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We studied the onset of spring phenology and the long-term trends of 31 species at the
Oulainen-Ohineva site (64°13°N, 24°53°E) in central Finland. The species studied rep-
resented a wide range including deciduous trees, shrubs, grasses, 18 species of migratory
birds and six insect species. The duration of the species-specific time series varied from 4
years up to 54 years during the 1952-2005 observation period. An advancing trend (p <
0.05) in the timing of spring phenology was only found for five species (with over 15 years
of observations), namely, Formica rufa group, Rana temporaria, Grus grus, Ficedula
hypoleuca and Hirundinidae. In local species with more than 38 years of observations, the
temperature trend turned out to be the best variable to describe the advancement of the phe-
nological event. For birds in six cases out of ten the best factor for explaining the advance-

ment, as well as the temperature, was the NAO index.

Introduction

During recent decades, the value of phenological
datasets in reflecting trends of life history events
or growth rhythm has been recognized, and phe-
nological recordings have become an essential
part of environmental monitoring, especially with
regard to climate change (Sparks 1999, Sparks et
al. 2000, Menzel 2002). The European climate at
the end of the 20th century, as well as during the
first years of the 21st, has been warmer than that
of any period during the past 500 years, and the
year 2003 was by far the hottest summer since
the 16th century (Luterbacher et al. 2004). The
observations indicate the advancing long-term
trends in phenology, also a northward shift in
species distribution ranges and a climate-linked

invasion of new species as a response to this
warming (Hughes 2000, Kullman 2001, Menzel
2002, Fitter and Fitter 2002, Walther et al. 2002,
Menzel 2003). Furthermore, on a global scale
the advancement of spring phenological events
in general has been estimated to be of the order
of 2.3 days per decade (Parmesan and Yohe
2003). Menzel et al. (2006) reported results that
showed a similar order of change for Europe,
with an average advance of phenological events
in spring or summer of 2.5 days per decade. In
plants, the highest advances and variation have
been reported for phenological events that take
place in early spring. It seems that early-flow-
ering annuals and insect-pollinated species are
more sensitive as compared with wind-pollinated
species, and show an even stronger advanc-
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ing trend (Fitter and Fitter 2002, Walther et al.
2002). According to 30 years of observations in
Europe, the average annual growing season has
been estimated to have lengthened by 10.8 days
since the early 1960s (Menzel and Fabian 1999).

The phenological recordings of fauna dem-
onstrate a similar response toward an earlier
occurrence of phenological events in spring. The
spring migration of birds has been connected
either to the North Atlantic Oscillation (NAO)
index or to rising spring temperatures (Stenseth
et al. 2002, Lehikoinen et al. 2004). A posi-
tive NAO, associated with mild, moist winters,
increases temperatures and precipitation over
northern Europe, while roughly the opposite
conditions take place during a negative index
(Hurrell 1995). For example, observations from
Finland and Sweden have demonstrated that
many species, including long-distance migrants
from Africa, arrive earlier in the spring when
the NAO index is positive (Rainio et al. 2005,
Stervander et al. 2005, Jonzen et al. 2006). Thus,
most Finnish migratory birds seem to be able to
adjust their spring arrival in response to climatic
change without any time delay (Véhitalo et al.
2004). Sparks (1999) reported that a tendency
for earlier arrival in bird migration is related to
warmer springs, but he pointed out the impor-
tance of choosing the most appropriate tempera-
ture data along the migration route.

The observed spatial and temporal changes
in phenological events are evidently part of an
ongoing wider ecological response to climate
change that is also interfering with predator—prey
relationships and reproduction biology (Stenseth
et al.2002). Furthermore, a decoupling of species
interactions, e.g., between plants and pollinators
or offspring and food, owing to mismatches in
phenology, is becoming evident. Consequently, a
mismatch between food abundance and offspring
needs might increase, if one species is cued, for
example, to day length while the other species is
cued to temperature (Visser et al. 1998, Hughes
2000). Further research has been called for,
particularly studies dealing with several species
or linked species; making use of existing long-
term datasets, there is a need to identify vulner-
able species communities close to the latitudinal
limits of their distribution area (Hughes 2000,
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Sparks et al. 2000). Many of the phenological
datasets are relatively short, e.g., less than 20
years of data from scattered locations. Also the
limited number of consistent time series, that
have been recorded by carefully-defined obser-
vation methods, has in many cases hindered
the detection of long-term trends (Lappalainen
and Heikinheimo 1992). The most extensive
long-term phenological datasets are available
from central Europe, Britain and Russia. For
example, the most well-known datasets are the
Marsham family records (years 1736—-1958), and
the networks of the Royal Meteorological Soci-
ety (1875-1947) from Britain, and the pheno-
logical databank of the Deutscher Wetterdienst
in Germany (Chmielewski 1996). Except for
Russia, large-scale datasets representing Euro-
pean northern taiga forests and their biota are
few (Kozlov and Berlina 2002). In Finland, a tra-
dition of volunteer phenological recordings has
been mainly maintained by the Finnish Society
of Sciences and Letters, most of the recordings
being concentrated in southern and central Fin-
land (Lappalainen and Heikinheimo 1992). In
general, data from a single location can be valu-
able if they exist as part of a long run of years,
usually more than 20 (Sparks et al. 2000).

The aim of this study is to discover evidence
of the phenological responses of biota to climate
warming, especially for species living near the
northern limits of their distribution areas in the
boreal vegetation zone. Based on earlier studies,
it was expected that the timing of phenologi-
cal events would have advanced during recent
decades as a consequence of changed tempera-
ture conditions (Tuomenvirta 2004, Menzel et
al. 2006). Furthermore, there should be certain
species or groups of species responding more
sensitively to changed climate conditions (Fitter
and Fitter 2002). Here we analyse 54-year-long
phenological datasets of different phenological
events for 31 species or taxa representing both
plant and animal species at a single locality in
central Finland. We also study the relationships
between the onset of phenological events and
climate variables such as temperature, precipita-
tion and the NAO index.
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Material and methods
Phenological data collection
Observation site

The Juhonsalo phenological observation site is
at Oulainen-Ohineva (64°13°N, 24°53°E, 78 m
above sea level) in the middle-boreal vegetation
zone of central Finland. The site is situated on a
20 ha drained marsh-type field area bounded by
a mixed forest whose dominating tree species
are Scots pine and birch. The forest structure and
composition have remained unchanged during
the observation period, with trees of varying
ages being present. The mean annual precipita-
tion at the site is 577 mm and the mean annual
temperature 2.1 °C, having a mean daily maxi-
mum of 15.3 °C in July and mean daily mini-
mum temperatures of —9.4 °C in January.

Observation program of the Juhonsalo
dataset

In the year 1952, at the instigation of Aarne
Juhonsalo, the Juhonsalo family started a private
phenological observation program on the first
sightings of migratory birds and spring pheno-
logical events of local biota in his farm fields and
in the surrounding spruce mire and forest area.
In 1970 the Finnish Meteorological Institute’s
Oulainen-Ohineva weather station was estab-
lished at the Juhonsalo farm. Since then the
Juhonsalo family has continued to perform phe-
nological recordings along with meteorological
observations.

The daily observation routines were per-
formed by Aarne Juhonsalo (in 1952-1962),
Aarne Juhonsalo Jr. (since 1952), Matti Juhon-
salo (in 1952-1962), Tuomo Juhonsalo (in
1952-1959), Eeva Juhonsalo (in 1952-1975),
Erkki Juhonsalo (in 1952-1998) and Anna-Liisa
Juhonsalo (since 1975). The main responsibility
for the observation routines has been borne by
Aarne Juhonsalo Jr. The Juhonsalo data have
been recorded by a single family, altogether
seven persons, dedicated to the phenological
observation routines. In the case of an uncertain
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first observation, it has been omitted and has
only been recorded when confirmed as definite.
Different observers also compared notes in order
to assure the data quality.

The observation program was started with
eight species: the first croak of the common
frog (Rana temporaria), the leaf unfolding of
birch (Betula spp.), the flowering of rowan
(Sorbus aucuparia) and the first appearance of
the following migratory birds: yellow wagtail
(Motacilla flava), common crane (Grus grus),
cuckoo (Cuculus canorus), swallows (Hirundi-
nidae) and white wagtail (Motacilla alba). These
species were followed intensively throughout the
eintire 54-year period. New species were added
to the observation routines during later years. In
2005 the Juhonsalo dataset covered altogether 31
species (analyzed in this study), of which 6 were
plant species and 25 animal species. As a whole
the dataset includes several groups of species
such as deciduous trees, shrubs, grasses, terres-
trial and flying insects, amphibians and migra-
tory birds wintering in different areas. The time
series presented here contain several gaps in the
individual “first observation” time series. These
gaps are due to the fact that (1) the species con-
cerned were not found at the site in that year or
(2) they were not included in the annual observa-
tion program due to the relatively limited amount
of observational resources (Table 1). However,
when an observation has been recorded it can be
considered reliable. Although time series with
gaps due to reason (1) — “not found” — are
relatively short, for example for Turdus merula,
Oenanthe oenanthe and Jynx torquilla, they are
reported in this paper. These observations might
contain valuable information that would be rel-
evant at a later time to further studies.

Observed phenological events
Trees

The average timing of birch (Betula spp.) bud-
burst was defined as the day when the buds were
open to a leaf length of about 8 mm, commonly
known in Finland as the “mouse-ear” phase. The
species common silver birch (Betula pendula)
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and downy birch (Betula pubescens) were not
differentiated. The observer recorded the event
as seen across an open field to the birch trees
at the edge of the forest 200 m away. The event
was recorded as the date when the forest zone
had a generally greenish appearance; thus the
date represents an average date for the budburst
in the area. Supporting evidence for the average
observation was gathered from trees growing in
the Juhonsalo farmyard. Single trees ahead of the
average progress were ignored. The observation
of budburst was thus made on a forest scale and
included trees of different ages.

The full flowering of rowan (Sorbus
aucuparia) and bird cherry (Prunus padus) were
recorded as occurring when the flower buds were
clearly open and the trees had turned white in
their general appearance. The average date of the
flowering was determined on the same basis as
for the Betula spp. budburst.

Shrubs and grasses

The observation of the full flowering of lin-
gonberry (Vaccinium vitis-idaea) and of chick-
weed wintergreen (Trientalis europaea) repre-
sented the mean value of the event. The observa-
tions of these species were not made on a regular
basis, so the time series are lacking in observa-
tions in some years.

(?) 1964—-1970, 1972-1980, 1984-1985, 1989, 1991-1993, 1997-1998, 2000-2005

(#) 1952—1973, 1975-1979, 1984—1986, 1988—1991, 1998-1999
recorded since 1952, no missing observations

(#) 1957, 1962—-1964, 1966—1971, 1974-1976, 1978-2005
recorded since 1952, (?) 1998
(#) 1952—1956, 1958—-1959, 1963—1972, 1975-1993, (?) 1995

recorded since 1952, no missing observations
the observation site infrequently visited

recorded since 1952, no missing observations
recorded since 1952, no missing observations

(#) 1963, 1970-1971

c CcC CcC C c cCc Cc Cc C . . .
2288 228828 The flowering of cultivated timothy grass
© © © © T © © © © © .
cccc cecccce (Phleum pratense) was recorded as two point
[ORNORRORNO] [ORNORRORNORNGEN O] .
L8888 88382288 events. The budburst was defined as occurring
O O O O O O O OO0 o
BB BB PO D DB when 50% of the flower buds were opened, and
EEE= EEEEEw full flowering as occurring when 100% of the
flower buds had opened.
Insects

The first observation of the red wood ants (For-
mica rufa group) was recorded based on the first
anthill noted as active out of the ten observed.
These anthills were situated in the Juhonsalo
farmyard and in the nearby forest.

Other insect species observed were the dor
beetle (Geotrupes stercorarius), horseflies (Taba-
nidae), bumblebees (Bombus spp.) and the small
tortoiseshell (Aglais urticae); also noted was

Medium-distance migrators overwintering in the Mediterranean

Common snipe Gallinago gallinago (O)

Common crane Grus grus (O)

White wagtail Motacilla alba (1)
Long-distance migrators overwintering in Africa

Pied flycatcher Ficedula hypoleuca (l)
Yellow wagtail Motacilla flava (1)

Swallow Hirundinidae (1)
Northern wheatear Oenanthe oenanthe (1, O)

Song thrush Turdus philomelos (O)
Wryneck Jynx torquilla (1)
Cuckoo Cuculus canorus (
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the first main swarm of mosquitoes (Culicidae).
Observations of Aglais urticae were not included
in the program every year.

Amphibians
The spawning season of the common frog (Rana

temporaria) was detected as the first croak
heard.

Lappalainen etal. + BOREAL ENV. RES. Vol. 13

Migratory birds

The arrival date of migratory birds was observed
for 18 species, with uncertain observations omit-
ted. The first observation for species Columba
palumbus, Gallinago gallinago, Turdus philom-
elos and Cuculus canorus was based on the first
hearing of birdsong (and/or visual observation)
and for species Alauda arvensis and Fringilla
coelebs on both. The recording was based on the

Table 2. Statistics of observed phenological events (see Table 1) at Oulainen-Ohineva (64°13°N, 24°53°E) in 1952—-2005.
Species are listed according to ecological groups. Years = the earliest and the latest observed years, N = number of years
with observations, CL = 95% confidence limits of the mean date, Earliest = date of the earliest observation, Latest = date
of the latest observation, Range = difference (days) between the latest and the earliest observations, Trend: + = delayed
occurence, — = advanced occurrence. * = p < 0.05, ** = p< 0.01, " = p < 0.001.

Years N Mean CL (95%) Earliest Latest Range  Trend
date (days)
Plants
1. Betula spp. 1952-2005 53 18 May 2.1 1 May 1988 1 June 1996 31 -1.07
2. Sorbus aucuparia 1952-2005 54 15 June 1.8 2 June 2002 3 July 1955 31 —2.54
3. Prunus padus 1955-2005 45 2 June 2.2 17 May 1993 19 June 1955 33 —7.03
4.Vaccinium vitis-idaea  1961-1984 11 12 June 4.5 1 June 1974 25 June 1964 24 -8.61
5.Trientalis europaea 1961-1984 11 2 June 4.5 23 May 1981 11 June 1965 19 -16.42**
6a. Phleum pratenseb. 1970-2005 36 23 June 1.6 14 June 1984 1 July 1982 17 2.05
6b. Phleum pratensef. ~ 1970-2005 36 19 July 2.0 9 July 1989 31 July 1987 22 -0.36
Insects
7. Formica rufa group 1964-2005 42 6 April 3.0 11 March 1997 24 April 1970 44 1221
8. Geotrupes stercorarius 1962—1993 6 17 May 10.0 9 May 1973 5 June 1965 27 -10.56
9. Culicidae 1973-2004 9 4 June 4.6 26 May 1984 11 June 1997 16 7.44
10. Tabanidae 1953-2005 48 15 June 2.7 22 May 1993 1 July 1982 40 -1.52
11. Bombus spp. 1957-2005 38 1 May 24 13 April 1967 14 May 1958 30 —6.13
12. Aglais urticae 1960-2005 11 15 April 4.8 2 April 1974 28 April 1966 26 -9.09
Amphibians
13. Rana temporaria 1952-2005 54 6 May 1.8 22 April 1990 28 May 1955 36 —7.62*
Birds
14. Vanellus vanellus 1965-1982 16 17 April 4.2 30 March 1968 4 May 1971 35 —4.63
15. Numenius arquata 1954-2005 33 22 April 1.9 7 April 1967 1 May 1988 24 -2.03
16. Alauda arvensis 1953-2001 32 15 April 2.3 3 April 1959 27 April 1966 24 4.97
17. Turdus pilaris 1957-2005 30 24 April 3.2 5 April 1958 20 May 1970 45 3.89
18. Turdus merula 1969-1974 4 10 April 18.0 26 March 1973 22 April 1974 27 -
19. Sturnus vulgaris 1954-1994 18 16 April 3.7 1 April 1973 30 April 1970 29 6.44
20. Grus grus 1952-2005 54 19 April 2.0 4 April 1991 9 May 1973 35 -13.98"
21. Columba palumbus 1958-2005 33 21 April 2.2 8 April 1994 3 May 1986 25 —4.49
22. Fringilla coelebs 1954-2005 52 13 April 2.1 26 March 1990 3 May 1966 38 —6.04
23. Gallinago gallinago 1955-2005 48 29 April 2.3 4 April 1995 15 May 1981 41 —6.84
24. Motacilla alba 1952-2005 54 21 April 1.4 8 April 1983 2 May 1977 24 —2.11
25. Turdus philomelos 1956-1977 9 25 April 4.6 15 April 1959 3 May 1956 18 4.17
26. Ficedula hypoleuca 1974-2005 18 3 May 5.0 9 April 2005 15 May 1980 36 —22.15"
27. Motacilla flava 1952-2005 53 11 May 1.3 28 April 1995 22 May 2005 24 0.96
28. Hirundinidae 1952-2005 54 12 May 1.6 2 May 1992 24 May 1965 22 -5.39"
29. Oenanthe oenanthe ~ 1957-1994 7 6 May 7.5 23 April 1960 13 May 1973 20 9.65
13 May 1974
30. Jynx torquilla 1961-1999 15 9 May 4.8 23 April 1963 23 May 1999 31 10.85
31. Cuculus canorus 1952-2005 54 19 May 1.0 13 May 1961 29 May 1987 17 0.95
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first individual observed at the observation site,
i.e. the Juhonsalo farmyard. The observations of
Hirundo rustica and Delichon urbica were not
differentiated. Delichon urbica was recorded for
the first time in 1957. In the 1960s altogether 60
couples nested at the site, of which 30 couples
were Delichon urbica and 30 Hirundo rustica.
Nowadays there are around 15 pairs, of which
Hirundo rustica is dominant.

The migratory birds were grouped into three
groups based on their wintering areas, i.e., short-
distance (Europe), medium-distance (Mediter-
ranean) and long-distance (Africa) migrants (see
Table 1). The groupings were adopted from
Rainio et al. (2006)

Climatological data

Daily temperature (6 am, 12 noon, 6 pm local
time) and precipitation data from the Finnish
Meteorological Institute weather station Ruukki-
Revonlahti (64°41°N, 25°05°E), situated 51
km from the observation site, were used to
represent the daily mean temperatures for the
Oulainen-Ohineva (64°13°N, 24°53°E) site, as
the Oulainen-Ohineva weather station started to
operate there in 1970. In the overlapping years,
the daily mean temperatures correlated (r = 0.99)
strongly between the two sites, which justified
the use of temperature data from Ruukki-Revon-
lahti for the years 1952-1969. The mean anom-
aly of the mean spring temperature was based
on the daily mean temperatures for March, April
and May in the years 1952-2005. The monthly
values of the NAO indices (January, February,
March) were obtained from http://www.cru.uea.
ac.uk/Cru/data/nao.htm.

Statistical analysies

Statistics, including mean date, earliest and latest
date, range between minimum and maximum
date and 95% confidence limits, were calculated
for each species (Table 2). The temporal trends
were calculated as linear regressions (SAS ver.
9.1 PROC REG) between the year (independ-
ent variable) and the phenological dates. Dates
were converted to day number starting from 1

Long-term trends in spring phenology in a boreal forest in central Finland ~ 309

January. The regression equations obtained were
used to calculate the possible advance or delay
in each observed phenological event between the
earliest and the latest recorded date. A positive
trend indicated that the onset date was delayed
over the years, while a negative trend indicated
advancement of the event concerned.

The relationships between phenological dates
and climate variables (mean monthly tempera-
tures and precipitation for March, April and
May) were studied with linear regression analysis
(SAS 9.1 PROC REG). For analysis of the rela-
tionship between the arrival dates of migratory
birds and climate variables, we used monthly
NAO-index values for January, February and
March and the local mean monthly temperatures
for March, April and May. The best model was
selected stepwise with forward selection (p =
0.05) and backward elimination (p = 0.10).

Phenological index

The local spring phenology index (N = 418) was
constructed by calculating the mean of the anom-
alies of the local species: Betula spp., Sorbus
aucuparia, Prunus padus, Vaccinium vitis-idaea,
Trientalis europaea, Rana temporaria, Formica
rufa group, Geotrupes stercorarius, Tabanidae,
Bombus spp., Aglais urticae and Culicidae.

Results

Overview of phenological statistics and
trends

The sequence of spring phenological events
observed at Oulainen-Ohineva starts in early
April with the first observations of ants, and
ends in mid-July with the flowering of Phleum
pratense (Fig. 1 and Table 2). The range between
the earliest and the latest observations for the
trees observed is around one month during the
observation periods. The species-specific ranges
of phenological events were greatest in May and
diminished towards the summer. In plants, the
greatest advancement was observed for Prunus
padus with 7 days per 45 years, whereas for
Betula spp. the corresponding value was only
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Fig. 1. The average timing of observed phenological events at the Oulainen-Ohineva site, as the number of days
from 1 January during the period 1952—2005. The boxes show the median quartiles, extreme values of each spe-
cies are shown as open circles and outlier observations are marked with asterisks: 1 = Formica rufa group, 2 =
Turdus merula, 3 = Fringilla coelebs, 4 = Alauda arvensis, 5 = Aglais urticae, 6 = Sturnus vulgaris, 7 = Vanellus
vanellus, 8 = Grus grus, 9 = Columba palumbus, 10 = Motacilla alba, 11 = Numenius arquata, 12 = Turdus pilaris,
13 = Turdus philomelos, 14 = Gallinago gallinago, 15 = Bombus spp., 16 = Ficedula hypoleuca, 17 = Rana tempo-
raria, 18 = Oenanthe oenanthe, 19 = Jynx torquilla, 20 = Motacilla flava , 21 = Hirundinidae, 22 = Geotrupes, 23 =
Betula spp., 24 = Cuculus canorus, 25 = Prunus padus, 26 = Trientalis europaea, 27 = Culicidae, 28 = Vaccinium
vitis-idaea, 29 = Tabanidae, 30 = Sorbus aucuparia, 31 = Phleum pratense budburst and 32 = Phleum pratense

flowering.

1 day per 53 years of observations. For fauna,
the range in all the observed events was equal
to or greater than 30 days. The highest varia-
tions, clearly over one month, were observed for
Formica rufa group and Tabanidae. The great-
est advancements were detected for the earliest
events in spring for Formica rufa group: 12 days
per 42 years, and for Rana temporaria: 8 days
per 54 years of observations (Fig. 2).

The pattern of bird migration is such that
species wintering in Europe will be the first to
arrive, in April, followed by birds from the Med-
iterranean and Africa. On average the migratory
birds from Europe arrive at Oulainen-Ohineva
on 17 April followed, about one week later,
by migratory birds from the Mediterranean
area. The birds wintering in Africa arrive last,
around 10 May. Furthermore, the omnivorous
and granivorous bird species (Alauda arvensis,
Turdus pilaris, Turdus merula, Sturnus vulgaris,

Grus grus, Columba palumbus, Gallinago gall-
inago and Turdus philomelos), being short-dis-
tance migration species, arrive first, followed by
the insectivore species, mainly the long-distance
migratory species (Fringilla coelebs, Ficedula
hypoleuca, Motacilla flava, Oenanthe oenanthe
and Cuculus canorus) (Table 2).

There was no clear tendency regarding the
magnitude of the inter-annual variation of the
first observations between groups based on their
wintering areas. It seems more likely that the dif-
ferences are species-specific. The highest inter-
annual variation, ranging over 40 days during
the observation period from the early 1950s to
2005, was observed for Motacilla alba, Gall-
inago gallinago and Turdus pilaris. The smallest
variation, 17 days, was observed for Cuculus
canorus. Turdus merula was omitted due to the
low number of observations (N =4).

To summarize, 5 species (23%) out of 23
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having more than 15 years of observations
showed trends (p < 0.05) towards an earlier
appearance. This advancing trend was observed
for Rana temporaria and Formica rufa group rep-
resenting local biota, and for the migratory birds
Ficedula hypoleuca, Grus grus and Hirundinidae
(Fig. 2). Trientalis europaea is omitted here due
to the low number of observations (N = 11). No
positive trends, indicating delays in arrival, were
found for any of the studied species. However,
although not statistically significant, we did also
find some indications of delayed arrival. Among
short-distance migrant birds (N > 14) the arrival
of Alauda arvensis occured 5 days later in the

2000s than in the 1950s, Turdus pilaris arrived
4 days later in the 2000s than in the late 1950s
and Sturnus vulgaris 6 days later in 1990s than
in the 1950s; correspondingly, for long-distance
migrants, Motacilla flava arrived 1 day later in
the 2000s than in the 1950s, and Jynx torquilla
11 days later in the 2000s than in the mid-1960s

The relation between phenology and
climate variables

The Oulainen-Ohineva site is situated in the
middle of the boreal vegetation zone typically
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Fig. 4. Variations of the local spring phenology index (grey dotted line) and the mean spring temperature (mean of

2.2 °C March, April and May) (continuous line).

characterized by spruce—mire ecosystems and
relatively large diurnal temperature changes and
occasional night-time frosts in the summer. The
individual yearly 3-month average values of
temperature and precipitation sums (for March,
April and May) differed from the corresponding
long-term (1952-2005) average values by —3.5
to 3 °C and -20.23 to 35.01 mm, respectively.
The trend in the temperature indicated warming
of 1.6 °C for the period 1952-2005 (Fig. 3).

In order to obtain a holistic indication of the
effects of temperature on local phenology, we
formed a spring phenology index as the average
date of the annual anomalies of local biota (Fig.
4). We first studied the relationships between
spring temperature and phenological index with
years (1952-2005) and then between phenologi-
cal index and spring temperature. The relation-
ship between temperature and year (R*> = 0.12, p
=0.0115, F = 6.86) was positive, but relationship
between phenological index and year was not
significant (R* = 0.03, p = 02361, F = 1.44).

The relation between the phenological index
and spring temperature was statistically highly
significant (R? = 0.57, p < 0.0001, F = 67.46).
These results indicated that the timing of the
spring phenology of local biota has advanced
with warming of the climate by 3 days in 54
years parallel with the 1.6 °C rise in the spring
temperature during the years 1952-2005.

In the regression model analysis of all local
species having more than 38 years of obser-
vation, temperature turned out to be the best
explanatory variable (Table 3). Only for Bombus
spp. was March precipitation the best explana-
tory variable together with April temperature.
In all these models, temperature had a nega-
tive effect, i.e., increasing temperature seems
to advance the phenological event concerned
(Table 3).

For birds, the NAO index was the strong-
est explanatory variable for six species out of
the ten studied (Table 4). In four species out of
ten, the mean temperature in April was selected
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as the best model. In all models where NAO
was selected, it affected phenology in a simi-
lar manner to temperature, with positive values
advancing the arrival of the birds. A minor excep-
tion was the best model for Cuculus canorus,
where a positive NAO index in February delayed
the timing of migration.

Discussion

The Juhonsalo dataset provides a valuable
resource with which to examine the long-term
trends of spring phenological events in a middle-
boreal forest. Albeit being from a single site, the
material covers a wide range of species over a
relatively long time-scale. The species selection
covers local biota and a selection of migratory
birds, with twenty species having over 30 years
of observations. The Juhonsalo daily observation
routines were performed in a systematic, detailed
manner, so the data should avoid most of the
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subjective inaccuracy often related to these kind
of observations (Menzel 2002).

We used a linear regression model to detect
possible advancing or delayed long term-trends
for each observed phenological event. The use of
linear regression can be considered as a simple
approach that may not reveal more complicated
patterns of change. However, the observed peri-
ods, with a maximum time series of 54 years,
are relatively short when the inter-annual varia-
tion of climate factors is considered: the use of
more complicated trends would thus be highly
questionable. Another aspect often related to
spring phenological events is data autocorrela-
tion reflecting, for example, a delayed impact of
previous seasons. This feature can be seen e.g. in
the intensity of the flowering of wind-pollinated
boreal trees (Masaka and Makushi 2001, Ranta
et al. 2005). The timing of the spring phenologi-
cal events of boreal forest trees, however, seems
to depend mostly on the temperature conditions
in spring (Sarvas 1972, Cannell and Smith 1983,

Table 3. Stepwise regression analysis for local species and monthly mean temperatures (T in March, April, May)
and precipitation (P in March-April-May) during period 1952—2000. The dependent variable (y) was the phenologi-

cal event concerned.

Species Best model F R? Pr>F N
Betula spp. y=157.02-2.49T,,, - 1.62T,,, 32.71 0.57 <0.0001 53
Prunus padus y=183.57-0.57T,,,,—2.21T,,,, 82.26 0.80 < 0.0001 45
Sorbus aucuparia y=183.57-0.57T,,—2.21T,,, 23.33 0.48 < 0.0001 54
Formica rufa group y=94.26-1.26T,,,—1.89T, 6.89 0.26 0.0119 42
Rana temporaria y=131.14-3.07T,., 113.68 0.69 < 0.0001 54
Bombus spp. y=128.46-3.17T,,, — 2.66P, 26.62 0.60 < 0.0001 38
Tabanidae y=168.89-1.67T,., 5.29 0.10 0.0261 48

Table 4. Stepwise regression analysis for migratory birds, NAO index (January, February, March) and monthly
mean temperatures (T), period 1952-2000. The dependent variable (y) was the first observation.

Overwintering Species Best model F R? Pr>F N

area

Europe Fringilla clebs y=107.39-1.86T,,, — 1.56NAQO, 2352 0.52 <0.0001 47
Alaunda arvensis y=108.83 — 2.54NAO,, 20.46 0.41 <0.0001 3t
Sturnus vulgaris y=106.57 — 1.90NAO 511 024 0.0380 18
Numenius arquata ~ y=112.14 - 1.61NAO,,,, 10.81 0.29 0.0029 28

Mediterranean  Gallinago galinago ~ y=124.47 - 2.5T,,. 17.73 0.30 0.0001 43
Motacilla alba y=114.05-1.65T, . 20.44 0.30 <0.0001 49
Grus grus y=112.98 -1.93T,,, 1545 0.25  0.0003 49

Africa Motacilla flava y=132.76 - 0.87T,.4 6.06 0.12 0.0176 48
Hirundinidae y=132.64 - 0.63NAO, 413 0.08 0.0479 49
Cuculus canorus y=139.52-0.69NAO , + 0.482NAO.,, 5.75 0.20 0.0059 49
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Hikkinen and Hari 1988, Linkosalo et al. 2006),
and the studies on these events do not indicate
delays. From an evolutionary point of view, it
would make little sense, as the weather itself
does not show such an autocorrelation between
successive years.

The onset of bird migration is generally
known to be triggered by changes in day length,
but insectivore birds would benefit if they could
optimize the timing of their arrival in relation
to the availability of local nutriment (Sparks
1999). At Oulainen-Ohineva the local insect first
occurrences, an essential part of migratory birds’
nutrition, were not delayed.

The rising trend of mean spring temperatures
at the Oulainen-Ohineva site got us interested in
studying the changes in spring phenology in the
context of climate change. As demonstrated by
phenological modelling studies, temperature is
known to be the key factor controlling the timing
of the spring phenological events of plants
(Sarvas 1972, Cannell and Smith 1983, Hinninen
and Kramer 2007). Furthermore, day length has
been included in these types of models (Suni et
al. 2003). For birds the role of the NAO index is
demonstrated by several recent studies (Sparks
et al. 2005, Stervander et al. 2005, Jonzen et al.
2006, Rainio et al. 2006).

Local flora

The unexpected result was that none of the local
plant species (Trientalis europaea omitted, how-
ever, due to the low number of years observed)
had a statistically significant advancing trend in
the timing of occurrence of their phenological
events. Similar results, with no change in long-
term phenological trends, have been presented
for some plant species growing in the most
northern part of Europe, i.e., in the Kola Penin-
sula (Kozlov and Berlina 2002, Shutova et al.
2006). Kozlov and Berlina (2002) did not find
any changes in the spring phenology of mountain
birch leaf unfolding, or in the onset of flowering
of lingonberry and cloudberry in the observa-
tions from taiga forest during the observation
period of 1930 to 1998. Furthermore, Shutova
et al. (2006) detected no significant changes
in the timing of bud burst of Nordic mountain
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birch (Betula pubescens ssp. tortuosa) during
1964-2003.

The local temperature trend at the Oulainen-
Ohineva site, indicating warming of 1.6 °C
degrees over a 53-year period (in spring: March,
April, May), led us to expect to find an advanc-
ing trend in the timing of spring phenology. The
outcome, that only two local specific species
showed such an advancement, made us think that
a possible trend might be obscured by the inter-
annual variation in the weather and thus also in
the events themselves. In these kinds of situa-
tions the use of a phenological index or a “statis-
tical plant” estimate have been used in order to
overcome the problems of short or sparse data-
sets (Studer et al. 2005). The phenological index
calculated for the Oulainen-Ohineva site, sup-
porting the robust expectation that the timing of
the spring phenology of biota has advanced with
warming of the climate by 3 days in 54 years,
was not however statistically significant. Menzel
(2000) reported an advancement of, on average,
6.3 days in Europe during a period of 30 years
(1959-1996). Shutova et al. (2006) speculated
that the reason for a possible different response
in the north could be related to the positive North
Atlantic Oscillation resulting in higher precipita-
tion. In spring at higher elevations and in cold
regions the increased snow cover may melt later
and thus delay the local phenology. In fact,
the current phenological datasets from northern
Scandinavia are spatially sparse and allow us
only to speculate on the long-term response of
spring phenology to climate change, whether it is
different in central Europe as compared with that
in northern Europe or not. Supporting satellite
observations, providing the normalized differ-
ence vegetation index NDVI data, will prove to
be useful for detecting this kind of larger-scale
and ecosystem level changes in phenology (Chen
et al. 2000, Cook et al. 2005).

The changes in the timing of species-spe-
cific annual events also raises the question as to
whether they alter population level interactions.
Fitter and Fitter (2002) studied an extensive
dataset, a comparison of over three hundred spe-
cies, and reported that, in Britain, insect-polli-
nated species showed a greater advancement than
wind-pollinated ones. In plants, for example, we
had both wind- (Betula spp.) and insect- (Prunus
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padus, Sorbus acuparia) pollinated species. In
our case no difference was found for these spe-
cies in their flowering confidence limit values.
Furthermore they demonstrated that flowering
is especially sensitive to temperature in the pre-
vious month, which was also the case in our
study. Sparks (2000) suggested that insect-pol-
linated plants should have a tendency to remain
in approximate synchrony with the pollinating
species upon which they rely. In the Oulunsalo-
Oulainen dataset, in the case of Bombus spp.,
pollinator species, the start of the first flight
occurred 6 days earlier in the 2000s as compared
with that in the late 1950s. The discrepancy with
the timing of the insect-pollinated plant species
included in this dataset may be due to Bombus
spp. having their first flight relatively early in the
spring, on average on 1 May.

Local fauna

The phenological recordings of local fauna at
Oulainen-Ohineva covered three prominent time
series for insect species and for the Eurasian frog.
The trend for local fauna was 2 days advance-
ment in 42 years, with 1 day of advancement for
Formica rufa group and 8 days of advancement
for Rana temporaria over 54 years, both species
being poikilothermic and consequently strongly
affected by changes in temperature (Walther et
al. 2002, Risch et al. 2005). In the case of For-
mica rufa group the impact of micro-climatolog-
ical conditions is also prominent. At Oulainen-
Ohineva the first observation was based on the
monitoring of ten anthills. As a consequence
of different insolation conditions, the variation
between the anthills was on average two weeks,
some hills still having snow cover while others
in sunny places had thawed out. The reproduc-
tive physiology of Rana temporaria is also heav-
ily influenced by temperature, but depends also
on humidity (Walther e al. 2002). However, in
our study, temperature alone turned out to be the
best explanatory variable for both species.

One of the most representative time series
in the Oulunsalo-Oulainen data set was the first
flight of Tabanidae. Tabanidae are known to lay
their eggs in swampy soil or aquatic environ-
ment areas, where they hatch into larvae. Devel-
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opment is generally considered to take place
somewhat underground, and it is very difficult to
estimate how long it takes for a larva to develop
into a mature fly. Meteorological factors, espe-
cially spring temperature, are very important for
the beginning of the flight activity of tabanids
(Krcmar 2005). In our case we did not detect any
advancing trend during the observation period.
The mean date for the first swarm was 15 June;
however, the mean temperature of April,i.e., two
months earlier, turned out to be the best explana-
tory variable for the first observation of a Taba-
nidae main swarm.

Migratory birds

Along with local biota, the first observation
of migratory birds formed a separate group of
observations in the Juhonsalo dataset. This data-
set also included some signs of potential popula-
tion declines in birds that might have been seen at
the Oulainen-Ohineva site. Sturnus vulgaris, for
example, was abundant during the first decades
of the observation period, but is nowadays miss-
ing. Oenanthe oenanthe has vanished from the
observation site since 1995 and Alauda arvensis
since 2000. These observations are interesting,
since recent climate changes have also been
linked to both increases and rapid declines in
population sizes (McCarthy 2001). The reason
behind these potential declines may also be
related to local environmental and structural
changes in forestry or agriculture in their typical
distribution areas in Finland.

At the Oulainen-Ohineva site, omnivorous
and granivorous bird species arrived first, fol-
lowed by the insectivorous species that are long-
distance migrants. Even if the onset of migration
is triggered by the changing day length, climatic
conditions at the destination should also be con-
sidered. Invertebrate production is closely related
to climate, and insectivore birds will benefit if
their arrival time is optimized and fine-tuned to
local climatic conditions (Sparks 1999). Accord-
ing to Walter et al. (2002), it generally seems that
short-distance migrating species, which tend to
migrate early in the season, often exhibit a trend
towards earlier arrival, whereas the later arrivals,
the long-distance migrants, show a more com-
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plex response, with many species not changing
their arrival times at all or even delaying them.

An advancing trend was detected for three
species, namely Grus grus, a medium-distance
migrant, and Ficedula hypoleuca and Hirundini-
dae, both being long-distance migrants. Similar
kinds of results have been reported in other stud-
ies. Sparks (1999) detected an advancing trend
for swallows in Britain. Jonzen et al. (2006)
reported a rapid advancement of spring arrival
in Scandinavia for long-distance migratory birds
compared to short-distance migrants. The obser-
vations in Finland were obtained from the south-
ern coast, thus representing the percentiles of
arrival observations in Finland. Even though the
Oulainen-Ohineva site is situated about 650 km
north of this point, the results for Ficedula hypo-
leuca and Hirundinidae were in line with those
results. Also Sparks et al. (2005) reported a trend
towards earlier arrival of Ficedula hypoleuca,
with data obtained from Finland’s southern coast.
Although these results are parallel, it should be
kept in mind that inter-comparison is difficult,
due to the different observation methods utilized
in data collection. In particular, the first arrival
date may not be comparable to the mean arrival
date (Sparks et al. 2001, Stervander et al. 2005).

In general, the changes of arrival times during
the observed periods at the Oulainen-Ohineva
site showed a considerable variation from one
species to another, and for some species even
indicated delays. These opposite changes indi-
cate the complexity of the event, especially
with birds. Consequently, some long-distance
migrants may be expected to suffer from the cli-
mate change, either because their migration strat-
egy is unaffected by climate changes, or because
the climate in their breeding and wintering areas
may be changing at different rates, preventing
adequate adaptation (Both and Visser 2001).

It would be a challenging task to analyze the
dataset of migratory species taking into account
the appropriate temperatures along the migra-
tion route and at the destination, as well as the
prevailing wind conditions (Sparks 1999). Sev-
eral studies have also demonstrated the effect
of large-scale climate features like the Northern
Atlantic Oscillation (NAO) on the timing of bird
migration (Vidhitalo et al. 2004, Stervander et
al. 2005). In our case, the NAO index was the
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best explanatory variable for four species out of
ten, with April mean temperature the best in five
cases out of ten. In all models for which NAO
was selected, it behaved in the same direction
as temperature, advancing the arrival of birds.
Rainio et al. (2006) studied the migration of
boreal and arctic bird species from different win-
tering areas, utilizing a more extensive dataset,
and found that most species arrive earlier after
a winter with a high NAO-index. Furthermore,
the degree of NAO response diminished with the
phase of migration. The wintering area affected
the strength of the NAO response in a compli-
cated way. In general, medium-distance migrants
responded most strongly, followed by the short-
distance and partial migrants. The importance of
examining the whole distribution of migration
warrants the use of datasets from several sam-
pling stations when studying climatic effects on
the timing of avian life history events (Rainio et
al. 2006). Our data allowed us to study only a
single-point event as a measure of phenology; in
spite of data limitations, the first observation of
eighteen migratory bird species did provide par-
allel results to earlier studies on their migratory
behaviour, indicating that some long-distance
migrants have advanced their spring arrival in
Scandinavia

Conclusions

Many recent research results covering wide
geographical ranges have indicated a definite
advancement in spring phenology. The Juhon-
salo 54-year-long dataset, from a single site
situated in the middle boreal forest zone in Fin-
land, and covering a relatively large selection of
species, showed only partly parallel results. The
advancing trend in spring phenology as a whole
was not as strong as one might expect. The local
phenological index did not show statistically sig-
nificant advancement, and studying species-spe-
cific time series, only five species showed a sta-
tistically significant advancing trend during the
observation period. Furthermore, three of these
five advanced trends were for migratory birds
known to be subject to environmental factors
over the whole migration route. Our approach
was based on the assumption of linear changes.
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However, the changes might also be abrupt and
then take another form; to detect such phenom-
ena, a longer dataset would be needed.
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