesting in

nest-boxes and natural cavities. — Ornis Fennica 69:

7–12.

Kuitunen, M. & Helle, P. 1988: Relationship of the Com-

mon Treecreeper Certhia familiaris to edge effect and

forest fragmentation. — Ornis Fennica 65: 150–155.

Kuitunen, M., Jäntti, A., Suhonen, J. & Aho, T. 1996: Food

availability and male’s role in parental care in Double-

Brooded Treecreeper Certhia familiaris. — Ibis 138:

638–643.

Kuitunen, M. & Törmälä, T. 1983: The food of Treecreep-

er Certhia f. familiaris nestling in southern Finland. —

Ornis Fennica 60: 42–44.

Kuitunen, M. & Suhonen, J. 1989: Daylength and time al-

location in relation to reproductive effort in the Com-

mon Treecreeper Certhia familiaris. — Ornis Fennica

66: 53–61.

Kurki, S. & Linden, H. 1995: Forest fragmentation due to

agriculture affects the reproductive success of the

ground-nesting Black Grouse Tetrao tetrix. — Eco-

graphy 18: 109–113.

Kurki, S., Nikula, A., Helle, P. & Linden, H. 2000: Land-

scape fragmentation and forest composition effects on

Grouse breeding success in boreal forests. — Ecology

81: 1985–1997.

Luck, G. W. 2002: The habitat requirements of the Rufous

Treecreeper (Climacteris rufa). 1. Preferential habitat

use demonstrated at multiple spatial scales. — Biolog-

ical Conservation 105: 383–394.

McGarigal, K. & Marks, B.J. 1995: FRAGSTATS: Spatial

pattern analysis program for quantifying landscape

structure. General Tecnical Report PNW-GTR-351.

Portland, OR: U.S. Department of Agriculture, Forest

Service, Pacific Northwest Research Station.

Møller, A.P. 1988: Nest predation and nest site choice in

passerine birds in habitat patches of size; a study of

Magpies and Blackbirds. — Oikos 53: 215–221.

Møller, A.P. 1991: Clutch size, nest predation, and distri-

bution of avian unequal competitors in patchy envi-

ronment. — Ecology 72: 1336–1349.

Montgomerie, R.D. & Weatherhead, P.J. 1988: Risk and

rewards of nest defence by parent birds. — Quarterly

Review of Biology 63: 167–187.

Mykrä, S., Kurki, S. & Nikula, A., 2000: The spacing of

mature forest habitat in relation to species-specific

scales in managed boreal forests in NE Finland. —

Annales Zoologici Fennici 37: 79–91.

Niemelä, J. 1999: Management in relation to disturbance

in the boreal forest. — Forest Ecological Management

115: 127–134.

O’Neill, R.V., Milne, B.T., Turner, M.G. & Gardner, R.H.

1989: Resource utilization scales and landscape pat-

tern. — Landscape Ecology 2: 63–69.

Robinson, S.K., Thompson, F.R., Donovan, T.M., White-

head, D.R. & Faaborg, J. 1995: Regional forest frag-

mentation and nesting success of migratory birds. —

Science 267: 1987–1990.

Rolstad, J. & Wegge, P. 1989: Capercallie Tetrao urocallus

populations and modern forestry – a case for land-

scape ecological studies. — Finnish Game Research

46: 43–52.

Scmiegelow, F.K.A., Machtans, C.S. & Hannon, S.J.

1997: Are boreal birds resilient to forest fragmenta-

tion? An experimental study of short-term community

responses. — Ecology 78: 1914–1932.

Schmiegelow, F.K.A. & Mönkkönen, M. 2002: Habitat

loss and fragmentation in dynamic landscapes: avian

perspectives from the boreal forest. — Ecological Ap-

plications 12: 225–273.

Suhonen, J. & Kuitunen, M. 1991a: Intersexual foraging

niche differentiation within the breeding pair in the

Common Treecreeper Certhia familiaris. — Ornis

Scandinavica 22: 313–318.

Suhonen, J. & Kuitunen, M. 1991b: Food choice and feed-

ing by male and female Common Treecreeper (Certhia

familiaris) during nesting period. — Ornis Fennica 68:

17–25.

Suorsa, P., Huhta, E., Nikula, A., Nikinmaa, M., Jäntti, A.,

Helle, H. & Hakkarainen, H. 2003: Forest manage-

Jäntti et al.: Tree creeper nest defence in fragmented forests 153



ment is associated with physiological stress in an old-

growth forest passerine. — Proceedings of the Royal

Society London B 270: 963–969.

Tjernberg, M., Johnsson, K. & Nilsson, S.G. 1993: Den-

sity variation and breeding success of the Black

Woodpecker Dryocopus martius in relation to forest

fragmentation. — Ornis Fennica 70: 155–162.

Tomppo, E., Henttonen, H., Korhonen, K., Aarnio, A.,

Ahola, A., Ihalainen, A., Heikkinen, J. & Tuomainen,

T. 1999: Keski-Suomen metsäkeskuksen alueen

metsävarat ja niiden kehitys 1967–96 (Forest re-

sources and their development in central Finland,

1967–1996, in Finnish). — Metsätieteen aikakaus-

kirja Folia Forestalia 2B / 1999: 309–388.

Virkkala, R., Rajasärkkä, A., Väisänen, R.A., Vickholm,

M. & Virolainen, E. 1994: Conservation value of na-

ture reserves: Do hole-nesting birds prefer protected

forest in southern Finland? — Annales Zoologici Fen-

nici 31: 173–186.

Vuorela, A. 1997: Satellite image based land cover and fo-

rest classification of Finland. – In: Kuittinen, R. (ed.),

Proceedings of Finnish-Russian seminar on remote

sensing in Helsinki 29 August–1 September 1994.

Suomen geodeettisen laitoksen tiedonantoja. 97: 2.

Helsinki. 42 – 52.

Wallin, K. 1987: Defence as parental care in Tawny Owls

(Strix aluco). — Behaviour 102: 213–230.

Wegge, P. & Rolstad, J. 1986: Size and spacing of Caper-

callie leks in relation to social behavior and habitat. —

Behavioral Ecology and Sociobiology 19: 401–408.

Widen, P. 1989: The hunting habitats of Goshawk Acci-

piter gentilis in boreal forests of central Sweden. —

Ibis 131: 205–213.

Winkler, D.W. & Wilkinson, G.S. 1988: Parental effort in

birds and mammals: theory and measurement. — In

Oxford surveys in evolutionary biology (ed. Harvey,

P.H. & Partridge): 185–214. Oxford.

With, K.A. & Crist, T.O. 1995: Critical thresholds in spe-

cies’ responses to landscape structure. — Ecology 76:

2446–2459.

Zanette, L., Doyle, P. & Tremont, S.M. 2000: Food short-

age in small fragments: evidence from an area-sensi-

tive passerine. — Ecology 81: 1654–1666.

154 ORNIS FENNICA Vol. 84, 2007


