THE EFFECT ON PIGEON HOMING OF ANESTHESIA
DURING DISPLACEMENT

CHARLES WaLcOTT AND KrAaUSs ScuMipT-KOENIG

DEspiTE an enormous proliferation of experimental attempts to explain
the homing of pigeons, some basic questions have remained unanswered.
For example, when does a pigeon obtain its navigational information?
Sun navigation as proposed by Matthews (1968) and Pennycuick (1960)
would require the bird to collect the navigational information upon re-
lease. Inertial navigation as proposed by Barlow (1963) postulates the
acquisition of navigational information continuously during the displace-
ment process. An experiment that might indicate whether or not pigeons
obtain navigational information en route to the release site is to displace
birds while fully anesthetized. Although similar experiments have been
carried out with negative results (Exner, 1893; Kluijver, 1935; Griffin,
1943; and probably a few more not reported in the literature), we both
independently considered it worthwhile to repeat such an experiment and,
after we had found each other on the same track with essentially identical
results, agreed to publish jointly.

MATERIALS AND METHODS

Experiments in Western Germany (Schmidt-Koenig) —Two releases were carried
out under sunny conditions in the summer of 1961 with a total of 36 moderately
experienced experimental and 38 similar control birds from the Wilhelmshaven
colony, each bird being used only once in this experiment. The release site was
Ahlhorn, 70 km south of the loft. In each case the experimental birds were fully
anesthetized with Nembutal im. and immediately transported to a shelter near
the release site where all but one recovered. Full anesthesia lasted for about 2 hours.
The controls were injected with the same dose of Nembutal at the shelter. Two
days later all birds were released in the usual manner (e.g. Schmidt-Koenig, 1964,
1965a). Initial orientation and homing performance were recorded as chief criteria.
Initial orientation was assayed statistically for differences between experimental
and control birds by the Watson test (Watson, 1961, 1962), homing performance
by the Mann-Whitney-U test (e.g. Siegel, 1956).

Experiments in the United States (Walcott) —Five releases were carried out
under sunny conditions in the summer of 1970. We used 60 birds of varying ex-
perience, 29 controls and 31 experimentals. As far as possible a bird serving as an
experimental on one release was used as a control on the next release; thus the
experiments compared the homing performance of the same group of birds. Each
release was made from a different site in different directions from the loft; no bird
had ever been released before at any of these sites.

Experimental birds were injected with Equithesin (Jensen-Salsbery Laboratories,
Kansas City, Missouri) at a dose level of 0.20 cc/100 g body weight. This dose
produced complete anesthesia for about 2 hours as judged by the absence of move-
ment of the nictitating membrane when the eye was opened. Control birds were
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Figure 1. Summary of initial orientation (circular diagrams) of experimental
birds (solid symbols) and of control birds (open symbols) released on two occasions
70 km south of Wilhelmshaven. Each symbol represents the record of one bird,
the circles with lines through them represent a release on 1 August 1961, the plain
circles a release on 19 July 1961.

simply taken from the loft and not anesthetized. Experimental birds were trans-
ported to the release point in closed containers, in the back of an automobile,
inside a large Helmholtz coil that produced a uniform but fluctuating magnetic
field of 0.8 gauss. Control birds were carried in the same car, but outside the
Helmholtz coil. Both experimental and control birds were held overnight at the
release point and the following day were released and tracked by radiotelemetry.
The bearings given in the diagrams are the direction in which the radio signal
disappeared; a distance of about 10 miles from the release point. Data were
analyzed in the same way as Schmidt-Koenig’s.

Resurts aAND DI1SCcUSSION

The results of all releases are presented in Figures 1 through 4. An
analysis of the results shows that neither the accuracy of the initial
orientation nor the overall homing speed was significantly affected by
any aspect of the experimental treatment.

Our results confirm previous reports (cited above) that displacement
under heavy or full anesthesia has no appreciable effect on homing.
Unfortunately the conclusion to be drawn from this evidence is not
equally clear-cut. The basic idea underlying the experiment was that the
pigeons may derive navigational information while being displaced and
that this process may be affected by anesthesia. The negative result
actually obtained does not resolve the issue. It could be that the birds
even while anesthetized will obtain information on the way to the release
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Figure 2. A comparison of the homing speeds of the experimental and control
pigeons. N is the number of birds that never returned to the loft, L is the
number that returned on days following the release day, and RD is the number
that homed on the day of release, but slower than 10 km/hr.

point, or if the birds were deprived of this source of information they
simply switched to an alternate system. Our experiments do not, there-
fore, exclude the possibility of inertial navigation, or of the pigeons
obtaining other information on the trip to the release point, but they do
make it seem less likely. Additional evidence tends to support the idea
that navigational information is obtained at the release point rather than
during displacement.

Schmidt-Koenig (1965a) analyzing the process of initial orientation
found a measurable and steady development of headings between about
20 seconds after release and before vanishing. These observations sup-
port the view that navigational processes take place during the first few
minutes or kilometers upon release. These observations have been extended
in tracking experiments by Walcott and Michener (Walcott, 1971), in
which they found a steady decrease in the scatter of initial orientation
of pigeons between 1 and 15 miles after release.

A large number of observations (c.f. review by Schmidt-Koenig, 1965b,
and as recently as Keeton, 1970) have shown that each release site has
its own characteristic home error: that is, birds released at a particular
site do not head exactly in the correct direction to the loft, but rather
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Figure 4. A comparison of the homing speeds of the experimental and control
birds. There is no significant difference between the two distributions. The symbols
are the same as in Figure 2.

head left or right of the true direction. This error, which ranges from
only a few degrees to as much as 180°, is usually consistent from day
to day and is different for pigeons returning to lofts in different directions
from the release site. Thus consistent home errors at release sites also
argue that pigeons obtain some sort of information at the site.

Finally, Wallraff (1965) surgically severing the horizontal semi-
circular canal of the pigeons’ vestibular apparatus—the likely sensory
organ for inertial navigation—found no effect on homing in a small
series of experiments.

Furthermore, it has been commonly reported in the pigeon racing
literature that pigeons that have been away from an old loft for a
period of years will return to the old loft on being released. It is hard
to imagine how birds could have remembered detailed directions of their
displacement from the old loft over a period as long as years.

All the evidence taken together, although not fully conclusive, does
tend to indicate that pigeons probably obtain navigational information
upon release and during the trip home rather than during displacement.
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