Compensatory orientation in Pied Flycatchers
Ficedula hypoleuca following a geographical

displacement

JORGEN RAB@L

(Med et dansk resumé: Kompensatorisk orientering af Broget Fluesnapper Ficedula hypoleuca efter for-

flvtning fra Christiansg til Skallingen)

Introduction

Rabgl (1969) proposed that the orientation fol-
lowing a geographical displacement could reveal
the nature of the inherited orientational pro-
gramme of a juvenile migrant bird. If no compen-
sation was carried out a vector-orientation/clock-
and-compass programme (Fig. 1A) would be in-
ferred, whereas a compensatory orientation would
be indicative of some sort of coordinate navigation
directed towards a goal area further ahead along
the migratory route (Fig. 1B).

However, this proposal was a little naive and
premature as several other systems in principle
could be responsible for compensatory orientation
(Fig. 1C, D, and E). D was proposed by W.
Wiltschko in Rabgl (1972), and C by Wiltschko &
Wiltschko (1976). Rabgl (1978, 1980) discussed
the kind of displacement experiments (B, C, or D)
which might reveal the nature of the compensatory
orientation, and later (Rabgl 1981) displaced Rob-
ins Erithacus rubecula to the Canary Islands in
order to test whether B or D offered the best de-
scription of the results. Finally, Rabgl (1983, 1985)
proposed the cross-axis hypothesis which provides
a further system which may lead to compensatory
orientation (Fig. 1E, and Rabgl 1993, in press).

Within the related field of pigeon homing two
systems for the establishment of the departure di-
rection, basically similar to C and D, have been
much discussed: (1) Orientation based solely on en
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route information. The directions during transport
are registered in relation to a compass, and some
sort of path integration (Wallraff 1990) is carried
out. When released the pigeons orient opposite to
the resultant vector direction of the outward trans-
port. (2) Orientation based solely on information
gathered at the site of release, i.e. the process of na-
vigational site localization (Wallraff 1990). A set
of home values is compared with the set of values
registered at the site of release, and a departure di-
rection is established. Since pigeons deprived of
all useful compass information during transport
are still homeward oriented when released and
show no difference from the untreated controls
(Wallraff 1980), system (1) can be ruled out.

The research hypothesis of this paper is C of Fig.
1 — much in the same way as model (1) in the
pigeon experiments by Wallraff (1980) mentioned
above. We consider whether the compensatory
orientation following a displacement could be the
resultant between the standard direction (perceiv-
ed as a vector and established through a clock-and-
compass process) and a vector back in the di-
rection of the displacement established by a com-
pass.

In recent years there has been a tendency to ex-
pand the original, simple clock-and-compass
hypothesis into a strategic model in the sense of
Arthur (1987), or even into a law of nature. This is
not surprising, because the clock-and-compass
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Fig. 1. Five possible systems responsible for the orientational reactions following a displacement from Christiansg to
~ Skallingen. The birds are trapped as migrants on Christiansg and first tested here. Soon afterwards they are displaced
to Skallingen and tested again. A thick white arrow shows compass orientation, and a thick black arrow coordinate
navigation. A thick banded arrow shows cross-axis orientation. A) Simple compass orientation, no compensation. B)
Orientation at both sites based on coordinate navigation towards a (moving) goal area along the migratory route (at
positions 1 and 2 at the time of testing on Christiansg and Skallingen, respectively). C) Reverse path integration, i.e.
the birds detect the westerly displacement during transport and establish a reverse vector by means of a compass. A
resultant SSE-vector arises. D) Coordinate navigation, where the birds establish the position of Skallingen relative to
the experienced position of Christiansg. From the compensatory vector and the SW standard
vector a resultant SSE-vector arises. E) Cross-axis orientation, where a dominant SW-vector on Christiansg is shifted
towards a dominant right angle vector towards SE because of some simple sort of sign-navigation (e.g. a delayed sun-
set).
A til E viser orienteringen pd Skallingen efter et forudgdende forsgg pa og en forflytming fra Christiansg. Hvis der al-
ene er indflydelse fra det simple kalender- og kompas-system (A) sker der ingen cendring i orienteringen. Hvis orien-
teringen er under indflydelse af et af de fire andre systemer ses en kompenserende SS@ orientering pd Skallingen. 1
B er orienteringen begge steder baseret pd koordinat-navigation (fed sort pil) mod et mdlomrdide fremme i treekruten.
I C er der kun retnings-orientering indblandet (fed hvid pil), og den (-rettede kompensations-vektor er resultatet af,
at fuglene under forflymingen har meerket, at de er blevet bevaeget mod vest i forhold til en retnings-reference, f.eks.
magnetisk nord. I D er kompensations-vektoren fastlagt pd forspgsstedet ved hjeelp af en koordinat-navigatorisk sam-
menligning af Christiansg og Skallingen. Endelig er kompensations-vektoren i E resultatet af styrke-cendringer i de
fire vinkelrette vektorer i et retningskors system.

prived of the necessary stimuli for establishment
of a compensatory vector, the orientation after the

hypothesis is virtually self-evident and describes
the migratory progress in simple language, so in

some sense it seems unnecessary (Or even provo-
cative) to test it.

Nevertheless, at least some expansions of the
clock-and-compass hypothesis — such as Fig. 1C —
are testable: if the birds when transported are de-

transport should be the same as before. On the
other hand, if such deprived birds do compensate
for the displacement this is a strong indication that
coordinate navigation or cross-axis orientation
plays a role in the process (Fig. 1B, D, or E).
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Fig. 2. Southern Scandinavia with positions of Christiansg (C) and Skallingen (S) indicated. The distance between

the two sites is about 450 km or 7°.

Beliggenheden af de to forsggsteder Christiansg og Skallingen.

Materials and methods

On four occasions in August Pied Flycatchers Fi-
cedula hypoleuca (most of them juveniles, 1Y)
were trapped on Christiansg in the Baltic Sea and
transported 450 km (7°) W to Skallingen (Fig. 2).
The birds were resting migrants on the first,
straight part of their autumn migration from Fin-
land towards the Iberian Peninsula.

The Pied Flycatcher was considered an appro-
priate species for the experiment because the mi-
gratory orientation for all the birds in the popula-
tion should be close to &'\W, with little inter-indivi-
dual variation in oriextation. Furthermore, dis-
placement to western Denmark should result in a
compensatory orientation towards S or SE, signi-
ficantly counterclockwise to and clearly di-
stinguishable from the standard direction towards
SW.

On all four occasions the flycatchers in the
sample were trapped on a morning where a distinct
wave of immigration to the island was recognized.
Such birds are well suited for orientation experi-
ments: the funnel activities are significant, and the
concentration of the sample mean vector (based on
individual mean directions) is high. The weather at
arrival should also meet certain conditions before
a sample of birds was accepted for the experi-

ments: the wind should be in the southwestern
sector, between SSE and NW, and not too strong.
According to common experience, birds arriving
in such winds display a SW-orientation on Chri-
stiansg.

The birds were kept two by two in cans or
baskets and fed mealworms. All samples except
one were displaced from the island on the same or
next day, following arrival and trapping.

Emlen funnels still covered with plastic sheets before the
orientation experiments. Photo: Mads Jensen Bunch.
Fire orienteringstragte deekket til fgr nattens forsog.
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On each occasion a sample of birds in good con-
dition was divided into two equal groups, controls
and experimentals. The latter were transported in a
very strong and heterogeneous magnetic field pro-
duced by bar-magnets attached horizontally on or
close to the transportation boxes. The horizontal
magnetic field intensity as experienced by the
birds was at least 5-10 times stronger than that of
the Earth. The experienced magnetic north shifted
several times when the boxes were moved. Under
such circumstances the experimentals should not
be able to establish a compensatory vector in rela-
tion to the geomagnetic field. The controls were
kept at a safe distance from any magnets during
displacement.

During the transports by boat, car, and aero-
plane, all birds were caged singly within small
cardboard-boxes which were placed four by four
within larger transportation boxes, permitting no
view of the sun or stars. Very probably this way of
transport also excludes any use of olfactory stimuli
for establishing the direction of displacement.

Soon after the arrival to Skallingen the fly-
catchers were transferred two by two to big plastic
baskets covered by a cloth net. From that moment,
the controls and experimentals were treated in
exactly the same way, without bar magnets. Well
before sunset the birds were placed outdoors in the
baskets with visibility to the horizon in all direc-
tions. Here the birds experienced the geomagnetic
field, the path and setting of the sun, and for at
least 30 minutes the emergence of the stars, before
transfer to the funnels.

The birds were tested singly in Emlen funnels
with an about 160° vision of the sky. Orientation
was registered by means of the correction-paper
method (Rabgl 1979). The experiments lasted 90-
120 minutes and were finished about midnight.

The orientation and amount of activity of the in-
dividual birds were estimated almost exactly in the
same way as described by Rabgl (1979), by care-
fully inspecting the pattern of scratches in order to
locate maxima and minima of activity.

The mean direction was estimated to the nearest
5°.In case of a clear bimodal pattern the directions
of both peaks were estimated. Normally, a major
and a minor peak could be distinguished.

The concentration of scratches around the mean
direction was estimated as high, medium, low, or
Zero.

The amount of activity was labelled on a scale
from O through 4: zero (0), low (1), medium (2),
high (3), and very high (4). We also used interme-
diate values, such as "low to medium" (1.5), or

Photo: John Larsen.

"low (medium)" (1.25). The number of scratches is
known to increase by a factor of 4-5 with each step
on the activity scale (Rabgl unpublished), but was
normally not counted in the present experiments.

The symbols in the figures (cf. Fig. 3) translate
as follows: each dot denotes the mean direction (of
a unimodal activity pattern) of a single bird on a
single night. The big dots refer to an activity 21.5,
with white, dotted, and black dots used for low,
medium, and high concentration, respectively. A
small white dot refers to a mean direction with an
activity <1.25. The asterisks refer to the two peaks
in a bimodal activity pattern. Sometimes the two
peaks are based on approximately the same
amount of activity and then the orientation is de-
noted by two medium-sized asterisks (as in Fig. 6).
Normally, however, a bimodal activity pattern
contains one large and one small peak. In such
cases the large activity peak is denoted by a large
asterisk, and the small peak by a small asterisk.
Two kinds of sample mean vectors are calculated
and shown in the figures: one based on big dots on-
ly (fully drawn), and another (hatched) based on
both big and small dots and the large asterisks in
the bimodal patterns.

The significance of the sample mean vector was
tested by means of the Rayleigh test, and the
probability of coincidence of two sample distribu-
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Fig. 3. The orientation on Christiansg on 21 August 1990 of 16 Pied Flycatchers, 3 adults (marked with a bar) and 13
juveniles. The sample mean vectors are 215° (fully drawn vector, 1=0.894, n=12, P<0.001) and 207° (hatched vector,

r=0.888, n=16, P<0.001).

Forspg pd Christianse den 21. august 1990. Hver prik stdr for den gennemsnitlige opspringsretning hos én fugl. Stre-
gerne i midten af cirklen viser retningen og koncentrationen (lengden) af gruppe-gennemsnitsvektoren, beregnet pd
to lidt forskellige mcider. Der ses orientering mod SSV-SV, hvilket svarer meget godt til treekruteforipbet fra Finland

mod Spanien.

tions by means of the Watson-Williams test or the
Mardia-Wheeler-Watson test (Batschelet 1981).

During 1986 through 1990 displacements were
carried out on four occasions. On the first three
occasions no preceding orientation experiments
were made on the trapping site; in those cases we
have no proof of a prior SW orientation. In 1990,
however, the same birds were tested first on Chri-
stiansg and then at Skallingen.

1) Eleven juveniles were trapped on Christiansg
on 8 August 1986, and transported to Skallingen
on the same day. Overcast and rain prevented fun-
nel experiments that day, but in the evening of 9
August the birds were exposed to a clear sunset
and tested under a clear, starry sky.

2) Fourteen juveniles were trapped on Chri-
stiansg on 27 August 1989. However, transport to
Skallingen was not possible before 30 August. The
birds were kept outdoors at Skallingen on 30
August from before sunset until 10 p.m., but total
overcast and showers prevented funnel experi-
ments to be carried out that night. On 31 August
the birds experienced a clear sunset and were
tested under a clear, starry sky.

3) Fourteen juveniles were trapped on Chri-
stiansg on 31 August 1989 and transported to Skal-
lingen on the same day. The birds were outdoors
from before sunset to midnight, and experienced a
clear sunset and a starry sky. On 1 September the
birds likewise experienced a clear sunset and star-
ry sky from within the baskets. However,
during the subsequent 2-hour exposure in the fun-

nels the sky was almost totally overcast (7-8/8) and
no star patterns were visible, only occasional stars.
Therefore the birds were retained for one more ex-
periment, which took place on 2 September under
a starry sky, after a sunny afternoon and clear
evening sky.

4) Eighteen birds (15 juveniles and 3 adults)
were trapped on Christiansg on 20 August 1990
where the birds experienced a clear sunset, but
overcast and rain prevented funnel experiments.
On 21 August the birds experienced a clear sunset
and the start of a starry night from within the
baskets. The funnel experiments started and ended
under an almost clear sky with an intervening spell
of overcast. Two adults displayed very low and dis-
oriented activity and were released. The remaining
birds were divided into two groups (8 controls and
8 experimentals) whose sample mean vectors were
almost identical. On 22 August these 16 birds
were brought to Skallingen where they arrived the
following morning. The birds experienced a clear
sunset and were tested under a clear, starry sky.

5) Eighteen birds (15 juveniles and 3 adults)
were trapped on Christiansg on 23 August 1990,
having arrived in a weak NW wind. They ex-
perienced a clear sunset and were tested under a
starry sky during the following night (some of
them were also tested on 26 August). These birds
were not displaced to Skallingen but serve as a re-
ference, typifying the orientation on Christiansg of
Pied Flycatchers arriving under weak and/or
westerly winds.
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Fig. 4. The orientation at Skallingen on 23 August 1990 of 15 of the same birds as in Fig. 3 (7 controls and 8 experi-
mentals; the only adult tested is marked with a bar). The fully drawn sample mean vectors of controls and experi-
mentals are 193° (r=0.887, n=6, 0.001<P<0.01) and 148° (r=0.648, n=7, 0.01<P<0.05), respectively; the corre-
sponding hatched vector of experimentals is 156° (r=0.658, n=8, 0.01<P<0.05).

Forspg pd Skallingen den 23. August 1990 med de samme fugle som vist pd Fig. 3. Fuglene er delt i to grupper efter
betingelserne under transporten: "exp.s" er blevet flyttet i et kraftigt og forstyrret magnetfelt, "controls" i det normale
uforstyrrede magnetfelt. De to gruppe-gennemsnitsvektorer peger mod henholdsvis SO-SS@ og S-SSV, men de afvi-
ger ikke statistisk signifikant fra hinanden. Slds de to grupper sammen féis en gennemsnitsretning mod SS@-S, der er
forskudt ca 40° til venstre for gennemsnitsretningen af de samme fugle pa Christiansg (Fig. 3).

Results
Figs 3, 4, and 5 show the orientation of the birds
tested in 1990.

Compared with the orientation on Christiansg
on 21 August (Fig. 3) the orientation shifted to the
left (counterclockwise), especially in the experi-
mentals (Fig. 4). The sample mean vectors of the
controls and experimentals seem different, but ac-
cording to the Watson-Williams test the difference
is not statistically significant (0.10<P<0.20) and
has the opposite direction of the expected, as-
suming a compensatory reaction based on a re-
verse vector and a clock-and-compass system (Fig.
1C). Therefore it makes sense to combine the con-
trols and experimentals; the combined sample me-
an vector is 172° (fully drawn vector, r=0.701,
n=13, 0.001<P<0.01), or 175° (hatched vector,
r=0.717, n=14, P<0.001).

This is significantly different from the sample
mean vector on Christiansg on 21 August (Wat-
son-Williams test, 0.02<P<0.05). However, as the
two samples consist of (almost) the same indivi-
duals the application of the Watson-Williams test
is conservative, so we also made a pairwise com-
parison (Fig. 5) and applied the confidence inter-
val test (Batschelet 1972). According to this pro-

cedure the counterclockwise shift was significant
(fully drawn vector: 0.01<P<0.05, n=11; hatched
vector: P<0.01, n=13).

Fig. 6 shows the orientation on Christiansg of
the 18 birds that arrived on 23 August 1990. The
difference between the mean vector of this sample
and that from 21 August 1990 (Fig. 3) was not sig-
nificant (0.20 < P < 0.30).

Fig. 7 shows the orientation of the birds dis-
placed in 1986 and 1989, tested on three starry
nights at Skallingen. The small difference between
the samples justifies their combination. No diffe-
rence is found between the sample mean directions
of the experimentals and the controls.

If the experimentals and the controls of Fig. 7
are combined, the sample mean vector based on
the unimodal activities =1.5 was 172° (r=0.583,
n=29, P<0.001). Compared to the sample mean
vector of Fig. 6 (223°; 1=0.721, n=17), the angular
difference of 51° counterclockwise is statistically
significant (0.01<P<0.025, Mardia-Wheeler-Wat-
son).

If the two Christiansg-distributions (Figs 3 and
6) are combined and compared with the combined
Skallingen distributions (Figs 4 and 7) the angular
difference is 47° (fully drawn vector, n=(29,42)),



or 40° (hatched vector, n=(33,48)), which are both
statistically significant (0.001<P<0.01).

Fig. 8 shows the orientation at Skallingen on the
overcast night of 1 September 1989. The mean
vector is the reverse of the expected SW orienta-
tion on Christiansg (Figs 3 and 6), and is statisti-
cally significant. However the distribution looks
bimodal with modes at N and E. Applying the
method of Holmquist & Sandberg (1991) two
modes of 80° and 357° are found (r] 3=0.907,
n=13, P<0.001, cf. Tab. 2 in Holmquist & Sand-
berg (1991)). The N mode is most prominent in the
experimentals, the E mode in the controls. How-
ever, according to the Watson-Williams test the
difference between the controls and experimentals
is not significant (0.30<P<0.40).

Discussion

Is the orientation compensatory?

A significant counterclockwise shift in orientation
is found following the displacements. This obser-
vation is in good accordance with earlier displace-
ment experiments, both spring and autumn, carried
out on starry nights (Rabgl 1969, 1970, 1972,
1975, 1981, 1985, 1988, 1992, 1993, in press).

An important question is whether the coun-
terclockwise shift is caused by the displaced birds’
internal clock still being in phase with the time on
Christiansg. If so, and if the birds make use of
simple compass orientation in relation to the after-
noon sky, the sunset, or a star or star-pattern on the
southern sky, a counterclockwise shift of no more
than 7° is to be expected. If the birds make use of
compass orientation in relation to a circumpolar
star or star-pattern, or the geomagnetic field, no
discernible change is to be expected. A compass-
based shift between 0° and 7° can only explain a
minor part of the observed shift of about 40°.

The NE-orientation on the overcast night of 1
September 1989 could be termed reverse standard
orientation. Rabgl (1972, 1975, in press) describes
other experiments where displaced birds tested
under overcast conditions displayed reverse stan-
dard orientation.

The orientation system involved

The lacking difference between the mean direc-
tions of the displaced controls and experimentals
clearly indicates that a simple clock-and-compass
system in combination with a compensatory vector
based on information collected en route (Fig. 1C)
did not cause the counter-clockwise shift.
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Fig. 5. The orientation at Skallingen on 23 August 1990
relative to the orientation on Christiansg on 21 August
1990. 13 out of 15 birds showed orientation on both oc-
casions (the single adult marked with a bar). Sample
mean vectors are -33° (fully drawn, r=0.785, n=11,
0.001<P<0.01) and -37° (hatched, r=0.759, n=13,
P<0.001).

Orienteringen pd Skallingen 23. august 1990 afbildet re-
lativt til orienteringen pd Christiansg 21. august 1990.

Fig. 6. The orientation on Christiansg of 18 Pied Fly-
catchers (15 juveniles and 3 adults, the latter marked with
a bar) on 23 or 26 August 1990. The birds, trapped on
Christiansg on 23 August, arrived in a weak NW wind
and were tested under a starry sky. In 5 birds the activity
on 23 August was low (<1.5), and a subsequent experi-
ment was carried out on 26 August where all activities
were 21.5. The sample mean vector is 223° (r = 0.721,
n=17, P <0.001).

Orienteringen af en anden gruppe Brogede Fluesnap-
pere fanget og testet pd Christiansg den 23. august 1990.
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However, the compensatory orientation of the
experimentals does not prove that the migratory
process is due to an inherited programme based on
coordinate navigation towards a goal area moving
along the migratory route (Fig. 1B). The response
can be explained by at least two other models: a) a
cross-axis system (Fig. 1E, Rabgl 1983, 1985), or
b) a system where simple clock-and-compass
orientation combines with a compensatory vector
established by means of coordinate navigation
towards the position of Christiansg (or some other
experienced position on the autumn migratory
route, Fig. 1D).

a) The cross-axis hypothesis basically rests on
compass-orientation, but the outcome is not
necessarily an orientational response in the stan-
dard direction. It could be one of four: orientation
in the standard direction, orientation in the reverse
standard direction, or orientation in one of the two
directions at right angles to the standard direction.
Reverse standard orientation is believed to be trig-
gered by an overshot of the goal area, by unfavour-
able conditions (such as food-stress or captivity),
or by an inferior stimulus-situation (e.g., an over-
cast sky), whereas right-angle orientation could be
areaction to a preceding wind drift or elicited by a
low motivational state (Rabgl 1983, 1985). If a
wind drift is recognized by the birds through an
advanced or delayed sunset or rotational phase of
the starry sky, then a system based on cross-axis
orientation approaches a true navigational system
(Rabgl 1985, 1988).

b) involves coordinate navigation in some form
without assuming "inherited" coordinate naviga-
tion towards a position where the bird has never
been before (as presumed in the goal area naviga-
tion hypothesis). In fact, reluctance to accept "in-
herited" coordinate navigation reflects a pseudo-
problem: what is the real difference between 1)
navigating towards a position where some set of
coordinate values has been experienced, and 2)
navigating by extrapolation from an experienced
position towards a position where the bird has
never been before (following the model of Fig.1 in
Rabpl 1980)? Recall that the migratory progress
always starts in an experienced position, the
breeding ground or some other pre-migratory area.

The navigatory system or navigatory compo-
nent responsible for the compensatory orientation
in the present and earlier experiments is presum-
ably based on the stars. Simulated W/E-displace-
ments under a planetarium sky elicited a clear
compensatory orientation (Sauer & Sauer 1960,
Rabgl 1992). :

Displacement by the wind

Migrants are displaced by the wind and therefore
must be able to cope with displacements and return
to their normal migratory route.

Rabgl (e.g. 1975) has shown that the orientation
of newly arrived long-distance migrants and Rob-
ins on Christiansg is directed more or less into the
wind at arrival, thus compensating for recent wind
drift. Among others, Baird & Nisbet (1960), Evans
(1968), and Moore (1990) give similar evidence of
compensatory orientation following wind drift.

Three further examples of such compensatory
orientation of birds trapped and tested on Chri-
stiansg can be given: 1) Twenty Pied Flycatchers
(almost all juveniles) trapped in the period 19-23
August 1976, in and after a period of steady
northerly and easterly winds, and tested on the
night following arrival, displayed southeasterly
orientation (sample mean vector 123°, r=0.75).
The birds may have originated in the Baltic states
or Russia and drifted too far W, and the easterly
component could be compensation for a preceding
drift (Rabgl unpubl.). 2) Six out of eight Pied
Flycatchers trapped in the period 5-9 September
1991, with strong NNW-winds were oriented be-
tween 265° and 345°; the sample mean vector of
the 8 birds was 304°, with r=0.40 (Rabgl unpubl.).
3) Redstarts Phoenicurus phoenicurus and Garden
Warblers Sylvia borin trapped at Blivand
(westernmost Jutland) in a period with steady
(north)easterly winds showed E-ESE orientation
at nearby Skallingen on 16 September 1993, signi-
ficantly counter-clockwise to the presumed stan-
dard direction of SSE-S (Rabgl in press).

It has been claimed (unknown referee) that the
first case mentioned above invalidate the interpre-
tation of the pattern shown in Fig. 7, i.e. that the
orientation at Skallingen should not be considered
as compensatory but only reflects the orientation
as it would have been if the birds in advance had
been tested on Christiansg. This, however, is very
improbable. Fig. 7 is a composite of the very
similar results of three different displacements
which were all carried out after arrivals to Chri-
stiansg under light wind conditions likely to pro-
duce southwesterly orientation. Anyway, one
should bear in mind that significant deviations
from the standard direction are never compatible
with the predictions of the simple clock-and-com-
pass hypothesis, whereas the observed deviations
mentioned above are all compatible with the ex-
pectations of a cross-axis or goal area navigation
system.
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Fig. 7. The orientation at Skallingen on 3 starry nights (9 August 1986, 31 August 1989, and 2 September 1989) of
birds displaced from Christiansg. Fully drawn sample mean vectors of controls and experimentals are 172° (r=0.614,
n=16, 0.001<P<0.01) and 173° (r=0.545, n=13, 0.01<P<0.05), respectively; corresponding hatched vectors are 172°
(r=0.636, n=17, 0.001<P<0.01) and 180° (1=0.319, n=17, P>0.05).

Orienteringen pd Skallingen af tre grupper fluesnappere fanget pd Christiansg i efterdrene 1986 og 1989. I gennem-
snit er bade "exp.s" 0og "controls” (se Fig. 4) orienteret lidt ¢st for S. Som Fig. 3-4 viser Fig. 6-7 den typiske oriente-
ring pd henholdsvis Christiansg og Skallingen i forbindelse med svage "vestlige" vinde (mellem SS@ og NV).

The expansion of the clock-and-compass
hypothesis

The expansion of the clock-and-compass hypothe-
sis is evident in two ways.

1) A tendency to ignore significant deviations of
the sample mean vector from the standard direc-
tion and the predictions of the clock-and-compass
hypothesis (e.g. Gwinner & Wiltschko 1978 (see
also the critique by Rabgl 1985), Beck &
Wiltschko 1982, and Bingman 1984). It seems not
to be appreciated that the simple clock-and-com-
pass hypothesis is invalidated by such results
which cannot be explained by stochastical proces-
ses or spurious deflections caused by the experi-
mental conditions.

2) Inclusion of compensatory orientation of
unknown origin within the capacity of the simple
clock-and-compass system (Helbig pers. comm.
1989, Wallraff 1991). Wallraff (1991) writes
"... external signals might well influence the
intended direction. For instance, some positional
information as derived from the starry sky, the
geomagnetic field, or something else may inform
the birds that they have reached a critical site or
line (e.g. latitude) at which they should change
their compass”. Wallraff may well be right in this
statement but, as already discussed by Rabgl
(1985), we have then moved outside the domain of

a simple clock-and-compass system and into
something else and more, such as one of the
systems B, C, D or E (Fig. 1).

As mentioned in the Introduction, the simple
clock-and-compass hypothesis could be consider-
ed a strategic model — like, e.g., the basic Lotka-
Volterra equations of competition and predation,
or the simple optimal foraging models (Begon et
al. 1990). Such models are almost impossible to
test and reject under natural (not controlled) con-
ditions. The clock-and-compass "hypothesis"
could be considered a summary of the migratory
progress in directional and temporal terms, and has
been confirmed — not too convincingly — in ex-
periments with non-displaced cage-birds removed
far from their natural migratory context and pro-
gress, and analyzed crudely by second or third
order statistics. Obviously, such treatment will re-
duce complex patterns, produced by coordinate
navigation or cross-axis orientation, into simple
patterns which look like the outcome of simple
one-direction orientation.

In conclusion, I consider the simple clock-and-
compass hypothesis an appropriate description of
the reaction of a deprived cage-bird tested without
the possibilities of performing a navigatory act.
Probably, under the natural migratory progress, the
clock-and-compass system should be regarded as
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an auto-pilot which may be switched on in case of
an uncomplicated routine flight, or if all the com-
plicated steering systems breake down. Such a
simple system could probably never in itself guide
the bird safely through a long and complicated
migratory progress.

Outlook

In recent reviews on the orientational mechanisms
of migrant birds the migratory progress has been
described exclusively in terms of the clock-and-
compass system (e.g. Able & Bingman 1985,
Wiltschko & Wiltschko 1988a, 1988b, Berthold
1990, Helbig 1990, Wallraff 1990).

Emlen (1975), though, seriously considered the
possibility of coordinate navigation in juvenile
birds and also regarded geographical displace-
ments as a method capable of throwing light on the
innate orientational programme. However, geo-
graphical displacements with migrant birds are no
longer performed (except by me), presumably be-
cause the view has settled that birds only navigate
towards an earlier experienced position, as re-
vealed by ringing recoveries of geographically dis-
placed Sparrowhawks Accipiter nisus (Drost
1938), Starlings Sturnus vulgaris (Perdeck 1958,
1967), and Teals Anas crecca (Wolff 1970). Only
the adult birds showed more or less clear signs of
orientation towards their normal wintering area,
whereas juvenile birds did not change their normal
(standard) migratory direction. Very reasonably it
was concluded that these species have no inherited
knowledge of the position of their wintering area,
but only of the standard direction.

However, all these species are short- or
medium-distance migrants, and one should be
cautious in generalizing to other species, especi-
ally long-distance migrants. Juveniles of long-
distance migrants tested in funnels by Evans
(1968) and Rabgl (e.g., this study) clearly com-
pensated a displacement mediated by wind or man.

Displacement experiments — both real and
simulated — with migrant birds (Rabgl 1985, 1992,
1993, in press) ought to be given a comeback as a
basic procedure when investigating orientation
mechanisms and systems.

Summary and conclusion

Pied Flycatchers displaced in autumn from Chri-
stiansg to Skallingen compensated the displace-
ment, i.e. the course shifted significantly coun-
terclockwise from about SW to SSE-S. No dif-
ference was found between experimentals (dis-
placed in a disturbed and meaningless magnetic

Fig. 8. The orientation on the overcast night of 1 Sep-
tember 1989 at Skallingen, controls and experimentals
combined. The birds were displaced from Christiansg.
Sample mean vectors are 19° (fully drawn, r=0.687, n=9,
0.01<P<0.05) and 43° (hatched, 1r=0.674, n=13,
0.001<P<0.01).

Orienteringen pd Skallingen den 1. september 1990 pd
en overskyet nat. Pd alle de andre neetter var det helt el-
ler neesten helt skyfrit.

field) and controls (displaced without magnetic
disturbances). Both groups were displaced without
access to visual celestial cues, and olfactory cues
must also have been screened away.

Obviously, path integration based on magnetic,
celestial, or olfactory cues is not a necessary com-
ponent in compensatory orientation. The compen-
satory orientation must be based on site localiza-
tion in some way.
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Resumé

Kompensatorisk orientering af Broget Fluesnapper
Ficedula hypoleuca efter forflytning fra Christiansg
til Skallingen

I efterdrene 1986, 1989 (2 gange) og 1990 lavede jeg
orienteringsforsgg pd Skallingen med unge Brogede
Fluesnappere fanget f dage forinden som trekgester pa
Christiansg.

Tidligere tragt-forsgg (se Rabgl 1988) havde vist, at
treekfugle oftest vil kompensere for en forflytning. I det
aktuelle forsgg, med en normal orientering mod sydvest
pa Christiansg, skulle en forflytning til Vestjylland resul-
tere i en venstre-drejet orientering mod syd eller sydgst.



Specielt 1990-forsgget (Fig. 3-5) bekrafter da ogsé for-
ventningen om en kompensatorisk respons.

Meningen med forsgget gik imidlertid videre end til at
4 bekraeftet tidligere erfaringer. Det basale formal var at
fa belyst, om det medfgdte trekprogram alene bunder i
et kalender- og kompas system (se pp. 99-102 i Rabgl
1988) med tilhgrende kompas-baserede kompensationer
efter princippet vist pa Fig. 1C. Neasten alle tidens traek-
og orienterings-forskere helder til denne anskuelse —
hvis de overhovedet anerkender, at unge trekfugle kan
kompensere for en geografisk forflytning pa deres fgrste
efterarstraek. Det ggr unge treekfugle nemlig ikke altid,
ihvertfald ikke undersggte kort- og mellem-distance-
treekkere som Krikand Anas crecca (Wolff 1970), Spur-
vehgg Accipiter nisus (Drost 1938), og Ster Sturnus vul-
garis (Perdeck 1958, 1967). Ogsd mine egne tragt-forsgg
pé Fergerne med Munk Sylvia atricapilla viser ukom-
penseret orientering i normaltreekretningen hos fugle, der
er kommet til Faergeme efter en fejlflyvning eller en
vind-assisteret drift fra Norge. Men i mange andre
tilfelde ser man klar kompensatorisk orientering. Det
gelder séledes for langdistancetrekkere testet i tragte
under en stjerncklar himmel (Evans 1968, Rabgl 1988,
1993), og der er ogsd mange eksempler pa synligt dag-
treek og radar-observationer, der viser klart islet af kom-
pensation efter en forudgéende eller pdgdende vinddrift
(Rabgl 1988). S& kompensatorisk orientering er et al-
mindeligt forekommende fenomen. I det hele taget er
der ofte sa store variationer og afvigelser fra den forven-
tede normaltrakretning i orienteringsforsgg og observe-
rede treekbeveegelser, at disse ikke lader sig forstd og be-
skrive alene ud fra et medfgdt kalender- og kompassy-
stem. Et sédant rummer kun mulighed for simple og fast-
1ste beskeder séisom: "august/september treek SV, okto-
ber/november trek SS@, december stop” (geeldende for
en finsk Broget Fluesnapper, der treekker over Spanien til
et vinterkvarter i Nigeria). Der er overhovedet ingen fri-
hedsgrader i et sddant system, og de store observerede af-
vigelser og variationer kan ikke alle (bort)forklares som
pseudodrift (pp. 159-164 i Rabgl 1988), stgj i systemet,
forsggs-artefakter, eller hvad man nu ellers kan finde pa.

Som allerede nzevnt har jeg her veeret ude efter at teste
hypotese C pé Fig. 1, men C er ikke den eneste mulige
forklaring bag en kompensatorisk orientering. Der er i
hvert fald tre andre muligheder, vist som B, D, og E pa
Fig. 1, s der skal en speciel forsggsprocedure til at af-
ggre, om C er af betydning. Denne procedure bestar i, at
fuglene under forflytningen fra Christiansg til Skallingen
har veret delt over i to lige store grupper: forsggs- hhv.
kontrol-fugle. De fgrste blev transporteret i et meget
kraftigt og uensartet magnetfelt, hvor de ikke havde no-
gen mulighed for at fastlegge den vestlige forflytnings-
vej vha. deres magnetkompas. Denne mulighed havde
kontrolfuglene, som blev transporteret i det normale,
uforstyrrede jordiske magnetfelt. Som i mine tidligere
forflytningsforsgg havde ingen af grupperne mulighed
for at fastlegge forflytningsvejen i forhold til deres sol-
eller stjernekompas. Under en transportform som den an-
vendte kan man ogsa tillade sig at se bort fra dufte som
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kilde til en kompas-baseret erkendelse af transportvejens
forlgb.

Hvis C pé Fig. 1 er forklaringen pd en kompenseren-
de orientering, sé skal forsggs-fuglene pa Skallingen vise
ukompenseret sydvest-orientering, medens kontrol-fug-
lene skal vaere sydgst- til sydorienterede. Det er jo kun
kontrol-fuglene, der har haft mulighed for at erkende for-
Igbet af forflytningen ud fra magnet-kompasset. Hvis der
derimod er navigation indblandet i kompensations-pro-
cessen — som der er i B, D og E pa Fig. 1 — s& bgr bade
forsggs- og kontrol-fugle vare sydgst- til sydorienterede
pé Skallingen.

Hvad viser resultaterne si? For det fgrste, at der ingen
forskel er pd orienteringen af kontrol- og forsggs-fugle.
Begge grupper viser SS@-S orientering. For det andet, at
orienteringen pé Skallingen er venstredrejet i forhold til
sydvestorienteringen pd Christiansg, og at denne drej-
ning er statistisk signifikant. Se Fig. 3-5 og 7.

C er altsé ikke nogen god forklaring p& den kompen-
satoriske orientering efter forflytningen, men om den rig-
tige forklaring s& er B, D eller E (Fig. 1), kan ikke afggres
med en forsggsprocedure som den her anvendte. Rabgl
(1978) giver nogle anvisninger p, hvordan man kan te-
ste B mod D. Et forflytningsforsgg til de Kanariske ger
(Rabgl 1981) var et forsgg herpa, men det faldt noget
uklart ud, méske fordi der blev brugt Rgdhals Erithacus
rubecula, der er en mellemdistancetraekker. Ogsa en for-
flytning af langdistancetraekkere til Kenya i 1987 (Rabgl
1993) gav i princippet mulighed for at skelne mellem B
og D, og faldt mest ud til fordel for B. Men ovenover al-
ting svaever E (retningskors-orientering, se pp. 117-118 1
Rabgl 1988), der (n&sten) altid kan forklare (nzesten) al-
ting, sa det ender jo nok med, at kalender- og kompas-
folket hen ad vejen skifter hypotese fra C til E. Specielt
B - koordinat navigation mod et vandrende mélomrade
(se pp. 102-104 i Rabgl 1988) — betragtes af de fleste som
helt usandsynlig, og det kan da ogsa vere, at den nu til
dags bgr betragtes som et historisk kuriosum, der i sin tid
fremtradte som det eneste logiske alternativ til den helt
simple og "stive" kalender- og kompashypotese (A pa
Fig. 1). Men hvad enten det nu er B, D eller E, der kom-
mer nermest virkeligheden, s rummer de alle i sig en
stgrre eller mindre grad af "medfgdt" navigation. Tiden
og verden er blevet for kompleks at faerdes i for dem der
kun er udstyret med et kompas.
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