
TKES© 3î® H im a> FOR ÎIJB mGRBB OP DOCTOR OF KlHÆSOPIir

September, 1968

TUe visual ayetem of the mimov (Eboxiimm fthœdnus ; ,
errfcu4»c

wlth-epeela l referonoe to  its  rolatlmiohip to  oolour 

change and bohtnrlooar

by

H I C H A S L  J  0 H B G S H T L 5 ,  6,So. 

Bedford College 

London Uoivemlty

/

-V ■ #
- . . .

\ j
fe-



ProQuest Number: 10098164

All rights reserved

INFORMATION TO ALL USERS  
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com plete manuscript 
and there are missing pages, th ese  will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10098164

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346





m m i ,

The omtotqy of the retina wan studied and ccsimte wore 

made of the retinal el^scnts* It was found tM t the rods single 

am] double cones decrees© In number centrally and the trip le  

and quadruple cones increase centrally» The visuel acuity calculated 

from the counts do not a^ree with the acuity figures given by other 

\jorkers. The dorsal or ventral parts of the retina were removed 

surgically or destroyed by high Intensity light# The chromatic 

behaviour of these fish  led to the conclusion that the idK>le of the 

retina is  Important for normal chromatic adaptation to white or 

black background^#

The onatccy of the optic tract# diiasma# geniculate complex# 

and optic tectum are described# The fibres from the optic tract 

were traced into the brain# The ab ility  of the fish  to adapt dbrmati- 

cally after cutting the optic tract and/or the ablation ^  the optic 

tocttan indicated that the fibres whidi are imjx>rtent in boĉ kground 

adaptation enter the geniculate complex frm  the retina and from there 

run to Ihe tectum# In the tectum the final interpretation of the  ̂

background occurs#

\ ■ ■■ . ••

The region #ter© the fibres involved in cliroaatlc adaptation

poos out of the tectum woe identified and the fibres were tra<^ to 
' ' -, 
the medullary centre# This is  Ascribed#



' noejpiuiiĉ rtaifiO i/&ro recorded fr m  bipolar ©lectrodae in 

tlio optic tectiaa# The surface seC mnplitvâô appoam to be 

coxTolatod ^dth the retinal Input* Hecordlnga from electrodes 

l%)lantcd at different depths showed frequency changea a^aociatad 

with the tin t of thie background*

A possible hypothesis for the mschanlsm of the central 

nervous control of colour dmnge Is pi’opooed*

The pattern of the locomotory Wmvlour of normal̂  blind» 

and teetal damaged fish  In conditions of lindted confinement 

are deecribod and the r&Le of the optic tectum in the control of 

general and motor behavicwr are discmsed#

It Is experimentaUy demonstrated that the optic tectum 

plays an important rSle in the control of the Heuthmr ce lls of 

the medulla» and the rdaticmehlp between the téetun and the 

îiauthner ce lls is  discussed.
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(a) Ajjis_\sm.

A oonolderable volume of work hoc been dtme on the teloostean 

eye, especially  the amtomy of the retina» the more notable contri

butions being by Frans (1913)» V errier (1923), Imnder (1925, 1930),

McFwan (1938), Walls (1942), Lyall (1956, 1957 a ,b ,) ,  B rett & All 

(1958), Kngotr&n (i960, 1961, 1963 a ,b .)  H ngsti^  «é Ahlbert (1963),

0»Connell (1963), and Blexter & Jones (1967).

The eye of the minnow has been worked on by von Frisch (1925),

Wunder (1925, 1930), BruhAer (1935), Lyall (1956, 1957 b) and 

Hngatrfto (i960). They a l l  reported thte presence of rods and of single 

and double cor^s, but only the work of Lyall and of KngstrSei reported 

the presence of t r ip le  and quadruple cones.

Erumer> (1935) medo behavioural studies of the v isual acuityC -
of the minnow eye and found th a t the minimum separable v isual angle 

was about 11*. Unfortunately, th is  work waa not, extended and th is  

figure only applies to  one regicm of the re tin a .
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The cye has been known from the time of L is te r  {1B5B) to  be 

the primary organ concerned with colour change in  ohrcsnatic azrWals* 

Pouchet (1B76, 1872) found th a t i f  the eyes were removed the tro u t ,

:;almo tru ttf i , could not cliaag© colour or adapt to  the bac%roqnd.

The f i r o t  experiments to  bo performed on tiie eye, and colour change, 

were by vmx Frisch (1911), who covercdXtrout, i>âlS2Jé33tii$ô> with 

a mixture of lampblack and vaseline* This usually  - f e l l  o ff  a f te r  a 

period of 15 minutes or le s s .  Covering the whole eye resu lted  in  

noTMnaxiioal darkening of the whole body; covering the lower h a lf  of 

the oye resu lted  In g rea ter darfcenlng than th a t following complete 

covering of the eye or th e ir  removal (p, i% ) |  catering the upper 

pert of the eye had no effect* From th is  he concluded tlm t the dark 

colouring* depends on the contrast observed in  a darkened background*

The main c ritic ism  of th is  work is  th a t the covers were not impervious 

to  l ig h t and th a t the observation period was too small*

Sumner (1933), working on Fundulm J3arvioim % . performed sim ilar 

experiments to von Frisch but used fa lse  corneas made of ce llo id in  

Wiioh could be fixed over the eye and could be made black or tram paren t. 

The colour of the f ish  was always compared to  niormal f ish  aubjwsted to  

the some conditions without the b linders. By varying the mount of black 

and transparent ce llo id in  the dorsal oM ven tra l re tin a  region could be 

separately  darkened* Darkening the lower h a lf  of the visual f ie ld



resu lted  in  pronounced drrkening; covering the upper h a lf resu lted  - 

in  no chan '̂O on a Wiite background, but the f ish  mve paler tlmn 

controls when placed on a dark grey background* These re su lts  

confirmed those of von Frisch (1911) and Smner ccmcluded th a t they 

supported the view th a t t.ho shade the f ish  assume on a given backgroissd 

is  determined by the re la tiv e  luminosity of the upper and lower portions 

of the v isual f ie ld s , the l a t t e r  acting in  a positive sense and the former--
I

in  a negative sense* The resu lts  were f a r  from conclusive, fo r  he |

reported tlie t many f ish  had very badly damaged eyes^ and th a t the f ish  ]
i

with transparent conmaa gave d iffe ren t re su lts  from normal fish^^ end ^

seldom became maximally pole on a white backgixmnd* j

Butolier & Adelmann (1937) also  att«npted to  cover various parts 

of the eye by using th ick  paper blinders whidi were fiîced by sli|ç>ing 

th%R under a se rie s  of etiches made in  a  rectangular area around the 

eye. They (xmcluded th a t in  Fundulup h o '^ ro c litm  \àxm iw^lther h a lf  

of the eye is  stim ulated the skin assumed an intermediate colour; \âmi 

the l ig h t  is  on the upper part of the re tin a  the skin lig h ten s; when 

the lower part of the re tin a  is  stiiaulated, in  the absence of s t ia u l i  

to  the upper, darkening resu lts*

In a fu rther se ries of experiments Butcter (1937 a ,b , 1938 a , b ,

1939) inventigated the d iffe ren t portions of the re tin a  in  re la tio n  to  

colour responses. By a se ries of sim ilar covering experiments on 

Fundqli^ coupled with superior end in fe r io r  illum ination, he excluded



IS

th a t atim iilation of the upper re tin a  resu lted  in  lightening and of the 

lower In darkening and th a t these form two d is t in c t regicma with regard 

to  colour dionge control* H© ro tated  the eye by 180^ and also  placed 

the fish  in  tubes so th a t illlm in a tio n  could be reversed end, f in a lly , 

made cuts to  destroy various regions of the eyo* When the dorsal 

region was destroyed the f ish  vms dark on a white or black Wckground 

and intermediate in  t i n t  in  to ta l  darkness; and when the cut was made 

in  the lower region of the oye the animal was pale on a and

Intormodiate on a black background* Butcher (1937 a , b , 1938 b) stisiied  

tho I'etina of Fundulus * and found ti%at there were single and double 

conos in the dorsal re tin a  but only double cones in  the vsntjral re tin a , 

and th a t the rods were fa ir ly  well distributed* The dcnible conos showed 

a f a ir ly  uniform d is trib u tio n  of about 12 per 100 y * He tl^ re fo re  

demonstrated th a t not only are the d iffe ren t regior© of the re tin a  

î^hysiologiceUy differently but th a t they also  d if fe r  anatomically* 

F inally  Butcher (1939) tested  the e ffec t of d irec t and reflec ted  l ig h t 

by confining tlie f ish  In glass tubes in  c ry sta llis in g  dislies, the 

l a t t e r  being lined  with black paper. TW dishes were illm in a te d  from 

above and below and i t  was possible to  lim it the area of dorsal and 

ven tra l illum ination. Some f ish  poled Wien the ra tio  of d irec t to  

reflec ted  l ig h t vao $OtlD, Ke concluded th a t tM  paling depends uptm 

the white area seen b;, the f ish , and th a t paling is  more easily  

e lic ito d  when the lower region of the eye is  not illuBdmtod e t  the 

same time as the upper* Aeoording to  Butcher, the shade of Fi^pdulim



depends u|X»n the ra tio  of d irec t and reflec ted  lig h t entering the eye#

As tlio proportion of re flec ted  lig h t to  tho upper - region of the eye 

is  incroaeed, there is  induced a proportional Increase in  an inh ib ito ry  

read  ion which caiîsos a reduction in  tho degree of darkenir^ of the flnh*

Butcher's work is  open to  numëroim c r i t i c i s m , the f i r s t ,  and 

perhaps tlio most important, being tlm t no accurate record of the colour 

was taken* The sequorioc of colours recorded by Ihutchcr was l ig h t-  

llghtiah-ijiterm ediato-darklsh-dark* Such a sc ries  has no quan tita tive  

meaning* Secondly, be resu lts  he did obtain were fa r  frcmi conclusive 

and a t  best gave only general indications* In nearly a l l  recorded 

casoB tho f ish  showed two tendencies; fo r examixLo, 77 f is h  were tested  

on tiie black when the l ig h t from below and the upper4, h a lf  of the 

eye covered. Of these 29 poled and 48 were interm ediate, hence only 

2 9  paled, and we have no way of estimating how dark Intermediate is*

Thirdly, in  considering the eye in  re la tionsh ip  to  colour change he |
1/

did not take in to  account the op tica l properties of the eye. Fourthly, | 

he made no mention of the sides of the containers. I t  was shown by 

Sumner (1911) ùôiag rhciaboidicdTthvs and th a t the sides, of the

containers are Important in  normal chromatic adaptation*

Dutdhcr was not the only one to  propose the ra tio  hypothesis, fo r 

as oarly as 1904 Koeble & Gamble sta ted  "that on the idiite and black 

grounds the animal appeals fo r pignent-guidance to  the ammnt of l ig h t 

scattered  or absorbed from the ground; o r, m  we put i t  previously.



i t  is  the reaction to  the ra tio  d ircct/rofloctG d l ic h t” .

S'lmner & Keys (1929) usl%  Cypsonsetta ru ttiiLata. by varlng the 

i l lm in a tio n , obtained recuite consistent with the ratio|?i l^ ^ th c s io ,  

but unlike ButcJjcr sta ted  tha t the ra tio  must not be constrtied in  any J 

s t r ic t ly  quan tita tive  sense. They went on to  say th a t generally 

spooking; the shade assumed by tiie f ish  depends d irec tly  upon the l ig h t 

refleotod from t i e  substratur* and inversely upon tW in ten sity  from 

abovQ*

Hog bon & Londgrebe (194^) also considered th a t the ra tio  mimt 

not be construed in  any quantita tivo  sens©. They went fu rther than 

î utcher in  the lo ca lisa tio n  of t?:o re tin a  involved in chromatie responses. 

By measuring the re frac tiv e  index of the lens and examining the general 

optics of tho eye of acmleatus. as well as by using

superior and in fe r io r  illum ination on vario- s backg;rounds, they coi>. 

eluded tha t tlie j^iotoreceptors concomod with the black background 

responses are located in  floo r of t)ie re tin a  below the optic nerve. 

The photoreceptors concerned with the Wilte background responses are 

located in  a re s tr ic te d  regicm in  the cen tral re tin a  above end below 

the optic nerve. With respect to  colour cliange the dorsal region is  

neu tra l. These re su lts  present ©any problem^ fo r a l l  the concepts ore 

based on th eo re tica lly  calculated regions of the re tin a  without taking 

in to  account lig h t scattered  or reflec ted  from the w alls. In fa c t, 

the colours of the fish  \mr& recorded in  an apparatus with walls which
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both reflec ted  and scattered  the li^ th t. The eecond d if f ic u lty  in  

th is  work is  th a t the conclus iom  regardii^ these regions apply only 

in  the experimental conditions; they ignore the fac t th a t the f ish  ! 

w ill normally be swimming a t  a varie ty  of depths so th a t t}ie Image 

fa llin iî on the eye from tiie background w ill vary.

Not a l l  workers support the ra tio  hypothesis* Hast (1916) 

using Pa;ralichthya and /kpcvlo^jsetta performed & se ries  of experiments 

in  an apparatus where ttm  illum ination could be varied from above and 

from below the fish* Usiqg th is  apparatus he found th a t the f ish  did 

not become spotted cm a spotted background, tha t they pal© maxiaally 

even on the g r ^  paper, end th a t in  o ther conditions :Aer© one would 

expect darkening according to  the ra tio  liypotbysls i f  the f ish  is  

already pale they remained so* He concluded th a t the reaction  of

colour dionge is  not as simple as the ra tio  hypothesis wmld indicate*
I

S im ilarly , D an ie ls^  (1939, 1941) using Uooomis and Domotilus coneludsd 

th a t although eH  ports of the eye are not equivalent, the s ta te  of the 

melanophores appear to  be determiiW not by the stim ulation of any 

p articu la r region of the re tin a  bat by the contrast In the v isual f ie ld  4 JX 

as a vdiole* ^

(c) jÉaaes

A fter complété b llm in g  the m jo r lty  of f ish  th a t have been

studied go dork^ (Pouchet, 1872, 1876; Butendljk, 1911; von F risch, 19H ;

folim anti, 1912; Bray, 1918; M m isier, 1920; Abolin, 1925; Sumner, 1911, E ii



1933; Parker, Brown & Odlorw, 1935; Parker, 1939; Qsbom, 1939)*

Von Frisch found in  the minnow th a t the fish  were very dark when 

f i r s t  blinded Init showed a very variab le  coloui’ w ithin a few days; in  dark

ness they became peler. Abolin however In 192$ rc]X)rted tiia t a f te r  

the loss of both eyes hoxinus oodilbited moderately expanded chrcsnato- 

p^ioreo,

*/hil© the loss of one eye does not e ffe c t the a b i l i ty  of many 

f ish  to  change colour, von Frisch (1911) found th a t in  the tro u t 

blinding one oye resu lted  in  darkening one side of the b o ^ .  Sumner 

(1933) reported tlia t in  the i f  one eye was rmnoved the f ish

could not adapt f u l ly /  to  a white background, th is  e ffec t being general 

over the whplo of the bo<ty.

(a) Anatoov

The general a n a ta ^  of the b rain , especially  the rimml system, 

has boon studied in  a very wide varie ty  of f ish  by BeUoncl (1388),

Herrick (1891, 1892), Goldstein (190$), K a^^rs (1906), Cojml (1909)#

Frans (1912), Holiagren (1920), Burr (1928), Brickner ( 1 ^ ) ,

(1929), Jeonor (1930), Header (1 9 3 ^ , Legbissa (1955), Obta (1959),

Tandon & ^haraa (1963), Schnitzlein  (1959, 1964). Experimental work 

on the anatomy of the degeneratlï^ re tin o -to c ta l pathway hea been 

perfomed by Lubson (1921) on I^cisctJ© r u t i lm * Btrber (194P), Akert
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(1949 b) on Salmo K alrdnerll. Scbwassmn & Kruger (1965) on 

auratns. Rogenerction Gtudlee on the goldfish (Gajsa^lus auratua) were 

made by A ttard i & Sperry (i960, 1963) and Cronly-Dillon, Sutherland & 

Wolfe (1966). ElectropJiyaiologlcal s ttd ie s  were made on the re tin a l 

to c ta l p ^ je c tio n  by Buoer & Dussardicr (1953) on .miairus#

Qgp?Dlo. ( Tinea t in e a , end Schade & Weller (195?) and Jaoobecm & G&ae 

(1964) on G m m W ,

The general conclusion from tlio work on the ro tln a l-tec tta l pro

jec tio n  is  th a t the projection Is %%ry regular and, a t le a s t  in  fish  

with good v ision , very preciao, sa th a t every point on the re tin a  is  

represented by an area in  the tectim . In ^^eneral the periphsîy of 

the re tin a  is  represented by the extreme dorsal or ven tra l tectum, 

and the cen tra l re tin e  by the cen tra l tectum* The main d if f ic u lty  Is 

tlia t the resu lts  of Bwer & Pusserdier, on the carp and tenc^, A ttardi
;

and Sperry, Legissa and CrW y-D H lon, Sutherland and Wolfe on the 

Goldfish, Lubson on Leuclscu©. and Âkert u s iî^  the SaL^o* show th a t the 

ven tra l re tin a  gives f ib re s , Wiich run in  the medial brachim , to  the I

dorsal toctum, and th a t the dorsal re tin a l f ib rm  run to  give the 

la te ra l  brachium and end in the ven tra l tecttæa* This means tlm t the |

projection is  e ssen tia lly  reversed go th a t tbe v en tra l re tin a  runs to  |
I

the doiual tectum* The woidc of Jacobson & Case, and Bdwasaman & |

Kruger, however, demonstrated tha t the dorsal re tin a  is  relayed to  the 

dorsal tectum in  the goldfish* This c<mflicting account in  the goldfish 

seems very d if f ic u l t  to  explain* ,
X
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(b) elatlcmohlD to .Colaac...gba»M

V ery l i t t l e  worîc has been done on the re la tio n  of the cen tra l 

nervoua gysteJs to  chi*oraatic adaptation anà this has been almost wiiolly 

conl'ined to the min-ov.

Von Frisch (1911) pyrfoiiaed a sc rie s  of cutting expérimente on 

tî\e b rain  of t)io minnow a/id found th a t i f  the brain  was cut a t  a level 

ju s t  a n t e r i o r t o  the medulla the fish  paled. This paling could be 

induced i f  t)ie cuts were made a t same levels an te rio r to  th is  but i f  

the medulla was separated from the spinal cord the f ish  darkor^^. He 

also  stIjBïulated the brain  of the minnow with an induction co il and 

found th a t i f  the medulla was stim ulated the f ish  rapidly paled# 

Stim ulation of the tectum or the cerebelltaa had no e ffec t but stiarulaticm 

of the dicncephalon produced darkening* condtded th a t tl?ere was 

a cen tre , "Aufhellungsaentrm", s itu a ted  in  the medulla iAl<A caused 

the f ish  to  peJ.3 amd th a t there was possibly another centre in  the
is: ' '

diencephelem which iiüiibtôd the paling: centre and so eiaased darkening#

Dijkgraaf (1949) round th a t the darWain^ appears in  the

normal minnow a f te r  blinding occurs only s lig h tly  or not a t  a l l  i f ,  

instead , the blinding is  aecomj^ished by the rmovol of the optic 

tectum# I f  in  an ^ e le c o  darkened minnow the tectum is  rmROved on 

the one side only, there is  no dienge in  the t in t  of the sk in , but 

a f te r  removal of the remaining h a lf  of the tectim there is  a proncueed 

paling which p a r tia lly  persists#  According to  Michera (c ited  in  Healey,



1957), after conplot© i-^oval of the optic tectum in the normal 

minnow, or unilateral )?cmoTal of the tectum and of tW eye on the asm© 

aide, tho fish  cannot see, but s t i l l  csMbits colour change laodiated 

by til© other eye. It ».jould seem from this that tW paths of the fibres 

from tho retina to the autonomic d-iain avoid the tectum* then,

does the bllMed fish pole wiien the tectum is rmoved?

m .  m m m
A large amount of InfowKition has been gathered by unit 

recording from single electrodes as a result of a flash of light by 

the work of Bueer (1949 a, b, 1950), Hdiad© & Weiler (1959), Kmishi 

(i960 o, b ), Sohade (1962), Jacobson & Game (1964), Oaa©, Jacobson &

Sharma (1967). In relation to light Intemity the tectum has been 

investigated liy moans of recording encephalograms. Two species of fish  

have been invrotlgated. Eager (1957) recorded enc^r^mlogrem from free- 

Qwliaming codfish 2âSÎaÜî2SÎaia# and Scha<te & I4eiler (1959) end Sdiade (1962) 

on tho goldfish Carsasius miyatua  ̂ Unfortunately tîie woî c of Koromlan, 

Vesoelkin, Beleldiova & Zagorulka (1967) did not include a teloost fish#

Very l i t t le  work has been done cm the loomotory behaviour of 

blinded fish . Von Krlach (1911) and Dijlqgraaf (1949) reported that 

blinded minnows feed but that instead of taking the food as i t  fa lls  

from tho surface, find i t  by oeardiing on the floor of the aquarium.



TL3)

D ijkgraaf (1949) also  reported th a t b lirded  f ish  a t f i r s t  co llide  v ltb  

the walls of t}\e oquarim  but soon lo a m , and these co llis io n s become 

very infrequent*

Koonleysido (195$) re;X)rtod tho fa ilu re  of blinded 

to  school.

Harden Jones (1956) has described the a c tiv ity  of blinded mimowe 

in  tanks and found th a t there was no inherent daily  rhythm of activ ity*  

The fish  were in  genera], active during the day and quiet a t  night W t 

the betisvtoar was reversed i f  they were given a ir-b rick s in  which they 

take cover. Woodhead (1 9 ^ ) studied mirmows in  a l ig h t gradient and 

found th a t they were re s tr ic ted  in  th e ir  movements by lig h t aWve an 

in ten sity  which lay  between 0,2 and 0,002a.c.

No obeervetions have been ©ado on e ith e r blinded or notvaal f ish  

in  confined spaces \diich only allow lim ited  movcnmnt#

The importance of the te c tm  as a correlating centre of o tl^ r  

functions than vielcm was proposed as long ago as 1875 by S ir  Richard 

Owen (c ited  in  Dexter, 1966), who wrote cNmcemlng the op tic  lobes of 

tlie blind f ish  ijsihlmwis soelegus* th a t since they are both present

they cannot be oxclm ively the cen tral ganglion of the optic nerve,
%

nor can th e ir  sole function be th a t of receivljog the impressione of t!m
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aonae of sigh t and. making tîiem perceptib le , m  ideas, by the animal*

More rooently Charlton (1933), working on the anatcray of the b lind  fish  

À j%«3ac and fouAd th a t in  these fonas

i t  io only the op tic  t r a c t  and the layer in to  whidri the optic t r a c t  

runs, whicii are lo s t ,  and th a t the layers 4, 5 and 6 are very well 

developed (p# .

In considering the general f ib re  connections of the op tic teottm
\VvC>

ïseeefttly Schnitz le in  (1964) concluded th a t t-he optic tmrUm has a very 

important correla ting  function#

Sperry (1950), working cm the go ldfish , found tha t forced c irc ling  

produced by v isua l inversion could be abolislied by the ablation  of tlie 

toc tm ^ of the ro tated  eye and s ta ted  th a t these findings point to  the 

op tic  lobe as the p%±mry in te rg ra tive  centre.

In 1864 Bcosdelot found th a t u n lla ten sl lesions in  the base of 

the midbraln of fislies are followed by ro lling  movements to  tlie un

operated s id e . Two years la te r  Vulplaa imported ro llin g  and circus 

movements following removal of the midbrain roof. Since? then a  mraber 

of work©a?s have reported disturbances in  balance following te e ta l  lesion  

or roraovol (Traube-Jiengarini 1884, Loeb & Befhe 1899f l ^ b  1891, 1901, 

Polimanti 1911, 1912 a , b , iieisinger 1915, Risao 1929, 1932) and others 

have reported disturbances in  breathing movements (Springer 1929)# ^
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itokeno (1930) made le s  lorn in  the mldbraln of the goldfish 

and noted the forced movo!îîents ^^ich followed* He distiaguiched such 

movements os being prodominantly in  the horizontal and v e r tic a l planes 

and correlated these types of movement with sp ec ific  regions of the 

njldbroin.

More recently  Kirscho & Kirsehe (1961) perfomed an extensive 

se rie s  of oxperiracntc on C.ara^sius ea;raaslm . in  \^ id i  they î̂ emoved 

progressively la rg e r areas of the op tic  toctum by means of a rose- 

t i  !ped d r ill*  Thoy reported extensive bending of the body to  tîi® 

tmoporated s id e , clrotm aovoments, and turning on th e ir  asm  of motio% 

the more ex tensive the lesion  tlie g rea ter the disturbance found#

In some cases the f ish  recovered and appeared normal a f te r  30 -  60 days 

but on ra ising  the ttimperaturc they showed a b m rm litie s  again; hence 

the f ish  were only normal under owmtant conditi(ms# Botsch (i960) 

reported sim ilar disturbanoes in  motor patterns foUowii^ te e ta l  dsmgOm

S teiner (1888), Rizaolo (1929) aM Dijkgraaf (1949) did not

report any disturbance following the removal of tho tectum. Dijkgroaf
\ ;

r^o v ed  the op tic  tçctrsa, including the torus Im ^gitudinalis, on am  side 

and cm both sldeq in  the minnow As long as tM  operation is

carried  out without damaging the to rid  sim ic irkU res, yhldti l i e  below
V

the tectum, tlie animais swim normallyf maintain balance and feW  without 

h e s i ta t io n  AfterJth© removal of the tectum cm cme side the f ish  is  

b lind  on the other s id e , and when swisming slowly there is  a a lig h t
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t i l t in g  of the fiiîh to  the seeing eye* D lj% reaf stressed  the te/ortanee 

of the to r i  semlcircwlaree whereas Kirsche & Kirscha (1961) and Botseh 

(i960) make no mention of the®, and fro® the photo®ierographs presented 

by these la s t  three workers considerable injury could be seen in  both the 

to r i  aM also  In the valvula cerebelli# Lesions in  the valvulae may 

also give r is e  to  lacoraotory disturbances as vfoll as impaired vifli<m 

and hearing (Karamlan 1949) •

CWuohard & Chauchard (1927 a) in vestigated  the motor ^ign lfieence  

of the tectum by e le c tr ic a l  s tisio la tion . They found th a t i f  Ijugll 

was stim ulated in  d iffe ren t ports of the tectum movements of various 

ports of the body were e lio lto d , o*g* stlsu la tiG n  of the an terio r 

region of the median surface of one lobe produced movements of the t a i l  

towards the opposite side and the spreadli^ out of tlie caudal f in .

Using r ig la  rurpardua they found th a t by stim ulating various points in  

the teotim they were able to  s e t  in  action  the pectoral f in  rays 

are used fo r crawling on the bottom* They concluded that they were 

d e fin ite  localised  motor areas In Idie optic tsc tm #  Sa another paper
q

(1927 b) they reported chroaaxie values of the order of Ô CX% sec.
   _

These resu lts  have been « m firæ d  In general ten  Cate (1931) / end 

ten  Cate & ten  Cato (l93l) on olasmobraz^ba and imire recently  by Kim^Ae 

& Kirsche (1961) on the Cox^Mm  ^arass-iua.

Akert (1947, 1949 a , b) did not agree with tiie conclusions of 

Chauchard & Chaucbard (1927 a) and in  a se ries  of ©xperisionts on

- r - ~.s r
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pfiirclneri^i. by stim ulation of the tectum, he obtained f i r s t  eye 

movenento, then movements of the paired and unr^aired f in s ,  and f in a lly  

beats of the ta il*  TW wiiole succession gave the ôiJapreaaion of active 

movemonta toward some goal* Akert also studied the re tir to - tec ta l 

projection and correla ted  th is  with the re su lts  of the stlm l& tion# 

to  find tiia t the pro jection of the temr^oral v isual f ie ld  agreed well 

with the area associated with contra-and ipslverslve tu rn ing . He 

concluded tiuit physiolc^icelly  th is  area , excited by a stimulim 

arising  in  the com er of the temporal f ie ld ,  brings about a position 

of tlie eyes and of the body axis so th a t there is  e i th e r  a turning 

toward or away from the object perceived*

As there appear to  be differences between the re su lts  of 

D ijkgraaf, Akert, and the other workers, Healey (1957) has suggested 

th a t I t  is  conceivable th a t some lesions in  the tectum m y be followed 

by pofi^ional and motor ir re g u la r it ie s  ra th e r becmme they remove 

ce rta in  elements frcxs the to ta l  eompd-ex modifying s y s t ^ ,  a a î tb rw  tW  

output of the remainder in to  a s ta te  of unbalance, than bccacee tliey 

stim ulate sp ec ific  regions* On the other haM , removal of the en tire  

teotura or of one complete lobe may not introduce any unbalance mod*̂  

iflcati<m  by way of the tcctOHspinal t r a c ts .

I
Mobius (1873) was the f i r s t  to  record th is  type of learning in  

te le o s t f ish . He found th a t %dien a pike, ik;ox lu c iu s* was kept



separated from a mmibcr of minrasvs by a g lass p a r tit io n , i t  ceased 

snapping a t thm  through the glass a f te r  a while and, idien tlie glass 

was f in a lly  removed, never attacked them*

Peer responses have been recorded by a xBafüber of workers (Hoar 

1953; Norris 1953; meeoll 1931; Brawn 1961; Barlow 1 9 ^ )  but wanizxg 

of xwpono© to  a repeated stiiaulua, i . e .  habituation , has only been 

re%x)rted a  few times (Brader & Halpem 1946; KeenLoyside 1955; Barlow 

1962; Rodgers, Melzack & Segal 1963; Russell 1967 a , b ) , and of these 

the only deta iled  studies of res porno d é c r ie n t  are by Hedgers ^  al) 

(1963), and Bussell (1967 a)*

B m sell (1967 a) studied tîie fe a r  response of Loblsi^cs  ̂ to  a 

repeated shadow stimulus and found th a t the f i r s t  and moot charactexw 

i s t l c  featu re was the ’ jeric response” , whi<di was a m ultiple t a i l  beat. 

Frequent rep e titio n  of the shadow (2 minute In tervals) resulted  in  

the intense ta i l-b e a t  of the early  responses giving %my to  a le ss  

Intense response, and f in a lly  the only o rien ta tion  rmpomm  were 

e lic ited *  A s ig n ifican t decrease in  the number and intm m ity of the 

jerfcB occurred a f te r  Ifi s t l a n l l .

H-odgor jsi s i  (1963) found th a t goldfish , au ra tm . res#,

ponded to  a pressure wave and to  visual stim uli to  give the ta i l^ f l ip ,  

Imt th a t the most e ffec tiv e  stimulus was the pressure wave, and the 

v isual ^stimuli alone only gave tW  response when the f ish  was swisming



a t tho surface# They gave the f ish  ten  taps a day a t tîie ra te  of one 

a minute, and demonstrated s tg n iflean t response decrement over a 

period of 15 consecutive te s tin g  days#

I t  seems from the work of ' otsslaff (1957), Graham & O’Leary 

(1941), R etzlaff & Fontaine (i960), Berkowits (1956), and Wileon (1959) 

tlm t th is  t a i l^ f l ip  is  due to  the a c tiv ity  of the r^uthner co lls in  

the medulla. Gach îiautbner co ll receives affe ren t fib res  fro® the 

eighth cran ia l nerve (Rfttzlaff 1957) and ©Iso fr<xn the optic tectrni 

(Bortelmea, 1915; Kappers ^  a l ,  1936). I t  seem  therefore th a t the 

tectum can © lic it the t a i l - f l l p  response but the exact relatlcm shlp 

between the tectum and the Msuthnerian apparatus ie not known#

m i f ....

Sears (1934) studied the e ffec t of le s  lorn of the optic te c tm  

upon purely v isua l e<mditioned reflexes in  the goldfish# A j e t  of 

water was used as the wccmditlcaied stim ulus, and l ig h t  as the 

ditioned# He found th a t p a r tia l  ab lation  of the op tic cortex had no 

e ffec t on e itlic r the eye-^ovwaent re flex  or the s t a r t  to  b r i ^ t

ligh t#  Preoperatively learned responses were retained without apparent 

change a f te r  the operation, and 'Uiere was sesae evidence th a t the pro

cess of experimental ex tinction  took place more rapidly following the 

removal of tho op tic cortex# He did no t, however, imove the Wide of 

the tectum and l e f t  tlie an te rio r part untouched together with large 

amounts of tlie la te r a l  parts#
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^Zanders (1 9 4 D) p e r f o n ^  a  se rie s  of op tic  lobe ablations on 

the goldf ish , tra in in g  iJima In a s itu a tio n  with o lfac to ry , and then 

op tica l o tim uli. He found th a t the mnoval of l&i%e areas of the 

tectum or cuts made a t  ito  an te rio r border causes d lstu itanoes In the 

second order learning* He concluded ttia t tiiere ex is ts  in  tW  

teleoetoen op tic tectum a mccho^iism capable of second-order olfaotoiy* 

op tic learn ing .

Dijkgraaf (1 9 4 9 ) tra ined  minnows to  respond to  an : maditoiy 

stlwulias and demonstrated th a t ti^elr response did not depend upcm 

the op tic  tectum, the complete removal of the tectum on both sides 

causing no d e te rio ra tio n  in  tho train ing  to  a frequency of 1 6 5 0 c.p#s#

More recently  Botsch (i960) demonstrated the Importance of the 

tectum in  lenm lt^î by a se rie s  of experiji^nts on the carp , C^rg^a^ua 

ca rap sl,^* using point and llrtô models. Be tm îned  them to  go to  a 

p a rticu la r  pa ttern  and them tes ted  th e ir  retenticm end transposition  

before and a f te r  te c ta l  removal. The re su lts  showed th a t a f te r

ex tirp a tio n  of 2 0  -  75^ of the tectum the f ish  could s t i l l  le a rn
i

Visual discrim ination bat needed on average 36^ more train ing to  b rirg  

them up to  the s t a t i s t i c a l  atea<3ÿ leam ing-suocess of normal contredis. 

Be also  found th a t the pwt-oper&tive loss in  performmce agrees with 

the extent of the le s io n , concluding tlm t the findings oonfim Lasbiey’s 

(1 9 3 1 ) ”ru le  of mass” lo c a lisa tio n .
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ProBoer (1 9 6 5 ) was unable to  gbow any conclusive résu lta  whœi he 

tr ie d  to  analyse tho tectum electrojiiyslologicctlly following tho 

conditioning of the f lsb  to  various i.cmporatôres#

This consideration of previous work on the ro lationships in  

te le o s t f ish  between t>ie v isua l nystmi, colour charge and certa in  

aspects of bohoviour leads to  the conclus ion (very l i t t l e  information is  

availab le and th a t with regard to  a l l  of them vdmt is  available is  

highly inconclusive. The work to  be described is  an attcssapt to  

analyse the visual system of the minnow by a varie ty  of methods in  

order to tliow fu rth e r l ig h t  on some aspects of these re la tionsh ips.

A nmber of experiments were carried  out to  try  to  ^splain the 

following problems*

1 . No measurements have boon made of the number of receptor ce lls

in  the eye of jT^îSSM* The eye of ttm minzmw hm not been 

studied in  re la tio n  to  colour change, {Section 1 a , b. page ) .

Vv\v-\avvOaO

2 * No accurate record of tlie colour of bllndod/lMs been taksn*

(Section 1 c, page ) |

3 . hxcopt fo r a few observations by Wiehers (c ited  in  Healey, 1957),

and by Bhargava (1 9 6 7 ) tho v isual system of i hoxiiais has not
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been stud tod, (Section II  e , page )•

4 . Neither the fib re  pet’rjways to  tM  medullary centre, nor the 

brain centres an te rio r  to  the medulla which are involved in  

chromatic adaptation are known. (Section IÏ  h . page 2-' ) ,

5. No recordings have been made of the e le c tr lo a l a c tiv ity  of the 

brain of tho minnow, (Section I I I .  page Ti, ) .

6 . No observations have boon mad© on c ith e r  blinded or ncrml f ish

in  ccxifinod spaces which only allow lim ited  movcmont. (Section i

IV. page IT. ) ,

7. 1  would appear from the discussion in  Secti<m V II, page 2R7 

th a t the te c tm  can e l i c i t  tW  t a i l - f l i p  response but tlie exact 

rela tioneh ip  between the te c tm  end the M&uthnerian apparatus 

is  not known,

3, The re la tionsh ip  between t!ie tectum, learning and motor a c tiv ity

is  inconclusive (Section V III, page 2."̂  , Section VI, page 2-^) 

and many of the re su lts  contradictory. Further experiments are 

therefore necessary to  (xmfirm or deny the jctvI ous findings.
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a L C T I  Q N 2 .1 QEmJULWrum AW.

i i  m ç M  ,m M m â L  , : m m m L Æ M k .£ m

Fîrsh were collected during the sunsKsr montais f rm  the r iv e r  Lea 

in  licrtfords ;ire# They wore used fo r most of the expérimenta, but m  

they had a very high in festa tio n  of the brain  parasite  üloloatamium. 

they wore m l  used fo r the recording© in part 7 peg©2»\H , or fo r the 

re tin a l work# Fieh for the encephalogram recordiqgG and eye work were 

collected from the riv e r Choes miteide Hickaansworth# These had onLy v 

very few# i f  any, p a r a s i te  in  th e ir  brains or eyes#

Tho f ish  were kept in  large sinks in  tlie leborAtory and suppled

with running water and a i r .  Those sinks were en in teraediate grey
••

colour on the Inside in  order to  ensure th a t the fish  aeintained the 

a b i l i ty  to  show a good range of colour change# The f ish  were fW about 

three times' a week cm minced ok heart and about once a vmk cm heart 

with s ta b ilise d  wlioat germ to  provide tliem with the

neeessary vitamins#



All the fioh used were a t  le a s t 6eo lone and oC both sexes# Com

paring: them with the tab les given by Frost (1943) indicated th a t they 

were adults of aWut th ree years of age* Before any of tho f ish  were 

used In oxperlmento they were tested  to  mrJce sure th a t they perfcesmod 

normal colour change and tliat they formed a licmogenÈous gx*oup in  th e ir  

extent of chromatic adaptation*

Tlio minnow shows a marked degree of exciteiaent-pallor when 

handled. The method here the colour of the flah  is  compared by the
j

naked eye with a se rie s  of nine standard grey t in ts  derived from the 

Ostwald If/hite-Crey-Black se rie s  (Neeley 1967) was usod therefore#

These grey t in t s  are i^iven «umbers rang ing from 0 (very l ig h t grey), to  

3 (very dork grey); the s ix  laterB^diato greys form a se ries  where 

the difference between each grey appears to  be equal to  the experimenter* 

For the sake of convenience these numbers are referred  to as the Derived 

Ostwald Index (D#0#I.) and they have the follow ir^ values in  terns of 

white contentt

D.O.I* 0 1 2 3 4 5 6 7 8

% Wlilt© 71 45 28 18 1 1  7#1 4#5 2 .8  1*3

In general, the f ish  kept on a grey background do not show the
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whole range w ithin a period of 3 0  lajraites, and fo r these fish  the 

©ffoctivo scale uoed in  te s t  trig was more like  D.O.I* 1 to  7 .5 , and in  

practice i t  proved very d if f ic u l t  to  estimate l^elow 1  or above 7.5.

These standard greyn wore made with Ilfo rd  photographic paper
(4 CaAoI)̂  {jiVSA

and mounted on both black and white car/ so to/oompar^ with tiie

fish* on e ith e r  background* ih ls  se rie s  is  shown in fig.V 31

To te s t  tho colour of the fish  they were placed in  l i t r e  beakers 

containing 8 cm of water and tiies© mt*e then placed in  la rg e r containers 

made out of motel and painted white or black* Ibase largo containers 

contained water end were 8 cm deep* The illum ination was by moans of 

a 4 0 w Osram frosted  ImLb, suspended about 18 ins* above the surface 

of the water. The backgrcmn(: could then be chang;ed by transferring  

the bookers with tho minim# disturbance to  tlie fish* During tho 

exporiiaents where the f ish  were kept fo r long periods on a blcick or 

white beckcround# they were placed in  experimental aquaria* These 

were made of g la ss , ond measured 3 5  k 2 0  x 2 2  inch^,j(w0 re  painted 

block or white on the outside/ end we»e partitioned  in te rn a lly  in to  4  

equal coKJpartmcnts by means of black or white perspex*

Unless specially  mentioned, the temperature wis not contxt>lIed 

and ranged frcaa 1 5  to  2 0 ^C,
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i \ h  „ m m m

Durli^ the course of the opérations the f ish  ware anaætretlGQd 

using M3.222 (Tricaine meth€«o-stü.pl“ionatôe Sandos;), A ifide ragxge 

of concentrations was te sted  on the f ish  and i t  was found th a t an 0 *0 0 ^  

so lu tion  in  tap  water was su ff ic ie n t to  anaesUietls© tlvm fu lly  so th a t 

tliey did not respond to  a  cut being made in  tho body wall* Using tills  

concentration the f ish  take a somew^iat variab le  time to  become deeply 

anaeotletiaod# but usually  th is  Is  about 2 minutas* They showed a veiy 

rapid rocovory, and would commence to  swim a f te r  being returned to  

tap  water in  about 4 minutes* The f ish  w ill survive fo r  more than an 

hour in  a O.OOBgS î6 * 2 2 2  solution# becoming fu lly  dark and showing a 

s l ig h t decrease In  the resp ira to ry  rate*

I t  was reported by the manufacturers (Saaioz), th a t a  so lu tion  

of MB *2 2 2  was f a ir ly  stab le  a t  room temperature# tlie a c tiv i ty  only 

decreasing sligh tly*  In practice# these very d ilu te  so lu tions were 

found to  be so unstable th a t w ithin a  weak tM  so lu tion  was no loiiger 

effective*  I t  was therefore alwaye made fre sh ly  before a  se rie s  of 

expérimenta#

A fter a f ish  -.vas anaosthetiaed in  a bealmr i t  was placed on the 

operating board* This cons stod of a sine tray  measuring 4 x '5 Inches 

f i l l e d  with paraffin  wax* In the wax were ombOdded two rows of pine end

# . a . '■
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in  the centre of the wax a groove was cut 0 0  th a t the f ish  would f i t  

in to  i t .  Respiratory water wao fed in  d ire c t through e tube in  the 

mouth, and th ia  served to  hold the f ish  e t i l l  w hile, in  add ition , an 

e la s t ic  band was attached to  the pins and over the f ish  to  hold i t  more 

securely* The fioh  was prevented from drying by placing moistened 

f i l t e r  paper a l l  round i t .  The resp ira to ry  water was contained in  

Winchooter Quart b o ttle s  on a sh e lf  a!)Ove the tab le  and syphoned down 

in to  the mouthpiece* An additional syphon was placed on th is  sh e lf  

containing ringer (Young 1933) whose composition wu0 %- 

N a C l * * . .*5*5 grams 

KCl •••.*•*«*«*•*•*0 * 1 4  gzwG

GaCl^ #0*11 grams

made up to  a l i t r e  in tap  w ater. The ringer run in to  a fine  g lass 

tube with a fine  point and was med  to  wash away the blood during 

operations*

The m irgical removals were made w ing  very îlné. knives m nufectured 

by J .  Weiss and Co. In te le o s t f lsb , wound closure becomes a problem 

and in  the case of most of the to c ta l removals the two fro n ta l boi3©s, 

and in  many cases part of tW  p e rie ta l bones, wore removed* These are 

the main roofing bones to  the sk u ll . These bones were removed using 

fine forceps a f te r  a t t^ ip ts  to  use the dental d r i l l  o r tro^^lne proved 

to  be unsa tisfac to ry . Jkdyukina (1 9 6 2 ) used a vase lin e /p araffin  wax 

l/wi^ t̂ure and poured i t  over the sk u ll , whereas Rorsoh (1 9 3 6 ) w ed a 

g e la tin /p a ra ffin  wax mi?4tur© to  close the sk u ll . Both of these methods



were tr ie d  on tho minnow but n e ith er worked, and the mixture soon f e l l  

o ff  to  leave the b rain  exr^ooed* F inally  an ac ry lic  cement was used s im ila r 

to  th a t used by Enger (1957), and tills  gave good adhesion provided th a t 

ce rta in  precautions were taken* The sk in  was f i r s t  scraped o ff  the dorsal 

surface of the sk u ll from a point ju s t  an te r io r  to  the oit>it to  a point 

a t  the back of the Tm rletals, as well as bel%% removed la te r a l ly  to  - the 

point of attaohmont of the operculum* The muscles between tho an te rio r 

part of the operculum and the o rb it were removed and cleaned down to  the 

bone* Although these muscles ) ere connected with the operculum, when tîioy 

are removed the operciilar .beat is  maintained by the remaining mwoles in  

an apparently normal fashion* The .perbsteum was then scraped from tlis 

bone, and the bones .wore dried  w ith 5%  alcohol, re-scraped, and dried 

with f i l t e r  paper* This procodui^ was performed before the skull bon^
«r

were removed and a t  the completion of the operation the remaining bones 

wore dried with f i l t e r  paper and the casent applied* The cement (Simplex 

ac ry lic  denture rep a ir  m ateria l. Dental F illin g s  Ltd*) would wnly adhere 

to  the bones provided th a t the preoperative dryi%  was performed* The 

alcohol hardened the mucus and periosteum and f a c i l i ta te d  th e ir  complete 

removal* Ilhen dry the ccmênt'(l5  minutes) was waterproof, and s te r i le  and 

gave good adliesion to  tlie minnow sk u ll fo r  as long as required, which was 

2 1  days*

A ll operations were performed under a b im cu la r  microecope*
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(a)

The f ish  wore k ille d  by decapitation  a t  the end of the experiinent, 

the cement being rcmove<^aac] the I^ead dropped in to  the fixative*  A mmber 

of fix a tiv es  ./ere used, depending on the sta in ing  technique* The f ix a tiv e  

used in  the Hauta technique (G ulllery , S h irra  & Webster, 1961)* was 1(% 

form ol-ealine, which was neu tra lised  with an excess of lithium  caît>onate, 

together with, a few drops of Bromo-tlrjymol-blue* The B :xmo-tiiymol-blue 

is  blue when alkaline but orange wiien acid and is  used as en ind icato r 

because o ' the fom ol-ealine  should not be used wlion acid* The tiseuos 

were fixed fo r  a t  le a s t fou r, but tasiially s ix , weeks* The same fix a tiv e  

was used in  the Kltkver & Barrera method but her© the f ix a tio n  period was 

only two weeks*

For the Holmes technique Formalin-alcohoLi^cetic was used on the

brain*

For the work on the eyes, the l a t t e r  were removed by cutting tl% 

op tic  nerve, and attendant muscles and were droj^ped in to  the fixative* 

In the oase of the re t in a l  counts, aqueous Bouin fo r 48 hours \ms used, 

and fo r Klûver & Barrera 10% form al-ealine fo r  two weeks was used. The 

lens was not removed before fix a tio n  as th is  increased the r isk  of 

detaching the re tin a . --RRRr-i-' >



k l .

In a l l  the fixctiveB except Bouin no washing waa necessary. Douin- 

fixed : eyes were washed fo r a period, of 12 hoar© In d s t i l l e d  water before 

dehydration.

Alcohol was used fo r tho dehydration and consisted of two changes ’ 

of 3 0 %, 50%, W ,  3 0 %, 9 5 %, and 100% fo r two ĥ mx'B in  each.

A ll tis su es  were cleared in  ceci/rwood oil*

f-

T'W brains fo r  the Haute and Holmes techniques were embedded by 

trnnsfering  them to  a mixture of s

1 part cedarwood o i l

1 part benzene

1 part 45^ paraffin  wax.

fo r one hour# The tissu es  were then 

trans ferred to  a bath of 54^ paraffin  wax fo r  one hour and th is  was 

followed by two more baths before being' blocked out*

In the Klûver & Berrere technique on the ©yes and brain  the embedding 

was e ssen tia lly  the'same as fo r  the Nouta but Paraplast (Brunswick Lahore-
e-

to r ie s )  was used instead  of the paraffin  wax. Paraplast Is a mixture 

p araffin  and p la s tic  polymers with a melting point of I t

reduces tis su e  shrinkage and allows e a s ie r  section  cu tting ;

Sections of brains w ere.cu t.in  general a t  3^ and of eyes a t 4 |j #
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1

The oectlons wore mounted on s lid e s  ualnff glycerine elbimln.v With 

the Mauta method greet care had to  be taken in  the mounting of tire section  

because of the prolon(;(d treatm ent with m  onlated alcohc^* The o rig in a l 

method recommends a 20% so lu tion  of glycerine albumin hut tho most consis

tent re su lts  were obtained using a 10% so lu tion , provided th a t the 

sections are b lo tted  firm ly with a moist piece of f i l t e r  paper and dried 

\/oll*

(b) Aaatoiaais

1. Klttver & Barrera (1953)

This gave good resu lts  with both eyes and b ra in , and as 

f a r  as I know, i t  has not been used on te le o s t m aterial before# 

S lig h t modifications were made on the basic 1953 method, and, 

instead of using Luxol Past blue MBS, {GURlt) Luxol Fast Blue G 

(Matheson, Golman and Bell) as recocasended by Salthow e (1964) 

was used.

The schedule was as follows 8

1. Re move wax and hydrate to  95% elctA ol.

2# S ta in  in  0.1% Luxol Fast Blue made up in  9 0  iso-propyl

olccAol fo r  13-24 hours a t  58-60%.

3# ' kloah in  9 0  alcohol fo r 3 0  secs.

4 . Transfer to  70ĵ  alcohol fo r 60 secs*

5* D iffe ren tia te  u n ti l  s ing le  ribres sharply defined, 

a* Place in  lithium  carbonate (0.01%) fo r 1 rain,

b . Transfer to  70% alcohol ( th is  stage is  c r i t i c a l  and

the fine d if fe re n tia tio n  takes place in  the alcohol)



c. Return to  d is t i l le d  water*

Repeat a ,b ,c  u n ti l  the desired ro su lt is  obtained*

6. Counters te  in  in  0*2% Creeyi Fast V iolet (Chroma) fo r  10 mins*

7* D ifferent in  95% alcohol*

8# Dehydrate, c lea r and mo^nt in  D*P»X*

A 0,01% l i t  iim carbonate S'olution was used instead  of the 

0 , 0 5 % reommended in  the original*

The neurons and g l ia l  c e lls  s ta in  a reddish v io le t shade 

and the fib re s  a deep blue, and with carefu l d iffe ren tia ticm  very 

c lear re su lts  could be obtained*

In the r e tin a l  work Luxol Fast blue MBS (Ourr) was used, but the

sta in ing  was lim ited  to  a period of ©bout 1 hour a t  about 4D%* The outer

segment s ta in s  a dark blue, whereas the len tifo i®  body, .myoid and the 

nucleus of the cones s ta in  a reddish v io le t*

The technique is  based on the findings of KlAver (1944) th a t there 

are n a tu ra lly  occurring porphyrins in  the myelin sheath* Klûver & Barrera 

(1953) found th a t i t  was possible to  s ta in  myelin sheaths with porphyrin 

d eriv a tiv es , and Ltocol Fast Blue MBS is  an alooholHSOluble amine s a l t  of 

a  oulpbonatod copper phthalocyanine ( a tetrabensotetraaâoporphyrin) * 

Salthouse (1964) reoomended tho use of Luxol Fast Blue G, whidi givc^ 

blue-black fibre© and s ta ted  th a t a ■"•1% so lu tion  is  lso-;»popanol binds



tho dye to  the r^oepholipldo more strongly than in  a e th an o l*  I t  is  

in te restin g  to  note th a t the 10% form al-saline •̂ shioh is  reownmended fo r
r»S

the s ta in  fixes p ro to f  and proteolip ids of the myelin sheaths but not 

tho pbos^diollpids (Pelckmans, 1964). __

Although the technique gave excellen t re su lts  in  some oases i t  

proved d if f ic u l t  to perform, the c r i t i c a l  point being the d iffe re n tia tio n  

of the Luxd Fast Blue* The minnow fib res had very l i t t l e  a f f in ity  fo r  

the s ta in  and although they wore ovor-stalned, they would lose s ta in  

uniformly in  the 70% alcohol* I t  was possible to  re tu rn  the s lid es  to  

the Luxol Blue a f te r  the counterstaining to  give a b e t te r  con trast between 

the fib res and''ells* This sta in ing  d if f ic u lty  may well indicate a 

d ifference in  chemical e x p o s itio n  of the te le o s t f ib re s  compared with 

o ther vertebrates and differonoes may be present with the porphyrins or 

phosî^*olipid3* -

2* Cresyl f a s t  v io le t (C*F,V.)

This is  made up as a 0.2% so lu tion  &xkl used as by Klûver & 

Barrera (1953)•
'

3* Paraffin  Nauta (G uillery , Shira & Webster 1961)

The method used was e sse n tia lly  th a t described by tM  Sutiiors 

and was as follow si 

1* Remove wax tittà hydrate s lid es

2* Place fo r 6 hours in*- "

50% ethyl alcohol  ###1CK) parts. ^



Ammonium hydroxide (S g .- 0*830)........ 1 part

3* Wash •bhrorougMy in 3 changes of d is t i l le d  water and

tra n s fe r  to :
1*5% S ilv er n i tr a te  * . . . . * . . *  90 ports

Collidine***«.•••*•• •••**•••«*•• 10 parts

Tills mixture rocs cloudy and sh ould be shaken imll#

Tlie s lid es  should be l e f t  In i t  fo r 18-24 hours in  tM

dark a t  roait temperature*

4* Transfer to  the following so lu tion :

4*5% S ilv e r  n i tr a te  ••«••*•**•• 20mls*

Rthanol*.•»«•****•*.• .• • • •* .* .*  lOmls

/monlum liydroxide* • • • • •* • . .* .  .l.& nls

2 * 0  Sodium hydroxide*********.l*5rals

Place th is  so lu tion  in a dish and warm on a hotplate so

th a t a t  the end of th ree minutes i t  reaches a temperature

of 40-45^C* (The so lu tion  can only be used <%ce*)^

5* Transfer to  reducir^ so lu tio n :-

10% E th a n o l..................... ******* 450mls

ocual parts 1% c i t r i c  acid) - 
10% fo rea lin  ) ’♦•

6* Wash in  d is t i l le d  water

7* Treat with 1% Sodium th iosu lpbate , wash, dehydrate, d e a r  

and cover*

The degenerating f ib re s  are shown as black granules end the normal 

f ib re s  are l ig h t brown in  colour* I t  has been stressed  by Glees & Nauta 

(1955) th a t the droplike d is in teg ra tio n  is  the sole dependable criteri<m



Url

of axonal degeneration.

The precautions stresseo  by valllngton (1965) were a l l  taken, 

namely the preparation of the Goluilon in  s t a ^  4 only done in  clean 

glaoaware, and immediately before we*

9.1 te tochnic;ue o tains axons and is  superior to  the lîarchî technique 

\diich only s ta in s  degenerating myelin* However, the mechaniaa of tlie 

Nauta is  not fu l ly  understood. The work of G ioH l (1965) sugi ests  th a t 

the chemical groups Involved are unsatum ted l ip id s ,  prebebly cholestero l 

Gstere#

I f  the C ollidine is  l e f t  out of stage 3 the technique can be used 

to  s ta in  normal fib res  (K.E* Webster perBoiœl communication) * In stage 4 

tlie oimronla concentration can bo varied and increased Imi^rcgnation of 

degenerating fib re s  occurs with lo\mv concentrations, with a 2al concen

tra tio n  VSÏ7  good sta in ing  of normal fib re s  was found*

Both with tho normal f ib re s  and degenerating methods countoretalning 

can be don© with Cresyl Feat Violet*

i

€4. Kiirlich’s Haematoxylin and Eosin.

This was used in  the r e t in a l  count work* .RR#

5. Ndmos S ilv e r techniqu© (1943) f  i J:

The schedule followed was*-

Y ,v-:

1!



1. Dcswax and Hydrate

2. 'Mace in  20% s i lv e r  n i tr a te  in  the dark fo r  1-2 hours.

3. Remove sectiono and uaoh in  three changes of d is t i l le d  

water « to tal tin e  10 mns*

4# Impregnate in  buffered s i lv e r  n i tr a te  a t  3?*̂ C fo r 18 hrs# 

The so lu tion  was:

Boric acid m/5  ........ .. . 65ol8

Borax. 10 H^O. 1 4 /2 0 . . . . . . . . ........ 35ol8

D is tille d  w a te r.. . . .  . .  . . . . . .385tnls

1% aq. S ilv er n i t r a t e . . . . . . . . . . .

î\ire f ^ i d i n e . . .   . . . . .  . .  lOnsls

The ph of the buffered s i lv e r  n i tr a te  was approximately 8.2#

5. Reduce fo r 2-3 mine, in  a so lu tion  o f:

Hydroquinone..  ............. . . . . 1 . 0  grams

Sodium su lph ite  c r y s t . . . .    10 grams

D is tille d  water . . . . . . . . . . . . . . . . . . 1 0 0  ml,

which is  heated to  50^C,

6. Wash in  running tap  water fo r 3 mine. Then rinse in  two 

changes of d is t i l le d  water.

7. Tone in  0.2% gold chloride (yellow) u n ti l  sections go 

colourless -  approx imately 15-30 socs.

8 . Rinse in  d is t i l le d  water

9. Reduce in  2% oxalic acid u n ti l  nerve fib res blackish

10. Wash well and i f  the re su lts  are not sa tis fac to ry , repeat 

stages 3 , 9 and 10,

11. Fix in  5% ypo, 1 mln#



12, Wash, dehydrate, c lear and mounts

ih is  gave good sta in ing  of the fib re s  and celle#

A##m
: -:y

. . .
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The general anatos^ of the eye of the minnow is  very ty p ica l 

of te le o e t f ish  in  general* S e r ia l sectione were cut in  two planea# 

one doreoventrally and the o ther roetro-temportilly* They were cut a t  

A |j and stained with Klthrer & Barrera or ham atosylin/eosin^ the lens 

being l e f t  in  the specimen* The general anatomy Is  shown In f ig $ l. 

page S i .

Mo re tra c to r  le n tis  muscle could be found and no d e fin ite  Area 

could be found# Brftnner (1934.) strongly  suspected the presence of a 

specia lised  region of the retina» an Area» but d id  not have any good 

evidence fo r  i t s  existance# In the minnows used in  th is  work there 

was a region in  tlie temporal part of the re tin a  with a s lig h t increase 

in  tîis number of r e tin a l  elements, however, a  d is t in c t  Area with very 

th in  cones of high density could not be iden tified*
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Fig* 2

Drawing of a dorao-ventxuLly cut section through the 

eye of the minnow in the midline.

' r . . .
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Section of the retina stained w ith KllSver & Barrera

and section at 4^ $

Abl revlationc •

1, Pignented opitiielium layer 

2$ Layer of rods and conoo 

3« External lim iting membrane 

kU Outer molear or granular layer

5* Outer plexiform layer

6# Inner nuclear layer

7. Inner plexiform layer

8. Ganglion layer

9# Nerve fibre layer 

10# Internal lim iting membrane 

GAN# Ganglion c e ll 

AM* Amacrine ce ll 

Bi# Bipolar neuronoe 

HOR# Horisontal ce ll 

L#B# Lent ifom  body of the cone 

0#S. Cone outer segment 

NUC# -Hicleus of the rods and cones 

P*S# Projections of the plgmento-epithellal ce lls  to  

surround the \qretlnal rocoptore#

S#C# Single cone 

D#C# Double cone
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The re tin a  i t s e l f  showed the 10 layers labelled by HcKwen (1933) 

(Fig. 3> p# ) . The horizontal ce lls  of the inner nuclear layer 

were very well developed and constituted a defin ite  layer of cells# 

There were olao a large number of amacrine celle in the inner plexifonn 

layer. This large number of amacrine cells would allow fo r a greater 

degree of variety  in the Interactions of the bipolar and gnnglion ce lls  

and would enable conduction to take place in  a l l  directions a t th is  

level of the retina#

The re tina  was studied more fu lly  by means of counting the re tin a l 

receptors# The eyes from a number of fish  were removed and a nylon 

t i e  was placed in the ertrerne dorsal part of each one so tha t i t  could 

be orientated correctly %^n i t  was embedded# The righ t and l e f t  eyeo 

were fixed separately# To get an accurate picture of the re tin a l 

receptors i t  has been stressed by Lyall (195^S, 1967 b) and lmgstr@m 

(1963) th a t the re tina  must be cut tangentially# Cutting the eye tangent- 

ia lly  resu lts  in  the rods and cones being cut tranovorsly to  th e ir  main 

axes# Fifteen d ifferen t regions of the rc tim  were investigated, some 

dorsal and some ventral. Both Lyall (1956, 1957 b) and Engstr&a (1963) 

removed pieces of the retina but found that in order to get good sectior© 

i t  is  nocossary to  take fa ir ly  large pieces# This however introduces the 

problem of the orientation of the pieces and th e ir  position In the retina# 

In the present work, eyes %mre cut tangent ia lly , using: the witole eye
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F i g .  A

Drawine of the apparatus used to produoe the 

retinal laslona.

F ^ . 5

Diagram of the eye mounted In wax with the 

cutting m%le ^  marked on the outeida of the wax#
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PHOTOCOAGULATOR
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u ti l is in g  the dortjo-ventrcil Gxin and the fron t of the oye. The eye was 

mounted In the wax block with ju s t su ffic ie n t wax surroundings i t  to  be 

able to  goction e a s ily , and arranged so th a t i t  ley  exactly in  the 

contre of the block as shown in  fig*S page 67 • On the outside of 

the block the do rsa l-ven tra l axis (AB) could be marked, oM provldi%  

the rOwTlrQl-temjx)rol axis is  p a ra lle l to  the front of the block, the 

cutting angle «an '>© measured and scored d irec tly  on the block (DC),

The block is  mounted on the microtome chuck by the fro n t'su rface  and 

o rien ta ted  so th a t the knife cut is  p a ra lle l to  the cutting angle* By- 

varying the cutting angle (<  ) d iffe ren t parts of tîie re tin a  could be 

cut tangent ia lly*  ’ This procedure was used when the midlinfe regions 

were investiga ted , end by mounting the block so th a t the eye was a t  

45^ to  the fron t of the block i t  wes possible to  cut t^angeatially in 

both the ro s tra l  and temporal f ie ld s  of the re tin a . The cutting angles 

were determined from scale drawings of the eyes as shown in  fig* G 

page

'  i
The î'egions of the re tin a  are described with reference to  th e ir

' ' i
cutting  angle I fo r  example, the region 200 is  the region with a cutting ]

■j
angle of 20® dorsal f ro r  tho dorsowventral axis in  tliO mldliiw. The 

regions used were as follow s«-

205) 20® from the dorso-vontral axis doreally

4QD -  from the doroo-ventral axis dorsally  

rv -  Cut p a ra lle l to  the dorso-ventral axis medially 

900 •• 90® to  the dorso-vontral axis dorsally*



»rft Oit W i s e  A

#@Yw et#aiy@9#RÈ od’ b»w a o X ^  in ex em b

«üLtbifi edi ni %L[m;t:zow#6e  ̂ ieo er̂ s .A

,A goiwff^ ^  (%A anaJki edi* #  joo @%e #@

Xarcoqraoi vc Xantecvî ®îji erft lo  ôxiijfea e #  *S
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A seriee of drswioga Â B̂ C to illu s tra to  the 

different angles used to imrootlgate the eye#
V ■‘V

B. I

C.

eye cat doreo-ventralXy in the midline

eye cut in the plane AB of drawing A#

eye at eitlior of the 45^ roetral or temporal

-t'- poeition#

ë .

•v; rr';
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Fig. 6B
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4.0V -  40 to  tho doi’oo-vontral axis ren tra lly

60V -* 60^ to  tho doroowventral jbcIb ventro lly

901' m, 9 0 ^ to  the doroo-ventral axis ven tra lly

/ / dvr -  P ara llo l to  tiie dorsowventral ax le , ro s tra lly

//DVT -> P ara lle l to  the doroo-^rentral ax̂ Æ temporally
0 0 4$R45D -  45 ro e tro l and 45 dorsal

45R0V •  45^ ro s tra l and p a ra lle l to  dorso-ventral axis

45R45V -  45® ro s tra l  and 45® ventral

45I‘DV -  45®t«aporal and para lle l to  dorso-ventral axis

4 5 * 4 5 0  -  45® temporal end 45® dorsal

4545V •  45® temporal and 45® ventral

Counts were made from a l l  the re tin a l regions cut* The counts 

were mad# from an area of O.ObifiR and from each region of the,tangental 

section  there wero taken a t le a s t 3 ^  differemt counts* These counts 

did not d if fè r  from each other by more than about 3 or 4# In a count 

of 50 fo r each re tin a l receptor and^ because of th is  confonaity^ 

only tho meam are given la  the table on page GI» .

With these counts i t  was possible to  calculate the visual acuity

fo r the d iffe ren t regions of the retina* The visual acutiy was cal» 

cmlated from the equation* ; m

8 l n ^ =  i  J L X  C l 7

tabm  from Tamure (k Wisby (1963)

j ; .
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f  S focal length in mm of the lena
2n = density of cones per O.Olmm

Ü. 2 5  = degree of shrinkage usii% Bouln fixative and stalnli^

with haematoscylln/oosln*

V s  acutiy and is the minlanm separable a%le in minute.

The focal length oan be calculated from Matt: lessen*s ratio» yhi<* is  

f  = 2.5r# vdiera r is  the radius of the lena* Ten minnovs apparaodmately 

6 cd, long showed a lens radios of from 0.68 to O.dta. am! a mean of O.T îeu

From the equation i t  cen be seen that so far as the structure of

the eye is  concerned on its  own without reference to the eentral nervous

visual acuity depends upon two factors* the resolvli^ power of the lens

and that of the retins* The resolving power of the l&aa Is related

to the reciprocal of its  focal length and is  large when thé lens is

largo. The resolution of the retina depends upon the density of the

visual ce lls (n) axid the cross oonnections between them. If the cross

connect lone are very nwmberoos this may make a difference* for thqy ^

cannot be quantified and do not occur in the equatiw* Furthexmre*

details oan only be resolved i f  their image cm the retina is  separated

by an unetiflulated ccme. In calculating the acuity of the fish used in

the work of Tamara & Wisby (1963) and Blaxter & Jones (1967) the ctouble 
*

cones were counted as single conea and the two were equated. The minnoŵ  

on the o her hand* has both triple and quadruple cones and the quaetim 

arises as to bow these ohould be counted* On the basis of Lyalins (1957 b) 

theory that these multiple cone types are foxrod from tM fusion of single

I y



and double cones, a ll the multiple cone types may be counted as single 

cones for the r̂ urposee of calculating acuity* This nmy well introduce 

a serious error but so far nothing is known about tfm function of 

those nmltiple cone types*

9.UU
'Ihe figures in table I L are marked on a series of diagrams of 

the retina looked at from the front (fig* 7 p. W Only their 

approximeto positions are marked*

In the retina of the Chess minnows, in general agreement with T 

the results of Lyall (1956, 1957 a, b), and Engstr&n (i960, 1963), are 

present rode and ainc'le, double, trijde and quadrujde cones*

The rods are vary d ifficu lt to see and the figures are only very 

approximate* They have the typical leleost structure with an extremely 

long and thin outer segment, dentiform body and myoid* They show a 

general distribution characteristic of many other vertebrates in that 

they occur in large numbers at the periphery of the retina and tl:e 

numbers le crease centrally* Nowhere in the retina are tliey tW dominait 

receptor e lls  and the retina is  predominantly a cone retina* «



(,U-

TABLE I # Tho number of rods and cones in different regions of the 

retina and tiie vinucl acuity for each region measured 

from the cone counts# Also shown ic the presence (♦) or 

absence (-) of a cono mosaic (p. 71 ),

Region Rods Cones Acuity Hoo^o

Single Double Triple «Quadruple

90D 21 2 6 40 0 0 55' ♦

40D 2 2 1 2 12.15 1 1 3 50» m

2 ffl) 14.7 10.3 1 1 10.3 4 53'
DV 14.2 9 12.5 13.5 6 46'
4W 12.3 5.7 27.7 9.3 4 44'
6 W 27 31 45.7 4 1 49' ♦

9W 34 45 61.7
! 1 '

0 0 43'

45iU5D 2 2 41 43 '2.3' 1.3 ' 43' +

A5ROT 14.3 2.7 2 . 6  ’ 35.3 7 41'

13 28 58 2 0 3S* ♦

Â A5S> 17 43 21.5 10.5 3 42' #*

1 1 23.7 '5.3 35 ' ' 3.3 3 3 1

45T45V 17 33 ■ 52 2 0
' k’- ' .

40'

/ / m 32 37 52.5 0 ’ 0  ' ' 40' ♦

 ̂ .mg

:

i .  iS i. .- ' r
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F l g * 7

A series of drawings of the retina of the minnow 

looked at from the front of the eye# The numbero and 

approximate positions of the rods* in gle, double, trip le  

and quadruple cones are naxted# The aouity and the presence
#

of a oone mosaic are also shown#

H



F ig .  7 RODS
S i ngle  c o n e s

4*7

57

3 4

2 7

V7

4S

DOUBLE CONES t r i p l e  c o n e s

4 0

43

S2-5

S B

2-3 «0 3 iO -S

35-3 3 5

9 3

QUADRUPLE C ONE S ACUITY AND MOSAIC t+ ]

SO*

S3

O't 46

44 '



The double conea arc uneciual, one usually bein(; la rger and, 

togetlier wit); the single coneo, show a tendency to becoine reduced in 

the central regions of the i’etina* This reduction centrally  in the 

re tin a  is  associated with the Increase in the nun?ber of t r i |^ e  and 

quadruple cones ̂  wîiich are not found in the peripheral parts but form 

the dominent cone type in  the central regions# Taking double, tr i j^ e  

and quadruple cones as 2, 3 and 4 single cones respectively, the to ta l  

number of cones in a given area did not vary g r ^ t ly  tJiroughout the 

retina* This 8Upix>rts the liypothesis tha t these multiple cone types 

arc formed by the fusion of double and single cones (Lyall 1957 b), 

which is  in turn based on the assumption tha t the re tin a  grows f im  i t s  

edge as in  other forms (Lyall, 1957 a; Blaxter & Jones, 1967),

Triple cones are assontially  conposed of three normal cones 

fused together, (fo r the general structure of the cones see fig* 3 

p* Siv ) ,  and for th e ir  appeai%nce in  tangential section , f ig  ? p 1 Q ,  

Kngatrttci (i960)y and Lyall (1956, 1947 b ) , both agreed tha t they were 

of the lin ear type and arranged in a s tra ig h t lin e  witli a large central 

cone and two smell ones on é ith a r side* The lin e a r  type of tr ip le  cone
- 4 -

was also present in  the 6hess fish  but there was also present the t r i»  

angular type, generally seen in Cadids,

The quadruple cones arc never very doainont in the re tina  and 

are composed of a large central cone surrounded by three smaller cones*
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Fig, 8

A, Pliotonicrograpli of the cen tra l region of tW  

re tin a  of a Ghesc minnow cut tan g cn tio lly  and 

sta ined  with liaomatoxylxn and eosin# I t  ohouo 

the absence of any mosaic and tlie prssenao of 

l in e a r  t r ip l e  cones (L.T.C.) tr ian g u la r  t r ip le  

cones (T.T.C.) and quadruple cones (0#C,)

D, Hiotoroicrograpèi o f a tant e n t ia l  sec tio n  of 

re tin a  of e felioas minnow a t  the periphery ̂  

sbowln: the mosaic of a lte rn a tin g  rows of 

double (D.C.) and sin g le  (S«C«) cwies.
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The minnow ra tin e  chows the general te leo stean  r e t in a l  chnre,otor 

of a lorf'.er nm ber of r e t in a l  elements in  the temporal f ie ld  than in  

the roDtrtil f ie ld .

The v en tra l region of the ro tin a , l ik e  tîm t of (Sutci:er

1933), d if fe rs  from the dorsaJ. region in  having very few t r ip le  and 

quadruple conos but a la rg e  manbor of double and sing le  cones#

Tho viBual acuity  varies  s l ig h tly  throur_;hout the re tin a  and the 

a rea  of lowest acu ity  is  in  the extreme dorsal part of the retina#

This docreaoe in  acu ity  i s  to  be expected from the re su lts  of Hogben 

& Londgrelje on ( as tero steus from which they concluded tlia t th is

region is  not used fo r fornwvlsion and probably can only receive l% h t 

in tensity#  These figu res obtained fo r  the acu ity  of the minnow using 

the formula of Tamura & Wlsby (1963) do not agree very well with those 

given by Brttnner (1934), obtained by behavioural expertoents# Using a 

black strip ,S ens#  from tW  f is h ,  she found the minlnum separable angle 

to  bo 0 # 2 ^ ,  giving a  v isu a l a x ^ e  of around 11*# I t  would seem th a t 

the oye works more e f f ic ie n t ly  than would appear from the calcu lated  

flguros using thé formula and tîi ls  may well be due to  the v as t number of 

cross connections found in  the te lo o o t retina#

Tlie mosaic found in  the minnow only occurs in  t!i© peripheral 

regions of the re t in a  and oonsiots of p a re llo l rows of a lte rn a te  double
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and niiTglo cones. The function of these cone laosaics is  obscure, Lyall

(1957 b) s ta te s  th a t he could not find  functional sign ificance  in

the cono p a tte rn  in  te le o s t  re tin a e , but auf-f-ected tlia t i t  might Improve

the perception of movement, and ttia t the p a tte rn  provides a uniform

d is tr ib u tio n  of cone types which might be important i f  the various compo##

nettt oones îiad d if fe re n t functions, Engstritei (1963) found tlm t oom

Mosaics are very re^^uiar in  eyes or regions of eyes wfiich are adapted

fo r acute v is io n  and tlm t the moot regu lar mosaics are found in  species

which are feeding on f a s t  moving o b jec ts . According to  b in , re tin ae  or

regions of re tin ae  which are not adapted to  the same extent fo r sharp

v is io n  have a more loosely  organised mosaic or no regular mosaic a t  a ll#

xngstr&a (1963 b) and Walls (1942) have fu rth e r  suggested th a t the

p a ra lle l  rows of s ing le  and double cones Wiich co n s titu te  tW  mouaic

p a tte rn  seen in  the ^yprinids is  a prim ativo feature# fn g s tr fe  concluded

th a t the presence of t r ip le  and quadruple cones associated  with the

breakdown of the mosaic in  the ce n tra l regions of the minnow“re tin a  to  
4

be abdjrant# The minnow does not f i t  a l l  Engstrte*s conditions as I tf.i

occurs in  a wide v a rie ty  of h a b ita t^SJ lak es (F rost 1943), deep r iv e r s , m'é 

shallow , faS'Uffioving streams such as the 0)mss, where very acute v isio n  

would be necessary. A ll the evidence shows tlia t ti>e minnow has f a i r ly  

good v is io n  and th a t tW  mosaic is  present a t  the periphery and not a t  

the cen tre ! reg ions. I t  seems from consideration  of the minnow tîm t the 

breakdown o f the mosaic does not reduce t)ie v isu a l a b i l i ty  of the f  1-sh#

I t  seems possib le th a t the seiac e f fe c t as a  cone mosaic could be

achieved by the fusing of tho cones and th a t the le n o f its  o f a mosaic
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would 1-hen be om plificd  because o f the c lo se  proximity o f the ind iv idu al 

cones. This vjoidd then imply that in stead  o f  the trirxLe end quadruple 

:)eing aberrant t y p e s  thoy arc h igh ly  evolved a lte r n a tiv e s  fo r  a cone 

m osaic. This vrould alno ex^ilain the evolutionary/ sign ificîan cc o f  th e ir  

occurrence In such numbers in  the v is u a lly  most important parte of the  

r e tin a .

l y .  jmilLAL _CQLQlDl_CJiiim

In view of the con flic ting  re su lts  from the behoLvioural expert» 

ments by previous wortere (p , ) ,  I t  was decided to  approach the

problem of the ro le  ployed by the re tin a  in  colour change from another 

asp ec t, namely, by su rg ica lly  removing parts  of the re tin a  o r by des» 

troying parts  of the re tin a  by otlior ntoans.

The cu tting  of the o p tic  t r a c t  is  a oimple operation which
S

c o n s i s t s  of mekinf  ̂ a  small cut In the conjunctiva end ro ta tin g  the eye. 

The o p tic  t r a c t  can c lea rly  he seen ond cut with a p a ir  of f in e , sharp 

s c is so rs . The operation does not apî^ear to  vneaken the f is h  very muck and, 

uîîlikG fish es  operated by Hogî^en & Landgrebe (1940), they survived fo r  

as long as {^necessary to  complete the experiment » In the  present expert» 

ment| some survived fo r  more than a y ear. Regeneration was not observed 

in  these f ish  because the blcxxl vessels running to  the eye were a lso  cut#
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A se r ie s  of drawings to  show the extent of the dorsal 

re tin a  removed in  f is h  R ll , R12, R27, R24# B25, R26, and 

H19* The re tin a  is  viewed from the fro n t of the eye.
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F ig . lO

A a e rie s  o f drawings to  show tho oxt.ent o f the  v e n tra l 

r e t in a  removed in  f is h  117, «31, «23, «29, «13. The r e tin a  

i s  viewed from the f ro n t o f th e  eyo.
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1 6  minnows were taken, and the l e f t  o p tic  t r a c t  was sectionod 

end tbcy were allowed to  recover fo r a t  le a s t  2/*. houi's# These f ish  tmre 

then tes ted  fo r normal, colour change on both white and black in  order to  

conflm  th a t they a l l  coiHd change fror.i D,0 #I. 7 * 5  to  1  well w ithin the 

no-mal time ( f ig . 2,^ p. ) .  The f ish  were then re-enaesthetised  and 

the conjunctiva was cut over t.î e dorsal pert, of the r ig h t eye. A cut 

waa then made in  the ciorBal p art of the r ig h t eye a t  the base of the 

i r i s  in to  the v ltreouc buiaor. In tlirec of those f ish  no fu rllie r donage 

was done and the conjunctiva was t'cattached to  the surrou .ding skin  of 

the sk u ll by two s ti tc h e s  of f in e  nylon. In 7 o ther f ish  the dorsal 

p ert of the re t in a  was renoved by Éeanc of carefu l cu tting  and scraping, 

using very fin e  knives* During the operatior» tlie eyo was kept bathed 

in  rlnc^er to  wash away blood end prevent i t  from f i l l i n g  the eye, a 

s itu a tio n  which would have caused to ta l  b lindness. The v en tra l part of 

tliG re tin a  was tre a ted  in  the same way in  5 f is h .  The e r te n t of the 

removals was determined from s e r ia l  sections of the eyes and is  shown in  

f i g . 4 ,10 poge

The fish  with re t in a l  removals were then te s ted  a f te r  7  aivi 1 4 . 

days on both a black and a white background and tM ir  colour recorded#

At the end of the  14 days the f ish  were k il le d  and the eye was examined 

fo r  any degenerative dianges. In  a l l  except one of the dorsal re-r^ovals 

the back of the oye y (fundus) could be c len rly  scon through the pupil 

w ith a  b inocular microscopo and the lens appecrjl^^orrcal. A fter 14 days.



the wound had cm pleto ly  closed and is car tlsouo had formed. A section  

of a 16-4ay eye io ahoivn in  fig* W page ^ 1. *

3  control f ish  were tre a te d  in exactly  the some way as the experi

mental fifth but only a small cut wpx made in  the r ig h t eye. Tho crut 

measured 0 .75OT.ru long and wo.s made through a l l  the layers in the eye, 

in  4  do rsa lly  and in  4  v e n tra lly .

Tho re su lts  fo r o31 f ish  are sliovm in  tab le  2 3 ,U- .

TABLE (L . The colour of the  v en tra l r e t in a l  renoved fi.sh a t  7 and 

14 days post-operation , a " te r  having been p'^od fo r  30 mins. on a 

black or a white bacltground#

rift' .
?•* i t r i l  r : : r c r W ' g l f t .

Fish D.0,1. 7-day D.O#I# 14-day

White Black White Black

R7 3 4 2 4
R28 3 5 4 5

R29 5 6 3 5.5

R3L 5 6 4 6

HIS 1
0 r

6*5 1 6*5
h. 'L.Ji’uii:-
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Fig

S ection  of f is h  R7 showing the  complete mmoval o f 

the v e n tra l r e t in a  while leaving the  d o rsa l r e t in a  in tac t*  

Si ninod w ith Klftver & B arrera and se c tio n  a t  4]J •
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TABLü 3 • The colour of the do i^ l r e t in a l  renoved f is h  ü t 7 nnd 14 days 

p o st-o p era tio n , a f te r  having been placed fo r  3 0  mins. on e black o r a 

white background#

Pish D .O .I. 7-(jay D.O.I, l^mday
White Black W iite Black

R ll 7 .5 7 .5 7 .5 7 .5
0 2 6 7 6 .6 7

H2 A 7 7 6 7
7 7 7 7

R26 7 7 7 7
R27 7 7 6 .5 7
n i9 , 32, 33 7 7 7 7

# The colour o f con tro l f  ish witJi a  sm all cut lüaced in  the  

d o rsa l o r v e n tra l re tin a*  The post-o p era tiv e  D*0 *I* was recorded a f te r  

7 days, and the period on the  black and lA ite  backgrounds was 3ft mljos.

F ish P re-operative
D*0*I*

i os t - o  oerative  
0 *0 *1 .

Treatment

Black White
f -

Black White

Ï 1 6 0 .5 6 1

2 6 0 6 0 d o rsa l

3 6 0.5 6 0 ,5 le s io n

A 6 0 6 0

5 5 0,5 4 0.5 v e n tra l

6 6 1.5 6 1 .5 looion

7 5.5 0 .5 5.5 1

a 5.5 0 .5 5.5 1



The D .0,1, values were recorded a f te r  14 days because ti l ls  time 

corresponds to  stage 2  degeneration of the o p tic  t r a c t  ( f ig .  lit- p, ) # 

The dagoneratlng f ib re s  from the regions of r e t in a l  removal could then 

be e a s ily  trac ed ,

Tiie f ish  wore allowed to  reraain on a blacl: o r a white background 

fo r  y> mins, because a f te r  th i s  tîjne fo r  normal f is h  would liave beccsne 

almost completely adapted ( f i g . 2 % p, Kl ) .

S e r ia l  oectionc of the wViole eye showed tlxat in  every case th e re  

was no evidence of haonorriiage and th a t the r e t in a  appeared normal, was 

not detached and bad normal nerve connections.

The con tro l f i s h  show tlia t the operation  has no, or only very 

s l ig h t  (1 ,5 , 7 , 3) e f fe c t  on the normal colour cliango* I t  would 

th e re fo re  appear th a t the  e f fe c t  on colour change o f the experim ental 

operations were due to  the ac tu a l dep le tion  of re tina#

The r e s u lts  from the experim ental f is h  show th a t  f a i r ly  larr-e cuiis 

in  the v e n tra l i^ t in a  have very l i t t l e  e f f e c t  on colour change, os seen 

in  P18 which had lo o t i t s  a b i l i ty  to  darken by 1 ,5  on tîie .D .O.I, s c a le . 

The la rg e r  v en tra l removals ofiisume an Interm ediate co lou r, when they 

can only ck^rken to  values of from 4 - 6 .  Hot only can they not darken 

fu l ly  but they cannot l ig h te n  f u l ly ,  and in  no case d id  the colour e>:eeod 

a value o f 2 on the D .O.I. scale# The o v e ra ll a b i l i ty  o f the f is h  to  

adept to  i t s  background ranged from 1  to  2  degrees.



None o f tho  doroal removed fio h  showed or^  a b i l i ty  to  colour over 

1  degree seen in  % 4 # In  a l l  except ^ 1 1  the colour was not maxinal black.

In only 2  fio h  was th e re  any p a r t ia l  recover^f in  the  LJnkay t e s t ;  

those wore R7  and R31 both showing a  1 -degree inprovcsnont in  t î i e i r  

a b i l i ty  to  lig h te n  from tho 7  to  1 4 -day t e s t .

D ireo t a tu 'g ical romovol of ports  o f tîic r e t in a  m y w ell damage 

o th e r p ro p ertie s  o f  the  eye which are  not ean lly  soon. For c x a s ^ e ,  

i t  may d is ru p t the a b i l i ty  of the lens to  accomodate. Also, the r in g e r  

may w ell d ilu te  the  v itreo u s  humor a l te r l%  i t s  o p tic a l p ro p e r tie s .

Otî5e r  methods were th e re fo re  t r ie d  to  confirm the  su rg ic a l rm iovals. 

Thermocautery and e lec tro co ag u la tio n  were tr io d  but they  botli roved 

to  be u n re lia b le  ai»i involved G^'tonsivc su rgery . F u rth e r, i n  most c a s ^ ,  

i t  WPS not possib le  to  a s c e r ta in  wimt damage had been done t ^ i l  a f te r  

the eye hawd been sec tio n ed . The method o f  photoooégulation, îioyover, d id  

prove t o  be hi^fLy su c cess fu l. U ecently, Gcoraats & Hidgews^ (1963) 

3%vlewed th e  f a c to r s ’ Invt^ved in  the  damage done by a pulsed l ig h t  source 

on the  r e t in a  and concluded th a t  the  damage i s  dose-irate depcmdant.

They constructed  a  model where the  ra d ia tio n  i s  absorbed by th e  r e t in a  

so th a t  the temperature o f  the pigment epithelium  is  ra is e d , mcA damage 

t>:sn r e s u l t s .  This would mean th a t  & sh o rt exposure to  high in te n s ity  

l ig h t  r e s u l ts  in  a  rap id  h ea t wave and le s s  daiüûge and a  i oxpoeure
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to  e lower isatooaiti?, e Glower heat '.xm  mô. soro «kaeg», bseeoeo 

tîioïTOl (toÊgo with time*

Tho mot.h(kk gcneroUy ia»«3 fw  ps.'oâuciae îihotocœetiifitirta ja® t;#  

Xeoon ore &a& tho Wemr booB» m lther of thooo was «pmlW'lo*

The op «mtas umk3 (fig* 4 p« 57) eo?»J«ted of a 5^w ,,*ojoot'or îfâ^ 

oovarod with olismlntaa foU oawspt a am ll opming «fclrfî 0ÎJ.CM3Û 

the light to pern oct. lh# projeotor lm |) w-a houaod to o tiî>çtav,.«î 

Iron ohiato with a bole bored In it  am! to Wj# !iole nm attwiwd e 

alereeoope lorn* Alltwoeh thia doom not develop a f'smtiaa tii

t!»  eoKTEjr of a SonBO ere or a Looer* i f  It la le ft  on ft» toeg eg*aj  ̂

«tïffictoBt boat ia gmerBt«*d to daaage t3» ret .toe.

The ftoh «ere oeaetl^ettoed and ptoood on the # e m  tog boord 

end til* lono oC  the ri'totooaagtdator wee pLeaed v(«y eleee to  oorme 

end e r r e e ^  eo that the lig h t was de.ftx9uaed eoto the lem  of toe Aek" 

end the Im e of t l .  fish  than femsed tlw hem onto toe rotias# The 

ayem were e*$o*ed fa r e verW de period ^  tto* to  the I t  v m

ftxsad that a «̂ceacKsd «mesure grve a «âacr lasioa (ffg . 12 p.' # ) .
V

/■ :

The ÿ'otOEre#: sl'OMO on pege 33 is  of a losiae 4 !*«m W ter W ng 

' plaoad* th is  shows sieelgr the d ism ^ton  a t the oomo and rode* «sapnolalll^

toe oDter segamt end lentifOns hed^ wMoh to ma»OBnW gdgmeHt.
ep lt A llai oell Isgpor wwoe preoeost# mn to  between toe rode eM «mes.

'
Mseeie# deosge to edao wan to the eyoW end to# nsdtol o f the rode md « 

oonea. ThS'tmBtol of toe tdpeln* nolle also egpasr # s n # W  and* lih s  '

- ,

' ■iH'
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F ig . 12

A. Ihotomlcrograph o f the  oye to  show the r e t in a l  

le s io n , s ta in e d  w ith Klthror & BaiTora

B. High power photomicrograph of the r e t in a  to  

show tho le s io n .
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tho nucle i of t ‘se rode and cones, are  smoll and pyknotlc. Up to  the

le v a i of tho end of the b ip o la r  c o lls  tliere is  complete d isru p tio n

but in  tho inner pioxlfonn la y e r  of the retlix : the damage is  not so
w

no ticeab lo . This is  corür;lctont with the ten ac l e f fe c t  theory proposed 

by Gcoroets & id/^cimy (1 9 6 3 ) ,  fo r  in  the case of the minnow a largo 

pigment opitliolium would absorb tlie l ig h t  and heat but because of the 

low in te n s ity  of the l ig h t  in s u f f ic ie n t  heat 3s produced to  damage more 

than the loyers immediately ad jacent to  the pi|-raent epitlielium*

The le s io n  c irc u la r  and approximately 0 . 9 4 mm in  diam eter.

Using th is  technique i t  was possib le  to  destroy la rg e  areas o f the f ^ i n e

and to  u t i l i s e  the o p tic a l p ro p erties  of the eye in  doing so .

A s e r ie s  o f s ix  le s io n s  was placed in  the do rsa l and vetstm l 

r e t in a ,  in  two arcs of tliree in  the r ig h t eye, the l e f t  o p tic  t r a c t  

having been cut p rev iously . The arcs were in  the approximate d ire c tio n  

of l ig h t  coming from the immediate background and o f l ig h t  ctxaing from 

overhead* The positions of these le s io n s  are  shown in  f ig .  13 $

Tho r e s u lts  o f only two f is h  wore obtained* 

a . R8 Q -  s ix  le s io n s  were placed in  tlie do rsal r e tin a  of the 

r ig h t eye and showed D.O.I. v a lu es , a f te r  7 days, of 7 

on black and 5  on white*

B. R21 -  The s ix  le s io n s  wore placed in  the  v e n tra l r e t in a  of the

r ig h t eye and showed 0.0*1. v a lu es, a f te r  7 days, of 5*5
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F ig . 13

The p o s itio n  of the le s  lone placed in  tM  eye o f 

f i s h  R2 0  and R2 1  to  des tro y  o it l ie r  the  d o rsa l o r  v e n tra l  

re tin a#
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on black and 3 » 5 on w hite.

Control f is h  wem te s te d  with a sing le  le s io n , and they showed 

normal colour change in  both ra te  and d ire c tio n .

The area destroyed t>y a s ing le  le s io n  is  about 0,73266 sq#mm. 

which means th a t the to ta l  area  destroyed by the si>: le s io n s  would be 

about 4 .3 9 6  sq.mrn. ^he to ta l  r e t in a l  area was found to  be approzimetoly 

1 2 ,7 6  oq.mn. vdiich gives t^^e area destroyed by the s 1:k r e t in a l  lesio n s 

a t  very s l ig h t ly  over one th ird  of the to ta l  r e t in a l  a rea .

The reasons Wiy more re su lts  were not produced are twofold.

F i r s t ly ,  and most im portant, was the techn ica l d i f f ic u l ty  involved in  

placing the le s io n  withou t  a  c lo a r p ic tu re  of the )?undus. I t  was not 

possib le  to  arrange the apparatus so th a t the beam could be accurately  

focused on the re tin a  bj’̂ defocus lag on the le n s . Secondly, the apparatus 

was lim ited  the absence of a cooling device end hence th e re  was no 

means of reducing; the  heat transm itted  with the l ig h t  beam. The two 

re su lts  loTfely confirm those of the su rg ica l removal. To obtain  the© 

a la rg e  number of f is h  wore used but a l l  excepting these  two were dis** 

carded because of the fa ilu re  to  produce lesio n s o r because the heating 

o f the comoa caused i t  to  become oloudy.

The re s u lts  of the experiments do show th a t d es tru c tio n  of the do rsal 

r e tin a  prevents the f is h  Crom ?5«ecmiag pale on a \A^ite background and tlm t
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the d es tru c tio n  of the v en tra l re tin a  prevents tlie animal from darkening 

but alno from fu lly  pcllng .

One must consider whetlicr t'-eso re su lts  are due to  tW  background 

response or whetl.er they can be explained in  o ther ways. In o i l  the 

do rsa l r e t in a l  removals the f ish  becarrie dark and in  most cases did not 

show any adap tation  to  background, however, tiiere a p o s s ib ili ty  

th a t  these f ish  were to ta l ly  b lind  in  which case they would have gone dark 

fo r  th is  reanon alone (p* ̂  t h i s ,  however, seems un like ly  from the

h is to lo g ic a l observations, and from the fa c t  th a t they a l l  went dark,

fo r  i f  they were to ta l ly  blind then approximately h a lf  would have begun 

the second ligh ten ing  stage (p#*3S ) .  In  the case of the v en tra l

r e t in a l  removals, the f is h  showed a lim ited  a b i l i ty  to  diange colour,

apparently  to  an attem pt by the f is h  to  adapt to  the background, fo r  

th is  could not be produced by vaiying tl^e l ig h t  in te n s ity .

The ex ten t of the le s io n  appears to  be an important coaoideration , 

fo r  the  sm all le s io n s  in  the r e t in a ,  whether in  the peripiiery or in  

the centr£)l reg ions, had no e f fe c t  on colour cliange. The la rg e r  le s io n s 

had a marked e f fe c t  and range from the small v en tra l cut HIS a f te r  the 

f is h  could change colour from 1 «6 # 5  to  the la rg e  removal of the dorsal
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re tin a  where the f ish  cmdLd not show any change in  colour.

Wixen the dorsal ?*ot1na region was r:.-moved by su rrcry  or by 

pliotocootivlation, leaving the v en tra l re tin a , the f ish  asouned a dark 

colour on the black baclq^;round, and i t  was only ?2U of the otu^deal 

reirtovils whioii showed any ligh ten ing  on the white background ( tab le  3 

%). & ) ,  it20 d id show a ce rta in  a b i l i ty  to  change colour and could pel©

down to  5 giving the f ish  the chromatic adaptation of 2 degrees# Tlie 

photocoagulation f i s h ,  H2 0 , had only the extreme dorsal port of tlie 

re tin a  reinovod, unliko the su rg ica l ‘cmovals where the vjhole of the do rsal 

pa~t of the re t in a  was removed# I t  would therefo re  appear th a t ac tiv e  

paling in  response to  on ilium iaated  white backgrouM can only occur 

whan the  do rsal r e t in a  above the o p tic  t r a c t  is  p resen t, and t  a t  the more 

re tin a  present the g re a te r  the ab illity  to  p a le . In oonsidoring the ac tio n  

o f the do rsa l re tin a  the re su lts  of R1 9 , 3 2  and 3 3  do not f i t  wildi the 

o th e r resu lts#  This apparent anomaly may be due to  blood in  the v itreous 

humor scroenin^^ the r e t in a ,  Althougl\ th is  was not c le a r  from the 

sec tions i t  proved very d i f f i c u l t  to  prevent bleeding in  these f is h  with 

cut re tin ae  and they c<mtinue to  seep blood in to  the v itreous humor#

'/hen the re tin a  is  completely removed the res id u a l b lo o i is  neglig ible#

The removal of tM  v en tra l re tin a  leaving the do rsa l In tac t 

re su lts  in  the f is h  assuming m  in term ediate colour cm the black ranging 

from 4  to  6**5# ’Ino tlic white none of the f is h  became p a le r then a value 

of 2 1 the f ish  not only have a reduced a b i l i ty  to  darken on a black
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background, they also  do not have the a b i l i ty  to  lig h ten  cm the

w hite. I t  must a lso  be noted th a t the f is h  which darkomâ most was R3 I ,  

and i t  was th is  f is h  which showed the  la rg e s t  v en tra l r e t in a l  removal, 

and a lso  had tiie le a s t  a b i l i ty  to  pale*

The general conclusions frcm these re su lts  seem to  b© th a t  

illum ination  of tli© dorsal retJiie  is  followed hy paling and of the 

v en tra l re tin a  by darkenin^U This s i tu a tio n  is  fu rth e r  complicated by 

t  e fa c t th a t fo r  oom%d.ote paling the v en tra l retîJûa must be p resen t.

With the progressive removal of the v en tra l r e t in a  dorsalw eids, an 

increased in a b il i ty  to  pole la  found, together with an increased a b i l i ty  

to  darken. I f  these fa c ts  are taken in to  consideration  w ith the fa c t
r'

th a t  in  the absence of re t in a  input (removal o f both eyes) the f ish  

darkens, i t  would appear th a t  in  the case of the v en tra l r e t in a l  r^tKJvals 

the f is h  is  responding to  the background with a l l  the re t in a  av a ilab le , 

the p a rt removed always inducir^ darkening. This loads to  the conclusion 

th a t the whole of the re tin a  Is  important in  colour change, and th a t  i t  

is  the whole of the v isu a l f ie ld  Wiich i s  necessary, and t?iat no area  

of the r a tin e  la  any more important then other#

Such concluaions do not agree w ith those of previous workers la  

th is  f ie ld .  R etinal d lf fe ro n tie tio a  was proposed hy Smmer (1933) fo r  

gunduluB liErvlalm iia. Butcher (1937 a ,  b , 1938 a ,  b 1939) Fundulus 

hcrteroclitua . and Kogben & Landgrobe (1940) Gaaterostcufl aculent.ua. 

bumner and Butcher considered th a t the dorsal re tin a  con tro ls pellng
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and the vont m l re tin a  darkening. Frcna the work on tiie minnow i t  is  

seen th a t the s i tu a tio n  is  more corajlox than th is  because the presence of 

the von trc l re tin a  is  necessary fo r paling* & Landf ro te  (1940)

fu rth e r  divided the re tin a  of fe e tc ro s tous in  re la f .o n  tc colour change# 

Tlioy considered the rog ior concerned with black adaptation  is  confined 

to  tl’ie f lo o r of iiie re tin a  below the op tic  tra c t  and the ^,;hite background 

response is  associa ted  witli a r e s tr ic te d  region of the cen tra l re tij ia . 

They considered the extreme dorsal re tin a  to  be e s se n tia lly  n eu tra l 

wit]: regard to  colour Ciiange.

On the basis o f Hogben & Landgrebe*s (1940) work one would ©3q>ect 

the f is h  H2 1  w ith the f lo o r  of the retina, destroyed to  have been 

completely white* l a  f a c t ,  i t  showed an interm ediate colour* The 

d estru c tio n  of the more extreme dorsal re tin a  (Table 3 p* ^ 3  ) idiid: 

Kogben & Landgrebc considered is  n eu tra l to  colour ehan^!©, resu lted  

In the in a b il i ty  of the f is h  to  change colour. Fiah H2 0  w ith a  dorsal 

r e t in a l  le s io n  could not pele fu r th e r  then D.O.I.g* I t  may be th a t the 

eyes of Qaatcrosteua and ;'hoxlnua d if f e r  in  re la tio n  to  chromatic 

t a t  ion , but fhey do show a s im ila r ity  in  v is m l  acu ity  (p* 7 1 - ) ,  and i t  

seorao possib le tîie t th e i r  eyes may have a s im ila r  function  in  colour 

change* Hogben & Londgrebc (1940) using isf^astir^aents of the re f ra c tiv e  

index of the lens ca lcu lated  th a t in  a container with the top and sides 

pointed b lack , and the l ig h t  in f e r io r ,  the f is h  would show tlie darkness 

response i f  the dorsal periphera l p a rt of the re tin a  was n eu tra l to  

colour change* They te s ted  f is h  under these condîtione and found th a t
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th© f is h  paled but not to  the some ext.ent m  the noi'mal background p a llo r . 

the main c r itic ism  of tîiis  vjork Is the r e t in a l  regions are based on 

t î ’OorGtictd considcm tions In the absence of l ig h t  s c a tte r in g , whereas 

the tcstlnt^ wan jxjrforînod under conditions which would allow consider^, 

able l ig h t  s c a tte r in g . I f ,  however, the l ig h t  in  th is  experimont is  

rcn tr ic to d  to  a cert.ain rctingil area the re su lts  obi.ained could bo 

expiainod as p a r t ia l  background paling , and not darkness fooling. In 

the minnow, darknoos poling only occurs in  the complete aixsence of l ig h t .

The ’ ratio*  hypotbegi,. p:.x>̂ 3osed tîia t the colour the f is h  assîmes 

depends upon the r a t io  of the d ire c t end re f le c ted  l ig h t .  In view 

of the lack  of r ig id  r e t in a l  d if fe re n tia tio n  as shown by su rg ica l 

operations, tli is  liypothesis becomes untenable fo r  in  the minnow tîie 

v en tra l I 'e tine  is  im portant fo r  p e lln g , yet ro oives l ig h t  from ov©r!iead# 

In  the minnow, and px'obably in  o ther f i s h ,  the re tin a  act© as a u n i t ,  

î’elaying the to ta l  v isu a l f ie ld  to  the b ra in , idiere i t  is  in te r j^ to d  

in  terms of the r e la tiv e  amount of l ig h t  re f le c te d  from the background. 

The e f fe c t  of the r e t in a l  removals can then be looked upon as modifying 

the to ta l  v isu a l coraplox, and the re s u lts  are what wbuld be expected 

fo r  a lim ited  v isu a l f ie ld .  The idee^ th a t  the eye ac ts  as & u n it In 

colour change was f i r s t  h in ted  a ti» y  Mast (1916) when he concluded tlm t 

the colour change reac tion  i s  not as simple as would appear from the 

r a t io  hypothesis. A s im ila r  idea wan expressed by Danielson (1939, 1941) 

who considered th a t  the s ta te  of the  melonophores is  determined ty  the



degree of co n trast in  the v isu a l f ie ld  as a whole.

The re la tio n sh ip  therefor© of the eye to  colour change is  one 

of the in te rp re ta tio n  o f the brightness of the vlnual f ie ld  by the 

b ra in , and ideas conccmin;, r e t in a l  d if fe re n tia tio n  and the ratio? 

of the d ire c t/re f le c te d  l iz h t  are f a r  too simplo to  be considered os 

applicable*
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In order to  d e te rc te  lAiich f ib re s  of the o p tic  nerve are a ffe ren t 

m ' degonoratior stiîdioo were made using the Hauta technique* To 

dotormine the oi t̂Jbairs tizae fo r Haut a technique following nerve section  

1 2  f is h  tied the r ig h t o p tic  t r a c t  cut and were l e f t  in  the acuarltaa a t  

13^C 1 2%* Two o f those f is h  were then removed a t  2 , 4 , 7 , 10, I 4  

and 2 1  day in te rv e la  and th e i r  b ra in s were fix ed , and sectioned , ^  

exrmlnod fo r  degeneration#

The twoMiay f is h  d id  not show any breakdown of the fib res#  th e

four-day f ish  showed the c h a ra c te r is tic  signs o f the f i r s t  stage
'

W allerian degeneration ("oîinson, Ross I t e r ,  & HcMabb 1 9 5 0 ; Young, 1 9 4 2 ; 

Nobaok & R e illy , 1956) « This f i r s t  stage i s  ty p if le d  by the la rg e  

fragm entation products fom d in  the fore of ovoids and e llip so id s#

This fracrtacatation o f the f ib re s  is  tlio period of axon d es tru c tio n .
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and tiio physical d li;tru c tio n  of thé  myelin# The seventh and tenth  days 

show the second a t go of deronen tion  in  which the y e l ln  and a>:onn are 

being deotîy>ycd crîomicolly# The myelin diaappoars end there  is  the for?5* 

a tio n  of cho leste ro l e a te r , and unlike the f i r s t  ste^e i t  eteiiis as sî^eH 

droplets# On both the 7th day and lOtli day f ib re s  in  str;ge 1  are s t i l l  

prc'Oent l:/ut on day 1 4  a l l  the f ib  roe in  tiie op tic  t r a c t  show stage 2 

degeneration# F roc; the 14tJi to  the ?Xst day the e n ^ n a tlc  d igestion  

which a lso  characte rizes the 2 nd stage is  seen en<i considerably le ss  

d rop lets are present# F in a lly  the 3 rĉ  merges onto the seccmd, and Is seen 

very cloc.rly in the G^weeh f i s h ,  and is  where the myelin has disappeared, 

the enlonourlim and neurilemma becoming thickened to  form the schwam tube
pioi.-io5

end tho collagen content o f the nerve increases* Fig#iY shows a l l  3  

stages in  the degeneration of the nerve#

In sh o r t, the t ic »  course fo r  the degeneration of tho op tic  t r a c t  

o f the minnow a t  1 8 ^  is  nom a t  2  days, stage 1  a t  4  to  1 0  day :, stage 

2  begins a t  7  days and increases to  \it.-dsy wliere i t  is  best seen, and 

th is  merges in to  the 3 rd stage In excess of two weeka.

Previous workers have used the March! tecîmique lAlob only s ta in s  

degenerating nyelin  wliereao the % uta techniqiis w ill s ta in  dapenerating 

axons DO th a t  one con be roasonebley sure th a t  a l l  the a ffe ren ta  of th e  

o p tic  t r a c t  are stnined#
-----

The o p tic  t r a c t  is  clinsular in  a la rg e  nqeber of fish es  but Kappers,
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Photomicrographs to  show th e  s ta g e s  in  th e  degeneration

o f  the o p t ic  nerve u sin g  the Nauta tech n iq u e.

A. IVo day degeneration  showing no change in  the n erv es.

8 . Seven day degen eration  showing both th e  la r g e  ovo id s and 

e l l ip s o id s  o f  s ta g e  one and th e  d r o p le ts  o f  s ta g e  two.

C. Fourteen day degeneration  showing the c h a r a c te r is t ic  

d r o p le ts  o f  s ta g e  two d e g e n e r a tio n .?

D. S ix  week d egen eration  showing o n ly  the th ickened en -  

doneuriuin and neurilemma o f  sta g e  th r e e .
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Hul)cr & Crosby (1936) have reported  n & tten lag  in  the |üg lco  ( Plauroma:

 ̂ Header (1934) roported th a t  pleating: of the o p tic  t r a c t  is  

cornrion In te lo o s t fiG heo. TW o p tic  t r a c t  of the minno*  ̂ is  conposo:] of 

what appears to  bo e. shoot of nej-ve f lb ro s  which has be cone folded to  give 

4 o r Dorc 1 û3t»1 1 ûo and in  general appearance seoins to  be roctm igiilar in  

croGG o ec tio n . The lam ellae ere fu r th e r  divided becauge the f ib  roe arc not 

dintriÎTuted evenly but grouped irtto iu n d ies , shown in  fig* p* *

From degeneration stud ios i t  apm ars tiia t the o rg an isâ tlo^i o f tiie 

re tin a  is  e s s e n tia lly  p "eserved in  the o p tic  t r a c t .  I t  was d i f f i c u l t  to  

porfom  accurate  worh bocause of tii is  ca -p lex ity  of s tru c tu re  but t l»  

do rsal ro tin a  is  dorr e l ,  end the periphery o f the  re tin a  is  perlp îioral 

in  the o p tic  tra c t*  These re s u lts  therefore  agree with the find ings of 

Akcrt (1949 b) on the  t r o u t .

The o p tic  chiûSüna shows a wide v a r ie ty  of s tru c tu re s  in  te le o s t  

f ish e s  but i t  i s  always complété. The most common condition  is  where t l»  

r ig h t t r a c t  passes under the l e f t ,  but in  the  herring  one nerve passes 

through a hole in  the o ther (Keppors 1936). Lubsen (1921) reported

interm ingling o f the o p tic  f ib re s  a t  the chiamaa in  LqucIscus and le a d e r  

(1934) found in te rd ig i ta t io n  a t  tlie chiasmi In o locen tro tua*

The two groupe of minnows used in  the experiments rdjowed a
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Transverse 

& Oarrera.

sec tio n  of the o p tic  t r a c t  sta in ed  w ith Kluver

F ig .1 6

Diagram of cond ition  7 and 9 of th e  o p tic  ohlasma*
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tïumber of d iffer^m t types of ehlesmata# There appear to  be no le s s  

than 9 d if fe re n t cond lt: ns o f tlie ohiosma, thc^ are es follows 8

1 . Ti^ht pcscos tirder l e f t  

2* L eft passer: tinder r ig h t 

3* night pasncs through a hole in the l e f t  

4# L eft posr.es through a hole in the r ig h t

3. fo th  tr a c ts  d iv ide Into two and then the l e f t  runs over 

ar^  through the r ig h t 

6» Loth t r a c ts  divide* In to  two and the r ig h t runs over and through 

tho l o f t .

7 . 'ligh t devldes Into  ttyrec and the l e f t  in to  two and then two 

dlvisionr. of ihe l e f t  run through the r ig h t.

8 . L eft d iv ides in to  throe and the r ig h t Into two and t  en the

two d iv ie ions of the r ig h t nxr. through the l o f t .

9 . Both of the  t r a c ts  d iv ide in to  th ree and tttey In te rd ig ite te  

witli each o th e r.

Typos 7 and 9 are i l lu s t r a te d  by a impie drawings on page 

f ig .  llo .

In the  COSO of conditions 3 and 4^ genera lly  in  the %dilch was 

pierced* the m nxnt below the hole was about 3 /4  o f the o p tic  t r a c t  o r 

3 lam ellae . In the aore ooaplex types the proportions of the  o p tic  

t r a c t  in  each d iv is io n  varied  from f is h  to  f i s h .  In one case o f condition  

$ the upper d iv is io n  of the l e f t  was la rg est*  and the r ig H  was eqxml*

but th a t  in  a  case of 6 the  r ig h t d iv ides unequally and the lowest



deviation  vno the la rg e s t .  In the case wi.ore the o p tic  t r a c t  d ivides 

in to  3 as in  condition 9 , one of these d iv is ions was o ften  very small 

and only composed of q fov; f ib re s .

Types 1 and 2 \ære the dominant types in  the Lea fish*  type 1 

formed about 60-705^ of the popiilction# Tyne 2 formed 25-30^ and types 

3 and 4 alxmt K%. Types 5 and 6 imre very rare  and only smounte ' to

001710 2/:.

Fewer Chess were examined but in  about 20 f ish  o i l  tho 9 types 

occurred a t  approximately the same frequency.

Why th e re  should be so mary d if fe re n t typos of chissmeta in  th is  

species is  d i f f i c u l t  to  exp la in . Previously no one has ro|X>rted ;nore 

than any one type each epeeiec and i t  seesas u n lik e ly  th a t the minnow 

is  unique. 'Ihose r e s u lts  are  from more then 80 d issec tio n s o f the 

c h ia sm . They are not e a s ily  seen in  se c tio n s . In s ttffic ie îït embryo* 

lo g ic a l knowledge is  av a ilab le  to  explain  th is  condition but In te restin g  

p o s s ib i l i t ie s  stem fpon? tho work of Jperzy (194^)# and A tta rd i & Sperry 

(i960* 1963). These, two workers*in an ex ce llen t piece of work, sliowed 

th a t regenerating  r e t in a l  ganglion neurons w ill  grow laiek In to  the tectum 

end have produced strong h is to lo g ic a l evidence o f a eh«aoHaf f in i ty  in  

these regenerating o p tic  f ib re s .  I4ore recently* uperry  (1967) has con

cluded th a t  the <30m^icated nerve f ib re  c J ru its  o f the  b ra in  grow* 

assemble* and organise i.hemselvoe through the use o f in t r ic a te  chemical
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codes under genetic  co n tro l. I t  voiJLd be in te re s tin g  to  porfom  rogerw. 

e ra tio n  experiments s ira ilo r to  those of i t  t a r i  & Sperry (i960, 1963) on 

the minnow to  see I f  tlie ch iasm  would fom  in  tW  came way again, and 

i;ouLd hence be g en e tic a lly  determined. I f  i t  did not form in the eamo way 

th is  nocullar configuration imy he the re s u lt  o f enviro»acrrtol feature 

ac ting  a t a very sen s itiv e  r̂ e'-d.od of embyonlc development. However In 

tiia t cci30, why ere tl'^ey a l l  not tl^e same from each otream? I f  tho 

development of the chiasmc In not enviixm m ntally  detonrined i t  must Ido 

random. Work on the ohi&sca of the minnow would ce rta in ly  throw con

siderab le  light, on i t r  fonnalion .

III.. .ÆtIC

At about the le v e l o f the ch iasm  the o p tic  t r a c t  ro ta te s  so th a t 

the do rsal f ib re s  Wccme v e n tra l and the v e n tra l,d o rs a l. At a le v e l 

ju s t  p o ste rio r to  the chiasma a small bundle of f ib re s  separates tr m  

the main p e rt of the o p tic  t r a c t  and runs d o rsa lly  to  form the modlrl 

lam ellae of le ad e r (1934), homologous witli the fasc icu lu s rnedialis tre c tu s  

o p tic i  o f b e llo n c l (1838), Kappors (1906) ,Frenz (1912) and Jem cn (1929). 

The r e s t  o f the op tic  trctct runs dornocaudelwurd along the ex tern a l t ia l l  

o f the dienceiiialon. The o p tic  trc irt then div ides in to  two appm xiriately 

equal d iv is io n s , a domrd bundle, the fasc icu lu s d o rs a lis , and a l a t e r a l  

bundle, the fasc icu lus l a t e r a l i s .  A fa r th e r  group of f ib re s  leave the 

o p tic  t r a c t  medial to  the fasc icu lu s  d o rsa lis  but these  f ib re s  are  h igh ly  

v a ria b le  in  number and re jo in  the fasc icu lu s d o raa lis  more dorsoU y.
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^J’tiXt/oCrŝ r ■‘‘s' ;r 5"? a f t  bf?&

-4.4.1 'ic Jni-ri oj 9Vfz!̂ X<j:'; roi jf 3 jZ %*;Iq

.%oMaj*oq JcoR H • IviA e t \'f v^f-

Î  UîiOJ â MJtv&'idd A

-T

D fA ihegi iîïtrf«.IiX6XiiGX i J . 0 . 0

&±â'm<itî  * M'IKI
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Three traneverse  sec tions of the b ra in  of the minnow 

sta ined  w ith the Holmes method. The sec tio n s show th e  o p tic  

t r a c t  and i t s  re la tio n sh ip  to  the  tectum and gen icu la te  com

plex and it® p o s itio n  r e la t iv e  to  the r e s t  of the b ra in .

F ig . \1 i s  the  most a n te r io r  and ( ^ tho most p o s te r io r .

A bbreviations :

r .

C #G. L.

C.G.P.

M. HAB.

m iN .

FASC. RET. 

FASC. DOR. 

FASC. U T .

N. PRE.

MED. LAM 

com. IRANS. 

o m i .  MIN. 

L.F.B.

BRA. T. MED. 

BRA. T. U T .

Optic tectum

Corpus .^eniculatura mediale 

Corpus goniculatum p o ste r lus 

Nucleus habenularis 

Kminentia raedialis 

F asciculus re tro fle x u s  

Fasciculus d o rsa lis  

Fasciculus l a t e r a l i s  

Nucleus preopticus 

inedial lam ella 

Commissura tran sv e rsa  

Commissure minor o f H errick 

L a te ra l fo reb ra in  bundle 

Brachia t e o t i  m edialis 

Brachia t e o t i  l a t e r a l i s .
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N. HAB

FA SC  RET.

EMIN.

FA SC . DOR. 

COMM. TRANS

N . PR E.

MED. LAM .

fa SC. LAT.

C.G.L. C.G.M
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The medial lam elle en tera  tlm fasc lcu lu a  Jo ra a lle  without giving o ff  

any f ib re s  a t  about the le v e l of iîe rrick H  cogminoure. These d lv ls lo m  

of the o p tic  t r a c t  ere* c le a r ly  seen in  f ig .  a , -1^ e , --»

Not a l l  the f ib re s  frcKri the o p tic  t r a c t  end in  the tectuin* A 

nu"iiber elitl in  the gen ic ida te  eoinplex and have been la b e lle d  by ^"oader 

(1934.) the  fasc icu lu s  genlculattkc. The do not form a d is t in c t  hx ndle 

in  the  mlnrow#

The only tre c tn  to  be p o s itiv e ly  id e n tif ie d  in  the minnow are  the  

medial lam ellae , fa sc icu lu s  d o r s a l is ,  fasc icu lu s l a t e r a l i s ,  and cormeetions 

to  the ; o n icu la te  complex* Other f ib re s  vdiicb were not found, and are  

probably not p resen t, were the fascitnalus dorsom cdialis, which was traced  

to  the tegmentum of th e  midbrain (Jansen 1929), f i t  res  to  the to m s  

re rn ic ircu la ris  reported  l̂ y Yen der Horst (Moader 1934), and f ib re s  to  

the v e n tra l thalamus reported  by Lubsen and by Keppors ^  (191%) #

Between the forks of the o p tic  t r a c t  l i e s  a  group o f neurone oasoos 

which have been w i le d  the gen lcu la to  complex, o f which a  nmnber of 

co n flic tin g  and confuaing accounts have been given in  the  l i te r a tu re #

In the minnow, the freniculato oom^ex appears to  be eospoaed o f 3 

p a r ts ,  l a t e r a l ,  medial and dorsal#
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This la  a la rg e  nuclear bo 'y ly ing  in  the l a te r a l  p a r t of the 

doitsal thalamun. I t  has been ca lled  the corpus genlculatur: le te r a lo  

ipewrn by Header (1934) and corresponds to  the gen icu la te  of most o th e r 

QUthora* I t  ÎC the nost a n te r io r  of the g parte o f the genicuL te  complex 

In the minnow and in  tran sv erse  sec tio n  apijearo to  be half-moon shaped, 

but while in  lo n g itu d in a l sec tio n  i t  is  essen t a l ly  -shaped. The 

neurones in  th is  body are  both la rg e  and sm all and are arranged in  a 

complex p a tte rn  (fig*  p .n i  ) # The la rg e r  neurons occur naln ly  a t  

the perlfiiory  and in  a region in  ttie do rsal p a rt o f the Ixxiy, The d is»  

t r ib u t  ion of th ese  la rg e r  neurones natcined th a t  of the inccxalng o p tic  

t r a c t  f ib re s ,  though synapses wei^ not clsK r ly  aeon between thane 

la rg e  neurone end the  o p tic  t r a c t ,  i t  seams probable th a t  they do In 

f a c t  synapse w ith the o p tic  tra c t#

The sm all neurones occur in  the  g raa tea t xaxsbers in  the ce n tra l 

and more medial p a r tr  o f the body. In  the medial region of the body 

th e re  arc no d ir e c t  f ib re s  from the  o p tic  t r a c t  but th e re  a re  e ffe re n t 

f ib re s  running to  the  ^ommiasnm of H errick and to  the medial and doroal 

bodies# Ihese sm all neurones may w ell give r i s e  to  the  e f fe re n t f ib rw  

and provide fo r  th e  intorc^m nections necessary fo r  Die working of the 

geoéaùlatc complex# ^

(b )  asàifüA ( c . c .m . )

This is  a  la rg e  ap h erica l body s itu a te d  d i r e c t ly  medial to  th e  GCL
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and although i t  does not extend so Ter a n te r to r a lly  It does extend much 

fu rth er  p o ster io r ly *  Like the JjA, i t  io  composed o f  2 typos o f neurones, 

la rg e  and sm a ll, ( f i g .  2 0  p, h f  ) ,  but there are fewer s^m ll neurones 

and the largo  neurones are la rg e r  than in  the CwL, The d is tr ib u tio n  shown 

the same nertterr: as the >'\CL v/ith the lar^^e ne rones ly in g  adjacent to  

the o p tic  t r a c t .

The question  of homology of th is  group la  comçxLcx* la  general s is e  

and s tru c tu re  I t  appeors to  correspond to  the nucleus a n te r io r  D^alami of 

G oldstein  (1905), ^h arlto n  (1933) and Holmgren (1920) hut not to  the 

nucleus a n t^ r  o r th-alomi of Kappers (19%) • I t  a lso  appears to  be homolo

gous wiDi the cor^jus glai^eruloswi pars a n te r io r  of Briekner (1929) and viD i 

the nucleus rotundua of ch n itz lo ln  (19159) • iiuch of the confusion l i e s  

in  the fa c t th a t many o f the w >rkers p resen t th e i r  re s u lts  in  the  form 

of drawings and not jiiotomlcrogrt’phs o f the  specto^ns. TW .second reason 

which may have led  to  so much confusion s te m  from the  f a c t  tîia t they a l l  

use a very wide v a rie ty  of techniques and the same stî-ucturo can appear 

vary d if fe re n t  when s ta in ed  by e v a r ie ty  of methods.

In  the minnow Die fa c t  th a t  th e re  is  d ir e c t  c e l l  ccxatact between Die 

IPff. end the  CrM.througîiout tlie moat o f th e i r  leni the would in d ica te  th a t  

they ore in iim ate ly  re la te d  ( f ig .^ °  p, vv̂  ) ,  The fD re  connections 

between the CfiH, to  thoC ^, are  very well developed (fig#ZN p , ) oM 

tiicy both receive f ib re s  from the  o p tic  t r a c t  and tectum and give f ib re s  

to  the  tectum In  view o f th e i r  acum je  anatoc^, f ib re



) n

o c  ..cl'

od e AffcU C/A,̂

edi '.'j $ '. .1 riizV be»-': : % X?, ? ulqriuc

'k: {?oHTffd

}̂: . t*C.Q o^#a% im fo l e  aZ hfte- %oZT4J#s J a w  edd «s.f ^

*;hiï?i5ï>‘ît̂ ; j  aiff. --fXpO

: saoi j.% cv#'ïUü A 

Al2Ti»j^.r -d^0„0

sib̂ - sO *'!.»* *0
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S e r ie s  o f se c t io n s  a n ter io r  to  j.x>sterior along the  

g en icu la te  complex sta in ed  w ith  C.F.V. to  show th e  d i s t r i 

bution  o f the c e l lo .

A iff the most a n te r io r  and i s  a t  a l e v e l  whore th e  C.G.h. i s  

on ly  ju s t  p resen t.

A b b rev ia tion s:

C .G .L . Corpus genioulatum la t é r a le

C .G .P . Corpus genioulatuR p oster in g

C .G .M . Corpus geniculatum  m edial#

KASC. DOR. F a sc icu lu s d o r s a lis

FA SC . LA T. F aso iou lu s l a t e r a l i s

c o m .  M IN . Commissure minor.
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connections and general nnetony. I t  seetnn ju s t i f i a b le  to  consider th a t tliey 

nr© enn im tla lly  d if fe re n t pcrta  o f fu n c tio n a lly  tlm oozne body* In view 

of thoo© concluîîion i t  scciao th a t the C.G.M* may w ell lie hcsraologous with 

the nuclouo intermedium of G oldstein  (1905) and of Holmgren (1920), but 

very w ell developed in  the alnrtow, and not homologous w ith the  nucloun 

a n te r io r  thnlam l of these two autboi’s# I t  does however appear to  lie tîie 

corjxis geniculatum pnro' v e n tra l is  o f le a d e r  (1934)* *̂ he most recen t work 

on to looot breinc concerned wiDi th is  region was performed by M cimitzleiii 

(1959) and from h is  l l lu c t r a t io n s  the C.G.M* would appear to  liave Die oane 

s iz e ,  general ^x>sitlon and nr.irone s tru c tu re  as h is  nucleus rotundus# 

Scsîinitzlein fa ile d  to  fin d  f ib re  connections D iet are  present in  the 

minnow and concluded tM t  the C*G#K. was not p a rt o f the  v isu a l system#

H© d id  make the  obeetvation th a t  i t  i s  very v a ria b le  and not present in  

th e  6 a tf is h ,  vary la rg o  in  Di© G oldfish , and reduced in  the  D arte r, but 

th a t  in  th is  l a s t  f i s h ,  the C.G.L* i s  very la rg e  and folded# Froo th is  i t  

could be sa id  th a t  b is  zmol( w  rotundus is  posjjibly re la te d  to  the v isu a l 

system, fo r  the  G etfish  has a poorly developed sem e of v is io n , end o lth o u ^ i 

the D arter hag very good vis:'on tlse o th e r p a rts  o f the  g en icu la te  complex 

are  very w ell developed#

(c) Qqrr«3 tx-alculatua; sostcrlus

This i s  composed o f a. few la rg e  neurons d if fu s e ly  arranged and ly in g  

dorsom edially and caudelly  to  the  r e s t  o f the  complex# I t  i s  hm dogous 

with the corpus r:enlculetutt p o s te r lw  o f Header (l934) w ith th e  nucleus 

pretectali@  of H chnltalein  ( I9 5 9 ) f  Id s te in  (1905) and Kappers (19%)#

«



In view  o f i t s  f ib r e  connocrtions and general pop i t  las?., i t  seemed 

b e st  to  include i t  with the r e s t  o f the omTÜex,

(d) F ibre oonnfictiQiia o f  th e  GcniaiLate cæaalo^i

Bollonci (13i>8) thought th a t  the l a te r a l  gen icu la te  nucleus only 

received c o l la te ra l  of the ro tin o to c ta l f ib re s  and llx© work of S d m itz le ln  

(1959) fni-led e i th e r  to  confirm o r to  deny th is  and Kapper (1936)

seem to  agree th a t  they are only co lL 'ito ra ls♦ The o p tic  f iln ’os which 

supply tbo l a t e r a l  gen icu la te  body were l e i  loved by Zeeran fmé. Lubsen 

(KapfKirs jâi ^  1936) to  o r% ln e te  in  r o s t r a l  quadrants of th e  re tina#

In the minnow th e re  is  d e f in ite  evidence in  show tim t they are 

re tin o g en icu la te  f ib re s  and not c o l la te ra ls  o f tM  o p tic  tra c t*  These 

d ire c t  f ib re s  are  shown on fig# 2.^ p* iiS ,  s ta in ed  Die H olsts method 

and they were a lso  v is ib le  in  the degeneration stud ies#  F ib res from a l l  

p a rts  o f the o p tic  t r a c t  r m  to  the  gen icu la te  cm iûo^ and the l e t t e r
V.

appears to  reçoive a  f a i r l y  uniform p ro jec tio n  from the  r e t in a .  This has 

a lso  been demonstrated in  a s e r ie s  o f experiments involving ab la tim i of 

various p a rts  o f the  o p tic  tectum eaabiaed w ith u n i la te ra l  blinding# 

(Section ^ p# 'TG ) *

Ihe d if fe re n t ports  o f the gen icu la te  complex give f ib re s  to  th e  

o th e r p a rts  o f the complex (fig#  p , \1 3 ) , The a n ic u la te  oomple:: a lso  

gives r i s e  to  f ib re s  to  the tëctum and th is  is  e sp ec ia lly  w ell seen in
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A. S ection  o f  C.G.M. whore i t  makes co n ta ct w ith  the C.G.L 

Stained  by the Holmes method.

B. S ection  o f  the C.G.M. where i t  i s  oontaot w ith  th e  o p tic  

nerve.

S ta ined  by th e  Holmes method.
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Fig. 2 2

Section  o f  the C .G .L ., sta ined  by the Holmes technique, 

showing i t s  r e la t io n sh ip  to  the o p tic  t r a c t  and tectum .

A bbreviations ;

T. LAT. Draohia t e s t i  l a t e r a l i s

BHA. T. KS). drachi t e c t i  m edial! a

C.G.L. Corpus geniculatum la t e r a l i s

FASC. DOR. F asc icu lu s d o r s a lis .
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BR A .T. LAT.

P eh iA o l  F ib res  fo 
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n.G.L, In the more in te r io r  se c t io n s  theee f ib r e s  forr?i e d iffu se  fan -  

l ik e  d is tr ib u tio n  to  the tectum, but more po;?teriorly two d e f in ite  tr a c ts  

are prenant, e medial tr a c t  and a la t e r a l  t r a c t .  These tr a c ts  w r o  very  

well described by Charlton (1933) and named the brachia t e c t i  la t o r s i  i s  

and me d i d  in which correspond to  the troctua g c n icu lo -lo b a r is  and tecta. I l s  

of Holmgren (1920), A la rg e  m nbor o f f ib re s  run fro^- the tectum to  the  

gen icu la te  complex#

^he gen icu la te  cocjiLex on each side  is  joined to  th a t on the o ther 

side  by a la rg e  and well developed comr'.issure, the commissure minor of 

i errick#  F ibres from the whole of ihe complex with the pm olb le exception 

of the C#C#f#, are  found in  i t  (f%# , p# ( i l ) #  Fibroo from the

complex a lso  run in  tlie trf>nsverse commlesurx which runs below and more 

omudal to  herrlck*8 commissuro#

F ibres from the gen icu la te  complex a lso  run to  a wide v a rie ty  o f 

o th er regions in  tlie b ra in , well developed f ib re  bundles running to  

the eminent la  raed ia iis , hypothalamus, and v e n tra l thalam ic nuclei# T'W 

spino-genlculato  connections could not be a on, nor could the connect xone 

to  'he ganglion isthm i reported by Kudo (1923)#



V X 1

V. ü m o  TEcim

The op tic  iGcttuTî is  a la rgo  bllobod p la te  of t is s u e  which forms the 

roof of tho o p tic  v e n tric le  and coveir the re s t  of the rsesencephclon 

io rn a lly  ona, to  a c er ta in  ex ten t, l a t e r a l ly .  Because of the op tic  

v e n tric le  the optic tectum is  only connected to  fho ro st of the b ra in  

a t  cort;ain pointa and a largo  ronouxit of i t s  stm crture Is determined by 

t h i s .  The connoctionG are In the extreme ant^ r lo r  region  and in  tho 

l a t e r a l  regions extending from a |x>int ju s t  a n te r io r  to  the middle of 

the tectum to  the poo t.© r  to r  o f the tectum.

Tlw two bundles comprising each o p tic  t r a c t  run in to  the tectim# 

ib© fasc icu lus d o rsa lis  runs along the dorsal m idline of the tec tun  ar»â 

given f ib re s  to  i t s  do rsa l reg ions. The o th e r bundle, the feec icu lus 

l a t e r l i s ,  runs along the extreme l a t e r a l  margin of th& tectum giving o ff  

f i b r e  to  i t s  la te r a l  reg ions.

7 h a  o p tic  tectum has been examined by a number o f workero and the 

work by Huber 6 Crosby (Kappers ^  ^  1936) has divided in to  in to  6 

primary la y e rs , using the same te  icinology as th a t used fo r  h igher v e r ie -  

b ra te s . Leghi^'sa (1935) has divided i t  in to  seven prijm ry lay ers  and 

considerable agreement w ith t  i s  is  ahown in  th e  work o f Tandon & Sharra 

(1963) who a lso  divided i t  in to  7 layers*

In tlie minnow the 7 primary layers la b e lle d  by Legissa f i t  very w ell
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Fig . 2 3

Transverse sec tions of the  o p tic  tectum to  show tho 

arrangement o f th e  c e l l s  and l ib r e s .

A sta ined  w ith C.. .V. to  show the c e l ls ;

£  sta ined  w ith unsupressed Nauta to show the  B ibres. 

Both were c u t a t  8 |J.

1 . Ltratum fibrosum m arginale

2 . Stratum plexiforw e e t  fibrosiwi oxtemum

3 . S tra tm  griseian externum

4. Stratum plaxlform e internum

5. Stratum grieeum internum

6 . Stratum fibrosum profundum

7. Stratum grlseum p e r iv e n tr ic u la re .
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Fig. 2 4

LMttlon o f tho  toc tun  in  tbo  m idline sta ined  w ith C./ .V
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w ith the h lo to log ic-'il picture# because o f  the d i f f i c u l t y  o f  sta in in g  

both c e l l s  and f ib r es  with the same a ta in ,  eoparal© sta ln e  fo r  the saiao 

region ere shown In f% . 2'b (p , ) .

The la y ers  are ae fo llow s :

1 .  UH f l '  Ï-OÜUG .ük..ri-:L-iala

ih is  co n sista  o f a fa  r ly  th ick  la y er  o f non-^yelIm ted  f ib r e s ,  

and from i t  a conupltuoua iTundlc o f f ib r e s  runs across the tectum to

the torus lo n ^ itu d in a lis*  The neurones in  th is  la y er  arc few in  number

and g en era lly  have oaLy two dendrites*

This contains f ib re s  from the o p tic  t r a c t  ae they make -synapse 

with the end r i t e s  of the next la y e r  down* Evidence th a t i t  also  eonta ire  

f ib re s  from th e  g<anlaulate comj^ex is  provided by the appooronoe of normal 

f ib re s  in  th is  la y e r  following the conipleto sec tio n  of the op tic  tm c t#

This tiiickneas of th is  la y e r  v arie s  considerably throughout tl^e -ectœ #

I t  is  th ic k e s t a t  the a i ^ r i o r  pax-t o f the tectum and In the extreme âovBàl 

and v en tra l regions where ttio main bundles o f tixe o p tic  t r a c t  run# As

the t r a c ts  run across tlie tectum they give o f f  f ib re s  so th a t the. l a  er(x#

dorsal rag lor# are  very thin# There are a lso  a few small to  modium siacd  

neurones present#

3#

Here the  term inations o f thB o p tic  t r a c t  run and form a  very I l l -  

defined layer# There are  numerouo la rg e  b ip o la r neurones, fusiform  la  

shape, and severa l sm all pyramidal neurones# t h i s  la y e r  is  vexy reduced 

in  s ts e  asso c ia ted  with the lai%@ e lse  of lay ers  2 and 4 ,̂ a t  the a n te r io r



and extrofie d o rra l em.i v en tra l cxtxem ities (fig*

*hls lay e r contains f ib re s  lunninp in  most d ire  ci, lone and is  the 

region where most of the otl'ier e ffe re n ts  run Into the tectum* I t  oontalns 

f ib re s  frorn the gen icu la te  comt^lex, sp in a l cord and medulla, cerebellum, 

ganglion iotlim i, hyj-joHialaraufl, and the thalam ic B uclci, e sp ec ia lly  the 

eminent la  tholaml*

This is  a  la y e r  o f f ib re s  one c e lls  with most of the f ib ro s  nam ing 

fi'om la y e r  6  to  lay ers  2 , 3 and 4# F ibrec run in  o ther d i r e c t a n d  

I t  appearc to be the moin co rre la tin g  la y e r  of tlio tectum# The m urom  

are both pyramidal am  fusiform , la rg e  and o a l l , and mono-, b i -  end 

m ultl-poler#  This la y e r  i s  reduced where lay e rs  2 and 4 are  th ickened, i t  

is  however, the th ic k e s t la y e r , icm stitu ting  one th ird  of the to t a l  to c ta l  

thickness In the l a t e r a l  regions#

Being composed of the main tecW . e ffe re n t f ib re s ,  i t  i s  thickened 

a t the l a t e r a l  end a n te r io r  regions o f the tectuss# ^ Ib res f r m  th is  la y e r  

run to  the thalam us, hy;)othelamm, oereW llim , m edulla, sp in a l cord and 

siesoncephalon#

’’’• t^aatiMfi.ji,:gla8Ha .swUYflB^iaMtaa

This Ifl a  la y e r  o f small sp h erica l neurones lA ich give r is e  to  many 

e ffe re n t f ib re s  and send f ib ro s  to  most of the o th er layers of the tectum , 

esnoo lally  la y e r  3 ,

The to ru s lo n g itu d ln a lis  i s  w ell developed and appears as a  bllobèd 

s tru c tu re  In  the midllno of the tectum (fig# A  p#i3f )# (3%ta (1 9 5 9 )
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hca concluded th a t the devolo^gment of the tonio lon^dtudlnalîîi? in  te lco o ta  

lo rolotixî to  the dovelojiment of the te o tir  and vl-ion#

The me in  f ib re  connect ione as observed in  the present work on tlze 

ninnow agree well with the previous d escrip tion  of o ther nr^ecleo, Burr 

(1923), S ch n lta le in  (19'S4), Koppers £ t  (l936)and Pearson (1936}* In 

f ib re s  ru:; to  the eminent la  n ed tn lir’, g en icu la te , w eo p tlc  

miclfmn, corobe Hum, mooencopî'ialon, hypolhalemuo, oculomotor rer ion , 

habonuLcr n ucle t» , m edulla, sp în c l cord, ganlion iathm i, and pro!>a!âîy 

othen; not d e f in ite ly  id en tified #  The tccttsa of receives f ib re s

fx’Oo the  thalam us, sp in e l cord, gan^ilion istlim i, medulla, hypotholem c, 

and cer©- ©lltBa (as found by Tuge 1934 in  the G oldfish ). The secondary 

t r i g ^ t n a l  i r a c t ,  f i r s t  id e n tif ie d  in  f is h  by Pearoon (1 9 3 6 ), was foimd#

The cocsalssurtH ey s t^ ts  in  are  a lso  very /e l l  developed,

e sp ec ia lly  the  p o s te rio r  cofami sure which has t e c ta l  and jnr^toctal f ib r e s ,  

and the conasissur© horiaonl a l l s  o f Frans (1912) which connects the to rus 

•em icurcu laris arid the p o s te rio r  ectum from one s id e  to  the o th e r, and 

which crosses very f a r  a n te r io r  ju s t  behind the  chiasms#

42.

The o p tic  tec tu n  resembdls tl\a t o f o ther te le o s te  in  appearing to  be 

on© of the main co rre la tin g  and co-ordin^atlng csontr^of the  brain#

Ho precis© work was don© on the r e t in o - te c ta l  p ro jec tio n  so th a t 

nothing need be added to  the conclusions presented on page to  #



 i à m m

Throug hout tliesg oxpériments on th e  minnow a very lars© number 

o f cociplete b lindings wore performed on both Chess and Lea f is h .  These 

blindinga wore a l l  porfortaod by cu tting  the  o p tic  nerve on both sides#

On recover:/ fr>m the opo%?:ti n tl&e f ish  c<mrmnced to  darken w ithin  y  mim# 

a f to r  the e f fe c ts  o f the an aesth e tic  had worn off# At 30 mins* they wore 

s t i l l  q u ite  p e l t , u su a lly  D.0 , 1 # of 2  o r  3 , but th is  pale condition d id  

not l a s t  long and w ith in  the next hour tiie f is h  had gone no ticeably  daxk 

to  a D.O#I# of 4  5 , and th is  slow darkenin^^ continued fo r  the nex^ 2 4

ho ro , f in a lly  reaching a value of 6 # 5  -  7#5# Moat of those f la b  were m od 

fo r  o th e r expérimenta (p#\?i> ) but 14 o f these f iah  had th e i r  colour 

recorded fo r  a period of tlmo# The re su lts  are given in  tab le  ^ pw

Those f is h  were ten ted  cm both black ard  white backgrounds but they 

remained tiie same colour* Two f is h  not shoim in  tîdo  tn b le  reeci^ed a  voloo 

of 1 * 5  w ith in  s ix  weeks post opera tion .

The re s u lts  o f f is h  1 to  6  ajre shown gm phicm lly in  fig* lb  p$l W  # 

They show t i « t  there  is  a wide v a r ia tio n  in  th is  paling response not cmly 

in  ex ten t W t a lso  in  time* The p a lin g , when i t  does occur, is  stepwise*



TABLr. k « The colcmr o f 14 m.lnno .u foliowirii;' complété blimlüM.:
0̂ /3 O.O.T. v)oil»kva-o

Fiah T 'me in  Daya

1 2 4 9 16 42 59

1 6.5 5 5 5 5 3 3

2 6.7 6 6 6 6 4 3

3 7 6 5 4.5 4 2

4 7 6 6 5.5 5 3

5 7 6 6 6 6 4 4

6 7 7 7 7 7 5 4

7 7 7 7 7 7 6 5

3 7 7 7 7 7 6 5

9 7 7 7 7 7 7 7

1 0 7 7 7 7 7 7 7

1 1 7 7 7 7 7 7 7

1 2 7 7 7 7 7 7 7

13 7 .5 7.5 7 .5 7 .5 7 7 7

U 7.5 7.5 7 .5 7 .5 7 7 7
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F ig . 2 5

A se rico  of graphs of f ish  1 to  6  ahowin^  ̂ tlie 

re la tlo n o h lp  between colour ond time aft,or b lin d in g .
lAC/3 .

The blinding being performed by cu ttin g  tim o p tic  norvo.
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TW \mn eontrollocl a t  18^ Î  2^. With - the eyoeption o f

7 and rip th e re  lo an i n i t i a l  f& lrly rap id  l% h ten i%  f o r  the necond day 

and th in  GOTTe©pon<b In ti/re  with the absoïüce of any degoacretion 

![3tainold.e in  t.îio o p tic  trac t, (jp, In f ic h  1» 2 , 5* 7 and 3 ,

th ia  Is followed by a period of no change, and th lo  corresponds to  tli© 

^lerlod of otage 1  rmd the e a rly  ;>art o f ata^:e 2 In the degeneration of 

the o p tic  neri'e* from tN; I 6 th  day onwa.rda th e re  Is a d is t in c t  j^aiing 

and th io  corresponds to  the  time of the  advanced stage raorging in^o 

stage 3 *

The ro:;ults do show th a t  th e re  are  two gronpe o f minnows; those 

th a t  reiaàin dark a f t e r  blinding ami thoee t^iat l ig h te n  a f t e r  a v a riab le  

period of time# F urther i t  appears th a t in  the io p u la tio n  about lia lf  

pole and h a lf  remain dark»

üjcperlnento were ca rr ie d  out to  see i f  th© oK tàm al conditions o f 

llT tm im tlo n  in te n s ity  had any e f fe c t  cm the colour o f the b lin d  fiah» 

Fiah weî'o placed in  the dark fo r  a v a riab le  period of tim e up to  2A hours 

and they were sub jected  to  a  considerable rung© of l ig h t  in  en s ltte e»

Tim l ig h t  inf enm ities wore produced by srrcnging  fo r  a 20Wp or o r 

lOOW bulb to  bo placed a t  1 f t  and 2 f t .  above the su rface  o f th e  w&tor^ 

toge ther w ith a 60W placed 10 f t»  above the su rface  of the f i s h .  In  no 

ease d id  the f is h  show any d if fe re n t colour to  th a t a t  the beginning o f  

the oqy riment# F rm  th is  i t  wcmld appear tlm t th e  sliaiW assumed by tlie  

f is h  was not a ffe c te d  by ex te rn a l conditions o f illiw lo a tio n #
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To try  to  exp lain  the d lf fe w ic e a  in  the  colour of b llM  f is h  

a s e r ie s  of anptoïiiical in v e a tig a tio m  were c a rr ie d  out# Two f ish  wh.idi 

bad rom inod dark fo r  s ix  wreko and two fioh diich had ligh tened  to  valuos 

of 1#^ on the D#0#'. rc n lc , wore k i l l e d >fixed  and s ta in ed  and then compared 

with norrnnl f is h  th a t hml been k i l le d  and ntaljied  a t  the same time and in  

the sane way. The main d lfferoneos in  the b rains of the b lind  f ish  and 

the n o iw ls  wore in  the a" nencc of the o p tic  t r a c t  In the former# In t!x3 

o th e r s tru c tu re s  of the b m ln  tlic b lind  end no m a l f iah  cppeared to  W 

id e n tic a l end, whet is  very in te re s t in g , no d iffe ren ces could be found 

etwoen the two groupe of b lin d  fish# This is  only taking in to  aoooimi 

the groce anatomy of the ncuronec and f ib  w  f?omectionn * since the 

s ta in  used would not in d ic a te  any d iffe ren ces in  degree of a c t iv i ty  of the 

b ra in  n tructu res*  Thio w ill b e ftirth c r diacusncKi on page 2^3*

7hese result©  have conflrr ed t ’m t b l i  ^dir^ of the minnow re s u lts  

in the f is h  darkening and th a t  a f t e r  a  period o f  tSjac t} ^  colour o f the  

f ish  i s  va ieble* This e s s e n tia lly  confirms the r e s u lts  o f ftm ‘rlscfi 

(1911) but although he did no t s t i ^  th is  resixm se in  d e t a i l .  The |m ll%  

response of minnows in  d  rknooa, reported  by von F rish  (1911)> cliarrcrQ ^^r) 

and S hafer (1964), wee not obsez^ed in  the Chess o r Lea minnows follow ing 

b linding but i t  has been ported hy Healey (1945) th a t  th is  response i s  

VC1 7  i^ r ia b le  in  minnows from d if fe re n t lo c a l i t i e s  and th a t  f ish  f i w  lakes 

In Wales d id  not ©how i t  ard  ae iti^er d id  I%nick minnows^ althoug h he cotv. 

f i  mod th a t  the paling was shown in  minnows from V lexma#
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In general I t  mn bo Qaid th a t  bllndli'%^ of the nlnnow 

in darkening only fo r  a ;-5hort, period in  sjome f ia h  and th a t the population 

api'jearo to  be compoaod ot* two d is t in c t  types jf the colour of which i s  

determined by the In te rn a l physio log ica l oonditioti of the c e n tra l nctrvom 

syrtorn or p i tu i ta ry  complex#
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15 minnows were taken enci the o p tic  tectum wsa completely 

removed, the oku ll se a led , and the f is h  i^aced In expcrlRiental aqiif^ria» 

The colour was then recorded a t  in te rv a ls  o f time on both black and white 

ijecKgrounds fo r  a period o f 1 1  days, a f te r  which the f is h  wore k i l le d  

and f ix e d , ond the b ra ins were sectioned  and stained» 4 F ish  were k i l le d  

a f te r  3  hours to  compare them with the f is h  l e f t  fo r  1 1  days*

Of the 11 f is h  kept fo r  11 d i ^ ,  only 3  showed u se fu l r e s u l ts
i

and the r e s t  showed various d e g z ^ s  of depeoeratlon* This degeneration

resu lted  in  la rg e  amounts o f n ec ro tic  t is s u e s  in  the  mesencephalon

and dieneephalon in  which no d e f in ite  s tru c tu re s  wore c le a r ly  v is ib le#

In some f is h  the "lace^ike** n ec ro tic  t is s u e  had been w alled o f f  and 
e
l^ow th is  normal t is s u e  m s  present* This degeneration could possib ly

J f v —

have been due to  t\-m en try  o f wa^er imder the cement, but one \mul@
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F ig . 2 6

Trane verse sec tio n  tbro% h the b re in  of the minnow 

a t  the g en icu la te  complex to  show removel o f th e  tectum 

without damage to  o th er b ra in  s tru c tu re s . S ta ined  by Kltiver 

& B arrera  technique and sectioned  a t  B̂ o «

A bbreviations •

G.G.L. -  Corpus genicuLatun la te r?  l i s

C#G#M# ^  Corpus genicu latun  raedialls

N.HiüB. -  ;Juclios habenu laris

PASC.DCR, Fasciculus doroelio  

PASO# L A T .-  Faacimiltis l a t e r a l i s

MhD. -  Medial lam ella
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G:c!:)Coted i t  to  he more eicteno iv e , and in  which case the f ish  wmld 

not be expected to  l iv e  long. I t  seems noi'c l ik e ly  th a t the blood 

supply had been d icm pted  and th a t in  the 3  fioh  in  lAic'i thex’o wnn 

no de»;r n a ra tio n , the tlood  oup dLy was adequate.

Eocause of fiie dogonerction, the r e s u l ls  a re  confined to  4  f ish  

v^iich were k i l le d  a f te r  3  hours and 3  f is h  w^iich survived fo r  1 1  days#

In  those 7 f i s h ,  the tectum we.s completely removed and, an f a r  

S3 could be seen , the  re s t  of the b ra in  was in tac t#  The gen icu la te  

complex was presen t and in ta c t  in  a l l  of these 7 cases# (F ig . zL 

p# 'Wy}. A ll 7 f is h  paled w ith in  two hours a f t e r  the ope r a t  i n  and the 

degree o f paling varied  from 1 to  4#5 on the D .0 ,1 . s c a le , g iving a  mean 

of 2 .7 . The p a llo r  m s  aà ittta ln ed  fo r  a t  l e a s t  24 hours w ithout change. 

The f iah  wore te s te d  fo r  normal colour cliange on b lack and lA ite  bccî^  

grounds and in  no case could any sho any adap ta tion  to  the Vack^^roiuxl.

A very s l ig h t  change was no ticed  in  a few f i s h  bu t th is  was only âm  - 

to  the l ig h t  in te n s i ty Î f is h  on b lack  could be induced to  [^alë by 1  o r  

2  det reos by placing the  l ig h t  a t  a d istan ce  of 6  Ind ies from the w ater 

as compared to  tlm normal 13 inches.

The ro s id ts  o f the 3 f is h  fo r  11 days are  given in  Table 4M#

In th ese  long-torm to c ta l  zemovels th e re  ie  no recovery o f colm ir



i4 t

TABLE The colour of f ia h  1 5 , 1 6  nnd 1 8  follow ing to ta l  t e c ta l  

removal on black and white backgrounds.

Fish White Black % ite

2 4 hrs 4 Shrs 96 hra 2 4 J'.ra 4 8 hrs 72hrs 2 4 hrs 43hrn 96hR

15 1*5 3.5 5 6 6 .5 7 6 6 5

16 1 .5 2 2 4 3.5 3.5 3 3.5 3.5

18 3 3.5 4 5 5 6 6 5 5

Thoao fig u re s  were p lo tte d  on a graph ( f ig .  17 p. W )*
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The colour of th ree  flnh a f t e r  the removal of tîio 

toctm p  the floh  being lilaced on both black and white 

Ijachg round#

Symbole uscdi

Fish 15 -  A 

riah 16 -  #

Fioh IB ^  O

A
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change and the i n i t i a l  poling io not m aintained. The 11 day te c ta l  

r^ o v ed  f iah  underwent darkening regardless of the background, th is  

occurrod while s t i l l  on white in  the case of f is h  18 and continued on 

black. In no case was there more tîian doubtful ligh ten ing  on white 

and the  f is h  re ta in ed  the general colour th a t was present on the  black. 

The f in a l  colour was highly varm b lo , a l l  th ree  f is h  showing d iffe re n t 

colours and none being near the extremes of the colour range p o ssib le . 

However, th e re  are too few re s u lts  to  allow any d e f in ite  conclt^ ions. 

Although the re su lts  o f the o ther f is h  have not been presented here, 

they a l l  show the same spread o f t i n t  and no extremes were found.

I I .  UNIMTBML T&CTAL KEMWAL MD iJHIUISRAL

The op tic  tectum was completely removed on tlie r ig h t side  in  

5 f is h  ( la te r  checked h is to lo g ic a lly )  « These f is h  were allowed to  

recover and then te s te d  a f te r  one hour. In every case th e  f is h  could 

perform normal colour change in  both ex ten t and d ire c tio n .

In 10 f is h  th e  l e f t  o p tic  t r a c t  was cut and the animal allowed 

to  recover. On the following day 5 of the  f is h  had the  tectum rwaoved 

on the l e f t  s id e . A ll o f these f is h  could perfom  normal colour change 

in  ex ten t and d irec tio n  ( f ig .  2 *̂  p. ) .  The o th er 5 had the r ig h t 

h a lf  o f the tectim  removed and s im ila rly  showed normal colour change.

In  the case where the  o p tic  t r a c t  was cut on the l e f t  end the 

optio teotisa remwrad from the  seae s id e , the  f is h  was e s se n tia lly
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Figs* 2 8 A, B .

Colour diange of norfnal f is h  #  , and of f is h  w ith 

the l e f t  o p tic  nerve cu t and tho l e f t  lobe of the  tectum 

removed A  #

2 8  A is  from white to  black and 2 8  B fr(%n 

b lack to  w hite .
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b lin d  because of the complété chiaBxna#

Control f is h  wore te s ted  with no te c ta l  removals^ but with the 

sk u ll bone removed and the sk u ll cemented over and in  e l l  cases they 

could perform normal colour change#

I I I .  - TimAu m x m u m

Five minnows wore blinded by cu tting  the o p tic  t r a c t  and 

allowed to  recover and darken fo r  24 to  43 hours, by whicli time they 

had reached a valu© of 7 to  7 .5 , These darkened b lind  f is h  then had 

the  tectum completely removed# à  few o ther b lind  f is h  acted as 

co n tro ls , having the sk u ll bones removed but the tectum l e f t  In ta c t,

Inw all the f is h  with the tectum removed aM  in  none o f the 

contro ls marked paling occurred to  a  value of 1 to  1#5 D ,O .I, w ith in  

2 hours.

In a  group of 34 fio h  which had been blinded fo r  24 to  48 hours 

the l o f t  lobe of the  tectum was removed. On recovery a  few of the 

f ish  showed a  s l ig h t  paling but the  m ajority  d id  not show any d iffe rence 

to  the preoperative condition. In the f is h  uh id t d id  pale s l ig h t ly  

the preopem tive colour exactly  matched the postoperative colour w ithin  

one hour.

Four b lin d  f is h  were taken and m re  lo ca lised  removals wore



performed# The reiaovalo are shown in  fig.G^o page. A, B, C, D.

A -  th is  fish  had the anterior part of the tectum removed#

The f is h  stayed fu lly  dark throughout the whole of the observation 

period of 3 hours arid maintained a constant D.O#I. of 7#

B ## th is  f is h  had the p o s te rio r  p art of the tectum removed and 

2 hours a f te r  operation had reached a B*0#I. value of 1.5* ^he i n i t i a l  

D»0#I# was 7 so th a t the f is h  had almost fu lly  paled. Examination 

of the b ra in  showed t):a t the dorsal p art of the toctum lied been removed 

but th a t th e re  was s t i l l  present a  small p a rt o f the la te ro v e n tra l 

tectum w ith in ta c t  f ib re  connect ions to  the to rus aem iclrcularls#

C #. the do rsa l p art of the tectum in  the p o s te rio r  region was 

removed leaving the la te r a l  p art int^ict# The f is h  had an i n i t i a l  D,0$I# 

o f 7 and a f in a l  f ig u re  o f 2#5#

D th is  f is h  had the d o rso la te ra l p art o f  the tectum removed in  

the p o s te rio r region# The f is h  had an i n i t i a l  D.O.I# of 7 and a  f in a l  

D#0#I# o f 2,5#

The findings from th is  experiment show th a t  th e  removal o f the  

dorsal p art o f the p o s te rio r  p a rt o f the  tectim  re s u lts  in  complete 

paling o f the  b lin d  miimew#

YECTAL riEGION TO CAUSE PM>LQl. IN BLIND MPmOMB 

A lesion was plaood In the dorsal posterior pert of the tectum 

of 23 minnows blinded 24 hours previously.
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(a) Method

normal blinded minnows were anaesthotlsod and the l o f t  lobe of 

the tectum was removed# The \iound was not closed and the f is h  were 

allowed to  recover in  rin g e r fo r  a t  le a s t  an hour. The i n i t i a l  removal 

d id  not a f fe c t the D .O.I. of most of the f is h  Init th ree  f ish  did show 

s l ig h t  paling down to  5, these f is h  a lso  appeared ag ita ted  and were 

discarded.

The f is h  were then re*enaesthetlsed  and the  r ig h t p o ste rio r  

p art of the t^cturo 03qx>sed. The le s io n  was then placed in  the r ig h t 

tectum , the position  being determined by an eyempieoe g ra tic u le  in  the 

upper lens of a b inocu lar microscope. The g ra tic u le  was a  simple 

g rid  th a t ena^iled the p o sition  to  be marked on a  drawing of tlie b ra in  

on squared paper# le s io n  was placed d ire c t ly ,  using the hand, 

and with p rac tice  i t  could be placed to  w ith in  0 .06m  of the  required 

poeitlon* I t  was not necessary to  place them more accurate ly  because 

the exact p o sitio n  was determined from the sections cut of each le s io n  

and because i t  was only necessary to  cover the area adequately#

In making the lesio n s the apex o f the cerebellim  was taken as 

the reference p o in t, ^hia was very easy to  see in  the sec tions and was 

re la t iv e ly  constant in  p o sitio n  with reference to  the r e s t  of the 

tectum# ^he a n te r lo -p o s te r io r  ax is is  ca lled  tW  X ax is and the l a te r a l  

axis the Y axis# The apex o f the cerebellum forms the zero poin t on 

both ax is  and the le s io n s  wiiich a re  more a n te r io r  to  th is  are given



p o sitiv e  voluoo wiriile tliose th a t  a re  p o ste rio r to  i t  are  g im a  negative 

values#

The lesio n s were made by the technique of aicro-cîîem ioel cautery 

devised by Clark & S co tt (1962) fo r the dicncephalon of the frog#

Because the te c tm  is  a la rg e , f a i r ly  th in  stru ctu re  i t  was decided to  

make la rg e  le s io n s  oomplotely tlrough it#  Micro-^pipettes were lusde by 

drawing out fino  g lass tubing and attaching  a  sn a il nxbVior bialb a t the 

o ther end# The tip e  of the  p ip e tte s  woî e cut as an acute to  a id

in  the moving throi^gli the tectum# Tlie outer t i p  diam eter was 0«24aa 

end tJie inner t i p  diam eter 0*12nm#

A band marked a t  one centim eter fx m  tlie t i p  enabled a standard 

amount o f ac id  to  be used in  each le s io n , maaoly 0#U2mm^. The p ip e tte  

was f i l l e d  by c a p illa ry  ac tio n  with d ich lo race tic  ac id  (Cl^l^COCSi),  rW  

the p ip e tto  was pushed tlirough the tectum slow ly, injecticc^ tlie acid  

a l l  the time# Using th i s  metliod very discrete# lesions could be produced 

v;hich were c irc u la r  in  o u tlin e  and had a diam eter o f 0#2im 1  0 . 0 4 m#

Tlie la rg e r  le s io n s  did not give any g re a te r  p a llo r  than the cBellor#. t . • • . ,

The f in a l  B#0*I. was recorded a t  le o s t two hours a f te r  recovery 

from anaesthetic#  îàich re s u l t  is  expereooed in  terms o f the  number 

of degrees o f  palihg (D#O.P#) and Is the f in a l  D#0#I# sub trac ted  from -r. 

the o r ig in a l B.O.I# The D#0#P# is  used because t i e r s  are  s l ig h t  

d ifferenoee in  the  i n i t i a l  B#0#I# figures#
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Fig# 2 9

Is a summary of the tecta l lesion  placed In right 

tecta l lobe of blind fish  after the complete removal of the 

le f t  lobe# The degrees of paling is  the difference >̂etween 

the in it ia l and the fin a l D.O.I# values#
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(b) ik au lta

The positions of the le s io n s  and th e  D$O.P, are  stmamrlsed on 

page iS7 fig# V \ .

To to o t the e f fe c t  o f the ao id ,th re e  le s io n s  were performed 

w ithout i t#  '̂hey y ie lded  the same re s u lts  as le s io n s  witli the acid  but 

i t  was d i f f i c u l t  to  see ju s t  what had been rm oved. The question as to  

whether the  ac id  destroys more than i s  immediately v is ib le  i s  one th a t  

applio© to  a l l  methods of le s io n  making. In the presen t case, the

le s io n  was constan tly  washed w ith r in g e r  to  prevent the spread o f the

ac id . In the f is h  used fo r  the  medullary centre experinont (p . )

the te c ta l  le s io n  was fu l ly  healed and composed e n t i r e ly  of g l i a l  co lls  

a f te r  16 days and no daxsage could be seen in  the surrounding t i s s u e .

I t  th e re fo re  seems l ik e ly  a lso  in  the  le s io n s  described  in  th is  se c tio n  

th a t the d ich lo ro ace tie  ao id  d id  not do any damage to  the  surrounding 

nervous t is s u e  and th a t  the r e s u lts  a re  due to  the p a r t removed and not 

the e f f e c t  o f the a c id .

A number of lesions were repeated to verify the original results 

and in a ll oases the results were identical. The les low repeated were

XOHjam, 0.18mmll.6mm, X 0 Y 2am, XO Y 0.6b®, X XO Yl*33tam#

In  a  few cases the  le s io i^ d  f is h  paled immediately a f t e r  recovery 

from the  an aes th e tic  (X+0.3ÿm Y1.6mm, X^.64sam Yl#66mm, X*0.36am J2mp 

&"0.6mm.Y1.3)m^ XwO.3%Ba.YO.66mm.), but then  began to  darken and a t
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F ig , i .o

îhotaoicroerapho of 4 te o ta l  la s io n s  s ta in e d  w ith 

Ituxol F as t Blue and Croayl F ast V io le t ,  and seotloned a t  

8 |J .

A mm XtO,3BBD, ï l s j ü r o ,

B -  XO ï l n a .

C -  XO 1 X 1 ,3 3 6 0

D -  XO 1 2 m ,
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the  end o f the  2 hoiire had reached the  same colour as the  o r ig in a l .

Only the  pex^sla te n t  change in  colour brought about by the le s io n  is  

recorded.

Foui' degrees o f p a llo r  r^proaents a change of D .O .I. of 

approxim ately from 6 to  2 . ^ho f is h  used in  th is  experiment were kept 

in  stock  tanka of an interrr.ediate co lour, and the e ffec t ivc range fbr 

these f is h  was from D .O .I. 7 to  1 , a  D.O.P. o f 6# % e D.O.F. recorded 

in  f is h  XO Ylma was U and th is  i s  e s s e n tia lly  only 2 degrees below th e  

maximum of any given f is h  in  th is  group.

A group of le s io n s  is  i l l u s t r a te d  on f ig .  3o (p* The

re s u lts  show ( f ig .  P. ' ) th a t  th e re  is  a  sm all d is c re te  region in

the d o rsa l p o s te r io r  p a r t of th e  tectum whose removal r e s u l ts  in  almost 

maximal paling  of a  b lin d  f i s h .  The region  is  represented  a t  tlie cen tre  

by le s io n s  XO Ylmm and XO Y 1.33am (^ ig . So p . ito ) g iv ing  values of 

D.O.P. 4 and 3 re sp e c tiv e ly . These two lesiotss a re  bordered a  group 

of le s io n s  g iv ing  values of only 1 D.O.P, these  being XO Y 0.66m , X^0.33tem 

YIMTi, X40.3mm.Yl.33m, XmO.25mrn.YL.33km, X40.lmm.Yl.66mm, XO Y2m.

Apart from these  le s io n s  none o f the o th e r le s io n s  gave any degrees o f 

pa ling .

Th« f is h  l a  th is  group were tiw ated  d lf fe rw jt ly  to  thooe in  the 

groupe proviously  montioned» Porta o f  the toctum were removed and the
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F ig .31 a, b, c ,  d, e ,  f> g,  b.

Show the dorsal and the right and lo ft la teral views 

of the teotUT end adjacent brain areas.

A bbreviationsi

T. •  Optic toctum

C. Cerebellum 

P. -  Pineal body

O.L. -  Olfactory lobe of the forebrain 

O.T. -  Optic tract

V. » Vagal lobe of the medulla

In a ll these figures the shaded areas are the areas 

removed and the stippled areas are the regions which are 

present but the operation damaged or separated the fibres 

running from these areas to the torus semieiroulari . 

a -  Fish A, B, C, D 

b -  Pish 67, 35, 34, 27

0  •  P ish  31, 65, 37, 64, 36

d Fish 33, 40, 47, 56, 60

e -  Fish 49, 57, 45, 41

f  •  Fish a ,  55, 45, 54

g .  Fish 73, 74, 75, 76

h -  Fish 68, 69, 70, 71, 72
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ak u ll was sea led  w ith the cement. A fter 24 hours the f ish  were te s te d  

on black and white fo r  30 minutes* Of tho 51 operated f is h  only 31 

were of une, 20 f is h  had some damage to  o th e r porta of tlie b ra in , 

e sp e c ia lly  the to rus se m ic lrc u la r ls  and the gen icu la te  amplQXj and were 

th e re fo re  d iscarded  ̂ and 10 f is h  d ied  iimnedlatoly a f te r  operation#

(a) .j&QW
The a n te r io r  toctum was removed frc® 4 f is h  in  o rder to  observe 

the e f fe c t  o f the  presence of the p o s te r io r  tectum o lo i^ . The removals 

are  shown on f ig .S l^  (p The r e s u lts  fo r  colour adap tation  are

given in  ta b le  7  .

TABLE 7 . The cQlffiir Qg aiime>wa .foUowlne the raaaval of the

- M m -.. ------ ----- BiggE------ ------ tSHHF----- % leëtân pÿwëBt

i 27 I 3
i  i
I 2 .5 46 j

; ^! 1 ^ 3 53

i 35
i

1 1.5 1.5 57

: 67 1 ; i  ^ 25

lliere was a considerable variation in the colour of the fish  in  

this group# A ll the fish  showed some degree of pallor and nom of the 

fish  showed any tendency to change colour with the background# The
*

mean D«0#X# value of 2#9 for the group was very nearly the same as the



2*6 mean seen 24 hours a f t e r  ccK5|d.etc te c ta l  removal (p . (f+c, )#

There does not appear to  be any c o rre la tio n  the  amount o f tectum

removed and tho D .O .I. v a lu es . In a l l  cases the p o s te rio r  teotum was

not in  contact witîi the gen icu la te  complex^ or tho opt.ic t r a c t ,  and in  

a l l  cases the  g en icu la te  complex was in ta c t .  In  two f i s h ,  34 and 35,

the region id o n tif ie d  as the a c tiv e  region in  b lin d  f is h  by moans o f

le s io n s  (p . (kl-) was pi:*e3ent and in ta c t  on both s id e s .

(b)

7 f is h  were used in  th is  experim ent. The removals are  shown in  

lU-7), and the re s u lts  fo r  background re v e rsa l are  shown in

ta b le  ^  .

TABLE. H . lha..col.Qur, o£ a JBgia,t9UttilBI?. 

tx>eterlor _tectm

R 5 - - - - - - - - - - - - - - - - - - - - - ; B lack % lte % tectten p resen t

: 31 2 .5
i t

45 !
i .  ; 

1
2 1 2

i
«  •  i

1 1 

1 36 I  1 .5 I 1 : , 4  I

37  ̂ 1 .5 !  1!
: ! 

72i 5
40

f ' 2 ! 11 ■ 44 1

i 65
i

3 1 2T ”
1 64 3 1 2

! I 

52 1

I'll, variation in th ia  group io veiy big but, as with th .
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anterior romovola, tho fish  had a coneral tendency to  pole* The mom

D.O.I. for tho group wea 1. 3, the moan cueing tahen from the block and

record* 'Ihio is  one degree l% h te r  than the colour follcn^ing to ta l  

t c c ta l  removal* but i t  is  too s l ig h t  to  be im portant.

Both 36 and 37 are In te re s tin g  because verj" l i t t l e  tectum was 

romovod but the f ib re s  passing out of th is  reg ion  to  the to rus semicirw 

cu la rio  wore destroyed.

(o) 4c, il . , .8alÆ .jggçat»

4 f is h  wore used in  t î i is  group* the removals shown in  f ig .  3i<a.

(P. ) .  The r e s u lts  on tho d if fe re n t backgrounds are  given in  ta b le

^  •

TABLE 4  .  Ihe o d a n r  a f  winnfly w ith arilv t h .  l e f t  n o B t.rla r

aBSt..a£

Fl*h

a
45

49

57

Black

6

4

4

3

White

5

2

4

3

% te c tu a  present

30

31 

13 

25

The mean D.O.I, for th is group was 3*8, v^lch is  mooh higher

I
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tlion tho D.0. 1. folLmdnfî, e ltlie r the an terio r or the posterior removalo* 

AlthcMjgh the an terior tectum won removed the toctum was usually in contact 

with the fasolouluo la te ra lis  running from tlie dorsal part of the eye to  

tho tectum.

(d) L eft a n te r io r  tec tu a  only m-eaerrt;

7 fish  wore uoed in th is  experiment. The removals ere shown in 

fig*3 i c i . ^ ( T h e  resu lts  for the bao%rou:id reversal are given in 

table #

TAKtiK |o . oic c<

2acfe,.,9£,tUQ,,,’teg1^m

with ,901? ,~y» A aft a n t e t e

Fieh

4.7

48

55 

54

56 

60 

61

Black

6

6

4

2

4'

2

4

m it e

3

3

3

2

2

1

2

ÿ tccttan prefl<mt

27

36

36

2 7 /

31 «

20

34

This gives a mean of 3.1 degrwe, sim ilar to that fottnd in the 

group in lAiich only the le f t  poeterlor portion of the tectum i-œaalijed.
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In a l l  the f is h  te s te d  th e re  was a sl3.ght disnge in  shade ^ e n  

ihe animals '«mre tra n s fe rre d  from black to  w hite. This was e sp ec ia lly  

marked in  47 and 43. In a l l  the cases th is  could be brought a t ^ t  on 

e i th e r  bacîq;roimd by cha%inr th.e l ig h t  in te n s ity . In the case of 

the rioh 47 end 43 the change from 6 to  3 occurred in  about a minute, 

which la  much too f a s t  fo r  a noiTîûl colour change. I t  would appear 

then th a t th is  s l ig h t  diange from black to  white is  not due to  a chm%e 

in  the background but to  a  change in  the to t a l  l ig h t  In te n s ity  and 

th a t the mechanism involved does not include the normal v isu a l system.

(e)  .@2, . a a a WAw xMi% ^i ct ei
TV* ftAuVLO-OoiLo

Teh -re s u lts  fro® 4 f is h  a f te r  th is  operation  are  shown in  f ig .  3 1 

(p# n o  ) .  The r e s u lts  fo r  background rev e rsa l are  shown in  

ta b le  U #

TABLE U . an hlanV «n.) uM ta 

f o n o u ^ -  i&a a f  +ka aiWi ,Kk&

BUCK TO WHITE '

F ish  0 a ln s  3 miiw 5 mlns 9 mine 12 mine 20 mixm

73 5 2 1.5 1 1 1

74 6 2.5 2.5 2 2 2

75 7 4 3 2.5 2 1.5

% 3 2 1.5 1 1 1
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WHITE TO BUCK

Pish 0  rains 3  ffllM 6  rains 9 rains 1 2  rains 2 0  ra:

73 1 3 5 5 5 5

74 2 4 6 6 6 6

75 1.5 4 6 6 6.5 7

76 1 3 3 3 3 3

'bt / '̂ «4The results are shown in the grajhs on fig.'b^ (p# 4 ^ 0  )•

These results were not due to any Intensity effect for when they 

wore tested over a variable range of in ten sities none of them showed 

any oliange of tint# The second important feature is  that the time for 

th is change is  within the normal time for colour change*

The results do show that the fish  attempt to adapt to the 

background. In the case of fish  75 there was almost normal colour 

change in both extent and pattern and 74 was almost normal* only 

lacking the a b ility  to pale by 0 * 5  of a degree* E ith er 7 3  nor 7 6  

could change colour, over the normal range but the rate of dmnge was 

the same as that of noiw l fish*

The amount of tectum present in a ll  these fish  was approadjB^tely 

equal to just ov*f 5 0 %. ¥
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F igs.32  and 33 *

lesulisj of clian îrtg the baclq^pound: fW« 73* 74* 75 

and 7 6 *

Syabdla used:

73 -  ■

7 4 -  X

75 -  #

76 -  A

F ig . 32 is  from white to  black and3 3 black to

w hite.
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To in v e s tig a te  the  a c t iv i ty  of the tectum by sm all removals 

p resents c e r ta in  problem# F i r s t ly ,  le s io n s  in  the m idline w ill 

remove o r d isru p t the  incoming o p tic  tr a c t  fib res#  The e ffe c tiv e  area  

put out o f ac tio n  is  f a r  in  excess of tho le s io n , and th e re  is  no way 

of estim ating  the ex ten t o f th is#  Secondly, the removal must not 

e f fe c t  the ac tiv e  region in  the  p o ste rio r  p art o f the  tectum , fo r  

damage to  tk is  re s u lts  in  no colour change, and a pewaanent pale t i n t  

regard less of background, ilie a n te r io r  do rsa l region between the 

p ositions Y0.3iam •  2#33to is  the only region th a t  is  easy to  operate 

on and the re s u lts  bear some re la tio n sh ip  to  th e  amount of the teoti^a.

5 f is h  were used in  th is  group# The d e ta ils  o f the removals 

are  shown in  f lg # 3 lU (p , HI )#

The r e s u lts  fo r  the background rev e rsa l a re  given in  Table IZ # 

TABU l l  . Th# #aim r o f mlimoua cm black wVc.r«n«a

titn I— Kli rnimll t f
Fish

OnlM' 3  a iiv

BLACK TO WIITE 

6  mina 8  mine 2  32 mil» 2 0  m jg

% tectuss 
preaeat.

6 8 6 3 2 2 2 2 96

71 7 2.5 1.5 1.5 1.5 1.5 95
70 6 4.5 4 4 4 4 91

72 5 3 3 3 3 3 8 6

69 U 2 2 1.5 1.5 1.5 84



Fish  laiTE TO BLACK % tectum
present*

0 K.lnB 3 rains 6 rains 8 mine 12 rains 20 ml]

68 2 4.5 5 5.5 6 6

71 1 .5 5.5 7 7 7 7

70 4 5.5 6 6.5 6 .5 6 .5

72 3 5 5 5 5.5 5,5

69 1 .5 2 3 3 3.5 4

These ro e u lts  are  p lo tted  as graphs in  figs* 3*t (p , ) ,

The colour ciiangeo were responses to  the background and could not be 

induced by changes in  l ig h t  in tensity*

The removals f a l l  in to  th ree  groups:

1* Small removals confined to  the  region  between yo*3te and Yl.^nm 

and not Involving the ac tiv e  region (p* l(»l ) .  ^oth f is h  (63,71) show 

more o r lo ss  normal colour change in  ex ten t and d irection*

2. Larger removals which did not se rio u s ly  a f fe c t  the a c tiv e  ro g ito . 

P ish  70 shows a removal of only 9^ o f the toctum but tho a b i l i ty  o f 

the f is h  to  change colour is  g re a tly  reduced* The f is h  has an in a b i l i ty  

to  pale below a value of U and shows a raz^e of only 2.5*

3* Largo removals vdzere the ac tiv e  region i s  e ffec ted  on a t  l e a s t  one 

side# P ishes 69 and 72 show an in a b il i ty  to  change colcmr by niore than 

2*5 as in  f ish  70 but in  the former two f is h  th e re  is  a  progressive 

a h i f t  o f the curves to  the vAite end of the ohrometlc range.
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Flgo.3 4  and3 5 ,

R esults o f changing flie background of f ish  68, 71,

70, 72, 69.

SymbolD :

63 -  e
72 -  +

70 -  m

71 -  A

6 9 - 0

F ig .3 4  is  from white to  bladk and f i g .3  5 from black 

to  w hite.
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With T> Ü10 rejnee la  from 4 to  6 ,5  (91$ tm c tw ), 72 ie  from 3 to  5#5 

(86$ tectian), and 69 is  from 1 .5  to  4 (84 ) » These l a s t  figim m  

approach tho very pale s ta te  of tjie to ta l  t e c ta l  removals.

VL .S M ^ îOlk

(a) Fibre

jàfiJdiStlffl»

Minnows change colour normally when b lind  on oao s ide  regardleae 

of whether the  b lind ing  Is  accomplished by a removs;il of the o p tic  

tectnm o r by cu ttin g  the o p tic  tra c t#  In th is  respect the minnow 

d if fe r s  txsxi the  tro u t vdilch, according to  von P rlsh  (1911) > when one 

eye is  removed^ goes dark on the opposite side  of tho body, a condition 

which he asso c ia ted  with the complete chiawaa# Staancr (1911) reported  

in  f l a t f i s h  th a t  the b lind ing  of one eye re su lted  in  the f is h  assisaing 

an in texraeditcte shade on a  id iite  background#

Following the removal o f the o p tic  tectum , the f is h  went pale ,
K K

as reported  by D ijg raaf (1949), but un like the f is h  used by B ijg raaf

they could not perform colour change# The f is h  w ithout tectum d id  not

show any a b i l i ty  to  adapt to  i t s  background, from which i t  must bo

concluded th a t  the ioctu:a Is  e s s e n tia l  fo r  chromatic adaptation# The

observation  by Wichers reported by Healey (1957) th a t the  minnow wi%

one eye removed and the  o p tic  tectum removed from the same sid e  could
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change colour was confiiiacd. F u rther obeorvationc of the preparation  

showed th a t  th is  colour cliange was normal in  ra te  and e x ten t. The removal 

of tho eye on one side  and the tectum on the same side means tJiat the 

f ia h  is  ©SDontially b lind  in  regard to  tho d ire c t r e t in o - te c ta l  fib res*  

There is  tlms the problem th a t the f is h  cannot perform colour change 

w ithout the tectum but th a t d ire c t r e t in o - te c ta l  f ib re s  are  not involved* 

What is  necessary Is fo r  socie in term ediate body to  be present which 

could relay  a la rg e  amount of inform ation. From the anatomical study 

o f the o p tic  system in  the minnow tlie only body which could perform 

th is  function  is  the gen icu la te  complex. I t  is  id e a lly  su ited  to  i t s  

function  as i t  receives numerous connections from a l l  parts  of the r e t in a  

and sends g rea t numbers o f considering f ib re s  to  the  tectum. Thm

i t  should be able to  re lay  a considerable volume of inform ation from

the re t in a  to  the  tectisa . The gen icu la te  has the s ia e  and complexity 

which wcnild be necessary to  convey a l l  th e  inform ation necessary*

Each gen icu la te  complex is  connected to  tîia t on the opposite 

s id e  by means of a  la rgo  f ib re  bundle, the ccsasaissure minor o f Herrick#

The prosonce o f th is  laijge f ib re  bundle could explain  how the  f is h  with

tho o p tic  t r a c t  cut or one s id e  and the toctum removed from the same

sid e  can change colour n o m o lly , the inform ation being relayed through 

i t  to  the gen icu la te  om plex on the  opposite s id e , and hence to  the  

tectum . I t  is  a lso  possib le  th a t  the  f ib re s  from one gen icu la te  a re  

relayed  d ire c t ly  to  the teotim  on the o th er s id e  by means o f the tran sv erse  

coraBlesTire which co n ta in , fibre, from the gen icu la te  and givos f ib re s



to  the  o p tic  toctum.

The propooel ' hat the geaicixLete complex in  f ish  plays a ro le  in  

the perception o f l ig h t  in te n s ity  îms never before en made and, in  

f a c t ,  no s p e c if ic  function  has been suggested fo r  the té leo s tean  gcnlm 

culate# The present experiment would appear to  e s ta b lish  th is  and so 

ra is e  in te re s tin g  problcTis of homology. Frans (1912) reported tîia t the  

gen icu la te  nocleus of f is h  is  the homologue of tlvo mamallian corpus 

geniculaturn l a t e r a l i s ,  but S ch n itz lo ln  (1959) considers tlia t th is  

open to  question* Functionally  the gen icu la te  complex in  f is h  

presumably serves the  seme functlcm in  re la tio n  to  l ig h t  in te n s ity  os 

the njriTnmollian corpus geniculatun l a t e r a l i s ,  and i t  may w ell be th a t 

the  gen icu la te  has s im ila r  functions thi*ou4:hofut th© vdiole v e rteb ra te  

se rie s*  This would suggest th a t  th is  arrangement is  very b as ic  to  the  

meciianiom o f v is io n  and th a t the rm dcus geniculaturn l a t e r a l i s  i s  

d ire c tly  homolgoua tliroughout the v e rte b ra te  se rie s*

(b) .9£., mcM m M. c m iA m

Moot of the present work concerns the mode of action of the 

tectum with regard to colour change and, in this connection, one may 

briefly consider th© possible mode of action of the geniculate complex* 

Granit (1955), mainly from work on the frog, proposed that in view of 

the lack of a one-to#one correspondence between discharge charao» 

teriaticB of individual afferente and psyc^phynical brightness function,



th a t the perception of briphtncas is  probably based on a s t a t i s t i c a l  

avMTRpe of the frequency roc|x>nses of a  whole assembly of v isu a l f ib re s . 

This frequency ana lysis  has been inv estig a ted  on the cot by a se r ie s  of 

exporinents by ^-rduini & Finneo (1962 a , b , 1963 a , b ) . tim

In v estig a to rs  used very la rg e  e lectrodes and recoi"ded from tJie o p tic  

î r n c t ,  o p tic  chiasma and pen leu la te  nucleujr# and by a matlieiaatical 

an a ly sis  of the re su lts  gave fig u res  fo r tho ;eneral to n ic  a c t iv i ty  of 

a la rg e  number of u n its .  proposed th a t in  the re tin a ^ in  a steady

s ta te  o f dork o r  l ig h t  adap tation^aH  types of in h il)ito ry  and ex c ita to ry  

u n its  fir©  randomly. The le v e l o f to n ic  a c t iv i ty  rep resen ts a raeosure 

of balance Ixjtwoon the tiro an tag o n is tic  systems# When the  le v e l ÎB 

high a g re a te r  mribor o f random © xcitntory in te ra c tio n s  take place than 

random in h ib ito ry  reactions#  Tlie e f fe c t  o f tho steady l ig h t  upon the 

r e tin a  w ill  depend upon the re la tiv e  balance between the  two systems.

This complex exc ita to ryw ihh ib ito ry  system proposed by Arduini & Pirmeo 

may w ell e x tla in  the f a i lu re  o f the ra tio n  hypothysia when app lied  in  

any r ig id  manner to  colour change (p# )• Arduini & Plnneo (1963 a)

fu rth e r  s tud ied  the gen icu la te  nucleus in  r e la tio n  to  changes in  i l lu ^  

m ination of the r e t in a  and found th a t  the le v e l o f a c t iv i ty  in  the l a t e r a l  

gen icu la te  nucloua was inversly  re la te d  to  tlie le v e l o f illum ination#

Ihey went on to  s ta te  th a t i t  is  the mmhcr o f impulses per u n it  time 

idiich charao terlaos the a c t iv i ty  during m aintained s ta te s#

Brooks (1966) com idem  th a t  a working h y p o th ^ is  i s  th a t  tlie
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(mount of impulse a c t iv i ty  in  the v isu a l systen as a whole is  associa ted  

with the porception of diffUne brigh tness and brigh tness d iffe ren ces .

Do Valons, Jacobs & Jones (1962) and Jacobs (1966) have approached 

the p2*oblora from a d iffe rs  n t angle and have stud ied  tiie recoitllngs frœ i 

tho a c t iv i ty  of the oin//;lo c e lls  of the l a te r a l  gen icu la te  tmcleus of 

the monkey. Do Valons iàl iàl* (1962) found th a t the neurones discharged 

p e rio d ica lly  under îxjth conditions o f l ig h t  and dark adaptation* B rief 

in te n s ity  changes in  one d ire c tio n  produce e i th e r  a decrease o r increase 

in  the f ir in g  r a te ,  depending on the d ire c tio n , and th is  increase is  

p roportional to  the lo g . of the in te n s i ty . Jacob© (1966) proposes 

th a t the  s te a d y -s ta te  f ir in g  o f the ex c ita to ry  c e l ls  and the in h ib ito ry  

ce llo  of tlie g en icu la te  nucleus provide the inform ation as to  the 

term inal brif^htness functicm# This has been taken fu r th e r  by the work 

of Maffoi & H ia a o la tti  (1967) who have spéculât- d t t a t  the operation  of 

In teg ra tio n  obsei-ved a t  the gen icu la te  le v e l could be due to  the g^x leu late  

synapse ac tin g  as e decoding device.

I t  would appear th e re fo re  th a t the gen icu la te  receives in fo m a tio n  

as to  the brightjToes of o b jec ts  by means of the o v e ra ll a c t iv i ty  o f the 

r e t in a l  o u tp u t, and the geniculîite index©© the brigh tnecs input in  tem #  

of the f i r in g  ra te  of the  ex c ita to ry  and ir f iib lto iy  neurones, as ind i^  

Gated by th e i r  to n ic  a c t iv i ty ,  ih e  function  o f the gen icu la te  moAetis 

would be to  decode th is  tcmic a c t iv i ty  from the re tin a  and roley the

'T f I;.
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In teg ra ted  function  to  the o ther b ra in  cen troe. l-^iat re la tio m h lp  

tliese findln^jB have to  t.eleoot f is h  remains to  be determined but the 

work on reco -dings from the toctum, Section  If (p . t-'V) in d ica tes  

th a t the pr-oblom of stoady s ta te  b righ tness perception is  d ea lt w ith 

in  a s im ila r  manner^ i . e .  in  te rm  of to n ic  a c t iv i ty  as In m arm ls.

I t  is  a lso  In teresting , to  note ttia t the o v era ll r e t in a l  output of the 

minnow in important fo r  the co rrec t in te rp re ta tio n  of the backgrourd, 

and th is  would fu r th e r  sU(::ge®t th a t  the medianism may w ell be s im ila r  

to  th a t in  mammals#

(o) Colour change and l i i M  In ten s ity

Tn many of tho obeervaiions of the f is h  under d if fe re n t l ig h t  

in te n s i t ie s  the animals ifould tend to  darken in  the lower in te n s i t ie s  

end lig h te n  in  th© h igher in te n s it ie s#  This was discussed on page 

)76 I and i s  not due to  the background but due to  the o v e ra ll l ig h t  

in ten sity #  Healey (1945) has reported  th a t  minnows show a primary 

lo c a l darkening response to  in c re a se . in  the l ig h t  in ten sity #  This 

can be shown in  sm all areas o f skin# line r e s u lts  f r m  the  minnow are 

th e re fo re  opposite to  those asso c ia ted  with a primary response# The 

answer may l i e  in  the  functioning o f the p ineal organ# Von Friehh 

(1 9 1 1 ) f i r s t  reported  th a t  th is  could a f f e c t  the colour o f  minnows but 

the work of Healey has shown th a t  th is  i s  very v a riab le  in  mlnwws from 

d if fe re n t sources# The f is h  used In  t  esc experiments d id  not show

pineg]. a c t iv i ty  with regard to  darkening on illu m in â t ion ,  aiwi b lin d
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f is h  did not show as /̂ change of colour on being placed In darkert'38*

This leads to  two conclueio ra t e i th e r  the p ineal is  not a c tiv e  o r i t s  

a c t iv i ty  is  reduced and i t  is  comi^letely daninetod by the tectum#

Th© second of these  p o s s ib i l i t ie s  goes aqalji©t the behaviour of the 

minnows with to c ta l  r\3raoval, fo r  in  th is  case , lllxim ination causes 

paling#

(d) IbQ aoBslble JiMde of actlQ a j j f  -the te t t tm t  reXatlQia with

tibfl nwiMlikiri'

B linding a f fe c ts  the colour of the minnow in  d if fe re n t ways 

depending on the method o f blinding-• The f is h  darkens i f  the bllMin^^ 

is  by cu ttin g  tho o p tic  ivaeta  but lig h ten s  i f  the blinding is  accom

p lished  by the  complet© removal o f the tectum* The colour both a f te r  

sec tio n  of the o p tic  t r a c t  and a f t e r  the te c ta l  removal i s  h igh ly  

variab le^bu t the f is h  without tectum never shows th e  extromes found in  

the f is h  w ith o p tic  nerve section# Von F ria d i (1911) fouiKÎ th(%t sec tio n  

of the b ra in  above the le v e l o f the medulla always resu lted  in  paling 

and he concluded th a t  th e re  was a paling cen tre  present in  the medulla 

i ^ id t  worked through the automomic nervous system* The removal of the  

tectum has the same f in a l  e f fe c t  as the cu ttin g  o f th e  b ra in  above tiic 

medulla In cawiing paling# One could th e re fo re  th ink  tim t the tecttas 

can a c t  on the medulla irib ib itln g  i t ,  w ith re su ltin g  darkenii^* ihe  

paling o f a  b lin d  o r  rwrmal f is h  follcw ing te c ta l  removal i s  not a t  

the same ra te  as the paling to  a  white background and req u ires  more 

than 2 hours# This p a llo r  following? te c ta l  removal i s  r » t  m axim l
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and Is  not m  In twined fo r  periods of lem^qor than a  few hours, and by 

24 hours the f is h  has darkened no ticeab ly , from these considérations 

i t  would appear th a t  the tectum not only inh ib itE  the p a ll%  centre but 

a lso  ex c ite s  i t ,  ond th a t  tho chromatic adaptation  of the f iah  i s  due to  

the e x c i tâ to iy -in h ib ito ry  ac tion  of the tectum on the medullary cen tre . 

In a group of f is h  which are H indcd^ by the cu tting  of the  o p tic  t r a c t ,  

the re  ore oxtremee of colour these would, on the present

argument, be due to  tW  acticm of the tectum and not to  th a t of the 

medullary con tre .

The darkening which occurs in  the f iah  with complete te c ta l  

removal may w ell be due to  the medullary cen tre no longer functicming 

and no longer m aintaining th© pale s t a te ,  ‘̂ hls begins on the f i r e t  

day a f t e r  th© removal o f the  tectum but is  highly v a ria b le  and aeny 

f is h  s t i l l  m aintain an in term ediate co lour. I t  would th e re fo re  appear 

th a t no t only does the  tectum stim u la te  the medulla but th a t  th is  

s tim u la tio n  is  necessary fo r  the cxmtimied a c t iv i ty  of the centre*

Healey (1951# 1954) has sliown th a t In  tho absence of nervous 

con tro l o f the chr<xmto(^ores produced by sp in a l se c tio n  the  f ish  c^uld 

s t i l l  change colour ty  means o f hormones* No hoitaonal colour change was 

seen In  Vm f is h  w ith tlie tectum removed, so tlm t the tectcBs appears 

to  con" r d  horvtonal colour diange as w ell as the  nervom colour change# ;
* 4. :c :

There are  numerous f ib re  oommections between the tectum and the



bypotliûlai"Us prooptic nudeu© which codcl r e su lt  in  the con tro l o f  

tho hormones relQoaed fro?: the p itu ita r y .

The removal o f the tectum in  b lind  minnows lends to  paling because 

of the free ing  o f the medullary centre from the conti'ol by the toctum* 

Thia would imply th a t in  the blinded s ta te  tî\e toctum com pletely in}:ib3.tr 

the contre# I t  has been found tlia t th is  In h ib itio n  i s  not removed ly  

the removal of one lobe of HiO tectum which means th a t  the tectum on 

one side  can con tro l the medullary^ centre on both g ides# How th is  * 

could COTÎ© about remains to  be determined and no evidence fo r tiie f ib re  

connections ci»a be found, (Section  7 p. The in h ib itio n  cannot

be removed by the removal of the ant^erior region of the  tectum in  botli 

lobes but i t  la  removod by the removal of the p o s te rio r  tectvua on both 

lobes# This in h ib ito ry  region has been fu r th e r  lo c a lise d  a  se r ie s  

o f le s io n  experiments (fig#  IH p* •’̂ 7) to  a  smaH region In th e  dom al 

p o s te rio r  tectian# Th© question  a r is e s  as to  whether th is  te c ta l  repicm 

rep resen ts a d e f in ite  medullary co n tro llin g  reg ion , o r whether the 

removals and le s io n s  have destroyed the f ib re  conm ctlons as they pass 

out o f the tectum# Moot of the evidence points to  the conclusion th a t  

the  p a llo r  i s  due to  an in te rru p tio n  o f the f ib re  oonnoctions oomming 

from the tectum to  the iaedulla* F i r s t ly ,  in  view of the result©  of 

the te c ta l  removal and the varied  degrees of colour (S ta in ed , the p a llo r  

from le s io n s  XO ïlam and XO Ï1 .33  could be regarded as alm<%t ?%ximal 

p a l lo r ,  because i t  f a l l s  w ell w ith in  the v a r ia tio n  found In  the n ozw l
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fish*  In view of tîio rom ilts of the r e t in a l  experiments wlicre the 

whole of the r e tin a  was Important in  ohrormtlo adap tation  and le s io n s  

had to  be over e c r i t i c o l  s iz e  before they affec ted  colour change 

in  the normal f i s h ,  i t  seems most im likel:/ th a t the sln^-le te c ta l  

le s io n  could tiave such a dramatic e f fe c t  on the paling, cen tre  i f  th is  

region did 'Ot in  fa c t con tro l the centre* I t  seems more l ik e ly  th a t 

these  sln^'le le s io n s  did destroy the  fib i'e  patîiway’ as i t  leaves tlie 

tectum to  run to  tîie medulla. I^raovrd of the a n te r io r  tectum re su lted  

in  p a llo r  in  the  normal f is h  s im ila r  to  th a t following p o s te rio r  

removals. I f  the d o rsa l p o s te rio r  region is  the ac tiv e  in liib ito ry  

region then th e re  should be darkening when the a n te r io r  tectum is  

removed fo r  th is  would r e s u l t  in  a s im ila r  condition  to  blinding by 

o p tic  nerve sec tio n  in  which the p o s te rio r  tectum i s  w ithout any 

sensory input from the eye* '^his loads to  tho conclusion th a t the 

in ia tio n  o f the darkening in  the b l in  ed f ish  depends upon the wfiolc 

o f the te c tim , but t lia t i t s  continued rn&intalnenco <mly needs the  . 

p o s te rio r  do rsa l po rt of the tectum* T herefore, to  W i ib l t  th© paling 

cen tre  the i n i t i a l  in h ib i tio n  mods to  be very la z^ e , but once th is  

has occurred the paling cen tre  m  longer f i r e s  a t  the same ra te  and 

the  continued maintonence o f the  darkening only requ ires very l i t t l e  

te c ta l  reinforcement*

The f in a l  piece o f evidence to  in d ica te  t  a t  i t  ia  the d estruc

tio n  of f ib re  compactions which is  important ra th e r  thar. the  d estru o -
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tio n  of an ac tiv e  region in  the tectum is  shown by the two f is h  with 

p o ste rio r  removals, 36 and 37. ĥ© ac tiv a  region was presen t but

tho f ia h  could not jjorform colour change. In these f is h  the f ib ia s  

to  the ffioduLIa had been destroyed* In conclusion, i t  seems t-m t the 

le s io n s  whiclî produce palinf^ in  b lind  f ia h  do so by destroying the 

f ib re s  which in h ib it  the medullai'y con tre , and do not damage a d e f in ite  

darkenin^^ ctm tre in  tho tectum*

Very l i t t l e  can be deduced about the a c t iv i ty  w ith in  tectian in  

response to  background t i n t ,  but would appear th a t  a t  l e a s t  one lob<: is  

necessary . The lobe need not be in ta c t ,  and combimtions of the remainder

of two damaged lobes was a lso  e f fe c t iv e . In the f is h  with the a n te r io r

tectum removed from one lobe and tlie p o s te rio r  fiora the otixer, a t  

le a s t  two of th© f i s h ,  75 and 74, could adapt normally*

The removal of the a n te r io r  and p o s te rio r  tectum in  both lobes 

re su lted  in  p a lin g , in d ica tin g  th a t  th e  a n te r io r  tectim  lias no separa te  

connections w ith the chroroatophor© system and th a t the p o s te rio r  tectum 

does not i%ifluenoe the poling centre in  the absence of the to ta l

a n te r io r  te c tu a  in  tho normal flab#

Thee© re s u lts  le ad  to  the general conclus th a t  the tectum a c ts  

aa a  s in g le  u n it  as regards colour change, and th a t  both tliO a n te r io r  

and the p o e te rio r  p a rts  of the tectisn are  necessary .
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'ilie n n a iler  t a c t a l  re.movol d id  y ie ld  some interesting:? restiltG . 

F ish  71 showed nom al colm ir change and f is h  68 was a ln o s t  normal chcn^^e 

excepting' th a t i t  did not pale f u l ly  (p , 1̂ * ) •  F ish  70 could only  

reach a value o f  4 and could not pale furtlicr* and 72 w ith only 34/  ̂

tecturn could only adapt frcro 5 to  3 . In f ^ i l l  cases t h e  ra te  o f  change 

wao normal and only the ex ten t w a s  d e fe c t iv e . T h e  r e s u l t  f r c m  72 

corresponds f a ir ly  w e ll with the r ca u lts  from tîie r e t in a l remcfvalB 

J}2S and ?̂29* ( p . f o  ) .  F ish  69 shows the tcudGncy to  be unable to  

darken and rangée from 1 .5  to  4 which agrees w e ll w ith the r e t in a l  

removal f  ish  H7. The r e su lts  fo r  72 and 69 may be due to  the fa c t  lîia t  

there  was oxtenaivo t c c t a l  removal analogous to  the a n te r io r  removals. 

However, the f i s h  s t i l l  reta in ed  a lim ite d  a b i l i t y  to  change co lou r.

The o th e r explanation  is  th a t  these re s u lts  arc  due so le ly  to  the 

removal of the p a r tic u la r  r e t in a l  f ie ld  from the tectum . Ihe ex ten t of 

the removal of the tectum does not compare with th a t of the re tin a  

removed to  ob tain  the sarw r e s u l t ,  but th is  may be due to  the destruc

tio n  o f the f ib re s  to  o th e r parts  of the tectum . In f is h  70 the &r&(k 

of tectum present was 91#. The area of re tin a  removed in  R31, w ith a 

s im ila r  p a tte rn  o f back round response as 70, was in  excsess of $0#.

In the case of 70 the tectum was not destroyed in  the  m id line, and 

banco the area placed out o f  ac tio n  m s  not much in  excess of th a t  shown 

t f l g . O l U p . n i  ) .  I t  would appear th a t ,  l ik e  # ie  r e t in a ,  the tectim  

can su s ta in  s l ig h t  damage withmit any impairment o f the a b i l i ty  of the 

f is h  to  adapt to  i t s  background, but th a t when damage exceeds the order



o f  %  o f tine to e  turn th e  anlmcl can no lon^'er adapt. The more ^his 

threshold  Is exceeded the l e s s  ab le  i s  the f i s h  to  adept u o t i l  i t  

f in a l ly  assumoa the shade o f  a t o ta l  t e c t o l  removed f is h  a t 7 #  tectum  

presen t.

Further considei'ation  o f  th is  v;ork w i l l  be presented in  the  

general conclufiion to S ec tio n   ̂ (p . 2.G3),
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The re s td te  from the le s io n  0x^x3rlmcnts on the tectum domonntratcd 

th a t  a s in g le  le s io n  could produce ciraost complete p a llo r  in  a Mind 

f l c h ,  and i t  haa been reasoned (p . ) th a t th is  le s io n  destroyed the

nerves co n tro llin g  colour c-’̂ inge ae they pasc out o f the tectum.

Degoneration stud ios wore then performed to  tra c e  the fih tvo  destroyed 

by th is  le s io n  to  the otVjor cen tres in  the brain*

I, mm

1 0  norma], minnows were token and le s io n s  were placed in
s. i • ':•••. • ■ p---

the tectum in  p o sitio n  XO,TLiam as described on page ibl  ̂« A fter cementing 

over the wound the f is h  were pieced in  exix r i ^ n t a l  *mquaria* They 

wore kept a t  18 u and two f is h  were removed on the  lO th , I6 th , 19th 

and 21ct days a f te r  operation . The f i s h  were k i l le d  by d ecap ita tio n  

and fixed  in  form al-^eline fo r  a period of 5 weeks. The b rains were 

d lseectod  o u t, embedded, and out tra a sv e rs ly , and lo n g itu d in a lly  

(do roo-ven tra lly ) fo r  each su rv iv a l tim e. They were then sta in ed  

using the p a ra ff in  nautn , and in  many cases counter s ta in ed  using C.F.V*
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P ig .  3 6

Photograph of a  minnow with a tc c ta l  lo s io n  and th e  

wound cemented over*

P ig . 37

Section of a l6wday tecta l lesion  showing the g lia l 

ce lls  f illin g  the lesion* Stained with t̂ auta and Cresyl Fast 

Violet and sectioned at 8^ #



Fig 3 6

Fig 3 7
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Glial cells
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The optlniurr, ourviva.1 time fo r  the te c ta l  f ib re s  16 days, s l% h tly  

longer than fo r the o p tic  tm c t  fib res*

In e few cases the lesion, epr-ead and bccai% q u ite  la rg e  but 

in  the m ajority  of cases the le s io n  was d isc re te  and th e re  \mB complete 

\;oimd h ea lin g . In  f ig .  37 (p . the le s io n  can be c le a r ly  seen to  

he f u l l  of d iv iding g l i a l  c e i l s .  Only the f is h  w ith d isc re te  le s io n s  

wore uood in  the h is to lo g ic a l in v e s tig a tio n  of tlie degeneration of the 

f ib re  t r a c t s .

Considerable degenom tlon was seen to  occur in  both the s tra tim  

iMexiforme e t  fibrosum ortem ur: and the  stratum  fibrosum pi-ofundum 

througîiout the  tec tim , A d is t in c t  bundle of f ib re s  was observed to  

run out of the tectum la te r a l l y  and then vent r a l ly  throug < the to rus 

sem ic ircu le ris  to  be com p art o f the  tra e tu s  tc c to b u lb e ris  v e n tre lie

rec tu s (Kappors ^11936) ( f ig * 3^ p . 2 ^ 5 ). Iso la ted  f ib re s  were a lso
?

found to  vm  a n te r io r ly  to  the gen icu la te  complex, to  the p reop tic  

nucleus (the tra e tu s  tG cto-preopticus)*  A few f ib re s  were a lso  observed 

running to  the hypottial&mus. These f ib re s  to  the hypothalamus and 

p roop tic  nucleus rosy o r may not be im portant in  hormonal colour change#

A few f ib re s  were a lso  noticed  to  run to  the ganglion i s th a l .  ^hcse



iso la te d  \mm  however only very few and the v as t m ajority  were

Boon in  Idle Imndle of the tractUD tect-bu lborlG  v « n tra lis  re c tu s .

The degenerating; f ib re  bundle is  not c le a r  in  transverse  sec tio n  

but in  lo n g itu d in a l ooctio r i t  appears to  eource oaudally v^ith the re s t  

of the te c to -b u lb a r  t r a c t  u n t i l  i t  roaches a point a t  the a n te r io r  

end of the medulla. A few of tlie fibices do not end here but continue 

through the medulla and are  seen in  the sp in a l cord consti tutlng: p a rt of 

the tract,us te c to - s p ln a l is .  Somo of the f ib re s  do not roach tlie sp in a l 

cord but end in  the m edulla, where they could not be c le a r ly  seen to  

en te r  any d e f in ite  neuron group# However, tlie m ajority  of degenerating 

f ib re s  end in  a sm all group of neuronea. This sm all group of neuTxmos 

contains both lai%e and s a l l  c e l l s ,  there being approfifcaately 14 

and 100 small# The neurone group is  shown In  f ig * 39 (p . Z-o?) toge ther 

w ith the  dégénérâtln{ f ib re s  # Both the la rg e  and sm all m urones are  

arranged along the  e n t ire  leng th  of the cen tre  and there does not appear 

to  be any d e fin a tiv e  organisation# The approximate p o sitio n  of th is  

group o f neurones i s  frc^c the apex of the cerebellum caudally ,

2 .75mm, v e n tra lly  from the upper su rface of the co reb e llm  and lnm from 

the  m idline in  a 6#5cm fish#  I t s  s tru c tu re  is  sliown in  f ig s .  Lv.o,9<\

VP*
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Fig. 3 8

S ection  of the b ra in  a t  the le v e l of the apex of 

the œrcLfClluiTî s ta in ed  i/ith  Ilolmea technique.

Abbreviations t

T.L. Torus lo n g itu d in a lls

V.C. -  Valvule c e re b o lli

T . -  Optic tectum

T# S . -  Toi'Ua oom icircu leris

Tr#I#T. -  T raetus Isthm o-tectallB

Tr.T.B.V.R# -  Tractu© tec to -b u lb a ria  vent r a i l s

rectus

Tr.T .I. -  Traetus tectom.lst^inells

G#I# -  Ganglion Isthni

F«L#L. -  Fasciculus longitudlnalis la tera lis

P.L.Mt -  Faocisulus longitudinalis medial is

L.I# -  Lobi inferioree

Tr.T.S. -  Traetus tocto-cplnolls

Tr#T #B#C. -  Traetus tectowbulbarls crueiatus

Tr#M#C#P. -  Traetus mesencephalo-cGrebellarl»

posterior*
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V ertic a l lon g itu d in a l sec tio n  of tho a n te r io r  

medulla sta in ed  witli the Haute and counter s ta in ed  with 

C.F.V.

Abbreviations %

C. -  Corebollum

V#L* -  Vagal lobe of the roedullo

C*A. -  CaramisQui^ ansu lata

Tr.T#S. -  Tract,us te c to -o p in e lis

M#C. -  Medullary paling centre#

Iv . V^.C.V.
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A. L ongitudinal s e c t io n  throuf;h the modullery paling  

cen tre .

S ta in ed  with Nauta and C.F.V.

B. High power photomicrograph o f  a s in g le  p a ling  centre  

neurone eh w ln g  the degeneratian  d rop le ts surround

ing the c e l l .
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A se r ie s  of drawing through the medullary cen tre  to  

:how the c e lls  and the d is tr ib u tio n  of the degeneration 

droplets*

•A* is  the most l a te r a l  of the drawings. is  

medial to  A and i s  32 y  medial to  B. i s  1 6 p  

medial to  and no s tm c tu re s  were v isab le  16 p  medial

to  »D».



F i g .  4 1

A B

'  V  y 

%%##

c
( ' (I.-; é

m p
i'..)A L ' /  /

D

a

0 * 0  5



Although these degenerating f ib re s  and asisociatod group of 

neurones were found, i t  1;:-. not c e r ta in  th a t  the l a t t e r  co n s titu te  the 

medullary poling cen tre . Further experiments need to  be ca rried  out 

to  prove conclusively th a t i t  is  the colour change con tro l centre of 

the medulla. The evidence th a t th is  can bo p rov isiona lly  accepted as 

tho cen tre  is  th ree fo ld , F i r s t ly ,  von ?risch(191 l) found th a t 

cu ttin g  tho b ra in  a n te r io r  to  the medulla re su lted  in  p a llo r  and th a t  

s tim u la tio n  o f the medulla e le c t r ic a l ly  resu lted  in  paling . He 

th e re fo re  postu la ted  an "Auftiellungaentrum" th a t induced the f is h  to  

p a le , Tho work presented in  tli ls  th e s is  tias shown th a t the removal of 

the  to c ttn  has the same e f f e c t  as von PriBch*s cut a n te r io r  to  the 

medulla and th a t  in  normal colour cliange the o p tic  tectum appears to  

con tro l the meduUai^^ cen tre . I t  has a lso  been shown th a t a email 

le s io n  in  the tectum in  p o sitio n  XOYlms w ill  remove the con tro l of 

the tectum on the medullary cen tre . Secondly, the f ib re  bundle fro© 

ihiB region passes to  a  d isc re te  region of the a n te r io r  medulla, end 

tern inateB  In a  sm all group of neunmo. T h ird ly , f ib re s  from tM  

centre  nm  in to  tho sp in a l cord. This neurone group has so f a r  not 

been id e n tif ie d  end not re la te d  to  any o ther b ra in  s tru c tu re ;  i t  

seems l ik e ly  th a t  i t  i s  the  medullary paling ce n tre .

In  order to  provide conclusive evidence tw  types o f experljaent



are  noceesary#

1. To shoiv th a t  darkening, follows tlie d e s tru c tio n  of those ep e c if ic  

ce llo  but not following the d es tru c tio n  of ncighlourlm ; neinroua tjBOue,

2 , To tixke e x tra c e l lu la r  recoidlnga from t>ie ifhole group of c e l ls .

The possib le mode of ac tio n  of the ecutro w ill be discussed in  

Soction 4 (p,
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a  a  C T I  Q « g :  ELECT ilCAL ACTIV ÏT l J E ^  J im !

I .  A-.P të e h m m .

Two tungsten  e lectrodes were placed on o r in  tho tecturn end 

the e le c t r ic a l  a c t iv i ty  was recorded between them, A thii*d reference 

e lec tro d e , which was raide of s i lv e r ,  was placed on the dorsal sk in  

about two th ird s  along tho body from the b ra in . The tungsten e leo -  

trodeo were made from 0,001 in  (25 |j ) diam eter w ire, A snmll piece 

of wire about 1cm, long wee cut from the r o l l ,  cleaned using tc ep o l, 

d r ied , and a ttached  to  the end of an n igh t inch piece of m inature, P.V.C. 

in su la te d , copper wire ( TW iospar# LTB), The P,V,C, wna cleaned o ff  

the l a s t  4ot35 o f the w ire and the attachement was made by forcing  t!ie 

P,V,C, covering ap a rt w ith a f in e  p in . When the  p in  wan withdrawn 

the Btreohod P,V,C. did not re tu rn  to  i t s  o r ig in a l p o s itio n  fo r  a  sh o rt 

time and tho tungsten  wire could then be In se rted  in to  the hole made 

by the  p in . The F,V,C, f ln r l ly  closed and th is  fiacsd the tungsten .

The union was completed by so ldering  tJ e  protruding copper to  t>îo 

tungsten .

The tungsten  e lec tro d e , and t\^e so ldered  tungoten/oopper



jo in t  were in su la ted  by dipping them in  A re ld ite  1^2 0  epoxy ixzsin 

with liardener and cured a t  lOO^C, WT>©n the , r a ld i te  m s dry they \^ re  

dipped again and re-cu red . To to s t  the inouLation the clectrodo  m s  

attacîied  to  the negative term inal of a 1.5v dry co ll b a tte ry  and 

imraoroed in  1(% hydrod ilo ric  ac id ; the positive  tc im inal of the b a tte ry  

was connected to  a s i lv e r  e lec trode  and placed in  the ac id . Bubbling 

with tho re lease  of hydrogen w ill occur a t  the vninsulated  p arts  of 

the e lec tro d e , 1%o e lectrodes were then washed and d ried , Using a 

p a ir  of f in e  sc is so rs  the wire was cut so tlia t the leng th  of tungsten 

protruding was only Imzn, Using t h ’s method, s t r a ig h t  e lec tro d es , 1mm 

long and in su la ted  except fo r  tho very t i p  could be produced in  veiy  

la rg e  numbors w ithout v a r ia tio n  in  shape o r sisse.

The re s is ta n c e  of these tungsten  electrode*  was very low and 

was measured by a very simple techniqv» using a  Grass SD5 s tim u la to r, 

which gave a  square wave p u lse , and an iso ü lo sc o p e . The apparatus 

was arranged as in  the diagram f ig ,  Wf ( p, ) ,

The re s is tan c e  of the tungsten e lec trode  is  He, and Ri th a t 

o f the r in g e r , idiich is  re la tiv e ly  so low tîm t i t  can be nef*lect.od,

R is  a c a lib ra ted  movable re s is tan c e  made by using a  s e r ie s  o f  known 

re s is ta n c e s . The h e irh t  o f the  square wave on the  ocoillcxscop©, Vo, 

i s  vrticn the key is  open and honoe only Re is  in the c i r c u i t ,  V i is  

the h e ig h t, and hence the v o ltag e , o f the square wave when the key is  

closed and rep resen ts  the vo ltage lAen !)Oth He and R arc  in  the c i r c u i t .
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APPARATUS USED TO P O S I T I O N  THE ELECTRODE S
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Now applying law to  th is  condition we haves-

Re = R Vo #.Vi 
Vi

The rosiotonces ranged from 3 to  4., 7 K ohr?îs, with a general 

nean of 3*64K* d lth  those very low roaiotances the noloo lev e ls  of 

the electroden we?:*e very low and onabled recordings to  be made e t very 

high am plifica tion .

The electrodes were positioned usiîig a L eitz  mlcrg^nrnipulator 

and the f ish  were fixed  by two pairs of clempo wîiich were attached 

to  two rods, which were in  ta rn  fixed to  the same base p late as the 

manipulator. The appai'atus is  shown on f i g .  (p. l i b ) .

The resp ira to ry  water was fed in to  the mouth d ire c tly , and 

was co llec ted  in  a trough placed under the fish# The moutli piece 

consisted of a g lass tube onto vhicli was stuck ac ry lic  cement modeled 

on a (lead f is h  in  order to  firm ly hold the head on three sides*

Those moutti p ieces, made, were polished with a dental d r i l l ,  in  

order not to  damage the fish* These mouth pieces prevented the hood 

from moving when the f is h  was mounted in  the apparatus, ilio f is h  was 

clamped by two pairs  of clamps, one p a ir  f i t t i n g  a t  the lev e l of the 

pectoral f in  and the o ther a t  the le v e l of tlio anal fin* ^%en the 

f ish  were mounted i t  could not move end the opercular moyemonts were
.1

prevented from affoctinf- the whole head. A piece of f i l t e r  paper placed J
"T

on the f ish  between the clamps served both to  collect, the water as i t  i



posaecî out of the opercmlar cavity, and to koop the f ish  so ist*

M ny of t}ie records wore mde with the f ish  clamped# "he animals 

did not appear to  be dl^troaoed i/hcn not anaesthetised . In raahy’ of 

the expcriraents the f ish  had the electrodes oer^onted on the sk u il a f te r  

being ombcddod in  the b ra in . The method of drying the sk u ll was th a t 

described on page . Ihe  ̂eneral g rid  us5.n̂  ̂ the eyepiece g ra ticu le  

in  a blTKJculr.r microscope, as descriW d on page fS>, was used to  place 

the e lec tro d es , and tlio depth could be measured d ire c tly  from t̂ -m 

m anipulator. A fter tho cement had dried the f ish  was removed from the 

apparatus and g rea t care had to  be taken not to  detach the implanted 

olecti'odoa. The f is h  were then placed in  tiie apparatus shown in  

f ig .  peg© vrtiich onebled tlie beclq round to  130 changed without 

d isturb ing  the fish#

The apparatus consisted e ssen tia lly  of a recten^piler \yox made 

of black perspex, ^unshaded in  the diagram). The f is h  was held by 

means of Ihe tube oarTylng resp ira to ry  water in to  the mouth and two V«* 

ahaped pioooa of c le a r  perspex (&). This holding device vris fixed ont-o 

another piece of c lea r  perspex, C, wl)ich ma ra ised  from the f lo o r of 

the box by led( os on throe s id e s . Attached to  tho free edge of C 

was an uprigh t p la te  of block porspex. was a piece of white perspex 

which could be s l id  between C and the bottom of the box B to  present 

the fish  with a whit© background# I f  B was s l id  out the f ish  was
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F ig . 4 3

Dlfigrar of the background rove rea l apparatus used 

to  record the ECG of minnows with electrodes implanted 

in  the tectum# The c lea r  areas were made out of black 

perspex#

Pig# 4 4

Diagram of the c irc u it  used to  ca lcu la te  the 

res is tan ce  of the electrodes#
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prooonted wltli a block background produced by B* Two r ^ t o a  o f white 

per&pox D were made oo m  to  form tho two s id es  o f a  box and two 

of those were put to g e th er tliey formou the ^Jhen D was removod

t!ie sides o f the black box formed th e  b lack w alls .

Before th e  f is h  ims allowed to  m oover from the ane&^sthetic^ 

fo llow lr^  the  IzopOLantetlon^ I t  was In jec ted  with turbocurarlno  dd.orid© 

(Burrouglio Wellcome). A nuntxar o f i^relicdnary to o ts  were e a rr ie d  out 

to  determine tho moot s a tis fa c to ry  concen tra tion . Tested concentrationa 

ranged from 0.33 to  0.üi^3E%/ï00gm body w eight. A concentration o f 

0.166rog/l^X)gm body weight was found to  be most sa tis fac to ry ' and thJo 

concentration  in liib ited  a l l  suacuUir moveasent except th a t  o f the h ee rt 

and prevented the very strong opercular bea t from masking tho once* 

phalogrem p a tte rn . The ac tio n  o f  tiie curare on tho colour change o f 

the f is h  was oomr^ex. Tttrbocurarine ch lo ride  blocks th e  nouroonsenlar 

ju n c tio n  by competing fo r  the  recep to r s i t e s  on the  post synap tic  

membrane. The e f fe c t  où colour dienge dej)cnds upon th e  dog© cmd in  tlie 

reg ion  o f  O.C63ng/l00gn body weiglit the  curare blod% d the looomotmy 

muscles but not the  b ranch ial muscles» th e re  was normal opercu lar b ea t.

In  these f is h  colour dbange was normal in  both ex ten t and diz^eetim .

However» i f  the  dose was increased s l ig h t ly  th e  b n u id iia l muscles ware 

a ffe c te d  and normal colour no lont^ov occurred. The f is h  wit!) th e  

s l ig h t ly  h igher dose assumed an Interm ediate t in t#  w üh  th e  rsacrooelsno* 

phores in  the l a t e r a l  s tre a k  d isp ersed . The a o t lw  o f th e  caimre in  

th i s  case i s  probably not on the  chromatophore^diroctLbut on t!w  r 

sym pathetic g o i ^ i a .  I t  i s  a lso  possib le  th a t t}m in a b i l i ty  o f th e  - / #

' ... ' ■ ' ' ;:Æ.

'   ^

' i



f ish  to  change colom* follcrwing th ^ ln jo o tlo n  o f curare ie  due to  a 

s im ila r  mechanism to  the  learned  W ilb lt lo n  proposed by Cray (1956).

Ttie second important observation  on the  ac tio n  o f curare was th a t  i f  i t  

waa in je c ted  intrormecuLnrly in to  tW  clomal myot(m?e in  the tWJL ju s t  

fjo ste rio r to  the amxs the f is h  took about cme minute to  become t^arelysed. 

I f  the curare woo in je c te d  more an te rio rly »  then th e  f is h  wns a ffec ted  

more qu ick ly . The r«>rtality  r a te  won higher tlie more a n te r io r  th e  

in je c t io n . At tije end o f the  experiment the  f in  o f the f is h  was 

examined fo r  cJ-rculatin|T blood to  corifirm tiia t tho f is h  was a l iv e .

The expérimenta were performed in  an earthed  cage m anuring 

2 f t  X 2 f t  X 3 f t and made of perfo ra ted  aluminium* The wires from the  

e lec tro d es were fed in to  a Tektronix Type A Dual-ae^an O scilloecopo. The 

p ic tu re  from the oeciiloecope screen was photographed using a  Cossor 

camera loaded w ith I lfo rd  Plan F n ^ a tiv ©  f ilm .

The high frequency of the preamplifier was fixed a t  an uppmr 

lim it of SOcy/eec. because no reoordable informatl<% could be foimd 

above th is frequency that could be discerned above the dsitroda noise. 

The preamplifier was used at it s  maximum gain of 1000 X.

I _

During ^  experiments the fish  were fed with imter d irectly into

th e  mouth by means of a la rg e  2 % . ecm tainer placed above th e  cage.
'

In the experiments where the fish  were ccaitainad in  the baclqground
f'M
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roversrJL box not only was U’O vmter in  the main storage container 

ea rthed , but a lso  the w ater sunoundin(r the f i s h ,  and the waste water 

con ta iner. To prov ;nt o a r t j i j l o o p e  from bein(;; formed, and hence 

amplifying: the gOcy/oec# mains in te rfe re n c e , the moot sa tlsfac to r^r 

condition wan when the cage and the wa"^er surtouncbing the f ish  vas 

earthed  to  the onclllor.cop©, and the fresh  and waste im ter earthed to  

the water pipes of the room.

I I ,  iiiS  S P F i^^IC IA L  5 -CLri:AI,OGHAM gATTSRH

These recording wore mode w ith the f is h  clamped and no curare 

was used* The f is h  were not anaeethetiaed  during the record ings.

During' the recordings the f is h  wore in  diiatacd l ig h t  and no. attem pt was 

made to  contro l noise* Bo cause o f the s i tu a t io n  of the apparatus the 

noise was rlm ost lim ited  to  th a t mode by tho elct>"c»iic apparatus used.

The Aectrodos were mounted in  the m anipulator and the tip© were 

saporatod by 0*3mm; they were then lowered onto the tectum so th a t  tM y 

ju s t  penetrated  the surface* 8 f is h  were used, and tiie positions of 

the e lec t rodes are shown in  f i g .  (p* t l S ) .  The recordings were mûe 

a t  2.5oo per second.

The recordings are  presented in  fig* k-(o (p* W  ) end show Wmt
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The p o sitio n s used fo r  recording surface encephalo#,

grams*
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Surface encephalon rems recorded from poaitione B, 

Cf GI if 1 * (fl^#  I4-S p&se
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appear to  b© two boiîlc rythma» a alow ryt^im of 6 - 1 4 sy/aec* and a Fan t e r  

rytlim o f IS-S^icy/sec. amiiLitudo of the slower lythm was 1 1 2 ^ 0  v

and tlia t of the f a s te r  13-é v . ihe general |x \tto m  was ^rynchronieod 

over th e  whole of the iwetim*

Hot a l l  the regions aiwmd the same record ings, ©eon c le a r ly  in  

f ig .  # Ih e  fiinplltude v aried  considerably over tW  tectum and, in  

g en era l, the am plitude of the I'ocordlngs when the e lec-rodcs were ol%nod 

ontcrcw postoriorly  was g re a te r  than wJien they wore cligm cl l a te r a l ly .

This does not co 'respond to  the p o s itio n  of the  o p tic  t r a c t  f ib r e s ,  

however, fo r  in  recording A the o p tic  t r a c t  f ib re s  are running d ire c tly  

a n tc r io -p a s to r lo r ly  when tho recordings are  l a t e r a l .  In recording's F 

and H the  e lec tro d es  are  along the main axes of the Incoming nerve 

f ib re s ,  but in  G and I the recordings were a n te itv p o s to r io r  and the 

f ib re s  wore running l a t e r a l l y .  T)% o p tic  t r a c t  la y e r  o f the t^cturn 

i s  th ic k e s t in  A end Ih ln e s t in  both B and C; s im ila r  conditions apply 

to  tho recordings in  G and I#

I t  would th o re fo re  appear tl ia t  th e  encephalogram p a tte rn  is  

p rim arily  in  the  o n te r io -p o s te r io r  a x is .

A second d iffe ren ce  no ticed  in  t îia t tho p a tte rn s  frtxa 

d if fe re n t regirnio o f the tectum d i f f e r  s l ig h t ly  in  frequency. P o sitio n  

A shows a v a r ia tio n  o f 6«12cy/sec« In  the  LF, w ith a mean o f 7 .5 , B



2 i q

w ith  a hF v a r ia t io n  o f  d - l^ c y /se e  and a  moan o f  1 0 .5 , F w ith a v a r ia t io n  

o f  6-1/j.cy/Gcc. and a mean o f  9 .6 ,  and and I with a v a r ia t io n  o f  

H -llc y /so c . w ith  a moan o f  3 .9 .  The BF rythn recording a ohow the oar# 

v a r ia t io n  o f  IS-^î/^cy/soc. but tlio moans do not d i f f e r  from each o th er  

very much, the va lu es beings A 1 9 .5 , B 2 0 .5 , F 20 .6  and G, H, 1,21 cy /^ cç .

F in a lly , in  ro co rd lig  C a marked p e r io d ic ity  was found, w ith  

d e f in i t e  c y c le s  o f  high and low a c t iv i t y .  The LD' and MF a c t iv i t y  

were both prcst nt Imt there wex# periodic In tiie record làieve the ÎIF was 

apparently  ab son t, and only the LF was se en . Those periods were very 

sh o r t .

To t e s t  whether the pat e rra  recorded were from t l#  f is h  and 

not a r t i f a c t s ,  the f is h  wore k i l le d  by tu rn ing  o f f  tho w ater fo r  a t  

l e a s t  30 m inutes. In  a l l  cases no a c t iv i ty  could be recorded from 

these dead f i s h .  On turn ing  on the w ater supply th e re  was s t i l l  no 

recordable a c t iv i ty .

In conclusion , i t  appearo th a t  the a c t iv i ty  recorded frcxs t}w 

f is h  i s  produced by the f is h  and is  in  no way an a r t i f a c t  produced by 

the ai^paratus.
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The MS222 so lu tio n  uood to  give deep anaosthesia  very g re a tly  

reduced the am plitude of the p a tte rn . In  a l l  f is h  te s te d  th e re  was 

only present a sm all amount of very low le v e l a c t iv i ty ,  vdiich could 

not 1x3 d iscerned above the general noise le v e l of the e lec tro d e s .

When a recording wan taken the f is h  was always dark because of the  

MS222.

IV. THE

The f ia h  was clamped throughout the experim ent. M rknoss was 

sim ulated by covering th e  eyes w ith a  lig h tp ro o f  sh ie ld  which was 

s u f f ic ie n t ly  ex tern  ive to  cover ?iot only the oyo but a lso  most of 

the  s id e  of the head. Those sfiie lds were made out o f a  m ixture of 

A cry lic cement and f in o ly  powdered charcoal. Whüe the cement was 

s t i l l  s o f t  i t  was poured on to  a dead f i s h  lA ich acted  as a  mould and 

then allowed to  h ard m . I^en th e  cement was f u l ly  hard i t  was removed 

and could be a ttach ed  to  a  l iv e  f i s h ,  providing the  f is h  was of the 

some eisse. The sh ie ld  f i t t e d  very  w ell and, as f a r  as could be 

a sce rta in ed , i t  covered th e  eye and was ccHSpletoly lig h tp ro o f .

The r e s u l t s  are  from throe f is h  and the recording p o sitio n  is

- I
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The 26G p a tte rn  in  l ig h t  and darkneea. Darkness 

was produced by covering the eye with a m ixture of A cry lic  

cement and Charcoal.
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always G, bocaiiso i t  always gave good r e s u l t s .  The f i r s t  record was 

taken in  the  l ig h t .  Tho eye was thon coverod and records were taken 

immodiatcly a f t e r  covering and 1 5 mlno. and 3 0  mins. a f t e r  covering.

Tho oyo covers were t>ion removed and recordings were token. The 

re s u lts  of one o f the f is h  arc  shown on f ig .  U-9 (p . ^ 3 2 ) .

T1m9 no ticeab le  change in  the  p a tte rn s  is  in  the omiiLitud©.

Tho i n i t i a l  e f fe c t  of covorin^" t l#  eyes was th a t tîie aniilitude in -  

creased to  a h igher le v e l and th a t th is  ^xjvsisted fo r  1 5  mins.

The omi^Iltud© then dropped a t  the  3 0  min. record to  a very low le v e l 

and f in a l ly  I when the  covers were removed, the amplitude increased  

aga in , but not to  the  same le v e l as th a t  wiion the  l ig h t  was turned o f f .

The f is h  woo f u l ly  white a t  the beginning of the period of 

the t e s t  yihon the eyes were not covered, bu t by the end of the 3 0  

mine, covering period t i e  f is h  assigned an in term ediate shade o f about 

a D .O .I. value of 4* A ll the  f is h  used showed ex ac tly  tho sa i#  resu lt#

A s e r ie s  o f recordings were made from the toctum o f 13 b lin d  

f is h  whldi wore damped in  the apparatus used fo r  the proviom  records.

V
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As in  the previous records, no ouiarc wsis used.

One f is h  was recorded before and a f te r  b lin d in g . Blinding was 

accomplished by cu ttin g  both o p tic  t r a c ts  under anacstlio tic  oncl the 

:'.GG was recorded a t  1 0  mine, and 3 0  mine, a f te r  recovery, (those times 

were chosen iTecause te c ta l  a c t iv i ty  in  a  normal mi.nnoif begins to  

ro-appoar about 5  mine, a f t e r  the an aesth e tic  has been replaced by 

normal w ater.

see p a tte rn s  were recorded from f is h  wiiich had been blinded 

fo r  in te rv a ls  of 5  hours, 2 4  hours, 4 8  hours and 5 days, and fo r  each 

record a sep ara te  f is h  was used because i t  was not possib le  to  record 

from the same f is h  on more than one occasion. A  ̂roup of e ig h t f is h  

had the  KÆC recorded a f t e r  having: been blinded fo r  fou r months. AH 

the records a re  shown in  f lg .l+ î ) .

The am plitude was g re a tly  a ffec ted  by the  b lind ing  aM  a  

comparison o f th e  1 0  min. and 3 0  min. re  cor s with those from a normal 

f is h  showed th a t  th e re  was almost no a c t iv i ty  p resen t. The ilF and LF 

cycles could only ju s t  be seen and i t  was iwf, possib le  to  compare the 

frequencies. A p a r t ia l  inc rease  in  amplitude was seen in  the 5 hour 

f is h  but th is  d id  not increase  any f u r t  o r  in  the 24 hour reco rd . Both 

the 2 day and tlie 5 day f is h  showed increases in  am plitude. A ll the 

records wore taken from the G s i t e .  A ll th e  f is h  were fu l ly  dark 

except the  5  day f is h  which had begun the post-b lind iqg  paling and
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The (CEG of the  minnow and l>linding. Tho normal 

p a tte rn  and th e  1 0  and 3 0  minute blJnd records are  from the  

same f is h  and o th e r records are  from d if fe re n t  f i s h .  B lind

ing was by cu ttin g  the  o p tic  t r a c t .
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had. reached a value of 6.5*

ihe four month records were taken to  see i f  the S-SC p a tte rn  

had been regained fu lly  and to  see i f  any d ifferences were present 

between tlic dark and l i / 'h t  f ish  a t  th is  time in te rv a l. The amplitude 

of the I.ÆC p a tte rn  is  never tM t of the nom al f ish  Ivut i t  docs r is e

to  a Tnu(ïh higher le v e l than i t  has when f i r s t  b linded.

The re su lts  from the blinded f ish  were not s u f f ic ie n tly  numerous 

to  allow an ac u rato  assessment o f the p a tte rn  and so enable comparison 

of the pale and dark f is h .  They d id , however, appear to  be a very 

sli^fht increase in  amplitude in  the records from the f is h  v^lch had 

ligh tened  to  values of 3 . The f is h  which remained daiic (7.5) tended

to  have ra th e r  : inoUer rSG records. More work needs to  be done to

confirm those observations#

The K6 C of the  minnow th ere fo re  i s  in tim ately  re la te d  to  the 

v isu a l input and in  the absence of th is  input the animal does not 

show the normal K6C pattern*

Y.k,„ . m m

(a) listilûà

To study the e f fe c t  of changing the background on the



2 ^ ^

5 regions o f the to c tm  were se le c te d  and lal*>elled R, P, %, T , and V*

Region 2 i s  the a c tiv e  region o f se c t io n  5 (p* and the others

serve an contro ls o f th is  region* %o records were talosn la t e r a l ly

to  those shown because o f the d i f f i c u l t y  o f Im iilantation presented

by the operculum. The jx ifîitioæ  ore oliown in  f i g .  (p . ,  and

the grid  rofcrenceo a r e t -

2 XO Y0.66mm -  U33mn

P Xf0.66mm YO.660^1 -  1 .33m

R X+ l,33bnn Y0.66mn -  1.33csa

T X+ 1.0mm Yl*6 6 m -  2 *3 3 ®̂
X'

0.33mm Y 1.66mm -  2 .33m

Recsordings were mode a t  f iv e  depths in  eadi reg ion , m  

follows »-

1. S trattaa plesiform e e t  fibrosum extcrttum*

2. Stratum ilexiform e in te rtro i.

3. Stratum grieeum interoum

Stratum fibroaum profundum.

5. Stratum grlaeum p o riv en tricu la re .

These lay ers  wore chosen because of th e ir  d is tin e tn esc  and 

because of th e i r  ro la tio n ah lp  to  the functions of the tec tm *  The 

electrodes were lowered the following deptiis fo r  eacîi la y e rt 1  «

2  » 0 . 1 3 «n, 3  «  0 . 2 xsm, » 0 .2 7 te , 5  «  0 . 3 3 mm from tlie surface of the
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tectum . The poo I t  lorn of the e lectrodes were confirmed by section ing  axKi 

s ta in in g  the bralcn a f te r  the recordings were f in ish e d . To c la r ify  

the p o sitio n  of the ele ctrodeo they were marked by passing a cu rran t 

of 5 micro ampo* fo r  1 0  seconds thmu^di thorn# sec tions were 

s t^ in o d  w ith C.F.V.

A ll the f is h  uoed were exactly  6.5 cm long to  ensu3'o a conformity 

in  the tc c to l  elssc. At the end of an experiment the f is h  was always 

examined to  confirm th a t i t  was s t i l l  a l iv e .

The apparatus used fo r  the baek?:round rev e rsa l was tîia t des

cribed  on page 1-1 "̂ # The c e l l  w ed  to  hold tha f is h  had the advantage 

tli©t there  were no s id es and the f ish  had an u n re s tr ic te d  view of the 

sides and bottom of the con ta iner.

A fter the in je c tio n  of curare the f is h  was allowed to  recover 

from the an acsth e ticy  on a b lack background* When the f is h  bed fu lly  

recovered chrom atically  (aî>out 2 0  to  3 0  mim#) recordings were made

(a ) .  The back{:round was then changed to  white and another recording 

woo taken (B)# F u rther recordings wore made on white a t  in te rv a ls  of 

5 mins* (C ), 1 0  n in e . (D), and 2 0  mine. (E ). The background was then 

returned to  b lack  and recordings were taken immediately (C), a f te r  

5 mins (H), 1 0  mine. ( I ) ,  and 20mins* ( J ) .  The background was tlien 

changed to  idilte* and recordings again taken to  a c t as a contro l to
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rocoixl B. Iho i*ecoi’ding consisted  of about 15 seconds of film  a t  1 Inch 

per second.

The onalysio of the r e s u lts  consisted  of the se lec tio n  of ce rta in  

aifiplitude lim its  and a count of t5ie number of cy c les /sec . which f i t t e d  

those amplitude l im i ts ,  fo r  1 0  seconds, fo r  oacli record . I t  was found 

th a t  both D and I d id  not d i f f e r  from C and U and they are therefo re  

not Included in  the r e s u l ts .

The r e s u lts  are expressed in  terms of the v a r ia tio n  (Va) and 

the mean (M) number of cycles in  each second fo r  the 1 0  second count.

(b) -W u lts

5veoordings from region 2  were repeated on d if fe re n t f is h  and t l^ y  

agree very w e ll. The re s u lts  are eompLlcated by the am plitW e variêu- 

tio n  found from f is h  to  f i s h .  In the re su lts  very l i t t l e  import

ance has bv en given to  the amplitude and i t  may w ell be tiia t th is  

amijlltude v a r ia tio n  may be s ig n if ic a n t .  However, in  o rder to  t e s t  

fo r  i t s  s ig n ific an ce  a  much la rg e r  number of f is h  would be needed than 

were av a ilab le  in  the  presen t study . This rep o rt on th e  changes of 

frequency which occur in  the  tectum when th e  background le dmnged can 

th e re fo re  only be regarded as prelim inary .
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TABLE \'h â n a l v s i ) 3  .o r  t L c  r . - e o r d a  .Crora W . & a t .  d û a t î i  J . ,

He cording 20j.v ^2 0  pv
........

VA :  M Va M Va M

B 1-3 2.4 W 6.8 13-24 20.2

C 1-3 2,2 5-C 6 .4 r)-24 20.,3

E 2-3 2.3 5-a 6,2 ltj-24 21

C 1^3 2 7-a 7.5 13-20 19

H 1-3 2 g-d 6.5 13-24 20

J Ou3 2 5-8 6 .6 18-24 21.4

Z

B 0-2 1.1 5-7 5.4 19-23 20,7

C 1-2 1.5 5.3 19-22 21.1

D 0-3 1.3 3-6 5 20-24 21.2

G 0.2 1.2 4-7 5.4 20-23 21

H 0-3 1 .4 4-6 5.2 19-24 21

3 0-3 1.6 4-7 5.1 20-24 21.5

Th. rnooids from the regions R»T, and V are the saæ^as those 

presented here but the aiaiJ.it.uda d iffers and the recordings from R,

T and V show an upper amplitude of only 10 v | i t  was not possible to

m
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2 0 f,v I0|jv

Va M Va M Va M

B 6 -1 2 8 .1 26-31 28.1

C 6-10 7.3 25-31 25.3

S 7-3 7.5 24-28 26

G 0-4 2.5 5-9 8 21.29 25

H 0.2 1.3 6-11 7.3 20-29 25.9

J 7-9 7.9 25-29 26,4

■1

B 0-3 1.3 6-14 3.2 21-32 25

C 6 f l l 8.3 23-29 26,7

£ 7-11 9 22-26 24.9
1

i

G 10.13 U .l 24-27 25-6

H 6.10 3 .4 32.29 25
1

J 5-12 3.1 25-27 25.9 Hh'

i
■ '



div ide LF in to  two d if fe re n t cycles*

Depth 1 records liave the some p a tte rn  as the s u p e rf ic ia l record ings, 

showing the  LF of 6-13 cy /sec . end the rfl? of 13-24 <îy/sQc* The 

omr^litudo o f these records was lo ss  than tlia t recorded from the  super

f i c i a l  work (p . i Z i )  I t  can be seen from these records tlm t the 

froqu0 v.cioo do not d i f f e r  from tJic black to  the white and tlxat ti?e 

sane p a tte rn  is  seen in  a l l  the recording s ite s*

The records from the o ther regions show t!ie same re s u lts  as 

T and V, shown in  ta b le  (4 (p# The recordings from depth 2 do

not d i f f e r  very much f ro :  those of depth 1  but th e re  i s  an increase 

in  the amount of HP a c t iv i ty  so th a t  the v a r ia tio n  is  now from 20 to  

3 2  oy/soc* and the means are  a l l  a t  le a s t  4  cy/sec* more than in  depth

1 . Tho moans o f th e  LF a lso  show a s l ig h t  r ise*  In botli o f t ! ^ e  

records (T ard  V) tîiere  la  a  s l ig h t  increase in  the LF following the 

change to  the b lack backgrouM .

SgirtfcJ

More v a r ia tio n  was found from region to  region in  th is  la y e r  

t)wn in  the o th e rs , and th is  i s  associa ted  with a  very la rg e  amount of 

low frequoncsy a c t iv i ty  and am plitude v a r ia tio n , so th a t  the p ic tu re  

becomes confused* In  g o w ro l tlie d ia ra e te r is t ic  fe a tu re  in  th is  region 

is  th e  HP increase  with means around the  /fi cy/see« figure* The LF J



res pons 0  a bows a s l ig h t  reduction so tiia t values in  tho region of 4 -5  cy/sec* 

ere tiio moot dominant* bone of the records s ’**ows any from black

to  white and the same general p a tte rn  in found in  a l l  the  records.

Region 2 shows a marked cy c lic  a c t iv i ty .

TABLE )S • AnaLvpia of records fzxm roMon 2 jand r  a t  d e p th .

Z

20|,v lOjjv / i c y v

p

Va M Va M Va M

B 4-7 5.5 33-42 40.5

C 0-3 1.5 4-5 4.3 41-45 42.5

S Qml̂ 1 4^7 5 39-43 40.7

G 0-4 2 3-7 4.5 37-43 42.3

H 1-3 2 3-6 5 33-41 40

. J 0-4 1 .5 3-6 5 38-42 41

B 2-5 4 39-41 40.2

C 3-6 4.5 34-43 39;a

£ 3-5 4.2 33-41 3 9 ^

G 2-5 4 37-43 40

H 3-5 4 39-41 40.5

J 3-6 4 :» -4 i 40.7



In  tills  there  is  a reduction in  the HP a c t iv i ty  to  give 

figuroo in  the region of 1 6 -3 0  cy /soc. and, as with the oilier reg ions,,, 

changes in  amplitude confuse tho picturo# AH the regions show the 

sane p a tte rn  and a t  th is  depth there wore diangos observed wisen 13le 

background was changed. Wlien tiie f is h  was rilaced on the black 

baclcground from the w hit^, a d iffe rence  of 1 0  cy /sec . was observed 

In the KF rytlaa and the lytlim dvuaged in  P from about 17 cy /sec . to  

23 cy /sec . This h igher frequency on the black occure d ire c tly  the 

background i s  <^anf:od and p e rs is ts  fo r  the i^iole of the 2 0  mins. 

observed. I t  is  found throiagîîout the whole of the tecturu  D irectly  

the f is h  was placed on white the IfP rythm was reduced to  the 15-25 

c y ./se c . th a t i t  v*tj.s before th e  cliange. The mco^xio of LF c y d c s  are 

not very d if fe re n t from those a t  the o ther depths but in  region Z 

v^en tho f is h  was placed on the wiilte th e re  was an increase in  the number 

of cycles. A fter 2 0  mine, on wfilte Üiis frequency decreased (Table* ik 

p* ZWl ) ,  These high U* cycles do not appear on the W.ack and when the  

f is h  io  again on the white they ro-appear* This r e s u lt  was not found 

to  occur in  the  o ther regions except P and, considering the fa c t  th a t 

th is  is  tlie main e ffe re n t la y e r  of the  tectum, tli is  r e s u l t  may be 

s ig n if ic a n t in  colour change.



TABLE IL . Analvalfi of ractt^a frog  reElon Z and P a t  dent.f; 4

ICXif-v 5 0 - 1 0 0 ^  ^5 0 pv

Vo M Va. M Va M

B 4-7 6 3-7 4. 11-15 12

C 5-6 5.3 4-7 4 .7 12—16 12.5

E 1-6 3.2 3-7 5.6 12-16 1 4 .9

C 3-6 3.9 3-7 4.7 17-23 19.9

H 3 4-7 5.9 20-26 22.2

J 1-2 1.5 5-7 6.3 19-25 22.3

10|W

Va M Va M

B 3-7 4.3 15-25 21

C 4-7 6 15-25 16

S 5-7 6 .4 13-21 17.5

G 3-4 3.8 25-31 23

H 3-5 3.3 2 0 -3 0 25

J 3-5 4 2 3 -3 0 27

ITio record from P wee o f mu<* lower oi

hut I t  can be seen th a t  i f  the tlgares from the $ 0  v to  1 «0 ?  arc added 

to  tho 5 0  V the  ré su lté  are  e s s e n tia lly  the sarao. In P however.
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F ig . 5 0

The aec of depth 4 poaition  2 during Wckg rouM 

re v e rsa l.
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the increase in  the LF on the whito is  i>ereistent fo r  ao long as the 

f  ish is  on the white background.

Z shows a marked cyclic  a c tiv i ty  lAiolt i s  seen in  the uppc^r three 

depths but not to  such a marked ex ten t. The r.CC is  suddenly cut o ff 

and th is  is  followed by a period of elmont no a c t iv i ty ,  la s t in g  about 

1*5 oocs. and followed by a gradual re tu rn  of the normal a c t iv i ty ,  

th i s  re tu rn  period taking about 3*5 sees* The of 24 is  sboiai on 

f ig .  Go (p . 2u<\).

a a a ^ ,5

The LF does not change with background rev ersa l and sliows a 6-10 

cy /sec . p a tte rn . The HP a c t iv i ty ,  however, l ik e  depth 4, shows an 

increase Wien the f is h  is  on the black and one again the diange is  in  

the region of 10 cy /sec . In genera l, however, the HF a c tiv i ty  chows 

a g re a te r  increase in  the number o f g rcles per second th a t  occurs in  

depth 4#

'
The records fo r  a l l  tho regions are the same and no regional 

change was seen. Position  Z did not in  th is  record show th e  cy c lic  

a c t iv i ty  th a t was seen in  depth 4* Depth# 1 ,2  and 3 are  shown in  

f ig .  (p .T 4 3 ) , to g e th er with the record of depth 5 on both the 

black and white bac&grounda.



TABLE n  . Analyula Qf records frqii ..rer ion % mvX h at depth 5

R

lO^r <  10,

Va M Va M

B 6—10 7.9 20-29 24.8

C 7-10 8 23-26 24

E 9-11 10 18-22 20.2

G 6-8 7.5 31-26 34.2

H 6-10 3.5 30-34 32.2

J 6-10 7 .4 29-39 34.8

B 4-9 6 .4 24-29 26.4

C 7-10 8.1 1 9 ^ 3 20,5

E 8-9 3 .4 19-25 21.1

G 7-9 8 30-21 30,4

H 7-9 8.2 30-36 33

J 7-10 8 .6 30-34 32.4
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F ig . 5 1

The EGG of depth 1 , 2 and 3 in  a l l  p o s itio n s , and 

tile HBG of depth 5 position  Z on backgrounrl rev e rsa l.
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v i n *  pmcHCGioN

The s u p e r f ic ia l  pattern, in. tho minnow agreoo w ell w ith th at

of the Codfish (Knger 1957), and the Goldfioh (Schadog* WeHer 1959;
u

Schade, 1962; Oohliaa & Goi%mon, 1963). The two r^ im s in  th e  minnow

are tho 6-0L4 c y /s e c . and an 13-^'4 r jy /sec ., tlio codfish  being S-13 oy/soc#

and 14-32 c y /s e c . ,  and the G oldfish  7-14  cy /sec#  and 18-24 < ^ /sec.
,  U

'ih# pattern in  olesmobranclis i s  only the 5 -H  c y /s e c . %^hm demonstra

ted  by G H bort, Hodgson & Ma bewson (1964).

The i n i t i a l  e f fe c t  of blinding was to  reduce the 10} p s tte rn  

throughout the whole of the tectum# A s im ila r  finding was reported in  

tliG goldfisli (3chad® & Woiler 1959; Schad4 1962), but un fo rtuna te ly , 

they did not repo rt the time a f te r  blinding vdien they rr oorded the -̂ G# 

In the minnow the BBC is  almost lo s t  a f te r  the f i r s t  30 mins. following 

blinding but i t  ro-eppoars in  a reduced form a f te r  5 hours and th is  

improvanent continues fo r  several montlw# In no case d id  the normal 

Bee re-eppear in  blinded fi@h. Schade & Weiler (l959) concluded th a t  

the reduction of the  spontaneous a c t iv i ty  following moncular b linding 

is  probably not. due to  a  simple oeeaation of impulses from the o p tic  

tra c t#  I t  Boems possib le th a t the lowered fiBBplitude of the a c t iv i ty  

observed is  due to  a spontaneous d isd iarge  fr®n the in jured  ends of 

the nerve fib res#  An unsync ronised bcwsbardment from th is  source might



cûuce û dooroûsc in  amplitude of the apontaneous a c tiv i ty  of tlie te c tm  

and id'io suppresBlon of tho frequency ac tiv ity *  This Iiypothysis 

by Schado'^fi: Weilor io e s se n tia lly  tlia t proposed by Parker to  explain 

the ac tion  of caudal bonds die cussed on page * In view of the 

re su lts  from the minnow in  darkness and the lack  of evidence fo r tiie 

presence of p e rs is te n t in jury  discharge i t  seems mioh more l ik e ly  

tiia t the lowered BBC io due to  the reduced r e t in a l  input* lhat is  

not easy to  explain  is  the resumption of the e6G a f te r  a perioA time# 

Claes (19 '9) worked on the cat and found th a t a f te r  severence of the 

o p tic  nerves, and cau te riza tio n  of tW  p ap illa  of the o p tic  ne-vc, 

there were long periods of almost cen tra l in a c tiv ity  la s tin g  fo r  10-15 

sees# in  tW  s t r i a t e  area# These were in te rru p ted  by groups of a c t iv i ty  

of higher voltage but o f  lower frequency than before* A s im ila r  

p a tte rn  of periods of no a c t iv i ty  followed by a c t iv i ty  is  seen in  

iX > s i t lo n  2 in  the nonaal minnow# Claes»® work on the ca t d id  show th a t 

the BBC could not be m aintained a t  the normal le v e l following blinding# 

\ e s u l t s  f ro m  the minnow agree with th is#

The resumption of a c t iv i ty  in  the blinded minnow is  d i f f i c u l t  

to  explain  but i t  may depend upon tlie re la tio n sh ip  between the  gen icu late  

oomplox and the tectum# I t  seems from the work of Arduini & Plnneo 

(1962 a ,  b , 1963 a , b) and Maffel & R isz o la tti  (1967) tlm t the l a t e r d  

gen icu la te  nucleus o f the oat shows s im ila r  changes to  those shown by



the retina in re la tio n  to  lig h t in ten sity . I t  follows from th is  that i f  

these Gcmditions apply to the minnow, then, a f te r  the cu tting  of the 

optic t r a c t ,  there  would be no a c t iv i ty  in  the geniculate complex#

I t  seems possible t l a t  the geniculate complex would a f te r  a  period of 

time resm e some a c tiv i ty  and th a t th is  would be fed on to  the tectum, 

which might re su lt  in  tlie a c tiv i ty  seen in  tlio 5 hour blinding* Tho 

geniculate a c t iv i ty  may then incroaso so th a t the  te c to l  a c tiv ity  

increases or the a c tiv i ty  of tho tectum exerts  an influence on the 

genicu late  complex and th is  increases tho geniculate output# A te o te l -  

gen icu la te  system is  ce rta in ly  w ell developed anatcaiically  aM , i f  i t  

could be demonstrated by recording techniques, i t  soems possible th a t 

such d feed-back system could w ell be responsible fo r  the increase in  

spontaneous a c tiv i ty  of the blinded minnow#

The re su lts  of the EGG cm the minnow in  darkness lead  to  some 

in te re s tin g  considoretiono# Schad^ & W eller (1959) reported th a t the 

go ld fish  in  darkness sîiowed an increase in  eajilitude of b re in  a c t iv i ty  

over th a t  in  the l ig h t ,  but they did not repo rt t:^e time the f is h  were 

in  tho dark before recordings wore taken# In the minnow, clianging from 

the l ig h t  to  darkness re s u lts  in  an increase in  a c tiv i ty  ixsesibl^ 

corresponding to  tlie ♦OFF» disc^ieigge tram the re tin a , %àiich has been 

reported from the  o p tic  t r a c t  and the gen icu late  ms clous of the cat 

by Arduini & Pinaoo (1962 b , 1963 a , b) * The a c tiv i ty  of tlic mimow



teétum in  tho dark o t i l l  maintains a high degree of a c t iv i ty  a f te r  15 

rains., which Is  higher than itlmt soon in  the normal f ish  In  the l ig h t .

Thin may ix ill be duo to  the spontaneous discharge of tho re tin a  

roportod by G ranit (1955) in  the frog and by K u ffle r, Fitahugh &

Barlow (1957) in  the ganglion co lls  of the unanaæ thetiaod c a t. A 

high degree of a c t iv i ty  in  darkness is  a lso  seen in the la te r a l  gen- 

icu la te  nucleus of the ca t (Moffci & l i iz a o la t t i ,  196?) and in  the op tic  

t r a c t  and la te r a l  geniculate nucleus of the cot as seen by the work o f 

Arduini & Pinneo,

The a c tiv i ty  of the minnow tectum decreases a f te r  3 0  mine*, 

unlike the ca t whore i t  is  m aintained. This re s u lt  agrees with the 

work of Adrian & Matthews (1927, 1928 a , b) on tho o p tic  t r a c t  o f the 

conger o e l, Conger v u ln a rls . 'They found th a t the impulses o f the 

o p tic  t rn c t  of th is  f ish  increased rap id ly  in  frequency when the l ig h t  

was turned o f f .  The ra te  then declined , a t  f i r s t  rap id ly , and then 

more slowly# F in a lly , in  the (kirk the o p tic  nerve lo s t  a l l  ac tiv ity #

This course o f events is  exactly  what is  seen in  the BG o f the mlmw#

F in a lly , when the l ig h t  is  turned on the p a tte rn  shorn a  

b u rst o f a c t iv i ty  corresponding to  the *0N» response of the  retina#

In view of the lo se  s im ila r ity  between the E6G of the  tccttsB 

and the probable v isu a l input from the o p tic  t r a c t  and gen icu la te  om plex,



i t  is  In te re s tin g  to  note tho observation nmde by Adrian & Mathew©

(1920 b ) , Thero authors found t h a t  when t h e  e n tire  r^-'tlna of tri© conger 

ee l uoB exponed to  ttniforo illum iüiation the ac tion  cuivrent discharge 

in  tho o p tic  t r a c t  could looc i t s  uiJiial ir re g u la r  c îa ra c te r  and conalst 

of 0  oerioQ of reg u la r waveo of e 5-15/scc. frequency. Such wavcc in  

the op tic  ncrvo ax'e caused by iho rytlimic waxing and waning in  the number 

of impulsoo In the nerve f lb ro a . They fu rth e r  suggeated th a t "̂ h© 

regu lar waves ere  duo to  rytlm ic discharges of tiic ganglion, c e l l s ,  wl'J.cb 

in  t l je ir  tu rn  are duo to  the nervour? connoctions iTetweon the ganglion 

ce llo  of the r e t in a . The fro(;ucncy of these ‘̂ mven corrospondo f a i r ly  

vieil to  the Î.F of the BBC of the minnow, esp ec ia lly  when the l a t t e r  

f ie h  is  under uniform c o n d itio n  of illum ination* Bnger (1957) has 

compared the LF rythm with the alpha rytlim In nan, and la s  speculated 

th a t tho 3-13 cy/sec* ry th s  is  aaoociated with tho th a lc iao -re ticu la r 

system, which he considers to  be present in  the f i s h ,  through rover- 

brating  cortico-thalam io  c irc u ite s . I t  may tm ll be th a t a much sim pler 

s i tu a tio n  is  present and tlia t the LF ia  more d iro e tly  re la te d  to  tho 

v isu a l output*

The recordings from implan t̂ed olocirodes showed tliat the HF aïKÎ 

the LF activity varies thioufihout the tectum and t* at the region where 

the highest lambor of H? e y d e s  occur is in deptlis 3, and,to e lesser 

extent, depth 5* At the same time qb the HF is increasing the LF is 

decreasing so that the hii^est LP volues are in depths 1, 2 and 4* If



the frequencloo are compared with tho otructiiro  of the tectum, i t  is  

0 on tlia t t)i0 HF becomoo Increased wl:©re the c e lls  predominate and the 

LF \Hiort: ti[C f ib re s  predominate. I t  seems possib le th a t  the la rge  

co llec tio n  of small neurons gives r is e  to  the FfP a c tiv i ty  and the f ib re s  

to  the LF a c t iv i ty  in  th:© Kcr; recordings of the minnow.

In depths 1, 2 and 3 no d iffe rence  was found wltîi back-ground 

re v e rsa l. This con W explained by tho fa c t  th a t th is  region corres

ponds to  the v en tra l re tin o l p ro jec tio n  area aivi i t  .̂rould be expected 

th a t  background rev ersa l would not a f fe c t the illum ination  of the v en tra l 

r e t in a .  These lay ers  the re fo re  seem to  be both fu n c tio n a lly  and 

correspondingly anatom ically d is t in c t ,  namely, they receive the  f ib re s  

f  tom the o p tic  t r a c t  and in te rp re t the v isu a l in p u t. In  depth® 4 and 5 

the numWr of the HF cycles increases by 10 ^y/poc. on the black .

Depth 4 is  the main e ffe ren t f ib re  la y e r  of the tectum and depth 5 

is  a th ick  lay e r o f neurones which give r is e  to  the te c ta l  e f fe re n ts .

The sig n ifican ce  of the HF a c tiv i ty  in  terms of the cont 01 of 

the paling cen tre  is  d i f f i c u l t  to  envisage. Young (1963, 196$, 1966) 

has demonstrated th a t the v e r t ic a l  lobes o f the octopus b ra in  hav an 

important in h ib ito ry  function  and th a t  these lobes have a la rg e  number 

o f small c e l l s .  He concludes th a t im bibition may be one function of 

these small nourom e. In the tectum of the minnow tîie p e riv e n tric u la r  

la y e r  is  composed o f a la rg e  number of sml.1 neurones and these may have



l(oO

a cenorfil Inhibitory fwictioru The Increase of the HF activ ity  in 

depth 5 the black imlci then indicate the inl'dbltion of the poling 

centre# In connection uith th is  i t  yas also seen in region F and Z 

there was an Incfetuic iii the UV ac tiv ity  on the wîiite background.

To conclude on the ixittern and i t s  relationship to colour 

change, several of the findings arc veiy to^x>rient#

Fii^stly , in  a l l  conditions vHaore the EBi is  very reduced the 

f is h  darkens, and th ia  Is seen when the f is h  Is k i l le d ,  anaethestlsod 

o r  blindod# To a coi’ta in  oirtent the le v e l of the  con be co.Tolatod 

with the colow  of the f la k . For exataple, in  darkness the ' €C is  

lover and the animal assiHnos an in te iw ediate shaf]#*

Secondly, i t  socms tim t the EG, e sp ec ia lly  the su p e rf ic ia l 

LP cycles, is  re la te d  to  tlio r e t in a l  in p u t.

I 'h ird ly , in  la y e r  7 of tcctiasa tlier© i s  an incitasse in  the 

HF a c t iv i ty  which i s  p e rs is te n t on black, and in  the region viiere t i e  

f ib re s  pass out of the tectum to  the paling ont re  Üiore Is  an increase 

in  the IF  a c t iv i ty  associa ted  with tli© white bac%round*

la  view of these conclusions a  possib le liypothesis fo r  the ac tion  

o f the tectum in  re le tiw i to  cl> o o e tic  adaptation  can be put forward.



. ,. . , In th©  ̂absence or the v isu a l input the co lls  ox the deepest la y e r , 

tho p e riv en tric iila r la y e r , essert a genciTl irü iih ito ry  Inriucncc on the 

j)aling cen tre . Thin lo modified by the rt^ tinal input w’dch exertn s. gez># 

e rn l ex c ita to ry  in fluence. I t  would therefo re  socm tli&t the balance 

botvrecn tlie ex c ita tio n  and the tn liib itio n  would determine tr^e ac tion  

of the tocturn on the modull&r^' ccn tm . One could envisage tlrat the 

regioac. of t!ie re tin a  yîiore the l ig h t  was le ss  in tense had lo ss  of m  

excitator} ' e f fe c t tlian regionr wlierc the re tin a  was w ell Illuminated#

Fi'om tliic there  would W an avei’ugin^: out pi'ocoos between the r e t in a l  

inputs and ihe general te c ta l  In ld b itio n . On the white backgi'ound tW  

tectum would be fu lly  oxoitcd and the ilF a c tiv i ty  reduced ( e .g .  in  

p o sitio n  Z i t  is  only 12 y /o e c .) . At the same time the  LF bo comes 

more pix>?ninant# This high le v e l of LF a c tiv i ty  is  associa ted  with tlie 

dominance of the e x c ita tio n  of the r e t in a l  input and m anifests i t s e l f  

in  tho ex c ita tio n  of tho paling cen tra .

On the black baclq» round the r e t in a l  input is  insui‘f ic ie n t  to  

reduoe tlie la h ib lto ry  ac tio n  of the tectum so th a t the HP in h ib ito ry  

a c t iv i ty  predominates end the tectum in>iibits the paling cen tre .

This hypothesis is  very te n ta t iv e , fo r  no work done on tho 

l a te r a l  p a rts  of the tcctura idiich receives thé dorsal re f le c te d  lig h t*

I t  would a lso  be in te re s tin g  to  extend th is  work not only cm recordings 

from the  l a te r a l  aspects of the tectum but a lso  to  m oord from the 

medullary contre and the geniculate complex to  confirm the function©
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Although inoBt of the ré su lta  presented in  th is  th e s is  Isave Wen

discussed fuUy^mucl- woj-k would be necessarj^ to  v e rify  laany of the 

suggest lorn ru t forward, however, by using the re su lts  presented here 

i t  is  poesible to  suggest a working hypothesis fo r  the mechanism of

tho contro l o f chromatic adaptation  in  the minnow.

having decided in  Section  3 (p# 43 ) th a t here is  no r ig id  

r e t in a l  d if fe re n tia tio n  in  th e  minnow and tlia t the liypothesis regarding 

the s ig n ifican ce  o f the r a t io  of do rsal to  re f le c te d  l i ^ t  is  unten

a b le , the re la tio n sh ip  between the re tin a  and colour disnge becomes 

complex. Tble does not moon th a t  the r e la t ic w h ip  between the d ire c t 

and re f le c te d  l ig h t  i s  not im portant but th a t  i t s  Importance l i e s  In i t s  

re la tio n sh ip  to  the to ta l  r e t in a l  output to  the b m ln . I t  appears th a t 

b righ tness d iscrim ination  is  analysed in  terms of the io ta^  to n ic
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a c tiv i ty  of the r e t in a l  output* Arduini & Kinneo (1936 a) proposed

th a t in  steady l ig h t  o r darkness e l l  types of Inh ib ito ry  and ex c ita to ry/
u n its  f i r e  randomly in  the re t in a , th a t they give r is e  to  to n ic  a c t iv i ty ,  

and tîiû t th is  ton ic  a c tiv i ty  la inversely  re la ted  to  tW  lig h t  in te n s ity .

These le v e ls  of ton ic  a c tiv i ty  are relayed to  the  gen icu la te .

This bodj  ̂ may function to  in to g re tc  tho a c t iv i ty  from the d iffe re n t 

region© of the re tin a  end re lay  i t  to  tlie tectum# I t  is  in  tlie tectxan 

th a t tho f in a l  in te rp re t; tio n  of the brightness of the beckg;x>und is  

ca rried  ou t. I t  has been suggested on page '^3 th a t the tectum functions 

as a complex oxcitatory*-inl:ibitor}' s^^tem. One could envisage th a t the 

incoming f ib re s  from the genicu late  complex ore of a general o x c ita to iy  

nature and th a t these ac t agajjrjst tlie In h ib ito ry  tendencies o f t l ^  

p e riv e n tricu la r  neurones# WhicWver dominates determines the colour of 

the fish# When the f is l  i s  on a  u lilte  background the o xc ita to iy  

tendency would be g re a te r  than when i t  is  on the b lack , so th a t th e  

o v e ra ll e f fe c t  would bo one of cx è lta tio n  resu ltin g  in  paling#

Tho paling cen tre in  the a n te r io r  p ert o f thd^taedulla consists 

of a group of neurones t>\at can spontaneously, without any contro l 

from the tectum , oeuse paling i^ ic h  is  never maxIstal and never a t  the 

same ra te  as normal background peling* However, in  general the medullary 

neurones are  under the contro l o f the tectum end the tectum can ex c ite  

and in h ib it  them# On a white beck^ round the tectum ex c ite s  the centre



re su ltin g  in  an increase In i t s  ra te  of f ir in g  and so causing the melanin 

of the d3rom?\topf'iox*6s to  aggregate* On a black background the tectim  

in liib itg  the centre and i t  no lon^for f i r e s ,  no the melanin disperses*

Penally , f ib re s  from the neurones of the peling conti'© run in  

the sp in a l cord, pocis to  tho sympatl-etic cîiain and reach the melaiKW 

pkiores. A diagram of the pat'iwayo in  the brain  is  shown in  fif-. St- 

page %L7 ,

hormonal colour clmnge is  con tro lled  by the tectum and f ib re s  

from the tectum cause the re lease  of the hormones from the p itu ita ry*

Tho main d if f ic u l ty  in  th is  hypothesis is  the question of the 

innervation of the clzromatophores * The theory th a t tlie chrosoatoi^ores 

are irmeryatod from the sympathetic s y s t ,^  causing aggregation and th a t 

dispersicm  is  e s se n tia lly  passive stems frtxa the work of von F r is d i (1% !)*
c

Von Prisai (1911) w s  aware o f the th e o re tic a l p o s s ib ili ty  o f d ispersing  

f ib re s  but did not t e s t  fo r  th e i r  existence* In 1931 Giersberg te s ted  

a number o f minnows using the sympathetic blocking agent ergotemine 

followed by e le c t r ic a l  s tim u la tion  and found darkening to  occur* lie 

a lso  ta s te d  w ith acety lochollne and concluded th a t  there  were jjresent 

parasympathetic "d ispersing” fib res*  Von t G âle i (1942) ojrbended th is  work 

o f Cioreberg using the technique of c lc c t r ic o l  stlm iL ation  and the 

in je c tio n  o f orgotaaine and acetylochollne* On stim ula tion  he found
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P ig . 5 2

Diagram of the b ra in  to  show the f ib re  pathways 

in  the b ra in  con tro llin g  chromatic adaptation*

A bbreviationsi

E* -  Eye

G*C* » G eniculate complex 

O.T* •  Optic tectum 

C* « Cerebellum 

M«C* •  Medullary centre
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darkening, and produced a  map of d ispersing  f ib re s  passing out of tlie 

sp in a l cord to  tlie autonimic chain with the f i r s t  and second sp ina l 

nerves { from whicri point he supposed th a t they run backward© to  pass
c

to  tiio ^^telanophores« However, von F r is k 's  (1911) e a r l ie r  observation 

tlie t the a n te r io r  sec tion  of the outofiomic chain does not appear to  

re s u l t  in  abnonaol colour changes in  the p o ste rio r  region of the minnow 

would Ijidicfite th a t such d ispersing f ib re s  play no s ig n if ic a n t p art in  

the in ta c t  minnow.

Pye (1964 a , b , c) confirmed tho observation made by von Gnlei 

tlrnt the f ish  in jec ted  with ergotomine and stim ulated darken, but he did 

not fin d  d&rltening follow inr the in je c tio n  of ergoteinino. Pye found tlia t 

the  arguments put forward by von G elel fo r the  mailing of the m elam - 

l^ore-d isporsing  f ib re s  were unsupportable and th a t h is  experiments 

provided no evidence fo r  double innervation* r(ecently Healey x?ci Roos 

(1967) and Grove (1967) pi’osented a wide v a rie ty  of drugs to  the minnow# 

end could not show any re a l ovidenoe fo r  the presence o f c iio liasïg ic  

f ib re s  responsible fo r  darkening*

% rker (1934) claimed to  have provided evidence fo r  double 

innervation* He extended the wortc of M ills (1932 a , b) on tW  formation 

o f caudal bands by m om  of cu ttin g  the chrcsaatic f ib re s  in  the t a i l  of 

Eimd^lus. This cut in  the t a i l  produces a dark band of dispersed melano»
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phoros which f in a lly  fade in  a few days. L ater, Parker (194^) showed 

th a t in  a previously faded band a fu rth e r band can be induced by e 

cut witliln the o rig in a l band. Parker also found th a t tîie presence of 

a cold block w ill prevent the development of the band [)Osterior to  the 

block. Ho coTiBldercd tlm t the cutting  Induces t^ r s is te n t Injury 

disciiarges to  occur only in  tJio dispersing f ib re s , the cold block 

preventijv; th e ir  spread and a fu rth e r out Inducing a fu rth e r developmont 

of the discharges. Sand (1935), Young (1962), and Waring (1942, 1963) 

have callod a tten tio n  to  the d if f ic u l t ie s  to  Parker*s hypothesis and 

s tre s s  th a t th is  evidence is  very inconclusive. Cray (1956) performed 

a sorieo of t a i l  cu tting  exporiments on the minnow sim ila r to  those 

performed by Parker. He suggested th a t the development of tiio caudal 

bands might re s u lt  from the removal of cen tra l nervous control tlirougîi 

nervo section  so th a t some inherent dispersing mechanism of the celanoT^iorUs

could come in to  play. Later the melanophres might lose th e ir  r e f ra c t-

orlnoQs to  d iffusing  neurt^umours and beoome hypersenoitivo. The re su lts  

are fa r  from being conclusive, fo r  when he performed bacl^round reversals 

a f te r  tho band had faded, tiie t o i l  showed a unifom  colour. .

According to  Parker & 'losenbluoth (1941) d ire c t stim ulation of 

the cliroroatoi^ore nerves in  resu lted  in  p a llo r  when the stim w

la tio n  was 9v, a t  a  ra te  of 15«25/sec, and darkening wlion stim ulating 

a t  6-3v a t  1 -2 /sec . fo r a period of 15-25 mins# At best these expert-

I - '
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ments were crude in  extrciao and F^e (1964 a) faU-od to  get any darkening 

wlîon he atijnulated the ^superficial op t;dsm io  nerve of ekoxinua. He haa 

c r it ic iz e d  the exprim ent of Porker & Hooenbluetk (1941) on the grounds 

th a t they used un-;x)larized electrodes and th a t response times 

wore fo r  too long*

In general there is  no conclusive evidence fo r the presence of 

disperning fib re s  and th is  sug^'eate, a strong p o o sib illty  th a t they do 

not exist*  I f  double inervation is  prosent the vrork of } oaley (1954)

Grey (1956) and Pÿe (1965 a , b) suggests th a t dispersing fib res  may 

follow the sane petii as the paling fibres*

I f  double ixmeivation is  present th e ir  o rig in  presents a problem*

I t  seems un likely  th a t they run d irec tly  from the tectum because the 

l a t t e r  may excite  and in liib lt the medullary? centre* The o ther p o ss ib ility  

is  th a t dispersing fibre® a risd  dn  the medullary centre,and th a t in  tW^ 

minnow the action  of the l a t t e r  is  predominantly excitatory* I t  would 

be in te re s tin g  to  see i f  the medullary centre ployed the same ro le  in  

otlior tc le ô e t fish*
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nm m i m m

V Liter (1 9 3 9 , 1 9 4 1 ) lias developed a plan of the chromatic 

organisation th a t Is based on the antagonism between the dark colour 

phase and the pale one, 'ihose two phases are polarised  doi’sowventraî.ly 5 

the dark phase is  a t  i t s  mexiraum on the dorsal surface of the aniiaal 

and becomes reduced as we pass von tra lly  while tho pale phase, whidi is  

maximum v o n tra lly , decroaoes as we pass dorsally* Ha fu rth e r believes 

th a t tho retina® of chromatic vortebrates are polarised and txiat th e ir  

v en tra l portions are associated p a rticu la rly  v itli the v cn tra lly  

cen tra lised  skin  clmngoe and tlio ir  dorsal parts with those dorsally  

centralised*

Prom the work on the minnow there is  no evidence fo r  any ixirt 

of th is  scheme being applicable#

Parker (1948) consider^ the mechanis» fo r  colour clionge in  

Anguillfi to  be composed of four re f lex  arcs shown in  fig*S3 p*7.7L# 

and th a t fo r  Ihoxivm  to  be e s se n tia lly  sim ilar* These arcs are lab e lled  

1 - 4  and are as follows 1

1* . From the v en tra l r e t im  to  the interm ediate lob® of the p itu ita ry

to  release dispersing hormone -  ro tin o -p itu ita ry  arc*
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2. riôi'vous ro flex  arc where the term inations re lease  acety lcho line 

and cause plgroent d is pension -  re ttn -ch o lin ex ^ ic  arc*

3. Dorsal r e tin a  to  the chzxmatophores causing the re lease  of 

adrenalin  and 1© a nervous arc -  re tino -ad renerg ic  a rc ,

A# From Die dorsal re tin a  to  the p art of the p itu i ta ry  where i t  

may ex c ite  tho production of W«- substance do scribed  by iîogben (Waring 

1% 0).

Parker suppoood th a t  the con tro l is  bi'ou^rht about by simple 

re f le x  arcs but Die system is  c lea rly  very much more ccmi;iLex.

The plan proposed by Parker depends upon the existence of r ig id  

r e t in a l  d if fe re n tâ tlo n  and from th is  comes the  fa ls e  concept o f colour 

change f ib re s  o r ig in a tin g  from the retina*

The hypothesis presented here d if fe rs  from th a t presented by 

von F risch  (1911) because he suggested D # possib le presence o f a 

d iencephalic daitoning centre* This d iffe rence  may be more apparent 

than real#  bu t no e le c t r ic a l  s tim u la tio n  was performed on the brain*

I t  may be th a t  s tim u la tio n  of the tectum would ex c ite  i t  and cause 

paling and not dericening o f the fioh* S tim ulation  of the  diencephalon 

ptsrfomod by von F risch  could w ell have e ffe c te d  the gen icu late  csMpLex 

ond^ It#  in  i t s  turn# eould have a ffec ted  the tocturn and so caused 

darkening*
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Motor a c tiv i ty  and the tecturn m s  reviewed in  Die In troduction  

(p . 27 )• Some workorc (Hizzolo, 1929; Dljkgracf# 1949) did not repo rt 

any disturbanoeo following the removal of the tectvaa* However# othorc 

(Roisingcr# 1915; Ituskens# 1930; Bot^ch# I960; K iredie & Klrac; e# 1961) 

have reported cxteneive motor disturbances follow^lni;: te c ta l  damage. In 

order to  resolve those em jfllc tin g  accounts fu r th e r  study of Diis 

problem was undertaken#

liO study a i ^ a r s  to  have been made o f the  behaviour o f f is h  In  

a lim ited  confined space. The f is h  were stud ied  in  l i t r e  beakers under 

the same conditions used fo r  the colour change te s ts#  w ith the additlcm  

of f in e  n e ttin g  over Die top  o f th e  beaker to  l im it  th e i r  v is io n  

d o rsa lly . This confinement in  beakers e s s e n tia lly  provides the f is h  

with a lim ited  envircmment# whose lim its  can only be perceived by Die 

f is h  by touch# As f a r  as poesible# a l l  o ther s tim u li were uniform 

throughout the experiment. The beaker allowed the f is h  to  swim m rm ally



w ith in  l im it s  go th a t i t  could only move in  a s tr a ig h t  l in e  fo r  one 

or two boats o f the t a i l  in  any d ir e c t io n .

Under the experim ental con d itions the f ia h  show tiiroe types 

o f  beh 'vicm ral net te r n s .

(a)

The f ish  ren ts  on -Lh© bottom in  a  c lia ra c te r ie tic  postu re , ly ing  

p a ra l le l  to  the bottom on i t s  spreocUout pec to ra l fin© and i t s  pelv ic 

fins# This period of r e s t  may l a s t  fo r  as long as th i r ty  m inutes.

(b) Lou-lersl mnLoratonr

This is  e s s e n tia lly  a slow swimming around the bottom of the 

beaker# Although the  f is h  remains prim arily  cm the bottom i t  occasion.- 

a l ly  makes upward movements# but those do not u su a lly  take the f is h  

fu r th e r  than tW  middle of the  beaker# The p a tte rn  o f behaviour 

u su a lly  co n sists  o f one o r two beats of the t a i l  which propel the f is h  

forward# followed by a  g lid e  period# The next beat of the t a i l  u su a lly  

propels tho f is h  in  another d ire c tio n  and the o v e ra ll appearance is  t l ia t  

o f slowly searching Die environment#

(o) aa«LM, ,%@s«ana@

This co n s is ts  o f a s e r ie s  of rap id  body movements fro© s id e  to  

aide a t  the bottom of the  beaker next to  the wall# Tc^ether with th is



2 7 (,

side to  side  movement, the  f ish  swims rap id ly  up and down the well of 

Die bi alcer and gives the impression of attem pting to  escape; f in a lly  

the fiah  moy or may not leap  out of the water.

To quan tify  tlie behaviour of the f is h  the dtxainent p a tte rn  was 

recorded every 15 see* fo r  a period of 15 minutes end th is  allowed the 

comparison of individi:ual fish* The typo of r e s u lt  obtained by th is  

method is  shown in  fig* Gk page 271# This shows Diet the soqmnco o f 

behaviour was very v ariab le  and th a t  no d e f in ite  p a tte rn  was pi'esent#

The escape rcsponco may follow  a period of exploratory behaviour but 

i t  can a lso  occur d ire c tly  from rest#  The ©scape response may o r may 

not be followed by a period of rest*

Using those records i t  i s  possib le  to  ca lcu la te  the peroontage 

of Die to ta l  time the animals spend in  each ac tiv ity *  The re s u lts  fo r  

15 normal f is h  ore shown in  ta b le  p* n 7

Tliese gave the mean values of fo r  tho r e s t  period# low- 

le v e l a c tiv ity #  end 29^ fo r  the up-down escape behaviour* "ihe very 

g rea t v a r ia tio n  in  these fig u res l im its  the conclusions which can be 

drawn from Diem* However# i t  does appear th a t the re s tin g  period in  

9 o f the  f ia h  is  dominant# the low -level a c tiv i ty  is  c le a rly  dominant in  

none of the f  sh# end the  up-^ovn ©scape response i s  dominant in  only two* 

Although i t  is  not shown in  these records, a l l  the  f is h  sriowod a l l  types 

o f  behaviour*
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TABLE K .  ThQ_i..L‘ic ra X  iiC ..P l i  e o n f  _

F i a h f l e a t Low-level Op-<Jown
escape.

1 56,7 11.7 3 1 .6

2 33.3 20 46.7

3 23.3 43.3 33.3

4 a . 6 30 23.3

5 50 23.3 21.6

6 100 0 0

7 61.6 5 33.3

8 40 50 10

9 3,3 11.6 85

10 61.6 36.6 1 .6

11 56.7 25 18,3

12 76.6 10 13.3

13 11.6 43.3 40

U 100 0 0

15 11.6 46.6 41.6

J
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Fig* 5 4

Diagram o f th e  a c t iv i ty  p a tte rn  of normal minnows*

A bbreviations I

ÜD* -  Up-down escape behaviour

LL« -  Low-level exp lo ra to ry  behaviour

R* -  Rest*
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(a) :.'eaoval of tho le g t lobe

5 f is h  wore tiooci in  th i^  group* The loconiotory behaviour of

tiieso f is h  eppeorod normal, tiiey did not appear eg ita ted , and they
*

showed a l l  the behavioural iJattem s ooen in  norrml fish*

(b) liemoval of the a n te r io r  ucctim

4 f ish  were used in  th is  group# The position  and extent of tlm 

reirovoln are shown on p# (GS * In a l l  4 f is h  the locomotion

was noiTQol and so was the general balance. The belmvioural p a tte rn  

d id  show gross abnormal i t  les  and in  e l l  cases the f ish  tended to  swim

close to  the surface# This typo of behaviour is  only seen in  normal

f is h  when the oxygen concentration of the water lias dropped very low 

and tho f ls li us© the surface water which is  rich.er in  oy^gen#

None o f the f is h  appeared to  be excited  and in  no case were there

observed any r e s t  periods o r up-down escape responses#

(e) ..ia£ .te .jif la lf ts ta g ,,k g ,tw
7 fW i wore tre a te d  In th is  group, the ex ten t and posticm of 

removals being shown on fig# m  *

> 4 of those f ish  (33, 36, 37, 64) remained a t  re s t  on the bottom fo r  

a l l  of tho time ancl only moved when stim ulated , and then only fo r  a



very short ï« rlod  of tim e, usually  a few seconds. F ish 31, 40 and 65 

Bvrcun slowly around the beaker end shoimd periods of high and low a c t iv i ty .  

In a l l  7 fioh  ren t periods were present and there were no up-doim escape 

1X53 pons es .

(d) ih c  la ilt  ..aart

4 f ish  wore used. The extent and poo i t  ion of roiaovals are given 

in  f ig .3 \o . p. ,

Ho up-down escape ^eoponoe was observed In th is  group. Fish 45 

BwaTii around the beaker and did not show any r e s t  period. 41 swaia cloee 

to  the surface a t  about a 45^ angle and a s im ila r  p a tte rn  was seen 

in  49# 57 showed the most extreme surface tendency. None of the f is li

showed any root periods.

(e) Xhe l e f t  a n te r io r  part onl? arosent

7 f ish  were used in  th is  group arei the  raaovnls are  shown on

nP»

One o f tho f is h ,  55, rested  fo r  l<mg periods and swam only fo r  

sh o rt periods and the o tW ra; 47, 56, 60, 61, /fi and 54, a l l  swan slowly 

around the bottom o r a t  an interm ediate depth,

( f )  fiM tgrtgr .ctebli j a a  a a W r to  JLsn wagmad

4 f is h  were used in  th is  group and the removals are shown on

cl



# A ll these f is h  showed the noiiml ’>ehavimiral patterns 

including the up-down escape response, but they a l l  showed a reluctanee 

to  move and when stim ulated only moved fo r  a short period of tim e.

(e) lkmofff;q of the cqmraole tcctusi
10 f ish  were used in  th is  gi*oup. They showed r e s t  and a c tiv ity  

periods{ the periods of r e s t  are very reduced and only constitu ted  a 

few seconds in  evory minute. îîono of the f ish  showed the up-down escape 

rooponcG.

5 fioh  were used and the removals are shown cm fig .3vu  p .d j  .

A ll behavioural patterns are seen in  th is  group. Two f ish  in  th is  

group; 70 end 69, showed a high degree of ag ita tio n  and mide f ra n tic  

aoveraontci to  jump out o f the beaker a t  the p resen tation  of any stim ulus.

N<me of these operated f ish  showed any postu ral o r locomotory 

defects end i t  was only in  th e i r   ̂chaviour tiia t any were noticed .

3 f is h  wore te s te d  in  the .same way as the normal f is h  24 hours
ft

a f te r  blinding and theh 10, 20, 3 0  and 40 days a f te r  blinding# The 

re su lts  fo r  the te s ts  arc  given in  Tables IR , Z-0 2̂ l Z2. , 2 3 .



TABLF> . The values fo r the general behaviour of mlnnm^n 

2A hours a f te r  b lin d in g .

Fish Rest Dp-down
escape

Low-leve

1 0 40 60

2 20 6,66 73,34

3 25 0 75

4 0 70 30

5 33.34 6,66 60

6 0 78.34 21.66

7 11.67 0 38,33

3 16.66 -3.34 80

TAULE 2 0  . The values fo r  the general brfiaviour of minnOijB

10 days a f te r  b lind ing .

Fish Rest Up-down
escape

Low.JLev(

1 0 75 25

2 5 45 50

3 ? 33.3 #.0 66.66

4 0 70 30

5 63.34 0 36,66

6 0 48.34 51.66

7 0 13.34 86.66

8 0 43.34 56.66



T&F.LK . Tho values fo r the general behaviour of slonowB

20 days a f te r  b linding.

F ish Host Dp-down
Escape

Lowtolcvol

1 0 35 65

2 0 36.66 63.34

3 0 30 70

4 0 68.34 31.66

5 3.34 1.66 95

7 0 11.67 88.33

3 6.66 41.67 51.67

TABLt: IX  . The values fo r  the genaral behaviour of minnow

3 0  a f te r  b lin d in g .

Fiah Rest Dp-down
Escape

Low-level

1 0 15 85

2 53.34 0 46,66

3 11.66 13.34 70

4 0 30 70

5 45 0 55

7 16.66 0 33.34

8 0 70 30



TAHLF. 73 ♦ The veluos fo r tho genorul  W iaviour of ralnnowp 

4 0  days a f te r  b lind ing .
— I - ' e w " ! * new##..#*- ,* « $ v̂i»-

Fish Ilest Up-down Low-lcvcl
Kscape

1 0 6 5 35

3 0 10 90

4 0 6.67 93.33

5 0 16.67 33.33

7 4 0 0 60

3 0 46.67 53.33

The mean values fo r  the surviving f ish are given in  ta b le  «

TABLE . The mean values fo r  tlie behaviour of 6 f ish  from 1

days a f te r  b lind jng .

Group Rost Up-down
Escape

Low-]

2 4  hour 14.44 20 6 5 ,5 6

10 day 16,11 33.61 5 0 .2 8

20 day 1,7 3 1 .5 66,8

3 0  day 12,22 22.22 65.56

4 0  day 6.67 24,16 69,17
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Fig. 5 6

of the a c t iv i ty  p a tte rn  of 2Vhour tJLinded

minnows.

A bbreviationsi

UD. <» Up-down escape behaviour

LL. » Lowwlevel exploratory behaviour

E# -  R est.
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Thcae ïaean fig irrcs are p lo tted  on a graph, fig* • page .

The general a c t iv i ty  of the f is h  a f te r  24 hours ie  shown in  f ig .

p* «

Tlie f i r s t  fea tu re  of those re s u lts  is  tho consistency of the 

noon fig u res  whlcli do not vary very much throughout the  whole of the  

40 days. In the b lin d  f ish  the low -level a c t iv i ty  Wocmos the 

dominant p a tte rn  a/id tlie r e s t  period is  very roducod. The up-down 

escape response ranges from 20 to  32^ of the  t o t a l  a c t iv i ty ,  a  f ig u re  

th a t  does not d i f f e r  s ig n if ic a n tly  from th a t  found in  the normal f i s h .

F u rth er comment must be made about t i e  re s u lts  because by themselves 

they do not give an adequate p ic tu re  of the b ^ v i o u r  of the f i s h .

F i r s t ly ,  tiie b linded f is h  swim a t  a v a r ie ty  of depths, but tliey always 

show the exploratory  beliaviour tîm t is  genera lly  seen near the b o tta s . 

Secondly, the blinded f is h  sliow a steady up and down swiiming p a tte rn  

but th i s  does not co n s titu te  the escape reoporfôe. T h ird ly , although: 

the depth v a rie s  the d ire c tio n  of each ind iv idual movement of the f is h  

i s  such th a t  the animal appears to  be showing a  ccwnotsnt exploratory  

p a tte rn . They thus d i f f e r  from minzpws with te c ta i  reoovitle which, 

although they show a constant movement, do not show the  p e rs is te n t 

changes in  d ire c tio n  c h a ra c te r ia tlc  o f tW  exploratory  p a tte rn .
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A to ta l  of 33 f is h  had sm all le s io n s  placed in  the o p tic  tectum. 

They are the f is h  uaed fo r  tlie id e n tif ic a tio n  of the ac tiv e  region of 

the tectum in  sec tio n  ^ î>ert W (p . 1^3)# Ihe f is h  were b lin d  fo r  

24 hour©, a f te r  which time the l e f t  lobe of the tectum was removed and 

a le s io n  waft jd^ced in  the d o rsa l p a rt of the r ig lit lobe . he re s u lts  

show a wide v a r ia b i l i ty  of response and no d is t in c t  p a tte rn  could be 

found. Of the  33 f i s h ,  s ix teen  appeared to  behave normally, and a l l  ' 

the  o thers showed some degree of abnormal behaviour.

(a) Holllng

4 o f the f is h  showed p e rs is te n t ro llin g  on recoveiy from the 

an aesth e tic  and in  some cases th is  was couplod with more complex motor 

defects#

F ish Xf0.6am YO*65ram on recovery began to  swim on i t s  s id e , and 

upside down but sh o rtly  afterw ards i t  could not m aintain th is  degree 

o q u il ib r im  and underwent pronounced rap id  clockwise ro l l in g .

A

F ish  X40.3bim Y2mm underwent v io le n t ro llin g  only whon stim ulated  

by a  olK>ck. Otherwise I t  la y  on the bottom, on i t s  r l ^ t  s id e . Tl# 

f is h  ro lle d  dockw isc in  a l l  p arts  of the beaker, tM  period o f a c t iv i ty



la s t in g  about 20 m inutes. The period of a c t iv i ty  following fu rth e r  

s tim u li I ecamc reduced u n t i l  the f is h  did not show any a c t iv i ty  to  the 

stinu lu fl.

Fioh X+0.33mm Yl#3mo showed a fu r th e r  v a r ia n t. I t  swam contin

uously with i t s  snout in c lin ed  upwards clockwise end anti-clockw ise 

ait)und the beaker and ro lle d  antl-clockw ise#

Fish X-0.12 Yl.ùrm showed a olockvd.se r o l l  an was inc lined  a t  

a 45^ angle to  the su rface fo r  about two hours a f te r  the le s io n , a f te r  

which i t  ceased to  r o l l  but swarr; with i t s  body inc lined  a t  nearly  9 0 ^ 

to  the su rface .

(b) Hvtea'nfi .&% %% ,8\i\y£aB9»

Throe of tho f is h  si-iowod th is  tendency. Fish X^0.64m Y1.2mm 

was nom olly  o rien ta ted  and XO Yl.lnaa and X4-0.18to YO.66 were both 

in c lin ed  a t  a 4^  angle to  the  ourface.

\

(o)

Fioh X^O.33 Ylaro showed poriods of r e s t  and a c t iv i ty ,  th e  r e s t  

periods exceeding the a c t iv i ty .  The f is h  could swim normally but only 

fo r  sh o rt periods, a f te r  which i t  swam in  a se r ie s  o f loops and f in a l ly  

in v e rted . A ltho gh i t  izenerally followed th is  sequence o f events i t  

could cORHnence to  swim inverted  im e d ia te ly  follow ing the r e s t  period and 

show no looping.



In comparinf^ normal b lind  f is h  the moot nottcoabic d iffe rence  

is  in  the  re s tin g  period , fo r  in  normal f is h  i t  lo dominant but in  

b lin d  fioh  i t  forms the o n a lle s t ccxaponcnt of the  behavioural complex 

of the animal* This re s tin g  period is  e s s e n tia lly  tiie h ab itu a tio n  of 

the animal to  i t s  env irom ont, so th a t  the blizîd f is h  f a l l s  to  h ab itua te  

w ith in  the t e s t  period to  the environmental condltionn in  the beaker* 

Those r e s u lts  la rg e ly  aerroe with the observaticms o f Bredcr & Grosser 

(1 9 4 1  a ,  b) who found th a t  fu l ly  b lin d  Gharacins show very d if fe re n t 

behavioural p a tte rn s  to  the normal fish*  The b lin d  f is h  do not have 

any schooling in s t in c t  and con tinually  wander in  an apparently  aim less

manner. They concluded tlia t th e re  i s  apparently  no su b s t i tu te  sed:iimiGa

developed to  function  fo r  tW  lo s t  vision* The minnow s im ila rly  does 

not appear to  be ab le  to  h ab itu a te  w ith in  4P days to  a  confined environ- 

mont devoid o f any d u e s  except the sides o f  the beaker* I t  would 

thero foro  appear th a t  the minnow is  e s s e n tia lly  a  v iaual animal In 

in  r e la tio n  to  i t s  a b i l i ty  to  hab itu a te  to  sucîi a  confined envirmnmnt* 

I t  would be in te re s tin g  to  continue to  to s t  m ve minnows fo r  a  longer 

period* The r e s u lts  from two iso la te d  f is h  a f t e r  4 months gave mean 

values of 77.5Î& fo r  the  r e s t  period , which is  in  o f th e  normal

f i s h ,  and may Ind ica te  cl^angos in  tlie sense organs, o r in  tW  mode of

actixm o f the  ce n tra l nervous aystm *



Before connldoring the motor and behavioural defec ts foll<y./ing 

t e c t s l  damcge fu r th e r  there  is  the question of wliether the  re su lts  can 

bo explained by purely supposing th a t they are due to  dofocta in  the 

v isu a l f ie ld .  Sperry found tlia t he could ge t forced c irc lin g  and ro llin g  

following v isu a l inversion  In the C oldfish . In the la rg e  nuniber of 

exporincntc perfonaed here on the re tin a  various p arts  of the ey© \mro 

©noved and in  no case w re  there  observed any defects in  beheviour, 

o r in  tlie motor p a tte rn  of the fish*  I t  is  thex*efo.© concluded th a t  the 

dofects produced by te c ta i  <HmCige a re  due to  the tc c ta l  damage, and not 

to  any e f fe c t  they might liave on the v isu a l f i e ld .

In  a l l  the f ia h  presented here none of them appeared to  have any 

daiaogo to  any p a rt o f the  b ra in  o th e r than the tectum .

In t w  re s u l ts  one of tW  ;i?ost notlc®nble foo tures was the absence

of any body flexu re  due to  tho unequal oc® t r a c t  ion o f the myotomos.

Such a flexu re  was reported  by Tugo (1934 a) followl%% ce re b e lla r

le s io n s  and lies been subsequently reported  by Kiraoh© & K irsdie (1961)

and by B otsdi (i960) follow ing te c ta i  le s io n s . Alth<xjgh no body flexure

was noted in  the  f is h  with te c ta i  le s io n s , i t  was noticed in  tlie minnow

when the le s io n s  had been more ex tensive , and damage had been present
r

in  the valyulae and the tews se ra ic ire u la r is . lo se  examination of the 

photomicrographs shown by S irsche & Kirsche and by Botsch d id  show 

d e f in i te  damage to  the  valvu le  and to  the tegmentm# I t  may w ell be

th a t  th la  damage re su lte d  l a  the  f lex u re  and, in  general agreement with
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Dijkgrojîf (1949), i t  would seem tlie t th is  p a r tic u la r  motor dlsturbenoe 

only ocGui© as a r e s u l t  of damcig© to  the volvulae and the torus 

sem icircu lar is  •

Ihe f ish  appeared to  show ?%ormel loca?K>tory behaviour following 

the romovel of one lobe of the tectum , in  ogrem ent with the findings 

of D ijkgiuaf (1949), iU sm lo (1929) and S te in e r (1388) * The normal 

behaviour only seemed to  occur i f  both the a n te r io r  and tlie p o s te rio r  

p a rts  of the  toetum wore present but they d id  not n ecessa rily  have to  

be present on the same s id e . A nterior o r p o s te rio r  removals alone showed 

d efec tiv e  behaviour bu t in  the 4 f is h  where the a n te r io r  was removed froia 

one aid© and the p o s te rio r  f r m  th e  o th e r, (m aintaining the toinas 

lo n g itu d in a lis  in ta c t ) ,  the f is h  showed normal behaviour. F ish  with the 

la rg e  t e c ta i  removals d id  not show the gross motor d isturbances which 

occur following sm all more d is c re te  le s io n s . The sm all t e c ta i  leeiom  

re su lted  in  mcrst o f the d lalurbances reported  by previous workers and 

included ro l l in g , in co rrec t h o rizo n ta l o r ie n ta tio n , c ircus movements, 

inverted  swimming and f in a l ly  resp ira to ry  d efec ts  ( f is h  X^0*33B3a Ylro 

showed a very rap id  opercu lar beat)# The disturbances are  e s s e n tia lly  

d istu rbances in  thè locomotpr co-ord ination  as a  lAiole end they do not 

show any tendenqr toward lo c a lisa tio n #  These re s u lts  do not support 

the view th a t  tJier# Is  d e f in i te  lo c a l is a t io n  o f motor areas in  the te o tm  

put forward by hauohord & Chauchord (1929 a ) .  The r e s u lts  from tlie 

minnow do support the conclusions put forward by Healey (195?) in  th a t



these p o sitio n a l and motor Irre^ m la rlt  ̂es occur foccmase tliey remove 

c e rta in  elements from the to ta l  complex modifying systei?? and th a t tiic^ 

throw tlie output of the remainder in to  a s ta te  of unbalance* On tho 

o tlicr hand, removal of the e n tire  tectum o r a complete lobe , may not 

Introduce any unbalance m odification by way of tbe te c to -e p in a l o r the  

tc c to -c e re b o lla r  petii.

One o f the fea tu re s  idiicli was common in  a l l  the f is h  with a n to r iw  

te c ta i  reüovals whidi l e f t  the p o s te rio r  tectum in ta c t  was th a t  they 

a l l  swam witli tlie snout protruding o r very close to  the surface# This 

type of behaviour Is  only seen in  f is h  which are in  w ater where the 

oxygon tension  is  very low* formal f is h  never swim s te a d ily  cloae to  

the sui^face# There are severa l possib le  explanations fo r  th i s .  The 

most l ik e ly  one i s  th a t  the f is h  cannot o r ie n ta te  h o rizo n ta lly  so th a t  

i t  constan tly  swims w ith i t s  snout p ro trud ing . I t  is  a lso  possib le  th a t  

the behaviour is  due to  an intei*ruption of tlie blood supply as a r e s u l t  

o f th e  operation  and the re su ltin g  anoxia in  various p a rts  of th e  b ra in .

One of the  moat comon fea tu re s  o f th e  la rg e r  te c ta i  removals was 

the  loos o f one o r more o f tho 3 normal b^m viourol p a tte rn s . The f is h  

w ith one lobe o f tlie tectum or tîie component of one lob© present ( i . e .  

oontribu tioos from the r ig h t and l e f t  s ides) a l l  showed th e  up-dcwn 

OS cape response. This was not seen in  any o f  the group Wiere e i th e r  tW  

a n te r io r 'O r  the  p o s te r io r  tco tun  had been removed. A number of f is h  

only moved wken stim u la ted , 33, 36, 37 and 64, end then only fo r  e sh o rt



period . A la rg e  munber of f is h  did not show any r e s t  periodsj 47, 56,

60, 61, 48 and 54 and svram eontinously# The swimming o f tlie f ish  

without r e s t  periods was not normal, and consisted  of slow swimming 

movements continuously around tho bealîer v/ith no change in  d irec tio n  and 

no change in  depth. They appear to  have been more in  tlie m tu re  of a 

re f le x  than the normal exploratory  aovcmonts seen in  confined minnows. 

Those re s u lts  seeirs to  suggest th a t the tectum not only ac ts  to  co-ordinate 

and intar/, ra te  behavioural p e tto m s Imt alco  to  in i t i a t e  and m aintain 

the behaviour of the f is h , possib ly  playing a major ro lo  in  m otivation 

and d riv e . Beeides in i t ia t in g  the behvlour of the  f is h  I t  may play an 

important ro le  in  ilie in h ib itio n  of behaviour, but th is  is  d i f f i c u l t  

to  dem onstrate. Altlicugh the ro stln g  p a tte rn  i s  omlnant in  the normal 

f is h  i t  i s  absent in  the to c ta l  removed f is h  and is  reduced in  the b lin d  

f i s h .  Considerably more work is  neœ ssaxy before i t  becomes ixxssible to  

understand the complex and very in te re s tin g  functions of the o p tic  te c tm .

F in a lly , tlie l a s t  abnonsality  to  bo observed was the response o f , 

the f is h  to  s tim u li. Tliis was observed in  f is h  70, 69 end the leslcm s 

XfO.lBmm Y0.66m, X40.33om Ylum, X-fO*18om Yl.&ga, Yl.éiam* la

a l l  these  f is h  in stead  of h ib itu o tin g  to  a  se r ie s  o f shock s tim u li, 

d iscussed in  Section  U (p . the response to  oadh successive stlm u lw

hecoatee increased . The f i r s t  two o r th ree  s tim u li resu3.t in  the t a l l -  

f l i p  response but the ^mbsequent s t l m l i  r e s u l t  in  th i s  response becomir^ 

more pronounced so th a t f in a l ly  the f is h  leaps out o f tho w ater with
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each stinTulus* I t  would therefoi©  seen th a t the balance between the 

c t imid.ua and reoponno Ims been d isrup ted  so th a t the resixinse is  f a r  

in  excess of the r e la tiv e  streng tl; of the  stinjulue.
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THE OPTIC TECTÜF AiO IiAEITUATlON.

The terra ’h a b itu a tio n ’ lias been given a wide v a rie ty  of meanings, 

but la  used bore In the sons© defined by Thorpe (1963), as the pemanent 

waning of a response as a r e s u lt  of I’epeated stim u la tio n  idiich is  not 

followed by any kind of reinforcem ent. I t  i s  sp e c if ic  to  the  stim ulus 

and is  r e la tiv e ly  enduring. In th is  sense i t  is  applied  to  the whole enimal 

and i t s  re la tio n sh ip  to  i t s  env ironm nt. Used in  ti l ls  sense i t  d if fe rs  

from the d e f in it io n  used by Horn (1967) t the a tten u a tio n  of response 

assoc ia ted  with the repeated p resen ta tio n  of a stim ulus and the recovery 

o f the response which may afterw ards be induced. Under th is  d e f in it io n  

of r)om*s there  Is  no reference to  the permanence o f habltikation, n e ith e r  

does i t  d is tin g u ish  i t  frcmi sensory accoirjRodation. The use of the term 

•habituation* i s  a lso  not the same.as tlie ex tin c tio n  of the  o rien tin g  

refOLo ' o f Pavlov (Sokolov I960), fo r  the o rien tin g  re f le x  is  e s s e n tia lly  

u n -sp ec if ic , and is  in i t ia te d  by in c rease , decrease o r  o th er q u a n tita tiv e  

changes in  the  stim ulus, and is  independent o f the modality of the 

stim ula ting  agent.



I .  jTigjLu:^ a:d :i ;3PQNbe

The minnow, unlike the g o ld fish , does not respond to  v isu a l s ti ia u li 

by giving the t a i l - f l i p  i^esponse imder normal exp<5rimental conditions*

The most successfu l stim ulus was found to  be e simple shock wave, produced 

by a s in g le  blow of a wooden m alle t on a pad of foam rubber, the pad of 

rubber being placed ner-ct to  the f ish  container* The te s tin g  conditions 

were the came as those described fo r  the colour change rev e rsa l t e s ts  

( p* "3 S ) ,  Car© was taken to  ensure th a t the amount of' water in  the 

con tainer and the beaker were always the same and th a t the positions of 

the boaker and the  container were always constant in  re la tio n  to  the 

stim ulus.

The main d i f f ic u l ty  was th a t  the stim ulus was not the same 

in te n s ity  throughout the t e s t s .  The f is h  were, however, very se n s itiv e  

to  v ib ra tio n s  of the t a t le  and even the s l ig h te s t  tap  on the tab le  

re su lte d  in  the je rk  response so th a t the in te n s ity  fo r  th e  stim ulus was 

always above the th resho ld  fo r  the response. F ish were given very low 

s tren g th  stljB uli which vjore repeated a t  in te rv a ls  (one every 3 second#)

u n t i l  no fu rth e r  response coiüd be obtained . I f  the stim ulus s tren g th
1-

was increased fu  t l  er responses were obtained. F in a lly  the re  was a  

po in t were no fu r th e r  resp in ses were obtained regard less of the in te n s ity  

o f s tim ulus. The stim ulus in te n s ity  would th e re fo re  seem to  be Important 

a t  low in te n s i t ie s ,  but above a c e rta in  th resho ld  i t  ceases to  be im-

J
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portan t and tbe s tin u lu s  used in  th is  experiment was above th is  th resh o ld . 

In no case did tbe f is h  give any fu rth e r  response a f te r  i t  had hab itua ted , 

oven when the stim ulus s tren g th  was increased*

'! ho stim ulus was presontcd a t  a frequency of one every 3 secon/is 

fo r  e period of 3 m inutes, which means th a t the f ish  received a se r ie s  

of 60 stim uli*  I f  tho stim ulus frequency was Increased tlie f ish  did not 

I n i t i a l ly  resr^ond to  each stim ulus but only in  a vory ir re g u la r  pattern*

At a frequency of 2 a second or more, the f is h  age a s in g le  response to  

the f i r s t  stim ulus and then no fu r th e r  response* Decrease in the stli-u lus 

frequency r-oeulted in  a longer time to  show any waning of response and 

produced a lose c le a r  r e s u l t .  The hab itua tion  was not due to  the nuicber
A

of s tim u li, (he number of s tim u li w ith in  a given time is  the important 

considera tion .

Folic wing the stim ulus, the f is h  ex ld b its  a sudden violent, t a i l -  

f l i p ,  the la tency  period being too  sho rt to  b© measured. The t a i l - f l i p  

was brought about by a sin g le  movement of the t a i l  and most of the body 

to  prorJuoe a s in g le  massive beat which re su lted  in  the f is h  being pro

pelled  through the water fo r  a d istance of a t  le a s t  i t s  own leng th  (6<sbs. ) .  

The d ire c tio n  in  which the f ish  moved depended on the position  of the f is h  

a t  the time of the stim ulus. A fter the t a i l - f l i p  the f is h  did not move 

fo r  a sh o rt period , tbe freezing; period of R ussell (1967), and no record 

was token of the  time of th is  freezing  period . The freezing  period may 

o r may not be followed by a  period of afterw»excite®ent w hidi, i f  i t  

occurod, could l a s t  fo r  2 to  20 seconds and consisted  of rap id  swimming
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and -  i s  a  negative rospoasc to  the  o tirm lua. The arrangement o f 

the f ig u re  sliows the  gradual increase  in  complexity o f p e t te ra .
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on tho bottom or g?t intermediate depths.

Records of tlic presence or absence of the t a i l - f l i p  are shown in 
If3o0

f ig . GO with positive or negative signes. Orientation phenomena recorded 

by Russell (1967) and by f-odgcrs ^  (1963)were observed.

I I .  ‘m v u ïs

The waning of response was marked in a l l  those fish  which had scwje 

tectum present. The resu lts arf; shown in tables 2-6 3oq—(o and 

graphs were plotted to show the relationship  between the stimulus to  habi

tuate and the percents^:© of tlie tectum present ( f ig .S l  ^  ̂ The

stimulus to habituate is  taken as the la s t  stimulus to give the t a i l - f l ip  

and i f  the fish  did not show th is  by the 60th stimulus i t  was given 20 

additional stim uli to te s t  lAether i t  could show a complete absence of 

the t a i l - f l ip .  A second se t of figures is  shown plotted on f ig ,

Pagg, to «how the number of responses in re la tion  to  the percentage 

of the tectum present.

The stimulus response pattern is  shown on Pig. page 3o(  ̂ The 

most ccmimon type of pat em  is  seen in  the fish  2 and 5, where the fish  

responds to the f i r s t  stim uli, but a f te r  a certain  nurrber ceases to respond 

fu rther. Over no period was the response reduced in  in tensity  nor was 

there any period giving positive and negative responses. A large number
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TABLE i s  a ,  h , c .

The re la tio n sh ip  botiveen the tectum and a shock 

s tim u lus, h ab itu a tio n  i s  scored as i:>ooitivo only wt\m 

the f is h  shows a d e f in ite  s tlm ilu s  to  h a b itu a te .
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Fish

Ï
1
2

3
4
5
6 
7 
3
9
10

11
12=

13
U
15

69
70
71
72

T reatnsn t Percimtfige habitua- 
tectum tio n
Pteat-<jr

Ilormol
f is h

10056

Blinded
f ia h

10056

♦

♦

*
4
♦

+

4

4
4

4

4

4

4

4

4

Small p a rt 
o f d o rsa l 
tectum re 
moved

96

34
91
95
36

Stimulus to  
h ab itu a te

Ko.

5
3 
10 
1
23
12
11

4
9 
4

10

13

4 
3

5

6

7
12

esponso

Mean No. Moan,

6
3
10
1

3.2  20 7 .7

U
9
3 
7

4

5
10

5
4
3

9
60
60
3

15

6.6
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Fiah Troatraent

20
21
22
23
24

L eft h a lf  
o f ‘®ctum 
Tffljovod

"o a te rlo r
tectum
roEioved

29
34 A nterior 
355' te c t ia  
67 pe;30vod

31 
33
36
37 
40 
65 
64

53
59
73 Poeterior
74 r ig h t and
75 an te r io r
76 l e f t  re 

moved

/'terdentag® Habitm-
teetuin tio n

5 0  +
5 0  4

5 0  4

5 0  4

5 0  4

0

53 4
57 4

25

45
4 7

74 4

72 4

44
65 4

%

SÎ 4
54 4
53 4

55 4
53 4

56

StimulUB to  
habituate

No.

3 0

10
20
20

3 0

3 0

12
10

27

39
53
33
56

Mean.

2 4

30

43.6

i'fesponse

Mo.

4 0

10
15
22 .

60
30
3 0

60

13
10
45
2 4

35

27 
44
28
4 6

25
4 6

Mean

3 .4

36



Fioh Treatment Pcrcontsge Habitua» Stirm lus to !<®sponso
tectum tio n hab ituate

ilo* Mean No. Mean

55 •» 39
54 27 4 48 47
56 A ll tectum 31 » 39
61 • removed 3A 4 49 49
60 except l e f t 20 » 37
47 a n te r io r 27 + 57 56
4a 36 53

499 A ll tectum 1: 4 55 43
41 rumored r 55
57 except l e f t 25 4 46 22

45 §o$terior 31 4 55 55
---------

T1 o mm 60
T2 o m 60
T3 . Complete 0 mm 60
T4 te c te l 0 •» 60 60

T15 - removal 0 m 60 i
T14 0 m ■ ' 60
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Pig. 5 7

The e f f e c t  o f t e o ta l  removal on the a b i l i t y  o f the  

minnow to habituate to  a shock stim ulus.
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Fig. 5 0

The nuidaer o f p o s it iv e  t a i l - f l i p  responses given by 

minnows w ith varying degrees o f te o ta l  damage*
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ahoif a more varied  waning p a tte rn , 74. shotio a  s im ila r  p a tte rn  to  5 but 

th e re  w^re oetreral negative reopanaes before the f in a l  p o sitiv e  ireeponeo# 

In f is h  1 and, to  a g re a te r  e x te n t, 38, tîie f in a l  h ab itu a tio n  occurred 

ai?tcr a  period of p o sitiv e  and negative reopomoB. The d iffe ren ce  between 

the reoponao value and the otinrultio to  îm bituato value in d ica tes  tiie type 

o f reaponoe waning# Fioh which do not show a d e f in ite  heb ittm tion  are  

a lso  indudod  in  th io  tab le  and i t  can bo seen tlia t the response waning

p a tte rn  is  ooaon tia lly  th a t o f the o ther fish#  Many of tlie f is h  lidoti

do not hab itu a te  do, however, show s lM la r  values to  the  f ls li  whidi do 

îm bituate  when the nuirtor of r*er»pcwes aro compared. The orüy d i f f -  

erenoG in  tlie f i  :h whidb do o r do not h a b ltm tc  la  in  th a t  in  one group 

the f is h  a re  unablo to  suppress completely the t a i l - f l i p  response.

The graphs o!iow t^mt th e re  appoans to  be a d e f in ite  re la tio n sh ip  

between the amount o f the tectum removed, and tite a b i l i ty  of the  f is h  to  

suppress the t a l l - f l i p  I'eoponse to  a  shock /eve. The nuciier o f responses 

shows an increase witi: the amount o f  the tectum rersDved. The stim ulus 

to  Im bituate curve alnono c le a r ly  th a t  th is  re la tio n sh ip  is  f a r  from being 

l in e a r  fo r  tfje f is h  with 80^ tectum presen t have the same a b i l i ty  to  

M b ltu a te  os do normal f i s h .  iJhat the  curves do show is  tîm t tlier© 

appears to  be a th resho ld  over which the removal o f the  tectum a f fe c ts  

the  response waning o f  tlio f i s h .

A few f is h  were te s te d  fo r  th e i r  re te n tio n  a b ility #  T l ^  were t

given the same s tim u li 1 hour a f te r  the f i r s t  to s t  and they a l l  shovied 

a t  l e a s t  a  iTiprovemeat on th e i r  previous performimce and in  some
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casoB considerably more# Floh 21 shoî^d û complete h ab itu a tio n  in  

the f i r s t  t e s t  a f te r  if> s tim u li Tut In the second t e s t  i t  had almost 

completely liab itueted  by the  lOth stl-rruluo and only gave one more response 

in  the next 50  stim uli#

The re la tio n sh ip  between the  tectum and hab itua  ion is  f a r  from 

being simple# F ish with the a n te r io r  tectum presen t show an incidence o f 

p a r t ia l  h ab itu a tio n  of 5(% ag a in st 20SS in  those with the %x%terior tectum 

present# Also in  the group which have 50% remove], by means o f the roroval 

o f the l e f t  lobe the mean stim ulus to  hab itu a te  was 24* The f is h  lAere 

tho p o s te rio r  r ig h t ,  and the a n te r io r  l e f t  were removed, and with 5QSt 

p resen t, showed a mean o f 43#6 id^ilch is  almost double tTie value fo r  tiio 

removal o f a  s in g le  lobe#

The question  a r is e s  as to  whether these  r e s u l ts  could be due to  

fa tig u e  o r sensory accoranodaticm# The f is h  wore te s te d  fo r  a fu r th e r  om  

o r two m inutes, and the to ta l  te c ta l  removed f is h  d id  continue to  re a c t 

p o s itiv e ly  to  each s tir ,u lu s , ru lin g  out tl»  p o s s ib il i ty  of fatigue#

There are  two reasons wîiy i t  i s  probably not sensory accoesaodatloni th e  

f i r s t  i s  th a t  the  re s u lts  d id  l a s t  fo r  a period o f one hour and on the  

second to s t  th e re  was a 50% iaprovemert# The second point i s  th a t " 

removal of the 'tec tum  prevent h ab it ta tio n  under these conditions whereas



the blinding has no effec t#  I t  would therefo re  s w :  th a t the response 

waning in  the minnow Is a d o f ln ite  ejus^.'plo of h fb ltim tion  learn ing  and 

th a t  i t  is  raedirtod by the o p tic  tectum , è^urthcr^ore, th is  learning is  

oecond-oi-der lea rn in g , fo r  the s tlru lu n  is  by way of the acustico#-.l^.ter- 

a l l s  system and from th is  system i t  is  relryed  on to  the tcc tu n .

Russell (1967) fa i le d  to  got cornplete in h ib itio n  o f tiU3 je rk  

response using v isu a l s tim u li, but did rep o rt a tw o-th irds do d in e  in  

tho response to  4* s tim u li with a 60^ re  every in  2 hours and a complcto 

recovery in  48 hours, '"''odgers ^  o lt( l9 6 3 ) te s te d  10 f ish  giving; tlxna 10 

taps e day a t  the ro te  of one per minute fo r  15 days. They found th a t the 

rich  showed c score of 5 f l ip s  on the f i r s t  s tin u lu s  s e r ie s  and on the 

following days allowed a v a r ia tio n  o f from 0 ,8  -  4,1 per day. U nfortunately, 

the re s u lts  fo r  the minnow rre  only from a s in g le  te s t  so th a t they could 

not be com paired with those of Rodgers jqI.

Both R ussell (1967) aixl Rodgers ^  (1963) d iscuss th e  compen-

satoi^ ' f in  movements following the  p resen ta tion  o f the stim ulus, a f te r  

tho f is h  no longer shows the t e i l - f l i p ,  lodgors <2i  jQ^.concluded "they 

continue to  m aintain a  s ta to  of v ig ilan ce  toward the s tim u li, in  which the 

d is ru p tiv e  behaviour of the t a i l - f l i p  response is  rep laced  by more 

orranizod o rien tin g  responses". This o rien tin g  Whavioùr i s  capable of 

a l te rn a tiv e  exp lanations, fo r  in  the minnow the o rie n ta tio n  resembles tlie 

r ig h tin g  re f le x  described by bowenstein (1932), showing the ch a rac te r-

.̂ -bÎ
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F i g .  5  9

Transverse section of the medulla a t  the level of the 

entrance of the VIII nerve, stained with C.F.V.

M.C. - Mauthner c e ll  

N.HED. « Nucleus modialis 

Tr.T.B. - Traotus tecto-bulbaris
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ir i t lc  p o sitio n s of the Tins. I t  would th e re fo re  appear th a t in  the  minnow 

the o rien tin g  responses to  the stirnuLtis, © fter the f is h  no longer sîiows the 

t a i l - f l i p ,  are so le ly  intended to  m aintain the balance of the f ish  

follwdLng tho w ater d istu rbance, as a r e s u lt  of tho shock wave, and are 

not any a t tm p t  on the p a rt of the f is h  to  m aintain a s ta te  of v ir  iltvnco 

toward the stim ulus.

Anatomically the tectum is  connected to  the Mauthnerian apparatus 

by means o f f ib re s  in  the te c to -b u lb er t r a c ts  id e n tif ie d  by Bartelmos 

(1 9 1 5 ) and Kappers ^  ^  (1936) and these  have Wen confirmed in  the 

minnow in  the  p resen t work. The p o sitio n  of tli© W uthncr neurone is  shown 

in  f ig .  page 3<S , f le tz la ff  (1957) and H ctz le ff & Fontaine (i960) 

found th a t  tîîe mautW^r neurons roceive a ffe re n t f ib re s  from the 8th 

c ra n ia l nerve and th a t  they show rec ip ro ca l in h ib itio n  ©o th a t ono of th e  

neurone? inhibit©  the o ther and an In h ib ito ry  feedback is  s e t  up, I^ore 

recent work by Furkawa & Fvrsebpan (1963, 1962) and by FWukawa, Fukm i 

& Agada (1 9 6 3 ) have shown th a t  tîiore are  a t  le a s t  th ree  types of in h ib i

tio n  p resen t. The p o sitio n  o f the  te c ta l  con tro l in  th i s  complex p ic tu re  

remains to  be e lu c id a ted , vbat can be sa id  however i s  tW t tW  cxperi» 

ment© on the aim ew show th a t  the tectum ploys an important p a rt in  the 

learned  in h ib itio n  of the mauthner neurons. The f ib re  pathway involved 

possib ly  begins with t!#  incoming 8th nerve to  the aco u stico ^ lo te ra l 

regiona o f the  m edulla, and from there  a bundle of fib re s^  the secondary 

trigem inal t r a c t ,  runs to  the  tectum . Prom the t e c t #  ItA ib ito ry  f ib re s  

pass out in  the tec to -b u lb ar tract©  Wiich run to  the mauthner neurons.
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I t  would seem th a t  the in iiib ito ry  ac tio n  would bo requ ire  1 to  roach a 

th resho ld  before i t  could a f fe c t  tlie mauthner neurons, and the  response of 

tJi© mauthner nevaron being e s se n tia lly  sn a l l  o r nothing phenomina., tiie 

t a i l - f l i p  i s  e i th e r  present or n o t, Poslbly the successive s tim u li bu ild  

up th is  in h ib itio n , in  which case the racoval of the tectum would re s u lt  

in  rooro e tiia u li being necessary to  reach the th resh o ld . One© the  in lii-  

b itio n  has been b u i l t  up i t  ia  m aintained, but in  same of the refrovals 

the le v e l of in h ib itio n  could not be mcintelned fo r long periods and 

p o s itiv e  responses could be found. The prosonc© of these  p o sitiv e  and 

negative responses a lto m etJjig  would suggest tiia t tlj© hypothesis proposed 

by Horn is  only p art of the possib lé  meciian sm, Horn (1967) proposes th a t  

the gradual waning o f response of e system o f neurones to  a stim ulus 

w h id ills  slowly and rep loa ted ly  applied is  a r e s u l t  o f a s e l f  •generated 

depression o f s e n s i t iv i ty  a t  one o r more po in ts in  th e  system. The o ther 

p a rt o f the mechanism could be explained by the work o f Sokolov (I960) i^o  

supposes th a t  the response decrement i s  (mused by an ac tiv e  Ixlooking 

laechanism. On a repeated p resen ta tion  o f e stim ulus two processes ; take 

p lace; on© the e lab o ra tio n  of the neuronal model of the stisa ilus s i tu a 

t io n , and the  o ther the olaboratior^ of the conditioned in liib ito ry  re f le x  

which makes i t  possib le  to  block these Impulses, I f  th e re  i s  a in

the stim u lus, non co inci lence between tho re f le x  and tîie neuronal mod^ 

r e s u lts  in  the  res  pom e. T herefore, in  the minnow the p ersis tence  o f 

the h ab itu a tio n  could be e^qplainod by the presence of a  model of tW  

stim ulus s i tu a t io n ,  end the ac tiv e  blocking of the response, the blocking 

being ca rried  out by a se lf-goners ted depression a t  on© o r more po in ts 

in  t!io systTO, I t  would be very in te re s tin g  to  oontinu© these experim ents.
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to toot the f ish  for long periods of t im e  and to  te s t  f ish  show

the response to  v isu a l s tim u li eo th a t the stlnm lua s i tu a tio n  oould then 

Î56 v aried .

The re le tio n eh ip  between ce reb ra l îaass end learning;: in  ïsesnmels, 

e sp ec ia lly  in  r a t s ,  has been worked on ly  hantley  (1922, 1924, 1926,

1931, 1934, 1937, 1939) * The main work was eoncenW  with the study 

of maze perforaenco in  tlie r a t  follow ing cerebral exc isions. The findings 

led  him to  propose th ree  main conclusions, F i r s t ly ,  the fo m etio n  of mmo 

h ab its  i s  impaired by oerebrel le s io n s , the degree of impairment being 

c lose ly  re la te d  to  the ex ten t of the le s io n , and is  independent of i t s  

lo cu s , Secondly, the retentior? of maze hab its  learned  p r io r  to  operation  

i« impaired by ce reb ra l le s io n s , the decree o f impairment being again 

p roportional to  the e s te n t of the  le s io n  and independent o f i t s  lo cu s. 

T h ird ly , the d efec t in  performance produced by any given læ io n  is  a

function  of the  complexity o f tho ta s k , Leahley considered th a t  local-» '
%f

is a tio n  in  the  ce reb ra l cortex  must be coasidered In  re la tio n  to  mass 

a c tio n , fo r  b is  resiA ts show th a t maze h ab its  based on d e ta iled  v is io n  

are  lo o t  following the xcision  o f a  email area  of the l a t e r a l  p a r t o f 

the area  s t r i a t a .  Habits based on b righ tness d iscrim ina tion  aré  lo s t  

only a f te r  the d estru c tio n  o f the e n t ire  s t r i a t t  a rea , so th a t  a t  le a s t  

b righ tness d ls c r la in s t io 'i  i s  lo c a lise d  in  the s t r i a t e  a re a . In a recen t 

review o f Lachloys work, *4aiV;%rlll (l96l)hB5 shown th a t  the  more recen t 

work favours th e  d if f e r e n t ia l  lo c a lis a tio n  of sp e c if ic  bdhavioaral p a tte rn s  

but th a t  new evidence does not w arrant the  abandonment o f Lesliley’s  T
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position* ‘‘Ork by Botscli (i960) has shown tW t a s im ila r  re la tio n sh ip  

occurs (mass ac tion) in  the re la tio n sh ip  between v isu a l d incrIM nation  

end tlio I'orKJval of the tectwc in  the carp , C arrs^slus. The re su lts  shown 

here on the  minnow agree very c losely  with the mass ac tio n  (concept of 

Leahley. This close agreement would be expected because of the absence 

of ony d e f in ite  lo o r l ls a t lo n  In the ’ectum and becaisoe of the e s se n tia l 

s im p lic ity  of the ta sk . In general I t  can be sa id  th a t  the more tecttsn 

removed the longer the f is h  takes to  h ab itua te  to  a shock stim ulus and 

th is  Is  indeponcknt of the lo c a tio n  o f the re?ioval. This is  fu r th e r  

complicated by the f a c t  th a t  the more the tectum is  d isrupted the more 

s tim u li are needed before the f is h  oeaae to  respond. In  the  group of 

f is h  where the p o s te rio r  r ig h t anp the a n te r io r  l e f t  p a rt o f the tectum 

was removed, the mean number of responses were 36 whereaa, the mean fo r  

the  h ab itu a tio n  stlrmalus ma 43*6* Tbs f is h  with the l e f t  lobe removed 

gat© the corresponding fig u res  o f 24 and 23 ,4  respectively*  Both groups 

had a t  le a s t  50% o f the tectum present* I f  th is  Is  taken with the evidenoa 

of the  high Incidm ce of p a r t ia l  h ab itu a tio n  in  the f is h  w ith the a n te r io r  

tectum. <MÜy present ( 5 0 !̂ ) i t  would suggest th a t  the teci:m  ac ts  as a  

unit*  I f  necessary , as In the  ease o f removal, the p a rt roiaalniï^ can 

assume th e  ro le s  o f th a t  rm oved. However, the more i t  i s  d isrup ted  Urn 

le s s  i t  can function  normally*

'1

■■ :
m i -  z '
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Only tho ncu findings ore l i s te d  In  th is  stmanary*

1 , I t  was foiund that a  0 , 0 (%& so lu tio n  o f MB222 fu l ly  

cmaoGthotisod 6 0 0  f is h  but th is  dilution was unstable# The fioh 

could surv ive fo r more than an hour in  th is  concentration  (p# 3 8 ) .

2# A method fo r  the closure o f tlio sk u ll a f t e r  surgery 

described (p . 3 9 )#

3 # The f i r s t  use o f  tlie s ta in in g  technique o f OAver and 

B arrera on fh.axiaua allowed th a t  the  f ib re s  hod very l i t t l e  a f f in i ty  

fo r  the  Luxol F ast Blue# This may in d ica te  d if fo r^ ic e s  in  th e  

Chemical car^posltion o f these  f ib re s  (p . 44)*

J

4* %» opocialisod  •Area* could bo found in  the  r e t in a  (p* 5 0 )#

5# A method fo r  cu ttin g  the  re tin a  tangcasticûly without

rmovinG piecee was described  (p# 5 5 ) .

6 # T riangu la r t r ip l e  cones as  w ell as th e  lix iear type appear 

to  be p resen t i n  tho r e t in a  o f th e  minnow (p# 6 9 )#

V0I



7 . Couzita wore node o f tlio r e t ln e l  rooeptors and i t  woo found 

th a t  tlio rocto o ing le  and double conoQ vjer© more rsumerous 

perlp lie re lly  than o en troH y , end th a t  tlte t r i p l e  end quadruple 

cones were nor© tenorous conti*olly (pe# 65, 69, 72),

3# The r e t i m  ia predominantly a  cone r e t in a  (p# 6 5 ).

9 . In  common with o th er te le o o t f is h  tliere  were a  g re a te r  number 

o f reoeptoro in  tlie tæ p o ra l  f ie ld  than in  the ro e tra l  f ie ld  o f 

the r e tin a  (p . 72).

10. The v en tra l region o f the r e t i m  d if fe r s  from the  d o rsa l in  

having very  few t r ip le  and qm druple oonm but a  laqgo mmbor ^  

double and s in g le  coneo (p . 72 ).

11. Tho v isu a l acu ity  o f various regions o f tho r e t i m  were 

co lou lated  and the extreme dorsal region was found to  bo lowest 

(p . 72 ).

12# The cone mosaic th e  re tin a  was diecussod and i t  wm 

suggeeted th a t  the quadruple and t r ip l e  cones possib ly  function  to  

rej^aoe th is  eiaqple mosaic. The d o s e  papoetimity o f  th& ind iv idual

cones would serve to  am jdiiÿ t)% boaofits  o f a  com ply mosaic (p . 73).
' ' ' - I ■

13# A simple appemtua for the prodaotioa of re tinal l*oi<ms ues

described (p. 86)#
, , ,

16# Lesions produced hy high intensity ligh t were descrihod (p. 86).
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15. The su rg ica l m ^oval o f  tho d lo tru c tio n  of the doroal 

r e t in a  ro su lto d  In the fioh  beinr; fu l ly  dark on a  black and 

latorm ediato  on a v id te  baclqgroand. S im ilar dos t r a c t  ion o r 

rœ o v a l o f tîie v en tra l r e t in a  re su lted  in  the fi@!i being inlorm e- 

(iiato on t i a  black and plae on a  vMt© Imckground# Fm n theoo 

ré su lta  i t  wao argued (p. 95) th a t the vdiol© of the r e t im  Id Id- 

po rtan t in  cl’rcttmtlc adap ta tion  and tliere  was no evidence fo r  any 

t'Ofîid r e t in a l  d if fe re n tia t io n  (pa# 9 3 -^ )#

16. TW s tru c tu re  o f the o p tic  t r a c t  o f the  minnow wos doseribod 

(p# 104).

17. The opt ham  su rv iv a l time fo r  tho degeneration o f tho o p tic  

t r a c t  using the  Hauta todm lquo mo 14 days a t  18% (p . 100).

18. The s tru c tu re  o f the o p tic  ehioama was described and 9 

d if fe re n t  conditions were found (p . 107).

19. I t  was found th a t  f ib re s  from the  o p tic  t r a c t  e i th e r  end in  

tW  o p tic  tectum o r in  the geo ictdo te  complex and no o th e r f ib re s

oould be found (po. 1 1 W 2 6 ).

20 . The s tru c tu re  and f ib re  connections o f the gen icu la te  complex 

was described and was homdlogised v ltli o th e r te le o s ts  @md o tW r 

h igher vortobratoe (po . 114-126}.
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21, The anatoniy of tho optic tootua waa deneribed togetlior with 

it s  fibre oonnoctione (ps. 127-134).

22. An accurate acooont of the odour of blind»} mdnnoue wos 

preaentad sho'/lng after the In itia l darkening holf of the fioh 

pole and tho other half romain dark (po. 135-139)*

23* Tho colour of blinded fish  oould not be affected by external 

oonditlone (p. 139)*

24* Attempts to find enatomieal différences between the dark and 

pole blinded fish  proved tUBUCoessful (p* 140)»

25» FoUouiag oomplete remorsl of the optic tactua the fieh  s t  

f ir s t  pslsd to a mean 0 ,0 ,1 . of 2^7 but after 24 bourn th ^  darken 

to  very variable tin ts (pa, 142-149)•

26. Unilateral section of the optic tract cov^od with unilattmal 

tecta l ranoral on the same or o^qpooite sldo did not affect tho
t

ab ility  of the fish  to dhengo colour (p, 149)*

27* Tho b ilateral removal of the imtorlor tectum from o blim W  

darkened fish  did not affect it s  colour (p* 153)*
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28# Tlio b i la te r a l  rénovai o f  the p o s te rio r  tectum of a darkened 

blinded fio h  couoed naxlinal p o llo r  (p# 153)*

29* By e  sorieo  of le a  ions an aroa in  the  do rsa l p o s te rio r  %-mrt 

o f th e  o p tic  tectiaa mo iso la ted  and found to  cause dartcenlng in  

Û blinded minnow Vecauso following i t s  removal the f is h  pcslod 

(pe. 153-062)#

3 0 * The presonce o f the  ant& rior o r p o s te rio r  tectum alone on

one o r both s id es oauood p e rs is te n t p a llo r  in  normal flfsh (po* 172-1%)*

31# The presence of tho a n te r io r  te c tm  on one s id e  and tlie 

p o s te rio r  on th e  o th er enabled th e  f is h  to  adapt c h ro % tic a lly  to  

it© back£^,rorad (po# 17WL80)#

32# Small ræiovel© from the tectum did  not e f fe c t  colour oliorge 

provided they were below 9% o f tho to t a l  toctim# L&rgor removal©

In the d o rsa l tectum reduced the  ex ten t o f im ti l  f a i r ly  la rg e

removals (1£% tectum) corned the  f is h  to  be pale on a l l  backgroimtfe 

(ps# 18W 86)#

33# The mode of action of the geniculate eomplex and tîie tectum 

in relation to .oolour ma discussed (ps* 186-198)#

SoctifM  7

34# The optiM» survival time for tecta l efferent fibres to



degonorat© fo r  tïie -îaute tedmicm© was 16 days a t  18% . (p# 199).

35# A possib le oochûlary paliJhg cmrtve was id e n tif ie d  aru3. i t s  

utructur©  described (po. 2 %"-2 0 3 ) .

vfSî SÏÀmJà

36. Tlie apparatus fo r  Ijnplentation o f e lec trodes in to  the o p tic  

tectian was described (p . 217).

37. The o|ipEiratii0  fo r  oontinuous recoi'dlog during background 

rev e rsa l wm doscïdbeà (p . 218).

38. Tho e f fe c t  o f a ira re  on colour clier^ge and on the m o rta lity  

o f  the  f is h  woa discussed  (p . 221).

39. The sec was recorded from the su rface and tlm t i t  consisted

of two rhytlm », a  6-14cy/8ec (112-20 v) and a  IS-SAcy/sec (lS -6  v ) ,

(p . 223).

40. EGG recordings fro® f is h  im dorim ass, iW e r aaw ïstho tie  and 

following blinding showed th a t  the a c t iv i ty  o f the  tectum was 

d ire c tly  re la te d  to  tW  r e t in a l  irqjut and th a t  in  a l l  cond itlom

where tho amplitude o f tlie E8G was reduood th e  f is h  darkened (p . 230-237).

41. E0B p a tte rn s  were recorded and analysed fro© variouo dcptW  

and p o sitio n s in  o p tic  tectum during badcground re v e rsa l. I t  

was found th a t  in  depths 1 , 2# and 3 no ohrnges were preootst but In
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doptlis A and 5 changes tn  the  order o f lOqy/see wore found in  

th e  HP rh y tto , (ps# 237-253) •

42# Tho :;6G p e tto iro  wore diocuosod and a possib le îiypotîyoiB 

fo r  tho ac tio n  o f tho tectum in  chromâtIc  adap tation  proponed 

(po# 254-262).

43. A working typotliasle waa proposed fo r  the con tro l of eb ro m tlo  

adap ta tion  in  the  minnow (263-270)#

44# The hypothesis was discussed  in  r e la t io n  to  o th e r th eo rie s  

on colour cliange In  te le o e t  f is h  (271-273).

a .^ g o J L S

45# The behaviour of normal miimowB In a beater was described 

and analysed. I t was compoeed o f three patterns, a rest period, 
» *• 

a» up-down oseape respoose and a low-Xcnml e:qûœ*tory rospomo*
, A ,Y„ 1 . 1 '  ’ I _ 1 !'  I. j

T h o  r e s t  period wbb drnnlnent (pe* 274*279)«
■ ’ ' ' - I  ' ■ I-' ■ : ' ) - 1 ' . ' '

r '
46, îlorowl raîwwHB In a beaker after teotal reawslo show reriouB 

modlflaatixme in  behaviour (pe,-2âO-â82), .
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47. B lind fioh  in  b e tto rs  sliow a d if fe re n t z^ehavicswrcd. p a tte rn  

to  normel f ish  and the low -level a c tiv i ty  predominates ( p e .  2 8 2 - 2 8 9 ) .

Blind fieri with te c ta l  le s io m  s^iowed variouc defects in  

motor behaviour (pe. 290-291)•

49. The rom ilts from tli© ana lysis o f a l l  the f ish  wore (p s . 292#» 

297) diacusced in  re la tio n  to  o ther ;iorkero and i t  mo sug; eoted 

tiia t t t e  o p tic  tectum m y be important in  m otivetlon and drive as 

w ell as being an Important co rre la tin g  centre (p . 296).

bootion

150. The ta il- f lip  response In the minnow was described (pe. 299#*

3 0 0 ) ,  and the orientation movementc fo lowing the extia ition  of

the ta iW lip , as a result of repeated presentation of tho stim dus,
'

ore ninpLo j'oflox balance «-eepcnees doe to the s!ioek waro (p# 313) •

51* T l. tectum vsa ehown to Inhibit the %nWmerian nourfflieB and 

represents sooood-orcler acoustlco-optlo learning (p, 3 I3 ) ,

5 2 .  A d escrip tio n  o f th e  response decrement o f n o m e l, b llW  and 

te c t« l  removed f ish  web presented (ps* 302-312),

53* The relationship between teotal mass and the Mauttmerian 

neuroaes m s discussed os well as a possible teetei. lascâwnisro (p, 316),
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