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We studied body mass, fat reserves and moult data of the Goldcrest Regulus regulus in re-
lation to calendar date at three sites along the migration route: Gumbaritsy, NW Russia
(south-eastern coast of Lake Ladoga), Kabli, SW Estonia (eastern coast of the Baltic Sea)
and Rybachy, Courish Spit (eastern coast of the Baltic Sea, Russia). We analyzed migra-
tion speed using ringing data obtained at these stations. The percentage of moulting birds
involved in migration was higher in the northern site Gumbaritsy as compared with the
southerly site (Kabli). During migration, body mass increased seasonally in the
Goldcrests trapped in Gumbaritsy in 2001, but at the more southern trapping sites this
trend was absent (Kabli) or recorded only in the later part of migration (Rybachy). Median
fat reserves peaked in Gumbaritsy. Migration speed was affected by time pressure (i.e., it
increased with date during migration and was more pronounced in the north) and the posi-
tion of a certain part of migration route. Migration speed was significantly higher along
the routes that crossed the Baltic Sea than at coastal routes. Birds that gained more fat at
the time of ringing migrated with a higher speed.

1. Introduction

Patterns in seasonal timing, body mass and overlap
between moult and migration, and migration
speed are key characteristics of avian seasonal
movements. The speed of autumn migration in
birds increases with date and along the migratory
route (Ellegren 1993, Fransson 1995, Bensch &
Nielsen 1999), along with body mass and fuel de-
position rate increase shown for several long dis-

tance migrants (Bensch & Nielsen 1999, Schaub
& Jenni 2000a, b). These results indicated differ-
ences among the species studied in migration strat-
egy, variations in time and sites where maximum
fuel deposits were accumulated.

The so-called partial, short-distance migrants
are insufficiently studied in this respect. Field data
on dynamics of changes in body reserves have
been reported for long-distance migrants (e.g.,
Schaub & Jenni 2000a, b) but are scarce for partial,
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short-distance migrants. Hence, we conducted a
field study to gain understanding on how the mi-
gration of partial short-distance migrants is orga-
nized in time and along the migration route.

To evaluate the possible time pressure on au-
tumn movements of partial short-distant migrants,
we used the Goldcrest (Regulus regulus) – the
smallest bird species of Europe – as a model spe-
cies. The proportion of resident birds within popu-
lations increases southwards (Cramp 1998). The
breeding range of this species covers vast areas
from middle to upper temperate and boreal lati-
tudes of western Palaearctic (Cramp 1998), wher-
ever the coniferous stands can be found. Autumn
migration of the species across the Baltic region
varies annually in timing and numbers (Remisie-
wicz & Baumanis 1996).

According to ring recoveries, migrating
Goldcrests overwinter widely in western Europe,
from the British Isles to Italy and Spain (Payevsky
1973, Hanssen 1981, Kania 1983, Pettersson et al.

1986, Rezvyi 1995).
In this study we present (i) data on body mass

and moult status of migrating Goldcrests during
autumn migration at different sites along the mi-
gration route, and (ii) analyze the speed of autumn
movements, in relation to date, at different parts of
the migration route in the Baltic region from Lake
Ladoga (NW Russia) southwards.

2. Material and methods

2.1. Trapping sites and data collection

We used ringing data on Goldcrests captured in
2001 at three sites (Fig. 1): the Ladoga Ornitholog-
ical Station Gumbaritsy (NW Russia, southeastern
coast of Lake Ladoga; 60°41’N, 32°57’E), the Or-
nithological Station Kabli (SW Estonia, eastern
coast of the Baltic Sea; 58°01’ N, 24°27’ E), and
the Biological Station Rybachy (Courish Spit,
eastern coast of the Baltic Sea, Russia; 55°05’ N,
20°44’ E). The distance between Gumbaritsy and
Kabli is 565 km, and between Kabli and Rybachy
is 398 km. These sites share the migration route of
the Goldcrest. To trap birds, we used Rybachy-
type traps (Gumbaritsy and Rybachy) or funnel
traps and mist nets (Kabli), in habitats atypical for
the Goldcrest but where this species is numerous
during its migratory period. Most of the previously
ringed birds recovered in Kabli and nearby in Es-
tonia (n = 22) during autumn migration originated
from Finland (55%) and from Russia (41%). Only
one recovery is thus far known from Sweden. The
origin of birds ringed to the north of Rybachy and
recovered in the same autumn (n = 158) consists of
51% having been ringed in Estonia, Latvia and
Lithuania, 29% in Sweden and Denmark, 11% in
Finland, 6% in Russia and 3% in Norway. The ori-
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Fig. 1. The study
sites.



gin of birds trapped in Gumbaritsy is unknown.
We trapped only one bird ringed elsewhere: a re-
covery of an individual ringed the previous au-
tumn in Germany.

We collected the following data in a standard-
ized manner: date and time of capture (to the near-
est hour), body mass (to the nearest 0.1 g), wing
length (to 1 mm using the maximum length
method; Svensson 1992), and moult stage (only
for Gumbaritsy and Kabli Stations). Fat reserves
were recorded by scoring the amount of subcuta-
neous fat deposited within the furculum of the
clavicula, under the wing, and in the abdominal re-
gion (Blyumental & Dolnik 1962). In Rybachy, a
4-grade scale, and at Gumbaritsy and Kabli sta-
tions, a 10-grade scale, was used. Because the 10
levels used in Gumbaritsy and Kabli are subdivi-
sions of the four levels used in Rybachy, we used
four level scores for fat when comparing fat re-
serves of birds trapped at different stations. When
studying the relationship between the amount of
visible fat at time of ringing and speed of migration
(data from Gumbaritsy) we used the original 10-
grade scale.

The stages of post-juvenile moult in the Gold-
crest were recorded following Rezvyi (1990):
stage 1 – the onset of moult in the ventral and spi-
nal track; stage 2 – the onset of moult in the coronal
and frontal region of the capital track; stage 3 – the
onset of moult in the ear region; stage 4 – the inten-
sive moult of all contour feathers (i.e., pins, small
and large brushes are present among moulting
feathers); stage 5 – the moult of the wing contour
feathers completed, and no pins among growing
feathers elsewhere; stage 6 – the moult of the
crural track completed, half of the counter feathers
changed and other parts containing small and large
brushes; stage 7 – the moult of tail coverts com-
pleted, spinal and ventral tracks are still at the very
end of moult.

All analyses refer to first captures of the first-
year birds because we captured only very few
adults (0.2% in Gumbaritsy, 0.7% in Kabli and
3.1% in Rybachy). The proportion of birds for
which biometrical data were recorded in autumn
2001 comprised ca. 24% in Gumbaritsy (the total
number of trapped birds n = 4071), 50% in Kabli
(n = 2483) and ca. 42% in Rybachy (n = 11507).
During busy periods, we randomly selected birds
for measurements. In 2001, the closing date in

Gumbaritsy was October 18, in Kabli was October
31, in Rybachy was October 29.

2.2. Migration speed

We analysed the published and unpublished data
on ringing recoveries of the Goldcrest from
Gumbaritsy (Rezvyi 1995), Rybachy (Bolshakov
et al. 1999, 2000, 2001a, b, 2002a, b) and Kabli
(unpublished data), and data on birds ringed else-
where and recovered at these stations. Only the re-
coveries from the Baltic Sea region were included.

We calculated the individual speed by dividing
the distance between ringing and recovery sites by
the time elapsed. We used autumn recoveries that
fulfilled the following criteria to exclude atypical
or unreliable data (Hildén & Saurola 1982,
Ellegren 1993):

– Ringing and recovery dates should be within
the normal migration period of the species.

– The time between ringing and recovery should
not exceed 50 days.

– The recovery site should be situated to the
south from the ringing site.

– The distance should exceed 50 km.
– Dead recoveries are not included.
– The migration speed should exceed 10 km/day.

To analyze the speed in different parts of the mi-
gration route separately, we divided the recoveries
into groups according to ringing and recovery
places. Most data on ringed birds came from the
following sites, which were used in this grouping:
Luvia, Finland (61°29’ N, 21°21’ E), Mayachino,
Russia (60°46’N, 32°48’E), Lao, Estonia (58°15’
N, 24°07’ E), Pape, Latvia (56°11’ N, 21°03’ E),
Hartsö-Enskär, Sweden (58°41’ N, 17°28’ E),
Ottenby, Sweden (56°12’ N, 16°24’ E),
Christiansø, Denmark (55°19’ N, 15°12’ E), Hel,
Poland (54°46’N, 18°28’E), Bukowo-Kopan, Po-
land (54°28’ N, 16°25’ E) and Mierzeja Wi�lana,
Poland (54°21’ N, 19°19’ E).

2.3. Statistical analyses

Body mass of migrating birds increases through
the day (e.g., Dunn 2001, 2002) and depends on
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the size of the individual (e.g., Brown 1996).
Moult process also influences body mass (e.g.,
Dolnik & Gavrilov 1979, Bojarinova et al. 1999).
To compare the body mass between periods of mi-
gration we used a general linear model (GLM)
with body mass as a dependent variable and period
(ten-day intervals), time of trapping in the day,
wing length and state of plumage (certain stage of
moult reached, or moult finished) as independent
factors. In Rybachy the data on moult were lack-
ing; hence only three independent factors were in-
cluded. To compare the body mass between sta-
tions, we used analysis of covariance (ANCOVA)
on body mass across all trapping stations, with
time of trapping and wing length as covariates.

To compare the body mass and fat reserves of
birds coming to Rybachy from Sweden (across the
sea) and from the Ladoga coast, Estonia and Latvia
(along the coast), we used data on birds recovered
in Rybachy only. We analysed body mass within
generalised linear model using route (across the
sea or along the coast), trapping date, trapping time
(hour) and wing length as independent factors.

To analyze fat reserves we used non-paramet-
ric statistics (Mann-Whitney and Kruskal-Wallis
tests) because these data did not show any standard
distribution.

We log-transformed data on migration speed
prior to the analysis to normalize the distribution
and residual error. The normality of residuals was
checked after each ANCOVA and regression anal-
ysis using a Kolmogorov-Smirnov test. Recover-
ies made one day after ringing do not include stop-
over time and thus produce inflated speed esti-
mates as compared with the recoveries made after
several days. Therefore, in these analyses we ex-
cluded recoveries made one day after ringing. To
compare migration speed between different mi-
gration routes, we used an ANCOVA with trap-
ping date as a covariate. The reported mean values
for speed and their confidence limits are the values
transformed back into the linear scale by looking
up their antilogarithms (Sokal & Rolhf 1998).

We performed the statistical analyses using
Statistica 6.0.

3. Results

In 2001, Goldcrest migration began on 29 August
in Gumbaritsy, on 7 September in Kabli and on 5

September in Rybachy. The median dates of mi-
gration were 16 September, 22 September and 10
October, respectively. After 12 October, move-
ments of Goldcrests were no longer recorded in
Gumbaritsy, whereas at the other study sites mi-
grating Goldcrests were trapped until the end of
October.

3.1. Moult, body mass and fat reserves

Most migrating Goldcrests trapped in Gumbaritsy
and Kabli had already finished their moult. The
proportion of moulting birds, trapped during the
whole migration period in 2001, comprised 28%
in Gumbaritsy (n = 989) and 8% in Kabli (n =
1,254). The difference between the two sites was
statistically significant (¤2=158.7, p <0.01). Most
of the moulting birds were at the very end of their
feather replacement (stage 7–75% in Gumbaritsy
and 76% in Kabli).

The proportion of moulting individuals re-
mained noticeable until the end of migration in
Gumbaritsy, whereas in Kabli moulting birds dis-
appeared by the beginning of October (Table 1).
From September 20 until the end of migration, the
percentage of moulting Goldcrests was signifi-
cantly higher in Gumbaritsy (48%; n = 178) than in
Kabli (4%; n = 832) (¤2 = 272.5, p <0.01).

Body mass of Goldcrests, trapped during mi-
gration, varied from 4.5 to 7.2 g (mean 5.74 ± 0.01
SE g; n = 987) in Gumbaritsy, from 4.6 to 7.5 g
(mean 5.76 ± 0.01 SE g; n = 1251) in Kabli and
from 4.1 to 7.0 g (mean 5.39 ± 0.01 SE g; n = 4816)
in Rybachy. Period of migration (ten-day inter-
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Table 1. Proportion of moulting birds among
trapped Goldcrests during the autumn migration of
2001 at the Ladoga Ornithological Station Gumba-
ritsy (NW Russia) and at the Ornithological Station
Kabli (SW Estonia).

Period of
autumn migration Gumbaritsy Kabli

1–10 September 45 (n = 120) 10 (n = 21)
11–20 September 20 (n = 691) 17 (n = 401)
21–30 September 56 (n = 119) 11 (n = 285)
1–10 October 37 (n = 51) 0 (n = 302)
11–20 October 12 (n = 8) 0 (n = 207)
21–30 October – 0 (n = 38)



vals), trapping time (hour) and wing length all had
a significant effect on body mass at all stations
(GLM; Fig. 2). The effect of state of plumage was
not significant either in Gumbaritsy (GLM; F

1,969
=

2.93, p = 0.09) or in Kabli (F
1,1239

= 0.94, p = 0.33)
and was therefore omitted from the final model.
Data on moult were lacking from Rybachy; hence
only three independent factors were included in
the analysis. The pattern of body mass change var-
ied during the migration season between the study
sites (Fig. 2). In Gumbaritsy, the mean body mass
steadily increased during the season, whereas we
did not observe such a trend in Kabli. In Rybachy,
we recorded this trend only in the later part of the
season, i.e., in October.

The average body mass, corrected for body
size (wing length) and time of capture, was signifi-
cantly smaller in Rybachy than in the other sites
(ANCOVA; F

2,7047
= 984.97, p <0.001).

The variation in body mass of ringed Gold-
crests recovered in Rybachy was significantly af-
fected by the route, i.e., across sea or along coast
(GLM; F

1,76
= 6.03, p = 0.016), time of trapping in

the day (F
1,76

= 4.88, p = 0.030) and wing length
(F

1,76
= 18.08, p = 0.001). The effect of trapping

date was not significant (F
1,75

= 0.32, p = 0.57).
The mean body mass of birds that had presumably
crossed the Baltic Sea and arrived to Rybachy
from Sweden (5.70 ± 0.06 SE; n = 43) was signifi-
cantly higher as compared with that of birds that
had arrived from Russia, Estonia and Latvia (5.47
± 0.07 SE; n = 37) (Tukey’s post hoc test; p <0.05).
Fat reserves of ringed Goldcrests recovered in
Rybachy did not significantly differ between these
two migration-route groups (Mann-Whitney’s U

test; p >0.05).
Fat reserves of birds trapped during the migra-

tion season significantly differed among the three
stations (median = 3 for Gumbaritsy, 2 for Kabli, 2
for Rybachy; Kruskal-Wallis test; p <0.05). The
percentage of lean birds (score 1) was about 5% in
Gumbaritsy, 14% in Kabli and 23% in Rybachy.
Median fat score varied significantly among ten-
day periods of migration at Gumbaritsy and Kabli
stations (Kruskal-Wallis test; p <0.05), but no
trend was recorded. There was no such variation in
Rybachy.
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Fig. 2. Variation in body mass of migrating Gold-
crests in relation to different periods of autumn pas-
sage in 2001. For each period the figure shows the
least squares means ± 1 SE together with sample
size after controlling for the effects of size (wing
length) and time of trapping. (1) Gumbaritsy. GLM;
independent factors: period of trapping (F

4,973
=

12.38, p <0.001), wing length (F
1,973

=101.94,
p<0.001) and time of trapping (F

1,973
= 98.67,

p<0.001). Significant difference was detected be-
tween first and second ten-day periods of Septem-
ber vs. first and second ten-days periods of Octo-
ber (Bonferroni test). (2) Kabli. GLM; independent
factors: period of trapping (F

5,1243
= 3.762, p =

0.003), wing length (F
1,1243

= 80.77, p<0.001) and
time of trapping(F

1,1243
=209.46, p<0.001). Signifi-

cant difference was detected between second ten-
days period of September and first ten-days period
of October (Bonferroni test). (3) Rybachy. GLM; in-
dependent factors: period of trapping (F

5,4813
=70.66,

p<0.001), wing length (F
1,4813

=543.84, p<0.001) and
time of trapping (F

1,4813
=17.90, p<0.001). Significant

difference in October was detected between all
three ten-day periods of October (Bonferroni test).

Fig. 3. Distribution of migration speed in the Gold-
crest according to the data obtained from
Gumbaritsy, Kabli and Rybachy stations.



3.2. Migration speed

Migration speed of Goldcrests varied remarkably
(Fig.3). Thirteen (8%) of the 155 Goldcrests re-
covered along the eastern Baltic coast attained
speed exceeding 80 km·day–1. On the routes that
possibly include crossing the Baltic Sea the num-
ber of such individuals was significantly higher,
up to 32% (n = 115) (¤2 = 24.8, p <0.01). Such
birds were ringed at all three study sites only from
late September, and most of them in mid-October.

Migration speed of Goldcrests was positively
related to the progress of season (r = 0.24, n = 264,
p = 0.0001). In certain parts of the migratory route
(the same start and end points) this correlation
might be even stronger, especially for ringing sites
situated at high latitudes (Fig. 4). For the start

points situated in the southern part of the Baltic
this relationship was not significant.

The type of migration route (sea crossing ver-
sus along the coast) also affected the migration
speed (ANCOVA; route: F

1,259
= 39.30, p <0.001;

trapping date: F
1,259

=11.76, p <0.001). On the
routes along the eastern Baltic coast it was signifi-
cantly lower than on the routes that potentially in-
clude flights across the sea, i.e., from the eastern
Baltic coast to/from Sweden, and from Finland to
Kabli and Rybachy.

Migration speed tended to decrease from the
north to the south both along the coast and across
the sea (Fig. 5). Goldcrests ringed in southern
Sweden and recovered in Rybachy migrated with
significantly lower speed than did birds ringed in
Gumbaritsy and recovered in Sweden (Bonferroni
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Fig. 4. Correlation coefficients (r) between ringing date and migration speed of
Goldcrests for different parts of migration route. Figures in the plot refer to differ-
ent migration routes: (1) Luvia (Finland)–Rybachy (n = 9); (2) eastern coast of
Ladoga (LOS and Mayachino)–Kabli (n = 8); (3) eastern coast of Ladoga (LOS
and Mayachino)–Rybachy (n = 9); (4) Hartsö-Enskär (Sweden)–Rybachy (n = 5);
(5) Lao (Estonia)-Rybachy (n = 5); (6) Kabli – Mierzeja Wi�lana (Poland) (n =
11); (7) Kabli–Rybachy (n = 20); (8) Kabli–Ottenby (Sweden) (n = 7); (9) Kabli–
Pape (Latvia) (n = 29); (10) Kabli–Christiansø (Denmark) (n = 7); (11) Ottenby
(Sweden)–Rybachy (n = 8); (12) Pape (Latvia)–Rybachy (n = 9); (13) Rybachy–
Mierzeja Wi�lana (Poland) (n = 28); (14) Rybachy–Bukowo-Kopan (Poland)
(n = 10).



test; p <0.05). In ringed birds that were later recov-
ered (data from Gumbaritsy only) the speed of mi-
gration was positively related to the amount of vis-
ible fat at the time of ringing (non-linear regres-
sion; Y = 37.3 * X

0.4, R
2 = 0.27, F = 8.34, p = 0.008,

df = 1,22).

4. Discussion

4.1. Moult-migration overlap

Several species show moult-migration overlap in
juveniles to a varying degree (Jenni & Winkler
1994). In Goldcrests, the annual variation in the
percentage of moulting birds (between 35% and
62%) involved in migration was recorded by
Johan Nilsson in Landsort, Sweden (Merilä 1997),
however, the sources of annual variation still re-
main unclear. By comparing the data from two
ringing sites along the migration route in the same
year, the influence of annual variation is reduced.

The physiological state of migrating birds
(e.g., as characterized by moult-migration over-
lap) may differ in different geographical regions.
The percentage of birds in moult involved in mi-
gration was higher at the northern site (Gumba-
ritsy) in comparison with a more southern site
(Kabli). The same phenomenon has been reported
for the Great Tit Parus major, Chaffinch Fringilla

coelebs and Willow Warbler Phylloscopus trochi-

lus (Blyumental et al. 1967, Blyumental 1973).
The pattern of changing of this value differs in two
geographical regions. In both NW Russia and Es-
tonia, most moulting Goldcrests involved in mi-
gration were at the very end of their feather re-
placement. We know from birds kept in captivity
(J. Bojarinova, unpubl. data) that such Goldcrests
usually finish their moult within 15 days. There-
fore, moulting individuals have apparently just
commenced their migration but may not yet have
covered a large distance. In NW Russia, moulting
birds among migrating Goldcrests were present
until the end of the migration season. A possible
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Fig. 5. Variation in migration speed of Goldcrests in relation to different parts of
migration route. ANCOVA; route: F

5,116
=17.84, p<0.001; trapping date: F

1,116
=6.56,

p=0.012. For each part of the route, the figure shows the least squares means
± 95% confidence intervals together with sample size. Routes along the shore:
(A1) eastern Ladoga coast (Gumbaritsy and Mayachino)–Kabli; (A2) Estonian
Baltic coast (Kabli and Lao)–Rybachy; (A3) Rybachy–Polish Baltic coast
(Mierzeja Wi�lana, Hel and Bukowo–Kopan). Routes across the Baltic Sea: (B1)
Gumbaritsy–Sweden; (B2) Kabli–Sweden; (B3) southern Sweden (south of 58�
N)–Rybachy.



reason for this is that these moulting individuals,
involved in migration, are late-hatched birds origi-
nating from the neighbouring areas. In Kabli, the
majority of recoveries from Russia (median date
of recoveries 15 October) and all recoveries from
Finland (median date of recoveries 13 October)
were recorded in October. Therefore, we suggest
that the bulk of birds trapped during this period in
Estonia arrive from northern and north-eastern ar-
eas, having started their journey several weeks ear-
lier. At their arrival to Estonia in October, these
birds have already finished their moult.

4.2. Variation in body reserves

and migration speed with date

The amount of fuel reserves and thus the value of
body mass may be related to the strategy of the
species in different parts of their migration route,
such as with the presence of geographical barriers
(Odum et al. 1961, Dolnik 1975, Karlsson et al.
1988, Åkesson et al. 1992, Berthold 1993, Schaub
& Jenni 2000a).

For the Goldcrest, we found an increase in
body mass with date only at the northernmost
study site in 2001 (Gumbaritsy). At the other sta-
tions, this increase was not pronounced (Kabli) or
was apparent only in the end of the season (Ry-
bachy). These different patterns of mass changes
can be explained by the position of the sites. As
compared with birds trapped in Gumbaritsy,
Goldcrests trapped at the more southerly stations
apparently are a mixture of a larger number of dif-
ferent populations that might be at different phases
of their migration. For instance, birds that had
crossed an ecological barrier before trapping could
be mixed with those that had not. For example, in-
dividuals that had been ringed in Sweden and had
probably crossed the sea before being recovered in
Rybachy, were heavier (after a correction for wing
length and time of trapping) than ringed birds that
probably arrived to Rybachy from Russia, Estonia
and Latvia along the coast.

No seasonal trend in median fat score was re-
corded in 2001, even though the body mass in-
creased with date at the northern study site
(Gumbaritsy). This lack of trend may be due to the
difficulties in distinguishing fat score for high fat
reserves in the Goldcrest.

The increase in body mass with date found in
migrating Goldcrests in Gumbaritsy suggests that,
like several long-distance migrants (Schaub &
Jenni 2000b), Goldcrests are increasingly time-
stressed towards the end of the autumn migratory
season. Our multiple-years data from Gumbaritsy
showed that Goldcrest individuals that gained
more fat reserves at the time of ringing migrated
with a higher speed. If the body mass – and hence
the amount of body reserves – are higher later on in
the season, then birds can endure longer flights
and show higher total speed of migration. Indeed,
late-migrating Goldcrests move faster than early-
migrating ones (Ellegren 1993, the present study).
The correlation coefficients between the speed and
trapping date, when based on all recoveries com-
bined, was lower than those for a certain route, es-
pecially for ringing sites situated at high latitudes
(r = 0.24 versus 0.70–0.86). For the ringing sites
situated in the southern Baltic, this trend appeared
non-significant (Fig. 4); this is a specific feature of
the Goldcrest migration.

Ellegren (1993) explained the difference in mi-
gration speed between early and late migrants by
the difference in speed between populations. We
suggest that the accelerating effect of short days in
the late season of migration may be involved in the
increase of migration speed of late-migrating indi-
viduals as well. Adaptive modification of annual
time programs by photoperiod is well known
(Berthold 1996, Gwinner 1996). Two major ef-
fects are documented for several long- and short-
distance migrants: the onset and duration of post-
juvenile moult and the onset of autumn migration
are advanced by a short photoperiod. This acceler-
ated juvenile development means that late-hatched
birds can prepare for autumn migration on time,
but nevertheless later than early hatched individu-
als. Apart from this effect, there is some evidence
from field and experimental studies that relatively
short day length in late summer and autumn accel-
erate migratory fat deposition (Gifford & Odum
1965, Berthold 1996) that may result in the in-
crease of migration speed.

Little is known about the direct influence of
photoperiod on bird migration. Berthold (1984)
showed that individuals of Garden Warblers Sylvia

borin kept in long-term constant conditions
showed prolonged and flattened migratory rest-
lessness in comparison with birds kept at a shorter
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day length. It cannot be ruled out that the differ-
ences in body mass and migration speed between
early and late migrants might have resulted from
differences in the photoperiodic conditions, in par-
ticular during the onset of migration of individu-
als. For example, in north-western Russia Gold-
crests are normally double-brooded, and the
breeding season lasts up to 2.5 months (Malchev-
sky & Pukinsky 1983). In this region post-juvenile
moult of Goldcrests can start as late as September
(Rezvyi 1990); moulting birds have been recorded
until the end of October. As most Goldcrests are
not involved in migration until the end of their
moult (Rezvyi 1990, Merilä 1997, Bojarinova et

al. 2005), such a long breeding season may result
in the steady involvement of new birds in autumn
migration. Late-hatched Goldcrests apparently
started their movements later, during shorter days,
and the effect of shortening days probably also re-
sulted in their higher speed of migration.

4.3. Migration speed in different parts

of migration route

The average migration speed of the Goldrests, cal-
culated using similar criteria for recovery accep-
tance reported for Finnish recoveries (Hildén &
Saurola 1982), is 53 km·day–1, and for Swedish re-
coveries (Ellegren 1993) is 57 km·day–1. We
showed that the speed of Goldcrest migration sig-
nificantly increases in some parts of the route,
which include ecological barriers. According to
our data on the routes along the eastern Baltic
shore, Goldcrests migrated on average up to 40
km·day–1, but on the routes which could include
crossing the Baltic Sea the average speed might in-
crease up to nearly 100 km·day–1. Ellegren (1993),
based on Swedish ringing recoveries, showed a
significant positive correlation between speed and
distance for 20 out of the 31 species studied, sug-
gesting that migration speed accelerated along the
route. According to our data, the trend for the
speed of movements on certain parts of migration
route appeared the reverse for the Goldcrest. We
demonstrated a tendency for a decreasing speed
from the north to the south. This decrease was
more pronounced on the routes that may have in-
cluded flights across the sea. The speed of move-

ments from Gumbaritsy to Sweden was signifi-
cantly higher than the speed from southern Swe-
den to Rybachy. Because the speed of migration
consists of stopover and flight periods, the de-
crease of speed in this region of the Baltic indicates
relatively longer stopover times of migrating
Goldcrests before crossing the sea barrier.
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Hippiäisen (Regulus regulus) ruumiinpaino,

sulkasato ja muuttonopeus suhteessa

muuttoajankohtaan lajin muuttoreitin

varrella

Tutkimme hippiäisen ruumiinpainoa, rasvavaras-
toja ja sulkasatoa eri vuodenajankohtina kolmella
lajin muuttoreitin varrella sijaitsevalla paikalla:
Gumbaritsy, Koillis-Venäjä (Laatokan kaakkois-
ranta), Kabli, Lounais-Viro (Itämeren itärannikko)
ja Rybachy, Kuurinkynnäs, Venäjä (Itämeren itä-
rannikko). Analysoimme näiltä asemilta kootulla
rengastusaineistolla muuttonopeutta. Sulkasatois-
ten muuttajien osuus oli korkeampi pohjoisimmal-
la (Gumbaritsy) kuin eteläisimmällä (Kabli) pai-
kalla. Gumbaritsyssä pyydystettyjen hippiäisten
ruumiinpaino kohosi muuttosesongin kuluessa
2001, mutta eteläisemmillä paikoilla trendiä ei to-
dettu (Kabli) tai se havaittiin vain muuttosesongin
lopulla (Rybachy). Rasvavarannot olivat korkeim-
pia Gumbaritsyssä. Muuttonopeuteen vaikutti
ajan kuluminen (ts. nopeus kasvoi päivämäärän
myötä ja oli selkeämmin havaittavissa pohjoises-
sa) ja havaintopaikan sijainti muuttoreitin varrella.
Muuttonopeus oli merkitsevästi korkeampi Itäme-
ren ylittävillä kuin rannikkolinjaa seuraavilla rei-
teillä. Ne yksilöt, joiden paino kohosi nopeammin
rengastusajankohtana, muuttivat nopeampaa
vauhtia.
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