Visual diurnal migratory movements
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INTRODUCTION

Migration is composed of various re-
actions. It is nescessary that these reactions
be recognized if one is to view them in
proper perspective as part of a system.
When viewing migration from the point
of view of a whole, composed of various
parts, the proposal of Urrstranp (1860)
to apply ethological terminology to avian
migration seems logical. The following
discussion thus incorporates currently
accepted ethological terminology wher-
ever possible.

This paper is mainly based upon observations
made by the author at geographically diverse sites
in Denmark. Included are data from 600 days
(mostly spring) at Knudshoved, East Funen. 120
fall days at Hesselo Is. in the Kattegat, 50 spring

days near Blavand, West Jutland and 17 days in
spring from Ringsted, Mid-Zealand. Thus the
author himself made his observations of diurnal
migratory movements both on sea shores, at an
isolated island, and inland.

Observations began just before sunrise and lasted
two to six (usually three to five) hours. Observation
techniques were discussed in detail by Rasor (1964
and 1965).

During the observations almost any movements
irrespective of species, season, direction and “goal
directiveness” in the movement have been con-
ceived and noted as a migratory movement. Ex-
ceptions herefrom are only distinct movements in
breeding area and activities during which a bird
moves about constantly within sight. It goes with-
out saying that this practice may involve the risk
of including non-migratory movements, e.g.
foraging and flight movements and movements in
winter quarters etc. Often there are no distinct limit
between migratory movements on the one side and
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the said movements on the other side, and even if
there were, the observer is, as a rule, unable to
distinguish them from each other. By the above
mentioned procedure the observer is compelled to
be objective in his registration of e.g. the number
of birds migrating in different directions which

naturally is the basis of a analysis of the influence
of the external factors on the migration.

As regards the exact meaning of the ethological
terms used the reader is referred to e.g. THORPE
(1964).

MIGRATORY DRIVE CONCGEPT

Behaviour during migration involves a
chain of instinctive actions. An instinctive
action can be regarded as the product of a
drive (a definite state of internal activity)
and one or several sign stimuli which can
release andjor direct the drive (e.g.
Fasricrus 1961).

The drive which is the basis for migra-
tory behaviour can be called the migratory
drive. In order for this drive to be con-
verted to a migratory movement, it must
be exposed to a suitable external stimulus.
This stimulus directs the movement.

The previously introduced term migra-
tory force (RaBorL 1964) is defined as a
migratory drive plus one or more sign
stimuli, in other words, the total causality
of a migratory movement. It is symbolized
by a vector the direction of which is de-
termined by the sign stimulus and the
length of which depends upon the inten-
sity of the migratory drive (Fig. 1).

Of directing external factors which can
cooperate with the migratory drive can

*# I do not regard the different migratory
reactions as fixed action pattern but rather as
appetative behaviour (containing both fixed motor
pattern and taxis). The use of the concept of sign
stimulus is maybe therefore unfortunate. In the
ethology a sign stimulus is normally used for only
an external stimulus recleasing (not directing) a
fixed motor pattern. The whole problem is how-
ever too complicated to be discussed in further
details here.

RaBoL (1964) uses the migratory force concept in
a wider and partly different sense than that stated
here. When calculating the average direction of
migration also the number of individuals in a
certain direction was symbolized by a so-called
migration force, so that the number of individuals
was indicated proportional to the length of the
force (the vector).

be mentioned the sun and the stars, the direc-
tion of the wind and the topography. The two
first-mentioned may occasion a goal
migratory force, the two others a head-
wind migratory force and a fopographical mi-
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Fig. 1. An instinctive action (e.g. a migratory
movement — the arrow) conceived as a product
between a drive (the circle which may vary in
intensity) and a sign stimulus which releases the
drive and directs its conversion to the instinctive
action.

Fig. 1. En instinkthandling (f. eks. en trekbevegelse —
pilen) opfattet som et produkt mellem en drift (cirklen —
der kan vere variabel i storrelse) og en noglestimulus, der
virker udlpsende pd driften og reiningsgivende pd dennes
omselning til instinkthandlingen.
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gratory force (RaBpr 1964). The goal mi-
gratory force gives rise to the standard
migration (see below), and in my opinion
it is not reasonable to definitely separate
this from e.g. the headwind migration or
leading line migration. The difference be-
tween these three forms of migration is to
be found mainly in the external influence
and less in the migratory drive, although
the intensity of this probably decides
which of the present stimuli manifest
themselves (see later).

Lack (1960a) mentions that the de-
signation migratory urge (= drive) has
been used both for 1) “internal factors”
and 2) “a result of external and internal
factors”. The first evidently corresponds
to the here mentioned migratory drive,
while the latter may correspond to a goal
migratory force.

The standard direction is generally con-
sidered in the literature as a definite di-
rection which a migrant will take (de-
pendant on the species), when the migra-
tory drive alone is operating, and when
there are no disturbing influences from the
surroundings (e.g. van DoBBeEN 1953 and
CHRISTENSEN et al. 1961).

This concept of the standard direction
as a uniform (or almost uniform) direction
for all individuals of a species (a popula-
tion) is however of a too small plasticity
to be useful for ethological considerations.
As concluded by Jacossen (1963) there
will of course be a genetically determined
distribution of the migration directions
around the average goal migration di-
rection, the standard direction. — This
distribution is furthermore a question of
age and maturation (e.g. WILLIAMSON
1963). The juvenile birds have a much
greater distribution around the standard
direction than the old birds, possibly we
may sometimes speak of random dispersal
(WiLLiamsoN, NispeT 1962). When mi-
gration has started, the distribution round
the standard direction may be further
increased, e.g. by overshooting (of the

Fig. 2. Variation of the goal migratory forces
(spring) around a standard direction towards NE.
Compared with the NW and SE sector the SW
sector should reasonably be greater than shown due
to real reversed migration.

Fig. 2. Spredning af mdltrekkrafterne (fordr) omkring
en normaltrekretning mod NO. Sammenlignet med NV-
og SO-sektoren skal SV-sekioren rimeligvis vere storre
end vist pd grund af forekomst af egte omvendt trek.

breeding area or the winter quarter), mi-
grational drift, reversed migration or re-
determined migration etc. All these and
more factors give a considerable distribu-
tion round the standard direction (Fig. 2).
Note (Tables 4-5) how great is the dis-
persal on the inland localities without
pronounced leading lines, even on calm
days, when a head-wind migratory force
has no possibility to manifest itself. Also
Dorst (1962) in the chapter “Orientation
of migratory birds” mentions experiments
made by SAUER KramER and MATTHEWS
(both sun- and star-orientation as well as
homing experiments). These experiments
show a distinct distribution (like Fig. 2)
around the average migration direction.

The designation goal migratory force
here means the product of the migratory
drive and a sign stimulus issuing from the
sun and the stars (possibly earth magnet-
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ism, e.g. MerxeL et al. 1965). That the
result hereof, the migratory movement,
often goes in a “wrong” direction com-
pared with the standard direction is
ascribed, among other things, to the above
mentioned factors.

Goal migratory force may be an unfortunately
chosen designation, because e.g. Dorst (1962)
points out the existence of both true goal orientation
and one-direction orientation. The random dispersal
met with in the juvenile birds of certain species is
not in its true sense goal directed. The advantage
of a brief designation of something which is uni-
form in principle may make up for the linguistic
incompleteness of the term.

There is complete agreement in the
literature that the migratory drive, like
other drives, may vary in intensity. The
less the weather conditions and the land-
scape below are able to mark migration
(both direction and intensity) the greater
is the migratory drive. Generally the mi-
gration takes place in a normal way (de-
pendant on the species) with its greatest
intensity at certain hours, at which time
the migratory drive is said to be strongest.
Linp (1965) writes that — generally speak-
ing — instinctive behaviour (and thereby
the underlying drive) need not act accord-
ing to the all or none rule, but, generally,
a variation in intensity can be ascertained.

THE

The influence of wind on migration is
obvious and has often been discussed.
However, there is not yet any clear under-
standing of the drift caused by wind, the
head wind migration and the down-wind
migration seen in close relationship.
Dorst’s statement (1962) is thus typical:
“In any case, no general rule applies to
the relationship between migrations and
wind ...”. It fits only in the very strict
sense that a definite active reaction form
should exercise its influence at any given

It is also a general experience of the
observers that a sudden worsening of the
weather conditions or an amelioration may
cause a steep fall or sudden rise in the
numbers of migrating birds, which is a
complicated function of c.g. the migra-
tory drive. Unfavourable weather con-
ditions throughout a longer period of
time also obstruct migration only for a
short time. Evidently, the migratory drive
accumulated gradually to a certain level
at which migration starts. Both these
observations imply the presence of a
variable migratory drive.

It should be pointed out that often
changing migration directions should be
seen as a transition between the influence
of the different stimuli on the migratory
drive. What stimulus is at work depends on
the migratory drive, and here not only the
intensity of the drive is of importance, but
also the time elapsed since a sign stimulus
was last in operation (e.g. WiLLIAMSON
(1962) mentioned for leading line migra-
tion, and Linp (1965)). Finally, it is of
course important whether a stimulus on
the whole has a possibility to influence the
migratory drive (which e.g. is not possible
in the case of a leading line across open
water or at great altitude).

WIND

migration movement, and it is overlooked
that the passive drift caused by the wind
is nearly always in operation. Dependant
on the migratory drive and the available
stimuli one could however also speak about
rather fixed active reaction forms in rela-~
tion to the wind.

The influence of wind on migration
may be divided — as indicated above —
into a passive drift and an active response.

The first is what is normally understood
by mugrational drift (not in the special sense
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used by WiLLiamson 1955, see later). The
wind may partly shorten, partly protract
a migration according as it blows as head-
wind or right with the fAeading (Lack and
Wirriamson 1959). If the direction of the
wind forms an angle with the heading, the
track (Lack and WrirLLiamson, 1959) will
be a resultant between these two directions
dependant, among other things, on the
bird’s own speed, the wind force and the
intersection angle.

The birds may also actively take a
definite flight direction in relation to the
direction of the wind (at any rate at low
altitudes). They may fly right against the
wind or straight with the wind, or take
such a direction obliquely against or with
the wind that the track goes in the goal
migratory direction or along a leading
line.

Here should only be discussed in some
detail active wind-migration (i.e. migra-
tory movements where the direction of the
wind participates as a sign stimulus). Ac-
cording to RaBor (1964) active wind mi-
gration against or with the wind may be
the immediate expression of a head-wind
migratory force and a down-wind migratory
Jorce resp.

Conclusively it is pointed out that the
general view that a bird, according to its
species, “‘prefers” either down-, head- or
side-wind (e.g. SaxTorPm 1917), Saro-
MONSEN 1953) must be rejected as a general
rule. The reactions to e.g. the wind de-
pends on the migratory drive (see earlier)
and not, or in a smaller degree, on the
species. The same individual may thus —
depending on the migratory drive and the
external circumstances — be said now to
prefer downwind, now headwind, and in
other situations pays no attention to the
direction of the wind in the sense that it
just travels along a leading line towards
its goal, or in a given compass direction.

Downwind migration
WirLiamsoN’s (e.g. 1955) ‘“‘migrational

drift theory” (which normally is not what
is understood by migrational drift — see
earlier) mentions — in my opinion — a
downwind migratory force. The theory
says that birds above open water, in cases
where means of orientation by the sun or
the stars are missing, go down to low mi-
gratory altitudes and perform an active
downwind movement (visually determin-
ed by the waves) in their attempt to get
away from an inhospitable zone as quickly
as possible.

Lack’s (e.g. 1963) radar investigations
of the migration at high altitudes (Eng-
land) show a general tendency to down-
wind migration in the autumn and not-
ably in winter. On the other hand, this
phenomenon is of no or small importance
to the progress of the spring migration.
These differences which are dependant on
the season should probably be considered
as the result of e.g. a different migratory
drive, so that downwind migration takes
place when the migratory drive is rela-
tively low. How active this downwind mi-
gration actually is (whether the down-
wind is a sign stimulus) is however very
difficult to say. HassLer et al. (1963)
mentions a clear tendency to migrate in
the standard direction with the wind
(North America). Here the birds evidently
determine the direction of the wind from
the ground, and migration starts when the
direction of the wind and the goal migra-
tory direction almost coincide. A great
deal of the downwind migration described
by Lack should probably be conceived in
a similar way, and he thus speaks about a
real downwind-migratory force which
intensifies a goal migratory force. As the
wind direction ~ in my opinion — normally
can hardly be determined by a flying bird
without visual coordination with the
“movement” of the landscape below (see
later), a downwind migration at higher
altitude is hardly in its proper sense an
active downwind migration (even if it
started -as such), and most probably it is
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Fig. 3. Hessels. Migratory movements in the
autumn. The lowermost figure shows the island in
profile seen from the south. The thick arrow indi-
cates the direction of the wind. A fully drawn arrow
indicates migration below 30-40 m, a broken
arrow shows migration above this altitude. 7 is
headwind migration at low altitude, 2 is downwind
migration at higher altitude influenced by drift.
3 shows headwind emigration at low altitude,
which during rise in altitude of migration gradually
bends and passes into standard migration. 4 indi-
cates standard migration issuing from the drift-
migration. The dominating headwind migration at
low altitude is seen as the antagonist to the dominat-
ing downwind migration at higher altitudes in-
fluenced by drift.

Fig. 3. Hesselo. Efterdrstrekbevegelser. Nederste figur
viser sen 1 profil sei fra syd. Den kraftige pil angiver vind-
retningen. Fuldt opirukket pil er irek under 30—40 m.,
stiplet pil viser trek over denne hajde. 1 er lavt modvinds-
trek. 2 er et hajere afdrifipraget medvindstrek. 3 viser lavi
modvindsirek, der under stigning 1 trekhojde efterhdnden
af bojes og gdr over i et normaltrek. 4 angiver normalirek
udgdende fra afdriftstrekket. Man ser det overvejende lave
modvindstrek som antagonisten til det overvejende hajere
afdrifipregede medvindstrek.

rather a considerable passive unification
with the wind of the migration at great
altitude (migrational drift) — irrespective
of how it started and irrespective of the
heading at great altitude.

The visible diurnal migration (apart
from WiLLiamsoN’s “‘migrational drift”)
normally does not represent an isolated
active downwind migration, even if the
birds, just at low altitude, would have the
best possibilities- of determining the direc-
tion of the wind. A passive drift with the
wind can, however, often be seen during
emigration attempts and following rise in
the migratory altitudes. At Hessels (Fig.
3 and Fig. 14) a tendency was noted to the
effect that a migration at higher altitude
may follow the downwind coast line. The
phenomenon however seems to be sub-
ordinate to the simultaneous headwind
migration at lower altitude, and is other-
wise a passive form of downwind migra-
tion, a wind drift directed in some degree
only by the leading line. How general this
observation is is not known.

A few times I have also seen spring mi-
gration of Skylark (dlauda arvensis (L.)) in
the standard direction in downwind,
evidently under simultaneous influence of
a downwind migratory influence (Table
5, 21/2 1966) which has contributed to a
rapid expansion. (HassLer et al. 1963)
mention the same function for the down-
wind migration).

It should be pointed out once more that
a distinction between an active and a
passive downwind migration especially on
the radar screen cannot be made.

Headwind migration

Headwind migration seems everywhere to
be a widely distributed reaction form
during the visible diurnal migration.
Strange enough, the literature contains
very few attempts at an isolation of what
could be called a headwind migratory
force (RasoL 1964).
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There are several reasons for this:

1) The headwind migration is nearly
always regarded as a secondary phenome-
non associated with the leading line mi-
gration (or e.g. the island attraction, see
later). Here it is however largely over-
looked that a leading line generally acts
equally much in both directions.

2) If migration in one direction takes
place almost opposite to the standard mi-
gratory direction it is generally called
reversed migration, a designation which in
itself is only descriptive and does not ex-
plain anything. What might be called real
reversed migration (Umkerzug — Ruckzug)
can be defined as the result of a goal mi-
gratory force which for some reason or
other has been temporarily reversed 180
degrees. The problem should not be fur-
ther discussed here, it is only pointed out
that not all reversed migration is real.
'WESTERNHAGEN (1953) thus mentions that
headwind migration secondarily may in-
tensify a real reversed migration. Kocu
(1934) says that the reversed migration
described by him (“cursus retroversus™) is
due to positive anemotrophy. These
examples and Raseor (1964) among
others show that a wind may release a
migratory force directed against the wind,
a headwind migratory force.

As another indication of such the reader
is referred to Figs. 4-5 and to the Tables
in this paper.

3) There seems to be a pronounced
emotional scepticism towards the presence
of an active headwind migration partly
because it seems to claim too much energy
and partly does not fulfil a direct function.

The headwind migration however serves the
important purpose lo be a compensating factor
which counteracts the migrational drift. It is so
to speak the antagomist to this latter wn the
complex which is called bird migration.

Wirriamson (1962) writes that the only
way in which the birds can compensate

for drift by the wind is by leading line
migration, and that this therefore should
be regarded as advantageous on an aver-
age, so that not every migratory move-
ment along a leading line is necessarily
advantageous. This view is however only
partly correct, simply because similar
logical agreements could be maintained as
an explanation of the function of the head-
wind migration which has also been the
case recently (RaBor 1964 and BeroMAN
1964).

That headwind migration claims more
energy than downwind migration to cover
a distance which, viewed from the ground,
is the same, is of course right. But head-
wind migration does not claim too much
energy and is not inadequate for the mi-
gration as a whole on account of the func-
tion sketched here.

Migration against the wind without the
influence of a headwind migratory force
(passive headwind migration) no doubt
also occurs (Fig. 6, Fig. 7, and Fig. 16).
The thorough investigations at Hesselo
are mentioned below. If a bird from the
sea is heading towards the island, and its
flight direction is not right with the wind,
it will generally arrive at the island in
headwind (Fig. 16) irrespective of the
direction of the wind or its standing point.
The phenomenon has been found to be
extremely common (irrespective of the
wind direction), but it always seems evi-
dent that a headwind migratory force in-
tensifies the topographical attraction.

Furthermore the headwind-immigra-
tion to Hessels generally continues across
the island into a headwind-emigration
from the opposite coast (Fig. 7). This may
however partly be explained as inertia
(RupeBeck 1950) of the migration after
the attraction to the island had ceased.
However, the migration from Hesselo also
starts early in the morning before an
immigration reaches the island, generally
as an emigration or coastal migration
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Fig. 4. Skylark (Alauda arvensis). Knudshoved.
Spring. Difference in degree between average mi-
gration direction and wind direction. Each dot
indicates an observation day. The material derives
from Table 1 and from Raser (1964 — Table 1).
Above the abscissa the wind direction lies to the
" left of the average migration direction and below
the abscissa to the right of it.

Note the turning point round E in accordance
with the fact that the resultant between the average
goal migratory direction (NE) and the average
topographical migratory direction (ESE) is di-
rected more or less towards the east.

The fully drawn line shows the deviation when
the headwind migratory force and the above men-
tioned resultant are of equal length. We find an
empiric distribution approximately round this line.

The distribution clearly shows the presence of a
headwind migratory force. If such did not occur,
the dots would be distributed round a line going
from 4+ 180° over 0° (E.) to = 180° (the broken
line).

Fig. 4. Sanglerke (Alauda arvensis). Knudshoved.
Fordr. Afvigelse 1 grader mellem gennemsnittrakretning og
vindretning. Hver prik stdr for en observationsdag. Mate-
rialet stammer fra Tabel I og RaBoL (1964 — Tabel 1).
Ovenfor abscisseaksen ligger vindreiningen til vensire for
gennemsnittrekrelningen og nedenfor abscisseaksen il
hajre for.

Bemark vendepunktet omkring @ i overensstemmelse
med, at resultanten mellem den gennemsnitlige mdltrekrei-
ning (NO) og den gennemsnitlige geografiske trekretning
(980) er rettet ca. mod 9.

Den fuldi opirukne linie viser afvigelsen, ndr modvinds-
trekkraften og den ovenfor nevnte resultant er af ens stor-
relse. Man finder en empirisk fordeling nogenlunde om
denne linie. Til sammenligning viser den stiplede linde,
hvordan prikkerne ville fordele sig, hvis en modvindstrek-
kraft ikke fandies.

Fordelingen turde klart vise tilstedevarelsen af en mnod-
vindstrekkraft. Fandles en sddan ikke, skulle punkterne

Jalde omkring en linie gdende fra -+ 180° over 0° (@)
il = 180°.
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Fig. 5. Skylark (dlauda arvensis (L.)). Knudshoved, spring, R/S percentage (RaBpL 1964) plotted as
function of the wind direction. Same material as Fig. 4. The line drawn shows the average percentage in
the 8 s=ctors, each being 45°. We note that there is greatest accordance round the east with headwind
migratory force, average goal migratory force and average topographical migratory force progressing in
almost equal directions. The R/S percentage is smallest around the west, because the headwind migratory
force here is directed almost oppositely to the two others.

Fig. 5. Sanglerke (Alauda arvensis). Knudshoved. Fordr. R}S-prccenien (RaBoL 1964) afsat som funktion af vind-
retningen. Samme materiale som Fig. 4. Den indtegnede linie viser den gennemsnitlige procent i de 8 sektorer pd hver
45°. Man bemarker storst overensstemmelse omkring @ med modvindstrekkraft, gennemsnitlig mdltrekkraft og gennem-
snitlig geografisk trakkraft forlobende i omtrent ens retninger. R|S-procenten er mindst omkring V, fordi modvindstrek-
Fkraflen her er omirent modsat rettet de to andre.

Conclusion : The headwind magration is both
a very widespread and isolated phenomenon

against the wind (see however Fig. 3).
This also holds good for other migration

places, thus expressly mentioned from the
coast of North Zealand (CHRISTENSEN and
RoseEnBERG 1964).

during the visible diurnal migration, and further-
more, it may have the very important function to
counteract the drift caused by the wind.

TOPOGRAPHY

During the visible diurnal passage the
migratory directions of the birds may re-
flect a considerable influence of topograph-
ical factors. Two forms of topographical
passages can at any rate be distinguished
viz. leading line migration and topographical
attraction.

Leading line migration

Leading line migration (and notably
coastal migration) has often been describ-
ed. Normally, the leading line migration
along a seashore is conceived only as a
deviation of a normal passage due to
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Fig. 6. Attraction and parallel displacement of
migratory movements at Knudshoved (spring)
mostly with winds in the section between west and
north. Notably Skylark.

Fig. 6. Tiltrekning og parallelforskydning of trek ved
Knudshoved ( fordr), mest med vinde mellem V og N.
Iser Sanglarke.

aversion to emigrate across open water.
This might be called passive leading line
migration. Most other forms of leading line
migration (a number of types described by
VieuceL and WESTERHAGEN 1957) how-
ever could not be explained as caused by
aversion and might be called active leading
line migration. WirLriamsoN (1962) and
Van DosBen (19533) among others also
give examples of active coastal leading line
migration. Van DoBen thus writes:
. . . the guiding line effect is not exclusive-
ly caused by aversions. There seems to be
also a preference for clear topographical

lines” (¥ig. 8). The guiding line passage
shown in Fig. 8 however need not ex-
clusively be an active guiding line migra-
tion. In Fig. 8 (above) the coastal passage
may be passive with a goal migratory
force to the SE, and correspondingly
(below) a goal migratory force to NW.

A sharp distinction between an active
and a passive leading line migration can-
not be made, either in practice or in
theory. In both cases the leading line
enters as a sign stimulus (although fear of
water intensifies the effect in passive mi-
gration), and a leading line migratory
force may be said to be present.

Which way along the coast the passage
will go depends on what agrees best with
the direction of the goal migratory force
and/or the headwind migratory force (see
later).

WiLLIaMSON (1962) mentions the general
experience that the association with a
leading line is greater the more unfavour-
able the weather conditions are, and that
the association with the leading line is
much weaker after a short passage across
water than after a longer passage across
the sea. This may be said partly to be due
to a low migratory drive or partly to the
non-use of the leading line as sign stimulus
for a longer period of time.

It may be reasonable to point out the
inertia mentioned by Rupeseck (1950) in
the leading line migration. If e.g. there
is a sharp bend of the coast, the passage
is often continued in a straight line across
the sea in the hitherto followed direction
of the coast line (Figs. 9, 10, 11, 12), even
if this does not point in the standard di-
rection. The conditions near Blavand
(above mentioned figures) distinctly show
this common phenomenon which may be
said to be due to a constant leading line
migratory force. — This however is hardly
of stable direction over a longer distance,
if it deviates too much from the goal mi-
gratory direction. It is however often
stable within sight (Knudshoved, Hesselo).
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Topographical aitraction

This notion may be defined as a topo-
graphical migratory force acting towards
some topographical unit.

To a bird out at sea it may be a force
attracting it towards the nearest shore
(Figs. 6 and 16). Also inland we may
speak of topographical attraction, e.g. to
a wood. The literature contains many
examples of topographical attraction, e.g.
Lack (1959) who mentions that Starlings
(Sturnus vulgaris (L.)) often fly at right
angles to the coast, although it is known
that their migration direction across the
sea was a different one. Van DoBBEN
(1953) shows by means of a drawing of
the island of Vlieland how the migrating
birds — when approaching the island —
change their migration direction and fly
approximately at right angles to the coast.

The distinction between the two kinds
of topographical migratory forces (leading

Fig. 7. Chaffinch (Fringilla coelebs (L.)). — Hesselo
autumn 1964. Direction of wind indicated by the
thick arrow. Migratory movements in the days
22.9., 27.9. and 12. 10. Number of migrating
birds slightly below 1000, more than 2000 and not
less than 5000 resp. The number and size of the
arrows are indicated proportionately to the dimen-
sions of the migration at the different places on the
island. Note the tendency to headwind migration,
which in connexion with the attraction towards the
island should be regarded as a compensation for
the wind drift which operated over open water (see
also Fig. 16).

Fig. 7. Bogfinke (Fringilla coelebs). Hesselo. Efterdret
1964. Vindretning cangivet med kraftig pil. Trek pd
dagene 22. 9., 27. 9. og 12. 10. Antallet af trekkende
Jugle henholdsvis lidt under 1000, mere end 2000 og mindst
5000. Pilenes antal og sterrelse er angivet proportionale
med lrakkels storrelse, de forskellige steder pd ven. Be-
maerk tendensen til modvindstrek, der i forbindelse med til-
trekningen mod ven er at betragle som en kompensation for
den vinddrift, der er sket over chent vand (se Fig. 16 0gsd).

line migration and topographical attrac-
tion) should only be regarded as a practical
division. There is only a difference in de-
gree, and the attraction is the basic ele-
ment.

\Nwz
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HEADWIND MIGRATION AND
TOPOGRAPHICAL MIGRATION

A correlation between headwind migra-
tion and topographical migration will be
briefly made.

1) The direction of the wind may be
compared to a leading line. It does not
however operate in the same way in the
two directions, which a leading line
generally does.

2) The general rule applies to a straight
coast line that migration will be greatest
in the direction along that coast which
runs most against the wind. (Table 2.

CHRISTENSEN et al. 1964). The tendency is
contrary to the season, but of the standard
goal direction approximately coincides
with one of the coastal directions the mi-
gration may however be greatest in that
direction — irrespective of the direction of
the wind.

3) At the end of a peninsula (e.g.
Knudshoved Fig. 17) or a pronounced
bend of the coast (e.g. Blavand) the gener-
al rule applies that the migration towards
the bend of the coast is relatively greatest
along that coastline which runs most
against the wind (or least with the wind),
whereupon the migration will turn and
continue along the other coast (or change
into emigration), approaching the wind.
Figs. 9-12 (Blavand) show this tendency.
See also Fig. 13. Similar cases are often
described in the literature, e.g. JENKINS
et al. (1955 Blavand, note here how similar
the autumn migration (Figs. 3-6) is to
the spring migration under the same wind
conditions, Lack and Lacx (1952 -
Lands End), Bruun et al. (1957 — Stigs-
nas)).

4) Exposed to the wind - evidently
that of the possible topographical sign

stimuli manifests itself which fits with

Fig. 8. Examples of active leading line migration,
i.e. leading line migration which cannot be ex-
plained by aversion to emigration over open
water. Above immigration from the sea (hatched)
of which a number thereupon follows the coast.
Below migration following the coast continuing to
some degree even if the coast bends away from the
standard direction.

Fig. 8. Eksempler pd aktivi ledelinietrek, d.v.s. ledelinie-
trek, der ikke kan forklares ved aversion mod udirek over
dbent vand. Qverst indirek fra vandet (skraveret), hvoraf
en del derefter folger kysien. Nederst kysifolgende irek, der
i nogen grad fortsetter, selv ndr kysten drejer bort fra nor-
maltrekretningen.
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Fig. 9. Linnet (Carduelis cannabina). Blavand. 17. 4.
1964. Total 286.

Fig. 9. Tornirisk (Carduelis cannabina). Bldvand.
17. 4. 1964. Ialt 286.

SSW-SW 3-4

/7

Fig. 10. Linnet (Carduslis cannabina). Blavand 12. 4.
1964. Total 171.

Fig. 10. Tornirisk (Carduelis cannabina). Bldvand.
12. 4. 1964. Ialt 171.

Fig. 11. Linnet (Carduelis cannabina). Blavand. 6. 4.
1964. Total 111.

Fig. 11. Tornirisk (Carduelis cannabina). Bldvand.
6. 4. 1964. Ialt 111.

NE 2

Fig. 12. Linnet (Carduelis cannabina). Blavand 5. 4.
1954. Total 88. Note the tendency in Figs. 9-12 to
follow the coast line which gives the greatest head-
wind migration.

Fig. 12. Tornirisk (Carduelis cannabina). Bldvand.
5. 4. 1964. Ialt 88. Bemerk lendensen pd Fig. 9—12 tl at
Jolge den kystlinie, der giver mest modvindsirek.
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headwind migration. Possibly headwind mi-

gration should only be regarded as a unification

of the topographical possibilities. There is no
longer any free “choice”. Topographical
dependance during migration is a pure
visual feature and in a similar way the
headwind migratory force may perhaps manifest
itself only as a consequence of visual sensations.

This seems, among other things, to be in-
dicated by the missing capability of
correction for drift by the wind during the
higher visual diurnal migration and the
absence of headwind migration (apart
from accidental occurrencies) during the
high migration observed by radar (Lack).

GOAL MIGRATION, HEADWIND MIGRATION AND
TOPOGRAPHICAL MIGRATION

A migratory direction has one or several
of the said sign stimuli and a migratory
drive as its immediate cause. That the
migration pattern often appears to be so
variegated as is the case, is, among other
things, due to the fact that some individu-
als react to one stimulus and other indi-
viduals to another.

If several sign stimuli do not differ too
much from each other in direction they
may cooperate, however (judging from
the observations) hardly with a simple
vector-resultant as result, but rather, so
that only one of the given stimuli deter-
mines the direction, e.g., as mentioned
above, migration along a leading line, if
this fits approximately in direction with
headwind migration andfor goal migra-
tion. — In such a case the migration pattern
may be pronouncedly uniform (e.g. the
autumn passage along the Dutch coast
with southwesterly wind (Van DosBEN
1953).

In an earlier paper (RaBon 1964, Table 12) it
has been shown in a number of cases (spring) how
significant was the standard migratory force (i.e.
the average migratory force to the NE), the head-
wind migratory force and average topographical
migratory force (towards ESE) for the progress of
the average drift migratory direction for Skylark at
Knudshoved. The headwind migratory force
gradually appeared to be the most significant of the
operating migratory forces. There is however a very
considerable variation round the average of the
goal migratory forces as well as of the topographical
migratory forces (notably inland and at coasts or

point which do not point in: the standard migratory
direction). This involves that the standard migra-
tory force and the average topographical migratory
force will have less influence on the progress of the
average migratory direction than a goal migratory
force and a simple topographical migratory force
have on any migrating bird, since the headwind
migratory force in both cases is on the whole a
simple force. (During the visible-diurnal migration
this latter is reduced only in a small degree by the
reversely directed downwind migratory force or
the more or less passive drift with the wind). This
consequently implies a less general influence of a
headwind migratory force previously postulated.

By means of a model (Fig. 15) some
examples are given of the interaction of
the different migratory forces. In a random
area there is a population of birds with a
sufficiently great migratory drive for re-
leasing migration. There is a dispersal of
the individual goal migratory forces round
the standard direction towards NE
(spring).

The situation iz calm: the number of
migrating birds at the four corners (Fig.
15) will be directly proportional to the
number of birds which have goal migra-
tory forces within the angle sectors N-E,
E-S, S-W, and W-N respectively. For it
is assumed that for a group of birds with
equal goal migratory forces, migration at
right angles to the coast will result (be-
sides in a certain emigration) in an equally
large migration in each of the two direc-
tions along the coast. If in Fig. 15 the
migration at the SW and NE quarters is
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compared, an oppositely directed reaction
would be expected, partly for topographi-
cal reasons and partly as a consequence of
different goal migratory forces in the birds
which reach the two corners with an
average emigration direction towards SW
and NE respectively.

The situation: Exposed to the wind. An
acute angle between a goal migratory
force and a coast line may mainly give a
leading line-headwind migration obliquely
backwards. The average dividing angle
for an equally large migration in the two
directions along the coast (Table 2) will
in such a case be an acute angle (in Fig.
15 e.g. the angle OCA with a westerly
wind).

The migration at the SW corner : Wind
from SW (compared with the reactions
in calm) influenced by the coast lines and
headwind migration will absorb a greater
part of the variation round the standard
migratory direction (e.g. in Fig. 15 the
goal migratory forces from SE via S to
NW). More birds will therefore reach the
SW corner than in calm. The situation is
the opposite with wind from NE, in which
case only birds with goal migratory di-
rections within e.g. the angle EOF will
reach the SW corner. The result is there-
fore smaller migration in NE wind than
in calm.

In the above working hypothesis it is
even presupposed that the migratory di-
rections inland remain unchanged irre-
spective of changing wind. My few inland
observations of migrating Skylarks (e.g.
Table 4 and Table 5) however show that
also inland a considerable headwind mi-
gratory force is operating. This is not sur-
prising. It would however be strange, if
this form of reaction only occurred in con-
nexion with coastal leading lines. To this
is however added the oppositely directed
drift by the wind (migrational drift) a.o.
UwrsTrRAND 1960). To which side the
headwind migration : winddrift shifts during
the visible diurnal migration inland is

however unknown. At the coasts it has
been displaced, as mentioned above, to
the advantage of headwind migration.
Headwind migration probably dominates
during low migration (i.e. migration be-
low 50-100 m), while the drift by wind
dominates at greater altitudes.

Fig. 13. General migratory movements at Knuds-
hoved with different wind directions caused by
interaction between leading line migratory forces
and the headwind migratory force. This holds good
for spring as well as for the autumn.

Fig. 13. Generelle trekbevegelser ved Knudshoved med for-
skellige vindretninger fordrsaget af samarbejdet mellem
ledelinictrekkrefier og modvindstrekkraften. Gelder bdde
Jordr og efterdr.
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If a headwind migratory force is not acknowledg-
ed and we anticipate that the migration directions
inland are only influenced by a standard migratory
force (in the “narrow” definition as operating in
the same direction) and a drift by the wind, we
are, as a matter of fact, unable to explain e.g. an
emigration from Falsterbo in spring or a western
immigration to Knudshoved at the same season
(RaBoL 1964). Such a simple concept does not give
the migrating birds sufficient possibilities for reach-

==

Fig. 14. Hesselo. Autumn. Migratory movements
at the SW corner. Migration at low altitude (below
30-40 m) fully drawn. Migration at higher altitude
is hatched. The migration at low altitude follows
the coast which gives the greatest headwind migra-
tion. The more passive downwind migration at
higher altitude will drift in the opposite direction.

Fig. 14. Hesselo. Efierdr. Trekbevagelser ved SV-hjor-
net. Lavt trek (under 30-40 m) er fuldt optrukket. Hojere
trek er stiplet. Det lave trak folger den kyst, der giver mest
modvindstrek. Det hajere, mere passive medvindstrek vind-
drifier i den modsatle retning.

ing these two places. If, on the other hand, we anti-
cipated partly a variation of the goal migratory
forces and partly a headwind migratory force in
close cooperation with topographical migratory
forces (notably at the coast, but also inland) it is
quite easy to explain the southwestern emigration
e.g. at Falsterbo in spring (e.g. MaTHiassoN 1960
and 1961).

Finally, it seems reasonable to point out
that it is not possible always to give a full
explanation of the causes of a given mi-
gratory movement. Different sign stimuli
may influence a migratory drive of vary-
ing intensity. Sometimes only one sign
stimulus will operate, at other times several
stimuli increase or counteract each other.
As a rule, it can be demonstrated what
sign stimuli are responsible for a migratory
movement, but it may not be possible to
determine how much the individual stimu-
lus influence. At best only a rough estimate
is possible (see Fig. 18).

;
E A C

Fig. 15. Variation of the goal migratory forces in
a random land area (spring).

Fig. 15. Maltrekkreflernes spredning i et vilkdrligt land-
omrdde. (Fordr).
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ALTITUDES OF MIGRATION

A brief comparison between migration at
visible altitudes and that above visible
altitude is made.

After thorough radar investigations in
South England Eastrwoop et al. (1965)
conclude that the median altitude for
diurnal migration is 1500-2000 feet (5-
600 m) (in Fig. 5 is however only stated
1000 feet (300 m)) for the average distri-
bution throughout the year). It is further
shown that 809/, of the diurnal migrants
fly at an altitude below 3.500 feet (about
1 km). Since the number of migrants is
stated to increase downwards about 309/,
of the diurnal migration will probably
take place at visible altitudes, i.e. below
200 m which CHRISTENSEN et al. (1964)
maintain as necessary to sight a migrating
passerine bird.

CHRSTENSEN et al. (1964) state that
only about 19/, (about 500.000) of the

Fig. 16. Migratory routes towards an island. Wind
SE. The uppermost figure shows the migratory
route for a bird coming from NE. The migration
route is constructed, when the bird’s own speed is
twice the velocity of the wind. The bird comes in
approaching the wind. On the lowermost figure the
straight lines show a standard migration marked
by drift. At a certain distance from the island (the
circle) the topographical attraction comes into
operation. The migration towards the island will
therefore take place in accordance with the upper-
most figure, i.e. the migratory routes towards the
island will be curved lines, which have that in
common that they will reach the island against the
wind.

Fig. 16. Trekveje mod en 0. Vind SO. Den sverste figur
viser trekvejen for en fugl kommende fra NO. Trekvejen
er konstrueret, ndr fuglens egenhastighed er to gange vind-
hastigheden. Fuglen kommer ind tilnermet mod vinden.
Pd den nederste figur viser de relle linier et afdriftpreget
normaltrek. I en vis afstand fra sen (cirklen) treder den
geografiske tiltrekning i funktion. Trekket mod sen vil
herefier foregd i overensstemmelse med den overste figur,
d.v.s. trekvejene mod sen vil blive krumme linier, der har
det tilfelles, at de rammer ind pd ven mod vinden.

Swedish and Finnish migrating population
(about 50 millions) of Chaffinches (Frin-
gilla coelebs (L.)) are seen emigrating at
Falsterbo in the Autumn.

Together with spring observations from
migration places in Denmark this fact
apparently indicates that only a minimal
part of the total number of migrating
birds fly below visible altitudes.

Many objections can however be made
to this calculation.

1) The noted number of birds is con-
founded with the actual number of mi-
grating birds within visible side and alti-
tude (e.g. ENEMAR 1964).
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Fig. 17. The observation posts for Tables 1-4.
Fig. 17. Observationsposterne for Tabel 1-4.

2) Even at the most intimate (i.e. con-
centrated) migration place the birds will
pass over a much broader front than the
observer can possibly survey.

3) Regarding the migration at Falster-
bo: Not the total Finnish population mi-
grates via Sweden, so for that reason alone

the figure is too high. Furthermore there
is a coastline from Oslo to Falsterbo which
is several hundred km long with many
coastal projections and with Zealand with-
in that distance for more than about 50
km. It is also known that a considerable
migration, e.g. of Chaffinches takes place
both across the Kattegat (Fig 7), and
North Zealand. Of the Finches which
arrive at the Swedish westcoast probably
only a small number reaches Falsterbo,
where the most important leading line
for the migration is the much shorter
coastal stretch from east (RubesEck 1950).
Taking these sources of error into con-
sideration it seems as if a considerable part
of the Scandinavian Chaffinches and diur-
nal migrants generally fly at visible alti-
tudes. For most species the number will
probably be 10-50°/,. For some groups,
as e.g. birds of prey, the number is
upwards of 1009/,.

For the direct observation of the bird migration
not only radar observations but also the study of
the visible diurnal passage are of great interest
(WiLcock 1964). And not only of ethological inter-
est (CHRISTENSEN et al. 1964) but also of a pure
ornithological interest. Furthermore, these studies
can be carried out by anybody, and they have
aesthetical aspects — which radar observations at
rate have only in a smaller degree.

CONCLUSION

It is the momentary behaviour and not the
final result which has been studied. Radar
observations give information of the mi-
gration over a larger distance and at
greater altitudes than visuel observations
can possibly do. Radar also in a much
higher degree shows the conversion of the
migration drive itself into standard mi-
gration. I am however not of the opinion
that the “radar migration” for that reason
should be considered more “right” than

the visible migration. On the other hand,
it could be maintained that it takes place
under less influence of external stimuli
(however, the drift by wind is greater),
and that the migratory drive on the whole
is greater. Thus visual observation is not
a superfluous study compared with the
“radar migration”. It only gives informa-
tion of the migration at a lower altitude
and with a generally different combination

of causes, where the “irrelevant’ external
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stimuli play a relatively dominating rdle.
The study of these influences is of the
greatest interest, because all forms of mi-
gratory movements should be equalized
in principle, although the conditions
which they elucidate (and which we try
to find) may be different. The criterium
for a migratory movement is — in my
opinion — only the presence of a migratory
drive, but not the intensity of this or the
nature of the influencing sign stimulus.

The literature contains a great number
of descriptive notions, as e.g. reversed
migration, retromigration, and reorienta-
tion, only to mention three designations,
which are closely related as to content. —
Subconsciously one often tries to explain
an observed migratory movement as a
manifestation of one of those designations.
This procedure is however tautologic. On
the other hand, it is no tautology (there is
no getting away from the language) to
conceive the background of a migratory
movement as being composed of one or
several “indivisible” causes termed mi-
gratory forces, where the goal migratory
force is the primary cause. The purpose
must be to get down to as few causes as
possible, but so that with a given combina-
tion of these, a probable explanation can
always be given of the progress of any
possible migratory movement.

There are countless possibilities of explaining a
migratory movement (see earlier). This does not,
however, mean that we should refrain from an
explanation of this movement and from an explana-
tion at all. It is only a sober view on the great vari-
ability of the combination of causes.

The causes are both the basis of the migratory
movements and form part of them. It is of course
not the coast line itself or the wind, but influences
from these are in some way or other converted to
integral factors in the resulting migratory move-
ment. It is ascertained that this is the case, but in
this connexion it is only said why in a lesser degree.

The study of the different migratory forces and
their importance follows after these forcesshave
Leen ascertained. Thus there is no basis for a dis-
cussion of a possible function of the headwind mi-
gration, befcre a headwind migratory force has

been isolated. If however such force has been
demonstrated it most probably also has a function.
What function is then open to discussion.

The author wishes to extend his thanks to stud.
mag. N. P. KrisTENSEN, stud. mag. J. Dvck and
D. H. Linp for critical perusal of the manuscript.
Mrs. A. Vourser kindly translated the paper into
English and the American ornithologist L. W.
ORING has read and corrected some of the chapters.
The Nyborg ornithologists A. MgLLER, F. D. PE-
TERSEN and H. Noer I thank for having placed
data of observation at my disposal. Finally, I would
like to thank all those with whom I have discussed
this subject, notably civil engineer N. B. HesseL-
BJERG CHRISTENSEN.
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Fig. 18. Migratory movements. Knudshoved.
Autumn. Wind WSW. I shows immigration. Of
importance is especially a goal migratory force,
intensified by a headwind migratory force and a
topographical attraction near land. 2 shows revers-
ed migration after emigration. The movement
starts under influence of notably a leading line
migratory force towards SE. Topographical at-
traction and a headwind migratory force and a
goal migratory force cause that the bird will turn
and fly WSW in the last instance intensified by a
leading line migratory force in that direction.

Fig. 18. Traekbevegelser. Knudshoved. Efterdr. Vind
VSV. 1 viser indtrek. Betydende er iser en mdlirakkraft,
Jorsterket af en modvindstrekkraft og en geografisk lil-
trekning ner land. 2 viser tilbagetrek efter udirak. Beve-
gelsen starter under indflydelse af iser en ledelinietrekkraft
mod SO. Geografisk tiltrekning og en modvindsirekkraft,
samt en mdltrekkraft fordrsager, at fuglen vender om og
nu gdr VSV i sidsie instans forsterket af en ledelinictrek-
kraft i den retning.
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SUMMARY

A migratory movement is the product of
a migratory drive and one or several sign
stimuli such as the sun or stars, the direc-
tion of wind, or the topography. This
product is called a goal migratory force, a
head- or downwind migratory force, or a
topographical migratory force respectively.
The concept of standard direction, as used
here, corresponds to the direction of the
average goal migratory force. When seen
in a population, this is the result of a
genetically determined variation of the
goal migratory directions, maturation, and
the degree of overshooting, wind-drift, or
reversed migration (Fig. 2).

The influence of wind may be considered
passive (migratory drift) or active. The
latter can be a down-wind migratory
force (down-wind migration is, however,
often passive) or a headwind migratory

force. A headwind migratory force should
be considered a compensatory reaction to
the influences of wind-drift.

Geographical influence may manifest
itself in a topographical attraction or in
leading line migration.

Headwind and topographical migra-
tions are closely related. The former is
probably directed through visual per-
ception. A bird selects one of the topo-
graphical sign stimuli which fits headwind
migration. Along a coastline, the migra-
tion is generally greatest in the direction
which gives the most headwind migration.
A corresponding rule applies at coastal
projections. 10-50°/, of diurnal migration
is estimated to pass within range of sight,
i.e. below 200 m. The value of making
visual observations is not to be overlooked.
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DANSK RESUME
Synlige dagtrakbeveagelser

Formalet med artiklen er iser en beskrivelse af,
hvordan fuglenes treekbevagelser kan opfattes og
inddeles. Der er forsegt en mere etologisk fremgangs-
made end normalt ses indenfor dette felt.

Der foretages en gennemgang og visualisering af
trekdrift-begrebet. Endvidere vises tilstedevarelsen af
et aktivt, selvstendigt modvinds-irek. Der forseges en
inddeling af det geografiske irek, og den nzre sam-
menhang mellem modvindstrak og geografisk trak
omtales. Desuden diskuteres medvindsirekket og trek-
hajderne.

Artiklen er tenkt som en afrunding af RasoL
(1964) og bygger overvejende pa egne iagttagelser,
der er sammenlignet med den existerende littera-
tur om de omhandlede emner. Vedrerende observa-
tionsteknik o.1. henvises til Rasor (1964 og 1965).

Vedrerende den exakte betydning af de anvendte
ethologiske termer henvises til f. eks. Linp (1965).

Trekdrift-begrebet

En treekbevegelse er en instinkthandling. En instinkt-
handling kan betragtes som et produkt af en drift
(her traekdrift — en bestemt indre aktiveringstil-

stand) og en til flere ydre noglestimuli, der er i stand
til at virke udlesende og retningsgivende pa drif-
ten.

Den tidligere indferte term, trekkraft (RapoL
1964) ma forestilles at besta af en trakdrift og en
(eller flere) neglestimulus. Den symboliseres med
en kraft (vektor), hvis retning er bestemt af nogle-
stimulusen og hvis lengde (sterrelse) er et udtryk
for treekdriftens sterrelse (Fig. 1.). Rasor (1964)
bruger begrebet trazkkraft i en videre og delvis
anden betydning end den her givne.

Af retningsgivende ydre faktorer, der kan sam-
virke med trakdriften kan navnes sol- og stjerne-
himlen, vindretningen og geografien. De to forste
kan give anledning til en mdlirekkraft, de to andre
til henholdsvis en modvindsirekkraft og en geografisk
trekkraft. Maltrekkraften giver ophav til normal-
trekket. Dette skilles ikke afgerende fra f. eks. mod-
vindstrak og ledelinietrak. Forskellen pa de tre
treekformer ligger nemlig overvejende i den ydre
pavirkning og mindre i trekdriften, omend sterrel-
sen af denne nok er bestemmende for hvilke af de
forh&ndenvarende stimuli, der gor sig galdende.
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Nogle opfattelser fra litteraturen vedrerende
treekdriften omtales og kommenteres. Der hersker al-
mindelig enighed om, at trekdriften som andre
drifter kan variere i styrke. Jo stzrkere den er,
desto mindre formar vejret og det underliggende
landskab at sette deres preg pa traekket (bade dets
retning og sterrelse). Begrebet normalirakretning dis-
kuteres. Denne kan siges at vere retningen af den
gennemsnitlige maltrekkraft for en population. Be-
grebet betragtes gennemgéende for strikt — som en
samme retning for alle populationens individer.
Der er imidlertid en betydelig spredning omkring
gennemsnitsverdien (normaltrekretningen), som
Fig. 2 antyder. Arsagerne hertil kan vare flere, f.
eks. genetisk bestemte forskelle, ungfugle-spredning,
tilbagetrak efter forlenget trak, vindafdrift o.s.v.

Vinden

Vindens indvirkning pa trekket er Abenbar og ofte
beskrevet. Imidlertid foreligger endnu ingen klar
forstdelse af vindafdriften, modvindstreekket og
medvindstrakket set i en sterre sammenhang.

Vindens indvirkning pa treekket kan inddeles i
en passiv vinddrift og en aktiv reaktion (d.v.s. track-
beveegelser, hvor vindretningen indgir som en
noglestimulus). I sidste tilfeelde kan enten en mod-
vindstrekkraft eller en medvindstrekkraft gere sig
gzldende.

En medvindstrekkraft forsterker ojensynlig ofte en
méiltrekkraft iser for det hoje treeks vedkommende.
Aktivt medvindstrek forekommer dog ogsd i syn-
lig hejde, bl.a. postuleret af WiLLiamsoN. Enkelte
egne observationer f. eks. 21. 2, 1966 Tabel 5 viser
ogsd fenomenet. Funktionen af en medvindstrak-
kraft ligger givet i muligheden for en hurtig (lang)
ckspansion af et traek. Iser i stor hejde vil meget
tilneermet medvindstrek dog nok bedst opfattes
som en passiv vindafdrift. Ogs& i det synlige trek
(f. eks. under udtreksforseg) ses ofte en slags pas-
sivt tilbagetrek med vinden (Fig. 3 og Fig. 14).

Modvindstraek synes overalt at vare en meget
udbredt reaktionsform under det synlige dagtraek.
Besynderligt nok findes i litteraturen meget f& for-
sog pa en isolering af, hvad der kunne kaldes en
modvindstrakkraft. Arsagerne hertil er bl.a., at meget
treek mod vinden ogsé er ledelinietrak, resultatet af
f. eks. o-tiltrakning (Fig. 16) eller kan komme ind
under begrebet omvendt trak. F. eks. Tabel 2 og
Fig. 9-12 viser dog former for trek mod vinden,
der kun meget vanskeligt kan forklares som andet
end resultatet af en modvindstrakkraft (se ogsd
senere). Der synes at vaere en udpraget folelsesmas-
sig skepsis mod tilstedeverelsen af et aktivt mod-
vindstrak (en modvindstrekkraft), bade fordi det
virker overfledigt energikrevende og ingen funktion
synes at opfylde. Modvindstrakket tjener dog den
meget vigtige opgave at vare en kompenserende
faktor (indskudt i det lave trzek), der modvirker

vindafdriften. Det er s3 at sige antagonisten til den-
ne sidste i det kompleks, der hedder fugletrekket.

Geografien

Der skelnes mellem to former for geografisk trek,
nemlig ledelinietrek og geografisk tiltrekning. Her ind-
virker enten en ledelinie eller en eller anden frem-
treedende landskabsenhed (f. cks. en o, Fig. 6 og
Fig. 16) som neglestimulus.

Modvindstrek og geografisk trek

En korrelation mellem modvindstraek og geografisk
treek foretages. Ved en lige kystlinie gzlder den al-
mene regel, at treekket er storst i den retning langs
kysten, der giver mest modvindstrak (f. eks. Tabel
2). Ved en kystombejning eller p& spidsen af en
halve gzlder den nerstdende regel, at trekket mod
kystens vendepunkt er relativt sterst langs den kyst-
linie, der forleber mest mod vinden (eller mindst
med vinden). Se Fig. 9-13. Den neje sammenhang
mellem trek mod vinden og geografisk trek pape-
ges. Modvindstraek fastlegges muligvis helt gennem
visuel perception; det er en udvzlgelse af en af de
geografiske noglestimuli, der passer med modvinds-
track.

Maltrek, modvindstrek og geografisk trek

Afviger flere neglestimuli ikke 1 retning for meget
fra hinanden, kan de samarbejde, dog nzppe (efter
observationerne at demme) med en simpel vektor-
resultant som resultat, men mere siledes at kun en
af de givne stimuli virker retningsgivende. Som eks.
herp# kan nevnes traek langs en ledelinie, hvis denne
passer tilnaermet i retning med modvindstraek og/
cller maltrak.

Ved hjelp af en model (Fig. 15) gives nogle eks.
pa samspillet mellem de forskellige traekkrefter.
Der er en spredning af de individuelle méltreekkraef-
ter omkring normaltrekretningen mod N@ (forar).
Pa grund af denne spredning vil ses trek (udtrek)
ved alle 4 landhjerner. Ser vi specielt p& SV-hjernet
vil ses flest fugle med ,,SV”’-vind og ferrest med
»NO@”-vind, medens situationen 1 vindstille er
intermediwr. Arsagen hertil er overvejende, at trak-
ket, nar det rammer ud pa en kyst, folger kysten i
den retning, der giver mest modvindstrek. F. eks.
det fra Falsterbo kendte udtraek om foréret kan
ganske utvunget forklares ved maltrekkrefternes
spredning og samtidig indvirken af en modvinds-
treekkraft.

Trekhojder

P2 grundlag af iseer de engelske radarundersegelser
af fugletreekkets hojde (Eastwoop et al. 1965),
skennes at 10-509%, af dagtrzkket foregar i synlig
hejde, d.v.s. nedenfor ca. 200 m (for sméfuglenes
vedkommende).

Konklusion og diskussion
Forskellige forhold diskuteres. Her skal blot frem-
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heeves, at sammenlignet med ,,radartrekket” op-
lyser visuel observation om trzk med en delvis
anden Aarsagskombination, hvor de ,uvedkom-
mende”, ydre pavirkninger spiller en relativt do-
minerende rolle. Studiet af disse pavirkninger har i
allerhojeste grad interesse, fordi alle former for

treekbevagelser principielt ma ligestilles, selv om
det de oplyser om (og det man seger at finde) kan
vare forskelligt. Kriteriet for en treekbevagelse er
efter min opfattelse blot tilstedeverelsen af en trak-
drift men ikke storrelsen af denne eller arten af den
indvirkende neglestimulus.

TABLES 1-5

Table 1. Skylark (Alauda arvensis). Knudshoved.

1) The indicated direction in the column, the average migration direction gives the nearest direction at
the average migration direction indicated by degrees.

2) R/S indicates the ratio between the size of the average migratory force and the sum of migrants;
it is a direct measure of the agreement of migration in the average migration direction.

3) The next four columns show the aggregate number of migrants in directions within the given compass.

4) See Figs. 4 & 5.

Tabel 1. Sanglerke (Alauda arvensis). Knudshoved.

1) Retningsangivelsen i kolonnen. Gennemsnitstrekretning giver den nermeste retning ved den i grader angivne gennem-
snitstrekretning.

2) R[S angiver forkoldet mellem storrelsen af gennemsnitstrekkrafien og summen af de trekkende individer og er et
ligefremt mdl for enigheden om lrek i gennemsnitstrakretningen.

3) De fire neste kolonner viser det samlede antal trekkende individer i retninger indenfor de givne rammer.

4) Se iovrigt Fig. 4 og Fig. 5.

Average migra-

Wind tory direction R/S N-ENE. E-SSE. S-WSW. W-NNW. Date
Vind Gennemsnits- N-ONG. ©G-8§0. S-VSV. V-NNV. Daio
trekretning

N-NNE. 34 NE-ENE. 57° 138/173 (809%,) 121 48 0 4 5.4. 1964
NNE-NE. 3-4 ENE-E. 81° 36/40 (90%) 18 22 0 0 25. 4. 1964
NE 3-4 ENE-E. 76° 47/57 (83%,) 32 24 1 0 3. 4. 1964
NE-ENE. 5 ENE. 68° 101/124 (83%) 63 45 8 6 29. 3. 1964
NE-ENE. 4-5 ENE-E. 82° 57177 (74%) 29 40 5 3 18. 3. 1964
NE-ENE. (3)-4 ENE. 67° 92/108 (87%,) 69 34 1 4 4. 4. 1964
NE-ENE. 3-4 NE. 46° 102/187 (55%) 94 61 5 27 1. 4. 1964
NE-ENE. 3 ENE-E. 81° 21,2/29 (73%) 9 17 0 3 31.3.1964
ENE. 4-(5) ENE-E. 74° 70/86 (81%) 37 46 1 2 6. 3. 1964
ENE. 4 ENE-E. 84° 30/39 (77%,) 13 24 1 1 30. 3. 1964
ENE. 4 ENE-E. 81° 304/371 (82%,) 157 201 9 4 16. 3. 1964
ENE. (3)-4 E. 93° 58/70 (83%) 23 45 1 1 7.3.1964
ENE. (1)-2 ENE. 71° 22/28 (79%,) 17 10 1 0 2.3.1964
ENE-E. 4-5 E. 85° 20,8/26 (80%) 8 16 1 1 31.3.1963
ENE-E. 4 E-ESE. 100°  85/100 (85%) 23 80 7 0 2.4.1964
ENE-E. (3)-4¢ E-ESE. 98° 106/121 (88%,) 19 101 1 0 5.3.1964
ENE-E. 3-4 E. 88° 64/102 (62%) 25 61 3 13 28. 3. 1964
ENE-E. 34 NE-ENE. 54°  37,5/48 (78%,) 29 40 5 3 18. 3. 1964
ENE-E. 1-2 E-ESE. 107° 25/28 (89%,) i 26 1 0 24. 4. 1964
E. (6)-7 ENE-E. 78° 39/49 (79%,) 25 24 0 0 13. 3. 1964
E. 5-6 ENE-E. 81° 109/137 (80%,) 50 81 4 2 25.3. 1964
E. 3-4 ENE. 71° 284/316 (909%,) 128 188 0 0 22.3.1963
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Average migra-

Wind tory direction R/S N-ENE. E-SSE. S-WSW. W-NNW. Date
Vind Gennemsnits- N-GNG. 0-§80. S-VSV. V-NNT. Dato
trekretning

E. 34 ENE-E. 76° 62/94 (669%) 34 52 6 2 23.3.1964
E. 3 E-ESE. 103°  260/304 (86%,) 30 264 3 7 1.4.1963
E. 2-3 E. 95° 79/115 (69%) 34 69 7 5 19. 8. 1964
E. 2-3 E-ESE. 94° 164/197 (83%,) 56 130 7 2 27.3.1964
E-ESE. 6-(7) E.95° 33,6/40 (84%) 9 30 1 0 30. 3. 1963
E-ESE. 4-5 E-ESE. 97° 242262 (92%) 54 202 5 1 26. 3. 1964
ESE. 4 ESE. 108° 192/216 (89%) 11 201 3 1 12. 3. 1964
ESE. (2)-3 E-ESE. 104° 112/150 (75%) 31 106 8 5 19. 4. 1964
SW-WSW.2 SE.. 129° 41/86 (48%,) 12 51 7 16 15. 4. 1964
WSW. 3 SE 135° 26/1€0 (16%,) 21 73 20 46 11. 4. 19¢4
WSW. 2-3 NNW-N. 354° 6/85 (7%) 12 31 14 28 9. 3. 1944
WSW. 2—(3) ESE. 118° 35/71 (49%) 16 40 9 6 14. 4. 1964
WSW-W. (2)-3 ESE-SE. 129° 196/304 (64%) 22 232 6 44 13. 4. 1964
WSW-W. 1-2 ENE. 65° 48/142 (34%) 45 60 7 30 8. 3. 1964
WSW-W. 1-2  SSE- 150° 13/21 (62%) 0 15 3 3 20. 2. 1964
W. 3-4 S. 180° 15/94 (16%) 13 36 20 25 10. 2. 1964
W. 1 E-ESE. 106° 16,5/63 (259%) 16 28 10 9 20. 4. 1964
W. 0-2 NE-ENE. 59° 86/227 (38%,) 115 55 22 35 9.4. 1964
W-WNW. 5 NNE. 27° 71/128 (55%,) 86 15 8 19 2.2.1964
W-WNW. 3-4 N-NNE. 13°  65/159 (41%) 80 18 19 42 4.2.1974
W-WNW. 3 N. 357° 14,5/57 (259,) 20 13 5 19 12.2. 1964
W-WNW.1-3 WNW-NW.307° 38/107 (36%) 25 13 10 59 7. 4. 1964
WNW, 4 N-NNE. 6° 88/119 (74%,) 77 3 1 38 22.1.1964
WNW-NW. 3 W-WNW.282° 19/80 (24%) 16 15 23 26 11.2.1964
WNW-NW.2—(3)NNE. 20° 64/153 (42%,) 78 31 10 34 9.2.1994
NW. 4-5 NE. 48° 26/44 (59%,) 29 6 4 5 8. 2. 1964
NW. 3-4 NNE. 26° 122/210 (58%,) 111 40 1 48 6. 4. 1964
NW. 2 N-NNE. 12° 58/121 (48%) 61 23 2 35 8.4. 1964
NW. 1 ENE. 68° 156/228 (68%,) 119 77 1 31 11. 3. 1964
NW-NNW.2-3 NNE. 18° 697/739 (94%) 596 12 0 131 23.3.1963
ESE. (2)-3 E-ESE. 100°  62,5/70 (89%) 11 58 1 0 21.4. 1964
ESE. 2-3 E-ESE. 104°  34/136 (25%) 24 63 23 26 24. 3. 1964
ESE-SE. 5 E. 90° 42/90 (47%,) 26 48 11 5 26.2. 1964
ESE-SE. 4-5  ESE. 110° 640/697 (92%) 0 688 9 0 19. 3. 1964
ESE-SE. 3-4  E-ESE. 103°  98/117 (84%) 20 95 1 1 29.2. 1964
SE. 4-(5) SE-SSE. 148°  20/58 (34%) 10 26 20 2 27.2. 1964
SE. 3-4 SE. 139° 42/107 (37%,) 18 57 23 9 25.2. 1964
SE. 3-4 ESE-SE. 120° 180/199 (91%) 12 185 0 2 18. 4. 1964
SE. 3-4 E-ESE. 105°  300/338 (89%) 16 322 0 0 14. 3. 1963
SE. 2 ESE. 117° 58/69 (84%) 11 56 0 2 17.4. 1964
SE. 1-2 ESE-SE. 125° 168/200 (84%) 7 167 20 6 2. 4. 1964
SE-SSE. 3-(4) SE-SSE. 149°  19/24 (79%) 0 18 6 0 22.2. 1964
SSE. 5 SE. 134° 1187123 (95%) 0 116 7 0 16. 3. 1963
SSE. 3 ESE-SE. 127° 990/1085 (91%,) 62 1023 0 0 17. 3. 1963
S. 2-3 ESE. 116° 118/187 (63%,) 19 137 10 21 16. 4. 1964
S. 0-1 SSW-SW. 219° 414/1611 (26%,) 172 474 650 315 11. 3. 1963
SSW. 2-(3) SE-SSE. 141°  272/433 (63%) 41 275 82 35 10. 4. 1964
SSW. 1-2 E. 90° 20/50 (40%) 8 26 4 12 23.4.1964
SSW-SW.3-(4) ESE-SE. 125° 87/195 (45%) 47 96 34 18 12. 4. 1964
SSW-SW.2-3  SSE. 152° 20/53 (38%,) 4 31 3 15 26. 4. 1964
SW. 1 ESE. 116° 59/73 (81%) 10 57 5 1 22. 4. 1964
SW-WSW. (2)-3 SSW. 200° 15/68 (229%) 14 17 20 17 3.2.1964
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Table 2. Skylark (Alauda arvensis). Teglverksskoven.

Coast line running about NNW-SSE. (Fig. 17), i.e. almost at right angles to the standard direction..
The date 26. 3. 1961 however refers to an observation from a N-S.-going coast line south of Nyborg.
“NNW.” (W-NE.) indicates the number of migrants with migration directions within the sector W-N-W.,
but mainly NNW. Correspondingly for “SSE.”” (E-SW.). The column “At right angles” show migrations
at right angles to the coast, predominantly ENE. with easterly winds and WSW. with westerly winds. The
table clearly shows the general rule that the passage along a coast line is greatest in the direction which is
mostly against the wind. Note the somewhat changing reactions, in a wind approximately at right angles
to the coast line.

Tabel 2. Sanglerke (Alauda arvensis). Teglverkskoven.

Kystlinie forlobende ca. NNV-SS@. (Fig. 17), d.v.s. omirent vinkelret pd normaltrekretningen. D. 26. 3. 1961
henviser dog til observation fra en N-S.-gdende kystlinie syd for Nyborg. ,, NNV’ (V-N@) er antallet af individer med
trekretninger indenfor sektoren V-NO, men ganske overvejende NNV. Tilsvarende for ,,S80” (9-SV). Kolonnen
Vinkelret oplyser om trek vinkelret pd kysten, ganske overvejende ONG med ostlige vinde og VSV med vestlige vinde.
Tabellen viser tydeligt regelen, at irekket langs en kystlinie er storst i den retning, der forlober mest mod vinden. Bemerk
de noget skiftende reaktioner med vinden tilnermet vinkelret pad kystlinien.

At right angles

Wind “NNW?” (W-NE) “SSE” (E-SW) (ENE and WSW) Date
Vind SNNV? (V-NG)  ,.880” (0-SV) Vinkelret Dato
(ONO og VSV)

NNE. 84«0 82 1 43 5. 4. 1964
NNE-NE. 34 .....ccooveninnn... 24 0 2 95. 4. 1964
NE-ENE.5 ..., 43 40 54 29. 3. 1964
ENE. 4 ... 2 19 5 30. 3. 1964
ENE-E. 84 ..., 7 26 0 98. 3. 1964
Bo7-8 oo 5 7 0 15. 3. 1964
B 56 oo 94 84 32 25. 3. 1964
BodB oo 15 2 11 992. 3. 1964
Bo2-8 oo 15 93 13 27. 3. 1964
B-ESE. 45 ... 44 207 30 96. 3. 1964
ESE-SE. 5 ..o, 6 181 1 96. 2. 1964
N 2 10 5 12. 4. 1963
SSW. 8 .o 0 15 0 3. 4. 1961
SSW-SW. 84 ...t 61 75 8 12. 4. 1964
SW.2-8 oo 34 17 0 11. 4. 1963
SW-WSW. 45 .................. 12 78 20 26. 3. 1961
WSW. 8 oot 139 100 12 11. 4. 1964
WSW-W. 2-8 ..o 782 87 0 25. 3. 1962
WSW-W. 1-2 ................... 72 50 2 8. 3. 1964
We2 oo 16 3 0 13. 4. 1963
W-WNW. 8 i, 19 8 0 12. 2. 1964
WNW. 8-5 ..o 66 1 9 30. 3. 1961
WNW-NW. 3 ..., 104 0 2 11. 2. 1964
WNW-NW. 2 ..o 49 12 0 9. 2. 1964
NW. 45 oo 77 4 0 8.2. 1964
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Table 8. Skylark (Alauda arvensis). Slipshavn. See Fig. 17. The average geographical emigration direction,
which is here almost SW. compared with ESE. at Knudshoved) gives, on an average, a greater R/S
percentage in westerly than in easterly winds. We also note a western average migration direction on the
four days with westerly winds, which with such wind directions is an exception to the rule at Knudshoved

(cp. Table 1.).

Tabel 3. Sanglerke (Alauda arvensis). Slipshavn. Se Fig. 17. Den gennemsnitlige geografiske udtrekretning, der her
er ca. SV. (mod OSO. ved Knudshoved), medforer en gennemgdende siorre R|S-procent med vestlige end med ostlige
vinde. Man ser ogsd de fire dage med V-vind en vesilig gennemsnitirekreining, hvad der med sddanne vindretninger er
undtagelsen pd Knudshoved (sammenlign med Tabel 1).

Average migra-

Wind tory direction R/S N-ENE. E-SSE. S-WSW. W-NNW. Date
Vind Gennemsnits- N-ONG. 0-§§0. S§-VSV. V-NNV. Dato
° trakretning

NNE. 34 NNE-NE. 31°  184/227 (81%,) 207 11 9 0 5.4.1964
NE-ENE. 5 N-NNE. 15° 94/120 (78%) 101 14 5 0 29.3.1964
ENE-E. 3-4 SSE. 155° 10/29 (34%,) 10 1 18 0 28.3.1964
ENE-E. 2 NE. 50° 34/141 (24%,) 68 32 37 4 27.3.1964
E-ESE. 5 NNE. 17° 102/231 (449%) 149 47 42 3 25.3.1964
E-ESE. 4-5 ESE. 100° 42/100 (429%) 33 50 17 0 26.3.1964
SSW-SW. 3-(4) W. 265° 56/71 (79°) 13 3 49 6 12.4.1964
W-WSW. 3-4  WSW. 243° 128/162 (79%,) 4 5 110 43 11.4.1964
WNW-NW. 2 WNW. 289° 23/38 (61%,) 9 0 12 17 9. 2. 1964
W. 3-4 SSW-SW. 211°  28/34 (82%,) 4 1 26 3 10.2.1964

Table 4. Skylark (Alauda arvensis). Hjulby Se. Inland locality (see Fig. 17). Note the influence of the head-

wind migration force and a distinct variation of the migration directions.

Tabel 4. Sanglerke (Alauda arvensis). Hjulby Se. Indlandsiokalitet (se Fig. 17). Bemerk indflydelsen af modvinds-
trekkraften og en klar spredning af trekretningerne.

Average migra-

Wind tory direction R/S N-ENE. E-SSE. S-WSW. W-NNW. Date
Vind Gennemsnits- N-GNG. 0-55S0. S-VSV. V-NNV. Daio
trekretning

NNE. 34 NE. 49° 43/50 (86%) 35 15 0 0 5.4.1964
E. 7-(8) NE. 45° 75/75 (100%,) 0 75 0 0 15.3.1964
E. 3-(4) ENE-E. 74° 14,5/18 (81%,) 9 9 0 0 1.3.1964
S. 0-1 N-NNE. 7° 148/212 (699%) 118 12 10 72 11.3.1963
W. 1-2 NNW-N. 346°  19,5/53 (37%) 21 7 9 16 8. 3. 1964
W-WNW. 5 NNW-N. 348°  101/115 (889%,) 58 2 1 54 2.2.1964
WNW-NW.2-(3) NW, 319° 46/90 (51%,) 33 3 15 39 9.2.1964
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Table 5. Skylark (Alauda arvensis). — Inland localities. Observation post on open land, 12.3 and 19.3 are
from Hejrup, Middle Funen. The other observations are from Torpet near Ringsted, Middle Zealand,
where observations were made during a period of 17 days in the spring of 1966. Only days with more than
15 migrating birds are however included here. There is a great variation in the migratory directions even
on calm days. The other days appear to differ much although the directions of the wind were almost
identical.

Tabel 5. Sanglerke (Alauda arvensis). Indlandslokaliteter. Observationspost i dbent land. 12.3. og 19. 3. stammer fra
Sdr. Hajrup, Midifyn. De andre observationer er fra Torpet ved Ringsted, Midisjelland, hvor der ialt 1 fordret 1966
observeredes 17 dage. Kun dage med over 15 trekkende fugle er dog mediaget her. Man bemerker stor spredning i trek-
retningerne selv pd de vindstille dage. De ovrige dage jfremireder meget forskellige, selv om vindreiningerne har veret
noget ner identiske.

Average migra-
Wind tory direction R/S N-ENE. E-SSE. S-WSW. W-NNW. Date

Vind Gennemsnits- N-ON@G. 9-S§@. S-VSV. V-NNV. Dato
trekretrung

0 NNW. 349° 14,8/39 (38%) 14 5 6 14 4. 3.1966
0 ENE. 72° 13,6/31 (44%) 8 16 1 6 19.3.1966
S-SSW. (2)-3 N-NNE. 15° 320/356 (90%) 313 4 2 37  21.2.1966
S-SSW. 2-3 W. 265° 31/101 (31%) 21 10 38 32 28.2.1966
S-SSW. 2-3 S-SSW. 1867 20/30 (679%,) 1 11 16 2 3.3.1966
SW. 5 WNW. 301° 10,1/27 (37%) 9 2 7 9  24.2.1966
SW. 2-3 NNE. 22° 0,8/19 (4%) 8 1 8 2 25.2.1966
SW. 2-3 WSW-W. 260°  10,4/20 (52%,) 3 2 8 7 10.3.1966
SW-WSW. 2-3  SW-WSW. 237° 16/37 (43%,) 6 4 21 6 8.3.1966
SW-WSW. 0-1 SW-WSW. 238° 60/157 (38%,) 27 14 84 32 12.3.1966
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