Table 1. Lowest gibberellin dosages causing
complete inhibition of bud development in
Prunus species.

Floral buds

Vegetative buds

Species No. of No. of

Mg/lit. appli- Mg/lit.  appli-

cations cations
Peach >500 2 >500 2
Apricot 50 2 250 2
Cherry 250 1 >500 2
Almond 50 2 250 2
Plum 50 2 250 2

stamens, and pistils were clearly dis-
tinguishable (Fig. 1e). However, none
of the buds from treated branches
showed signs of even the first phase of
floral differentiation. The central re-
gions were occupied by growing points
of the vegetative, rather than the floral,
form (Fig. 1f). Bracts were still be-
ing cut off from the growing points.
No primordia of flower buds appeared
in the axils of any bracts. The follow-
ing spring a few flowers were formed,
showing that floral differentiation and
development had occurred in the ex-
ceptional bud. In vegetative buds from
treated branches, microscopic structure
was indistinguishable from that of con-
trol buds. In the spring there was no
evidence of any previous damage to
these buds.

In 1959, the effects of gibberellin
were investigated in almond (P. amyg-
dalus cv. Jordanola), plum (P. domes-
tica cv. President), and peach (P. per-
sica cv. Fay Elberta) as well as apricot
and cherry. Treatments included S50,
250, and 500-mg/lit. concentrations;
some branches of each species received
a single application at full bloom, and
other branches were sprayed a second
time approximately one week later.
[For details of treatment procedures
and other types of gibberellin effects,
see Crane et al. (3)].

The effects of the treatments on bud
development were studied in the latter
part of September. In all the species
floral development in the controls had
advanced to stages comparable to those
illustrated for the apricot and cherry
in the 1957 experiments. More than a
dozen buds of treated and control
branches were dissected under a stereo-
scope (X20) to determine whether
flower buds had formed and whether
vegetative buds appeared capable of
survival and future development. Cri-
teria used in the latter evaluation were
color (whether a healthy green, or yel-
lowish or brown) and texture (succu-
lent versus granular and partially
desiccated). The lowest dosages which
inhibited bud development so severely
that continuing development was con-
sidered unlikely are given in Table 1.
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As expected, the five forms of Prunus
studied here exhibited variation in re-
sponse to gibberellin dosage. In the
peach, two applications of gibberellin,
of 500-mg/lit. concentration, were not
sufficient to influence floral or vegeta-
tive bud. development. In the apricot,
almond, and plum, however, two appli-
cations, of 50-mg/lit. concentration,
completely inhibited flower bud de-
velopment. The cherry was intermediate
in its response to dosage.

The inhibition of lateral bud develop-
ment by gibberellin was not an aspect
of general growth restriction. Excessive
growth was stimulated in other plant
regions; the higher the dosages the
more extensive such growth and the
greater the bud inhibition. Internodes
lengthened in some spurs and long
shoots. Stem diameter increased in cer-
tain species; in the apricot this was
found to result from stimulated cambial
activity (4). Petiole length, or diameter,
or both, were increased in some cases.
In the cherry (the only one of these
species in which terminal buds remain
viable from year to year), length
growth of spurs was stimulated by
some gibberellin doses, resulting in
about twice the number of nodes as in
control spurs. Similarly in some other
species, the vegetative bud immediately
below the dead terminal bud of a spur
developed into a short branch.

Inhibition of cell division was an
immediate effect of gibberellin, leading
to restriction of lateral bud develop-
ment. This was apparent from the
greatly reduced zones of cells capable
of dividing in treated buds, and also
from retarded formation of leaf and
bud scale primordia. The failure of in-
hibited vegetative buds to survive and
develop the following year suggests
either a toxic effect or one of prolonged
starvation, either of which could have
blocked cell division. The situation in
lateral buds of Prunus is in sharp con-
trast to that in terminal buds of the
rosette plants Hyoscyamus niger and
Samolus parviflorus, in which gibberel-
lin greatly stimulated mitosis in subapi-
cal regions (5). It contrasts also with
the stimulated cell division implicit in
excessive growth of terminal buds in the
cherry after gibberellin treatment. Ap-
parently physiological or anatomical
differences, or both, between terminal
and lateral buds may influence the ef-
fects of gibberellin. In Prunus, lateral
bud inhibition can scarcely be consid-
ered a matter of intensified apical
dominance, as indicated by the follow-
ing evidence. When excessive terminal
growth of cherry shoots was stimulated,
development of lateral vegetative buds
was not blocked. Also, in other species,
when the first subterminal vegetative
bud on a spur failed to develop, even

after high gibberellin doses, the other
lateral buds were nevertheless inhibited.
That gibberellin may have blocked
floral initiation by affecting other
processes than those concerned with
cell division alone is suggested by the
inhibition of floral bud development by
considerably lower dosages than those
required to suppress vegetative bud de-
velopment. Reasons for considering
floral initiation, rather than floral dif-
ferentiation, as the blocked phase are
as follows. Gibberellin was applied dur-
ing the floral initiation period in both
years. The interval between floral in-
itiation and differentiation is 3 months
in cherry, 4 in peach and plum, and 6
months in apricot and almond (6). An
all-or-none effect in flower bud forma-
tion was noted; all treated floral buds
examined were either as advanced in
development as controls, or showed no
evidence that floral differentiation had
begun. It appears, therefore, that gib-
berellin may have interfered in some
manner with processes concerned in
floral initiation.
MurieL V. BRADLEY
JuLian C. CRANE
Department of Pomology,
University of California, Davis
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The Sun Azimuth Compass:
One Factor in the Orientation
of Homing Pigeons

Abstract. In accordance with the theory
of the sun azimuth compass (), displaced
homing pigeons are misled in a pre-
dictable way if their “internal clock” has
been reset by exposure to a time-shifted
sequence of day-night cycles.

Several species of birds have been
trained to respond to particular com-
pass directions in stationary training
cages (2). By resetting the birds’
chronometers, or “internal clocks,” pre-
dictable deviations from the training
direction were obtained (3, 4). The
question as to whether homing by free
flying pigeons could be influenced in
a similar manner has not previously
been clearly answered, the relevant ex-
periments (5) having been inconclu-
sive.
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Recent work at Wilhelmshaven, Ger-
many, and Durham, North Carolina,
has answered this question. The re-
sults described below were obtained
from 55 releases under sunny condi-
tions over a period of 4 years. In Fig.
LA, results from Germany are involved
exclusively; in Fig. 1B and 1C, about
21 percent of the results were obtained
in North Carolina. For each release,
two groups of about 18 pigeons each
were prepared simultaneously in the
following manner: both experimental
and control flocks were placed in sepa-
rate, light-proof rooms, within which
artificial day-night cycles could be pro-
vided. For the experimentals tabulated
in Fig. 14, light was switched on and
off 6 hours earlier than sunrise and
sunset, respectively; for those in Fig.
1B, 6 hours later than sunrise and sun-
set, respectively; and for those in Fig.
IC, the day-night sequence was com-
pletely reversed (shifted 12 hours).
The control flock was provided with a
light-dark schedule which followed the
natural day. For releases involving 6
hours of time shift, both groups were
confined for at least 4 full days; for
a shift of 12 hours, they were confined
for at least 7 days. Preliminary work
had shown that these periods were suf-
ficiently long for shifting to take full
effect (4).

All of the birds, in groups contain-
ing roughly equal numbers of experi-
mentals and controls, were displaced to
release points in various directions from
home and at distances varying from 5.5
to 100 miles from home. The releases
were timed to fall within the light
period which the artificial and the
natural day had in common. Experi-
mental and control birds were released
singly and alternately, and were fol-
lowed with field glasses to determine
their bearings until they vanished. Ob-
servers at the loft recorded arrival
times of the birds which were individ-
ually marked.

Even normal pigeons almost never
head exactly in the actual direction of
home. Influences, so far unknown,
cause deviations which vary from one
place to another but which are, within
certain limits, characteristic of each re-
lease point. At three release points out
of the 17 involved in this report, the
mean local deviations from the home
direction exceeded 55°; at 14 release
points they ranged up to 55° right or
left of the true home direction. There-
fore, the departures are clearly oriented
in the general direction of home, but
for a strictly experimental basis of com-
parison, the bearings of the experi-
mental birds at vanishing are plotted
in Fig. 1 with reference to the com-
bined mean vanishing bearings of the
controls and not to the actual home
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direction. The figures therefore give the
mean deviation of the experimentals.
But they show a falsified degree of
scatter of the experimentals as com-
pared with the controls, because the
average deviation of the experimentals
varies somewhat among separate re-
leases. If one summarizes the mean
scatter of each single release, the ex-
perimentals turn out to have only a
slightly increased scatter.
Extrapolating from the results ob-
tained from the stationary cage experi-
ments (4), we would expect the birds
whose day had been advanced 6 hours
to deviate about 90° to the left of the
controls, while those whose day had
been retarded 6 hours should deviate
90° to the right, and the reversed-day
birds should shift 180° from the direc-
tion chosen by the controls. The de-
partures summarized on the accom-
panying graphs show that this expecta-
tion is largely realized. This fact is
underscored by a drastically decreased
homing performance among the ex-
perimentals. Reports on the lost experi-

Fig. 1. Summary of departures at vanish-
ing point and homing speed of pigeons
(experimentals, solid bars; controls, open
bars). The lengths of the bars are propor-
tional to the number of birds that van-
ished at the bearing indicated (circular
graphs) and that homed at the speed indi-
cated (rectangular graphs). Birds that
homed at less than 7.5 mi/hr or that were
lost are grouped at the right. 4, Pigeons
subjected to a day beginning and ending
6 hours early. The mean departure direc-
tion of the experimentals (M) at the van-
ishing point was 72° to the left of that
of the control birds (M.). B, Pigeons sub-
jected to a day beginning and ending 6
hours late. The mean departure direction
of the experimentals was 93° to the right
of that of the control birds. C, Pigeons
subjected to a day shifted 12 hours. The
mean departure direction of the experi-
mentals was 168° to the right of that of
the controls.
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mentals show that they continued to
move roughly in the direction chosen
when they were released (4). Clearly,
then, the sun azimuth compass is one
basic mechanism in pigeon orientation.
However, a small proportion of experi-
mentals were able to home rapidly de-
spite their shifted day. These state-
ments suggest that other factors, as yet
unknown, may be operative as well.

Nevertheless, by supporting the pos-
tulated function of the sun azimuth
compass, the findings could be inter-
preted according to Kramer’s idea of
“map and compass” process (6) in
which orientation is supposed to con-
sist of two steps, one establishing the
geographical position of displacement
and the other defining compass direc-
tions. About the first step we do not
yet know anything (7).

Kraus ScumipT-KoENIG
Max-Planck-Institut fiir
Verhaltensphysiologie, Wilhelmshaven,
Germany, and Department of Zoology,
Duke Upniversity, Durham,

North Carolina*
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Adaptation of Cardiac Output to
Peripheral Runoff Studied
in Intact Dogs

Abstract. A pump with sinusoidal piston
movement was connected to the abdomi-
nal aorta of intact anesthetized dogs,
causing slow oscillations of arterial blood
pressure. Evidence was found for the ex-
istence of a mechanism which enables the
heart to adjust its output immediately to
changes of peripheral outflow.

In previous publications (/) Wet-
terer and I described a method by
which we produced slow, nearly sinu-
soidal oscillations of the arterial pres-
sure in intact anesthetized dogs. At
that time it became apparent that
these oscillations do not cause any
reflex activity in the cardiovascular
system and that the vasomotor tone is
unchanged. Since recent studies of the
performance of the heart (2) empha-
size the importance of experimenta-
tion in intact animals as compared to
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experimentation in preparations such as
Starling’s, it became obvious to us that
this method would be most suitable for
such studies.

Twelve experiments were performed
on large dogs anesthetized with 30 mg
of Nembutal, or 3 mg of morphine sul-
fate, plus 200 mg of sodium barbital
per kilogram. A pump with a nearly
sinusoidal piston movement (a spe-
cially adapted Harvard respiration
pump) was connected to the abdominal
aorta by way of a short polyethylene
tube of 3.2-mm inside diameter via the
right femoral artery. The volume dis-
placement of the pump was variable
within the range of 50 to 100 ml. The
piston movement was continuously re-
corded by means of a linear differential
transformer. The pump was operated
with frequencies from 0.18 to 0.30
cy/sec and in operation caused a slow
oscillation of the mean arterial pressure
by alternatingly taking out and
reinjecting blood.  Arterial blood
pressure was measured in the aortic
arch by means of a miniaturized cathe-
ter tip manometer with a natural fre-
quency of 500 cy/sec (3). The man-
ometer was introduced through the left
femoral artery. A catheter tip flow-
meter with a natural frequency of 160
cy/sec (4) was placed in the ascend-
ing aorta close to the aortic valves by
way of the left carotid artery. Clotting
was prevented by the injection of 5 mg
of heparin per kilogram. Calibration
of the flowmeter was accomplished in
situ by taking simultaneous dye-dilu-
tion curves (5). Zero flow in the as-
cending aorta was obtained by arrest-
ing the heart for a few seconds by
stimulation of the left vagus nerve.

Our recordings taken during opera-
tion of the pump show that the oscil-
lation of the aortic pressure, while ac-
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Fig. 1. (4) Stroke volume plus pump volume (V.. -+ V,) plotted against diastolic
aortic pressure Pa. Values for three different pump frequencies: -+, 0.28 cy/sec; @,
0.22 cy/sec; O, 0.16 cy/sec. (B) Systolic aortic pressure P, plotted against diastolic aortic
pressure Pa; O, during withdrawal; @, during injection of pump.
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companied by significant changes of
aortic flow, is not reflected in the pres-
sure in the right atrium. They demon-
strate further that operation of the
pump does not cause any changes in
heart rate. This, as well as the fact
that the arterial pressure after the
pump is stopped returns within 1 sec-
ond to the level recorded before the
pump was started, indicates that the
pressure oscillation does not produce
reflex changes in the circulatory sys-
tem.

For the evaluation of the recordings
the area under the curve of the aortic
flow, which was taken as a measure-
ment of cardiac output, was measured
with a planimeter, and each stroke
volume was calculated. The volume
exchanges of the pump were derived
from recording the piston movement.

It was found that for any given
diastolic aortic pressure, the algebraic
sum of cardiac output and volume in-
jected or withdrawn by the pump dur-
ing the same systole was a constant.
This is shown in Fig. 14, where stroke
volume plus pump volume is plotted
against diastolic aortic pressure Pa. It
can be seen that values which were ob-
tained with three different pump fre-
quencies follow closely the same line.
This shows that although the rate of
inflow or outflow produced by the
pump was greatly changed by chang-
ing the pump frequency, any variation
of total systolic inflow into the arterial
system was fully and immediately com-
pensated by the heart. Since the effect
of the pump represents in a sense a
continuous change of the peripheral
outflow such as would result from a
change of the peripheral resistance, one
must conclude that this mechanism ad-
justs cardiac output immediately to
changes in peripheral outflow.

The constancy of the total systolic
inflow for a given diastolic pressure
must necessarily lead to a constancy of
the aortic pressure pulse with respect
to this diastolic pressure, since, as
stated above, the vasomotor tone and
therefore all other parameters, such as
the systolic runoff and the elasticity co-
efficient of the arterial system, are un-
changed by the operation of the pump.
This is demonstrated in Fig. 1B, where
systolic aortic pressure Ps is plotted
against diastolic pressure Pa in order
to show values obtained during injec-
tion as well as withdrawal of the pump.
The ratio Ps/Pa was found to be
changed only during the brief periods
of respiration of the animal, where
systolic pressure rose to relatively
higher values. Therefore, only pressure
cycles without respiratory activity were
evaluated (6).

HEINZ P. PIEPER
Department of Physiology,
Ohio State University, Columbus
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