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ABSTRACT

An angtomical and morphological study of the red nucleus of
the pigeon showed that as in the mammal the mucleus is relatively
highly vascularised and contains both large and small cells, The
only relevant previous source indicated the existence of large
cells only,

Lesions of the pigeon red mucleus (r.n,) effected a variety
of symptoms including torticollis,'abnarmalities of leg muscle
tone and movement, hyporeactivity, aphagia and asymmetry of pupil
dilation although the latter was probably due to third nerve damage.
Electrical stimulation of the r.n. produced contralateral circling
and indications of ataxia,

Extensive investigation using electrical stimulation and
evoked potential recording revealed telencephalic inputs to the
r.n. from the archistriatum medialis, hyperstriatum ventrale,
parolfactory lobe, olfactory bulb and neostriatum intermedium,
diéﬁoephalic projections from the lateral hypothalamus and nucleus
robundus and a cerebellar link with the nucleus lateralis, Con-
parison with mammalian connections disclosed some similarities and
in addition suggested that links with amygdale and septum may
exist in the mammal, Evoked potential and single unit recardings
following visual, somaesthetic and auditory stimulation demonstrated
that the avian r.n, and individual cells respond in a very similar
manmer to that of the mammal., An olfactory projection was also
demonstrated by nerve stimulation,

Investigation of the effects of r.n. lesions on previously
established avoidance behaviour disclosed complete disruption of
learning, Similar effects were shown on a pattern discriminstion
acquired under positive reinforcement, although brightness and
colour discriminations were not affected.

Possible mechanisms involving the r.n. in behaviour control

If ‘
are discussed.
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INTRODUCTION

The study of the red nucleus of the pigéon described herein
is an attempt to clarify some recent observations by other workers
which appeax; to imp]iéa’ce the mammalian red nucleus or red nucleus
area in learning and memory.

To that date, the nucleus had been regarded as wholly motor
in function, forming as it does, part of the classically defined
extra-pyramidal motor system, In many ways these f‘ixﬁings were a
precursor of the now growing view that learning and memory systems
may in fact be at least partially represented et midbrain or brain
stem levels,

The pigeon was chosen as the subject of study for three reasons;
firstly, because little was known about comnections of the avian
red nucleus, secondly, because the only available information
suggested that the r.n., is phylogenetically an old structure and
is of oomparative interest in the bird, in that the nucleus consists
only of large cells, whereas the mammalian nucleus consists of large
and small cells which have different functional properties, perhaps
leading to confusion in a lesion study, and thirdly because the
laboratory J.n which the experiments were conducted had a consider-
able history and expertise in experimentation with pigeons;

The report is divided into two parts, Chapters 1, 2, 3, &
and 5 forming & physiological study utilising a variety of techniques
and 6, 7 and 8 making wp a behavioural examimation of the effects
of lesions of the red nucleus on learning and memory, Specifiocally,
Chapter 1, purely comparative, is a study of the anatomy and
morphology of the pigeon red nucleus, In Chapters 2 and 3
detailed observations of gross behaviour are described following
lesions and during electrical stimulation of the nucleus respectively.

These two chapters describe attempts to gain information which
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would be relevant to the behavioural studies in Part 2, Chapters
4 and 5 contain reports of investigations of afferent linkages and
sensory inputs to the nucleus, conducted in an effort to delineate
connections possibly involved in learning and memory, Chapter 6
is a review of behavioural findings including an analysis of the
experimental method adopted by other workers which perhaps con-
tributed to their findings., Chapters 7 and 8 describe experiments
suggested by the analysis aforementioned, both involving lesions
of the r.n., Chapter 9, the overall conclusion, attempts to integrate
the findings and compare the results with mammalian studies,
Further introductory material has been included prefacing each
chapter,

The studies reported have been placed not in hiétorical order
of completion but have been arranged to facilitate exposition,
Apology is made for the inevitable small inconsistencies that such

rearrangement has produced.




CHAPTER ONEB

MORPHOLOGY AND ANATOMY OF THE RED NUCLEUS

Introduction

The casual observer examining a series of transverse sections
through the midbrain of any vertebrate species will find that one
of the most noticeable landmarks he can observe is a group of
cells scattered around the mid]ine at about the level of the
emergent third nerve. The cells are conspicuous by their magni-
tude and are so dissimilar to the cells of the surrounding tissue
as to be regarded as constituting a mucleus (see Fig.14). The
a.nafongy and morphology of the red nucleus of many animals,
including man, has been studied since the end of the last century.
Massion (1967) has extensively reviewed the literature and for that
reason only the salient points are outlined here.

The name red nucleus (nucleus ruber) derives from the fact
that in fresh, unperfused tissue sections the micleus discloses a
pinkish red colour which distinguishes it from the surrounding
mesencephalon, The colour is attributed to the high vascularity
of the nucleus and Hough & Wolff (1939) found, in the cat, that the
r.n., was unique in that it’s vascularity was extraordinarily high
inlrelation to the number of cell bodies,

Phylogenetic differences in terms of cellular composition of
the nucleus are great. In general, the micleus consists of large
and small cells, the relative numbers of which differ in different
memmalian species (see Massion 1967). Cajal (1909-1911)
differentiated large, medium and small neurons in the r.n,
According to Cajal's classification large neurons vary from 50 -
90 p, medium cells 30 - 40 p and small cells about 20 p. In

mammals the large cells tend to predominate in the caudal and small







cells in the rostral part of the mucleus. Although there are
exceptions it seems that the relative proportions of large and small
cells change in favour of the small as one ascends the evolutionary
scale - viz Ariens—Kappers et al (1960):-

"....Thus the parvocellular portion has become a conspicuous
portion in the higher mammals, Its development is associated
with a gradual increase in the range of functional activity of the
red nucleus associated with the progressively greater development
of farebrain regions in higher forms"”,

The position in sub-mammalian species has received little
investigation, although Arien-Kappers suggests thaet the r.n, of
the bird and reptile contains large cells only viz:=~

"eeeothe a.viaﬁ red nucleus is the homologue of that of reptiles

and is comparable in a general way with the magnocellular portion

of the mammalian red nucleus,"

Some authors, notably Hatschek (1907), Von-Monakow (1909),
Fuse (1937) and Otabe and Horowitz (1970), hawe further sub-
divided the mammalian r.n. into cellular groupings, although there
is some doubt whether these groupings hold true in all species
e.g. Brodal and Gogstad (1954) could find no evidence for groupings
in the cat and furthermore doubt whether the nucleus could be
divided into magnocellular and parvocellular areas.

The large cells of the r.n., lend themselves readily to a count
and this has been done for man (Olszewski and Baxter 1954), cat
(Grofova and Marsala 1961) and domestic pig (Otabe and Horowitsz
1970) with numbers of 100, 450 end 200 respectively. Clearly
there is a marked regression of large cells in man, In view of
the lack of data regarding the bird, it was considered necessary,
in order to lend credence to the view that the avian r.n, was

homologous to that of the mammal, to look closely at:e




(1) Vascularity
(2) The number and size of cells
and (3) The structure of the nucleus

Materials and Method

(1) Cell Count and Measurement

Five mature pigeons of mixed strain were used in the study.
Each bird was sacrificed by an overdose of Nembutal and perfused
through the carotid arteries with 5% saline followed by 10%
formalin, The brain was then fixed in 10% formalin for several
weeks and serial paraffin sections were taken at 15 p.  Every
fifth section through the r.n, area was taken and stained with
cresyl ﬁolet. |

The cell count was accomplished by means of an ocular
reticule and the size of cell and cell muclsus measured by means of
a micrometer fitted to the microscope platform, The cells were
classified as large, medium or small in accardance with the
classification of Ramon y Cajal:~ large cells - more than 50 p in
diemeter, medium - 26 - 49 p and small - less than 26 e

Counting Procedure

Large, medium and small cells which exhibited a nucleus were
counted, The number of cells in each category was estimated
using the method adopted by Otabe and Horowitz (1970). Tissue
shrirﬁcage due to the histological procedure was estimated at 25%

although the initial count of cells @id not take this into account,
Each section of 15 R repre'sented a piece of tissue 75 B thick.

The nuclei of the large cells measured 22 p : 2, therefore each

15 p section contained all, or a substantial part of the nuclei in
51 p thickness of tissue (éee Fig4?). The number of large cell
nuciei counted in the section was multiplied by 1.5 515},_1\_;_,1 .5; to

p
estimate the wumber in 75 33 thickness of the r.n.
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The nuclei of medium cells measured 16 p : 2. Each section
covered all medium cell nuclei in a tissue thickness of 39 )V and
the number of cells cou.nfed. in one section was multiplied by 2
%1}‘; > 2), | )

The nuclei of small cells had a diameter of 11 p _ 2. Each
section covered all small cell nuclei in approximately 29 B
thickness of tissue and the number of smali cells counted was
multiplied by 2.6 E;z_s_‘g -~ 2.63 to estimate the population in 75 p
thickness of tissue%9 F
(2) Vascularity

A single bird was used. Following sacrifice the unperfused
brain was fixed for several days in 10% formalin and 200 p slices
of tissue taken through the r.n., after blocking in paraffin wax.
The stain used was the'Benzidine method for Hxmoglobin®(McManus
and Mowray ‘i960).

OBSERVATICNS
(1) Vascularity

Fig,13 clearly shows that the r.n. area of the pigeon, as the

memmal, has a high vascularity. The Fig, ' shows the complex
network of very fine capillaries serving the nucleus,

(2) Cell Count and Measurement

It was found that little difference in cell count occurred from
one bird to a.nother and for that reason Table 1-1shows the data for

one bird only.

Table 14
Estimated Cell Count
Cell Count ' Correction Est.Population
Large 103 : x 1.5 155
Medium 366 X 2.0 . 732
Small 364 A ' x 2.6 946







Correction far shrinkage:- x 25%
Lerge 155 + 250% x 732 338 '
Medium 732 = 183 + 25% x 946 786

Small 946 - 237 709
It will be recalled that tissue shrinkage was estimated to be 25%.

It follows that to fit Cajal's classification the totals require
adjustment for this. The adjusted totals are shom above:=- i.e, -
25% of counted medium cells have been assumed to be large and 25%
of small assumed to be medium. (Cell sizes were distributed
fairly evenly within each category).

(3) General Structure of the Nucleus

The nucleus was found to be oval in shape with the longest
axis situated in a rostral-=caudal plane roughly parallel to the
_ midline and about 0,5 mm lateral, The rostro-caudal extent
measured 2,8 me and the maximum transverse diameter 2,5 mm, The
nucleus extends rostrally from the level of the mammillary bodies
down to the level of the decussation of the brachium conjunctivum,
Large, medium and small cells appeared to be equally distributed
throughout each level of the nucleus, No noticeable sub grouping
- of cells, such as to constitute the sub groupings delineated in

some mammals, was observed.

One methodological point should be made at this juncture, It
occurred to the author that a section through the cell, exhibiting

a nucleus, may not in fact give true cell body and nucleus

diameters e.g.:~

2

e LR LNy ST T T

\,

RCETE T Iw sewswraghaw

9]

Section A, the true diameter
of cell and nucleus, would
give different figures from

section B and yet represent

the same or similar cells.




An indication of cell grbup differences would be given by the ratio
of cell to nucleus. One would expect, where the section i3 of
type B, to obtain a higher ratio than in type A. Fig.|4 graphs the
relationship between cell and nucleus diameters for a random sample
of cells falling within each category. It is possible that the
tentative functions drawn may represent 3 populations of cells.
Tablel2 gives cell diameters, nucleus diameters and cell/nucleus
ratios (corrected for shrinkage) for the sample of cells used in
Fig.rs It can be seen that there do appear to be three cell size
categories of which the rough divisions are shown under hypothesis
(1)e The mean cell/nucleus ratio for the assumed magnocellular =
2,29, and for the parvbcenular 1.6k, Within the assumed medium
range there are several obvious extreme values (ringed) which may
well represent the type B section hypothesis outlined above., The
point will not be laboured, for it is possible to argue in many
different ways e.g.:- that one could divide all the cells (in
ratio terms) into onf;lbr large and small - see Tablei2 -~ hypothesis 2,
What does emerge however from the ratio method is that there
is clearly a distinect ceil type with a lower ratio value than the
large cell which must surely be indicative of a true small cell

population contrary to the assertion of Ariens-Kappers,
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TABLE 1-2
Diameters of cell bodies, nuclei and ratios of cell to necleus

measurenents,

Cell Diameters Nucleus Diameters Ratio Cell/Nucleus

. 28, 2.4 ‘
66,6 1 8.0 u L hyp. hgp
60.0 26.6 2.3 | 1

5846 26,6 2,2
57.3 | 25.3 2.3
57.3 25.3 2.3 &
5640 24,0 243
5.6
53,3
53.3

304V




CHAPTER 2

Lesions of the Red Nucleus - Observations of Gross

Behavioural Effects

Early attempts to determine the funotions of the mammalian
red nucleus consisted largely of removal of large areas of tissue
during studies of decerebrate rigidity. Rademaker (1923,25,26
summarized by Massion 1967) perhaps conducted the most extensive
investigation by these means and concluded that the r.n. is the
centre responsible for inhibition of extensor muscles, destruction
of which produced the characteristic decerebrate rigidity. Such
crude methods, involving staged Sections, are however unsatisfactory,
involving as they do, removal of large amounts of tissue other than
just the re.n., Localised lesions of the r.n. were first carried
out successfully by Mussen (1967), in the cat, who found that
lesions of the posterior poles i.e. the large celled area, produced
only a slight unsteadiness of gait which lasted two days. On the
other hand, unilateral lesions of the rostral areas (small celled
area) produced curvature of neck, body and tail towards the comtral-
ateral side, a loss of contralateral righting reflexes, loss of
sense of position and general hypotonus, The animal made a com=
plete recovery within three weeks, Later work by Ingram et al,
(1934) -using smaller lesions, again in the cat, essentially con-
firmed these findings but demonstrated that righting reflexes were
not disturbed. McNew (1968) listed a number of effects of r.n.
lesions in the rat including aphagia and adipsia, impaired postural
adjustment, absence of pupillo-oconstrictor response, canting of the
head laterally, locomotor circling, awkwardness of gait, absence
of vibrissae movement, paucity of exploratory behaviour and

resistance to handling, Again, the symptoms were transitory,

14



disappearing within 14~21 days. Papaioannou (1971), on the other
hand, found that small, unilateral, radio frequency lesions in the
rat, produced little effect on the animals' tﬁrning tendencies,
facility in using limbs, righting reflexes, or walking, The only
observed effect was one of hyperkinesis which however, on the basis
of control lesions to the bra.chiumﬁonjunctivum, the author believes
was due to destruction of cerebellar fibres ending in the r.n.
Other workers (cited in Massion 1967) demonstrated that lesion
effects produce a slight temporary hypertonus 7, coupled with
tﬁlsteadiness of gait and a loss in the tactile placing reaction,
Such symptoms were short lasting, Massion argues that any

. hypotons ‘.is due to destruction of cerebellar fibres which course
through the brachium conjunctivum, which decussates slightly caudal
to the ren, In the Rhesus monkey, Carpenter (1956) found that
bilateral lesions produced little effect on muscle tone, The
most striking effects found were hypokinesis, which he claims was
long lasting and torticollis, in which the head is tilted and
rotated to one side, resulting from asymmetric or unilaterally
Placed lesions of the ron. - the tilt and rotation being to the
contralateral side of fjhe lesion. Symmetrically placed lesions
did not produce this effect, Carpenter's finding of torticollis,
is in agreement with Mussen's results in the cat.

IP, as stimulation studies show, the r.n. exerts a facilatatory
effect on contx;alateral fiexors and an inhibition of contralateral
extensors, one would expect to find that lesions of the r.n. would
produce a hypertonus in extensor muscles and a degree of rigidity.
However, the mammalian lesion studies do not pgroduce these symptoms,
Some experiments show a hypertonus and others hypotonus. All asmthers
report that the effects are transitory, the animal recovering fully

in a period of days. It will be recalled that staged sections of
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the bréﬁ.n (Rademaker 1923 et seq.) show that remové.l of the r.n,
produces decerebrate rigidity. These facts a.ppe.ar to argue
clearly that in the mammal the classical pyramidal motor system
compensates for insult to the r.n. and rubro-spinal tract and this
was indeed the opinion of Evans and Ingram (1939). In steged
sections the motor areas and pyramidal tract would of course be
destroyed before the r.n, arsa,

Lesions of the avian r.n. have not been investigated but arise
bccasione:lly as incidentals to lesions of other areas, Durkovic
and Cohen (1969) in lesions of rostral midbrain areas, obteined &
temporary torticollis or hypotonws) of neck musculature and a
transient loss of tone in leg extensor muscles. SuchAlesions
involved r.n. areas and the simila.rity to mammalian lesion results
leads one to suspect a similarity of function.
| The experiment outlined in this chapter was completed befare
the Durkovic and Cohen publication, The intention was to lesion
“the Ten, bilaterally and to carefully observe gross changes which

might follow.

THE LESION EXPFRIMENT
- Subjects '
| The subjects were three apparently normal pigeons of mixed
strain, |
Surgery

The animals were anaesthetised by pectoral muscle injection of
Equithesin according to bodyweight and placed in a Kopf stereotaxic
ingtrument, The skull was exposed over a midline areas approximately
where the lesioning electrode was to be driven and scraped free of
periosteum, The desired point of entry of the electrode was
determined from the .zgl?eé;gotaadc atlas and the skull
was .trephined. The iesionjng electrode was driven down to 0.5 mn

above the r.n, position and comnected to recording leads. The
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electrode was then advanced until unit spikes were apparent on the
oscilloscope, the recording leads were disconnected and a lesion
produced by R,F. electrocoagulation?‘ If single unit spikes were
not apparent during attempted location of the r.n..the electrode
was withdrawn, resited in a more anterior or posterior position and
the procedwure repeated. (A description of the rationale underlying
the method of electrode positioning is given in Ch, 4). Following
electrode withdrawal the skull fenestia>was filled with an absorbent
gelatine plug, and the skin sutured.
Electrodes

Lesioning electrodes were made from stainless steel insect
pins by dipping them mechanically in Shenver 31 lacquerf“ Three or
four coats of varnish were given, heat drying between each coat and
the tip scraped bare of insulation for 1 mm with a scalpgl blade.
Each electrode was tested for leskage by bubbling in a 10% saline
solution Delius (1966).

Apparatué and._Procedure

Each bird was housed in a cage 2' x 2' x 2!, The three cages
were removed from the general animal house a:nd kept in the experi-
menterts study. From the day following surgery written records
were made of general behaviour and tests of flight and piacing
reflexes, Daily photographic records were made of the birds until
recovery from lesion effects was considered complete,

Histological Procedure

Some time following completion of the experiment, the birds
were sacrificed by an overdose of Nembutal, the brains perfused
'.bhrough the carotid arteries successsively with saline and 10%
formalin, The brains of two birds were embedded in para:f"fin wax
and serially sectioned at 15 p.  Alternate sections through the
Jlesioned ares were stained with éresyl violet and haematoxylin

¥ See appendix 4
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respectively. The brain of the third bird was sectioned on a
freezing microtome and stained with cresyl violet.
RESULTS 4
Histology
" Each of the three birds suffered damage to ome or both r.n.
Bird 5.12 - suffered an estimated 75% destruction of left r.n,
and suffered an estimated 25% destruction of right
r.n,
Bird 7 - bilateral 100 destruction.
| Bird 2 ~ 100% destruction of right r.n., minimal
damage lef;t.
(The estimate for the left r.n, was difficult due
to an inflection which eventually had destroyed a

large area of midbrain tissue).

Other Areas Destroyed by the Lesions

Bird 5,12 - the lesions were small and involved no damage tql the
ﬁia.jof pathweys. The left lesion extended o Tt to the
level of the brachium conjunctivum with some slight involvement of
thé vestibular mesencephalic tract on the left. 'The mght side
lesion was small and limited to the r.n, with a slight involvement
of medial reticular substance,

Bird 7 - lesions were extensive. The right lesion extended to
0.5 mm anterior to the rostral pole of the r.n. That of the left
extended to 0,25 mm anterior to the rostral pole, with some damage
to the stratum cellujare externmum just lateral to ﬁhe midline,
Complete destruction of both r.n, was accompanied by bilateral
destruction of the third nerve and medial reticular substance.
Damage to the left mesencephalic vestibular tract was suffered.
Bird 2 - the right lesion produced total destruction of the third

nerfe with involvement of medial reticular substance dorsalito the

18



r.n., as well as the interstitial nucleus of Cajal slightly ventral
to the r.n,.; thecbe was some damage to the right mesencephalic
vestibular tract. | |

The Z!.eft lesion extent was difficﬁlt to determine because of
an infection sustained at the site of the electrode which appeeu;ed
to develop some time aﬁ;er.the completion of the study. Assuming
the lesion to have been the same size as that on the right, the
lesion would have probably included destruction of the tractus
occipito-mesencephalicus and ansa lenticularis (tractus strio-
tegmentalis et strio cerebellaris) « Ji7."rz - stratum cellulare
extermum, medial reticular substance and part involvement of the
-mesencepha]io vestibular tract.

OBSERVATICNS

Particollis

Birds 5,12 and 2 demonstrated the most dramatic symptom of
tortic;:»llis, in which the head and neck were rotated tﬁrough an
angle of almost 180° to left and. right respectively (see Figs.21A
and22A) Bird 7 (Fig.23A) did not manifest fhis extreme rotation but
there was a slight tilt to the left. Recovery of correct head and
neck position tcok place gradually ovc'er 5 = 7 days ~ see Figs.21
and 2,2. Bird 7 however showed little recovery of vertical position
and continued to tilt its head to the left some 14 days after
surgery. Birds 5,12 and 2, from the day following surgery could
get their heads into a relatively normel position in a slow and
jerky series of movements but relapsed to the rétated position as
soon as movement ceased.
Movement and Leg Muscle Tone

Birds 2 ‘and 7 initially manifested abnormalities in leg muscle
tone (see Figs,.22 and23) Bird 7 tended to take a resting position

with legs bent, apparently suffering from loss of extensor tone,
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although this was partially corrected when it moved. Bird 2
appesred to suffer from hypertonus of extensors in the right leg
and hypotonus/hypertonus of left extensors/flexors(see Figs.22A and

22E,) Bird 5.12 showed no abnarmality in leg musculature, Birds
5,12 and 2 tended to walk in circles in the direction that their
heads and neck were rotated, whereas Bird 7, when it moved, which
was rare, was able to move in a forwardl direction,

All birds demonstrated a weakened claw grasp relative to normals
when placed on the experimenter's finger., In each case the weakened
grasp wes asymmetric; Birds 5,12 and 2 being initially poor at grasp-
ing with the right claw and Bird 7.with its left, Noné of the
birds Wece;able to perch, Again, each animal improved in ability
to stand, move and perch over 5 - 7 days.

Reactivity

All birds were hyporeactive to extermal stimuli and could be
freely handled wifhout display of escape tendencies., Light flashes,
sudden noises and touching of feathers failed to elicit much res-
~pohse. Birds 5,12 and 2 é‘adually beceme more responsive and were
essentially normal at the end of 5 - 7 days, Bird 7 showed little
improvement in reactivity within the 21 days up to sacrifice.

Flight Reflexes

Flight reflexes were tested by tilting the animal forward,
beckward and sideways and observing reflex movement of wings and
tail, ©No deficits were observable.

Feeding and Drinking

' Each bird showed no interest in feeding and was force fed.
Birds 5.12 and 2 began to show interest in feeding on day 4 but
found difficulty due to their abnormal head position, They were
able to mandibulate after 5 - 7 deys. Bird 7 remained aphagic

throughout the observation period. Each animal was able to drink
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when its bill was held in the water by the experimenter. Bird 2
was hyperdypsic and drank greedily until it vomited. Again Birds
5.12 and 2 exhibited improvement :m self drinking during the first
7 days, whereas Bird 7 was unable to drink unaided throughout the
period that it was observed.

Eve Movements and Pupillary Response

Eye movements were tested by holding the birds head in a
stationary position and moving a hand parallel to its head.
Birds 7 and 5.12 appeared to have normal eye movements but Bird 2,
whilst able to move its eyes, seemed to have difficulty in track-
ing movements, ' Each bird manifested asymmetric, abﬁorma.l pupil
dilation and absence of pupillary reflex. Bird 7 was deficient
in its left pupil, Bird 2 in the right and Bird 5.,12 in its left.
Bach bird recovered pupillary reflex to light during the observ-
ation period but asymmetric dilation persisted.
DISCUSSION

The degree of similarity between the findings of this experi-
ment and those derived from mama]ia;n work is near enough to provide
further argument in favour of an analogous funetion of the avian r.n.

‘Asymmetry in lesion placement in Birds 5.12 and 2 resulting in
| torticollis, has also been observed in mammalian studies,
Carpenter (1956) asserts that asymmetric lesions of the r.n. in the
Rhesus monkey produces head tilt and rotation to the side contra-
lateral to the side of maximal r.n, destruction and the present
findings confirm this in the pigeon (see Figs.2dA and224). To
obviate possible misunderstanding, reference to Bird 5.12 (Fig.214)
which suffered greater destruction of the left r.n., although
having its head and neck positioned to the left of its bo.dy, the
rotation is actually to the right., The left side positioning is

simply a result of maximal rotation to the right.
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In terms of muscle tone, it would seem that the torticollis
results from an excess of extensor toné on the right and/or an
excess of flexor tone on the left, This would be in agreement with
mammglian findings that the r.n, exerts a faciiitation of contra-
latefal flexors-and an inhibition of contralateral extensors,

Hence, lesions of the left r,n, should produce a muscular imbalance
in which right side extensor tone is greater than left and left side
flexor tone is greater than right, Bird 2, which suffered a
greater lesion in the right r.n., did of course produce converse
symptoms (Fig.,22A). It is interesting to note that Bird 7, which
suffered symmetrical destruction, did not have the extreme head/ .
neck rotation (Fig.2-3A).

It could be argued that the torticollis phenomenon is due to
lesions of the mesencephalic vestibular tract but whilst this
possibility can not be ruled out, Bird 7 sustained a unilateral
destruction of the lef't mesencephalic vestibular tract and on this
hypothesis one would expect similar symptoms to Birds 5.12 and 2,
Nevertheless, Bird 7 did manifest a slight head tilt to the right -
see Rigures23B and23D, Clearly further experiments, in which the
vestibular tract is lesioned would be necessary to clarify this point.

The effects on leg musculature were not wholly definitive.

Bird 7 initially suffered from what was an apparent loss of tone
in bofh legs. Bird 2 appeared to have an excess of extensor tone
in the right leg and an absence of tone in the left - see Figs,

: whilst‘ Birds 5.12 showed no apparent deficit. The symptoms pro-
duced by Bird 2 do not fit the findings of mammalian workers in as
mich as a lesion of the right r.n. would be expected to produce a
tendency to extensor rigidity in the left leg., By the same token
' Bird 7 would be expected to demonstrate an increase of extensor

tonus, relative to flexor, in both legs, Furthermore, the absence
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of any effect on wing muscles poses problems, Clearly the results
are confusing and perhaps allow only a conclusion of an effect on
leg muscle tone, Lack of such effect in Bird 5.12 may be due to
the fact that only partial r.n. destruction was achieved.

The unimpaired flight reflexes are not surprising for these
would be under cerebellar control.

The effécts on pupil dilation and eyes movements resulting from
destruction of the oculomotor nerve were predictaeble, Hyporeact-
ivity to external stimuli was the most noticeable behavioural effect
of the lesions and has some relevance to later chapters of this
thesis,

Later lesions, produced in the course of a behavioural study -
see Ch, 7 and 8 - effected similar results to those described,
although, because the lesions were smaller, the effects were even

more transitory than described above.
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CHAPTER

Electrical Stimulation of the Red

Nucleus and Some Other Sites

Electrical stimulation of the mammalian r.n, has been carried
out many ti:ﬁes with largely similar results., Given that the major
output of the nucleus is via the rebrospinal tract, it is hardly
surprising that the studies have tended to concentrate on motor
effects of stimlgtion. It has been fairly conclusively estab-
lished that stimulation of the mammalian r.n. produces a facilit-
ation of contralateral flexor muscles and an inhibition of contra-
lateral extensors (Massion 1967). The only reported case of
stimulation in the free moving animal is that of Delgado (1965),
who obtained, in the Rhesus monkey, a sequence of contralateral
head turning, contralateral cirsling, walking and climbing,

Massion (1967) suggests that such complicated behavioﬁr is a result
of stimilation of other more complex neuron circuits. However,
whilst the animals were naturally asleep, Delgado demonstrated only
the head turn:mg as a response to stimulation., Because only simple
motor patterns of flexion were obtained by other workers, when in
all cases the animal was either restrained or anaesthetised, does
not necessariiy mean that Delgado's results, in a free moving animal
are due to secondary stimulation of other systems.

Electrical stimulation of the avian brein has been carried out
by several authors, prominently, Phillips (1964), Akerman (1966)
and Maley (1969). None of these specifically refer to the r.n. in
their published work. Akerman's studies were réstricted forforebrain
regions, Phillips and Maley were solely concerned with agonistic
patterns of behaviour, Only Putkonex(l‘:‘gi.ves a comprehensive

coverage to responses from telencephalon, diencephalon and
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mesencephalon but does not include r.n. stimlation,

The experiment to be described was conducted on relatively
free moving birds with implanted electrodes. This was considered
desirable to stimulation of anaesthetised or restrained animals in
order to be of more relevance to the behavioural studies outlined
in later chapters. |

In addition to the implantation of electrodes in the r.n.,
plaeement was also made in farebrain and cerebellar nuclei areas
which have been linked to the nucleus uﬁder investigation,

THE STIMULATION EXPERIMENT

Subjects
Six adult pigeons of mixed strain weighing between 250 - 300 gms

were used as experimental animals,
Sur gery

The birds were anaesthetised by administration of Equithesin
according to body weight and placéd in a Kopf stereotaxic instrument.
The skull was exposed through a midline incision, scraped free of
perdosteum and dried. The desired location of the point of
insertion of the electrodes was determined by means of the Hodos
and Karten stereotaxic atlas and the skull was trephined with a
dental burr. The dura was pierced, the electrode driven to the ‘
required depth and fixed in place by a small blob of acrylic cement.
Six electrodes were implanted in each bird, two in the r.n.
bilaterally, two in cerebellar nuclei and two in various forebrain
areas. Individual leads were soldered to the terminals of the
female miniature socket, which was permanently mounted on the skull
by means of stainless steel anchoring screws and acrylic cement,
The indifferent electrode was a loop of uninsulated stainless steel

wire tucked under the skin sutured around the socket,
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Electrode Manufacture

" Electrodes were menufactured in accordance with Delius (1966)
and essentially consisted of a length of straightened stainless
steel wire (36 swg) insulated by six coats of Schenvar 31 varﬁish,-
the tip of which was ground to a paraboloid shape by a fine emery
disc driven by a high speed electric motor, Fine soft tinned
copper wire was soldered to the electrode at the point where it
would be level with the skull surface to link the electrode to the
female socket,

Stimulation Technique

A constant voltage stimulator was used to deliver a negative
square wave pulse of 50 pulses/sec,, with a pulse duration of
2 m, secj't The current was determined by measuring the potential
drop across a 1000 () resistance. Fine wire leads conveyed the
current to the electrodes. The wires were suspended from a
counterbalanced arm which allowed the animal relatively free move-
ment around the experimental cage (see Fig.31).

The cage measured 2%! x 25' x 2L'. The birds were observed
by means of a closed circuit television arrangement in order to
obviate contamination of any stimulated behavioural sequence by
emotional responses to the experimenters presence, A wide angle
lens fitted to the camera allowed complete coverage of the experi-
mental cage, Stimulus trains varied from 1 = 5 secs, and current
from ,01 ma - ,3 ma, The stimulus train and current were monitored
on a Tektronix 502 oscilloscope.

Written records and drawings were hade of behavioural responses
to stimdation, In addition, photographs of reliably reproducible
responses were made (unfortunately the film was later accidentally
destroyed). No attempt was made to monitor any autonomic responses.
Stimulation through two electrodes simultaneously was carried out

% See appendix k.
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where the ca.lculatéd impedance of the electrodes concernéd and the
current necessary to elicitla response were similar, This was
simply done by doubling the current needed to obtain a response
during stimulation through- the single electrode, hence administering
a current value fo each site approximately equal to the already
established threshold current.

Histological Procedure

At the conclusion of the experiment, the birds were sacrificed
by an overdose of Nembutal and the location of the electrode tip
was marked by a small radio frequency (R.F.) lesion. Immediately
following death, the animal was decapitated and the brain perfused
through the carotid arteries successively with saline and 10%
formalin and fixed in 10% formalin., The brains were then
sectioned on a freezing microtome at 40 B Sections including
electrode tracks and tip lesions were stained with cresyl violet.
RESULTS

Flectrode Position

Unfortunately the twelve attempted r.n., implants were un-
successful in all but two cases. Often the attempted and actual
implanted positions varied by up to 2 mm, Cerebellar implants were
nmore successful, Table?l gives the locations of elecfrodes
obtained from examination of the histological material,

Stimulation Results

The observations, electrode sites and stimulus parameters are

and 3-ia, .
shown in Tables$ f\/\ Table3? summarises the responses observed.

\I‘_';‘
The two electrodes sited in the r.n. produced consistent
contraversive rotation (circling on the spot) and in addition both
elicited leg muscle effects in which the bird appeared to stumble

whilst turning. Circling movements were also produced from

neostriatal areas near the tractus fronto 'archistriatalis,
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Table3-la
Stimulation sites from which no discernible effects were
obtained '
Bird Electrode Location
1 paleostriatum primitivum
o * archistriatum dorsale
paleostriatum augmentatum(anterior region)
\ 3 archistriatum ventrale |
: 4 paleostriatum primitivum
| 5) paleostriatum augmentatum(anterior region)

* The terminals of two

electrodes were broken
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Bird Electrode Location Stimulus
1 N. lateralis .05 ma
Ectostriatum up to .3 ma
Paleostriatum(auswd-) ¢3 ma
Tr, dorsolat,
~ thal, .08 ma
Red nucleus 08 ma
3 N, medialis , 0L
.06
Post commissure .08
Tr. fronto~-arch, 3
ll- N. medialis 001+ :
Tr. fronto-arch. o4
Neostriatun oA
5 N. internus .08
o
N. medialis «05
™™, fronto~-arch. o1
6 Neostriatum .3
N. basalis .08
N. rotundus 2
Tr.occip.-nes. 05
or tr. strio-
tegmentalis et
strio-cerebellaris
2. Red nucleus .02
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Observations

Tmmediate head and
neck tilt to contra-
lateral side.

No effect.

Head bow and circle
contralaterally.

Head turn to contralat.
side, held after stim.
cessation for 2 sec.

Contralat, rotation,
signs of ataxia.

Head lower.
Head lower and squat

Heé.d lower and ipsi-
versive circle.

Ipsiversive circle,
Head lower.

Ipsiversive head turn
and squat immobile.

Head shake, ipsiver-
sive circling.

Contralat. body
lean,

Topple onto contralat
side. :

Head lower.

Head lower and
occasional ipsiversive
circle.,

Tmmobility?

Head shake,
regurgitation,

Alert, preen ipsi,
side followed by
contra.

Contra,.rotation, .

Contralateral rotate
ataxic walking.



TABLE 3:2

Contra Contra Ipsi Head Electrode
head turn circle <circle Bow Lean shake location
® N.lateralis
# * " Paleostriatum
» Tr.dorsolat,
thal.
* N, nedialis
® *® . Post comm,
* Tr.fron.-
arch,
* _ * Neostriatum

* N.basalis

* : Tr.occip,
mes or tr,
st.teg et
str.cereb,

¥ Red mucleus

(and

ataxia)

Summary of responses obtained following stimulation.

* denotes a response falling within a listed category.
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paleostriatum augmentatum, posterior commissure and tractus
strio-tegmentalis et strio-cerebellaris or occipitomesencephalicus,
although only the latter was contraversive., The pattern produced

by stimulation of the r.n, and the tractus occipito-mesencephalicus
was quite distinctive and consisted of a rotation rather than a
circling mo%ement, with, in the case of r.n, stimulation, the apparent
miscular discoordination superimpbsed.

The cerebellar nuclei-nucleus lateralis, medialis and.internus
were all successfully stimulated and produced distihctly,different
effects, The nucleus lateralis effected a head and neck tilt of 450
to the contralateral side, nucleus medialis a head lowering describable
as a bowing movement and nucleus internus, a dramatic body lean to
the unstimulated side, which, with an increase in current, caused
fﬁe bird to fall stiffly onto its side.

The nucleus basalis of the telencephalon_produced head shaking
éhd regurgitation and neostriatal areas imhediately adjacent to the
basalis and fronto archistriatalis produced a complex pattern of
head shaking and ipsiversive head turning and circling.

DISCUSSION

The majop essay of this experiment was to stimulate the r.n,
and although only successful in two of twelve electrodes the results
are reasonably definitive., Both electrodes produced a contraversive
rotation and obvious signs of muscular discoordination., Circling
~ana rotatory movements have been described by Phillips (1966) and
Putkonen (1967). Putkonen, moreover (personal communication)
asserts that such movements are extremely common, especially in
diencephalic and mesencephalic areas, Indeed, it seems only
reasonable, that where the effect of stimulation is simply to
create anAincreased level of arousal, an asymmetrical response

would be expected, probably manifested in circling locomotory

34




behaviour,

The muscular discoordination (ataxia) effected by r.n.
stimulation does however point to a more specific effect, probably
mediated by the rubro—séinal tract., It may be that the circling
pattern is due to stimulus spread to adjacent reticular substance,

The contraversive circling obtaineq from the occipito-mesence-
phalic tract or tractus strio-tegmentalis et strio-cerebellaris,
fits the data provided by Putkonen only if one assumes the
stimilated trgct to be the latter, for he obtains only ipsiversive
circling from the former at diencephalic levels,

Head shaking and regurgitation was also found in similar
forebrain-areas by Putkonen,

Stimulation of the cerebellar nuclei-lateralis, medialis and
internus, produced what appeared to be conspicuoﬁsly vestibular
responses of leaning, bowing and head tilting. This would be in
accord with the findings of Groebbels (1929 -~ cited in Pearson 1972)
that the avian cerebellar nuclei are involved in vestibular activ-
ities, The author had been expecting a response from one of the
three cerebellar nuclei, in view of fhe well established
terebellar-r.n, comnections in mammals, which would contain some
elements of the r.n, response, but clearly the effects appear to
have no common components. (The reader is, however, referred to
the experiments described in Ch. 4 in which a comnection with the
nucleus lateralis is established), |

Interaction effects of s timulating the r.n. concurrent with
other sites, was successfully carried out in one bird only but
proved to be interesting., Stimulation of the r.n, and ipsilateral
ectostriatum simultaneously, resulted in a slight head turn to the
contralateral side, followed by a walk forward. When stimulation

of the ectostriatum was terminated the bird immediately began to
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rotate contraversively in response to r.n. stimulation., As no
noticeable response had been obtained to ectostriatal stimulation
alone, this result suggests that the ectostriatum may have been
exerting an inhibitory effect on the r.n, response., Stimulation
of r.n, and contralateral paleostriatum produced no diminution of
the rotating effect, however the response eli:cited by the pale-
ostriatael electrode alone, of bowing and contralateral circling,
did not appear. This could indicate an inhibition of the
paleostriatum by the r.n, or that the r.n, response masked any others.
In conclusion, the r.n. response of circling is in accord with

the Delgado (1965) circling in free moving monkeys and certainly
~ the ataxia displayed by the birds during stimulation suggests that
the avian r.n, contributes to muscle control .in accordance with

findings in mammalian studies.
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CHAPTER U

Afferent Rubral Connections of the Avian Brain

Introduction

A great deal of wark has been done in recent years, using both
anatomical and electro-physiological téchniques, in the elﬁcid.ation
of connections of the mammalian r.n. with other afeas, whereas the
linkages of the avian supposed homologue has been b;tdlittle explored
since the anatomical work reparted in Ariens Kappers, (;960).

It will be recalled, that whilst the major intention of the
work reported in this thesis was to provide comparative data, it
' was also felt that a study of the avian r.n, might serve to shed
some light on the problém posed by the findings of Thompson et al
(1964, 1967, 1969) which implicate the mammalian r.n. in learning
and memory, To this end a thorough mapping of afferent connec-
tions of the pigeon r.n. was felt to be necessary not only for
comparative reasons but because connections with other than what
could be described as motor components might be disclosed.

In consequence of the paucity of data regarding the avian r.n.
the background material to be cited hereunder will be of mammalian
origin and whilst there are many similarities between mamml:l.an
and avian species in anatomical structures of diencephalon and
mesencephalon, the telencephalon may well be dissimilar, The
review of the literature will therefore be concentrated on midbrain
and brainstem areas, with mention of forebrain links in so far as
is necessary to clarify major functional and anatomical connections
in the mammal, The number of publications devoted to the mammalian
r.n, and anatomically related structures, is so large as to preclude
a comprehensive coverage in this thesis and therefore only the major,

well confirmed links will be initially discussed.
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The Mammelian Red Nucleus

The Rubro-spinal System

The ren. and its direct efferent tract the rubro-spinal, has
been known for many years and investigation of 7itioY has produced
a great deal of date in analysis of the means b§ which motor control
is effected. It has been confirmed many times that the r.n. exerts
a facilitatory action on contralateral flexors and an inhibitory |
action on .contra.la.teral extensors (e.g. Pompeiano 1958, Sasaki et
al 1960), The precise means by which such control is exerted is
not wholly clear, although Appelberg (1967A and 1967B) has shown
that the gamma motor system is involved as we]tl as the alpha, In
tefms of the contribution of the r.n. to overall motor control, the
very elegant work by Lawrence and Kuypers (1968) demonstrated that
the r.n. and rubro-spinal tract is responsible for control of the
distal musculature = hand, feet and arm movements s although the |
cortical motor system and pyramidal pathways duplicate this and
are, in addition, responsible for fine finger movements, As stated,
the precise mechanisms are not yet known but are in any case
irrelevant to the main theme of this thesis,

Cerebellar-rubral ILinks

Although efferént fibres from cortical areas 4 and 6 project
ipsilaterally to the magno-cellular portion of the r.n. (Rinwik and
Walberg 1963), Tsukahara and Kosaka (1966) have showm that the input
from the cerebellar nucleus interpositus is more efficient in terms
of its synaptic connections, '~ This fact would appear to suggest
that cerebellar ix.1fluence is of greater importance in r.n. function
than that of the cerebral cortical areas., The probable interaction
process between the cartico-spinal and rubro-spinal motor systems is
suggested by Eccles et al (1 967) in their excellent book, They

show that when the r.n, is facilitated by fibres from the
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interpositus nucleus of the cerebellum, an inhibatory post

synaptic potential can be recorded in the ventrolateral thalamus.

As the ventro-leteral thalamus inhibits the cerebral cortical areas
from which the pyramidal tract projects it would seem that
facilitation of the r.n, would be accompanied by a diminution of the
pyramidal tract activity. Furthermore, Eccles et al (1967) point
out that stimlation of the medullary pyramid effects an inhibition
of the r.n, presumably by axon collaterals of the pyramidal tract.
F:i.g.lpj schematises the possible relation between thé respectﬁre

motor pathways.

Other Afferent Sources

In addition to the input from the nucleus interpositus of the
cerebellum and areas L4 and 6 of the cerebral cortex, there would
appear to beAafferent tracts from the basal-ganglia, although
there is some confusion as to the precise source of the input;
Massion (1967) concludes his review of experimental findings "....we
can say that in carnivores and primates, whenever experimental
lesions have been carried out, it seems established that no fibres
pess from either the lentiform mucleus or from the caudate to the
magno-cellular part of the r.n. A small pallidorubral pathway
does probably exist and it, again, probably ends in the magno-
cellular part of the r.n. c.eeo"

Papez and Stotler (1940) and Martin (1969) describe a direct
vvisual projection from the superior colliculus to the r.n., Ariens
Kappers et al (1960) describe a similar tecto-rubral projection in
birdé.

In addition to the direct visual pathway, sensory projections
of an indirect nature, probably via the cerebellum, have been
demonstrated by Massion and Albe-Fessard (1963) from somaesthetic

and auditory stimulation using the evoked potential recording
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activation of the r.n. by the nucleus interpositus
of the cerebellum is paralleled by a reduction of
activity in cortical areas and activation of the
cortico-spinal system effects an inhibition of the
r.n, : :
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technique, In addition, Ermolaeva and Cherniggvsky (1964) have
shown visceral afferents following stimulation of the splanchnic
nerve whilst Mamnni et al, (1965) have recorded potentials in the
r.n, arising from vestibular stimulation, |

Although other afferent projections have been shown (see Figid
those outlined sbove represent what are probably of major import-
ance, -

Other Efferent Lirks

In addition to the rubro'-spinal tract, ipsilateral efferent
connections have been shown to exist with the subthalams and globus
pallidus (Carpenter 1956). Stimulation of the r.n. has also
_ suggested indirect efferents affecting autonomic function, Thayer
ot al. (1966) found that electrical stimulation of the rostral
r.n., in the Macaque, prbduced a significant increase in gastric
secretion and Lewin (1967), also using electrical stimulation,
q.emonstrated an inhibitory effect on sPontaneous contractions of
the urinary bladder in the cat. Sano et al. (1967) found that
electrical stimulation of the r.n. in man produced parasympathetic
reactions such as lowered blood pressure and pupil constriction,
Clearly there would appear to be an across species similarity in
autonomic response produced by r.n, stimulation. Monnier (1968)
desribes a hypothalamic-r.n. .link which is ergofrophic in function
(page 207) and another which is trophotrophic (page 223). This
double innervation may well account for the contfadictory findings
of Lewin (1967) and Thayer et al. (1966) of urinary inhibition and
facilitation of gastiic secretion respectively, the former being
ergotrophic and the latter trophotrophic. It will be recalled
that Ermolaeve and Chernigovsky (196L) demonstrated an afferent
link between the splanchnic nerve and the r.n.,, the former being

intimately concerned in autonomic nervous system regulation
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(Grossman 1967). Thayer et al. find their results "..... surprising,
because this region has been traditionally associated with motor
activity rather than autonomic regulation"., It seems only
reasonable however to expect autonomic effects from stimulation of
a motor system, wither by way of direct_ or indirect efferents or
from feedback from muscle systems.

The foregoing very brief outline of finiings pertaining to the
mammalisn r.n, by no means covers all the published work., The
‘reader is directed to the review by Massion (1967) for a mare
qomprehensive coverage., The magnitude of the task of unravelling
the connectivity of the r.n. 1s perhaps best illustrated by rene‘wed
reference to Figd2 which outlines many more of the reparted
connections than have been discussed abdve. |

Given the lack of research on. the avian r.,n, it was felt
'necessazy to determine commections in order to ascertain:-

(1) vhether the avian r.n. was analogous to that of the

mammal, in terms of afferent links,

and (2) What comparative differences, if any, exist.

THE MAPPING EXPERIMENT

Experiments were performed on 29 pigeons of mixed strain,
obtained from a dealer, and selected on the basis of weight - all
birds weighed more than 300 gms, The lower weight restrict:i.on was
found to be necessary in the interests of aécuracy of electrode
location given that the stereotaxic atlas used, that of Karten and
Hodos (1 967) was based on Carneaux pigeons which are a standard
breed weighing between L00-600 gms, Early work by the author
showed that the use of animals weighing less than 300 gms. tended
to produce inacourate electrode placement pfobab]y due to

immaturity in skull size,
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Electrodes

Recording and stimulating electrodes were fine, stainless steel
insec;,t pins. The electrodes were insulated by six thin coats of
Shenvar varnish, é.chieved by mechanical dipping, with each coat
being "baked" at 130°C for five hours. A 0,5 mm tip was then
scraped bare under a low power binocular lens and the electrode
tested for insulation leaskage by bubbling in a saline solution
(Delius 1966), Stimulating electrodes were fixed in parallel
pairs and those for recording purposes in threes by means of an
acrylic dental cement, The tip separatioﬁ of the electrodes was
between 0,50 ~ 0,75 mm.

Stimulation and Recording Procedure

Electrical stimletion of the brain, achieved by means of a
Nuclear (Chicago) constant current stimulator, consisted of a biphasic
rectangular pulse of 0.5 m. sec. and 0.01 - 0,2 ma, Amplification
of r.n, activity following stimulatipn of brain areas was by means
of a Tectronix 122 preamplifier using a low frequency cut off of 5
cycles/sec, and a high frequency cut off of 250 cycles/sec. The
resultant activity was displayed either on a dual trace starage
oscilloscope or averaged on a Biomac 500 averaging qomputer.

Location of the recording electrode in the r.n, was achieved
both by the stereotaxic co-ordinates and also by a phenomenon
discovered early in the series of experiments, It was found that
the coated insect pins were sufficient to record the spike activity
of single or groups of the large cells of the r.n, whilst being too
coarse to record from the units of surrounding areas. Mare accurate
placement of the recording electrode was therefore obtained by
filtering out the low frequencies associated with mass potentials
and observing unit activity by using the oscilloscope and a sound

amplification system., It was thus possible to gain both visual and
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aﬁditory confirmation of the successful location of the r.n, area.
Procedure
The animal was anaesthetised by intra-muscular injection of
Equithesin according to body weight (2.5 cc per k.g.) and placed in
a Kopf stereotaxic instrument., The skull, above the electrode
sites, determined from the atlas, was trephined and the.dnra incised.
The recording electrode was driven downward until the tip was
approximately 1 mm rostral to the r.n, area according to the atlas
co-ordinates and the filtering and amplification system adjpsted to
record single units., The qlectrode was then drivedn down by a |
microdrive until spike activity became apparent. In the absence
of such activity it was assumed that location was inaccurate &nd
the electrode was withdrawn and re-located. |
Several points regarding electrode locatiqn should be made.at
this Juncture:-
(a) Stereotaxic co-ordinates alone were not relisble enough -
often being up to .75 - 1 mm discrepant.
(b) Skull markings were found to be unreliable as a means
6f location, |
(c) Single units were not present or at least not recordable
with the coarse electrodes used, whilst the animal was
deeply anaesthetised. |
The stimulating electrode was lowered so that the tips just
penetrated the tissue at the chosen site., The recording equipment
was reset to record mass potentials and stimulation was then begun.
At each stimulation site the parameters of the electrical
stimulation were varied. Pulses were delivered at intervals of

1 per second to 1 per five seconds.,**  Amplitude varied from 0,01 -

#*% During early experimentation it was found that the r.n, response
became rapidly attenuated if stimulation exceeded 15 - 20-pulses per

second, .
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0.2 ma, The onset of each stimulus also triggered the storage
Aoscilloscope or Biomac sweep thereby providing a synchronised
recording of any induced potential in the r.n, Photographic
records were made of any resultant activity. Following completion
of the stimlation sequence the stimulating electrode was advanced
0e5 = 1.0 mm and the procedure repeated until the limits of the
electrode track, detérnﬁ.ned from the stereotaxic atlas, were
reached, The lower limits of each electrode track was marked by
means of a small radio frequency lesion, the electrode withdrawg
and a further site explored using the same method, No more than
three stimulating tracks were made in any one animal in order to
minimise the effects of electrode damage to the brain tissue.

As the stimulation and recording proéedure was lengthy, especially
where stimilation sites produced indications of induced potentials
in the r.n,, the animals were often anaesthetised for prolonged
periods before sacrifice. 1In view of this the condition of the
animal, in terms of central response to stimulation, was often
felt to be such that more than a single track was inadvisable,

Following completion of each experiment the animal was
sacrificed by means of an overdose of Nembutal, the brain perfused
through the carotid arteries with 5% saline followed by 10% formalin
and fixed in 10% formalin for severél days. Serial sections of
LO n were taken on a freezing microtome and each section showing
the electrode track or terminal lesion, stained with cresyl violet.
Throughout the series of experiments stimulation was largely

restricted to the homolateral side of the brain to the r.n., from
which the recordings were made, on the assumption that, as in
mammals, the vast majority of r.n. connections rostral to that

nucleus would be uncrossed., The only instances in which
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contralateral stimulation was attempted involved the cerebellar
~ nueclei, again following what is known of mammalian connections.

Sites which produced potentials in the r.n. were occasionally
checked in other preparations,
RESULTS
Histology

A total of L3 glectrode tracks was used in the mapping experi-
ment - see Fig.e3.

Stimulation sites, on examination of the histological material,
were often found to be up to 1 mm discrepant from those attempted.
Recording electrodes, on the other hand, were always in or near
enough to the r.n, to be regarded as satisfactory.

Figé J-lt = 16 show the areas of the brain from which potentials
arose, The drawings are of trans-sections in the same vertical
plane used for stex;eota:d.c purposes, Electrode tracks are shown
‘by dotted, vertical lines.

Recordings

Latencies to the first deflection of the induced potential
varied greatly - the shortest being 1 m. sec, and the longest
35 m, sec, The majority of recardings were obtained from stimul-
ation of telencephalic areas with the exception of two sites in the
diencephalon and mesencephalon and two in the cerebellar nuclei.

It is possible that other mesencephalic areas may have connectioﬁs
with the r.n,, it being found impossible to reduce the very large
stimulus artifact, which would have obscured any potentials ,. when
attempting to stimulate near the recording electrode, For this
reason it was found to be impracticable to attempb to establish the
existence of rubro-rubral qonnections.

Telencephalic Areas

The forebrain areas, which on stimulation produced r.n. evoked
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Pig.4:3. The distribution of electrode penetrations shown
on a drawinz of ‘he dors2l surface of the pigeon
brain. Scale 1. um.
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potentials are shown in Figs.d, 5, 6, 7, 8, 9, 10, 11 and 44k.

The shartest latencies (hereinafter used as meaning the time period
l to the first deflection of the induced potential trace) were
obtained from the tractus occipito-mesencephalicus (3 m, sec.) and

archistriatum medialis (4 m. sec.) see Figsi11 andidl respectively.
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List of Abbreviations Used in Figs.dr =16

archistriatum darsale

archistriatum intermedium pars dorsalis
archistriatum intermedium

ansa lenticularis

archistriatum mediale

archistriatum ventrale

nucleus basalis

brachium conjunctivum

bulbus olfactorius (olfactory bulb)
conmissura anterior

cerebellum

nucleus cerebellaris internus

nucleus cerebellaris lateralis

nucleus cerebellaris medialis
ectostriatum .

tractus fronto- archistriatalis
fasciculus longitudinalis medialis
fasciculus prosencephali lateralis (1ateral forebrain bundle)
fasciculus prosencéphali medialis (medial forebrain bundle)
hyperstriatum accessorium
hyperstriatum dorsale

hyperstriatum intercalatus superior -
hippocampus

hyperstriatum ventrale

hyperstriatum ventrale ventro-ventrale
lateral hypothalamus

lobus parolfactorius

neostriatum

tractus occipito-mesencephalicus
paleostriatum augmentatum
paleostriatum primitivum

tractus quintofrontalis

nucleus rotundus

tectum opticum

tractus opticus

tractus septomesencephalicus
ventriculus

nucleus vestibularis lateralis

nucleus vestibularis medialis
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50ms

A.14

Fig. L.4Evoked potential recordia;s from the r.n. follo-
wing stirulation of the i_silateral olfactory bulb.
Stereotaxic atlas coordianate (Atlas of Kartea ang
Hodos) anterior 14. dumbers to right of tra-es
indicate stereotaxic vertical coordinates of the
stimulating electrode. Stimulus .ulse (.5usec.,
.05ma. ) occurred at the extreme left of the trace.
Latency 35 - LOmsec. :




Fig.Lb.

A.125

Evoked potential recordings obtained¢ from the r...
following stitulation of ipsilateral hygserstriatun
veatrale veatro-ve.trale. Anterior 12.5, vertical
9.5 - 8.C iundicate coordiaates of stimulating
electrode. Stiruwlus vulse ozcurred at the extrene
left of the trace. lLate.cies, for these traces
estinated at 18usec., varied both withia a si.gle
stinulating e€lectrode pe.etration and betveen
difterent pe.etratiows from 15 - l[Cmsec.




FigJ—r6

A2 40ms

Evoked potential recordings obtained from the r.n.
following stirulation of the ipsilateral carolfa-
ctory lobe. Anterior 12, vertical CeG = 5,0 indic-
ate coordinates of stimulating electrode. Stiiulus
nulse occurred at the extreme left of the trace.
Latency estimated at 15msec.
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A1125

20ms

Fig.1,-7 Evoked potential recording obtained from r.n.
following stimulation of the ipsilaterall pmolfactory lobe.
Anterior 11.25, vertical ¢.C - .0 indicate
coordinates of stimulating electrode. Stimulus

pulse occurred at the extreme left of traces.
Latency estimated at 15usec.




'Fig o!—{'8n

40uwuv

A.ll-0

Series of evoked potential recordings obtained from
the r.n. following stimulation at a si.gle poi..t,
probably of the ipsilateral tractus fronto-archis-
triatalis. Anterior 11.0(, verical 3.(C indicate
coordinates of stimulating electrode. Traces
show recordings following stimulation rates of 1
per 1C secs., 1 per ? sec., H per sec., & per sec.
wote the reduced aplitude at 8 per sec. Latency
estimated at 5msec.
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Fig.L9.

10ms

A0

Evoked potential recordings of two distinct
potentials obtained from the r.n. during a single
penetration, followiung stirulation of the insi-
lateral neostriatum intermedium and medial
forebrain bundle. Anterior 1C and vertical 10.C

- 9.0 and 7.0 - 5.0 indicate coordinates of stim-
ulating electrodes. Stimulus pulse occurred at
extreme left of the traces. Latencies from stir -
ulation of neostriatum intermedium, estinated at
2C0msec. for the above trace, varied fron 12 - 20
msec. Latency from medial forebrain bundle wvas
consistent: estiiated at lLmsec.




A, A.8-5

Fig.L10 Evoked potential recording obtained from the r.n.
following stimulation of the ipsilateral lateral
forebrain bundle. Auterior 8.5 vertical 8.( -
£.C indicate coordinates of stimulating electrodes.
Stimulus pulse occurred at the extreme left of
the trace. Latency extiimated at Smsec.
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Fig.le11.

HvV

A.7-25

Evoked potential recording from thé r.n. follo-
wing stimulation of ipsilatersl tractus occipito

- mesencephalicus. Anterior 7.°5, vertical 7.C -

. £.5 indicate coordinates of stimulating electrode.

Stimulus pulse occurred at extreme left of trace.
Latency estimated at 3msec.
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Fig.,12.

R.N. ELECTRODE

A.T0

Evoked potential recordings from the r.n. foll-
owing stimulation at a single point in the
ipsilateral lateral hypothalamus. Aaterior 7.0
vertical 5.0 indicate coordinates of stimulatiug
electrodes. The two traces are recorded from
points C.5mm anart dorso-ve.trally in the r.n. The
reversal of the potential iundicates that the
centre of the source of the potential lay

between the two electrode positions a.id thus

was unlikely to origiuaate from outside of the r.n.
Latency estimated at Zmsec.

- 59




Fig.h413.

4

Sepies of evoked potential recordings obtained
from the r.n. as the stimulating electrode
tpraversed the ivsilateral nucleus rotundus.
Rate of stimulation 1 per sec. Anterior 6.5,
vertical 7.5 - 5.( indicate coordi.ates of
stimulating electrodes. Latency estimated at
Gmsec. Inset (a, demonstrates the effect of

stimulating at 10 per sec. aund as explained iun
fthe text oprovides eviden-e that the evoked Hot-
eutial resulted frou orthodroi.ic conductio.l.

6.0




40uv
10ms

Figfd3a. Upper trace is a recdording from the ..ucleus
rotundus following stimulation of the r.n. .
Lower trace a recording from the r.n. folloving
stimulation of the .wucleus rotundus. The unper
potential was still present at stimulation rates
of 5C per sec. whereas the lovier became atienua-
ted at 1C per sec. (uot showa but see incet (a,
ia Fig.413). .otice the small oscillation
prior to the large defle~tioa in the lover tr ce
vhich mav re resent presynaptic activity. The
sug:estion is made that »oth findings indicate
a rotundus- red aucleus rather than a red ..ucleus
-rotundus co.nectiou.




Fig.ltl.

A.6-0

Evoled potential recording obtained frow: the r.n.
following stimulation of the ipsilateral archi-
striatum rmedialis. Anterior 6.(, vertical 7.F-
7.0 indicate coordinates of the :stinulating
electrnde. Stirmlus pulse occurred at the extr-
eme left of the trace. Latency estimated at lusec.
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Stimlation of medial and lateral forebrain bundles (Figs.,9 andj40)
and tractus frontoearchistriatalis (Fig.48) produced latencies of
L, 5 and 5 m, sec, respectively. -

Other sites, namely the parolfactory lobe (Figsh6 andk7),
ﬁyperstriatum ventrale ventro-ventrale (Fig.;5), neostriatum
intermedium (Figd9) and olfactory bulb (Fig.ik), produced latencies
of 15, 15 - 40, 12 -~ 20 and 35 m, sec, respectively,

Dieﬁdephalic and Cerebellar Areas

The two diencephalic sites from which potentials were evoked
in the r.n. were the nucleus rotundus, with a latency of 6 m, sec,
(Figi13) and the lateral hypothalamus, at 2 m. sec. (Fig.k12). The
former was carefully investigated because it was unexpected in view
of the findings of Revzin and Karten (1966) (see Discussion), In
pérticular, an attempt was madé to determine whether the projection
was afferent or efferent., Inset (a) in Fig.i13 demonstrates the
effect of stimulating the nucleus rotundus at 10 per sec, FigJti13 (a)
gives the potential recorded in the same nucleus following a
reversal of the stimulation énd recording leads, i.e, stimlation
of the r.n, and recording from the nucleus rotundus. The absence
of the oscillations in the tface prior to the large deflection in
the latter caée (the oscillations probably represent presynaptic
activity) coupled with the fact that the potential was still present
at a stimulation rate of 50 per sec., tends to suggest an antidromic
potential, It would therefore seem that the projection is from
the nucleus rotundus to the r.n, Although the stimulation and
recording leads were not reversed for any of the other sites, the
fact that the response becams attenuated at stimulation rates of
10 = 20 per sec, was considered to be sufficient evidence that the
connection with the r.n., was afferent. - Allowing an absolute

refractory period of 2,0 m, sec. as representing the longest in
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the C,N,S. (Grossman 1967) it should be possible to record an
antidromic potential at stimulation rates up to 500 per sec,

Potentials were recorded following stimulation of the nucleus
lateralis (Fig.i16) and nucleus medialis and/or internus (Fig.id5)
of the cerebellum, with latencies of 1 and 5 m, sec, respectively,
although the author has doubts about the la‘tter‘ recording (see
Discussion),

DISCUSSION

Given that the r.n. is an impartant motor control centre, the
apparent paucity of connections demonstrated in this experiment is
surprising, especially when one considers the large number of reported
links in the mammal. (see Figd2).

The telencephalic induced potentials are divisible into two
distinot categories on the basis of the latency of the recorded
potential, It would seem that the tractus fronto-archistriatalis,
lateral forebrain bundle, medial forebrain bundle and tractus
occipito-mesencephalicus, each prominent tracts in the avian brain,
with latencies of 5, 5, 4 and 3 m. sec, respectively, conduct more
or lqss directly to the r.n. On the other hand the olfactory bulb,
parolfactory lobe, neostriatum intermedium and hyperstriatum
ventrale ventro-ventrale with latencies of 35, 15, 12 - 20 and 15
- L0 m, sec, respectively must involve many synapses. The only
tareat! as distinct from a tract which produced a short latency
response was the archistriatum medialis, stimulation of which
produced a potential of 4 m., sec, latency which ties in with the
shart latency response (3 m. sec) of the occipito-mesencephalic
tract which has been shown to originate in the archistriatum
(Huber and Crosby 1929, Zeier and Karten 1971),

The other latencies present problems, Given the short lateney

potentials induced by stimilation of the lateral and medial
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Fig.L15.

P 025

Evoked potential recording obtained folloving
stimulation of the contralate—al aucleus med-
ialis auad/or iateraus of the cerebel’um. On the
basis that the poteintial was re-orded from o.ly
one of the electrodes, as shown, (see text for
full explanation, it was assumed that it arose
ia the brachium conjuntivum.
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Fig.L6.

Evoked potentisirecording obtained from the r.n.
following stimulation of the contralateral
nucleus lateralis of the cerebellum. Posterior
C.75, vertical 8.5-8.( iadicate the coordinates
of the stimulating electrodes. The arrow in

the lower trace marks the point at which the
stirulus pulse occurred; in the uvper trace

the pulse occurred at the extreme left edge

of the trace. Latency extimated at lmsec.
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forebrain bundles of 5 and 4 m, sec.,, one would expect to find areas
giving rise to potentials at 7 or 8 m, sec., allowing at least one
synapse, If however, there are several synapses within areas,
then one would expect to find different latencies within the same
area, depenﬁing upon the synaptic connections stimulated., Cer-
tainly the results from the neostriatum and hyperstriatum, both of
which displayed veriability, tend to bear out this hypothesis.

Avian Red Nucleus Connections suggested by the Findings

A synthesis of the findings into probable pathways is possiﬁle.

Two routes connecting higher centres with the r.n. can be distin-

guished on the basis of latencies which fit exisfing énétomical

data. |

(1) The olfactory bulb is linked to the archistriatum via the

lateral olfactary tract and the tractus fronto-
archistriaticus, (Huber and Crosby 1929). The
archistriatum is linked to many diencephalic and
mesencephalic centres by the tractus occipito-
mesencephalicus and occipito-mesencephalicus pars
hypothalamis (Zeier and Karten 1971). It is clear from
the findings of the latter authors, that the tractus
occipito-mesencephalicus does not project directly to the
r.n,, although they do distinguish a pars hypothalami
which projécts from the medial areas of the archistriatum
(the region from which the potential was obtained in the
present study) to the medial hypothalamus, Unfortunately
the mediai hypothalamus was not stimulated in the course
of mapping and a pathway from there to the r.n, can only
be hypothesised, although such a projection was demonstrated
from the lateral hypothalamus., The neostriatum inter-

medium and hyperstriatum ventrale ventro-ventrale project
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to the tractus fronto-archistriatalis, (Huber and
Crosby 1929) Pathway (1) is diagrammed in Fig.id7.
(2) The parolfactory area is linked via the medial forebrain

bundle to the lateral hypothalamus (Karten and Dubbeldam

1973) and thence to the r.n, Pathway (2) is given in

Fig.h18.
Two potentials provide some difficulty., That recorded from
stimletion of the lateral forebrain bundle (5m. sec,), by virtue
of the complex nature of the tract, containing as it does many
fibre tracts serving a great number of areas (Huber and Crosby 1929)
and the potential arising from stimulation of the nucleus rotundus
(6m. sec.). The nucleus rotundus has been extensively investigated
by Revzin and Karten (1966/67) and Karten and Revzin (1966), who
find that the nucleus is an important way station in visual
projection to the ectostriatum of the forebrain, If this is
correct, the rotundo~rubral projection musf carry visual information,
Reference to Chapter 5 of this thesis confirms a visual projection
’to the r.n, although the latency obtained by electrical stimulation
of the optic tract (3m. seé) - see Fig.52¢c Ch, 5 - is too short to
enable the rotundal projection (6m. sec.) to be responsible for,
at least, the early phase of the evoked visual response. The
exclusively visual function of the rotundus claimed by Karten and
Revzin (1966) has however been questioned by Baker-Cohen (1968)
viz:e~ ".....it has been repeatedly emphasised by Huber and Crosby
that a characteristic pattern in the reptilian brain is the
convergence of somatic sensory impulses from spinal, brainstem and
medullary centres upon the highly differentiated correlation centre
developed in the optic tectum, After synapse many of the impulses
are projected forward upon the dorsal thalamus; the nuéleus

rotundus is one of the chief recipients of the large tecto-thalamic
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olfactory bulb (35)

vhyperstr'iarum(ls)

/ ventrale

n. tr. fronto-archistri neostriatum
' \ . . (’3}
intermedium

-t
ir fronto. arch.
(5)

archistriatum (¢)
|

med. hypothal < _ _
*red nucleus

Pathway 1. Hyoothesized pathway linking olfac-
tory bulb, hyperstriatum ventrale a..d neostr-
iatum inter.edium with the r.n. of the pigeon,
based o.. ootentials evoked ia the r.n. by
electrical stimulation of the areas cited.
.umbers in parenthesis i.dicate latencies, iu
milliseconds, of the evoked soteatials follo-
wing stimulation of respective areas

Fig.Lol7.
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lobus parolfactorius(15)
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Fig.L48. Pathway 2. Hypothesized pathway linking the

parolfactory area with the r.n. based oa evoked
potentials arising in the r.n. following elect-
rical stimulation of the areas cited. Numbers

in pare;nthesis iandicate the recorded latencies

of the potential.




tracts, Tecto thalamic and thalamotectal connections in birds are
similar to those of the reptile." In other words, although Karten
and Revzin, by lesioning lower centres and looking for degeneration
in the rotundus have demonstrated a lack of direct somaesthetic
projections, it is possible that indirect pathways exist, In
support of Karten and Revzin'sA conclusion however, Erulkar (1955)
and unpublished work by Delius and Benetto in this laboratory, have
failed to find evoked rotundal responses to somaesthetic stimulation,
The potentials obtained f‘rém the contralateral cerebellar
nuclei (Figs.45 andi!6) were expected on the basis of the many
mammalian studies and the fact that the baseline activity of the
r.n. is dependent upon a constant input from the cezreﬁellum (Eccles
et al 1967), The obtained potentials are quite emphatic., That
from stimulation of the contralateral, cerebellar nucleus lateralis
(Fig.#16), with a latency of 1 m. sec., the fastest obtained in the
present study, clearly shows the importance of this link, The
potential obtained by stimdation of the nucleus medialis and/or
internus - latency 5 m, sec, - Fig.415 - is probably not derived
from the r.n. ‘It will be recalled that the recording ele-ctrode
6onsisted of three electrodes cemented together., The recording
leads were arranged such that two separate traces were displayed
i.e. one from the anterior and central electrode and the other from
‘the posterior and central electrode. In situations where activity
was recorded on one trace only it follows that the potential must
be centred near one of the outer electrodes. The potential under
discussion represents such a case, Examination of the histological
material indicated that the electrode from which the recording was
made was sited cé.udally to the r.n., and the recorded activity
probably originated from the brachium conjuctivum, the major

mesencephalic and diencephalic effeerent pathway of the esmebellum,

o
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An expected pathway, outlined by Huber and Crosby (1929), from
the paleostriatum to the r.n, area by way of the tractus strioteg-
mentalis, was not confirmed in the present study, although the
paleostriatum was stimilated on several occasions in different
regions. A recently published paper by Karten and Dubbeldam (1973)
confirms this result anatomically, Although the tract in question
lies at the antero-lateral margin of the r.n. they found it to be
", .. apperently unrelated to it."

The connections and hypothesised pathways discussed above are
shown in Fig.,19.

COMPARISON WITH MAMMALIAN CONNECTIONS

The ma jor pfobiem in comparing findings in mammalian and
sub-mammalian species is that little is known about the functional
properties of avian and reptilian forebrain areas. It is gemerally
agreed that thé paleostriatum of the bird includes the globus
pallidus and putamen caudate complex of the mammal, This con-
clusion is based on histochemical grounds (Baker-Cthen 1968 and
Karten and Dubbeldam (1973) and electron microscope‘ studies. (Fox et
al. 1965). It will be remembered that the mammalian r.n. has links
~ with -the globus pallidus and possibly the putamen anﬁ caudate, If
the paleostriatum is homologous to these mammalian areas then this
study has failed to demonstrate any projection to the r.n. However,
the area immediately adjacent to the palebstriatlm, designated lobus
parolfactorius by Karten and Hodus (1967) is far more extensive than
‘the septal (parolfactary) area outlined by Huber and Cresby (1929)
which is confined to a narrow strip parallel to the midline, It
could therefore be, that the potemntials obtained from parolfactory
areas are proper to paleostriatal regions. However, potentials
were obtained from parolfactary areas too anterior to be regarded as

paleostriatal, see Fig,i6 and furthermore, always arose from tissue
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Fig.L419.

Composite schema of afferent pathways of the
pigeon red nucleus determined from pote.tials
evoked in the aucleus by electrical stimulation
of the ipsilateral telen-eshalon, diencephalon
and cerebellar nuclel.
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designated as parolfactory in the Karten and Hodos atlas, No
potentials were obtained by stimlation of paleostriatal regions
lateral to the lobus parolfactorius. The writer is of fhe opinion
theréfiore, that the induced potentials did arise from the parolfac-
tory areas. Karten and Dubbeldam (1973) have recently provided
confirmatory evidence, using anatomicael methods, that the area
designated as bbus parolfactorius in the atlas of Karten and Hodos
has a distinctly different projection to that of the paleostriatum,
If then the parolfactory region is homologous to the mammalian
septum, one is immediately faced with the problem that, to the
authar’s knowledge, no connection has been demonstrated in the mammal
betwéen the sepfum and r.n., The mammalian limbic system is however
extremely complex and connections do exist between septum,
hippocampus, hypothalarms and subthalamus (Grossman 1967), the
latter nucleus being reciprocally linked to the r.n. (Carpenter
1956)., If a similar projection system exists in the bird it may serve
to explain the difference in latency between the parolfactary area
(15 n. sec.) and the medial farebrain bundle (5 m, sec.)s 1In the
mammal the latter fibre tract links the limbic regions to the .
diencephalon, especially the hypothelamus (Grossman 1967). Karten
and Dubbeldam (1973) have shown that the parolfactory region of the
bird is linked to the rostral lateral hypothalamus through fhe medial
forebrain bundle, Clearly, distinct similarities are prgsent
between the avian and mammalian species, Finally, this experiment
has indicated a projection from lateral hypothalamis (latency 2 m,
sec,) to the r.n., which ties in with the 5 m, sec. latency of the
medial forebrain bundle, It is unfortunate that the stimilating
electrode which traversed the avian hippocampus (if such it be)
failed to evoke a potential in the r.n., although due to stereo-

taxic errors the track was sited at the anterior limit of the hippocampus,
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Further investigation of this possibility would seem to be required.

The archistriatal area of submammals is, in part, regarded as
being homologous to the mammalian amygdaloid complex, Again no
direct link between amygdala and r.n. has been s hovn in the mammal
although the former has, like the septum, connections with the
hypothalamus (Grossman 1967). Zeier and Karten (1971) have shown
that the medial ares of the archistriatum is linked to the medial
hypothalamus through the tractus occipito-mesencephalicus. The
potential evoked in the r.n, in the present study, by stimlation
of the medial archistriatum, with a latency of L4 m, Sec., indicates
a link from hypothalamus to r.n.

As in the mammal, a‘major input is derived from the cerebellar
nuclei, Surprisingly, the results of the present study point to
the avian nucleus lateralis as the afferent source whereas, in
térms of positional similarity to the mammalian nucleus interpositus,
one might have expected the nucleus internus to be involved.

The input from the nucleus rotundus has, to the authors
knowledge, no mgmmalian homologue unless it be assumed to be a
sensory projection for which ample mammalian evidence exists (see
Ch, 5). On the other hand the nucleus rotundus appears to be
specific to the avian species (Karten and Revzin 1966).

Homologues for the potentials derived from stimulation of the
neostriatum intermedium and hyperstriatum ventrale ventro-ventrale
are, in light of the lack of knowledge regarding the functional
properties of these areas, impossible to suggest. It may be that
they are the avian equivalents of the sensory-motor regions of the
mammalian brain. Zeier and Karten (1971) believe that the non-
hypothalamic part of the occipito mesencephalicus is equivalent to
a variant of the mammalian pyramidal tract, The neostriatal and

hyperstriatal regions in question, project to the archistriatal
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areas, from which this part of the occipito-mesencephalicus is
derived, through the tractus fronto-archistriatalis,

In the mammal the pyramidal tract projects to the r.n. through
collaterals, and whilst Zeier and Karten found no degeneration in
the r.n, following lesions of the archistriatum, there are many
possibilities for indirect action through adjacent reticular nuclei'
which they found do feceive fibres from the tractus occipito-
mesencephalicus,

The stﬁdy reported in this chapter did not investigate efferent
connections and clearly this is required. Such a study may well
indicate an avian homologue of the mammalian rubro-ventrolateral
thalaﬁic projection, It has been assumed throughout that the avian
rubro-spinal tract is motor in function and stimulation experiments
reporfed in Ch, 3 appear to provide some evidence of this.

The behavioural ramifications of the connections outlined above
anﬁ summarised in Fig.j19 are discussed in the concluding chapter
following Section 2.

In conclusion, further evidence that the avian and mammalian
r.n. are homologous in some respects has been obtained, The most
surprising findings were the links with the archistriatum and
parolfactory lobes whidh are regarded as homologous to the mammalian

amygdala and septum,
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CHAPTER D

SENSCRY EVOKED POTENTIALS AND

SINGLE UNIT RECORDS

There have been many studies in which potentials have been
evokked in the mammelian r.n, by sensory stimulation (see Massion
1967). Massion and his co-workers (1963, 1968) have perhaps
cafried out the most extensive investigation. In the cat, they
found, in agreement with other workers, that potentials could be
evoked in the r.n., by somaesthetic, visual and auditor& stimulation,
Manni et al, (1965) demonstrated activation of the r.n, following
vestibﬁlar stimlation in the guinea pig and Ermolaeva and
Chérnigovsky (1965) showed induced rubral potentials following
stimulation of the splanchnic nerve in the cat,

In a thorough micro-electrode study Massion and Albe~Fessard
(1963) demonstrated a degree of convergence of somaesthetic, visual
and auditory fibres at the level of the single unit, They point
out that the receptive fields of these multi input units are very
large in contrast to the localised fields of the thalamus, They
did however find that convergence was less noticeable in the cells
of the magnocellular portion than in those of the small celled area.
Furthermore they demonstrated two distinct responses dependent upon
whether the recording was from the parvocellular or magnocellular
portion. In the large celled region the response to sensory
stimulation consisted of a short latency facilitation followed by a
phase of inhibition and'a later phase of prolonged activation, The
reéponse of cells in the parvocellular region was initially
similar to that of the large cells but the late phase of prolonged
activation was absent. They ascertained that the inhibitory phase
and the period of late facilitation is produced by an indirect

pathway through the cerebellum. The same authars found that a sharp
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tap was necessary to evoke a somaesthetic response, This finding
is contradicted by that of Nakahama et al. (1969) who demonstrated
é reaction to very light hair bending, The difference may well be
due to anaesthetic effects.** One interesting finding, Massion
"and Urbano (1968), was that stimulation of group 1 muscle afferents
(annulo—spifal endings of muscle spindles and Golgi tendon organs)
do not appear to produce responses in the r.n, This absence of
feedback from receptors denoting the state of the muscle they find
surprising given that the r.n. contributes to control of muscle
tone, They were, in the same study, able to demonstrate a con-
tribution by Group 2 fibres (flower spray endings of muscle spindles
and receptars sensitive to mechanical deformation of the skin) to
r.n, control, If however, one considers the contribution of Grbups
1, 2 and 3 fibres to overall muscle control through the gamma and
alpha motor systems, then the absence of Group 1 afferents to the
r.n. is understandable,

Firstly, the result of activation of Group 2 fibres is to lead
to an inhibition of exfensors and a facilitation of flexors through-
out the limb; {precisely what stimulation of the r.n., produces),
In terms of Qverall miscle effect, in conjunction with Group 1
effects, which result in faciliatation of both extensors and flexors
in synergistic muscles and inhibition of antagonistic muscles, )
activation of Group 2 fibres would lead to an opposition of any
Group 1 effected extension and a supplementation of any Group 1
effected flexion, In a sense, feedback from Group 2 fibres

increases the readiness for withdrawal reflexes i.e. defensive reflexes.,

** In a recent paper Nishioka and Nakahama (1973) have in fact shown
that this is so, - Under chloralose anaesthesia a sharp tap was
necessary, under gallamine triethrodide very light hair bending

was sufficient,
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Secondly, the r.n, has been shown to take its effect partly
through the gamma motor system (Appelberg 1967a and 1967b) which is
responsible for comtraction of muscle spindle fibres, which in turn
stretch and activate the spind;e afferent fibres which result in the
operation of the alpha motor system, The sufficient stimuli for
operation of the gamma system are mediated by Group 2 and 3 fibres
i.e, light touch, pressure and pain. Group 1 afferents do not
appear to influence the gamma system (Thompson 1967). Hence it is
Dot surprising that Group 1 fibres do not project to the r.n, for
fhéy are not neceésary, at least for the gamma system components of
Tr.n, influence, |

The action of the r.n, is attained through the inter-neurones
of reflex pathways which facilitate the reflex action., In addition
| it has been shown that the r.n. exerts an inhibition of primary

afferents at the spinal cord level. (Thqmpson 1967). Hence the r.n,
effects a complicated action on spinal reflexes and motor arganis-
ation which presumably would require inputs from many sensory sources
and reciprocal linkaées with other systems involved in motor control,

The object of tﬁe_study’reported in this chapter was again

principally of a comparative nature and was restricted to the
recording of potentials evoked -in the r,n, by peripheral, visual,

4 somaesthetic and acoustic stimulation and by electricel stimulation
of olfactor& and vagus nerves, A limited study of single unit

" responses was also undertsken,

METHOD

‘Shbjedts

Fif'teen pigeons of mixed strein, three of which were used for
unit recording experiments,

Progedure

The animal was ansesthetised by injection of Equithesin into the
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pectoral muscle and placed in the stereotaxic instrument, The
surgical procedure and method of elsctrode positioning has been des=-
cribed fully in Chapter L.

Evaked potential and some single unit recordings were made to
auditory, visual and somaesthetic stimulation. Visual stimulation
was achieved by a Dawe model 1201E stroboscope positioned 30 cms,
from the birds eye. The output of the stroboscope was a 40
microsecond, 90 jouie flash, Simultaneous triggering of the
stroboscope and é. Tektronix 56k storage oscilloscope allowed a visual
record of any activity in the r.n. ensuant upon stimulation,
Permanent records were obtained by photographing the oscilloscope
displays. Auditory stimulation was achieved by means of a small
hearing aid loud speaker, of unknown mgke and characteristics, which
produced a click stimulus by feeding in a squere pulse of 1 m, sec,
Three methods of somaesthetic stimulation were used:-

(1) Mechamical tapping with a blunt 3 mm diameter rod attached
to a pair of springleaf mounted contacts serving for

triggering purposes.

(2) 1 m., sec, biphasic electric shock of 1 - 5 v from a Grass Sk
stimulator delivered through a pair of stainless steel insect
pins implanted in the skin or muscle.

and

(3) 1 m, sec. duration biphasic shocks of 1 = 5 v delivered to the

- surgically isolated ischiadic nerve through a pair of silver
‘wire electrodes mounted on e small probe made of acrylic resin.
In all cases the storage oscilloscope trace, ar occasionally
the Biomac 500 averaging computer, was triggered simultaneously with
administration of the stimulus and a photographic record made,
In addition two experiments were carried out in which the
olfactory and vagus nerves were surgically isolated, the former by
" removing the sponge-like bone of the nasal cavities, and the latter
bj,r exposing the nerve in the birds neck where it runs between the
Both were
oesophagus and carotids, ) stimulated electrically using the

method described above for stimulation of the ischiadic nerve,
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Single unit recording was attempted using fine wire concentric
electrodes. (see below).

In order to obtain satisfactory auditory stimulation, the
recording electrode was cemented into position, using an acrylic
dental cement and the ear bars of the stereotaxic instument removed.
At the completion of recording, the position of the electrode tip
was marked by a smell radio frequency lesion and the bird sacrificed
by an overdose of Nembutal, Histological procedure was as described
in Chapter k.

Electrodes

' Recording electrodes for evoked potentials were as described in
Chapter 4 for the mapping experiment., Electrodes used for single
unit recording were constructed from fine gauge hypodermic tubing
and fine stainless steel wire (swg 44) forming outer and inmer
electrodes respectively of a concentric electrode., Both components
were first coated in insulating varnish and tested for leakage in
accordance with the method outlined in Chapter 4, Following
insertion of the inmer electrode through a small hole filed in the
outer tubing so that the immer electrode protruded about 1 mm,, the
two components were cemented together with Araldite at the point of
entry and exit of the inmner fine wire electrode., The tdp was then
ground to a fine point using a miniaturé emery disc, The net
result was to leave about & mm of the outer insulation free and a
very small uninsulated tip to the inner recording electrode.
Whilst such an electrode is relatively crude in its construction, it
was found o Be very highly effective in recording from the large
r.n, units, See Figi1 for method of construction,

RESULTS

HiStologz
~ Of fifteen attempts to locate an electrode in the r.n., twelve

were successful,
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iethod of construction of the micro-electrodes.

a) short length of iusulated fine gause hypnodermic
tubing showing cut filed in wall.

b) length of insulated fine stainless steel wire
(swg L4) inserted aad secured with Aralfite
at noint of entry and exit.

c) the tip ground to a fine poiut using a mlulature
emery disc.

d) length of coarse gauge hyvodermic tubing solde-
red to the electrode to facilitate securement
in the chuck of the stereotaxic instrumeat
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Evoked Potentials

(1) Visual: See FigsS2a and 2b,

Of all the sensory evoked potentials, the visually evoked
proved to be the most reliable and the largest in terms of amplitude,
The latency to the first inflection varied little from 23/24 m, sec.,
with the large downward deflection, beginning at 4O m. sec. and ending
at 50-52 m, sec, A recording obtained direct from the optic tract
during the mapping expeﬁ.ment shown in Fig.52c gives a latency of
3 m, sec, to the first inflection.

(2) Somaesthetic

The resul‘_ts from somaesthetic stimulation are given in
Figd-3. The potentials tended to vary somewhat from one recording
session to another within each method of stimulation. The most
reliable recordings arose from stimulation of the isolated ischiadic
nerve - see Fig,-3a. The latency to first inflection began 8 m,
se‘c. after stimulation and the large deflection .at 16 m, sec,
Mechanical stimulation tended not to produce highly reliable
potentials, unless administered to wing or leg, and variation in the
shape of the recording was common, although the latency to first
deflection fell within 8 - 12 m, sec, in all cases., Figd-3b provides
an interesting record of unit activity superimposed on the evoked
potential, FigJs-3c, a recording following stimulation of the
deltoid muscle of the wing sufficient to produce a twitch, is fairly
representative of the potential éhape produced by such electric
stinmlaﬁion to, or near, muscle,

(3) Auvditory: Fig.d

Anditory evoked potentials proved difficult methodfn_logica]ly
for the electrode had to be cemented into place before stimulation
began to enable the earplugs of the stereotaxic instrument to be

removed, Potentials that were recorded tended to be small, between
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Fig.5:2 Evoked potentials recorded from the r.n. following
stroboscopic flash stimulation of the coatralateral
eye - a and b. Latency estimated at 23-"Lmsec.
Trace ¢ - evoked noterntial resulting from electri-
cal stimulatioan of the optic tract, estimated 1lat-
ency 3msec., included to show the delay occurring
prior to the optic tract. Stimulus in each case
occurred at extreme left of trace.




Fig.yj.

35ms

Evoked potentials recorde. from the r.n.
Sorraesthetic stiuulation.

Trace a - elsctrical stlrulatloa o contralateral
ischiadic nerve. Stimuluvs an lied at evtrerme

left of trace. Estinated latency Bmsec.

Trace b -~ mechauical stimulation of co.tralateral
wing. Stimulus aphlied at extreme left of trace.
Estimated lateacies for this potentisl 1”msec.,
varied betveen 8-12msec. .ote the single unit
response 2and the period of inhibition.

Trace ¢ - electrical stimulation of deltoid
ruscle contralateral wi.z. Stimulus applied at

extreme left of trace. ,atency estlnated at Gusec.
.ote the dﬂuole %ak vhich WT chara terlstlc
of shock ap 1ied to wiaz or lég musc
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Fig.5lL. Evoked potentials recorded from the r.a. follov-
ing auditory stinulation. Click stimulus ocrurred
at extreme left of trace in both cases. Latencies,
of the traces shown estimated at 8msec.,v=aried
between 8-10Omsec. Amplitude of auditory evo..ed
respouses were small falling betvee . 70 - LgC'P V.




20 - 40 pv although the shape was fairly consistent, Latency to

the first inflection was 8 - 10 m, sec., No unit records were
obtained because of the earbar problem, i.e, the electrode had to be
cenented into place before any recording could be obtained, so that it
was impossible to determine whether the cell was responsive to auditory
stimullation befare it was permanently fixed.,

 (4) Olfactory Nerve Stimulation: Fig.55

Results from olfactory nerve stimulation, in terms of size
and shape of potential, were varied. Fig.)-ba gives a typical result
ﬁth a latency of 36m. sec. Tigi55b gives the result of stimulation
of the homolateral nerve again‘with e latency of 36 m., sec. It was
found that each time the stimulus parameters were varied the ampli-
tude of the potential increased and then attenuated over the next
L -« 5 stimulations,

(5) Vagal Stimulation: Fig.5¢

PigJ-6 gives a typical recording following stimulation of
the vagus nerve. The latency to first inflection was 25 m, sec,
with the large deflection beginning at 30 m. sec.

MICRO~ELECTRODE STUDIES

The micro-electrode work carried out was limited to three birds
with an attempt to record from another under free moving conditions
with implanted electrodes - see Chapter 3 for method of implantation
and equipment for allowing the animal relatively free movement,
Unfortunately the latter was only partially successful probably due
to electrode movement resulting from a method of plug mounting which
although good enough for stimulation seemed to be inadequate in
obviating the very small electrode movement sufficient to 'lose'! a
single unit,

In all fourteen units were examined, of which two were .responsive

to flash only, f‘ive' to somaesthetic stimulation only, two to both




40PV

40ms

Fig. 55 Evoked poteatial recordings fron the r.n.
followi.ig electrical stinulation of co.tralateral
- a and homolateral - b ol.actory nerves. batenclice
estimated at 36msec. Stiiulus occurred at exsdreme
left of traces. Size and shape ol potentials
varied - see a - the smaller of the two traces
followed the larger i1 temporal order, note the
reduction in amplitude: it is suggested that this
may indicate habituation (see text).
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Fig.56. Evoked potential recordings from the r.n. follo-
ving electrical stimulation of the coantralateral
vagus uerve. Stimulus occurred at the extreme

left of both traces. Lateucy extimated at
25msec.




light and somaesthetic and five non-responsive to either visual,
somaesthetic or vestibular stimulation, although the latter was a
relatively crude test involving tilting and rotating the stereotaxic
platform. FigsXZ7 -1 give the results obtained, the upper trace
showing the unit, or group of units, response to stimulation, the
lower trace in each case being the unstimulsted activitjr during a
similar time period.

The typical response to stimulation falls into one of two
categories:-

(a) A period of inhibition - see Figs-7

and (b) A period of inhibition followed by a burst of
activity - see FigJ5-8.

Of the solely visual ﬁn:@.ts both responded with a period of
inhibition beginning at 24 - 25 m., sec, and lasting 48 - 50 m. sec,
0f the solely somaesthetic units all responded with a period of
inhibition followed by a burst of activity - see Figh-8, the inhibition
‘at 20 - 25 m, sec, and the burst of activity at 60 - 80 m, sec,
following stimulation,

The two units responsive to both visual and somaesthetic
driving produced a phase of inhibition followed by a burst of firing
- see Fig59, although the activity burst was not so pronounced as
the sole]_.y somaesthetic unit - see Fig.58.. Of the five cells found
to be non-responsive to stimulation, the recorded activity was
typical of that shown 'in Fig,510 in which the cells gave repetitivé
bursts of activity with a fixed interval between bursts which shiftted
:.i.n time to longer or shorter intervals, probably in accordance with
depth of anaesthesia. These apparent repetitive bursts were not
correlated with a concurrently monitored heart rate or with breathing.

FighH41, the only successful record from an implanted electrode
in a free moving bird, shows the record of such a repetitive cell in

the awake animal., Fig.511a shows the regular firing of the cell
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25ms

Single unit recording derived frou. the r.n.
following visual stirmulation at 1 per sec.

25 superimnosed traces. Lower trace shows the
distribution of unit activity duriuag an
identical period without stitulation. ..ote the
period of inhibition of firing beginniag at
2limsec. .o response obtained from somaesthetic
stimulation.




Fig.58

Single unit. recordings derived from the r.a.

a and b - electrical stimulation of ischiadic
nerve at 1-per sec. 20 superimposed traces.
Lower traces in cazh case show the distribution
of unstimlated activity during an identical
period. note the period of inhibition at 20-?5
msec. followed by a burst of activity at 8lrsec.
¢ - electrical stirulation of leg muscle. ..ote
the two periods of ichibition and a~tivity.
(see also Figs3c)

hese units were not res.o.sive to visual or
vestibular stimulation.
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Fig.5.9.

-1n1v| '

20ms

®jngle unit records derived from the same unit
in the r.a. a - visual sti ulation, b - €lectri-
cal stimulation of the ischiadic nerve. Stitulus
occurred at the extreuie left of each trace.

20 superimposed traces. Lower trace in each case
shows the distribution of unstimulated activity
during an identical period. ..ote the period ot
inhibition begianing at “Lusec., rore _rolonged
for the sowmaesthetic res oase tha.. the visual,
a..d the te.dency towards an iacreased burst of
firing following the idhioitory period.
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40ms

Fig.510. Single unit recordings derived from the r.n.
Typical firiang pattern of the units no..-rec-
sousive to vieuzl, somacsthetic or vestbinulir
stimulation. -—ote the repetitive firiaz. a -
five soikes every Limsec. b - sare ceWT
5 mias. later: note the revetitive rir: .2 at
a faster rate.
¢ - five nisutes folloviug b
flrlnb not correlated to heart rate o brcathﬂnv




Fig.511. Single unit activity re-orded from the r.n.
In an avake imnlaoanted bird. Unit covls not te
iriven by visual, somaesthetic or 21ditory
stimulation.

a - firinz pattera in darkness; Jote rez-lar
firing.

b - same unit with roor lishts s-itched on;
note that the firing patterua becomes move
irregular.
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every 4O m, sec. when the bird was awake but stationary in a dark

room and 11b the same cell when the room lights were switched on,

| Clearly the regularity of firing disappears. The cell was never-
theless non-responsive to stroboscopicbflash.

DISCUSSION

The findings outlined above are in essence, further evidence
for an analogous function between the r.n, of mammals and birds.

Clearly the avian r.n. receives inputs from most, if not all,
sensory modalities, The results indicate in addition that the action
of the input is largely one of disruption of a fairly regular firing
pattern, at least at a unit level,

Compared to the mammalian studies conducted by Massion and
Albe-Fessard (1963), one distinct difference does however emerge;
they found that inhibitory periods in single unit records and evoked
potentials although'commencing at very similar time intervals follow-
ing stimlation, last rarely less than 100 m, sec, and usually exceed
200 m, sec. Reference to Figs.32 -59 shows that the longest period
of inhibition, that for a somaesthetically driven unit is less than
50 m..sec. This difference may be interpreted as an indication of
a functional disparity between the mammalian and avian r.n. or may
simply reflect a methodological difference., Firstly, on the basis
that the mammalian nucleus is structurally more clearly delinsated
and morphologicaily divisible into large and small celled areas,
unlike that of the bird, one may well expect some functional
differences. On the other hand it has béen shown that the r.n. is
highly susceptible to anaesthetics - (Gogolak et al. 1969). It was
shown that barbiturate drugs produced"....a very regular, quasi-
sinusoidal rhythm with a frequency that is related to the depth of
. anaesthesia", Massion and AIbe-Fggsard did in fact show that in the

cat maintained awake under local anaesthetie, "....somatic stimulation
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can evoke the same unit reactioné as in the chloralose anaesthetised
cat; but this same stimulus can also induce'a prolonged unit activ-
ation not preceded by a phase of inhibition", It would seem that in
the absence of recordings obtained under similar anaesthetic conditioms,
little importance can be attached to variations in response character-
istics, By the same token, the apparent absence of the fast unit
response preceding the period of inhibition, which they found to be
typical of the large cells, cannot be meaningfully discussed in terms
of possible species difference., On the other hand the absence of
the short latency response in the present records may be due to the
small sample of cells from which recordings were made,

The most frequently encountered type of unit was not responsive
to sensory stimulétion under the anaesthetic conditions of the experi-
ment - Fig.,510, Even in the awake, implanted, bird these cells,
characterised by a repetitive burst of firing every 30 - 40 m, sec.
could not be driven. However, reference to Fig.,541 shows that the
baseline activity of such a unit is nevertheless determined by sensory
conditions, Precisely what could be determining the baseline firing
pattern of these cells is difficult to see unless it be internally
generated,

Massion and Albe-Fessard (1963) found about 21% of the cells
they encountered could not Be driven, but make no reference to the
characteristics outlined above. They do however refer to occasions
when they obtained highly repetitive responses which they state were
synchronous with heart rate and assume this to have been due to
penetration of glisl cells or electrode location in the wall of small
blood vessels,

On the occasion that the writer first encountered a repetitively
firing cell, so like a heart record was it, that the same assumption

was made, After several such occurrences heart rate was monitored
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concurrently with the cell's activity but no obvious relationship
could be found, nor was there any correlation with breathing although
this was only established by visual observation,

Of the umits encountered, only one, - that shown in Fig.59, was
responsive to mare than one sensory modality. It is highly probable,
in view of the relatively coarse electrodes used for unit recording,
that the cells from which activity was recorded were large cells only,
which would perhaps explain the lack of sensory convergence, for
Massion and Albe-Fesggrd (1965) found convergence to be less marked
in the magnbceilular portion than in the small celled area.

That the mucleus of the bird, in concordance with that of the
mammal, is responsive to inputs from several sensory modalities has
been shown by the evcoked potentials given in Figs.j2 -57. Recordings
following visual stimulation were reliable both in terms of the shape
of the recorded potential and the latencies to deFlections of the
waveforn and fit, almost to the millisecond, the periods of inhibition
~and excitation recorded from single units.

Comparison of the results obtained in the present series of
experiments with those of other workers proves to be interesting.

In an extensive anatomical study of the avian visual system, Karten
(1969) described two major visual projections. One projection
proceeds from the optic tectum via the thalamic nucleus rotﬁndus to
the ectostriatum of the telencephalon and the other from the optic
tract to the dorsolateral anterior thalamic complex and thence to

the hyperstriatum via the lateral forebrain bundle. Parker (1971)
and Parker and Delius (1972) in an evoked potential study of the
visual system in the pigeon found latencies of 15 - 16 m, sec, at the
optic tract, 17 m, sec, in the dorsclateral anterior thalamus and

50 m, sec, in the nucleus rotundus., As the latency at the r.n,

disclosed in the present work, was 23 - 24 m, sec., the projection
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to the nucleus under study can not be via the nucleus rotundus, but
must derive either direct from the optic tract or from the dorsolateral
anterior thalamus or perhaps from the surface layers of the optic
tectum, Fig.,52c shows a potential evoked at the r.n. by electrical
stimlation of the optic tract, during the mapping experiment des-
cribed in Chapter 4, with a latency of 3 m., sec., which, when consider-
ed in conjuction with the latency of the potential evoked at the r.n,
of 23 - 24 m, sec., allows a transmission period prior to the optic
tract of 20 - 24 m, sec. This is clearly at variance with the optic
tract latency of 15 - 16 m, sec, found by Parker (1974). The
difference may be explained however by a greater efficacy of elec-
trical stimulation over sensory in the pathway between optic tract

and r.n;

Karten (1967) in an anatomical study of the avian auditory system
describes the major projection from the avian homologue of the inferior
colliculus (nucleus mesencephali lateralis pars dorsalis) to the nucleus
ovoidalis, Harman and Phillips (1967) describe an auditory evaked
potential in the nucleus ovoidalis with a lateﬂcy of 8 - 12 m. sec.

The latency of the potential evoked in the r.n, in the present study
of 8 - 10 m, sec, suggests that the projection to the r.n. bypasses
the nucleus ovoidalis, It should be pointed out however that the
amplitude of the recorded response, was at 20 - 40 uv, the smallest
of any obtained and as the nucleus ovoidalis is situated 1.5 mm
anterior and 1.5 mm dorsal to the r.n. it is not impossible that I
was in fact recording activity from the former nucleus, However,
Biederman~Thorson (1970) has shown that auditory evoked potentials
in the ovoid nucleus itself are not only small but unreliable,

Delius and Bennetto (1972) have investigated somaesthetic
projections in the pigeon and found a potential evoked by cutaneous

stimlation in the dorsal thalamus with a latency of 9 - 10 m; sec.
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which ties in weil with the potential found in the r.n,, with a latency
of 8 m. éec.

The recordings foilowing olfactory nerve stimulation were highly
variable in amplitude and outline; (Fig.ﬁ'SaAshows two traces,)although
the latencies to first deflection were reliable. An interesting
finding was that not only would the r.n, apparently rapidly habituate
or fatigue to stimulation rates of more than one per second, which
was found to be a characteristic of the nucleus irrespective of
sensory modality, but in the case of olfactory nerve stimulation
habituation was also noticeable to the pérticulaf parameters, that is
to say, a chénge in rate of stimulation from, for example, one per
sec, to one per threé secs. would effect an increase in the amplitude
of the potential as would a voltage change., That this wes habitu-
ation in the accepted sense of the word was demonstrated by the fact
that the same amplitude increase followed a dhaﬁge_to a higher rate
of stimulation (provided it did not exceed 8 per second) or to a
lower voltage, Clearly this habituation was occurring within the
olfactory system for similar effects were not found in ofher :
modalities. In so far as the author is aware no previous workers
have. demonstrated an olfactory input to the r.n,

As would be expected, somaesthetic stimulation produced varying
waveforms and amplitudes depending on the means of stimulation (see
Fig.53). By and large, electrical stimulation near muscle tended
to produce a waveform similar toj-3c, with a double inhibitory
deflection (see also Figh-8) whereas mechanical and ischiadic nerve
stimulation produced a single deflection.,

The probable reason for the different shapes of the potentials

is dependent upon the mumber and characteristics of the fibres

stimulated by the different methods.

That stimulation of the vagus nerve evoked a potential in the
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r.n., is not surprising in view of the finding by Ermolaeva and

Chernigovsky (1965) of evoked potentials following splanchnic nerve

stimulation for both nerves are involved in the control of involuntary
1

processes. Presumably the state of internal organs could be of

some importance to a system involved in motor control.
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PART 2
CHAPTER 6

THE  BEHAVIOURAL EXPERIMENTS

Introduction

The role of the r.n, in motor control, in mammals, has been
firmly established over many years in a variety of physiological
methods (see Part 1, Chapters 2, 3, 4 and 5 of this thesis).
Experiments outlined by the author in Part 1, in which the r.n, of
the pigeon was lesioned (Ch. 2) and, in a separate essay, elec-
trically stiﬁmla'ted'(Ch. 3) indicate a similar motor function in the
avian species,

In recent years the work of Thompson and his collaborators (1960,
196k, 1967, 1969 ) has however implicated the r.n. in visual
learning in the rat, Vhilst it may seem surprising that a system
playing an important role in motor control should also be implicated
in other behavioural processes, it should be pointed out that in
recent years studies of the classicially defined extra-pyramidal
motor systems have indicated that they may subser{re other than only
motor functions:- Kitsikis and Rougeul (1968) found that electrical
Stimulation of the caudate nucleus in the Nemesu‘j._m monkey produced
a disruption of conditioned bar-pressing; Ursin et al. (1969)
demonstrated that high frequency stimulation of the caudate nucleus
in .the cat produced an orienting response which they claim to be
indistinguishable from that produced by novel, acoustic stimulation
and by electrical stimulation of reticular centres known to produce
orienting reactions. The same authors also noted that the response
evoked b;;r caudate stimuletion was subject to habituation in the same
manner as to peripheral sensory events, Perhaps more specific to
_learning phenomena, Rosvold and Delgado (1956) reported that the

post operative performance of the monkey, on a delayed alternation
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task, was impaired by lesions of the caudate. Clearly, the role
of what is described as part of a motor system is more complex than
hitherto believed, Given these findings the result obtained from
lesions of the r.n., appear less surprising.

The major findings, all involving the rat, providing the
impetus to this section are as follows:-

(1) Bilateral destruction of the r.n, significantly interfered
with the relearning of a brightness discrimination
(Thompson, Rich and langer 196L4).

(2) Bilateral lesions of the r.n. significently impaired

' retention of a pattern (vertical v horizontal black and
white stripes and a white cross v a white disc) discrim-
ination (Thompson 1969).

(3) Bilateral destruction of the r.n, produced impaired
performance on a previously learned size discrimination
problem (4" dia., white circle v 13" dia, white circle on
black backgrounds)., (McNew 1968)

(k) Lesions of the ventral mesencephalon, including three
animals in which the lesions were restricted to the r.n.
bilaterally, produced a greater deficit on a pattern
(vertical v horizontal back and white stripes) discrime
ination than on a brightness (black and white) discrim-
ination (Thompson,Lukaszewska et al, (1967).

That the results listed-above can not be due to a peripheral
motor disturbance is illustrated by the observations of each author,
that no signs of mdtor impairment were present but perhaps more
succinctly, that if the results were due to motor impairment one
would not expect greater deficits on some tests than on others.

The studies cited gbove appear to implicate the r.n., or r.n.
area in the performance of visual habits and that the destruction
of the said nucleus impairs the learned behaviour,

Thompson (1969) interprets his findings in'terms of a highly
localised cortico-subcortical system subserving visual discrimination
habits, involving the occipital (visual) cortex, the posterior
thalamus and the ventral midbrain (r.n., area). The importance he
ascribes to the r.n. is examplified in a quote from his monograph

(1969) = viz "....there is evidence that the size of the lesion
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within a given critical area directly influences the magnitude of the
retention deficit, particularly with reference to the posterior
thalamus and ventral midbrain, This effect was also seen in the
current study, but was reflected mainly in the number of visual

hébitslthat were impaired., For example, extensive damage to the

rosn, led to defective retention of all three problems, whereas slight

rubral damage failed to impair retention of more than one problem”...

In addition to the lesion studies of. visual learning, Thompson
and his co-workers have shown retention deficits in learning situ-
ations involving other sensory modelities:-

(5) Rats trained to make a jumping response to the onset of

a 1,000 gycles per second tone to avoid footshock,
manifested impaired retention after bilateral destruction
of the r.m, (Thompson, Rich and Langer 1964).

(6) Following bilateral r.n. lesions, a retention loss was
obtained in a task utilising tkinaesthetic! cues:-~ rats
were trained to discriminate between an upward and
downward sloping runway, following enucleation of the
eyes and trimming of the vibrissae, In this study the
animels not only displayed a learning deficit but also
an inability to relearn the task (Thompson, Lukaszewska
et al. 1967).

At this juncture, the experimental method habitually used by
the *'Thompson school! requires some elaboration, With very few
exceptions (see 5 above) the apparatus and procedures used, which I
summarize below, is as described by Thompson and Massopust (1969).

The apparatus, a two choice discrimination box, consists of a
start box, choice chamber and goal box; start box and choice
chamber containing a grid floor, To enter the goal box the rat
pushes aside one of two stimulus cards placed behind windows in the
choice box, Initially the rat is trained to enter the goal box to
escape/avoid electric shock, During the ensuing discrimination
training the animal is required:- (a) to leave the start box within

five secondsand (b) to respond to the stimulus card within 30 seconds.

Failure to accomplish (a) or (b) results in the administration of
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footshock,as does a réspbnse to the incorrect stimulus,
Two points are worthy of note,
(1) The complexity of this experimental method, containing
a mixture of punishment and discriminated avoidance may
well be a factor accounting for Thompson's results,

(2) In all his experiments the animal must learn to escape/

avoid shéck in order to reach the learning criterion,

It would seem desirable to attempt to break down the experimental
method by utilising what appear to be behaviourally more simple
situations, TFor example, the résults may be largely attributdble to
an interference with avoidance leérning rather than the 'memory! of
the visual discriminanda; a possibility which is easily testable in
the traditional runway situation, in which the animal learns to avoid
shock by running from a start chamber to a goal box at the onset of
a sound or light stimuwlus; failure to.reéch the goal within a
prescribed period resulting in the administration of shock, In this
situation, no sensory discriminations are required other than stimulus
on/ off, .

It would also seem necessary to ascertain whéthar the observed
deficits hold true in a non-avoidance situation, by for example,
using positive reinforcement, Use of the lgtter could test the
possibility that negative reinforcement per se is contributing to the
Thompson results,

Thompson is not unaware of such possibilities:- "In all
probability divergent results would be obtained if thirst motivation
were used or if no punishment were given for errors .... however it
is reasonable to assume that the occipital cortex, the posterior
thalamus and the ventromedial midbrain (the neuronal circuit he
believes to subserve visual'memory which he has mapped out by

observing the effects of lesions on learned discriminations) would

~
Wy
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still be found to be aritical for retention and that any discrépancies
arising from a change in methodology would be reflected in the extent
to which other cortical and/or sub-cortical structures would be
involved" (Thompson 1969).

Thompson, Rich and Langer (1964) have in fact carried out an
experiment into the effects of r.n, lesions on a learned jumping
response to avold footshock at the onset of a visual or auditory

stimilus (see (5) above), They found that the lesions had effected

a decrement in performance., However, the small number of animals

involved - three in the visual task and two in the auditory and the size
of the lesions - about one-fif'th of the area of the trans%erse midbrain
section through the r.n. seem to require additional experimentation,

Sporadic work from other laboratories are relevant at this
Juncture,

(7) Smith (1970) (published after completion of the work to be
reported in the following two chapters), in a traditional one-way
avoidance situation, found that the rats which had suffered bilateral
lesions of the r.n, -

(a) were slower to escape shock,

(b) took more trials to reach criterion than éohtrols,
and (c) were déeficient in ability to learn horthzontal v vertical

stripe discriminated avoidance but displayed no loss of
ability to learn a black v white discrimination in the same
situation, :

It is interesting to note that Smith's animals were lesioned
prior to training and hence indicate a loss of ability to learn
rather than a loss in already learned abilities;. although such a
phenomenon is indicated by the fact that in the Thompson experiments
animals often take longer to relearn a discrimination, following
lesioning, than they did on original iearning. (See for example
McNew 1968 and Thompson, Rich and Langer 1964), Smith's inter-

pretation of his results is that the degree of deficit is a function
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of stimilus complexity and/or orientational cues inherent in the
situation viz:-

"A comparison of the simmltaneous discrimination tasks with the
successive discrimination task reveals that with simultaneous dis-
crimination the positive stimulus indicates, by virtue of its '
position, the direction of approach for the animal, In the-
successive disc learning however (see (?) below) the locus of the
discrimingative stimulus gives no indication of the direction of
approach...."

There are three relevant published experiments utilising
positive reinforcement,

(8) Ellen, Wilson and Powell (1964) found that rats with r.n,

- lesions were able to learn & bar pressing response under
fixed interval reinforcement, producing response recards
similar to normal control animals, With the assumption
that the discriminative dimension of fixed interval
behaviour reflects temporal discrimination, they conclude
that lesions of the r.ﬁ. do not produce any significant
alteration in attention, .

Again lesions effected prior to original learning are not
strictly relevant to an analysis of the Thompson findings.

(9) Smith (1970), using a T maze situation and food reinforce-

- ment, found that rats lesioned prior to training showed no

- learning difficulties in a left/right position discrimination
but considerable difficulty with a black/white successive
discrimination,

Prima facie such a result is in agreement with his stimlus
complexity/orientation analysis outlined earlier., However, as the
position task is probably non-visual it does not clarify the problem

of the effect of positive reinforcement in visual learning situations
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and again the lesions were effected prior to learning.

(10) Myers (1964) found, in the cat, a deficit in retention of
a triangularity discrimination following lesions to ‘he
midbrain which also involved the area of the r.n.
Howe;rer, the lesions were accdmph‘.shed with suction
aspiration or leucc.>tome and as a result were both large
and irregular., His conclusion however....." It is
however possible that to some degree the alterations in
visual response that result from tegmental lesions may be
due to a surgical dissociation of the visual interpretive
mechanisms of the forebrain from ba.s;i.c motor mechanisms
resident in the brain stem".... would appear to indicate
that he implicates mid-brain systems/pathways in the
observed phenomena.

A1l in all it seems that the r.n. or r.n. area is in some way
implicated in learning performance, The work summarized in this
introduction appears to suggest thgt the nucleus is involved in the
retrieval of already learned information rather than in the laying
down of new learning, for lesions prior to learning have minimal
effect on subsequent performence relative to lesions effected
following initial learning.

It is of course difficult to be more precise than this given
the lack of_knowledge regarding the encoding and retrieval necessarily

involved in learning performance,

Without exception the lesions in all the studies outlined above
were large, often destroying up to L of the area of the transverse
midbrain section at the level of thé r.n. (see for example Thompson,
Rich and Langer 1964). The reader is referred to Fig.44 which
illustrates the incredible multitude and complexity of fibres in this

region of the brain, It seems clear that extensive lesions to the
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area in question would render statements about the functional sig-
nificance of relatively small systems open to methodélogical
criticism, In addition, with the exception of Myers (1964) study,
lesions were accomplished by means of D,C. coagulation, which is
regarded with suspicion by some researchers because of the possibility
of abnormal activity in structures bordering the lesion produced by
the deposition of metallic ions, It seems that tissue destruction
using very high frequency alternating current (R.F. method) allows
better control of lesion extent and is virtually free from elec-
trolytic deposits. (Reynolds: '9"5)0
Given the above criticisms of the lesion techniques employed by
the authors cited and the questionsaasked earlier of the experimental
method used by the *Thompson school', my own experiments, outlined in
the following chaptérs, were designed with four objectives in mind:-
(1) To study the effects of r.n. lesions on established simple
avoidance behaviour.
(2) To ascertain the effects of positive reinforcement and/or
task complexity on any-learning deficit produced by r.n,
lesions,
(3) To conduct a comparative study in the pigeon.
(&) To attempt to isolate r.n. function by restricting tissue

destruction through R.F. coagulation.
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CHAPTER 7
THE AVOIDANCE EXPERIMENT

The e#periments to be reported in this and the following chapter
were devised with the objective outlined previously.

Before the description 6f the experiment it is deemed necessary
to include a section on the establishment of avoidance conditioning
in the pigeon,

(1) A note on the difficulty of establishing avoidance

conditioning in the pigeon.

The author approached the problem with some trepidation having
been advised by colleagues that it was difficult, if not impossible,
to establish and maintain in the pigeon, a reliable avoidance
behaviour i.,e, in which the animal must executé a response within a
preseribed ﬁeriod of time in order to avoid a noxious stimulus, A
cursory review 6f available literature at that time suggested fhis
was inleed the case (Rachlin and Hineline 1967, Hoffman and Fleshler
1959). The latter authars achieved limited success with one bird
only af'ter an extremely protracted training, Rachlin and Hineline
succeeded in establishing escape behaviour (i.e. behaviour in which
the animal learns to execute a response which terminates a noxious
stimulus) but did not repart any atteﬁpt to condition avoidance
behaviour, They report that the sensitivity of individual birds to
electric shock varies and recommend a shock train of increasing
intensity,. |

It seemed probable that if reliable conditioned avoidance was to
be obtained, then the behaviour to be conditioned must, in part,
already be present as a native response to a noxious stimulus, It
required no great deductive power to emerge with the conclusion that
as the natural response of mogt birds to a noxious stimulus is one of

flying, then the behaviour to be conditioned must, in part, involve
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flight. Such an approach suggested that the difficulties encountered
by Hoffman and Fleshler (1959) using a head lift aé a conditioned res-
ponse and Rachlin and Hineline (1967) using key pecking, may have been
methodological rather than inherent in the pigeon it§elf.

IXPFRIMENT 1

An éttempt to Establish Conditioned Avbidance in the Pigeon

éﬁﬁéﬁatus

Given the preceding analysis, the apparatus constructed required

the pigeon to fly upwﬁrd and alight on a perch to escape/avoid shock.
(see FigJ1). The base of the box measured 24" square and the

height was 30", Three of thé walls were consiructed from clear
perspex, the back plate containing stimulus bulb and perch mechanism
was of polished aluminium, The retractable perch was situated 22"
from the floor of the box, The onset of the conditioned stimulus
(C.8.), shock and insertion and withdrawal of the perch, was controlled
automatically by electro-mechanical programming. Shock intensities
used were in 0.5 ma steps from 0,5 ma to 2,5 ma¥. Shock was

delivered through flexible leads rumning through a hole in the roof

of the box, A counterweighed arm, to which the leads were attached,
allowed the animal unrestricted movement with minimal lead entanglement.
The C.S. consisted of the illumination of a 110 v., 10 watts bulb
coincident with the insertion of the perch., A small viewing hole

was inserted into the chipboard container which covered the
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Subjects
Five adult pigeons (Columba livia) were used. Each bird was

implanted with stainless steel wire electrodes under the pubis bones
ih accordance with Azrin (1959). The electrodes were joined to a
miniature plug secured to the animals back by a broad eleastic band
looped around the wings allowing wirtually imimpeded wing movements

whilst giving a degree of damping to sudden jerks of the leads.

3% See appendix 4 112




Fig.7:

Perch Box, sketch of the apparatus used in the initial
attempt to condition avoidance behaviour., The pigeon was
required to fly up to the retractible perch to avoid shock
administered through electrodes implanted under the pubis

bones, Eventually abandoned in favour of shuttle box training.
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Procedure

Before the first trial each bird was tested to ascertain the
- minimum shock level required to produce obvious signs of discomfort,
This level was found to vary between birds from 0,5 - 1,5 ma pre-
sumably dependent upon differing électrode/ tissue resistances.

At the start of each trial the C.S. (light 4 perch insertion)
was presented for 5 secs. followed by contimious shock (at the
determined minimum level) until the bird flew up to land on the
perch which turned off the light and aversive stimulus, After 20
secs. the p‘e:rch withdrew Slowly and the bird returned to the floor
of the box, The sequence of events was as follows:-

(1) C.s. on and perch introduced into box,

(2) 5 secs. after (1) continuous shock was administered until

(3) the bird alighted on the perch thereby terminating shock

and light;

(&) 20 secs. later the perch was withdrawmn amd the bird

returned to the floor,

(5) 10 secs. later (1) - (4) repeated,

Successful avoidance required the animal to alight on the
perch within 5 secs. of C.S. presentation, whereupon (2) would be
omitted, Twenty trials per déy were given, Before each block of
twenty trials minimum shock levels were re-tested and increased
where necessary,

Results

The experiment was termimated after 300 trials when it became
clear that none of the birds had begun to display avoidance
behaviour,

Discussion
Failure was almost certainly due to the design of the *perch box*.

Problems arose because of the sensitivity of the perch to accidental
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vibra‘b-ion and buffeting as the bird began to fly. This occurred
more of'ten than not within 2 secs. of shock administration. At no
time was i£ apparent that the behaviour was directed towards the
perch and hence could not be regarded as genuine escape behaviour.
Clearly a larger box was necesséry in arder to obviate the
'accidental' escape.

At that time, McPhail (1968) described a means of successfully
establishigg avoidance behaviour in the pigeon, utilizing a shuttle
box and rather than reconstruct the 'perch box! which may have
proved, in the end, to be unsuccessful in establishing the desired
behaviour, it was decided to adopt his brocedure, somewhat modified,

in the remainder of the experiments.

EXPERIMENT 2 )

The Effects of Red Nucleus Lesions on Previously Established

Avoidance Behaviour in the Pigeon

Sub jects
The subjects were fourteen pigeons (Columba livia). Each bird

was implanted with electrodes as described in Experiment 1.
paratus \

‘The apparatus used was a modified, two way shuttle box*previously
used for rats (Figs.72 and73). The dividing wall was cut into a V
shape to obviate snagging of the electrode leads as the animal moved
from one compartment to the other. The floors of both compartments
were independently pivoted and linked to micro-switches which were
tripped under the animals weight as it moved across the dividing
wall, thus locating the birds position in the box. A counter-
balanced arm allowed free movement, whilst taking up slack, to
ellimina.te possible entanglement of the leads which entered the box
tlﬁ-ough a hole cut in the roof.

The C.S. consisted 6f' illumination of the 1410 v. 10 watt bulb

% King et al, (1960
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in the compartment in which the animal stood. Shock intensities

were as described in Experiment 1. A continmuous, masking, white

noise was utilised to obscure any extraneous sounds of programming
apparatus etc, which may have served as an auditory C.S.

The experimental box was unlit., A peephole fitted with a wide
angle lens was inserted into an enclosing chipboard soundproofing,
The whole procedure Was.automatically programmed by means of
electro-mechanical apparatus.

Procedure

Bach animal was tested before each block of 20 trials to
ascertain minimal shock sensitivity. Minimal values fell within
0.5 = 1.5 ma.

After a five minute period to allow the bird to habituate, the
programme was activated, Each trial began with C.S. presentation
which dimly illuminated the compartment in which the animal stood.
After five seconds, unless the bird had crossed to the other com-
partment, continuous shock was given until escape was accomplished,
wheréupon both shock and light were terminated, If the animal
crossed into the other compartment within five seconds of C.S.
presentation the light was switched off, the shock sequence omitted
and the trial was scored as a successful avoidance, A time out
period of thirty seconds was given between each trial, BEach bird
was given twenty trials per day and trained to a criterion of
seventeen successful responses on each of three consecutive days,

Having reached criterion, the experimental birds were lesioned
bilaterally in the r.n. as described in Chapter 2, The control
group wags sham operéted by adopting the exact surgical procedure
except for insertion of the lesioning electrode.

After a recovery period of twenty-one days, the birds were

tested for retention of the avoidance habit, The identical procedure
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utilised in training was adopted and testing was terminated when
criterion was reached.

The experimental subjects were sacrificed with an. overdose of
Nembutal on completion of testing, perfused through the carotid
erteries with 5% saline and 10% formalin., The brain removed and
fixed for two days in 10% formalin, Following the fixing period
each brain'was sectioned transversely at 4O p on a fregzing
microtome, Every fifth section through the lesioned area was
stained with cresyl violet.

RESULTS

Of the fourteen birds, six showed no sign of avoidance
behaviour by the twelfth day of training (240 trials) and were
consequently discarded. The experimental and control groups
therefore each comprised four animals,

Histology

Histological procedures showed that each of the four experi-
mental birds had suffered some destruction of the r.n., Despite
the attempt to hold placement and lesion size constant there were

differences in both symmetry and extent in all animals,

In all probability differences in electrode resistance accounted

for the variability in lesion size.

Determination of the extent of r.n. destruction was accomplished

by a large cell count using the method outlined in Chapter 1., The
estimated percentage destruction of r.n., tissue for each bird is

shown in Table 7.1.
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TABLE 741

Estimated %age Destruction of r.n, Tissue

Bird Right Left
1 75 50
2 100 100
3 100 50
L 50 50

Bird 1

Partial destructiom of both r.n,:- 50% left and 75% right
with some involvement of medial reticular substance bilateraily.
There was no apparent damage to the tractus occipito-mesencephalicus
or tractus quinto-frontalis, the major tracts adjacent to the r.n,
Bird 2

1009 bilateral destruction was achieved. The lesion also
invaded medial reticular substance, nucleus intex;stitialis of Cajal,
tractus quinto-frontalis and possibly part of the occipito-
mesencephalic.tract. These lesions were more extensive than any
achieved using the R.F. (radio frequency) technique and were
probably due to a procedural error,
Bird

Again the lesions were asymmetrical - 100% destruction of right
r.n, with slight involvement of the medial reticular formastion,
The lesion of the left r.n, was rather ventro-laterally placed with
an estimated 50% destruction but almost certainly involving the
tractus quinto-fronbalis, tré.ctus ansa-lenticularis and perhaps the
ecto mamillary nucleus,

Bird 4

Unfortunately the sections for this animal were inadvertently
destroyed in the staining procedure, but observations made at the
time of sectioning suggested that the lesions were small and

restricted to the r.n, bilaterally., In the absence of the cell
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count procedure a 50% bilateral destruction is estimated. The
observations mde at the time of sectioning indicated little or no
involvement of other structures.

Despite the asymmetry of most of the lesions, the area of
destruction was less than that uwsually achieved by D,C., lesion
techniques, Even what has been described as extensive tissue
destruction in Bird 2, is estimated to be less than that displayed
in the majority of animals utilised by the experimenters disdussed
in the intrc;duction fo this section., However it must be remembered
that these workers used the rat or the cat, thereby rendering a com-
parison of lesion size rather difficult.

Tests

The data derived from the tests is tabulated in Tables7-2and 3

in terms of % savings:-

Iraining Trials - Test Trials
Training Trials

x 1003 Ain trials to criterion
and % savings in errors to criterion respectively.. A 't! test
(Edwards 1965) gives a highly significant diff‘ereﬁce between the
mean savings of experimental and control birds in both Tables

(p € .005).

Pig.J'k illustrates the @ifference in errors to reach criterion
on testing., Fig./:5 is a graph of mean errors to reach criterion
before and after lesion, The smooth learning curve prior to
lesion and the flatter, relatively discontinuous curve after
lesioning should be noticed. Although relearning obviously occurs,
the-rate of re-acquisition is reduced despite the savings manifested
in the first four days.,

TableT! shows the mean running times on the last block of

twenty trials in training and testing, The mean of the differences

was significant (p g :075) e
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Lesion Extent and Performance

The lesion suffered by Bird 2, being the most extensive,
involving total destruction of both r.n,, produced a learning
deficit, in terms of errér savings of~ -56% (see Table?3).
Reference to the graphical presentation (Fig,74) demonstrates not
only the overall lower perfarmance in terms of errors but the
greatest discontinuity in the learning curve, The lesion did
however also emcompass some medial reticular substance,

In terms of r.n. involvement, the next most severe was Bird 3
(100% and 50%). This animal manifested the greatest

TABLE 7.2

Pearcent Savings in Trials to Criterion

Training Trials Test Trials
Experimental to Criterion to Criterion o Savi
Bird 2 140 240 -
Bird 3 120 240 -100
Bird 4 - 420 120 0
Bird 1 140 180 =0
mean ~53%
Control
Bird 5 . 160 20 88
Bird 6 160 20 88
Bird 7 120 0 100
Bird 8 . 360 20 . 81
mean 89%

t = 3,926 d.f, 6 P £ ,005 *¥

* See appendix 2.
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TABLE 7.

Percent Savings in Errors to Criterion

Experimental Training Errors Test Errars Savings
Bird 1 105 . 106 -1
Bird 2 116 180 56
Bird 3 107 180 -68
Bird L 92 58 - 38
mean -22%
Control
Bird 5 125 15 92
Bird 6 148 "9 92
Bird 7 92 6 - 93
Bird 8 260 14 ' 95
mean 93%

£ = 4,472 d.f, 6 P £ ,005 ¥

TABLE T4

Mean Running Times in the Last Twenty Trials

Experimental Iraining Testing Difference
Bird 1 3,01 secs. 3.21 secs, .20 secs,
Bird 2 1.86 " ' 2,8 " 32 "
Bird 3 2,38 " 2,63 25 "
Bird 4 ' 2.48 " | 2,97 " L9 M

mean L35 %

Control

Bird 5 2.7 2.83 A2

Bird 6 : 2450 2.7 21

Bird 7 2.76 2.81 .05

Bird 8 2.46 2,32 A
mean .06

% See appendix 2,

£ = 2,5 d,f0 6 2P 025 ¥ 122
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to reach criterion during testing ia each block
of 2C trials. wotice that the control anitals

all reached criterion on day four, whereas exner-
imental animals, having suffered r.a. lesioas
folloving initial trainiag, took ‘@-15 days.
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Fig.75. kean errors by experimental group in each block
of 20 trials i.. traianing aand testing. ..ote the
relatively flatter a:ud more discontinuous curve

generated in testing.
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error savings deficit of -68%,

| Birds 1 and 4 suffered the same approximate percentage destruc-
tion, (although the loss of tissue sections far Bird 4 makes exact
comparisons impossible) in both cases being less than Birds 2 and

3. The mean error savings were -1% and 38% respectively. The
individual relearning curves are roughly comparable up to day 7
whereafter the curve generated by Bird 1 displays the discontinuous
function typical of Birds 2 and 3.

DISCUSSICN

The results of this experiment are surprisingly similar to
those produced by Thompson, Rich and Langer (196)4), bearing in mind
the different species involved, Clearly the r.n. or r.n. area is
critically involved in the maintenance of learned avoidance
behaviour,

The increase in running times of the experimental group at
post-lesion criterion relative to that of the control group,
indicates a performance deficit, Whilst it is not'possible that
the impairment in rumning time is indicative of some peripheral
motor disturbance, no obvious disability was discerned at the time
of post-lesion testing. It may be that Smith's (1970) conclusion,
of an impaired ability, in rats, to initiate a conditioned movement
af'ter r.n, lesions may also hold true in the pigeon, On the other
hand, the gz;ap.llical presentation of mean learning curves of the
experimental animal (Fig.7:5) may indicate a different learning
process, The training learning curve is typical of learning
cwrves produced in psychological laboratories (see e.g. Hilgard and
Marquis 1961 p#15) whereas the post lesion curve is flatter and more
irregular, . If one accepts that the r.n, is part of a specific
system involved in the performance of a learned habit, it follows

that if the animal relearns that habit, following lesions to the r.n.,
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then some other system must take over the function of the lesioned
area, It may be that the different nature of the learning curve

after lesioning is indicative of the substitution of a system with
different characteristics and efficiency.

It could be argued that the re-learning curve is not a function
of a system involved in the learning of a conditioned avoidance but
réther is representative of the gradual recovery of motor systems
involved in the performance of such activity., Several points argue
against such an hypothesis, Firstly that successful avoidance
responses, when executed, usually took about 3 secs., following the
onset of the C,S, and this varied little irrespective of the stage
of re-training until criterion levels of performance began to be
approached when the avoidance time usually reduced slightly, In
other words even early in retraining the animal possessed thé motor
ability to clearly avoid shock., Secondly, were the mofor'deficit
hypothesis true one would anticipate that avoidance times would,
early in retraining, be very close to the five second point at
which shock would occur, getting faster as the deficit improved.
| Again, as aforementioned, the animals avoidance responses were well
within the five seconds allowed for execution and fairly clearly
represented a different form of response to trials in which escape
occurred. Other possible reasons for the deficit, including
motivational and shock sensitivity effects, are discussed in the
overall conclusion to this work (Ch. 9).

Whilst it is not possible to state categorically that destruc-
tion of the r.n. alone accounts for the obtained results, due to the
involvement of other structures, it is clear that lesions around
this area are critical to the;:jnépﬂ@ﬁ}jdg{iéii:;ﬁ Clearly a
further experiment including a control group with lesions adjacent

to but avoiding destruction of r.n. tissue is indicated.

126




In conclusion the Behavioural Experiment 2 has shown that:-

(1) Lesions to the r.n, or r.n, area effeét a significant
decrement in the perfarmance of a previously learned
avoidance task,

(2) r.n. lesions produce an increase in the mean time taken by
the bird to avoid electric shock (or produce an increase
in the time necessary to initiate a conditioned movement

~ Smith 1970).
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/ CHAPTER 8

VTHE EFFECTIS OF R,N, LESIONS ON PREVIOUSLY

ESTABLISHED KEY PECKING BEHAVIOUR FOR

POSITIVE REINFORCEMENT

It»will be recalled that the author has previously discussed
the experimental procedure utilised by Thompson and his co-workers
(1960, 196k, 1967, 1969) and has suggesfed that his (Thompson's)
results may well be attributable to an interference with conditioned
avoidance behaviour rather than to an amnesic effect on the visual
discriminanda and associated behaviour, being the view posited by
Thompson,

The only directly relevant publication, that of Myers (1964),
who demonstrated a deficit in retention of a triangularity dis-
crimination following lesions to the r.n. area was criticised on the
-grounds that the lesions were large, asymmetrical and crudely pro;
duced, Findings by Smith (1970),in the rat,of a deficient ability
to learn a black/white discriminetion snd of Ellen et al. (1964) of
no effect on bar pressing behaviour under a fixed intervdl rein-
forcement schedule do not contribute to the problem under consideration
i.e. the effect of r.n., lesions on previously learned behaviour in
a positive reinforcement situation,

Experiments were therefore designed

(a) to test the effects of r.n. lesions on behaviour previously

established by means of positive reinforcement,

(b) to test the role of stimulus complexity/tesk difficulty

on any amnesic effects following r.n. lesions,

and (c) fo attempb to more clearly delineate critical tissue areas
through the production of small lesions by R,F,
coagulation,

The positive reinforcement situation considered suitable was the
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traditional Skinner box in which the bird is trained to peck a disc
to obtain food. Such a situation is free from any aversive stim-
ulation unless one regards the omission of food (reinforcement)
contingent upon an incorrect response as being aversive, Whilst
it is not impossible that food omission is aversive it is likely
that there is a qualitative rather than quantitative difference
between the consequences of non-reinforcement and the application
of electric shock contingent upon an incorrect response.
APPARATUS
: The apparatus consisted of a two key Skinner box 18" x 18" x 18",
The keys were transluscent, allowing the projection of discriminanda
from behind, and outside of the experimental chamber. The stimuli
were projected by means of micro-projectors. A correct response
resulted in the immediate activetion of a grain hopper allowing
access to food for a predeterminéd interval, Three walls and the
ceiling of the experimental chamber were constructed from clear
‘perspex; the back plate, containing the keys and grain hopper, was
of aluminium, Illumination inside the box was by means of a 15
watt bulb placed over the centre of the perspex ceiling., The keys,
projectors and food hopper were automatically operated by meens of
electro-mechanical programming, Extraneous noise from relays etc,
was masked by continuousvwhite noise.
SUBJECTS

The subjects were twenty pigeons of mixed strain (Columba livia).
PROCEDURE

Twenty one days before the commencement of training four birds
were randomly selected to serve as a small group lesioned prior to
training (P,L. group)., Under Equithesin ansesthetisation the skull
was trephined and bilateral lesions of the r.n. attempted by R.F.

coagulation (see Chapter 2 for detailed description of the surgical
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end lesioning technique).

Four birds were assigned to a non-lesioned control group (N.L.)
and twelve to the experimental group lesioneé following initial
training (P.T.L. group).

A1l enimals were reduced to 80% ad libitum body weight prior to
the commencement of 'shaping' and held at that weight throughout the
éxperimant. Before training was begun each bird was given a period
of a few hours in the experimental chamber to habituate., Shaping
was accomplished in the usﬁal manner by means of an external key
operated by the experimenter, In order to obviate undesirable
ﬁosition preferences care was taken to reinforce approximately the
samé number of responses to each key at this stage. During the
shaping of pecking responses both keys were illuminated by a white
light with e brightness midway between the values of the illumin-
ation used in the brightness discrimination, again to avoid the
creation of preferences, |

Follaewing shaping, the birds were introduced to the first of
the threé discrimination problems utilised. The tasks were, in
ordér of completion,

1. Brightness

2. Colour-

3. Pattern
Task $ consisted of both keys being illuminated by white light, the
negative i.e. the non-reinforced key, being tﬁe brighter of the two.
The brightness levels were arranged such that the level of bright-
ness used during shaping was judged, by the experimenter, to be of
intermediate value,

Task 2 The positive key was illuminated with red and the negative
with green light, The brightness level of béth colours was randomly

varied to obviate its utilisation as a cue.
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Task 3 The positive stimulus was an oﬁtline square of %" and the
negative an outline triangle with base and height measuring %“.

- In each task the stimuli were randomly switched across keys
using the Gellerman random series (Gellermanni933).

Animals were given 20 discrete training trials per day on the
brightness task until a criterion level of 18 correct responses on
three consecutive days was reéched, whereupon they were given a
further 4O overtraining trials to ensure reliable conditioning.
Following the overtraining trials, the birds were introduced to the
colour discrimination problem with the same technique being utilised,
and finally to the 'pattern' discrimination,

| A:correct response, a peck on the key illuminated by the
positive stimulus, removed the stimuli end simultaneously activated
the grain hopper giving five seconds access to grain, This was
followed by a fifteen second ‘'time-out' interval befare presentation
of the next stimulus pair. An incorrgct response, to the negative
key, removed the stimuli and was followed by a twenty second time-
out interval, .

Papef print-outs recorded the nature and latencies of responses.
Immediately following the attainment of criterion plus forty over-
training trials on the pattern task, the non-lesion (N,L.) and post
training lesion (P.T.L.) groups were anaesthetised and subjected to
surgery. (see Chapter 2 for lesioning method). Group (N.L.) was
subjected to an identical procedure apert from fhe insertion of
lesioning electrodes and coagulation. The four birds which had
sustained lesions prior to training, (P.L.) group, were returned to
their home cages, where they remained until testing began.

Twenty one days following surgery all animels were tested for
retention of the previously learned behaviour. An identical pro-
cedur; to that used in training was adopted, i.e. where the bird

did not immediately attain the criterion level it was retbained
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until criterion was reached. In oarder to retain an identical
methodology forty additional trials were given following each test,
Immediately following completion of the retention testing,
groups P,L, and P,T.L. wefe sacrificed by en overdose of Nembutal
and perfused through the carotid arteries with saline solution
followed by 10% formalin., Each brain was sectioned transversely
at 4O p on a freezing microtome. Sections through the lesioned
area were stained with cresyl violet and examined for placement
and extent of lesion. The extent of the r.n. lesion was calculated
as a percentage destruction on the basis of a cell count using the
method outlined in Chapter One.
RESULTS
One of the P.T,.L. birds died during surgery reducing the number
in that group to 11.
Histology
‘ - Histological analysis revealed that all of the P,T.L. group
and three of the four P,L, animals suffered some damage to the r.n.
ranging from complete bilateral destruction to birds 15 and 20 to
minimal unilateral dest_ruction in birds‘ 19 and 20, Table3”1 shows
the estimated percentage destruction of the r.n. both left and right,
A procedural error whereby ‘the brain of bird 3 was left in
saline instead of formalin prior to sectioning, made the preparation
of stained sections impossible and estimation of lesion extent was
made from the unstained transverse section remaining on the micro-
tome freezing module and a sketch made., The percentage destruction
shown for bird 3 is therefore not as feliable as that for other
birds. It was clear from the transverse section that 100% bilateral
ro.n. destruction had been achieved, although other adjacent structures
had. most certainly been involved.

Fig.34 shows the maximal and minimal extent of lesions in the
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pP.T.L., and P, L, groups,

Examination of the brain of bird 1 of the P,L, group failed to
disclose any recognisable signs of a lesion, due one assumes to
either a procedural error or apparatus malfunction,

Test Results

Table32 shows the percentage error savings for each of the

three tests, [ Table 8-2a gives ihe rawdafe]

error savings = Training errors - Test errors x 100
Training errors

Statistical examination by 't! test revealed.that the only
significant difference (P < .05) lay between the P.T.L.

TABLE B4
PERCENTAGE DESTRUCTION OF RED NUCLEI

Group Bird  Right  Left  Mean
Prior Lesion | 1 none none -
(P.L.) | L 100 5 5245
5 100 50 7540
12 50 75 62.5
Post Training '3 1007 1007 ~-TO0.0 (see text)
Lesion
(P.T.L.) 7 100 55 7715
9 50 85 67.5
15 100 100 100.0
17 70 70 70.0
18 85 60 725
19 10 none 5.0
20 100 100 100.0
21 20 none 10,0
23 70 50 60.0
24 70 70 70,0
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TABLEg2 *

PERCENTAGE FRRCOR SAVINGS

(Training errars - Test errors 1009
( Training errors )
Group Bird Brightness * Colour Pattern
Prior lesion 14 765+ 100%+ 937+
(P.L.) L 62 100 99
5 85 100 89
12 _86_ 97 86
meen-= 77,7  mean = 99,0 mean = 91,3
Non-lesioned 6 90 100 H
(N.L,) 8 87 75 90
13 96 98 92
16 92 96 89
mean = 91,25 mean = 9.0 mean = 90.5
Post- 3 81 80 | 35
Training-
Lesion 7 80 69 70
(P.T,L.) 9 81 95 76
15 82 73 -52
17 85 100 70
18 6l 95 70
19+ 98+ 100+ 91+
20 95 9L 9
21+ 98+ 100+ 97+
23 8L 95 70
2k 87 100 L3

mean = 82,1

+ Excluded from calculations (see text)

mean = 89,0 mean = 46,8

Only the difference between the means of N,L, and P.T.L, and

p.L. and P,T,L, on the pattern test were significant. P £ .05

X See appendix 3.
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Kaximal and minimal extent of lesions in P.T.L.

and P.L. groups.
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group and the two control groups on the pattern tést. Only the
results of tﬁose birds having suffered bilateral destruction of the
2.0, were included in the statistical treatment, it being clear that
the omitted results of birds 19 and 21 were quite atypical of thg
experimental group.,

Fig.32 displays the error savings on the pattern and colour
tesfs as a function of mean percentage destruction of both r.n.,
brighness beiﬁg omitted in the interests of graphical clarity, it
being'clear that no relationship existed (see the correlation
coefficients in Table®:4discussed below).

Table g3 shows the response latencies, i.e, the period between
the occurrence of the stimuli and the birds' response, presented as
a difference between the méan latencies of training and testing
during the last twenty correct trials for each task, where it could
be assumed that latencies would be close to asymptote. The P,T.L.

group was not significantly different from the N,L. within any of

the tests,

Spearman rank-difference c;rrelation coefficients (Table$:k)
(McNemar 1962) were computed far percentage destruction and saving
séares, percentage destiruction and latency difference, performance
on each test, and within each test between savings and latencies,
Significant coefficients were found for percentage destruction and
both colour and pattern savings of .72 and .83 respectively, between
colour and pattern savings of .64 and between percentage destruction
and response latency on the brightness task of -,68.

DISCUSSION

It is of course impossible to analyse the findings
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TABIE -

MEAN RESPONSE LATENCY DIFFERENCE (mean test-

latency-mean training latency) OF THE LAST-

20 CORRECT TRIALS OF TRAINING AND TESTING

Group Brightness Colour Pattern
P.L, 1+ - .13 secs, .05 secs, - J44 secs,
L - 03 W07 - .38
5 »03 .05 @27
12 | Ol .08 - W07
mean L0 mean ,07 mean - ,06
N,L, 6 - .12 .00 - 07
8 O 07 oOL
13 .02 - .08 . 0
16 A2 - .03 .05
mean ,L02 mean ,01 - mean N
P.T.L3 - o0k 1 29
7 .06 - .06 <04
9 o2 .07 A
15 05 0 - ,02
17 - .08 .07 - 03
18 Ok - 04 - .13
19 «05+ .05+ L7+
20 - .12 .06 .09
21 - 19+ .08+ A7+
23 15 .03 - .02
o .00 N .22
mean ,02 mean ,03 mean | .08

+ Excluded from calculations (see texf)

-

The differences between mean latency differences within

each task are not significant (P ) .05)
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| TABLE 8-/
SPEARMAN RANK DIFFERENCE
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Ps P1

35(3)  .29(2)
52(1)  =.02(6.5)
9(2)  .09(x)
70(5.5) LOL(5)
70(5.5) =.13(9)

.03(5.5) 73(8)  .22(3)
.07(2.5) 70(5.5) -.03(8)
07(2.5) 76(9)  .31(1)
«03(5.5) 70(5.5) -.02(6.5)

CORRELATION  COEFFICIENTS
BN D B OB s a
3 100(2) 81(3.5) =.04(7) 80(3) A1(1)
15 100(2) 82(5)  .05(&) 73(2) .01(7)
20 100(2) 95(9) =.12(9) 9(4) L06(4)
7 77.5(k) 80(2)  .06(3) 69(1)  -.06(9)
18 72.5(5) 64(1)  .0(5) 95(6.3) -.0L(8)
24 70(6.5) 87(8)  .00(6) 100(8.5)
17 70(6.5) 85(7) -.08(8) 100(8.5)
9  67.5(8) 81(3.5) .12(2) 95(6.3)
23  60(9) 8%(6)  .15(1) 95(6.3)
KEY
D = mean r.n, destruction
Bs = Brightness savings
B = latency difference on brightness task
Cs = Colour savings
C1 = latency difference on colour task
Ps = Pa.'l;.tern savings
P1 = latency difference on pattern task
Correlation P Sig.Value
D/Bs .07 N.S. .
D/B1 -.68 P £ ,025
D/Cs .72 P< .01
D/C4 -.07 N.S.
D/Ps - .83 P < 01
D/P1 .08 N.S.
Bs/B1 o5k N.S.
Cs/CA -.30 N.S.
Ps/P1 -.20 . N.S.
Bs/Cs «39 N.S.
Bs/Ps JA2 N.S.
Cs/Ps 6L P ¢ .025




of these experiments in terms of specific deficits and to compare
the findings with those of the *'Thompson school! due to the species
differences involved., Results derived from lesions of the r.n. in
the rat showed retention deficits in:-

(1) Brightness discrimination - (Thompson et al.196k,

and 1967, McNew 1968)

(2) Pattern discrimination - (Thompson 1969, McNew 1968)

(3) Size discrimination (McNew 1968).

The results of the present expefiments do not disclose any
retentibn deficit in the pigeon, following r.n, lesions, on either
brightness or colour disériminations, the latter not of course
being possible in the rat, and the former probably a more difficult
discrimination far the rat, being essentially a nocturnal animal,
than for the pigeon, However in common with rats, a deficit has
been shown in the‘retention of a 'pattern' discrimination which
suggests that the avian r.n, may have similar functions., It is
however clear that lesions of the r.n. in the pigeon do not
obliterate recall of all learned visual discriminétions.

It could be posited that the deficit on the pattern task is due
to the fact that the same order of task presemtation, i.e., brightness-
colour-pattern, was used throughout and that the result is due to
some form of proactive interference or negative transfer._ Were this
so, one would anticipate similar eff'ects in the control birds, whioch
did not occur, or if an interaction between lesion and proactive
interference was hypothesized, an effect on the colour task would
be predicted, which again did not occuwr. The proactive interference/
lesion interaction hypothesis would also suggest that the P.L, group
should be deficient in the ariginal learning of the problems relative
to normals., Inspection of the figures presented below (Table®3) do

not substantiate this.
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TABIE 5 %

ERRCRS TO CRITERTION IN INITTAL LEARNING

Group Brightness Colour Pattern
P.L.1 + 3k 58 Bk
L S5 7 19k
5 : 67 i2 98
12 30 m=l7 35 m=28 482m=258
N,L.6 26 Lo 268
8 57 29 193
13 A 57 L8 36k
16 53 n=48 30 m=37 297 m=280

+ Excluded from calculations (no lesion sustained),
Differences not significant P 3> .05

The non-signifiicance of the latency difference between P,T.L,:
and N,L, groups (Table$:3) and the correlation coefficient of ,08
between mean r.,n, destruction and latency differences on the .
pattern test (Table%k) suggests that the savings deficit on the
pattern problem is not attributable to a motor disturbance.

The correlation coefficients of .83 and ,72 relating lesion
extent and performance on the pattern and colowr tests respect-
ively, suggest, as Thompson (1969) found in the rat, that the
extent of r.n. destruction directly influences the magnitude of the
deficit, The latter coefficient suggests. ) that larger lesions
may have produced a deficit on the colour task as does the .6
correlation between pattern and colowr savings., If this is the
case, it is difficult to see why there is no correlation (.07)
between brightness savings and r.n. destruction, unless performance
of learned brightness discriminations is determined by other systems.

The author can offer no explanation for the significant negative

* See gppendix I,
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correlation (~.68) between mean r.n., destruction and latency
difference on the brightness task, for this would mean that large
lesions tend to be associated with reduced testing latencies, It
must however be realised that the correlations were a *post hoc!
exercise and spurious significances would not be totally unexpected.

The essential difference between the results obtained by the
workers. previously cited, in the rat and the cat, and those of the
present study is largely one of degree. Thompson and his co-
workers (1960, 196k, 1967 and 1969) and Myers (196L) obtained a far
nore definitive effect on retention that that shown in this series
of experiments, Once again bearing in mind the dangers of com-
paring across species, two points appear relevant, Firstly, the
lesions utilised by the aforementioned authars were much larger than
those of the present study in which on only three occasions was 100%
bilateral destruction achieved, the remainder being largely re-
stricted within the r.n., Secondly, the tests used by these authors
would, it seems, fall within the category of difficult visual
discriminations, (size, verticality, cross v disg,brightness and
triangularity) whereas the colour and brightness problems used by
the present author fall withinAwhat could be called *easy' dis-
criminations for the pigeon (c.f. mean errors to criterion in Train-
ing, 48 and 37 for brightness and colour respectively and 280 for
pattern - Table$s).

If then the avian r.n, is functionally similar to that of the
mammal and certainly the physiological studies ocutlined in Part 1 of
this thesis suggest a close similarity, it may be that in the rat and
cat lesions restricted to the r.n, would effect a disruption of only
difficult discriminations.

In terms of the findings of the experiments reparted in this

Chapter, two hypotheses can be posited:-

142




(a) Lesions of the r.n, in the Pigeon affect retention of
-difficult problems only,'
and (b) lesions of the r.n, in the pigeon effect a deficit only
of learned !pattern' discriminations.

In retrospect, it is clear that an ei:periment utilising a
tdifficult® task, not involving 'pattern! is necessary to clarify
the issue, Hypothesis (a) agrees with Smith's (1970) complexity
thesis,

Neither hypothesis posits any physiological mechanism, both
being entirely descriptive of the data., The electro-physiological
results outlined in Part 1, together with the results of other workers
on the physiological basis of behaviour, suggest a tentative hypo-
thesis which is offered in the overall conclusion to the work

" described in this thesis (see Chapter 9).
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CHAPTER 9
CONCLUSIONS

The physiological experiments and observations described in
Part 1 of this thesis have shown that in many respects the r.n., of
the pigeon and presumably that of the avian species generally,
bears a close resemblance to that of the mammal,

It was shown in Ch, 1 that the pigeon r.n, is righly supplied
with fine blood capillaries and is made up of not only the distinc-
tive large cells but also consists of medium and small cells, Both
high vascularity and large cells are characteristic of the mammalian
r.n, The former feature may be simply due to the metabolic
requirements of the area or may poésibly iﬁdiéate the operation of
hormonal processes. In this conmtext Kishide et al (1960) found
that chemical stimulation of the r.n., in the rabbit, produced
mastication, salivation, vomiting, chattering of téeth, increased
respiration and atexic walking, which essentially replicated the
effects of peripheral injection, and could not be obtained elsewhere
in the C,N.S.

The lesion and stimulation studies reported in Chs, 2 and 3
were consistent with mammalian work with regard to transitory
abnormalities in leg and neck muscle tone ip the former and contra-
lateral rotation and ataxia in the latter.

The '*mapping'! experiment reported in Ch, 4 in which the pigeon
brain was systematically stimulated electrically and recordings
made from the r.n, indicated that, as in the mammal, the major input
is from the cerebellar nuclei. Comparable links were also shown
with the hypothalamus., The surprising finding from this experiment
was the connections with the assumed avian homologues of the
mammalian septum and amygdala, which have not been shown to be

present in mammals although, as was pointed out, indirect pathwsys
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may possibly exist.

It was shown in Ch, 5 that both species possess inputs from the
major sensory modalities amd in addition the cells of the r.n, of
the birdAand mammal respond to sensory stimulation with a character-
istic period of inhibition,

The results of the behavioural experiments reported in Part Two
demonstrate strong similarities to those produced in mammalian work
in that lesions of the r.n, produce apparent disruption of pre-
viously learned behaviour, An attempt was made to analyse the
findings of the 'Thompson school' by breaking down their experi-
mental procedure, The suggestion is made that if, as in the pigeon,
an important effect of r.n., lesions in the rat is the disruption of
previously established avoidance béhaviour, then to use the procedural

method adopted by Thompson and his co-workers, involving avoidance,
in the investigation of visual discrimination, renders any results
meaningless, R.N, lesions in the pigeon were however shown to
produce a significant deficit in 'pattern! discrimination established
through positive reinforcement but not of brightness or colour.

Other suggestions could be made to explain the observed
behavioural phenomena:-

(1) A reduction in motivation,

(2) A motor performance deficit,

(3) A reduction in sensory sensitivity.

Dealing with the avoidance experiment first, a motivational
reduction would presumably mean a reduction in fear, The lesioned
animals were however indistinguishable from normals in that the former
in re-training and the latter in initial training, when at the 'escape!
stage of learning both manifested the same response to the light C.S,
of cessation of movement and orientation of the body towards the
1goalt compartment. In addition, the observations in

Ch. 2 indicate a recovery of general emotional
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behaviour to the presence of the experimenter. It is suggested
that this behaviowr pattern indicates fear, Whilst it is possible
that the animals did suffer some motor impairment, it was pointed
out in Ch, 7 that an examination of the avoidance responses that did
occur well befofe criterion was reached, disc}.ose that successful
reactions were well within the 5 second period before shock onset,
Clearly the motor ability for avoidance was present., It will be
recalled, that before each block of trials the animals! sensitivity
to shock was tested and the level set to produce obvious signs of
discomfort. In general, each animal; both experimental and control,
required increases in shock intensity dwring the period of the
experiment, probebly due to increased shock/electrode/tissue
resistance, It is suggested that the setting of shock values
“before each block of trials would counteract any reduction in pais
sensitivity produced by r.n. lesions.

Referring to the positive reinforcement experiments, it seems
unlikely that motivation reduction could be responsible for the
deficit, for the animals disclosed a savings loss on only one of the
three tests in which, one assumes, motivation was a constant., With
much the same reasoning a motor performance deficit is ruled out
for an identical motor pattern was required in each of the three
-testé.

Whilst it is not impossible that the lesions of the r.n., may
effect visual ability through damage to the adjacent third nerve
and consequent deficit in eye movement control, the results of the
birds lesioned prior to initial training suggest that this could
not be a detérmining factor of the deficit on pattern discrimination
(see Table “8¢51.%). The only hypothesis, in terms of a visual
loss, which could explain the I_large savings loss of the experimental

group in testing, would be if the lesion effects on vision were such
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that the animal was forced to utilise different cues to solve the
square v triangle test. In other words, lesions prior to training
may produce little efflect on ability to learn the discrimination,
although the animal may utilise different cues, whereas lesions
following initial training would necessitate the bird relearning
the discrimination due to the loss of previoﬁsly available visual
information, This possibility could be examined by attempting to
restrict lesions to the third nerve., The mammalian third nerve

is responsible for eye movements, accommodation, and sphincter con-
traction (Davson 1962) and the observed effects, listed in Ch, 2 ’
of ren, lesions which damaged this nerve included pupil dilation
and paucity of eye movements suggesting that much the same function
is served by the avian third nerve, If the third nerve of both
species subserve similar functions, it is possible that the lesions
~of the mammalian r.n., which also would involve third nerve damage
- indeed McNew (1967b) cites abnormal pupil dilation as one of the
results of r.n, lesions, - may be an explanation of the results
obtained by Thompson and his co-workers., However, McNew (1967b)
considered the possibility of a perceptual deficit arising from
r.n, lesions and found that although rats with r.n. lesions were
deficient relative to normal controls, in a size threshold discrim-
ination, in which a A" circle had to be discriminated from 13", 20,
24" and 3" diameter circles, they were not significantly different
from animals which had suffered midbrain lesions slightly dorsal to
the r,n. Whilst it is clear from his photographic material that
in all cases damage was probably sustained to either the third nerve
or its nucleus, in a test of retention of size and 'pattern' dis-
criminations the r.n. lesioned animals showed a significantly
greater loss than the rats with lesions dorsal to the r.n, In other

words, although involvement of the oculomotor nerve may be
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responsible for some loss in visual ability such damage is
insufficient to account for the whole of the retention loss,
Bearing in mind that we are here concerned with the avian as opposed
to mammalian species, sufficient evidence for a high degree of
physiological similarity has been presented to warrant the assump-
tion th;t similar results would obtain in the pigeon, although
experimental support is obviously necessary.,

The integration of physiological with behavioural data is
of'ten difficult especially in the avian species for which brain
mechanisms and particularly forebrain mechanisms are largely
unexplored, However, the links demonstrated between the medial
archistriatum and r.n. reported in Ch, 4 and the behavioural find-
ing (Che 7) of a significant deficit in the retention of a two-way
#voidance task received some support from the work of Phillips
(1964, 1968). Phillips showed that lesions of the medial archi-
striatum produced greatly reduced escape or avoidance responses in
the Mallard (1964) and in the Peach-Faced Lovebird (1968) and also
that stimulation of the same area, in the former study, produced
escape behaviour, although the latter finding was not confirmed by
either Putkonen (1966) or Maley (1969) both of whom found that
electrical stimulation glicited patterns of attack, However, as
Putkonen (1967) points out, the difference may well lie in the
interpretation of the reactions or in different environmental
conditions during stimulation. The latter author, in the same
repart, describes fear-like responses from some septal (parolfactory)
areas, It will be recalled that in Cha. 4 I present electro-
physiological evidence of a pathway linking this region to the r.o,
In general, I have shown r.n, links, in the pigeon, with what
Putkonen (1967) describes as the axis for emotional reactions, of

archistriatum - tractus occipito mesencephalicus - area septalis,
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It is however clear that the role of the r.n, in this system is not
simply that of comtrolling the motor manifestation of fear/escape/
avoidance emotions, for, as stated earlier, the lesioned animals
were not apparently deficient in overt emotionalAresponses at the
time of behavioural testing although they did éuffer a transient
hyporeactivity during the first fourteen days following surgery.
This point will be discussed later in this chapter.

The olfactoty bulb connections with the r.n, reported in Ch, 4
may simply indicate a sensory input in addition to those reported
from visual, auditory and somgesthetic sources., However, the
olfactory bulb is included, at least in the mammal, in the limbic
System which includes septal, hippocampal and amygdaloid regions,
and may well also be the case in the avian species. Lesions of the
olfactory bulb and olfactory nerve section in the pigeon have been
carried out by Wenzel and Salzman (1968a) and Wenzel et al (1968b)
who found that such lesions produced retardation in the birds!?
ability to learn a simple key pecking behaviour for food and that
the deficit appeared to lie in the animals! poor orientation towards
the food hopper and light. They also found that the heart rate
response to the light did not habituate unlike that of the control
birds. A recent publication by Thomas (1973) reports that olfactory

bulb ablation in the rat produced a disruption of one way and a

facilitation of two way active avoidance, This finding will be
discussed later in this chapter.

The major problem of interpretation of the results of the
behavibural‘tests remains t hat of linking the r.n. in a functional
system, disruption of which would produce the observed phenomena,
bearing in mind that the major caulal efferent tract, the rubro-
spinal, is involvedAin motar control,

Vanderwolf (1971) postulates that voluntary and involuntary
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behaviour are distinguishable by the structuresinvolved in their
initiation and perfarmance in that the former depends on the activ-
ation of an ascending pathway from the diencephalon to the hippo-
campus énd neocortex which is not necessary for the performance of
_automatic behaviours. He believes the pattern of motor activity
to be determined By'farebrain structures including the coupling of
the pelevant drive state, the overt behaviour resulting when this
stored programme is activated by a trigger mechanism largely located
:Ln'.the diencephalon., He implicates the medial thalamus in the
triggering mechanism on the basis of a number of exPerimen£al
obser%ations viz:~ Following lesions of the medial thalamus, rats
were unable to avoid shock in an avoidance situation although escape
behaviour was relatively intact. The effect was apparent whether
the lesions were made before or af'ter training, of if they were
tested in a one or two way avoidance situation, Furthermore the
effect did not disappear with time, the animals still being unable
to avoid as long as a year after surgery. In a very careful
analysis ofhthe phenomenon Vanderwolf concludes that ",..,.the
defect appears to lie on the initiation of movement, in dysfunction
of a mechanism linking perceptual, mnemonic, and motivational |
systems to the voluntary motor system. There may be two distinct
phases in higher level motor control. First, a programming
mechanism must select from a large number of possible movements
those which are appropriate in a given situation, The central
representations of these movements must be maintained in a sub-
threshold state of excitation for some time in such a way that they
can be activated in a particular order., Then, at an appropriate
moment, a trigger mechanism fires of f whatever motor activities
have been programmed....."

In many ways the behaviour of the medial thalamic lesioned
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rats is similar to r.n, lesioned rats described by Thompson and

his collaborators (see e.g. McNew,1967b) and also bears a partial
resemblance to that of the lesioned birds described in Chs. 2 and 7.
All aniﬁais were initially incepable of feeding or drinking without
assistance, were hypoactive, suffered from defects in muscular tone
but recovered such that within 14~21 days they were indistinguish- °
able from normal animals., All animals were deficient in tests of,
or involving, avoidance of electric shock, The majof difference
between the effects of medial thalamic lesions and r.n, lesions is
that the animals are capable of relearning the task in the latter
case but not in the former, Medial thalamic lesions do not affect
simple appetitive tests such as bar pressing for food or water and
this is also true of r.n. lesions (Ellen et al. 1964). Unfortunately,
the present author can find no report of a test of medial thalamic
lesions on 'complex' discrimination tasks which, as has been shown,
are affected by lesions of the r.n. in the pigeon (see Ch, 8) and
in the cat (Myers,196L). ‘

In short, the effect of lesions to both areas is to produ;e,
by and large, very similar behavioural symptoms except for the
inability'of medial thalamic lesioned animals to relearn an avoid-
ance task, It is possible, if Vanderwolf's theory is correct, that
the r.n. is an integral'part of the system involved in the carrying
out of learned motor acts and although no direct links have been
shown to exist between it and the medial thalamus, indirect path-
Wways may well exist perhaps by way of the rubral projection to the
ventro-lateral thalamus (the efferent and afferént projections of
much of the medial area of the thalamus are largely unknown
(Grossman,1967),  The findings of Smith, (1970) in the rat, and
myself, in the pigeon, that r.n, lesions effect an increase in the
time necessary to initiate a conditioned response suggests that it

(the r.n.) could form part of Vanderwolf's triggering mechanism.
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The alternative hypothesis, offered by Thompson (1969) is that
the r.n, or r,n, area is involved in ",... a highly localised
cartico~-subcertical system mediating visual discrimination: habits
in the rodent", along with the posterior thalamus and sccipital
cartex., Although the present author has shown, albeit in a
different species, that Thompson's results may be largely attri-
butable to the fact that his methodology includes an avoidance task,
which as is shown in Ch. 6 is greatly disrupted by r.n. lesions, it
nay well be that the occipital cortex and posterior thalamus would
prove to be involved in the performance of such behaviour, perhaps
, specifically where the task is coupled with a visual discrimination.

It will be recalled that it was shown in Ch, 4 that the avian
r.n, is linked to the assumed homologues of the mafmalian septﬁm
and amygdala., Both of these structures form part of the limbic
system believed to be involved in the regulation of emotional
behaviour (Grossman,1967). Lesions of the septal area in the
mammal effects a variety of behavioural phenomena such as impair-
ment of learned passive avoidance in which the animal must omit a
response in order to avoid shock (McCleary31961), either a facilit-
afidn of or impairment of two way active avoidance, according to
whether the lesions are produced before or affer initial training
respectively (see Grossman,1967 for a review), but an impairment of
one way avoidance behaviour whether the lesions are produced befare
or after initial training (Kenyon 1962, Rich and Thompson,1965).

Zucker (1965) cast some doubt on the latter result by suggest-
ing that the impairment when lesions were produced before training
is due to the animals' aversion to being handled in the one way
situation and went on to show that where handliﬁg does not occur,
septal lesions effect a facilitation of one way avoidance. In

positive reinforcement situations septal lesions increased the
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number of perseverative errors in a discriminated operant task
(Schwartzbaum et 2l,196L.) and also produced a deficit in a simple
position habit by similar perseveration (McClea.ry,1965). The latter
author suggests that the perseveration may be due to the loss of a
‘mechanism responsible for the inhibition of non-reinforced or punished
responses. This would explain the various impairments resulting
from septal lesions but can not explain a facilitation of initial
training in active avoidance unless due to a ‘hyperactivity arising
from irritibility of tissue sui'rounding the lesioned area,

In addition to the Phillip's (1964 ) report of reduced avoidance
following lesions of the supposed avian homologue of the amygd’éla,
Horvath (1963) found that lesions of the amygdala in the rat,
| impaired the retention and acquisition of active avoidance, both
one and two way, whilst Schwartzbaum et al. (1964) demonstrated no
effect on either acq_uisitfi.on or retention of an auditory discrim-
ination, 3By and large the major effect of amygdalectomy appears
to be that of the Kluver-Bucy syndrome in which ainimals become
- tame, displaying little sign of fear or anger.

It would seem in general that septal, amygdaloid and r.n,
lesions in the mammal effect similar impairments in retention of
active avoidance and septal and r.n, lesions tend.to produce
impaired retention of habits acquired under pbsitive reinforcement
conditions (perhaps I;estricted to difficult discriminations). I
have shown much the same effects in the pigeoﬁ following r.n. lesions
and Phillips (196k4) has demonstrated impairment of avoidance
reaétions ensuant upon lesions of the archistriatum, the assumed
avian hbxﬂologue of the amygdala. It is by no means wild specu-
lation to predict that lesions of* the parolfactory lobe (assumed
equivalent of the mammalian septum) of the bird would also have an

effect on avoidance behaviour., The suggestion is made that septum,
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amygdala, r.n, and probabiy other limbic structures including the
olfactory bulb (lesion of which has recently been shown to produce
simiiar effects on avoidance conditioning - Thomas,1973), are com~
ponents of a mechanism involved in learned motor behaviour,

The physiological validity for linking these areas has been
given, at least for the pigeon, in Ch.) based on an extensive
mapping of connections of the r.n,

Problems arise with the integration of some of the other pro-
Jjectiens outlined, The efferent link with the avian nucleus
rotundus may be simply a further visual input, if the rotundus, as
Karten (1969) believes, is exclusively visual. However as pointed
out in Ch, 4, Baker-Cohen (1968) has criticised Karten's thesis
on methodological grounds and the suspicion must remain that the
nucleus rotundus may well have functions other than as a visual way
station, Bearing this in mind, the visual discrimination deficit
following lesions of the rotundus (Hodos and Karten, 1966) may well
represent a learning/memory deficit rather than a perceptual loss.,
This point is reinforced by the fact that the degree of retention
deficit appears to be related to difficulty of discrimination, a
fact'reminiscent of r.n, lesions, It is not impossible that the
nucleus rotundus is functionally comparable to areas of the mammalian
thalamis. As has been described earlier, lesions of the mammalian
medial thalamus (Vanderwolf,1971) and posterior thalamic lesions
(Thompson 1969) (although és these structures ere adjacent it is
doubtful whether in either study,damage to both areas was avoided)
produce impaired retention of avoidance behaviour and in the
Thompson experiment, impaired retention of visual discrimination

4with the severity of the deficit being related to the difficulty of
the discrimination, It would be ipteresting to determine the

effects of lesions of the nucleus rotundus on previously established
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avoidance behaviour,

By way of conclusion, in the avian species, the r.n. appears to
be involved in the performance of learned avoidance behaviour and
difficult visual discriminations established wnder positive rein-
forcement, It is suggested that basal forebrain structures in-
cluding septum and amygdala may be involved. The precise mode of
action of the r.n, in the performance of certain learned behaviours
is not known, although it has been tentatively hypothgsised that it
may form part of a triggering system of voluntary behaviowr (it
seeming only logical that the motor effects of the nucleus must
play some part in the learning phenomena) along the lines suggested
by Venderwolf (1971). It is not impossible that the inputs'from
the ma jor sensory modalities (see Ch. 5) coupled with feedback from
muscle may be involved in the selection of behaviour perhaps by
providing postural/spatial information necessary for the mnemonic

coding of appropriate motor acts.
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ADDENDUM

A very recent publication by Routtemberg and Holzman (July
1973) in which electrical stimulation of the substantia nigra in
the rat, while they were learning a passive avoidance task, pro-
duced impaired retention, whereas stimulation of adjacent structures
including, so they claim, the red nucieus, was without effect. Were
this so, then some doubt would be cast upon the conclusions that I
offered above., However, examination of their figures showing
stimulation sites, clearly shows that only once was an electrode
sited in the r.n, and even this was located at the anterior dorsal
Junction with the midbrein reticular formation., I would suggest
that 'th;'i.s is insufficient evidence for their sugge‘stion of no
effect on retention following r.n, stimlation, The fact that they
obtain a disruption of retention following stimulation of the sub-
stantia nigra may in fact provide confirmatory evidence for the
suggested'role of the r.n, in the performance of learmed behaviour,
for the substantia nigra is closely linked to the r.n, (Carpenter

and Stevens,1957) see Fig. 2 Ch. L.
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APPENDIX 1

Table 8.5 has been expanded to include the errors
to criterion,in initial learning, of the P.T.L.
group, thus increasing the number of non-lesioned

animals against which to compare group P.L.

Group . Brightness Colour Pattern
P.L.

4 45 7 194

5 67 42 98

12 30 35 482

mean 47 mean 28 mean 258

N.L. :

o 26 40 268

8 57 29 193
13 57 48 364
16 53 30 297

3 75 24 238

7 59 13 189

9 47 20 180
15 49 15 150
17 66 52 175
18 38 18 175
19 47 20 158
20 44 38 365
21 54 33 376
23 45 4] 222
24 85 32 132

mean 53 mean 30 mean 232

Differences between group P.L. and non-lesioned
animals remain not significant on a 'ttt test

PS> .05 (two-tailed).

Additional 't'!' tests on the acquisition data given
above disclose no significant difference between
the means of the P.T.L. group and those of P.L.

or N,L. (P>.05)




APPENDIX 2

The statistical significances given in Tables 7,2, 7.3
and 7.4 are based on a one-tailed 't' test. The reasons for

so doing are in accordance with McNemar(1962) who states

(pe62) «.. ' Since the situation involving prediction is
equivalent to taking ., the hypothesis that the difference

between two population values is in a specified direction,
it is not only defensible to use a one-tailed test but act-

ually better in a sense that if there is a real difference
in the predicted direction it will be more apt to be det-

ected by a one~tailed than a two-tailed test.’
Concerning the data in Tables 7.2 and 7,3, it was pred-
icted( based on the results of the Thompson 'school!'),
that lesions of the r.n. would produce a deficit in ret-
ention of avoidance behaviour and thus a one-tailed test
was considered to be appropriate.( The results would how-

ever still be significant at a P .05 level on a two-tailed

14! test)

Furthermore, it is suggested that the one~tailed test
applied to the data in Table 7.4 is justified; firstly on
the grounds( although not specifically mentioned) that it
was obviously predicted that lesions of a nucleus. known to
be involved in motor control would produce a motor deficit
which would be reflected in longer running times.( It would

not be logical to predict an improved motor ability which

would be necessary for the other tail of the distribution.)

Secondly, & motor deficit nhypothesis, rgquiring refutation,

was set up as a possible explanation of the results, In

fact,the use of the one~tailed test was favourable to the

acceptance of the motor deficit hypothesis and thus contrary

to the general explanation of the learning deficit advocated

by the author.
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APPENDIX 3

The appropriateness of 't' appears to be debatable.
It seems that a Kruskal-Wallis one~way analysis of
variance(lMcNemar,1962) is suitable in this situate

iont The results obtained from the latter analysis

are as follows:e

Brightness X = 1,6 dof. 2 Not significant
Colour a v 3a44 " Not significant

Pattern nou 11,18 P P< .01

The results of this analysis in no way alter the
development of the argument in the text apart from

the improvement in significance level of the defi-

cit on the pattern task.

* My appreciation is offered to Drs GeR.J. Hockey
and D.C. Howell for their advice on this matter.
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APPENDIX 4

Technical Data

1., Schenvar 31 lacquer is obtainable from:-

2.

3e

4.

Se

Schenectady Varnish Co.
Four Ashes,
Wolverhampton,

Elgc}rgdg insulation - following each coat of lacquen
the electrode was 'baked' in a thermostatically con-
trolled oven at 130°C for five hours,
Elgctric_shogk was delivered by a Grason Stadler shock
generator, model E1064GS.
§.§.£r§dio_f£egugngy) parameters used in the lesion
experiments described in Chs, 2.7 and 8:~

approx 20-30ma, lOOkHé, duration- l5secs, for

lesions described in Ch.2 and 1lOsecs, for those

in Chs., 7and 8.

gtimglgtgog arrangement consisted of a Grass 5S4

stimulator with stimulation isolation unit 514 feeding

through a 100K .n resistor(giving approximate current
constancy) and a 1Ko resistor in series with the
electrodes implanted in the subjects(impedance approXe
6K 0.). The current was monitored by displaying the
voltage drop across the 1K Q. resistor through the diff-

erential input of a 502 Tektronix oscilloscope.
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