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Birds are commonly used as tools in environmental monitoring. Bird population
changes were studied during construction of the new Vuosaari harbour in 2001-2011.
The aim of the monitoring programme was to determine the impacts of road construc-
tion on bird populations in the Osterdngen agricultural area (Helsinki, Finland). Our
results indicate that the number of species and territories increased during and after
construction, with more territories located closer to the road than before the road was
constructed. Thus, road construction resulted in a momentary positive impact on bird
populations. New grass and bush areas and even large rocky outcrops clearly benefited
some species such as the threatened northern wheatear. The bird populations declined

slightly several years later, probably as a result of habitat succession.

Introduction

The effects of human activity on the environ-
ment have been studied, especially in Europe
and North America. The sphere of influence of
urbanization varies. Impacts may differ greatly,
depending on habitat type and the scale of
human activities. Some species are also more
sensitive than others. Human activity may result
in negative impacts that can affect bird species,
often several kilometres away (Watts & Brad-
shaw 1994, Kala- ja Vesitutkimus Oy ef al. 1996,
Rodgers & Smith 1997, Mensing et al. 1998).
Environmental impact assessments (EIAs)
were first formally established in the USA in
1969, and in 1985 the European Community

directive on EIAs was introduced. The purpose
of EIA procedure is to help in decision-mak-
ing (Glasson ef al. 2012). A new harbour was
planned for Helsinki already in the mid-1960s,
but the Vuosaari harbour project was imple-
mented in 1992, when the city authorities began
planning of the area. The EIA procedure of the
project was initiated in 1994, when the new envi-
ronmental act came into force. The Helsinki City
Council accepted the construction protocol for
the harbour in 1996 (Heikkonen 2008).

Planning of the harbour encountered much
opposition. After extended deliberation, Fin-
land’s Supreme Administrative Court deter-
mined that the project would degrade nature
values of the nearby Natura area (F10100065,
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“Mustavuoren lehto ja Ostersundomin lintuve-
det”). In the court’s decision, however, they
stated that degradation could not be considered
significant for those local nature values, on the
basis that this area had been included in the
Natura network (Nordberg 2007). As a result of
the decision, nature conservation and economic
interests became mutually antagonistic, leading
to a long and complex authorization process.
Strong arguments were made against the har-
bour, and some environmental scientists invoked
the precautionary principle to support their view.
Complaints were finally processed in the courts
at the national and EU levels.

During the harbour project, many environ-
mental studies were conducted because the har-
bour was located next to a Natura area. Also,
when Finland joined the European Union (EU)
in 1995, diversified environmental legisla-
tion with new demands developed rapidly. The
effects of harbour construction on Natura values
were investigated using monitoring programmes.
Monitoring programmes include monitoring
of the watershed, fisheries, plant populations,
ground and surface waters and that of birds
(Koskimies 2001, Heikkonen 2008). The objec-
tive of these programmes was not only to prevent
possible significant changes, but also to docu-
ment the information obtained from the project.
The monitoring programmes were carried out as
a cooperative project between the Helsinki Envi-
ronment Centre and the Port of Helsinki. The
monitoring of birds began in the archipelago in
2001 and in land areas in 2002. Impacts on bird
populations were monitored between 2001 and
2011. The number of breeding pairs and popula-
tion changes were the main outcomes monitored.

The ecological effects of roads and other infra-
structure on animal populations have been ana-
lysed worldwide in several studies and summary
publications (Coffin 2007, Parris & Schneider
2008, Fahrig & Rytwinski 2009, Benitez-Lépez
et al. 2010, Rytwinski & Fahrig 2013). Trom-
bulak and Frissell (2000) summarized the most
important ecological effects of road construction
as follows: mortality from road construction, mor-
tality from collision with vehicles, modification of
animal behaviour, alteration of the physical and
chemical environment, the spread of exotics, and
an increased use of areas by humans.

The main objective of this study was to
compare densities of farmland bird species in
the vicinity of the Vuosaari harbour road before
and after its construction. Observed population
changes were tested against the null hypothesis
of no change. The focus was on whether road
construction caused negative changes that could
be avoided or mitigated during the construction
process.

Material and methods

The possible effects of road construction on bird
populations were investigated along a road in the
Osterﬁngen field area, which was one of the sev-
eral monitoring areas near the Vuosaari harbour
(60°14.52°N, 25°9.07°E). The study area is bor-
dered by a Natura area. Bird populations were
monitored using yearly breeding bird counts.

The road through the field was built in 2004
and 2005, and bird counts in the area were
performed in 2002-2003 and 2006-2011. The
road was opened to traffic in November 2008.
The monitoring of bird populations continued
for three years after the opening of the Vuosaari
harbour.

Study area

The study area of Osteringen is located in
Helsinki, northeast of the district of Vuosaari
(Fig. 1). The new harbour is located south of the
study area, but the new traffic lanes to the har-
bour split Osterdngen. At the northern boundary
of the area is the Itdvayld motorway. The study
area is surrounded mainly by forests and gar-
dens, and covers 56.7 ha. Forests are part of the
Natura area, as is the adjacent Porvarinlahti Bay.

In 2002, the fields of the study area were
used mainly for cultivation; 85% of the area was
open fields (spring wheat), while 15% consisted
of forests, bushes and gardens. The area was split
only by a few drainage ditches.

The roadway that divides the field created
a new biotope and marginal zone in the area.
The road is a four-lane highway in the middle
of the Osteringen field area, and there is also a
single railway. At the southeastern corner of the
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field, the road descends into tunnels and comes
up near the harbour. The railway continues over
the Natura 2000 area on a bridge. New landfills,
rocky outcrops and road margins changed the
open habitat in 2004. The size of the area that
changed comprised overall 6.5 ha, or approxi-
mately 5% of the total area.

Territory mapping

We used standard methods in bird population
monitoring and repeated the territory mapping
each year following methods used by the Finn-
ish Museum of Natural History (Koskimies &
Viisanen 1988) for bird census studies in Fin-
land. We estimated the number of territories
using five separate mappings performed between
late April and late June. After fieldwork, we ana-
lysed the observations and estimated the number
of territories. We designated an area as a terri-
tory if a single bird or a pair was observed in
approximately the same position in two or more
mappings and at least one of these observations
showed territorial behaviour (song, alarm call,
territory fight or parent bird carrying food to a
nest).

If possible, the same person mapped the vari-
ous subareas each time, thereby increasing the
comparability of our results. Jarkko Santaharju
performed most of the territory mappings at
Osteréngen.

Statistical analyses

The null hypothesis of the study was that con-
struction of the road would cause no signifi-
cant changes in breeding bird populations of
the study area. We tested the significance of
population changes with a Mann-Kendall test,
using Systat 12 (Systat Software Inc., San Jose,
CA, USA). The Mann-Kendall test was used to
determine whether a repeating trend can be per-
ceived in the time series examined. No periodic
or cyclic changes should be present in the time
series. Interannual changes in bird populations
also weaken the test if the changes are not con-
sistent. The more the population changes inter-
annually, the greater the number of years needed
to estimate the trends.

In statistical testing, the independent vari-
able was the year and the dependent variable the
number of territories (or pairs). Only significant
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(p < 0.05) or near-significant (p < 0.1) changes
are presented. We calculated the trends for three
separate periods: the entire study period (2002—
2011), years around the road construction period
(2002-2008) and the post-construction period
(2006-2011) when the road was in use. The test
for the entire study period is in response to the
original task of the Vuosaari EIA, i.e. to deter-
mine whether or not bird populations changed.
The test for only the first six years show changes
during construction, and the test for the last years
indicates the impact of road use or habitat suc-
cession.

If a species was not observed in a certain
year, the number of territories was assumed to
be null, i.e. not missing data. This could have led
to results showing continuous trends for some
infrequently observed species, if they were only
observed for a few years at the beginning or the
end of the study period, and not during other
years. Trends of all species were tested, and five
years was set as the minimum period to reliably
use the trend test.

The change in distribution of the midpoints
of territories with regard to the roadway was
studied by measuring the distance between the
territories to the midpoint of the roadway. The
midpoint of a territory was estimated from all
species observations on field maps recorded by
an/the observer. The distances were calculated
from the Geographic Information System (GIS)
data, using the MapInfo software [MapInfo (now
Pitney Bowes Software), Stamford, CT, USA].
The difference in the distance distributions of
the territory midpoints before and after road
construction was tested with a Mann-Whitney
U-test. This was done only for lapwing (Vanellus
vanellus), Eurasian skylark (Alauda arvensis)
and meadow pipit (Anthus pratensis), which
were the only species breeding in the open
spring wheat field at the beginning of the study.
Other species lived in gardens or forests and
bushes at the edge of the study area.

Species diversity was estimated with the rar-
efaction method, using the EcoSim 700 pro-
gram (Acquired Intelligence Inc., Victoria, Brit-
ish Columbia, Canada) (Gotelli & Entsminger
2005). The year 2002 was set as the base year,
and the change was interpreted as significant if
the rarefaction average of a year moved beyond

the 95% confidence limits for the year 2002.
Rarefaction enables comparison of samples of
different total sizes.

Results

During 20022011, 43 species were observed in
the study area. The annual number of territories
varied from 48 to 97 and the number of spe-
cies from 21 to 25 (Appendix 1). No clear trend
emerged in the yearly number of species. The
annual number of near-threatened or threatened
species was 1 or 2 before construction, and
4-9 after construction, but again no clear trend
emerged.

The number of territories almost doubled
after construction of the harbour road (Fig. 2).
The statistically significant or indicative changes
of the various species are shown in Table 1. Only
the great tit (Parus major) and Eurasian blue tit
(Cyanistes caeruleus), which breed in gardens
and forests around fields, diminished statistically
significantly throughout the study period. Spe-
cies that increased included the tree pipit (Anthus
trivialis), northern lapwing and meadow pipit. At
the beginning of the study, the Eurasian skylark
increased significantly. At the end of the study
period, the numbers of barn swallow (Hirundo
rustica) and great tit, and the total number of all
territories decreased. Population changes of the
northern lapwing, Eurasian skylark and meadow
pipit are shown in more detail in Fig. 3. These
three species bred in the open field area where
the road was constructed.

The level of species diversity throughout
the study period was quite similar to that at the
beginning of the study in 2002 (Fig. 4). Several
years lie below the 95% confidence limit of year
2002, but the trend is uncertain and interannual
variation is present.

The average distance of territories of all
bird species from the roadway changed during
the study period (Fig. 5), showing a general
decrease (p = 0.001) (Table 2). The average
distance of Eurasian skylark territories from the
road remained the same, while that of northern
lapwing territories increased only slightly. Both
species breed in open fields, and it was expected
that they would shift territories further away
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Fig. 2. Annual number of
territories and density of
territories per km?.

from the road. The northern lapwings showed a
small change, but the result was not statistically
significant. Territories of species like meadow
pipit, northern wheatear (Oenanthe oenanthe),
white wagtail (Motacilla alba) and common
linnet (Carduelis cannabina) were clearly con-
centrated along the roadside after road construc-
tion (Fig. 6).

2002 2003 2004 2005 2006

2007
Year

2008 2009 2010 2011

C—JNumber of territories of other species
mmm Number of territories of threatened or near-threatened species
—e— Density, all species

Discussion

Road construction did not significantly reduce
bird populations of the Osteringen field area. In
fact, our observations suggest that the new envi-
ronment along the roadside provided a momen-
tary advantage to some bird species, whose popu-
lations increased significantly near the new road.

Table 1. Statistically significant or indicative trends of some bird species. Changes were calculated for three sepa-
rate time periods: the entire study period (2002-2011), the first part of the study (2002—2008) and the latter part
of the study after road construction (2006—2011). The Mann-Kendall test (Statistic) shows the direction (positive or
negative) of the trend. A higher value means a more monotonic trend. ASE = Asymptotic standard error.

Years Species n Statistic ASE P
2002-2011 Tree pipit 8 24 7.958 0.001
Northern lapwing 8 17 7.895 0.022
Meadow pipit 8 15 8.021 0.040
Northern wheatear 8 13 7.724 0.068
Mallard 8 12 6.000 0.080
Yellowhammer 8 -13 8.021 0.068
Great tit 8 -15 7.895 0.040
Eurasian blue tit 8 -15 6.904 0.040
2002-2008 Eurasian skylark 5 8 4.082 0.042
Fieldfare 5 7 3.958 0.075
Yellowhammer 5 7 3.958 0.075
2006—-2011 Northern lapwing 6 14 5.228 0.004
Tree pipit 6 9 4.865 0.060
European greenfinch 6 -8 5.228 0.096
Common chaffinch 6 -9 5.132 0.060
Common linnet 6 -9 4.865 0.060
Eurasian blue tit 6 -9 4.865 0.060
Barn swallow 6 -12 5.033 0.017
Great tit 6 -12 5.228 0.017
Total number of territories 2006—-2011 6 -13 5.323 0.008
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Fig. 4. Rarefied spe-
cies richness during the
study period. The aver-
age diversity for each
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=40.
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Rapid urbanization and other human activi-
ties usually affect species negatively, but moder-
ate disturbance can also increase biotic diversity
(Jokimédki & Suhonen 1993, McKinney 2008).
In Finland, the highest bird species richness is
found in rural areas and the lowest in large city
centres (Jokimaki & Suhonen 1993).

Recent decades have seen widespread
changes in the population numbers of some
boreal bird species. Many farmland bird species
declined in Finland during the last 20-30 years
(Tiainen et al. 2012, Laaksonen & Lehikoinen
2013, Viisdanen & Lehikoinen 2013), but some
species, such as northern lapwing and Eurasian
skylark, increased slightly (Tiainen ef al. 2012).

The Vuosaari harbour and road construction
are part of the urbanization process. A new har-
bour was needed as a substitute for an old har-
bour area near the Helsinki city centre that had
been converted into a residential area. Although
a few neutral or positive impacts of urbanization
and road construction on bird species have been
reported (Fahrig & Rytwinski 2009), the impacts
are usually negative. In agricultural grasslands in
the Netherlands, 7 out of 12 species that could be
analysed showed reduced densities adjacent to a
road (Reijnen et al. 1996). The results of many
studies have suggested that traffic noise is the
main negative effect causing population decrease
near roads (Reijnen & Foppen 1994, Parris &
Schneider 2008), but in fact traffic mortality may
be the prevailing factor (Summers et al. 2011).

In comparing our results with those obtained
by others, it is important to remember that road
density and the volume of traffic in central
Europe are considerably higher than in Finland
(Nicodéme et al. 2013). In studies in the Nether-
lands, tens of thousands of vehicles per day were
driving on the motorways (Reijnen & Foppen
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Fig. 5. Boxplots of the distances of the territories from
the roadway during the study period. The whiskers
reflect the brim values of the observations, the box
the proportion (25%—75%) of the observations and the
crossed line the median. Asterisks represent outlying
brim values. Probabilities given by the Mann-Whitney
U-test are shown.

Table 2. Comparison of the mean distance from the road before (2002 and 2003) and after (2006-2011) construc-

tion of the road. Results of the Mann-Whitney U-test.

Species Mann-Whitney statistics df %* approximation P

All species 30299.00 1 10.421 0.001
Northern lapwing 17.00 1 3.175 0.075
Eurasian skylark 595.00 1 0.545 0.460
Meadow pipit 34.00 1 1.400 0.237
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Fig. 6. Territories of some species inhabiting the open field area and its margins. Grey symbols represent the five
first years, black symbols the five last years. Symbols show the estimated midpoints of territories. Dashed lines
delimit the construction area of roads and the railway.

1994), compared with fewer than 10 000 vehi- Based on our results, we conclude that the
cles (and 10 trains) on weekdays and 6000 vehi-  construction of the harbour road did not signifi-
cles on weekend days on the new Vuosaari har-  cantly reduce bird populations in the area, and no
bour road and railway. When there is little traffic,  general negative trend was found. In contrast, the
the impact of roads is probably negligible. number of territories of some species did increase
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immediately after the construction of the road.
The average distance from the road of the territo-
ries of all the species did not increase as expected,
but instead decreased. Closer examination of the
Eurasian skylark and northern lapwing revealed
that the number of pairs increased and no clear
change occurred in the distribution of territories.
Our observations suggest that the new envi-
ronment along the roadside provided an advan-
tage to some birds, in contrast to the possible
negative impacts caused by the road and traffic.
A closer look at the territory maps of some spe-
cies in Fig. 6 revealed that the most significant
change was that territories concentrated along
the roadway area, resulting in changes in bird
populations. The new environment increased
bird populations near the road, at least momen-
tarily. Generally, roadside vegetation has a strong
influence on animal species composition and
also on the width of the road-effect zone (Rei-
jnen et al. 1996, Forman & Alexander 1998).
This does not suggest that there are no negative
impacts, but the advantage is clear when the
numbers of territories are examined. Previously,
the field area was intensively cultivated and did
not offer a suitable nesting habitat for species
utilizing the broad margins of the new road area.
Some species, such as the northern wheatear
(Oenanthe oenanthe), white wagtail (Motacilla
alba), meadow pipit and common linnet (Car-
duelis cannabina), may have benefited from the
construction, which formed new margins and
roadside habitats. For example, all territories of
the vulnerable northern wheatear (Rassi et al.
2010) were located at the margins of the new
road area. The northern wheatear clearly ben-
efited from the quantities of stones brought to the
area and landfills. This species’ breeding habitat
is highly diversified, but generally it inhabits
rocky areas or areas with low, sparse vegetation
(Anonymous 2008). A new habitat may attract
individuals, but their mortality near a road may
be higher or their breeding success lower than
in more natural habitats, as in the pied flycatcher
study in Finland (Kuitunen et al. 2003). In a
study in the Netherlands, willow warbler (Phyl-
loscopus trochilus) males that did not succeed in
breeding near a highway moved more frequently
and farther away than successful males (Foppen
& Reijnen 1994). If there are surplus individuals

nearby, they can occupy abandoned territories.

Although our results suggest that construc-
tion of the road did not affect the bird stocks
negatively, whether there were negative impacts
at the individual level remains unclear. It is not
known how many individuals died in collisions
with road vehicles or whether they moved else-
where and new individuals took over their terri-
tories. Examining only the number of territories
does not necessarily enable estimation of direct
individual impacts. When populations increase,
poor-quality territories may also be occupied,
often by young and inexperienced individuals,
which can prevent determination of the real
effects of road construction. Therefore, in future
EIAs in Finland, detailed studies are warranted
to determine breeding success, survival of indi-
viduals and how individuals react to noise, dis-
turbance or other factors encountered in their
breeding environments.

Acknowledgements

We are grateful to Dr. Hannu Pietidinen and Prof. Antero
Jarvinen for constructive and insightful comments. We also
thank all fieldworkers and members of the Vuosaari Bird
Study team: Matti Koivula, Jarkko Santaharju, Matti Luos-
tarinen, Hannu Sarvanne, Antti Tanskanen, Jorma Vickholm,
Jari Kontiokorpi and Thomas Oesch’. Without their hard
work, this study would not have been possible. Professor
Risto A. Viisdnen and Dr. Aleksi Lehikoinen from the Finn-
ish Museum of Natural History are thanked for their valuable
input. We also thank the two anonymous reviewers for their
valuable comments.

References

Anonymous 2008: Birds of the western Palearctic interactive
BWPi 2.0, 2nd ed. — Birdguides & Oxford University
Press.

Benitez-Lopez, A., Alkemade, R. & Verweij, P. A. 2010: The
impacts of roads and other infrastructure on mammal
and bird populations: A meta-analysis. — Biological
Conservation 143: 1307-1316.

Coffin, A. W. 2007: From roadkill to road ecology: A review
of the ecological effects of roads. — Journal of Trans-
port Geography 15: 396-406.

Fahrig, L. & Rytwinski, T. 2009: Effects of roads on animal
abundance: an empirical review and synthesis. — Ecol-
ogy and Society 14: 21.

Foppen, R. & Reijnen, R. 1994: The effects of car traffic on
breeding bird populations in woodland. II. Breeding dis-



42

Yrj6ld & Santaharju + ANN.ZOOL.FENNICI Vol.52

persal of male willow warblers (Phylloscopus trochilus)
in relation to the proximity of a highway. — Journal of
Applied Ecology 31: 95-101.

Forman, R. T. T. & Alexander, L. E. 1998: Roads and their
major ecological effects. — Annual Review of Ecology
and Systematics 29: 207-231.

Glasson, J., Therivel, R. & Chadvik, A. 2012: Introduction to
environmental impact assessment, 4th ed. — Routledge,
London & New York.

Gotelli, N.J. & Entsminger, E. J. 2005: EcoSim: Null models
software for ecology, ver. 7.0. Available at http://www.
garyentsminger.com/ecosim/index htm.

Heikkonen, M. (ed.) 2008: Vitosaaren satama ja ympdristo.:
Suunnittelusta rakentamiseen. — Vuosaaren satama-
hanke.

Jokimiki, J. & Suhonen, J. 1993: Effects of urbanization on
the breeding bird species richness in Finland: a biogeo-
graphical comparison. — Ornis Fennica 70: 71-77.

Kala- ja Vesitutkimus Oy, Mikkola-Roos, M. & Hirvonen, H.
1996: Toukolanranta, rakentamisen ympdristovaikutuk-
set. Ekologinen ndkokulma II. — Helsingin kaupunki-
suunnitteluviraston julkaisuja 1996:20.

Koskimies, P. 2001: Vuosaaren satamahankkeen luontovai-
kutusten seurantaohjelma. Osa 1. Linnustovaikutusten
seurantaohjelma. — Helsingin kaupungin ympiristokes-
kuksen julkaisuja, 6/2001.

Koskimies, P. & Viisidnen, R. A. 1988: Linnustonseuran-
nan havainnointiohjeet, 2nd ed. — Helsingin yliopiston
eldinmuseo, Helsinki.

Kuitunen, M. T., Viljanen, J., Rossi, E. & Stenroos, A. 2003:
Impact of busy roads on breeding success in Pied Fly-
catchers Ficedula hypoleuca. — Environmental Man-
agement 31: 79-85.

Laaksonen, T. & Lehikoinen, A. 2013: Population trends in
boreal birds: continuing declines in agricultural, north-
ern, and long-distance migrant species. — Biological
Conservation 168: 99-107.

McKinney, M. L. 2008: Effects of urbanization on species
richness: A review of plants and animals. — Urban Eco-
systems 11: 161-176.

Mensing, D. M., Galatowitsch, S. M. & Tester, J. R. 1998:
Anthropogenic effects on the biodiversity of riparian
wetlands of a northern temperate landscape. — Journal
of Environmental Management 53: 349-377.

Nicodéme, C., Diamandouros, K., Diez, J., Durso, C., Brecx,

C. & Metushi, S. 2013: European road statistics 2012.
— European Union Road Federation.

Nordberg, L. 2007: The Vuosaari harbour case: Implementa-
tion of the habitat and bird directives in the Vuosaari
harbour project. — Reciel 16: 87-103.

Parris, K. M. & Schneider, A. 2008: Impacts of traffic noise
and traffic volume on birds of roadside habitats. — Ecol-
ogy and Society 14: 29.

Rassi, P., Hyvirinen, E., Juslén, A. & Mannerkoski, I. (eds.)
2010: The 2010 red list of Finnish species. — Helsinki:
Ministry of the Environment, Finnish Environment Insti-
tute.

Reijnen, R. & Foppen, R. 1994: The effects of car traffic on
breeding bird populations in woodland. I. Evidence of
reduced habitat quality for willow warblers (Phyllosco-
pus trochilus) breeding close to a highway. — Journal of
Applied Ecology 31: 85-94.

Reijnen, R., Foppen, R. & Meeuwsen, H. 1996: The effects
of traffic on the density of breeding birds in Dutch
agricultural grasslands. — Biological Conservation 75:
255-260.

Rodgers, J. A. & Smith, H. T. 1997: Buffer zone distances
to protect foraging and loafing waterbirds from human
disturbance in Florida. — Wildlife Society Bulletin 25:
139-145.

Rytwinski, T. & Fahrig, L. 2013: Why are some animal
populations unaffected or positively affected by roads?
— Oecologia 173: 1143-1156.

Summers, P. D., Cunnington, G. M. & Fahrig, L. 2011: Are
the negative effects of roads on breeding birds caused
by traffic noise? — Journal of Applied Ecology 48:
1527-1534.

Tiainen, J., Seimola, T., Rintala, J. & Holmstom, H. 2012:
Maatalousympiristén  linnuston muutos Suomessa
2001-2011. — Linnut-vuosikirja 2011: 38-47.

Trombulak, S. C. & Frissell, C. A. 2000: Review of ecologi-
cal effects of roads on terrestrial and aquatic communi-
ties. — Conservation Biology 14: 18-30.

Viisianen, R. A. & Lehikoinen, A. 2013: Suomen maalinnus-
ton pesimakannan vaihtelut vuosina 1975-2012. — Lin-
nut-vuosikirja 2012: 62-81.

Watts, B. & Bradshaw, D. S. 1994: The influence of human
disturbance on the location of Great Blue Heron colonies
in the Lower Chesapeake Bay. — Colonial Waterbirds
17: 184-186.

This article is also available at http://www.annzool.net/ and http://www.bioone.org/loi/anzf



43

The impact of road construction on a community of farmland birds

ANN.ZOOL.FENNICI Vol.52

panunuoo

= I 14 e 1 9 2 L SLIOJYO SIijenpIeD younusalb ueadoing
1% € S 14 [*] 9 S ¥ $qa/209 Ejjibuli4 youeyo uowwoy
= = 5 = = = = - snugjuow J8ssed moureds 881} ueiseiny
- - - - - L - - suebinA snuins Buiels uowwo)
- - L 1 L L - L eoid Bold aldbew uowwo)n
= = 4 = - L L L ounjjoo snjue] MYs payoeg—pay
c € S 14 S 9 9 14 Jofew snied 1 jealn
L 2 e 4 € € € e snajniaeo sajsiuefn }} 8n|q uelseiny
2 € € S - S e 4 BON8j0dAY einpaol4 J18yo1eoA}) paid ueadoing
= - = - - - - 2 ejel)s edeojosnyy Jayo1eoh)) panods
€ € - € I 14 I 4 snjiyoos sndoosojifyd is|qiem moj|IM
- - L - - L - L uLoq eiNAs Js|quem uapien
L ! - 1 4 - 2 2 SiuNwwoo einNAs JeOIYIBNYM UOWWOoD
= I o= 8 - - - - ©ONIIND BINAS 1e0JylalyM 18ssa]
1 - - = - - - - wniopawnp sneydaoosoy Jajgiem paal syiA|lg
= = — = - - - L snoeljI snpinj Buimpey
I = - - = - - - sojawojiyd snpinj ysniy) Buog
2z S ¥ 9 ¥ S ¥ € sugyd snpiny aleyplel
4 I - I 4 e 2 1 g/niaw snpinj pAIgMOR|q UOWWOD
€ 4 e 14 e 2 - - aYuBUS0 dYIUBUSD Jeajeaym UI8yLON
- - € - = = = - Bl}@qnu ejooixes JeyouIym
L = = = = - - - BIUIOSN| BIUIOSNT arebunybiu ysniy |
= - - 2 - 2 L - B/noagnJ snoeylg uigol ueadoing
] 9 14 € 9 VA I I eqe g|jloejon jre1bem anym
14 6 8 YA 6 2 1 - sisugje.id snyuy ndid mopes|y
4 € 4 - - - 1 I SleIAL] Snyjuy ndid ea1|
- - - - - L - - wnoiqun uoyoleq uleWw 8snoy uowwon
- - 4 2 e e 2 L ©OlISNI OPUNIIH Mojems uieg
61 9l 8l ve 92 22 YA ¥ sisuane epnely 3JIejhys ueiseiny
- - - L - - - - gjjinbioy xuAp }oaulim ueiseing
- = - - - - 1 - snquwnjed equinjo) uoabid poom uowwo)
- - - L L - - L SBU80 BqQUINI0D AA0p %0018
1 L 1 L 1 e - - S00najodAy snnoy Jadidpues uowwon
= = L ! 2 L - - snignp snupeeyd Janold pabuu anr
9 9 14 € L - L e snjjaueA snjjaueA Buimde| uleypoN
8 L - - - - - - soyouAy.field seuy plejen
LLOC 0L0c 6002 8002 2002 9002 €00¢ 200¢ swieu duaIdg seloedg

‘PBIUNOD JOU BJoM SPIIQ UBYM ‘SIeak uoionIIsuod syl 81em G002 Pue +002 sieak Buissiyy "seloads Jad saliojule) Jo Jequiny * | xipuaddy



ANN.ZOOL.FENNICI Vol.52

Yrjéla & Santaharju

44

14 9 6 9 S 6 2 1 sa10ads aA1198.Ip 10 pausiealy) Alieau ‘pausiealyy Jo slied
60kt v'eet L8yl v'est 667 FLLL 6'68 L'¥8 Jwy Jad sired AysuaQ
¥4 I ve 14 1 *14 1 ¥4 sal0ads Jo JaquinN
Y9 L 8 /8 a8 16 IS 514 [eloL
4 9 € v € 8 S YA gllaulo ezuequig JowweymojeA
= = N - - - 1 - eug|njioy ezuaquiy Bunung uejouO
- - - = = 1 - - $8]SNBIYI00000 S8)SNE.IL}0090) youymeH
= € = = I 1 - - snuLyifie snoepodie) Youyasol uowwo)
= = 4 4 € 4 - - BUIGRUUED SI|anpJeY) jJauul uowwo
1 = 1 2 = = . o SljenpJeo sijanpie) youypjob ueadoing
- I € - - - L - snuids sijenpse) upisis ueiseiny
102 0loe 6002 8002 1002 9002 €002 2002 swieu dyuUsIds seloadg

‘panunuo) * | xipuaddy



