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SPRING ARRIVAL DATES OF MIGRATORY BREEDING BIRDS IN
MAINE: SENSITIVITY TO CLIMATE CHANGE

W. HERBERT WILSON JR.1

ABSTRACT.—I analyzed the relationship between spring temperature and arrival date for 105 species using
over 32,000 arrival records of migratory breeding birds in Maine collected by a volunteer network between
1994 and 2005. I used quantile regression analysis, testing three different quantiles (0.1, 0.25, 0.5). Only 69 of
315 regressions yielded a significant negative relationship. Five species showed significant regressions for all
three quantiles and 15 showed significant regressions for two quantiles. Quantile regressions of arrival date with
a hemispheric measure of climate variability, the North Atlantic Oscillation index, produced only 63 statistically
significant regressions for the three quantiles. Seven species and 12 species had significant regressions with three
and two quantiles, respectively. Overall, sixty species had at least one significant relationship with a climatic
variable. These results indicate the arrival dates of most migratory breeding birds in Maine show a modest
relationship with the significant temperature variability seen over the 12-year study period. The data suggest the
response of migratory birds in Maine to global warming impacts will be a gradual process. Received 10 April
2006. Accepted 31 January 2007.

The monotonic rise of atmospheric carbon
dioxide over the past 150 years is certain ev-
idence of global warming (Root et al. 2005,
Smith et al. 2005). Melting of the polar ice
caps and increased mean annual temperatures
across the globe are but two manifestations of
recent climate change attributed to the un-
precedented rate of increase of greenhouse
gases. Climate has a fundamental effect on the
distribution and abundance of virtually all
species. The northern extension of species
such as American Robin (Turdus migratorius)
in northern Alaska (Sallabanks and James
1999) or lepidopterans in Great Britain (Hill
et al. 1999) has been linked to environmental
warming. Species can adapt evolutionarily to
global climate change, but the pace at which
climate change appears to be occurring greatly
concerns conservation biologists and resource
managers.

Ecologists are concerned with the effects of
global climate change on the population dy-
namics of species, but the effort and time re-
quired to assess those effects present daunting
challenges (Crick 2004). To date, most of the
impacts of global warming on organisms have
been based on easier-to-measure phenological
effects such as first flowering date or arrival
dates for migratory animals (Sparks et al.
2001, Sparks and Menzel 2002).

Modeling is another approach to assess the
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impacts of global climate change. Modeling
effects of climate change on vascular plants is
reasonably straightforward because local tem-
perature and precipitation serve as the main
parameters in the models (e.g., Iverson et al.
1999). For example, models of the distribution
of tree species in northeastern North America,
assuming that carbon dioxide levels will con-
tinue to rise at current rates, indicate dramatic
changes in distribution over the next 100 years
(Iverson et al. 1999). Balsam fir (Abies bal-
samea), a dominant tree in northern New Eng-
land is predicted to be extirpated by 2100.
Changes in distribution and abundance of
trees will have strong cascading effects on the
animals that depend on particular tree species
(e.g., Matthews et al. 2004).

Modeling the impact of global climate
change for species that are migratory is much
more complex (Cotton 2003, Sæther et al.
2004). Changes in temperature in wintering
areas may impel earlier departures to northern
breeding sites (Anthes 2004, Saino et al. 2004,
Gordo et al. 2005). Temperature along the mi-
gratory route may influence timing of the con-
tinuation of migration. Finally, temperatures
in breeding areas may affect the optimal time
for nesting and reproductive success. Al-
though migratory birds will be strongly af-
fected by temperatures in their breeding areas,
birds cannot predict the particular climate
from afar (Lehikoinen et al. 2004). The ap-
propriate temperature data to test as determi-
nants of phenological events are not clear.
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Recent research has suggested that broad-
scale climatic approaches to understanding the
phenology of migration can be more infor-
mative than research based on local climate.
A number of studies in western Europe and
eastern North America have demonstrated that
intensity of the North Atlantic Oscillation
(NAO) strongly influences avian phenological
events in Europe and North America (Huppop
and Huppop 2003, Hubálek 2004, Vähätalo et
al. 2004, Marra et al. 2005). The NAO is mea-
sured as the difference in pressure between the
subtropical high centered over Portugal and
the subarctic low centered over Iceland.
Strong differences in pressure produce wet
and warm winters in Europe and cold, dry
winters in Canada and the northeastern United
States. Reduced differences in pressure lead
to colder winters in northern Europe and
warmer, snowier winters in northeastern North
America.

Birds are often touted as sensitive sentinels
of environmental change. The detection of ef-
fects of global warming by measuring the de-
mography of woody plants will be straight-
forward but may require decades to see defin-
itive evidence. As mobile organisms with high
metabolic demands, birds should be capable
of responding more quickly to the direct ef-
fects of global warming on their own physi-
ology and to the indirect effects of resource
alteration (seed abundance, insect herbivore
abundance). In this paper, I ask if migratory
breeding birds in Maine respond in spring ar-
rival dates to yearly differences in temperature
using data from 1994 through 2005. I also ex-
amine the power of the NAO in affecting the
arrival date of migratory breeding birds. My
goal was not to seek evidence of earlier arrival
dates over this brief 12-year period but rather
to ask how sensitive arrival date is to temper-
ature that varied significantly among the 12
years of the study.

METHODS

Data on arrival dates of migratory breeding
birds in Maine come from a citizen-science
project I organized in spring 1994 to improve
our understanding of spring bird migration in
Maine. This on-going project has now yielded
data on arrival dates for the past 12 springs.
The framework for data collection is the map
of Maine biophysical regions developed by

McMahon (1990) who divided the state into
15 biophysical regions based on climatic and
vegetation data (Fig. 1). The south coastal re-
gion (Region 12) has the mildest climate with
a frost-free period of 160 days compared to
the most severe climate in the Boundary Pla-
teau (Region 1) with a frost-free period of
only 80 days (McMahon 1990).

Volunteer observers are sent a standardized
data sheet and asked to report the first date of
each migratory species they observe in their
biophysical region. Some active birders reg-
ularly report arrival dates of a given species
from several biophysical regions. The data
sheet lists 119 species, all of which nest in at
least one biophysical region in the state. Over
200 birders have contributed data to the pro-
ject and the data base currently has over
32,000 arrival records. I report data on 105
species in this paper; data on the remaining
14 species were too sparse for meaningful sta-
tistical analysis.

The arrival dates of each record were con-
verted to Julian day. For example, 31 March
is the 100th day of the year (101st during leap
years). Data for biophysical region of the ob-
servation, year, and Julian date were entered
into a Stata data set for analysis.

Wilson et al. (1997) found that arrival dates
of the vast majority of Maine migratory
breeding birds for 1994–1997 did not vary
across biophysical regions. The few differenc-
es that emerged were between the six north-
ernmost zones and some southern zones. I ex-
cluded data from the six most northern zones
(zones 1–6). Therefore, the data used for this
paper were for only biophysical regions 7–15.
Observations reflect the distribution of the hu-
man population in the state. The relatively
populous regions 10, 12, and 13 accounted for
69.6% of the observations.

Both local temperature and hemispheric
temperature data were used in the analysis.
Data from the National Climatic Data Center
(NCDC) were used as measures of local
springtime temperatures. Rather than use daily
or weekly temperature records, I chose to use
monthly data as reasonable measurements of
deviations from the average temperature. I
chose 11 stations across the study area that
had complete data for the 12-year period.
These stations were Farmington and Dover-
Foxcroft in Region 7, Augusta, Lewiston,
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FIG. 1. Biophysical regions of Maine based on climatic and vegetative data (after McMahon 1990).

TABLE 1. Deviations from annual monthly tem-
perature in �C of selected southern and central Maine
weather stations as well as the North Atlantic Oscil-
lation index, measured as the difference between the
Icelandic subarctic low and the southwestern Europe
subtropical high from December through March,
1994–2005.

Year Mar Apr May NAO Index

1994 �1.1 0.1 �0.7 3.03
1995 0.7 �1.3 �0.5 3.96
1996 �1.3 �0.1 �1.0 �3.78
1997 �1.8 �1.1 �1.9 �0.20
1998 1.4 1.2 2.5 0.72
1999 1.7 1.2 1.8 1.70
2000 2.7 0.1 �0.7 2.80
2001 �1.4 �0.3 1.4 �1.89
2002 0.3 0.5 �1.1 0.76
2003 �1.3 �1.3 �1.0 0.20
2004 0.8 0.3 0.3 �0.07
2005 �1.7 1.0 �2.6 0.12

Madison, Orono, and Waterville in Region 10,
Sanford in Region 12, Portland in Region 13,
Belfast in Region 14, and Eastport in Region
15. Deviations from the monthly mean for
each station were averaged for each year. De-
viation data for combined March and April as
well as April and May were prepared by av-
eraging the means for each month.

I examined the relationship between Maine
spring temperatures and temperatures in other
states in the northeast and mid-Atlantic region
by obtaining NCDC data on monthly devia-
tion from the mean temperature for New
Hampshire, Vermont, Massachusetts, Con-
necticut, Rhode Island, New York, New Jer-
sey, Pennsylvania, Delaware, and Maryland.
The NCDC partitions most states into several
divisions, each of which was considered sep-
arately. I used Pearson product-moment cor-
relations to assess the relationship between the
Maine temperature over the 12-year period
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with each division of the 10 other states for
March, April, and May. I used the North At-
lantic Oscillation winter index (December
through March) as a measure of hemispheric
weather. Values were obtained at: http://
www.cgd.ucar.edu/cas/jhurrell/nao.stat.winter.
html.

I performed quantile regression analysis
(Koenker and Hallock 2001, Cade and Noon
2003) using Stata (Macintosh) to examine if
arrival dates were earlier in warmer springs
for each of the 105 species of birds. This tech-
nique has an advantage over least-squares re-
gression because quantile regression can ac-
commodate unequal variation in the distribu-
tion of data. If such variation exists, a single
rate of change (measured by the slope) will
be misleading because portions of the data
may produce different slopes. It is possible,
for instance, that the relationship between the
earliest arrivals and temperature deviation
may be different than the relationship between
median arrivals and temperature deviation. A
priori, I expected the earliest arrival dates or
the median arrival dates might be more sen-
sitive to temperature deviations or to the NAO
index than later arrivals. Accordingly, I tested
the 0.1, 0.25 and 0.5 (median) quantiles. I do
not report the data for the 0.75 and 0.9 quan-
tiles which were heavily biased toward later
first arrivals. Each quantile regression analysis
uses all of the data in the data set.

The temperature data used reflected time of
arrival of a particular species (Table 2). For
instance, March temperature departures were
used for the Red-winged Blackbird (scientific
names in Table 2) analysis because most ar-
rival dates were in March. The March–April
combined temperature data were used for spe-
cies such as American Woodcock whose ar-
rival records spanned the latter half of March
and the first half of April.

I performed analogous quantile regression
analyses for the North Atlantic Oscillation
data, regressing the NAO index against the
same three quantiles of arrival for each of the
105 species in this study. When performing a
large number of regressions, rejecting the null
hypothesis of no relationship for each individ-
ual regression analysis at the P � 0.05 level
may result in an erroneously high number of
significant relationships (Davis 1989, Töttrup
et al. 2006). I used the Bonferroni sequential
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procedure to produce a table-wide significance
level of P � 0.05 to avoid this bias.

RESULTS

Temperatures for March, April, and May of
each year of the study varied (Table 1). Ex-
amination of the deviation from the monthly
mean for any given year indicates that some
springs were consistently warmer (e.g., 1998)
or cooler (e.g., 1997) for all 3 months. Some
years had a mixed pattern with some months
cooler than normal and others warmer than
normal (e.g., 1995 and 2002). The magnitude
of the departures from the mean indicate con-
siderable variation among years (e.g., March
1997 vs. March 2000). The annual NAO In-
dex for the 12 years of the study also varied
among years (Table 1). Linear regressions of
NAO against temperature deviation were not
significant for any of the 3 months.

Correlation analysis of the Maine monthly
temperature deviation data with corresponding
data from other northeastern and mid-Atlantic
States revealed a strong regional climatic sig-
nature. Deviations from the monthly mean for
all New England states and New York were
strongly correlated (P � 0.01) in every case
for the March, April, and May data. About
half of the correlations for Pennsylvania and
New Jersey were statistically significant with
even less concordance with temperature de-
viations for Delaware and Maryland. The data
clearly indicate that New York and the six
New England states have highly similar spring
weather from year-to-year over the study pe-
riod.

Temperatures and the total number of arriv-
al dates reported by species varied (Table 2)
across all years for Biophysical Regions 7–15.
Median arrival dates over all years as well as
the range of annual medians as a simple mea-
sure of variability among year also varied (Ta-
ble 2).

The results of each of the quantile regres-
sions, listing the value of the slope of the re-
gression as a measure of the strength of the
relationship, were not constant (Table 2). The
most obvious result of the statistical analyses
of the Maine temperature data was the ab-
sence of a significant regression between tem-
perature and arrival date for most species and
quantile combinations. Only 69 (21.9%) of the
315 regressions were statistically significant

with the expected negative slope between
temperature deviation from the mean and ar-
rival date. Four additional significant regres-
sions had a positive slope. These likely arose
by chance and are not considered further. The
0.25 quantile yielded the most significant re-
lationships (30 of 105) while the 0.1 quantile
produced 18 significant relationships, and the
median quantile yielded 21 significant rela-
tionships.

Five species (Warbling Vireo, Ruby-
crowned Kinglet, Northern Parula, Red-
winged Blackbird, and Common Grackle)
showed significant regressions for all three
quantiles, demonstrating a strong response to
spring temperatures. The regressions for two
quantiles were significant for an additional 15
species. Eight of these species were parulids.

The results of the quantile regression anal-
yses for the NAO index were similar to the
temperature deviation regressions as only 63
of 315 regressions were statistically signifi-
cant (Table 2). The 0.25 quantile had the
greatest explanatory value, producing 25 sig-
nificant regressions with negative slopes for
the 105 species. The 0.1 and 0.5 quantile anal-
yses yielded 18 and 20 significant relation-
ships, respectively. The three significant re-
gressions with positive slopes likely arose by
chance.

Seven species (American Kestrel, American
Woodcock, Belted Kingfisher, Eastern Phoebe,
Tree Swallow, Ruby-crowned Kinglet, and
Eastern Meadowlark) had significant relation-
ships for all three quantiles. Twelve additional
species had significant regressions for two of
the three quantiles.

Only 45 of the 105 species failed to show
a significant relationship for all six regres-
sions. Thus, a minority of the species (42.9%)
was unresponsive to some aspect of broad-
scale temperature variability in their arrival.

DISCUSSION

Fundamental biotic changes are impelled by
increasing global temperature. Abundant evi-
dence of earlier leaf-out and flowering in vas-
cular plants (e.g., Peñuelas et al. 2002) sug-
gests phenological changes for pollinators,
herbivores, and predators of herbivores. Re-
sponding to plant phenological changes, either
by behavioral changes of individuals or pop-
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ulation responses due to selection, should be
relatively rapid for resident animals.

Finding the optimal schedule for departure
from wintering areas, migration, and arrival in
breeding areas is more complex for migratory
species. Migratory birds may use higher than
normal temperatures in wintering areas as a
cue to begin migration. Some have argued that
migrants may depart earlier than normal to
avoid the physiological stress of high temper-
atures as summer approaches in areas used in
winter. Alternatively, temperatures may be
used as a predictor of earlier phenological
events further north.

Migrant birds may migrate more rapidly if
their appropriate food along their migratory
pathway is phenologically advanced. This hy-
pothesis seems reasonable but I know of no
data on resource availability that can be used
to test it with present knowledge. The strong
correlation of spring temperatures from Maine
south to Pennsylvania and New Jersey sug-
gests there should be little difference in mi-
gration rate across that portion of the migra-
tory route.

Ideally, migrant birds should respond to
temperatures in breeding areas. Birds could
then arrive sufficiently late to find adequate
food for the metabolic demands of nesting and
sufficiently early to compete for the best nest-
ing sites. The difficulty is that birds have no
way of predicting the climate from afar.

Quantifying changes in phenology provides
one of the simplest means of assessing effects
of global climate change on the biota of the
earth. Phenologists can take advantage of
stores of data on flowering dates, leaf-out
dates, and nesting dates contributed by both
professionals and amateur naturalists (Sparks
and Menzel 2002). For example, Peñuelas et
al. (2002) documented earlier leaf-out dates
and later leaf-fall dates for vascular plants in
the Mediterranean region from 1952 until
2000. On a broader scale, Parmesan and Yohe
(2003) showed a global diagnostic fingerprint
for 279 species.

For birds, global climate change has been
invoked to explain earlier nesting in Tree
Swallows (Dunn and Winkler 1999) through-
out North America, and Ficedula flycatchers
in Europe (Both et al. 2004) and India (Mitrus
et al. 2005). However, the greatest amount of
work on avian phenology with respect to glob-

al warming has been study of arrival dates of
migratory birds. The data presented to date
have shown strikingly different results. Wil-
son et al. (2000) documented no change in
arrival date for migratory breeding birds in
Maine between 1889–1911 and 1994–1997
while Peñuelas et al. (2002) showed that birds
arrived at their Mediterranean site 15 days
earlier in 2000 compared to 1952 (although
lepidopterans appeared 11 days later).

At a local scale, Stervander et al. (2005)
found a trend of earlier arrival (average of 0.9
day/decade) for 36 passerine migrants cap-
tured at Ottenby Bird Observatory in south-
eastern Sweden. They showed that arrival date
was negatively correlated with the NAO in-
dex. Sokolov et al. (1998), at a banding station
on the Courish Spit in the Baltic Sea, found a
negative relationship between spring temper-
atures and late migrants (species arriving in
May) but no relationships with earlier migrant
species (those arriving in April). Mills (2005)
analyzed data from Long Point Bird Obser-
vatory in Ontario, Canada over the period
1975 until 2000 and demonstrated that only 2
of 13 species analyzed had evidence of earlier
arrivals through time. Töttrup et al. (2006)
demonstrated birds were arriving 0.26 day/
year earlier between 1976 and 1997 at a band-
ing station on the Danish island of Chris-
tiansø.

Studies monitoring arrival dates by field ob-
servations also demonstrate changes in arrival
date. Ledneva et al. (2004) found significant
correlations of arrival dates at a farm in Mas-
sachusetts with spring temperatures. Bradley
et al. (1999) reported that arrivals and first
songs of several birds were earlier toward the
end of a 61-year period at a single farm in
Wisconsin. Tryjanowski et al. (2002) analyzed
a data set spanning 1913 until 1996 at a farm
in Poland and reported that 14 of 16 species
of birds had a trend of earlier arrival dates
over time. Each of these studies was based on
a single, restricted site and any observed ef-
fects may have local rather than wide-scale
explanations. One must extrapolate these re-
sults to the regional level with great caution.

Marra et al. (2005) avoided the problem of
lack of replication (Hurlbert 1984) by analyz-
ing data from three banding stations in North
America. They demonstrated that birds mi-
grated earlier in warmer springs (about 1 day
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for every 1� C increase in temperature). They
were unable to show any relationships be-
tween arrival dates and the NAO index. Jon-
zén et al. (2006) used data from four banding
sites in Scandinavia to show earlier recent ar-
rival dates for a number of Scandinavian mi-
gratory breeding birds.

Analyses of arrival dates in a prescribed re-
gion may also avoid the problem of lack of
replication (Sparks 1999). For example, Ma-
son (1995) analyzed the arrival date records
of the Leicestershire and Rutland Ornitholog-
ical societies in Britain over a 50-year period
and demonstrated earlier arrivals for 23 spe-
cies in the latter part of the study period. Ptas-
kyk et al. (2003) demonstrated earlier arrivals
for White Storks (Ciconia ciconia) from re-
cords collected across western Poland. Butler
(2003) analyzed arrival date records from the
Cayuga Lake region of New York and from
central Massachusetts, and demonstrated that
short-distance migrants arrived earlier in
breeding areas in the later part of the 20th
century compared to the first half. Long-dis-
tance migrants were influenced to a lesser ex-
tent by environmental warming.

The arrival date data from this study in
Maine indicate modest temperature depen-
dence (Table 2). For the median quantile, only
11 of 105 species had a significant relation-
ship with temperature deviation. No weighting
of the residual errors was used to produce the
median quantile and, hence, this quantile is
indicative of the entire population of first ar-
rivals. Lower quantiles, biased toward early
arrivals, resulted in a higher number of sig-
nificant relationships (18 for the 0.1 quantile
and 30 for the 0.25 quantile). Examination of
the data indicates that only five species
(American Woodcock, Warbling Vireo, Ruby-
crowned Kinglet, Red-winged Blackbird,
Common Grackle) had significant relation-
ships for all three quantile regressions using
temperature deviation as the predictor vari-
able. The lack of concordance for the three
quantiles for most species clearly indicates the
heterogeneous variation across the statistical
distribution.

Quantile regression analyses using the
NAO index were similar with the 0.25 quan-
tile producing 25 significant relationships. The
median quantile analysis produced 20 signif-
icant relationships and the 0.1 quantile anal-

ysis only 18. Overall, only 20.0% of the re-
gressions were significant. Seven species
(American Kestrel, American Woodcock,
Belted Kingfisher, Eastern Phoebe, Tree Swal-
low, Ruby-crowned Kinglet, and Eastern
Meadowlark) had significant regressions for
all three quantiles, demonstrating the heter-
ogenous nature of the arrival data for most
species.

Only 45 of the 105 species analyzed failed
to have a significant result in at least one of
the six regressions. The pattern is that tem-
peratures, measured either by spring depar-
tures from the mean or by the NAO index, are
not strong determinants of arrival date for mi-
gratory breeding birds in Maine. The percent-
age of regressions showing a statistically sig-
nificant effect of spring temperatures on arriv-
al date (21.0%) is quite similar to the value
of 29% reported by Lehikoinen et al. (2004)
in a meta-analysis of the effect of spring tem-
perature on the arrival of common European
migratory breeding birds.

Why do the data from this study show a
weaker dependence of arrival data on spring
temperatures than most other studies? One
possible explanation is the data are not suffi-
ciently accurate to show differences. This ex-
planation can be rejected by examining the
low variance around arrival dates for partic-
ular species. There were significant differenc-
es (ANOVA) among years for most species,
indicating the between-year variance was not
overwhelming the within-year variance. Fur-
thermore, the sample size for each year for
many species was based on more than 30 re-
cords (Table 2). Finally, the same type of data
has been used by other workers who were able
to show patterns of change in arrival date re-
lated to climate (Bradley et al. 1999, Butler
2003, Ledneva et al. 2004, Mills 2005).

A second and more compelling explanation
is the migratory schedule for migratory breed-
ing birds in Maine may be driven by photo-
period or some other environmental cue that
has less variability than the year-to-year var-
iability in spring temperatures (Coppack and
Both 2002, Both 2007). This explanation is in
accord with the results of Strode (2003) who
demonstrated that seven species of wood war-
blers (Parulidae) are not arriving earlier in
their breeding areas in Minnesota despite clear
evidence that spring is now arriving earlier.
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Those wood warblers are uncoupled from
their food resources. Similarly, Pied Flycatch-
ers (Ficedula hypoleuca) in the Netherlands
have declined over the past two decades be-
cause their arrival in breeding areas has not
changed while local phenological events, in-
cluding caterpillar emergence, have advanced
due to climate warming (Both et al. 2006). I
have no doubt that dramatic change in Maine
breeding birds will occur as global warming
proceeds. However, the available data suggest
the response in terms of arrival date, nesting
date, and other phenological events will be
gradual. Cold springs are not necessarily cor-
related with later arrivals for migratory birds
in Maine (Table 2). Similarly, warm springs
are not necessarily accompanied by earlier ar-
rivals of migratory breeding birds.
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JONZÉN, N., A. LINDÉN, T. ERGON, E. KNUDSEN, J. O.
VIK, D. RUBOLINI, D. PIACENTINI, C. BRINCH, F.
SPINA, L. KARLSSON, M. STERVANDER, A. ANDERS-
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