STOPOVER LENGTH, BODY MASS AND FUEL DEPOSITION RATE
IN AUTUMN MIGRATING ADULT DUNLINS Calidris alpina:
EVALUATING THE EFFECTS OF MOULTING STATUS AND AGE

NOEL HOLMGREN!, HANS ELLEGREN? & JAN PETTERSSONS3

ABSTRACT The stopover of adult Dunlins, Calidris a. alpina during autumn
migration at Ottenby, S.E. Sweden, was investigated. The proportion of Dun-
lins actively moulting their flight feathers was higher among second-year
(2-yr) birds than among older ones (3-yr+). We compared stopover length,
arrival body mass, departure body mass and rate of body mass increase
between 2-yr and 3-yr+ birds, and between moulting and non-moulting birds,
respectively. To estimate length of stopover, a simple mark-recapture model,
assuming a constant stopover and capture probability, was fitted to the data
on recaptured Dunlins. Maximum likelihood estimates of the daily stopover
probability and its variance are provided. Second-year Dunlins made longer
stopovers than older ones, but moulting and non-moulting birds did not differ
in their stopover length. Rates of body mass change did not differ between
age and moult categories. Nor did arrival body mass differ between the four
categories. However, 2-yr birds gained more mass before departure than
older ones did. Observed stopover length, body mass at ringing and body
mass at last recapture were correlated with rate of body mass increase to
investigate whether state-dependent decisions were made by the Dunlins.
Stopover length appeared to be independent of both body mass at ringing
and rate of body mass change in all age and moult categories, indicating that
the simplifying assumption of a constant stopover probability in our stopover
model was valid. In non-molting birds, body mass at ringing was negatively
related to rate of body mass increase. The results are evaluated in terms of
energy-minimised and speed-maximised migration,
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INTRODUCTION

Many birds perform annual migrations between
their breeding and non-breeding sites, thereby opti-
mising the use of seasonal environments (Fretwell
1972, Blem 1980, Alerstam & Hogstedt 1982). Ener-
gy reserves necessary for these movements are
generally stored as fat prior to departure from the
breeding grounds in autumn or the wintering
grounds in spring (Berthold 1975, Blem 1976), but
sometimes non-fat components are stored as well
(Lindstrom & Piersma 1993). For long-distance
migrants, energy reserves must be replenished sev-
eral times at intermediate staging sites along the
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migration route. It has been suggested that fat re-
serves at departure and stopover length are deter-
mined by different optimization criteria (Alerstam
& Lindstrom 1990). Thus, it is assumed that a bird
“chooses” when to leave a site on the basis of its
present fat reserve, rate of fat gain and its expected
forthcoming options (Biebach 1985, Alerstam &
Lindstrom 1990).
The nominate subspecies of Dunlin, Calidris

a. alpina, is a common migrant wader in Europe
(e.g. Cramp & Simmons 1983). These birds breed
in northern Scandinavia and northern Russia east
to the Taimyr Peninsula (Hale 1980, Gromadzka
1989), and winter mainly in Britain, Ireland and
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France (Pienkowski & Pienkowski 1983, Gromad-
zka 1989). Some of these Dunlins stop over at Ot-
tenby, southeast Sweden, during autumn migration
(for recoveries of Dunlins ringed at Ottenby see
Liljefors et al. 1985 and Pettersson et al. 1986).

It has been reported that the stopover length of
juvenile Dunlins is longer than that of adult ones
(Pienkowski & Dick 1975). During autumn migra-
tion, juvenile birds pass through Ottenby about 6
weeks later than the adults. As a result, juveniles
and adults are exposed to different feeding condi-
tions. Among the adults, two age categories can be
distinguished: second calendar yearé;(2—yr) Dunlins
which were juveniles the previous year (sometimes
these birds are called immature, but we will call
both groups adult for convenience) and older Dun-
lins (3-yr+). These age categories migrate together
(Holmgren et al. 1993) and hence face the same
challenges during migration.

A proportion (20-50%, depending on age) of
the adult Dunlins migrating through the Baltic re-
gion in autumn are in the process of moulting their
wing feathers (Lilja 1969, Stanley 1972, Gromadz-
ka 1986, Holmgren et al. 1993). Moulting is an ener-
gy-demanding process (Kendeigh 1949, King 1981,
Lindstrom et al. in press). Furthermore, the surface
of a wing is incomplete if it contains growing wing
feathers, which will make flight more expensive.
Piersma & Jukema (1993) suggested that only those
Bar-tailed Godwits Limosa lapponica which were
in best condition during spring migration were able
to moult body feathers while resting. Hence,
moulting birds are expected to have a higher energy
expenditure than non-moulting birds.

In practice, the stopover length cannot be mea-
sured directly since no birds are caught immediate-
ly after arrival and immedtately before departure,
i.e. observed stopover lengths are always minimum
values. Lavee et al. (1991) developed a model in
which stopover lengths can be estimated. However,
their model requires an estimate of the capture
probability, which can not be obtained if birds are
recaptured only once. To solve this problem, a sim-
ple mark-recapture model was developed with
which stopover lengths can be estimated independ-
ently of capture probability.

The theory of optimal bird migration according
Alerstam & Lindstrom (1990) suggests that birds
on a migration make state-dependent decisions
during stopover. One of their predictions is that
both fat deposition rate and ringing body mass
should be negatively correlated with stopover
length. They suggested further that birds maxi-
mising speed of migration can be distinguished
from birds minimising energy expenditure on mi-
gration. In the former case, departure fat load
should be correlated with fuel deposition rate,
whereas no such correlation would be expected in
the latter case. The theory assumes that fat deposi-
tion rate remains constant during the stopover.

The aim of this study was to ascertain whether
stopover length, fuel (fat and non-fat) deposition
rate, and body mass at arrival and departure vary
depending on the age and/or moulting status of
Dunlins. We also used the data obtained to test the
assumptions and the predictions of the energy-min-
imising and the speed-maximising models of Aler-
stam & Lindstrém (1990).

MATERIAL AND METHODS

Trapping and processing

Migratory waders were caught in walk-in traps
in July-August from 1985 to 1988 at Ottenby, the
southernmost point of Oland, an island in south-
eastern Sweden (56°,12°N 16°,24°E). Approxima-
tely 100 traps were used, but the number of traps
varied slightly depending on the condition of the
floating beds of seaweed. Traps were checked
hourly during the daylight period each day. Trap-
ped Dunlins were brought indoors and ringed im-
mediately. They were also weighed to the nearest
0.5 g (body mass at ringing) with a Pesola spring
balance. Total head length and length of the left
wing were measured to the nearest mm (Svensson
1984). Recaptured Dunlins were reweighed. The
body mass at last recapture is referred to as the re-
capture body mass. Rate of body mass change was
calculated by dividing the difference in body mass
between recapture and ringing by the time that had
elapsed in between. For a more detailed description



Holmgren et al.: ENERGETICS AND MIGRATION OF DUNLINS 11

of the wader ringing scheme at Ottenby, see Blom-
qvist et al. (1987).

Age and moult categories

The 2-yr Dunlins were identified on the basis
of the remaining juvenile, inner median coverts
(Prater et al. 1977), which were distinguished from
adult buff coverts. The adult buff coverts are rect-
angular and have a blackish center sharply delimit-
ed by the rich chestnut fringe. Juvenile coverts are
rounded and have a brownish center; with the col-
eur gradually turning yellowish towards the fringe
(Clark 1984, Gromadzka 1985, 1986). Nearly all
Dunlins could be aged based on this feather charac-
teristics, except 10 specimens that were in such an
advanced moulting stage that they had already
grown new inner median coverts. Dunlins that had
one or more incompletely formed wing feathers
were classified as moulting. Those with a complete
wing feather set were classified as non-moulting
irrespective of whether all feathers were old or
some were newly formed and of full length.

Estimate of stopover probability

Normally, the stopover length of a bird is conser-
vatively measured as the time elapsed between ringing
and last recapture (here referred to as the observed
stopover length). If the bird is not captured immediate-
ly after arrival or not recaptured immediately prior to
departure, then the observed stopover length will be
shorter than the real one. To estimate true stopover
lengths, a mark-recapture model essentially following
Jolly (1965) and Seber (1973) was developed.

For the sake of simplicity, we assumed that each
individual had a constant probability (s) of staying
for one unit of time (). Furthermore, we assumed
that capture probability was unaffected by any
previous capture of the same bird. The probability
of recapturing a bird ¢ time units after it has been
ringed can be described as:

py=s'c,
i.e. the probability of staying ¢ time units is the pro-

bability of staying one time unit (s) raised to £. We
ignore whether or not the bird is caught during this

period, but it must be caught at time unit ¢, the prob-
ability of which is ¢ (i.e. the time-unit-specific
capture probability of a bird present). Thereafter,
the bird stays without being caught (1-¢) an un-
known number of time units (x) before it leaves (1-
s). Hence, the probability of a bird being recaptured
after ¢ time units and then staying another u time
units before it leaves is:

P(tu)=s"c [s (1-0)]"(1-5). (1)

The number of time units a bird stays after the last
recapture is unknown. By summing the probabili-
ties for all possible values of u (zero to infinity),
we get the probability of a bird being recaptured ¢
time units after it was ringed, irrespective of the
length of the stay afterwards:

o s'c (1-s5)
Pt)=3 P(tu)=——. )
u=0 I-s+s ¢

It is of interest to get an expression for the proba-
bility of recapturing a bird ¢ time units after ringing,
given that it belongs to a data set consisting of n
recaptured birds. In this way, the stopover proba-
bility can be estimated independently of the capture
probability. Let #.;, be the shortest possible stop-
over length (not the shortest obtained, normally 7,;,
=1) in the data set. The probability of an observed
stopover length being at least 7, long, equals the
sum of the recapture probabilities from z,,;, to
infinity:

o0 S tmin €
P(datay= 3 P =

! =Imin

3

1-s+sc

The probability that a bird in the data set has an
observed stopover length ¢ is calculated by dividing

(2) by (3):
P(t| data) = s’ "'min (1-5). )

The value of the unknown parameter s and its
variance can now be estimated by the maximum
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likelihood method (Fisher 1922, 1925, Seber 1982).
Let L be the likelihood function of the observed
data set. For a set of n birds with the observed sto-
pover length ¢; (i = 1..n)

t; -
Sl min (1‘S).
1

L=

1

n‘::

The derivative

d logl n

Js | -5 5

is solved with respect to s to get the maximum like-
lihood estimate of the stopover probability (§). Hence,

! -

nin
A
s =

, ®)

1+ 7-thin

where 7 is the arithmetic mean stopover length in
the data set. The variance of the estimate is found
by solving
¥ logL n n{f -t 1
= . =— ©
s’ (1-57? 2 var (%)

using the estimated s-value.

To estimate the mean stopover length of all
birds making stopovers, an arithmetic mean is cal-
culated by considering the proportional contribu-
tion of each value to the total data set. The estimate
of the mean stopover length in the population

>

=~ tyin (7

after substituting (5) for 5.

Differences in stopover probabilities were test-
ed pairwise between categories by calculating
values of d, the standard normal deviate. When
comparing two categories

A AN
5y -8

Vvar(8)) + var(5,)

ro

d=

In the ringing scheme at Ottenby, individuals
trapped a second time on the same day are not regis-
tered, and this is also the case for the present data.
The longest possible observed stopover that could
have fit within a day is 20 h this time of the year.
As a consequence, Dunlins ringed in the evening
and recaptured within 20 h the day after were not
used in the estimation of stopover time. Hence, #,,;,
is 21 h in this study.

Statistics

Most of the Dunlins observed passed through
Ottenby during a rather short period; i.e. 45 to 72%
were caught within a period of 5 days during each
of the given years. Mean capture dates did not differ
by more than 13 days between the years studied
(Holmgren er al. 1993). Annual effects were there-
fore considered negligible, and data from the four
years were pooled. The theory of optimal bird mi-
gration sensu Alerstam & Lindstrom (1990) only
makes predictions about fat gain during the stop-
over. Therefore, Dunlins not gaining body mass
were excluded from the correlation analyses. One
3-yr+ Dunlin was judged to be a statistical outlier
because of its extremely long stopover length
(106 h) and high body mass at ringing (65 g), and
was therefore excluded from the analyses. Statis-
tics follow Sokal & Rohlf (1981) and the SYSTAT,
Inc. statistical package (1991).

RESULTS

Stopover lengths

Maximum observed stopover lengths ranged
from 2.6 to 9.1 days between age and moult cate-
gories, with the longer stopovers predominantly
occurring in 2-yr Dunlins. The probability of stay-
ing (s) was significantly higher in 2-yr birds than
in 3-yr+ birds (Table 1; d =4.76, p < 0.001 among
non-moulting and d = 3.39, p < 0.001 among
moulting birds). Moulting status had no effect on
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Table 1. Observed mean stopover length of Dunlins recaptured more than 20 h after ringing (7). Mean stopover
length of Dunlins in the population (t); daily stopover probability Sand its standard deviation are estimated according
to equations 5,6 and 7. The Dunlins are classified according to age and moulting status. Data are pooled over the

years 1985-88.

Age Moulting Observations Estimates
status — —
7 (days) N 7 (days) £ (day-1) &
2-yr Inactive 2.31 28 1.44 0.50 0.06
* Active 2.80 29 1.93 0.60 0.05
3-yr+ Inactive 143 48 0.55 0.18 0.03
“ Active 1.59 1 0.72 0.26 0.08
1.0 .
stopover probability (d = 1.17, p > 0.05 among 2-
0.9l yrand d=0.90, p > 0.05 among 3-yr+ birds). Fig.1
- shows the logarithm of the cumulated data, where
£ 0.8 the slopes indicate the logarithm of the stopover
§ probability. Pooling the moulting and non-moult-
3 .77 ing Dunlins within each age group generated the
g’ 06k estimate of the mean stopover length of 1.7 days
5 for 2-yr birds and 0.6 days for 3-yr+ birds.
S o5l The 2-yr birds made up 29% of the adult Dun-
‘é lins ringed in the 4-year study. Since 2-yr Dunlins
g o4t made longer stopovers than 3-yr+ birds, it is likely
o that the catch of 2-yr birds are represented in a
s 03 higher proportion of the total catch than would be
g expected based on their frequency in the popula-
3 02r tion. Of the ringed Dunlins estimated to stay more
o1l than 20 h, 5.2-7.0% (6.3%, total average) were
recaptured. Among these recaptured birds, no sig-
0.0LL L1 L ! TR OO Y nificant differences were found between ages or

1 1
40 44 48 52 56 60 64 68
body mass (g)

Fig. 1. Logarithm of cumulative proportion of recap-
tured Dunlins versus time between ringing and last re-
capture of Dunlins (classified according to age and
moulting status) recaptured within the same year as they
were ringed at Ottenby, 1985-88. Only individuals with
more than 20 h elapsed between ringing and last recap-
ture are included. Proportion of recaptured birds with an
observed stopover length exceeding ¢’ can be calculated
by summing eq.4 from =¢’ to infinity. Data are presented
to conform to the logarithm of this proportion over ¢’ (in
days). A linear relationship is expected, with the slope
equal to the logarithm of the daily stopover probability.

between moult categories (p > 0.05, pairwise G-
test). This suggests that although 3-yr+ birds make
shorter stopovers, they are more apt to be recaptur-
ed during this period compared with 2-yr birds.
Thus, it seems that the proportion of 2-yr Dunlins
ringed is, after all, an accurate estimate of the pro-
portion in the migrating population.

Body masses

Body masses of the Dunlins ranged from 35 to
74 g. Mean body masses were close to 51 g for all
categories (Table 2). Nevertheless, 2-yr birds, on
average, weighed slightly more than 3-yr+ birds
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Fig.2. Frequency of body masses at ringing expressed
as the cumulative proportion in 2-yr (N=1582) and 3-yr+
(N=3897) Dunlins respectively.

(F 5475 = 8.21, p = 0.004. two-way-ANOVA). By
pooling moulting and non-moulting Dunlins of
each age, we found that the cumulative distribution
of body masses differed among birds in the upper-
50% range. with 2-yr birds being significantly
heavier than 3-yr+ birds (p < 0.001, Kolmogorov-
Smirnov two sample test). Among the lower 50%,
the body mass distributions were similar (Fig.2).

Changes in body mass

Although most of the recaptured Dunlins gain-
ed body mass, 12 out of 115 (10%) showed a loss.
The average gain was 1.8-2.7 g/day (Table 2). Since
there was a negative relationship between body
mass at ringing and rate of body mass change (see
below), differences in the rate of body mass change
were tested in an ANCOVA correcting for body
mass at ringing. Moulting and non-moulting birds
did not differ in their rate of body mass change
(Table 2; Fy 1, = 1.32, p > 0.05, two-way ANCO-
VA). Nor was there a difference in rate of body
mass change related to age (F j;; = 1.55, p>0.05).
However, 3-yr+ birds showed a higher variance
(5.51) in rate of body mass change than 2-yr birds
(2.35; Fs56.59 = 2.34, p = 0.001). Among the 50% of
the Dunlins within each age and moult category
which showed the highest rate of body mass
change, 3-yr+ birds had a higher rate of body mass
change (3.9 g/day) than 2-yr birds (3.2 g/day; F 53
= 7.886, p = 0.007) but here again, there was no
effect of moult (F; 53 = 2.337, p > 0.05). Dunlins
that increased their body mass faster than 3 g/day
are listed in the Appendix.

Relationships between stopover parameters

If it is assumed that changes in body mass cor-
respond to changes in fat deposits and that body
mass at recapture corresponds to departure fat load,
then the positive correlations between rate of mass
gain and recapture body mass in all categories of
Dunlins, except non-moulting, 2-yr birds, support
the hypothesis that they are maximising speed of

Table 2. Statistics on body masses of ringed adult Dunlins and on rate of change in body mass of Dunlins recaptured
more than 20 h after they had been ringed. The Dunlins are classified according to age and moulting status but pooled

over the years 1985-88.

Age Moulting Body mass (g)
status - T T
Mean  SD range
2-yr Inactive 511 5.5 35.0-71.0
N Active 51.3 5.6 39.0-70.0
3-yr+ Inactive 50.6 49 375-74.0
h Active 50.8 4.8 37.0- 66.0

Rate of body mass change (g/day)

N Mean SD range N
838 1.8 1.6 -1.50-5,76 28
749 2.0 1.5 0.00-5.14 29
3224 2.1 23 -4.00 - 7.30 48
695 2.7 25 -2.85-5.76 11
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Table 3. Results of partial correlations between the three parameters (pairwise, the third parameter held constant)
body mass at ringing (M1), rate of body mass change (MC) and observed stopover length (7). Results of partial cor-
relation between body mass at last recapture (M2) and rate of body mass change. with body mass at ringing held
constant. Correlations are made within age and moult categories; only Dunlins that had gained body mass were

included in the analysis.

Age Moulting M1.T M1-MC MC.T MC-M2
status e S e - — - -
r t r t r t r t df
2-yr Inactive 0.10 0.47 -0.46 2.34%  -0.18 0.80 0.28 1.31 20
“ Active 0.11 0.51 -0.11 052 -0.17 0.81 0.42 2.17% 22
3-yr+ Inactive -0.30 1.80 -0.35 2.19%  -0.25 1.50 0.81 8.07*+* 34
oo Active -0.16 0.42 -0.09 0.25 -0.24 0.64 0.70 2.59* 7

* p < 0.05, ** p < 0.001. Other cases are not significant, p > 0.05

migration (Table 3). However, contrary to expecta-
tion, body mass at ringing and fat deposition rate
were not negatively correlated with the observed
stopover length for any of the four categories
(Table 3). Nor did the birds show a constant fat
deposition rate. Among non-moulting birds, those
with a low body mass at ringing generally showed
a high rate of body mass change (Table 3). This
could have been the result of the fat deposition rate
levelling off as the amount of fat reserves increas-
ed. Alternatively, fat deposition might have been
interrupted once a critical fat load was reached.
However, such a strategy would not be expected
for speed-maximising migrants.

DISCUSSION

Stopover length

In this study we reported that 2-yr Dunlins tend-
ed to stay longer than 3-yr+ Dunlins, but that the
flight-feather moulting status had no effect on stop-
over length. Pienkowski & Dick (1975) found a dif-
ference in stopover length between adult (2-yr+;
maximum observed: 4 days) and juvenile Dunlins
(1-yr; maximum observed: 16 days) on autumn
migration in Morocco. The longest stopover ob-
served in our study was 4 days for 3-yr+ birds and
9 days for 2-yr birds; which is longer than that re-
ported from Morocco where 2-yr and 3-yr+ Dun-

lins were not distinguished. On the spring passage
in Morocco, however, mean stopover length was
11 days in 1982 and 16 days in 1981 (Piersma 1987),
which greatly exceeds our estimated mean stop-
over lengths, ranging from 0.6 to 1.9 days. An esti-
mate of stopover length comparable to ours was
reported by Butler er al. (1987) for the Western
Sandpiper, C. mauri, during autumn migration
along the west coast of North America. The as-
sumptions they used in their model were the same
as ours, and their estimated daily probability of
staying was 0.41 for all adults, which falls between
our values of 0.19 for 3-yr+ and 0.56 for 2-yr Dun-
lins. Although this is the first study to report such
a difference between 2-yr and 3-yr+ birds, it might
reflect a tendency for younger birds to stay longer
than older birds. However, in a study on the stop-
over length of the Semipalmated Sandpiper C.
pusilla, Dunn et al. (1988) found no difference be-
tween adults and juveniles.

Rate of change in body mass

Flight feather moulting status had no effect on
the rate of change in body mass. Nor was it corre-
lated with body mass at ringing or recapture.
Hence, moulting did not seem to be an important
source of energetic stress in the Dunlins. However,
the moult in these Dunlins is much less intense than
that occurring in stationary birds at ordinary moult-
ing sites (Holmgren et al. 1993). The two age cate-
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gories of Dunlins gained mass at a similar rate.
Maximum values, however, were much higher in
3-yr+ Dunlins than in 2-yr birds, suggesting that
the capacity for body mass change is higher in the
older Dunlins.

Our observed mean rate of body mass increase
ranged between 1.8 and 2.7 g/day. Average rates
of increase in body mass reported from other
studies on Dunlins are 1.2 and 1.6 g/day (in differ-
ent years, Morocco; Piersma 1987), 1 g/day (E.
Sweden; Mascher 1966}, 0.5 g/day (the Wash, Eng-
land: Pienkowski et al. 1979) and 1.1 g/day (Eng-
land; Eades & Okill 1977). Also, maximum rates
of body mass gain (5.1 to 7.3 g/day) observed are
higher than those found in the literature, i.¢. 3 g/day
(E. Sweden; Mascher 1966), 0.9 g/day (the Dutch
Wadden Sea; Goede et al. 1990) and an average
maximum of 1.6 g/day (England; Eades & Okill
1977). Based on a calculated, maximum daily me-
tabolizable energy intake (Kirkwood 1983), Lind-
strom (1991) estimated maximum fat deposition
rates in birds. The rate for a Dunlin with a lean body
mass of 46 g would be 2.5 g/day. In the light of pre-
vious findings and theoretical predictions, the rates
of body mass increase in our study are high. How-
ever, the increase in body mass may not be due en-
tirely to fat deposition. For instance, in the premi-
gratory phase, body mass increase may also be due
to an increase in muscle mass (Piersma & Jukema
1990, Lindstrom & Piersma 1993) which contains
less energy per unit mass, and therefore can be de-
posited at a higher rate than fat. During the migrato-
ry phase, however, flight muscles ought to be fuily
developed and protein storage should be less pro-
nounced than during the premigratory phase.
Second, the birds may be dehydrated upon arrival
at a stopover site. However, a sample of juvenile
Dunlins showed that a constant proportion of the
fat-free body mass consisted of water irrespective
of fat content (Mascher & Marcstrom 1976). Third,
there is no doubt that soon after arrival birds fill up
their empty digestive tract. Before departure from
a staging site, Knots, C. canutus, and probably
other species, empty their digestive tract (Swennen
1992). Thus gained body mass could partly consist
of undigested matter. None of the alternatives can

be excluded on the basis of present knowledge, and
perhaps all contribute partially to explaining the
high rates of body mass increase.

Time- or energy-minimised migration?

The correlations between body mass at recap-
ture and rate of body mass increase suggest, at least
at first glance, that the Dunlins are trying to maxi-
mise their speed of migration sensu Alerstam &
Lindstrém (1990). However, the fact that neither
body mass at ringing nor rate of body mass increase
was correlated with stopover length raises some
doubts. If the migrants commonly wait for suitable
weather conditions and weather conditions vary in
an unpredictable way then stopover length would
appear to be random, and consequently, body mass
at ringing and rate of body mass change would be
poor predictors of stopover length. A random stop-
over model fitted well with observations of small
birds crossing the Sahara (Lavee et al. 1991),
autumn migrating Western Sandpipers (Butler et
al. 1987) and of the Dunlins in this study. Body
mass at ringing did not predict stopover length in
any of these studies. This lack of correlation was
also found by Dunn er al. (1988) and Page & Mid-
dleton (1972) when studying Semipalmated Sand-
pipers. Interestingly, though, Mascher (1966)
claims that autumn migrating Dunlins in central
Sweden carrying a large amount of fat stay shorter
periods than their leaner conspecifics. By contrast,
in passerines it seems more common for lean mi-
grants to stay longer than fat ones (Cherry 1982,
Bairlein 1985, Biebach 1985, Pettersson & Hassel-
quist 1985, Biebach et al. 1986, Moore & Kerlinger
1987, Safriel & Lavee 1988, Loria & Moore 1990).

Alerstam & Lindstrom (1990) assumed a con-
stant fat deposition rate, and did not predict a nega-
tive correlation between body mass at ringing and
rate of body mass increase like we have found
(Table 3). It might, nevertheless, be possible to ex-
plain the correlation in terms of optimal bird migra-
tion if the assumptions are changed. When weather
conditions are unsuitable, speed-maximising
migrants can be expected to continue to deposit fat,
and thereby also continue to gain potential flight
distance. In contrast, energy-minimising migrants
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SAMENVATTING

Dit onderzoek gaat over Bonte strandlopers die tijdens
hun herfsttrek pleisteren bij Ottenby. de zuidelijke punt

van het eiland Oland in Zweden. De vogels werden daar
gevangen en geringd. Verder onderzocht men de mate
van rui en bepaalde het lichaamsgewicht. Zij vergeleken
vier categorieén: vogels in hun tweede jaar en oudere
vogels, en voor beide leeftijdsgroepen de mate van slag-
pennenrui. Onder de tweedejaars waren er meer actief
ruiend dan onder de ouderen.

De duur van de pleisterperiode werd geschat met be-
hulp van een toevalsmodel en op grond van de terug-
vangkans (Fig. 1). Deze periode bleek te variéren tussen
enkele dagen en ruim een week. De tweedejaars bleken
langer te pleisteren dan de ouderen, maar tussen ruiende
en niet ruiende vogels van dezelfde leeftijd was geen
aantoonbaar verschil in pleisterduur (Tabel 1).

Het gemiddelde gewicht van de tweedejaars lag iets
hoger dan dat van de ouderen (Fig. 2). Tussen de vier
categorieén was echter geen duidelijk verschil in aan-
komstgewicht en ook niet in de snelheid waarmee het
gewicht toenam tijdens het pleisteren (Tabel 2). Het ge-
middelde gewichtsverschil tussen de leeftijdsgroepen
wordt dan ook veroorzaakt door de langere verblijfs-
duur van de tweedejaars vogels: hun vertrekgewicht is
hoger.

Op grond van het ontbreken van duidelijke corre-
laties wordt gesuggereerd dat de beslissing omhet pleis-
tergebied weer te verlaten onafhankelijk is van aan-
komstgewicht en de snelheid van de gewichtstoename
(Tabel 3). Verder blijkt bij niet ruiende vogels een nega-
tief verband te bestaan tussen het lichaamsgewicht bij
het ringen en de snelheid van de gewichtstoename. Dit
houdt in dat als ze met een laag gewicht aankomen, de
reserves sneller worden aangevuld. Deze resultaten
sluiten goed aan bij de hypothese dat bij de trek de ener-
getische kosten zo laag mogelijk worden gehouden en
de snelheid zo hoog mogelijk.
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APPENDIX

Recaptured adult Dunlins with an average rate of body mass change above 3 g/day. Body mass at ringing, recapture
body mass (i.e. at last recapture) and observed stopover length (i.e. between ringing and last recapture) are presented.

Body mass at

Mass change ringing recapture Observed stopover Age Moulting
length status
(g/day) (g) (g) (h) * = active)

7.3 42.5 49.5 23 3-yr+

7.1 45.0 55.0 34 3-yr+

5.8 48.5 “ 54.5 25 2-yr *
5.8 48.5 i 54.5 25 3-yr+ *
5.6 50.0 57.0 30 3-yr+

5.1 43.0 49.0 28 2-yr *
5.1 53.0 67.0 66 2-yr *
5.0 48.0 54.0 29 3-yr+

4.9 495 54.0 22 3-yr+ *
4.7 52.5 57.0 23 3-yr+

4.7 43.0 50.0 36 3-yr+ *
4.5 49.0 56.0 37 3-yr+

44 53.0 62.0 49 3-yr+ *
43 45.0 495 25 3-yr+

4.2 54.5 61.0 37 3-yr+ *
4.2 49.0 535 26 3-yr+

4.0 455 54.0 51 2-yr

3.8 49.0 575 53 2-yr

3.8 45.5 49.0 22 2-yr

3.8 45.0 52.0 44 3-yr+

38 53.0 58.0 32 2-yr *
3.7 55.0 62.0 45 3-yr+

37 51.0 550 26 2-yr

37 51.5 55.0 23 3-yr+

34 43.0 48.0 35 2-yr

34 44.5 47.5 21 3-yr+ *
34 43.0 47.0 28 2-yr

34 51.0 62.0 78 2-yr *
34 48.0 525 32 2-yr *
33 48.5 68.5 147 2-yr *
32 440 49.0 37 3-yr+

3.2 51.0 60.0 67 2-yr *
3.1 51.5 59.0 58 3-yr+

3.1 45.0 53.0 62 3-yr+ *

"ERRATUM

-In: HOLMGREN et al. 1993. STOPOVER LENGTH, BODY MASS AND FUEL DEPOSITION
‘RATE IN AUTUMN MIGRATING ADULT DUNLINS Calidris alpina: EVALUATING THE
:EFFECTS OF MOULTING STATUS AND AGE -~ ARDEA 81: 9-20.

[Please note that Figures 1 and 2 have been switched (captions are correct).
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