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Fat loads and estimated flight—ranges in four Sylvia species
analysed during autumn migration at Gotland, South-East
Sweden.
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The migratory capacity of four Sylvia species was investigated during their initial phase
of autumn migration in Sweden. Fat loads of individual birds were estimated by first
determining approximately the fat-free body masses for birds of different size (as
judged from body mass - fat index relationships). Individual fat loads varied
considerably both inter- and intra-specifically. The mean fat load (% fat mass of total
body mass) of different species was: Lesser Whitethroat 9.3%, Whitethroat 7.2%,
Garden Warbler 16.4% and Blackcap 13.2%. Comparatively low fat loads in the first two
species may be because they probably commence their autumn migration in this area
before the post-juvenile moult is completed. Our resulls indicate that several autumn
migrating Garden Warblers and Blackcaps stopping over at Gotland have the energetic
capability to almost cross continental Europe without refuelling This contrasts with the
Whitethroat and the Lesser Whitethroat of which many individuals would only be able

to cross the Baltic Sea.

vian migration requires extra energy for

flight. For a long time it has been known
that migratory birds can store large amounts of
fat as fuel (e.g. Odum and Connell 1956,
Odum 1960, Nisbet et al. 1963, King and
Farner 1965, King 1972). In some cases,
especially before flights over large inhospitable
areas, they can almost double their body mass
by means of fat storage (Nisbet et al. 1963, Fry
et al. 1970, Bibby and Green 1981, Alerstam
1982). Migration is normally divided into
several flight periods and between these
periods the birds have to replenish fat stores at
suitable stop-over sites. Accumulated fat loads
are probably a trade—off between several costs
and benefits (e.g. migration speed, food
resources and predation risk}, a situation that
has been used to construct theoretical models
for optimal bird migration (Alerstam and
Lindstrom 1990). Analyses of fat loads at stop—
over sites along the migration route may thus
be wuseful for characterizing migration
strategies (e.g. Odum 1958, Blem 1980, Bibby
and Green 1981, Alerstam 1982, Lindstrém
1987).

*Address for correspondence.

Fat loads can be determined or estimated by
different methods. The most accurate way is to
extract the lipid contents from the carcasses of
bird corpses (e.g. Odum and Perkinson 1051),
but this method is hardly applicable in large
field studies. Another, more commonly used,
approach is to estimate the visible amount of
subcutaneous fat on living birds. The amount
of fat can be classified according to an index
scale, several of which have been suggested
(e.g. McCabe 1943, Helms and Drury 1960,
Busse and Kania 1970, Pettersson 1983).
Although offering several advantages over the
lipid extraction procedure, the fat index
classification has a drawback in that it does not
give direct information about the actual fat
load, a parameter necessary for estimates of
potential flight-ranges. Ellegren (1989) has
recently reported a method which allows the
estimation of fat load from values of body mass
and wing length, without prior calibration by
the lipid extraction procedure (see also
Pettersson &  Hasselquist 1985 and
Hedenstrom & Pettersson 1986). This method
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Figure 1. Map showing the Baltic Sea and the location of the trapping site {indicated by arrow) at the

southernmost point of Gotland.

approximates the size—specific fat-free body
mass as the body mass of birds with no visual
subcutaneous fat.

We have estimated the fat loads in four
warblers of the genus Sylvia during their initial
phase of autumn migration at Gotland, South-
East Sweden. We have also tried to estimate
the flight ranges that individual birds would be
able to cover with the observed fat loads. The
four species concerned are the Lesser
Whitethroat Sylvia curruca, the Whitethroat
S.communis, the Garden Warbler S.borin and
the Blackcap S.atricapilla. With exception of
the Blackcap, the north European populations
of these warbler species are exclusively trans—
Sahara migrants (Zink 1975). North-European
populations of the Blackcap have a complicated
migratory pattern with wintering areas in
middle and southeast Europe as well as in
tropical East Africa (Zink 1975, Fransson
unpubl.}

MATERIAL AND METHODS
Field work

Body mass and size data have been gathered during
regular bird ringing of migrants at Hoburgen 5655'N
18°08’E, the southernmost point of the island
Gotland in the Baltic Sea {see Figure 1). Here, bird
ringing has been carried out by the Sundre Bird
Ringing Group during parts of the spring and autumn
since 1976 (see Fransson & Meliroth 1988). Data
used in this analysis were sampled during the
autumns of 1986, 1987 and 1988, during the period
25 July - 10 October. The trapping site is situated
close to the sea-border in an area with sparse
vegetation of small bushes, mainly the Whitebean
Sorbus intermedia and the Dog-rose Rosa canina.
Between 15 and 25 mist-nets were used and the
daily trapping started before sun~-rise and lasted for
at least 5 hours. Trapped birds were carried in bags
to a small laboratory where they were ringed,
weighed and measured. Data were collected by
different bird ringers, who had been trained
together. Age determinations followed Svensson
{1984). Wing-length was measured according to
method 3 of Svensson (1984}, to the nearest mm.
Body mass was determining using a Pesola spring
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balance with an accuracy of 0.1g. The sample sizes
were: Lesser Whitethroat n = 321, Whitethroat n =
436, Garden Warbler n =729 and Blackcapn = 147.
About 93% of the birds were juveniles. Age groups
were pooled in the estimations of fat-free body mass.

Estimates of fat loads

The amount of subcutaneous fat on the belly was
classified as described by Pettersson (1983), i.e.
using a fat index scale from zero (no visible fat) to six
(extensive fattening on the abdomen and in the
furcular cavity). The relationship between fat index
and the average body mass within each fat index
class, irrespective of size, for the different species
are shown in Figure 2a-d. Estimates of fat loads
followed Ellegren (1989). Birds were divided into
groups with common wing-lengths (one value of
wing-length in each group). Only groups consisting
of at least twelve individuals (arbitrarily set) were
taken into consideration. For each group body mass
was related to fat index by a linear regression. From
the numeric relationship obtained, the body mass
corresponding to fat index zero was taken as a first
estimate of the fat-free body mass for birds of the
particular wing-length. The estimated value of the
fat-free body mass for each wing-length of the
species were then related to the corresponding
wing-lengths by a second linear regression. This
step was done in order to sharpen the estimates and
to be able to estimate the fat-free body mass for
wing-length classes outside the original interval.
Size—specific fat-free body masses derived from the
second linear regression were used to estimate the
fat load of individual birds. This was simply done
according to:

Fat load (% of total body mass) = {Total body mass -
appropriate fat-free body mass/total body mass) x
100. We thus used the entire mass above the fat—free
mass as an estimator of fat mass (cf. Piersma 1990).

Estimates of flight ranges

The distances that individual birds would be able to
cover were calculated according to Pennycuicks’
(1975) formula no.1. In the calculations we only
used one value of wing-span for each species. All
flight range estimates refer to still air conditions.

RESULTS

Body mass in relation to capture time

Birds in this study were captured between
04.00hr and 13.00hr. Linear regressions of
capture time and body mass did not reveal any
general mass increase within this time interval
(Lesser Whitethroat r = 0.02, ¢t = 0.33;
Whitethroat r = 0.005, ¢t = 0.11; Garden
Warblerr=0.01, ¢t =0.37; Blackcap r= 0.04, ¢
=0.53; all NS). Hence, we find no evidence for
adaily time component in body mass variation.
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This was an important observation since the
fat load estimates are based on the assumption
that mass variations in birds of a given size
purely reflect the fat status (but see
Discussion).

[t should be noted that the lack of mass
increases during the day was not due to the
counteracting effect of smaller birds being
caught later in the day than larger birds (cf.
Hedenstrom & Pettersson 1986). This was
excluded by linear regressions of capture time
and wing-length, which did not reveal any
significant relationships (Lesser Whitethroat r
= 0.02, t = 0.42; Whitethroat r = 0.07, ¢t =
1.49; Garden Warbler r = 0.07, ¢t = 1.78;
Blackcap r = 0.14, ¢ = 1.65; all NS).

Estimates of fat—free body masses

In Figure 3a—d, estimates of the fat-free body
mass are shown for individual wing length
classes of the four species. The final estimates
of the fat-free body mass for birds of different
wing lengths are listed in Table !. Estimates
are given for all classes of wing-length
occurring in our sample, i.e. for classes with
less than twelve individuals estimates were
derived by extrapolations from the regression
lines. The fat-free body mass ranged from 10
to 11g in the Lesser Whitethroat, from 13 to
14g in the Whitethroat, from 14 to 17g in the
Garden Warbler, and from 14 to 18g in the
Blackcap.

[t should be noted that the average mass
increase per mm wing length approximately
correlated to the size of species. For the two
smaller species, the Lesser Whitethroat and
the Whitethroat, the mass increased with 0.13
and 0.11 gram, respectively, per mm wing
length. The corresponding value for the
Garden Warbler was 0.35 and for the Blackcap
0.32.

Fat loads

Summary statistics for the fat loads of the four
species are given in Table 2 and the frequency
distributions are shown in Figure 4a—d. The
highest fat loads were found in the Garden
Warbler and in the Blackcap. The Lesser
Whitethroat and the Whitethroat had smaller
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Table 1. Estimated size-specific values of the fat—free body mass (g) in four Sylvia species analysed during
autumn migration at Gotland, SE Sweden. Estimates were made according to Ellegren (1989).

Wing length Lesser Whitethroat Blackcap Garden
{fmm) Whitethroat Warbler
63 10.0

64 10.1

65 10.3

66 10.4

67 10.5

68 10.7 13.0

69 10.8 13.1

70 10.9 13.2

71 13.3 14.2

72 13.4 14.5

73 13.5 14.9

74 13.6 15.2

75 13.7 15.5 13.8
76 13.8 15.8 14.2
77 16.1 14.5
78 16.5 14.9
79 16.8 15.2
80 17.1 15.6
81 17.4 15.9
82 17.7 16.2
83 16.6
84 16.9

fat loads, for example, the proportion of
individuals with a fat load less than 10% was
57% in the Lesser Whitethroat and 70% in the
Whitethroat, compared to 20% in the Garden
Warbler and 35% in the Blackcap. When the
average fat load was calculated for the 25%
fattest fraction of individuals (see Alerstam &
Lindstrém 1990 for the logic behind this
approach), values between 15.6%
(Whitethroat) and 26.1% {Garden Warbler)
were observed. The maximum estimated
individual fat load in the different species
varied between 27.7% (Lesser Whitethroat)
and 43.0% (Garden Warbler). As a
consequence of the approximations made, a
few individuals had a negative fat load.
Comparisons between the fat load of adult
and juvenile birds did not reveal any significant
difference in the Whitethroat (x,=8.0%,
n=28; x,,,=7.2%, n=408; t=0.65, NS), nor in
the Garden Warbler (¥,,=15.0%, n=70;
=16.6%, n=661; t=1.57, NS). In the
Wh1tethroat adult birds had

|uv

Lesser

significantly higher fat loads than juvenile
birds (¥,,=15.9%, n=7; x,,=9.2%, n=311;
t=2.62, P<0.01). In the Blackcap there were
not enough adult birds to allow for testing. The
mean fat load of male (n=67) and female
(n=76) Blackcaps did not differ significantly
(12.8% vs 13.9%, t=0.82, NS).

For the Garden Warbler and the Blackcap fat
load of individual birds were not correlated,
positively or negatively, to the progress of the
autumn (r=0.03, t=0.84; r=0.10, t=1.25, both
NS; 1 July = Day 1). In the Lesser Whitethroat
(r=0.14, =2.47, P=0.01) and in the
Whitethroat (r=0.28, ¢=5.95 P<0.001),
however, there was a significant positive
correlation between fat load and the progress
of the autumn. For example, the average fat
load of juvenile Whitethroats changed from
4.9% (n=27) during the last days in July to
9.8% (n=55) in the beginning of September.
The corresponding values for juvenile Lesser
Whitethroats were 8.9% (n=47) and 12.7%
(n=22).
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Flight-range estimates

Estimated fat loads for individual birds were
used to calculate possible flight-ranges. The
Garden Warbler had the longest predicted
mean flight-range whereas the Whitethroat
had the shortest (Table 3). The proportion of
individuals within each species that would be
able to fly at least 300km (roughly one nights
flight) was 57% in the Lesser Whitethroat, 47%
in the Whitethroat, 92% in the Garden
Warbler and 82% in the Blackcap. Figures 5
a~d show how the estimated flight-ranges
with Gotland as the starting point turn out on
the map. As evident from Figure 5, a
considerable proportion of the Lesser
Whitethroats and the Whitethroats are not
able to reach the southern border of the Baltic
Sea in still air. On the contrary, among Garden
Warbiers and Blackcaps a large proportion of
the individuals would have the energetic
capacity to reach central Europe with the
current fat load. The mean flight range for the
25% fattest fraction of individuals in the
Garden Warbler indicate that these birds
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would be able to reach as far as the northern
parts of Italy. Moreover, in the Garden
Warbler, seven individuals (1% of the sample)
had predicted flight ranges between 2400 and
2800km, i.e. the distance to North Africa.

DISCUSSION

Methodological aspects on the fat load
estimates

In this study we have estimated the fat load of
living birds on the basis of their body mass
when wing-length has been compensated for.
Our methodological approach relies on two
main assumptions whose validity we will first
discuss.

(a) The fat—free body mass of birds of a given
size (in this case indicated by wing-length)
should be more or less constant within a
species. (b) The body mass of birds with no
visible subcutaneous fat should be a reliable
estimator of the fat—free body mass for birds of
a given size. However, since the sample sizes
for birds classified to fat index 0 generally were
small in the present study, we used linear

Table 2. Estimated fat loads (% of total body mass) in four Sylvia species analysed during autumn migration at

Gotland, SE Sweden.

Species n Mean s Mean of the 25% Maximum
fattest fraction!  fat load
Lesser Whitethroat 321 9.3 6.7 17.8 27.7
Whitethroat 436 7.2 6.5 15.6 28.2
Garden Warbler 736 16.4 7.8 26.1 43.0
Blackcap 149 13.2 7.9 23.3 32.7

1 See Alerstam & Lindstrém (1990)

Table 3. Estimated flight-ranges! (km) in four Syivia species analysed during autumn migration at Gotland,

SE Sweden.

Species n Mean S Mean of the 25% Maximum
fattest fraction?  flight-range

Lesser Whitethroat 321 400 270 770 1270

Whitethroat 436 340 280 730 1400

Garden Warbler 736 870 480 1520 2800

Blackcap 149 700 450 1330 1980

U According to Pennycuick (1975)
2 See Alerstam & Lindstrém (1990)
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Flight-range estimates

regressions of fat index and body mass in order
to obtain mass values corresponding to fat
index 0. This approach requires that the fat
index/body mass relationship should be
approximately linear.

Regarding the first assumption, several
laboratory studies have shown that the fat—free
body mass of small migrating birds of a given
size does not vary between different sex or age
classes (see e.g. Odum et al. 1964, Rogers &
Odum 1964, and Child 1969). Some
investigators have found small variations in
the fat-free body mass between individuals of
the same sex and age, variations that can be
ascribed to varying water contents (e.g.
Moreau & Dolp 1970). However, relatively
constant fat-free body masses have also been
observed, and the water content has been
shown to not depend on, for example, the fat
load by Connell et al. (1960} and Rogers &
Odum (1964). We are aware of that the
assumption of equal fat-free body masses for
birds of a given size should be treated as a
rough approximation.

It should also be noted that the fat—free body
mass is known to differ intraspecifically due to
several physiological and environmental
factors (see e.g. Ormerod and Tyler 1990). Of
these factors, the physiological stage, e.g.
breeding, moult and migration, is of great
importance. In our samples, however, almost
all Garden Warblers and Blackcaps could
probably be characterized as being in a pure
migratory condition because they (a) carry
significant amounts of visible fat; (b} show no
sign of moult; (c) are rarely retrapped; and (d)
do not breed in large numbers in the
surrounding areas. Mouit scores were not
recorded in this study, but data from 1989
indicate that, among the very first arriving
Lesser ~Whitethroats and among all
Whitethroats, a significant proportion of the
juvenile birds have still not accomplished by
the post juvenile body moult (Fransson
unpublished). Our preliminary data suggest
that juvenile moulting Whitethroats are 0.5g
heavier than non—moulting birds classified to
the same fat index. Similarly, in a study in
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England, individuals of all these Sylvia species
showed comparatively high body masses
during the mid-moult period (Norman 1990).
This suggests that the fat loads of some Lesser
Whitethroats and Whitethroats (moulting
birds) may be even less than our estimates
indicate.

The second main assumption deals with the
body mass of apparently fat-free birds
(classified to index 0) as an estimate of the
fat—free body mass. This is an approximation
that does not for example, pay regard to
internal fat that would have been detected in
lipid extraction analysis (but whose
significance as fuel for flight can be
questioned). Consequently, a bird classified as
fat index 0 may consist of some few percent
extractable fat, but we consider this possible
discrepancy as negligible for the purpose of
this study.

Regarding a linear relationship between fat
index and body mass, this has been reported
for most species investigated {e.g. Pettersson &
Hasselquist 1985, Ellegren 1989). This was
also evident in this study for the Blackcap and
the Garden Warbler (Figure 2c—d), but for the
Lesser Whitethroat and the Whitethroat
relationships tended to curve towards higher
body masses in the lowest fat index region
(Figure 2a-b). The divergence from linearity
was probably a consequence of, again, heavier
moulting individuals which carry less fat than
birds with moult accomplished (Fransson
unpublished}.

Ecological aspects on the fat loads and the
flight range estimates

By necessity, flight range estimates have been
made without knowledge whether the birds
were about to depart with their existing fat
loads. Our samples thus probably contain a
mixture of birds being in different migratory
states, e.g. newly arrived birds, birds at
stopover, birds just about to depart and birds
not prepared for migration. As shown by
Alerstam & Lindstrém (1990) we have
calculated the average fat load of the 25%
fattest proportion of individuals to derive an
additional measure of the departure fat load
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and the flight capacity. Using this approach we
obtained average flight-ranges between 730
(Whitethroat) and 1520km (Garden Warbler;
see Tables 2 and 3, Figure 5a—d). These Sylvia
species are thought to perform their migratory
movements normally during nocturnal flights.
Assuming a still air flight speed of about 35
km/h (Pennycuick 1975, Alerstam 1982} and
a nocturnal flight period of eight hours, a bird
would be able to cover a distance of
approximately 300 km during one night. Still
referring to the 25% fattest fraction, Garden
Warblers and Blackcaps may have four to five
nights flight capacity when they start from
Gotland. This would enable them to almost
cross the European continent without
refuelling. In contrast, the 25% fattest
proportion of the Lesser Whitethroats and the
Whitethroats may only have capacity for two
flight nights. Moreover, several Whitethroats
did not have capacity for one whole nights
flight, a capacity probably necessary for
crossing the Baltic Sea (heading for Poland, a
distance of about 250km). Unless these
individuals do not orientate towards the
Swedish mainland, this suggests that they have
to accumulate more fat before they can move
further. But again it should be emphasized that
the flight range estimates refer to still air
conditions, and usage of tail-winds could of
course compensate small fat loads.

Clearly, our data demonstrate interspecific
differences in accumulated fat loads and
possible flight ranges in four Sylvia species
analysed at Gotland. Does this imply that these
species use different migration strategies? As
mentioned, Lesser Whitethroats and
Whitethroats still in post-juvenile moult
appear at the trapping site. We do not know to
what extent they represent locally moving
birds or actually migrating birds. Both the
Lesser Whitethroat and the Whitethroat have
a positive correlation between the fat load and
the progress of the autumn, a situation not
found in the two other species. This can be
interpreted as an increasing number of
migrating  Lesser ~ Whitethroats  and
Whitethroats appearing at the trapping site
asthe autumn progress. But even individuals
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caught late in the season have relatively low fat
loads compared to the Garden Warbler and the
Blackcap. Furthermore, there is a possibility
that juvenile Lesser Whitethroats and
Whitethroats commence their autumn
migration in this part of Scandinavia before the
moult has been accomplished. If so,
simultaneous moult and migration may imply
that juvenile birds migrate relatively slowly
(and thus carry small fat loads) until the moult
has been completed. Interestingly, Boddy
(1983) has shown that juvenile Whitethroats
regularly start their autumn migration in
England before moult is completed. A similar
pattern has also been found among Bluethroats
Luscinia s. svecica in Sweden (Lindstrom et al.
1985) and Willow Warblers Phylloscopus
trochilus in England (Norman 1981). In
Bluethroats, simultaneous moult and
migration may be one of the reasons why
juvenile birds migrate at a more leisurely speed
than adult conspecifics during the initial phase
of autumn migration (Ellegren 1990).

Finally, we note that there should not be any
large inhospitable area to pass during
migration from Gotland towards the
Mediterranean area. Under such conditions
migratory birds are thought to use only
moderate fat loads, since this is the most
effective use of energy (see Pennycuick 1975,
Alerstam & Lindstrém 1990). Alerstam &
Lindstrdm (1990) compared the departure fat
loads for different categories of birds when
passing over favourable areas. Using data from
the 25% heaviest fraction of birds, a median fat
load of 19% was revealed for 28 long—distance
migrants. OQur results are fairly close to this
figure, but also show that among Garden
Warblers and Blackcaps some individuals carry
extensive fat loads even when flying over
favourable areas.
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