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. mduction: The Problem of Localization

‘human mind always wants to order its’
nment. Each thing which differs from
4n its application, mode of functioning,
drance receives its own place and name.
way of thinking has also proved itself in the
‘of vital processes, which in fact do take

organs, differing from each other in
ance, mode of operation, appearance,
osition. Only in the case of the central
“gystem (CNS) does this anthropomor-
to ofder fail. The achievements of this
“exceedingly varied. To name only a

ince point for temperature regulation;
vements as a protection against dam-
rom. outside agencies; preservation of an
of-past sensory data for use later on;
out various seeking activities, corres-
ng. 'to changing bodily requirements:
ation of the visual process to different light
ities so as to ensure good perception of
Mfiltering out” particular stimulus
of the outer world, to which appro-
tinctive behaviour patterns can then be
. If the interior of a part of the body
manifold capacities were only now to
accessible to investigation for the first
_should expect to find there a large
f different organs. As is well known, in
unfortunately—the opposite is the
d no recognizable organ boundaries,
here almost identical structural
€ neurons, in staggering numbers.
rphological state of affairs has con-
mpted .investigators to search for ““the”
Valtpm_lg:x'ple of the CNS. Thanks to its
d capacities, moreover, this organ system
10.answer the most diverse experimental
questions” with a conciliatory ‘“‘yes”—
tulates which are mutually exclusive.
ay have arisen the extreme forms of the
fine, of the doctrine of the ‘“‘con-

report on a four-year collective programine
cumer, W, Jechorek, Renate Hiibbe and R.
ntents of this paper were presented in
OIm at the International Ethological Con-
dge, September, 1959,
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ranslation by J. E. Burchard jnr., of a paper which appeared originally under the title Vom
i '*mggeﬁge der Triebe in Naturwissenschaften, 18, 409-422). ;

ditioned’’ reflex, the thesis that all actions are
learned, the doctrine of centres and the doctrine
of plasticity, as monistic exaggerations of partial
truths.

For many investigators, now as in earlier

times, the most important question concerns

the place at which a function occurs, the local-
ization problem. The doctrine of centres finds
abundant evidence for an anthropomorphic
order: the elimination of certain functions by
local brain-damage is proof of organization into
centres with afferent and efferent pathways.
The doctrine of plasticity provides abundant
examples of just the opposite: the impossibility
of finding a specific area, for instance for
memory or for the co-ordination of movement.
The doctrine of centres argues further: if Jocal
electrical stimulation elicits particular reactions,

-then centres can be ‘“functionally” defined in

this way. The opponents of this view reply that
afferent or intra-central pathways would then,
grotesquely enough, become “‘centres™ at what-
ever point the electrode happened to strike
them; for it is just such pathways which most
easily initiate responses. Only slowly has the
contest between these arguments led to abandon-
ment of the anthropomorphic scheme of organ- .
ization. One may think that it might be econom-
ical to distribute the neurons serving a given
function over a wide area, and to intersperse
them with those serving other functions—

- namely, when cross-relationships among these

functions are called for.

The most rigorous attempt to clarify the
localization problem for a particular region of
the brain is due to W. R. Hess (1954), who, by
stimulating with implanted electrodes and
marking the stimulated points by electroco-
agulation, created in the course of many years
a histological atlas of the midbrain of the cat,
with many stimulus points for various reactions.
The result brings no decision in favour of either
of the two doctrines: many reactions could be
elicited over a wide area, though always from
specific places, between which sites for other re-
actions occurred; yet there were also brain
regions for only a few functionally interrelated
actions. '




Programme and Methods

Our own experiences with the internal dynam-
ics of the CNS (v. Holst, 1939, 1956) and ten-
tative experiments with a stimulation method
derived from that of Hess have led us onto
another methodological path. They confirmed
a long-standing suspicion that the investigation
of the physiological questions “How?”’ and
“Why 7" is usually deflected much too soon into
the morphological question “Where?’ (v.
Holst, 1937). Thus the histologist is burdened
with problems which only the physiologist can
solve, by delving deeper into the central dynam-
ics. We have therefore formed two distinct
research teams, one of which studies only the
central functional organization, the Wir-

. kungsgefiige,* while the other studies the histol-

logical structure.t Not wuntil the
physiological method is confrontéd
with insurmountable obstacles do we 61
plan to attempt to correlate the
functional with the histological organ-
ization. rep

Our experimental object is the

'1.4-.

domestic fowl, with its wealth of §~"°‘
gestures and calls, its drastic sexual 2 osf
dimorphism, and its social structure. %

As to method, let is suffice to say that - £ 96[
insulated silver wires, 0, 12 mm. in ¥ 4]

diameter and with uninsulated tips
0-3 to 0-5 mm. long, are pushed o2r
into the brain in calibrated steps by
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the slightest ill effect—are free to move aboug
a table).] From the brain region indicateg
Plate II nearly all known movements cap
elicited, serving orientation and the needs of
body, directed towards enemies, rivals, the
partner and the young, with all the associg
calls.§ :

Grounds for Confidence and Lack of Confi
in Localization

Fig. 1 shows examples of how, when sti
lating with sinusoidal alternating current,:
threshold voltage at which the reaction b
depends on the frequency. The threshold hj
minimum at 50 to 100 cycles per second, 3
climbs steeply with decreasing frequency,
steeply with rising frequency. One could t}

means of a small screw arrangement
made fast to the skull. Of the four
(sometimes eight) electrodes, some

1 i 1 L 1 1
0_6 125 25 50 100 200 400 800 160

Stimulus frequency (cycles/sec.)

Fig. 1. Examples of the dependence of the necessary stimulus volf
(threshold voltage) on the stimulos frequency. (Sinusoidal alternafi
current; Reactions: x and g clucking, @ looking about (Aufme
-with jerky head movements in all directions, o calling to £o0
@ watching out (Sichern) with extended neck and motionless head)

~are always left as indifferent elec-
trodes in the “silent” roof of the
brain, while the remainder are used
to seek effective fields of stimulation in

T e e E R .

o
"
H
¢
3

the depths (Plate I);it isimpossible to
say howlarge or of what form these fields may be,
since the CNS is a non-homogeneous conducting
mass. It cannot be taken for granted, furthermore,
that the structures excited always lie in the im-
mediate proximity of the electrode tip; when for
example the tissues surrounding the electrode are
destroyed by electrocoagulation for a distance
of 0-3 to 0-5 mm., the previous reaction may still
be present when stimulation is renewed.

The intact and unrestrained animals—which
can be used again and again for years without
*The expression *“Wirkungsgefiige” (control pattern or
functional organization—Gefiige=structure, system;
Wirkung=effect, operation) was proposed by H.
Mittelstaedt (1954); we had previously spoken of

“functional structure” (Funktionsstruktur) (1939).
TUnder the leadership of W. Hirschberger,

using a constant high voltage, ascend fro
cycles or descend from 2000 cycles, and mea
the threshold in cycles; or on the other han
as we have done—express the threshold in v
at a constant frequency of 50 cycles.

Let us trace, with such threshold me
ments, the path of an electrode as it penetr
in tiny steps downwards somewhere in the b
stem. One should expect that as it passes D

1A method of wireless stimulation has also been deﬂd.
gechorek & v. Holst, 1956) but will not be disct
ere.

§A film showing the method used, and several !
showing most of the reactions obtained as well as
experiments discussed later on, have been publl
by the Institut fir den Wissenschaftlichen Filf
Gattingen).
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Radiograph of a hen’s head from the side, in which are implan-
ted two brain electrodes. The small dark square beside the ends
of the wires and the triangle above right mark. the auditory
passages, the upper quadrangle between the four electrodes
marks the end of the (invisible) Plexiglas electrode holder, which
is screwed to the roof of the skull. Important areas of stimu-
lation can be roughly localized with the aid of such pictures-
_taken in two directions.

"PLATE II
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Lt?ﬂgitl;dinal‘section ‘of the brain of a fowl. The areas-of stimulation explored lie in
the region of the brain-stem marked with a dotted line.

Anim. Behay, 11, 1,
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PLATE 111

Cock showing ‘wing-scratching’ as a consequence of brain-
stem stimulation (0-15 volts). This is a display in which the
animal circles a subordinate companion, usually a hen,
scratching with the outer foot at the down-stretched outer
wing. Here, in the absence of another fowl, it is a ‘vacuum-
activity’.




pealized excitable structure the threshold value
woild be high at first, then Iqw at tl}e point of
closest approach, and then high again. This is,
fact, often the case; Figs. 2 and 3 give ex-
ples. In many other cases the threshold curve

0 0% 08 12 VoLr

g. 2. Examples of the appearance and disappearance
f reactions as the electrode (EL.), is pushed forward in
he brain stem. The horizontal markings along the
lectrode path designate millimetre intervals, The
orizontal distance of the -points from the electrode
dicates the threshold voltage (see scale below). The re-
tions are: @ looking out (Aufmerken); x watching out

Sichern); -+ head-shaking; o turning to the left, (] turn-
g to the right.
Irregular and extends over as much as several
illimetres (Fig. 2, bottom, e ), which perhaps
eans that the electrode is travelling parallel
0 a fibre tract. When the stimulus voltage is
creased, other reactions usually appear in
ddition to (or instead of) the first (Fig. 2,
oftom); this too is understandable, since the
egion of adequate stimulation has expanded
0 affect new structures. '

§S illuminating is the common situation,
t the same reaction can be obtained from
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various fields of stimulation; in the intervening
area, other behaviour patterns are elicited (Fig.
2, e). This fact, well known in the literature,
is difficult for the histologist to interpret; we
shall see, however, that it has a physiological

—_—
& Y Jo Wit § 08 16 Vot

Fig. 3. Another example of the appearance of different
behaviour patterns as the electrode moves deeper;
details as in Fig. 2. @ looking about (Aufmerken),
o; turning to the left, x flecing downwards; in a the
electrode was moved downwards, in b, about 30 minutes
later, it was withdrawn upwards along the same path.

explanation. Completely mystifying for the

histologist, finally, is the common phenomenon.
that the electrode, moving for a second time
along the same path, produces different be-
haviour, even with the same stimulus strength.
A relatively innocuous example of this is shown
in Fig. 5, where at one location a turning move-
ment appears in place of looking around (Auf-
merken). If one leaves the electrode in one spot

and extends the experiment over several hours, -

it is not unusual to obtain at times nothing,
then perhaps running away a couple of times,
later on clucking, after that fluffing out of the
feathers, and finally perhaps preening—all
from the same field with the same stimulus
voltage. This blow to the proponents of local-
ization, too, follows from rules of the functional
organisation, which we shall come to know,
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Precision of the Method; the Compensation
Formula; Measurement of Visible and Invisible
Phenomena

The behaviour of a higher organism is the
result of a complicated interaction of qualitative
and quantitative data; is the method at all
accurate enough for the task of measuring these
data? The facts just mentioned encourage
scepticism.

Many things might be quantified:
the necessary threshold voltage, the
latency with which the reaction follows
the beginning of stimulation, the in-
tensity of the reaction (i.e. speed or
amplitude of a movement, volume
of a sound), the frequency in cases
of rhythmic response, and finally the
duration of the reaction—always with
the condition that the quality of the

ST-(SV.~f-Rh)
o’ <
(2 (%)
1] I

<
T

equal—ona hyperbola-like curve; as the voltag
rises, the necessary stimulus duration sinks.
product of these two quantities would be cofy
stant in a hyperbola; here, however, it is con
* gtant over a wide range only if we first subtrag
a certain amount—about two thirds of the low
threshold voltage, the “Rheobase”—as show
for three such experiments in Fig. 5. Only wj
very high stimulus voltages, at the left-han

/ST'(SV. —0-7Rh) = Constant
%

behaviour remains constant through- 05
out the series of measurements.

Let us look at some examples to
confirm the regularity of the phen-
omena. For movements with a well-
defined beginning, a good quantity
to measure is the latency, whose rela-
tionship to the stimulus voltage is
shown in Fig. 4 for the example
of the aerial-warning cry. Here, as in other
cases, the .values lie— other things being

minus a

warning

20
18
16
14}
r2f
10

08
o6t
o4}
02}

Stimulus voltage

i ] i L 1
0 - { 2 3 4 5 sec
Time elapsing between start of stimulus and warning call

Fig. 4. Dependence of the latency on the stimulus voltage

for the aerial-warning call (“Klock™) of a cock. Here

and in all further measurements, sinusiodal alternating

current of 50 cycles/sec. has been used. (The stimulus
~ voltages were varied at random in the experimental

sequence; the first stimulus which released no reaction is
indicated by o).

Fig. 5. For three experiments of the type shown in Fig. 4, the product
the stimulus time (ST) times the corresponding stimulus voltage (SVg

(f-Rh), is plotted as a function of the stimulus duration (x ae

a brief explosive burst of cackling).

X

K onb e o e e e X e e T i e
/” !-X X X
e 1) Q o o o
,x’, M \ ° ° © e
X/’ \
~~5T+(SV.— 076 Rh) = Constant
L 1 1 A L 1 i 1 i
ot 02 04 06 08

Duration of stimulus until start of reaction (1=Rheobuse time)

part of the lowest effective stimulus voltage, the Rheo

call of the cock, @ headshaking, o “alert call” (Wachlaut),

end of the curve, is there a downward ben
here the product becomes smaller, which istos
the stimulation is more effective.

It seems as if we might here be dealing with
rather general law; this cannot be tested acc
ately with the latency method, however, in ca
where the behaviour begins gradually, for i
stance sitting down or turning the head to 0
side. Here a methodological trick is useful:
behaviour patterns activated in the brain st
continue smoothly if the stimulating current
rhythmically interrupted (between 4 and -
cycles/sec.). It is then possible, using a const
interruption frequency, to vary the length
the stimulus pauses and measure the COITS
ponding rheobases, that is the minimum voltal
necessary to produce any reaction at all.
values are correlated with the ratio of stimu
length to pause length and are independent
the latency; the latter disappears from
equation. Fig. 6 shows nine series of exp
ments conducted in this way; all the curves
quite similar. When they are reduced to the
initial value, averaged, and plotted similarly
Fig. 5, the curve shown in Fig. 7 results; it 18
full agreement with the results of the late
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measurement as shown in Fig. 5. We have thus
found a general formula describing the way in
which the intensity and the duration of the
stimulation substitute for one another, or com-
pensate each other: the compensation formula.

The measurements thus
far have used thresholds

of behaviour; these thres- a
holds vanish when the !j
stimulus-dependent activ- /

ityis already present spon-
taneously, as Fig. 8 shows
for the jerky head move-
ments in looking around
(Aufmerken). Here the
frequency gives a good
measure with(other things
being equal) reproducible
data; one can see that the
curve tends toward a “saturation” value of about
three movements per second.

Fig. 9 shows, finally, with sitting down as
example, the dependence on the stimulus voltage
of four different quantities: latency, speed,
amplitude, and duration of the movement. We
shall consider for the moment only the striking
phenomenon of after-response, here dependent
on the stimulus strength (and thus, according
to the compensation formula, also on the
stimulus duration) (Fig. 9b). What is the im-
mediate cause of this rather common continu-
ation of the activity long after the end of stimu-
lation? Has the stimulus piled up some specific
something centrally, which is slowly “used up”,
and can this invisible something be measured ?

The student of behaviour knows that actions
which are externally the same can be internally
of very different intensity. A sitting hen can be
slightly or strongly “inclined to sit™; in the first
case she can be distracted easily by other
stimuli, in the second case with difficulty. The
same is true of so many activities, the degree of
whose necessity or “‘drive” is not outwardly
apparent, such as standing, drinking, sleeping,
preening, picking off of vermin, crowing, etc.*
One can, however, always measure this ““drive”
by means of a second stimulator and a second
electrode, with which one seeks out the stimulus
field of an opposing response. To make clear the
principle, the simple scheme of Fig. 10 suffices,
in which sitting down and standing up were

*In order to make more data visible, we have sometimes
also recorded respiration and heartbeat; nothing further
will be said here of these, nor of the changes in action

potentials which can be recorded from the electrodes
during the pauses in stimulation. :

g Latency

Standing
slimulus

Explanation in the text.

ANIMAL BEHAVIOUR, XI, 1°

Fig. 10. Sketch to illustrate the interrelation of various parameters of the behavio

played off against one another: at the same tim
this scheme brings all the quantities so far dig
cussed into a natural relationship. '

The subject is a hen with spontaneous “sittin
drive”, which we cause to stand up by stimy

Persisting!

SHTN

.......

Standing/

stimulus

lation of a central ‘“‘standing field”. The
stimulus (Fig. 10a) is strong but short; the anim
stands up quickly after a brief latency, -ands
sits down again at once. The second stimul
(Fig. 10b) is strong and longer; latency and]
standing up are unchanged, but the standing
persists for a time after the end of stimulat
The third stimulus (Fig. 10c) is weaker and mu
longer; the latency, following the compensatio
formula, is longer, the hen stands up slow]
and the standing persists, again following thi
compensation formula, just as long after t
end of stimulation as in the second case..
common cause of these experimental facts
central process may be postulated, indicated
the curve running across the middle of the figu
it has the value zero at the point where sittif
changes to standing; below the zero line
call it physiological sitting drive, above the li
standing drive. This postulated central process i
in fact, directly measurable: as long as ¥
animal is sitting, the threshold voltage f
standing up gives a measure of the sitting dri
that must be overcome; as long as it is standin
on the other hand, the threshold voltage whi
must be applied at any particular moment t0
central “sitting field”, in order to induce si
down, is a measure of the standing drive.
schematic course of the whole threshold cul
is drawn according to such measurements us!
two complementary stimulation fields. It defin
first of all, the magnitude and direction of
central drive—whose physical nature is of coU!
completely obscure—; secondly, it determi!
in a readily apparent way the visible da
latency, speed, duration, and their relatio



strength and durétion. And in so doing,
it explains the principle of the com-

t the same time: ulus

ities so far dis-‘;
N ;
taneous “sitting
\d up by stimu-

i

Al; Excursion on the Precision of the Method

The previous chapter has made clear that the
method can satisfy high requirements as_to
exactness and reproducibility. But under what
mnditions? what, for example, does the fre-
quently cited qualification ‘‘other things being
ual” mean? The answer is this: the method
ig exact only so long as the internal central
gituation remains constant, in which every action
is, as it were, imbedded. Many and various
factors, temporally often far removed, in-
fluence this situation; we shall become familiar
with the most important.
ow does one attain a constant—or at least
wn—internal situation ? It is no use grabbing
3 animal from the henhouse, inserting elec-
odes (under anaesthetic), and then, when it
akes up, beginning the stimulation experiment:
jost of the stimulation fields remain silent,
thile from others one gets mainly “freezing”
‘and various sorts of fleeing: reproducible curves
unthinkable. If one succeeds, in the course
f hours, in getting the animal to settle down

—f

1
1
t
i

1is£im3.J

jef latency, andy
second stimulus}
ger; latency and!
but the standing

v

come active, and fleeing will become confined
y fewer stimulation fields; if one is fortunate
nough to “put over” perhaps a brooding,
eeping, or crowing reaction, the ice is generally
roken for the time being. Precondition for all
neasurements is a calm, “comfortable” basic
mood, in the fowl very roughly characterized
by loosely lying plumage, alert looking around,
tendency to preen, to eat, to sit down, and in the
cock also by spontaneous crowing, by watching
out (“Sichern”) and (perhaps warning), and by
calling to food. Even the slightest tension (tonic
L immobility or “‘freezing”) can ruin everything.
To be able to differentiate such fine nuances in
0sture and movement, a knowledge of the full
Inventory of behaviour is just as essential before
beginning the experiments, as it is afterwards
Necessary for the correct identification of every
reaction.* Once the desired neutral basic mood
been approximated, one obtains, in the
course of the next few hours, as more stimulus
fields are reached, correspondingly more and

{ central process i

ng as it is standin

hold voltage which]
cular moment to &
er to induce sitti
standing drive. T
ole threshold cur
neasurements usi
ion fields. It defin
nd direction of thé
i nature is of cour
ndly, it determing
; the visible data;
nd their relation ¥

e wish to thank our co-worker, the outstanding fowl
Specialist Dr. Erich Baeumer, for introducing us to the
&Wb extensive catalogue of fowl behaviour; in all

n g‘ol:l cases, we have relied on his cautious inter-

omewhat, many of the silent regions will be- .
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more control of the whole situation, and is then
in a position to measure factors which change
this internal situation; we will now direct our
attention to these.

Central Adaptation and Mood Shifts (Umstim-
mung) .

To the observer of animals it is a familiar
story, that a stimulus situation sets a particular
action going with at first rapidly rising and then

. gradually declining intensity, as if at first an

“ipitial friction’ had to be overcome, and as if
the behaviour later became “fatigued’. This
phenomenon also appears quite generally when
a field in the brain is stimulated (Fig. 11a).
If one measures it in terms of stimulus thresholds,
the threshold starts out high, then falls rapidly,
and later climbs slowly up again (Fig. 11b).

Reaction intensity

i

Mood shift

Fig. 11. a. curve illustrating the rise and fall of a re-
action with constant stimulation. b. Initial decline and
subsequent recovery of the threshold, for the same re-
action as in a. The way in which this threshold curve
results from two processes, the one increasing and the
other decreasing, is explained in the following text.

We will first examine the “fatigue” phenomen-
‘on. Fig. 12 shows the fading away to nothing
of a clucking reaction, in twelve successive
identical stimulation series; one camn see here
how the shortening of the response duration
comes about through rising latency and sym-
metrically corresponding decline n after-re-
sponse. In the experiment shown in Fig. 13,
the same clucking is a component of a more com-
plex fleeing behaviour. Here, following the
scheme of Fig. 11b, the stimulus was increased
parallel to the slowly rising threshold; thus not
the stimulus strength, but the reaction was held
constant. Here it is abruptly ended by the
appearance of a new behaviour element, flying

. away. '
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stimulation fields. With two ing

pendent stimulators we can now

-§ 5 QAL A LD O RO

out a variety of stimulus combinatig

L e e

(Fig. 14), from which many kinds’

16 18

information can be obtained. We ¢
sec.  for example, apply to each field
voltage, which produces a modeg
reaction; then both fields are stiy
lated simultaneously, and there §
pears, as expected, an increased,
action (Fig. 14b). There is thu
doubt that the two excitations f
together and are summated somew}
in the CNS. Now we stimulate g
field alone for a longer time, y
after the behaviour has faded g
and then at once stimulate the ot

Fig. 12. A stimulus field for clucking was “pumped dry” by a series
of 12 stimulations, each of 10 seconds duration (with intervals of 10
seconds between stimulations). @ indicates the result of the first, fifth,
and ninth stimulations; b gives for the 12 stimuli the latencies (o), the
persistence (x) or after-response duration, and the duration of the

response (@)

0:6

205

3 4 min.

Fig. 13. A fowl is brought into fleeing restlessness through
stimulation (the behaviour elements which appear are
shown in Fig. 25a). The continuous stimulation was
gradually increased in such a way that the animal was
constantly clucking softly; the stimulus voltage was
read off every 10 seconds. At @ the bird defecated, at b it
flew off with a brief screech.

All such cases of decrease in reaction (or of
increase in threshold) have one thing in com-
mon: they give the same picture as would be
given—other things being equal—by a decrease
in stimulus voltage. One might suppose that the
conduction path from the stimulus field to the
neuromotor apparatus proper is being increas-
ingly blocked at some-point or other.

In favourable cases it can, in fact, be shown
that this suspicion is correct. For a simple and
common reaction, for example clucking, we
search out two different, widely separated

12 field alone; the reaction immediaf

reappears in full force, and vice vej
(Fig. 14c). First of all, this config
that we are dealing with two disti
physically non-overlapping fields,
stimulation; and it further shg
that the fading out takes pl
before the two excitations flow together,
otherwise the effect would necessarily still;
noticeable in the other stimulation fiel
follows, then, that less and less excitation-do
in fact get through to the neuromotor apparal
We therefore designate the phenomenoi
central, local adaptation. '

If this is all true, it has still another ¢
quence: when a field is continuously stimulal
this afferent structure should remain confl
ously adapted, so that the extinguished b
jour does not reappear no matter how
stimulation is continued. This is, in fact, 1
larly the case, and expresses itself partic
drastically for reactions which adapt very qul
so that stimulation results in but a single b
charge”, for instance crowing, the aerial-wa
cry, the ‘“Alert call” or “Wachlaut” (a b
“purst” of cackling). Thus, it is not unu
for a cock to crow but once with contil
stimulation of a particular “crowing field
if the stimulation is briefly interrupted 8
each call, it inay crow 20 times or more Wl :
5 minutes! This shows very nicely that 2
igue” of the neuromotor apparatus itself 15,
of the question, since—with much less
amount of stimulation—it is so much ¥
active in the second case. By varying the Jeg
of the pauses between stimuli, it is posslb
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subthreshold events is, as we
shall see, important for the
localization problem; it can
be demonstrated still more
directly in the experiment with

L i Ny two stimulus fields for the
duces a mode S | = 52 S W\ oy same reaction. In many cases,
! ﬁeldi1 atrlfl: sti namely, when both fields are
y, an ere ‘ . stimulated simultaneously b

an increased i gy T Adaptation voltages each of which Zlong
There is thus { -———-!lg?_ is wholly ineffective, a clear re-
o excitations fi ~action occurs (Fig. 14d). This
nmated somewh Mood shift  means, however, that both
we stimulate . “subthreshold” excitation pro-
longer time, u T e cesses must be transmitted at

r has faded
timulate the oths
ction immedia
-ce, and vice v¢
all, this confi
with two disti
Jlapping fields
it further sh
out takes p
>w together, si
wecessarily still

mm,, and gave ““pure”
' tph sical interaction due
€

pulation field. b .
188 excitation d S
smotor apparatug o —

phenomenon

Lo Lo i

ill another con - 1 1
uously stimulate ] e | e
| remain contin o
itinguished be
matter hOW 1 Lo o ) m
s is, in fact, re; N ee———  E—
itself particulat R R
adapt very quickt 0 W 3 3 20 %060 Seconds

but a single *
the aerial-warn
’achlaut” (a b
it is not unu
;e with contin
rowing field”,
interrupted a
es or more Wi
aicely that a *
varatus itself i

18, Dependence of a reaction—cleaning tongue
nts in the mouth—on the stimulus duration and
U8 pause. The stimulus voltage is constant ©-5
ith prolonged stimulation the reaction stops
bout 20 seconds, and the occurrence and duration
e l!‘:ﬁttil‘l))f:(:arance depend on the length of the pause in

oW the_proce§s of deadaptation; in the experi-

tlnnFlg. 15 it required something more than
s.

ese data once again show that it is possible

neasure something that is not directly visible;
tis not a drive, but a localised process in a

g structure. The existence of such

s so much m
varying the len
i, it is posmblg

heme to explain various combinations in the stimulation of two fields
same behaviour. Based on a case in which the two stimulation fields
right and left brainstem halves, laterally separated by a distance of
clucking. To be certain of excluding a possible

least as far as the place where
they come together, since other-
wise they could not summate
and so raise the behaviour
itself over the threshold. Thus
the threshold, which must here
be overcome, does not lie in
the stimulation field at all, but
somewhere on the way to the
motor apparatus.

Now let us consider the other phenomenon:
the decline of the threshold at the beginning of a
long-continuing or frequently repeated action.
(cf. Fig. 11b). As Fig. 16a shows, this effect
can be absent entirely, when the stimulus is in-
frequent (or short); the threshold curve remains
on one level. The more closely the stimuli
follow one another, the more steeply does the
threshold curve fall—here even to zero (Fig.
16c); that is, the reaction becomes a spontaneous
action. In other cases, the latency can serve as
measure instead of the threshold (according to
the compensation formula); here too, tremend-
ous initial changes can appear, for which Fig. 17
gives an example.

In surveying numerous similar cases, it will
become clear to the observer that the curves
only show one side of the situation, for every
such decline in threshold is accompanied by a
simultaneous rise in the thresholds for certain
other activities. We are dealing with the dis-
placement of an equilibrium condition, along
the lines indicated in Fig. 10, except that here
much slower processes are involved, which are
overlain by the threshold relationships of the
activity itself, without necessarily being in-
fluenced by them. Thus for instance in Fig. 18
a long sustained scolding mood is interrupted
from two stimulation fields. One of the stimuli—
watchful staring (Sichern)—has only a slight

9
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and clucking are sigy,
of a mood shift fro
sleep to a wakeful coy
dition. A sleep stig
ulus would now be I¢
effective. With oth

1 A I ! 1
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Fig. 16. A fowl sits motionless (sleepy) in dim light. A field is stimulated which produces
looking about (Aufmerken), with a stimulus which increases (by 0-1 volt every 3 seconds)
until the first head movement; then the stimulus stops instantly. In a stimulation was

every 90 seconds, in b every 30 seconds, in ¢ every 15 seconds.

s

- - b
3 e =]
T T ¥

Time between beginning of stimulus and {irst cafl Seconds

T
T

Stimulus series

Fig. 17. A quietly sitting fowl was repeatedly stimulated
with a constant stimulus (0-4 volt) in a field for clucking,
each time until the first cluck; the stimulus duration
(latency) was measured. Between one stimulus and the
next was a pause of 5 seconds (only the first two stimuli,
not shown here, had other voltages; 0-38 volt: no re-
action; 0-42 volt: reaction after 3 seconds).

influence, the other—sitting down in sleepy
mood—is more effective; with brief stimulation,
nevertheless, the scolding mood is not yet
altered. After a prolonged sitting stimulus,
however (Fig. 18b) the hen stands up and is
quite pacified. One sees, as in Fig. 16a, that the
basic mood has an inertia and requires time to
change. We designate such gradual changes of a
basic tendency as mood shifts.

Minutes 15 stimulus fields, one ¢y

similarly shift frop
hunger to thirst
fleeing or brooding
vice versa, or fr
courting to fighti
mood, etc., but it is unfortunately not possibj
to arrange the various moods without violeng
into antagonistic pairs. Like many threag
leading from a single knot, they pull in varioj
directions; a fully neutral basic mood *
furthermore, apparently does not exist.

With a single mood are associated several bg
haviour elements, which thus reveal an intert
relationship. Thus spontaneous crowingi
general expression of masculine self-confideng
very often follows stimulus-induced “‘win}
scratching” (Kratzfuss) (Plate III), or callin
hen to the nest, or threatening a rival, or pec
The stimulus, so to speak, activates in each
a specific masculine activity, which ceases
the termination of the stimulus and leaves
hind only the basic mood “increased manline
which finds expression in spontaneous crowl

When a stimulus-induced mood comes to
end, it can also give way temporarily to
opposite. All the very varied reactions listed;
Fig. 19, when they are activated for some li
time and not too intensively, strongly prom
crowing as a spontaneous follow-up. LooXi#
‘through this list, one can designate ‘“‘mode
depression” as common element. This md
then, when set free rebounds into incred
“gelf-esteem’*). After very strong depress
however, crowing does not follow at oncey,
rather first cackling, as expression of the 0
coming of strong tension.

All this gives the phenomenon of mood
ing a very distinctive character, quite diffe
from central adaptation, and encourag
suspicion that it might occur at a diffe
place in the CNS. Here again we have 1ec?

*According to the motto: “Today I'll give my €
treat; first I'll beat him—and then I'll stop !”




v. HOLST & v. SAINT PAUL: ON THE FUNCTIONAL ORGANISATION OF DRIVES 11

Fig. 16b, ¢ an NPT A T

means that the mood shift,
'lJllUlﬂlﬂLllﬂlhﬂJ unlike the adaptation, takes

d (Aufmerken)
lucking are signg
mood shift from
to a wakeful cony

thus nearer to the neuro-
motor apparatus, as Fig. 16¢

place after the confluence of

b the two stimulus effects, and
]

indicates. Thus, since two

.. A sleep stim
vould now be les
ive. With othe

different processes — mood
shifting and adaptation—

ilus fields, one cay
arly shift from
er to thirst 0

always affect the behaviour
threshold, there at once re-
sults the further important
conclusion that a given thres-
hold value does not always
mean the same central situ-

WY

ation; for it is clear that much
mood shift plus much adap-

g fleeing stimulus cackles tation can give the same thres-

A fowl, which in consequence of a precedin
ntaneously and without stop
the upper graph)
ulus II produces st

; without violen
e many threa
ey pull in vario
yasic mood ‘il

: kut, kut, kutkudaw! ..’
) - Stimulus I produces watching out (Sichern),
g down; further explanation in the text.

ping (kut, kut, kudaw,

.ociated several bej
, reveal an inter

ine self-confidenct
us-induced  ““wing
g III), or callin_ i
rarival, or pecking
stivates in each ca3
, which ceases Wil
alus and leaves
creased manline§s’;
ontaneous Crowin
mood comes to
temporarily to 1
d reactions listed
vated for some lif
y, strongly promo
follow-up. Look!
designate ‘‘moder
lement. This mo
unds into increasés
y strong depresst
t follow at once, !
pression of the oV

9. List of stimulus-released behaviour patterns
are often (in many cases regularly) followed, 5 or
ds later, by crowing. (The *“Alert call” is a brief
of cackling and could be roughly translated
What the devil!” Aiming is a component of fleeing

our, cf. Fig. 25 a).

experiment with two independent stimu-
fields for the same reaction, and ask
ether a mood shift produced from one field

0 effective for the other or not, and vice
‘ the cases so far examined, as the scheme
14a shows, the answer is: yes! This

nenon of mood sh
racter, quite differg
and encourages
occur at a d
sain we have reco

‘oday I'll give my d
then I'll stop !”

hold value as a little mood
shift plus a little adaptation
(see Fig. 11b).

Thus far we have considered adaptation and
mood shift isolated from other phenomena.
Obviously there are many superpositions. Thus
Fig. 20 shows a case of adaptation combined
with persistence of the reaction (after-response).
We already know that after-response depends
on. the stimulus duration (see Fig. 10a, b).
When, as here with watching out (Sichern),
adaptation enters the picture, no after-response
occurs either with no stimulation or with very
long stimulation, that is with complete adapta-
tion. Between these extremes, however, lies a
maximum of stimulus effect, so.that the values
for after-response form a peculiarly bent-back
curve.

Fig. 21a shows the effect of a mood shift on a
series of experiments with changing latencies.
The latency data form a family of curves, which
with continued stimulation drift toward smaller
and smaller values; here one can, by means ofa
suitable assumption about the form of the mood
shift (Fig. 21c), easily remove this effect, so that
the latency data come to lie on a common curve

(Fig. 21b).

" Closer familiarity with adaptation and mood
shifting phenomena greatly eases the interpreta-
tion of changing behaviour sequences, which
apparently have a somewhat arbitrary character.
Fig. 22 reproduces such a case, where three
identical protracted stimuli bring a cock from
drowsiness into a tense-wakeful mood, which
expresses itself differently each time. We inter-
pret: the first stimulus (Fig. 22a) produces to
begin with a strong fearful tension, which fades
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. 5 jumping up and fleeing of a sitting cock—depends onf
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1ok of the reaction. The numbers indicate the sequence of
° o stimulations (Stimulus 1 produced no reaction). In b
. . , . \ assumed that the latency becomes shorter by 1/6 in'¢
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Persistance of watching out beyond and of stimulus

successive experiment (corresponding to the curve
Explanation in text.

Interaction of Different Behaviour Patterns

Fig. 20. A fowl which is spontaneously panting (rapid . Against the backgrou_nd of the_ slowly ch
breathing with open beak and wings held away from the ing moods, the more rapid dynamics of the dri
body, performed when the body temperature is too takes place. One can study it experimentall

high) is caused by stimulation to watch out (Sichern), simultaneous activation of two different 3

whereby the panting -posture rather suddenly vanishes . s o
With a constant voltage (0-5 volt) the stimulus duration haviour patterns, either frOI.n, two  stimug
was varied; the persistence of watching out after the fields or from one field combined with a

end of stimulation was measured (after-response). Ex- ternal stimulus. The various types of combi
planation in text. : tion which can be distinguished are shown ¥
schematically in the accompanying table.

‘with increasing adaptation, so that the clucking Superposition is the simplest and least
} gradually changes over to cackling. The second lematic form: both movements remain

time, (Fig. 22b) the same stimulus has a lesser pendent. For averaging this is no longer
: depressive effect and ' Clucking Cackling

therefore.  rebounds,

after its decay with a b
adaptation, to the op- Stimglu

posite mood of mascu-

line self-esteem, and :

then (as we already b N s ;
know) to crowing.
Finally, the third time
(Fig. 22c), the stimulus

effect is so weak that . ____ i Bunmn s tesn

e A

Crowing

Stimylus

the quickly fading

]

mood hardly rebounds Stimulus

to the other side at all;

after a little clucking 6 L , L

the cock drops back

into his sleepy basic . : . . . . .
. s Fig. 22. A cock, in a sleepy basic mood, is provoked to various kinds of act
mood, while the stim- (clucking, cackling, crowing) by three long, constant stimuli (0, 2 volt) sepiu?ated

ulation isstill goingon.  brief pauses. Explanation in the text.
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alternation _/__—_—:___\ H l i ] H

Table I. Types of Interaction of Different Behaviour Patterns.
REPRESENTATION

EXAMPLE

picking and head turning

e a+b

averaging _/_ _ _ NI AN tooking around and watching out

—  {a+b)/2

/_W\V-\_ watching out and eating

: cock—depends on {
ser of previous rel
:ate the sequence of
1 no reaction), In b i
shorter by 1/6 in

ding to the curve m1

a + b

aviour Patterns &?
5f the slowly chan
/mamics of the drivs
it experimentally:}
f two different
from two stim
mbined with an ¢
s types of comb
shed are shown V&
panying table.

—pe ababab

turning to right and to left

cancellation __/_—.__:-._\_\.—:_./

transformation _/.W pecking .and flecing
a + b —» C

(threat screeching)

/ \ “ ' brooding and weak escape

slest and least pro
sments remain 1M
is is no longer trl
ckling

a +

masking__/—_\ HHIH
: b

—» a (b)

/ \ immobility and eating,

a +

rawing ,Lombining rigid watching out (Sichern)

tended neck and attentive looking around
erken) with large head movements results
king out with less extended neck and short,
r head jerks. The more uncommon
lation appears when two tendencies are in
um; a good example is eating and
g out, which together can produce an
on of hasty food-pecking with brief
YK Taising of the head.
T e case of cancellation has already been
, various kinds of actiViSlgs: °§.W§th the scheme in Fig. 10 for stand-
1i (0, 2 volt) separated 8N4 sitting. This type pertains only to ex-
“Omplementary behaviour patterns, such

3 minute

- preventing __/—\ ” “ l ‘ I
. b

R a } preening, crowing.

as turning to the left and to the right, which can
cancel each other out to zero. For ‘“‘pure”
sitting and “pure” standing this case is actually
realized, but for sitting as a part of brooding,
standing as a part of food-seeking or of fleeing,
the situation is certainly more complicated.

In all of these cases one cannot speak of a
ssconflict’””. A clear case of conflict, however, is
the “‘transformation” which can appear with
simultaneous attack and fleeing tendencies and
which shows a new, strongly effective action:
tripping about with puffed-out feathers and
screeching. The behaviour is very reminiscent
of the reaction of a hen on the nest, when somg-

i
1
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thing dangerous approaches her. The scheme of
transformation, furthermore, well illustrates the
drawbacks of forming types: it contains cases of
diverse physiological makeup. For example,
when one produces a slight fleeing tendency in a
hungry animal, 80 that it ceases to eat, and then
gives a sleeping stimulus, which counteracts the
fleeing tendency, the animal may then eat for a
short time before going to sleep. This would
correspond formally to the scheme a-+b =c
(fleeing + sleeping = eating); but it would be
more correct to say: a suppresses ¢, b suppresses
a; a-+b liberates c. ,
This brings us to the next type, masking, which
is widely distributed. We use this term when one
behaviour pattern makes a second one invisible,
and it is nevertheless possible to show that the
latent drive has not been gliminated. Thus for
example sitting down (in broody mood) can
completely mask a simultaneous slight clucking
excitation. When sitting stimulus and clucking
stimulus cease simultaneously, however, a few
bursts of clucking still follow immediately.
Or: fearful “making oneself thin” masks
feather-puffing-out; after simultaneous termin-
ation of both stimuli the plumage is puffed out
for a few seconds. The masked action does, in
fact, become visible as an “after-explosion”; its
drive must therefore have been present in latent
form, but blocked somewhere on its way to the
motor apparatus. In most cases, unfortunately,
where we suspect masking, such an after-

reaction is not visible—which might indicate -

merely that the visible drive persists longer than

the masked one. Here “preventing” is the
neutral term. Thus in the case of Fig. 18, where
cackling is temporarily interrupted by watching
out (Sichern) and sitting down, one can only

speak of preventing; it would be clear masking, .

if the hen cackled more vigorously afterwards.
Fig. 13a shows another example of prevention;
the defecation provoked by the fleeing stimulus
momentarily greatly raises the threshold for
clucking, likewise a. consequence of the fleeing
stimulus.

Which reaction is masked (prevented) by
which other onmes, usually depends on quan-
titative factors. We can, however, designate
certain behaviour patterns as dominating, be-
cause they shut off any other activities even
when only slightly activated. Such dominating
reactions are especially the various forms of
fleeing, and still more “freezing”* (‘‘Starre”),

*Freezing, so-called “playing dead”, appears in many
birds in moments of deadly peril.
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© gist posture) is first set at a particular value, then

against which other behaviour breaks throu
only with difficulty.

Measuring the possible quantitative effects’y
all behaviour patterns upon each other, throug;
simultaneous activation in pairs, is an importag
step on the way to reconstructing the functionis
organization (Wirkungsgeftige). Fig. 23 givd
an example, which shows several things: the of
reaction is in this case a posture (““di
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change with increasing stimulation ; pecking ag

o
™~
T

Stimulus I

e
T

ward, saliva flow, and long-persisting unwillingn
eat (I), the ‘‘disgust posture” (compare Fig. 24, s
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actions become visible. X picking movements, ® t
head to the left.
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constant posture of varying drive strél
One can see that increased ‘disgust driy
raises the threshold moderately for hé
turning, but steeply for pecking. Thus;
““disgust drive” seems IMOIe strongly con
dictory to the pecking drive (which is clog
related to the eating drive) than to the n
sideways turning of the head, which can %
easily be combined with the disgust postur

On the whole such experiments indicat
among the individual behaviour patter!
with the moods—it is generally not possib
set up  antagonistic pairs; mutual mas
(prevention) occurs in very varied gradatlof

Finally, it may also happen that 2 stil
does not raise the threshold for another b

jour pattern, but lowers it instead. An exé
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s excited clucking (“kut, kut, kut, kut . . .)
Z'hen in the farmyard is contagious among
ther hens, but does not spread to the cock;
acts to it with cackling (“kut, kudaw-kut,
kudaw™). Likewise, a tape recording of
clucking produces at most brief cackling
{he cock. If one activates in the cock a stimu-
=1d for clucking, it can be seen that his

g threshold does in fact sink, when he
tancously hears recorded clucking; in

dour patterns, and will now take a closer

(generally) with a constant medium
3. the sequence is identified as natural
¢ behaviour specialist; 4. the sequence as a
lole serves one particular function. We con-
rom this that we are here stimulating
d the same structure, which activates a
Ve Whose increase excites the individual be-
OUr components sequentially, corresponding
%@; ‘individual thresholds.* We shall discuss

¢ particular stimulus field produces in a
blinking of the left eye at first; if the
lus is prolonged or increased in intensity,
| headshaking appears, then wiping
ead against the shoulder, and finally
waung the left cheek with the foot. Head-
and scratching are repeated several

btl:g:g' maintained by outstanding students of
viour (Whitman, Heinroth, Lorenz).
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times if the stimulation is prolonged enough. It
looks as if the cock were being bothered by an
invisible fly. Fig. 24 shows another case. The
whole sequence here imitates the disgust re-
action on mistakenly picking up a (stink-)
bug; beak-wiping after the end of stimulation is
the normal and meaningful conclusion of the
cleaning. : :

In both cases one presumes that a central
pathway ascending from the cheek or mouth

\
YA

5

Tongue movements
Salivation

Stops feeding Shaking beak Beak cleaning
Feeds cgain

Stimulus

Fig. 24. Activation of a behaviour sequence from one stimulus field, The whole
complex serves to remove something unpleasant from the beak. The individual
actions except Beak cleaning and Salivation can also be obtained in isolation
from other fields of stimulation.

cavity lies in the stimulation field. Fig. 25a
and Fig. 26a give examples of fleeing behaviour
from a (non-existent) ground or aerial enemy.
Here the stimulus field will lie in the neighbour-
hood of “higher” pathways, whose activation
effects the physiological correlate not of a
sensation, but of a form hallucination. Other
cases correspond to the activation of specific
bodily requirements: Fig. 27 shows the behav-
jour sequence of falling asleep, or the effect of
the “sleep drive”. In the same category belongs
the activation of searching for water with subse-
quent drinking, or search for food with eating;
or for instance (in the cock) searching for a
spot under cover and creeping in with a long-
drawn softly throbbing call: “leading a hen to
the nest”.

In all such more complex activities, the in-
dividual component elements appear in a par-
ticular sequence; that does not mean, however,
that no element of the sequence can drop out.
In fleeing behaviour, all components except the
last one can even vanish. This occurs for ex-
ample when the stimulus is sudden and strong
(Fig. 25b), or when another simultaneously
strongly activated activity, for example sitting,
prevents all but the last element (Fig. 26b).
Then the hen behaves like a bird sitting fast on
the nest, leaping away only in the last moment
of danger.
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PLATE 1V (cont.)
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@Does not feed @Head still @Sits
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cuum activities”, Other behaviour may also
place “in vacuo”, but is more intense when
ppropriate object is offered; this applies to
ing-scratching” (Kratzfuss) of a cock
late 111) in the absence or presence of a hen.
y, there are behaviour sequences which we
e thus far never observed in vacuo, such as
ttack of a cock upon a rival or an enemy,
in the hen the feather-plucking and pecking
a socially lower-ranking hen. They require
least a suitable dummy as object, and are
erformed the more expressively, the better
‘dummy is. Plate IV, a, gives as example the
k of a cock on a stuffed polecat. Lacking
cat, the next best object is the face of the

ics (Plate 1V, b). Lacking even this object,
sees at most a threat gesture into empty
ace.
‘Now it is most noteworthy that all complex
,]faviour sequences are composed of elements
vhich can also be released in isolation from
ther stimulus fields. In Figs. 24-27 those
elements which could also be obtained isolated
¢ each designated by a dot. Compared with
BIir appearance in the whole sequence, be-
lour elements thus ‘“‘cut out” often seem
utomaton-like; a hen which only clucks takes
R the aspect of a clucking machine; the cock,
ho 'shows indefinitely the oscillating aiming
ents of the head, as they appear in fleeing
ly ‘shortly before taking flight, or the cock
0 Irom the whole hunger behaviour only
uninterrupted snapping and swallowing
o—and as if the mouthfuls got bigger
Nereasing stimulus strength—all look as if
had beeq bewitched into senseless activity!
LS Impression is always strong when the
OMmity is great, but adaptation and mood
ift are slight.
I one collects the elements which can be
from all higher behaviour sequences,
pears that many such elements can occur
te different sequences. Sitting, for example,

Draws in head Opens eyes @Stands up
@Stands still @Blinks @Soft warning @Shuts eyes
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can be a part of sleep-
ing or of brooding,
or on the other hand
be “pure” sitting.
Clucking and defecat-

Looks about  Stretches mg accoml?any vari-
@Feeds. @Walks around  OUS behaviour pat-

: terns which have the

Behaviour sequence during a sleep stimulus and (.after.tht; end of stimulation) while  character of anxious
ng up again. The elements designated by @ are obtained in isolation from other stim-

tension; cackling is a
sign of removal of
tension after fleeing as well as after laying an egg;
looking around, standing up, and running are
common to numerous behaviour sequences;
standing ducked and motionless can belong to
aerial-enemy behaviour (freezing) or be a
gesture of submission to a stronger rival. Even
food-pecking on the ground can still be either
an element of hunger behaviour or an element
of fighting between rivals, where it appears as a
threat gesture (“displacement picking); we
have found stimulation fields for both cases, in
the second case a rival fight follows at once
when one presents another cock (even a stronger
one!). )

The fact that particular behaviour elements
can belong as components to completely differ-
ent drives (and moods), is theoretically import-
ant. It forces us in every case to search for and
to name the highest integrated unit activated by
the stimulus field. For if the terminology does
not reflect the synthetizing capacity of the
CNS,. the reconstruction of the functional
organization is made impossible from the
beginning. Let us explain this postulate of
level-adequate terminology more fully with an
example. General motor unrest is a common
reaction. Only gradually have we noticed that
this unrest generally refers to something
quite specific. One must vary the surroundings
in every possible way to discover the actual goal
of the activity. In the experiment in Fig. 28,
conspecifics and various other objects were
ignored; presenting a fist released slight threat-
ening. A stuffed polecat, fastened to the table,
however, togerher with the stimulus, at once
produced vigorous threat and attack. Are we
then dealing with a tendency to attack an enemy
of the species ? No, the term is still too specific;
for if the stimulus lasts beyond the attack, the
hen checks for a moment, turns, and flees
screeching. The “‘resistance” of the (motionless)
enemy, but only fogether with the brain stimu-
lation, results in the reversal into flight. The
adequate expression for the field, including all
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from a single stimulus field (Fig. 29¢, SF),
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uce attack alo viour. Thus we have three levels of integra-
pefore us, whose arrangement is not open
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the ‘“final common path” as Sherrington
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haviour patterns.
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e outset we discovered some facts which
ade the localization of functions in the CNS
roblematic: 1. a stimulation field appears
gilent” at times, but at other times active;

a period of hours, changing behaviour
térns can be activated from a stimulation
3. the same action can often be released
‘spatially separated fields.

¢ attentive reader will have remarked that
¢ three phenomena are rniow physiologically
erstandable, and infact necessary.

It is to be expected that stimulus fields
in silent when a dominant behaviour such
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“silent” is of course incorrect, since the field
is indeed excited, but the resulting activity is
blockaded somewhere else. 2. To understand
the change of reactions from one and the same
field, we refer to two phenomena: the invisible
propagation of excitation away from the point
of stimulation (cf. Fig. 14d) and the huge vari-
ation in the individual thresholds of behaviour
through mood shifts and adaptation, with its
consequences for the dominance relationships
in conflict situations. If one makes the assump-
tion, which is certainly often correct, that the
stimulus field includes structures (for example
pathways) which belong to different neuro-
motor systems, and which are all simultaneously
—invisibly l—excited, it then necessarily follows
that the decision as to which behaviour must

“become visible is made not in the stimulus field,

but somewhere else, by the total dynamic situ-
ation prevailing at the moment. 3. That identical
reactions are to be obtained from different fields
follows in part from the circumstance that so
many movements are elements of quite different

higher behaviour sequences; one thus expects

that pathways will lead to such a neuromotor
apparatus from various places. On the other

" hand, this scatter in localization is certainly

in part an artifact, resulting from not adhering
to a level-adequate terminology. When for
example all stimulus areas from which “loco-.
motor drive”’ can be activated receive this label,
no maitter whether ‘““pure” motor unrest or
thirst-, hunger-, nest-, rivalfighting, or enemy-
behaviour—which cannot become visible through
lack of the appropriate external object—is in-
volved, then the scattering of localization must
appear much larger than it actually is! In con-
crete terms, we may designate sitting down,
standing up, walking, looking around, clucking,
defecating, threatening, and so forth as “pure”,
when neither raising the stimulus to several
times the threshold value, nor varying all ex-
ternal factors, succeeds in eliciting anything
else. Very often, however, the question remains
open, for example because of disturbance from
neighbouring structures which are also stimu-
Jated; such uncertainly defined stimulus areas
are therefore useless for localization.

From the foregoing arise automatically cer-
tain precautionary rules for future localization
attempts; whoever is interested can easily derive
them. It is our conviction that the still puzzling
relationship between function and structure
must become much clearer if these rules are
observed,
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Conclusion

Perhaps it has become clear to the reader
that the construction of a functional scheme of
the brain stem activities is indeed a difficult
undertaking, but not a hopeless one. Of course
monistic doctrines, which try to “explain”
“the” function of the CNS according to one
formula are useless here. All the more, however,
are we moving with our thinking and method
of expression into the neighbourhood of differ-
entiated human psychology. It is to be hoped
that with closer contact human psychology and
the physiology of behaviour will learn from one
another; the former, what physiological mech-
anisms must be taken into account with humans
too, and the latter, how one obtains a finer-
meshed terminology, better adapted to reality.
We do not need to fear that in the process
“anthropomorphisms” will sneak into behav-
iour physiology. It may, however, very well be-
come clear how “‘theriomorph” man is.
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TRANSLATOR’S NOTE

The English translation of this paper owes its exister
to the instigation of Prof. W. H. THORPE. The tr
lator wishes to express his indebtedness to Dr. C
Fraser Rowell who originally undertook the tas
translation, and to Prof. v. Holst, Dr. v. Saint By
and Dr. H. Mittelstaedt, who read and approved?
manuscript.
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