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Abstract. There arc at least three di f ferent patterns of pretectal organizat ion in teleost fishes: a simple pattern 
observed in cypr inids , an elaborate pat tern present in p c r c o m o i p h s . and an in termedia te ly complex pat tern seen in 
many other teleost groups. The taxonomic d is t r ibut ion of the pretectal patterns indicates that the simple and the elab
orate patterns are both evolut ionar i ly derived (apomorphic ) f r o m the p r i m i t i v e (p les iomorphic ) intermediate ly com
plex one. In anguil l ids, the pretectal pat tern observed cytoarchitectonical ly has an anatomical conf igura t ion similar to 
that of the simple pat tern in cyprinids . The d i s t r ibut ion of acetylcholinesterase positiv ity in the pre tec tum (namely ace
tylcholinesterase posi t ivi ty in the parvo- and magnocellular superficial and poster ior pretectal nucle i , and acetylcholin
esterase negativity in the pretectal cell plate and the ovoid preg lomerular cell aggregate) , as wel l as the ret inal projec
tions (namely ret inal terminals in the parvocel lular superficial and central pretectal nucle i , and absence o f such t e r m i 
nals in the magnocellular superficial and posterior pretectal nuclei and the pretectal cell p la te ) , strongly supports the 
interpretat ion suggested by the cytoarchitectonic analysis. A s anguil l ids ( e l o p o m o r p h a ) and cyprinids (ostariophysi) 
are related only distant ly , this secondary s impl i f icat ion in the p r e t e c t u m l ikely occurred independent ly , i .e. this s impl i 
f ication represents a case of parallel reduct ion . 

Introduction 

Recently, it has been argued that at least three patterns 
of pretectal organizat ion can be discerned among the dif
ferent groups of teleost fishes [ W u l l i m a n n and M e y e r . 
1990; M . F . W u l l i m a n n . D . I . . M c y e r a n d R . G . N o r t h c u t t . 
u n p u b l . observ . ] : a simple pat tern , seen in some c y p r i 
nids, an elaborate p a t t e r n , observed in p c r c o m o i p h s . and 
an intermediately complex pat tern , present in most other 
teleost groups. B o t h the intermediately complex and the 
elaborate patterns are characterized by the presence of a 
large and complexly fo lded parvocellular superficial pre
tectal nucleus (SPN) and two pretectal nuclei w i t h the 
largest cells seen in a teleost pre tec tum, the magnocellular 
SPN and nucleus corticalis ( f i g . l a . b ) . In the interme

diately complex p a t t e r n , a large posterior pretectal 
nucleus is located caudomedia l to the parvocel lular SPN 
and dorsal to the p r e g l o m e r u l a r complex . In the elaborate 
p a t t e r n , nucleus g l o m c i ulostis is in a posi t ion comparable 
t o that of the poster ior pretectal nucleus in the interme
diately complex p a t t e r n . In contrast t o the posterior pre
tectal nucleus, however , nucleus glomerulosus displays 
dist inct g l o m e r u l i and extends caudally i n t o the preglo
m e r u l a r cell masses. F u r t h e r m o r e , the elaborate pat tern 
has an addi t iona l nucleus in the superficial pre tec tum, the 
in termedia te SPN ( f i g . l b ) . 

In contrast to b o t h the in termedia te ly complex pat tern 
and the elaborate p a t t e r n , in the simple pretectal pa t te rn 
seen in cyprinids ( f i g . I c ) . the superficial SPN appears 
n o n f o l d e d in cross-section. The posterior pretectal 
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C e corpus c e r e b e l l i P L I nucleus p e r i v c n t r i c u l a r i s l o b i i n f e r i o r e s 
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I nucleus p r e t e c t a l i s s u p e r f i c i a l i s pars i n t e r m e d i n s T L a nucleus o f the t o r u s la tera l i s 

I . I lobus i n f e r i o r T P p p e r i v e n t r i c u l a r nuc leus o f the p o s t e r i o r t u b e r c u l u m 
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nucleus is small ( f i g . Lc). A l t h o u g h a magnocel lular SPN is 
present, the in termediate SPN and nucleus corticalis are 
absent in the simple p a t t e r n . O f all the pretectal nuclei 
ment ioned, only the parvoce l lu lar SPN and nucleus c o r t i 
calis arc ret inofugal targets [ N o r t h c u t t and W u l l i m a n n . 
1988; Butler and Saidel . 1991]. 

Neuropi l and/or neurons o f all nuclei c o m p r i s i n g the 
three pretectal patterns can be character ized in a highly 
selective manner by acetylcholinesterase ( A C h E ) histo
chemistry [ W u l l i m a n n and M e y e r . 1989. 1990; sec f i g . 1 ] . 
Congruence of the histochemical A C h E d i s t r i b u t i o n w i t h 
the cytoarchitectonic de l inea t ion o f pretectal nucle i , in 
each of the three pat terns supports the hypothesis that the 
same-named nuclei are h o m o l o g o u s a m o n g the pretectal 
patterns. The absence o f A C h E - p o s i t i v e neurons in a 
posit ion where nucleus cort ical is w o u l d be expected 
reflects the absence o f this nucleus in Carassius. i .e . in the 
simple pattern [ W u l l i m a n n and M e y e r . 1990]. T h e taxo-
nomic d i s t r i b u t i o n o f the three pat terns indicates that the 
intermediate ly complex p a t t e r n is ancestral (p les iomor-
phic) for teleosts. whereas the o ther t w o patterns appear 
to be derived ( a p o m o r p h i c ) condi t ions ( f i g . 2 ) . 

Some nuclei in the i n t e r m e d i a t e l y complex p a t t e r n and 
the elaborate p a t t e r n have been d e m o n s t r a t e d to f o r m 
homologous visual pathways t o the h y p o t h a l a m u s [Saka

m o t o and I t o , 1982; M u r a k a m i et a l . . 1986; Str iedtcr and 
N o r t h c u t t . 1986. 1989; W u l l i m a n n and N o r t h c u t t . 1989]. 
The nuclei involved in these pathways are wel l developed 
in these t w o patterns. H o w e v e r , the homologous nuclei 
and some of their connections are lost (e .g . nucleus c o r t i 
calis) or reduced (e .g. posterior pretectal nucleus) in the 
simple pat tern of pretectal organization [ N o r t h c u t t and 
B r a f o r d , 1984; Str iedtcr and N o r t h c u t t . 1989; W u l l i m a n n 
and N o r t h c u t t . 1989]. 

A cytoarchitectonic analysis in the european cel . 
Anguilla anguilla, reveals that the nuclear organizat ion of 
the pretectal area shares many similarities w i t h that in 
cypr in ids . As Anguilla is an e l o p o m o r p h ( f i g . 2) and , thus, 
only distantly related to the ostariophysan cyprinids , 
these reductions l ikely occurred independently . H o w 
ever, an alternative in terpreta t ion seems possible. A 
large pretectal cell plate of uncertain identi ty at the base 
o f the optic tectum may represent the "nucleus corticalis ' 
that is seen in certain teleost species. F u r t h e r m o r e , the 
large o v o i d p o r t i o n of the preglomerular cell masses i n 
Anguilla may be the "posterior pretectal nucleus' or 
'nucleus glomerulosus' of other species. I f this were the 
case. Anguilla w o u l d show a mix ture of features char
acteristic of the intermediately complex and elaborate 
pretectal patterns. In order to test these alternative hypo-
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F i g . 1 . Schemat ic d r a w i n g s o f cross-sect ions t h r o u g h the d i e n c e -

p h a l o n a n d m e s e n c e p h a l o n o f a te leost f i s h s h o w i n g the g e n e r a l t o p o l 

ogy o f the t h r e e r e c o g n i z e d p r e t e c t a l p a t t e r n s a n d the a c e t y l c h o l i n e s 

terase d i s t r i b u t i o n i n these p a t t e r n s [ a f t e r W u l l i m a n n a n d M e y e r . 

199(1]. a) i n t e r m e d i a t e l y c o m p l e x p r e t e c t a l p a t t e r n e x h i b i t e d b y m o s t 

te leost g r o u p s ; b) e l a b o r a t e p a t t e r n o b s e r v e d i n p e r c o m o r p h s ; c ) s i m 

ple p a t t e r n present i n c y p r i n i d s . T h e t a x o n o m i c d i s t r i b u t i o n o f the p r e 

tec ta l p a t t e r n s is s h o w n i n f i g u r e 2. D o t s i n d i c a t e A C h E - p o s i t i v e c e l l 

b o d i e s , s t i p p l i n g A C h E - p o s i t i v e n e u r o p i l . See l ist f o r a b b r e v i a t i o n s . 

A A? ? C A A ? C ? ? A Β Β 

F i g . 2. C l a d o g r a m d e p i c t i n g p h y l o g e n e t i c r e l a t i o n s h i p s o f m a j o r 

teleost g r o u p s a c c o r d i n g t o L a u d e r a n d L i e m [1983] . D i s t r i b u t i o n o f the 

i n t e r m e d i a t e l y c o m p l e x ( A ) the e l a b o r a t e ( B ) . a n d the s i m p l e ( C ) p r e 

tec ta l pa t te rns is i n d i c a t e d . 

theses, we determined (1) the ret inal project ions, and (2) 
the acetylcholinesterase ( A C h E ) dis t r ibut ion w i t h i n the 
clienccphalon and pretectum of Anguilla. 

The first hypothesis, that of independent reduct ion, 
w o u l d be supported if ret inal projections reach the cell 
groups designated here as parvocel lular SPN, central pre
tectal , and dorsal accessory optic nuclei , but do not ter
minate in the nuclei called magnocellular SPN, posterior 
pretectal nucleus, and the pretectal cell plate (the possible 
nucleus cort ical is ' ) . In a d d i t i o n . A C h E w o u l d be ex

pected in the parvocel lular S P N . the magnocellular SPN 
and the posterior pretectal nucleus but not in the central 
pre tec tum, dorsal accessory optic nucleus, the pretectal 
cell plate ('nucleus corticalis") . or the large ovoid preglo
merular nucleus (the possible 'posterior pretectal 
nucleus') . I f the second hypothesis is correct, i .e. that 
Anguilla actually displays a mix ture of features character
istic o f the intermediately complex and elaborate pat
terns, then the same ret inal projections should exist, w i t h 
the addi t ion o f a ret inal pro jec t ion to the pretectal cell 
plate ('nucleus corticalis") . Fur ther , the ovoid preglomer
ular nucleus (the suspected 'posterior pretectal nucleus") 
and the neurons f o r m i n g the pretectal cell plate (the sus
pected 'nucleus corticalis") w o u l d be expected to be highly 
A C h E - p o s i t i v e . 

The taxonomic nomenclature is according to Lauder 
and L i e m [1983], and the anatomical nomenclature 
fol lows B r a f o r d and N o r t h c u t t [ 1983] and N o r t h c u t t and 
W u l l i m a n n [1988]. 

Materials and Methods 

A t o t a l o f 12 e u r o p e a n eels (Anguilla anguilla). 6 .5 -49 c m b o d y 

l e n g t h w e r e u s e d . A l l a n i m a l research d e s c r i b e d i n this s tudy was ap

p r o v e d b y the ' R e g i e r u n g s p r ä s i d e n t ' o f the State o f L o w e r S a x o n y , 

F R O . 

Horseradish Peroxidase (HRP) Neuronal Tracing 

R e t i n o f u g a l p r o j e c t i o n s w e r e v i s u a l i z e d i n seven spec imens . W h i l e 

the a n i m a l s w e r e d e e p l y a n e s t h e t i z e d w i t h t r i c a i n e m e t h a n e s u l f o n a t e 

( M S 222. S i g m a . D e i s e n h o f e n . F R O ) , a 3 0 % H R P s o l u t i o n ( B o e h -

r i n g e r , M a n n h e i m . F R G ) , c o n t a i n i n g 1 % d i m e t h y l s u l f o x i d e . 1 % l y s o -

l e c i t h i n , a n d 1 % k a i n i c a c i d , was i n j e c t e d i n t o one eye . A f t e r s u r v i v a l 

t i m e s o f 3 t o 6 days , the eels w e r e a g a i n anes the t ized i n M S 222 a n d 

t r a n s c a r d i a l l y p e r f u s e d w i t h c o l d (1.05 Μ p h osp h at e b u f f e r ( P B ; p l l : 

7 . 4 ) , c o n t a i n i n g 0 . 8 % s u c r o s e , 0 . 4 % g l u c o s e , a n d 0 . 8 % N a C I . f o l l o w e d 

b y 2 % g l u t a r a l d e h y d e i n PB c o n t a i n i n g 4 % sucrose. T h e b r a i n s w ere 

r e m o v e d f r o m the c r a n i a a n d s t o r e d i n the same f i x a t i v e o v e r n i g h t . T h e 

b r a i n s w e r e t h e n c r y o p r o t e c t e d i n 3 0 % sucrose in PB a n d cut t r a n s 

v e r s e l y o n a c r y o s t a t a t 25 u r n . T h e sect ions w e r e reac ted w i t h b e n z i d i n e 

d i h y d r o c h l o r i d e a c c o r d i n g t o the p r o t o c o l o f E b b e s s o n et a l . [1981] a n d 

c o u n t e r s t a i n e d w i t h n e u t r a l r e d . 

Acetylcholinesterase (AChE) Histochemistry. I n f o u r s p e c i m e n s the 

A C h E d i s t r i b u t i o n i n the d i e n c e p h a l o n a n d m e s e n c e p h a l o n w a s d e m -
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F i g . 3 . D r a w i n g s o f cross-sect ions t h r o u g h 

the c l iencephalon a n d m e s e n c e p h a l o n i n Anguil

la f r o m r o s t r a l (a) t o c a u d a l (c) s h o w the n u c l e a r 

o r g a n i z a t i o n , a) T h i s l e v e l c o r r e s p o n d s t o t h a t o f 

f i g u r e 4a . w h i c h shows the n o r m a l a n a t o m y o f 

the s u p e r f i c i a l p r e t e c t a l n u c l e i , b) T h i s l e v e l cor 

responds t o t h a t o f f i g u r e 5a. A s t e r i s k des ignates 

p o s i t i o n o f large A C h E - p o s i t i v e n e u r o n s , w h i c h 

poss ib ly represent a d i e n c e p h a l i c e f f e r e n t l a t e r a l 

l i n e nucleus (see t e x t ) , c) T h i s l e v e l c o r r e s p o n d s 

t o t h a t o f f i g u r e 5c. d) L a t e r a l v i e w o f the b r a i n o f 

Anguilla. M o s t c r a n i a l nerves have b e e n 

o m i t t e d . L e v e l s o f cross-sect ions s h o w n i n (a) -

(c) are i n d i c a t e d . L a t e r a l is t o the l e f t . B a r for 

(a) - (c) e q u a l s (1.5 m m ; bar i n (d) equals 1 m m . 

oust ra ted a c c o r d i n g to the p r o t o c o l o f L y n c h a n d K i l l a c k e y [1974] , Pro 

m e t h a z i n e ( S i g m a ) w a s used t o i n h i b i t nonspec i f i c c h o l i n e s t e r a s c s . 

R e p l a c e m e n t o f a c e t y l c h o l i n e - i o d i d e by S - b u t y r y l t h i o c h o l i n e i o d i d e 

( b o t h f r o m S i g m a ) r e s u l t e d i n no s t a i n i n g o f the b r a i n tissue at a l l . A 

d e t a i l e d d e s c r i p t i o n o f h i s t o c h e m i c a l p r o c e d u r e s a n d c o n t r o l s was 

g i v e n i n a p r e v i o u s p a p e r [ W u l l i m a n n a n d M e y e r . 1990]. 

Normal Anatomy. O n e s p e c i m e n w a s p e r f u s e d i n the same w a y as 

spec imens used f o r the H R P e x p e r i m e n t s . H o w e v e r , 4 % p a r a f o r m e a l -

d e h y d e i n 0.05 Μ P B was used as a f i x a t i v e . T h e b r a i n was p o s t f i x e d f o r 

six m o n t h s , t h e n e m b e d d e d i n p a r a f f i n a n d cut t r a n s v e r s e l y at 15 u r n . 

Sect ions w e r e m o u n t e d o n a l b u m i n - c o a t e d s l ides , s i l v e r - s t a i n e d w i t h 

p r o t a r g o l ( R o q u e s C h i m i c . S a i n t - O u e n , F r a n c e ) a c c o r d i n g t o the 

B o d i a n m e t h o d [ R o m e i s . 1989] a n d c o u n t e r s t a i n e d w i t h cresvl v i o l e t . 

Results 

The n o r m a l anatomy of the pretectum in Anguilla w i l l 
be described f i rs t , f o l l o w e d by descriptions of the ret inal 
project ions and the A C h E d i s t r i b u t i o n . 

Normal Anatomy 
Most rostral in the superficial pretectum a th in str ip of 

n e u r o p i l , r i m m e d by two layers of small cells which com
prise the parvocel lular SPN, lies between the ventrolate
ral opt ic tract and the ventrolateral border of the optic tec
t u m (P in f ig .3a . 4a, b ) . M e d i a l to i t . a group of large cells 
forms the magnocellular SPN ( M in f i g . 3a, b ; 4a, b ) . Fur
ther m e d i o v e n t r a l , a small nucleus, comprised o f more 
loosely scattered and smaller cells, can be observed. It 
may represent a small posterior pretectal nucleus ( P O in 
f i g . 3a; 4a) . Even more medioventra l lies a g r o u p of larger 
neurons. They are considered to represent the dorsal 
accessory optic nucleus ( D A in f ig .3a . b ; 4a, b ) . M e d i o -
dorsal to the magnocellular SPN, a central pretectal 
nucleus (CP in f i g . 3a, b ; 4a, b) can be seen. Fur ther cau
dal , the central pretectal nucleus expands mediodorsal ly . 
and a plate of loosely scattered, large cells emerges dorsal 
to it ( P R i n f i g . 3b; 5a) . This pretectal cell plate may reprc-
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sent nucleus cortical is as suggested by Medina et a l . 
IL990]. 

The preg lomerular cell masses extend rostral ly to the 
lateral border o f the bra in ( f i g . 3a) and lie underneath the 
superficial p r e t e c t u m . C a u d a l l y , the preglomerular cell 
aggregates shif t more media l ly and show an o v o i d shape 
( f ig .3b , c: 5c. d ) . Even m o r e caudal , the preglomerular 
complex eventual ly approaches the ventricle in the poste
r ior tubercular r e g i o n . A l t e r n a t i v e l y , the ovoid shaped 
por t ion o f the p r e g l o m e r u r cell masses may represent a 
huge posterior pretectal nucleus or a nucleus g lomerulo
sus. as suggested by E k s t r ö m [1982], 

Retinal Projections 
Heavy t e r m i n a l f ields arc f o r m e d in the parvocel lular 

SPN. central pretectal and dorsal accessory optic nuclei , 
but not in the magnocel lular SPN and the posterior pre
tectal nucleus ( f i g . 4 b ) . A d d i t i o n a l re t inal projections (not 
depicted) were observed t o reach the suprachiasmatic 
nucleus, the dorsal part o f the per iventr i cu lar pre tec tum. 
dorsal and vent ra l thalamus and f o u r layers of the optic 
tec tum. W i t h i n the t e c t u m , there are t w o layers of re t ino-
fugal fibers in the superf ic ial w h i t e and gray zones: a t h i n 
outer layer and a much t h i c k e r inner layer. A t h i r d ret ino-
recipicnt layer is f o r m e d by only a f e w fibers in the central 
zone of the tec tum. Even sparser labeled fibers can be 
observed immediate ly peripheral to the periventricular 
gray zone. A terminal f ield in a ventral accessory optic 
nucleus was not observed in retinal preparations. The 
nucleus was also not seen in normal anatomical prep
arations. 

F i g . 4. F o u r p h o t o m i c r o g r a p h s o f cross sec t ions t h r o u g h the super

f i c i a l p r e t e c t u m at s i m i l a r l e v e l s i n Anguilla. C o m p a r e w i t h f i g u r e 3a 

f o r d e l i n e a t i o n o f n u c l e i , a ) N o r m a l B o d i a n s ta in shows the n u c l e a r o r 

g a n i z a t i o n , b) R e t i n a l p r o j e c t i o n s i n t h i s a r e a v i s u a l i z e d by H R P . N o t e 

l i n e r e t i n o f u g a i t e r m i n a l s i n the p a r v o c e l l u l a r s u p e r f i c i a l p r e t e c t a l 

n u c l e u s a n d h e a v i e r t e r m i n a l f i e l d s i n the c e n t r a l p r e t e c t u m a n d the 

d o r s a l accessory o p t i c n u c l e u s . T h e m a g n o c e l l u l a r s u p e r f i c i a l p r e t e c t a l 

nuc leus a n d t h e p o s t e r i o r p r e t e c t a l n u c l e u s are d e v o i d o f t e r m i n a l s , c) 

A C h E h i s t o c h e m i s t r y . N o t e the p o s i t i v i t y i n t h e n e u r o p i l o f p a r v o c e l l u 

la r a n d m a g n o c e l l u l a r s u p e r f i c i a l p r e t e c t a l n u c l e i ( i n the l a t t e r case also 

in n e u r o n s , see a r r o w ) a n d i n the p o s t e r i o r p r e t e c t a l nuc leus , d) I l i g h e r 

p o w e r p h o t o m i c r o g r a p h o f an a d j a c e n t A C h E - r c a c t c d sec t ion w h i c h is 

c o u n t e r s t a i n e d w i t h c r e s y l v i o l e t i n o r d e r t o d e m o n s t r a t e the h i s t o l o g y . 

N o t e t h a t t h e h e a v y a c e t y l c h o l i n e s t e r a s e p o s i t i v i t y i n the p o s t e r i o r p r e 

tec ta l n u c l e u s e x t e n d s s o m e w h a t i n t o the d o r s o l a t e r a l p a r t o f the d o r s a l 

accessory o p t i c n u c l e u s ( a r r o w s i n d i c a t e b o u n d a r y b e t w e e n d o r s a l 

accessory o p t i c n u c l e u s a n d p o s t e r i o r p r e t e c t a l n u c l e u s ) . L a t e r a l is t o 

the l e f t . B a r e q u a l s 0 .1 m m i n ( a ) a n d a p p l i e s t o (a) - ( c ) ; bar in (d) 

equals 0.05 m m . 

AChΕ Histochemistry 
The A C h E posit ivity was observed in the n e u r o p i l 

of the parvocel lular SPN and the magnocellular SPN ( in 
the latter , neurons were also labeled: a r r o w in f i g . 4 c ) . 
and in the posterior pretectal nucleus ( f ig .4c ) . W h i l e 
some A C h E posit ivity was restricted to the dorsolateral 
parts of the neuropi l of the dorsal accessory optic nucleus 
( f i g . 4 d ) . no such posi t ivi ty was seen in the central pretec
tal nucleus and the pretectal cell plate ( f i g . 5 a . b ) . Even 
more relevant in the context of this study is that the 
huge o v o i d p o r t i o n of the preglomerular cell masses 
was observed to be completely A C h E - n e g a t i v e t h r o u g h 
out its entire rostrocaudal extent ( f ig .5c . d ) . H o w 
ever, the neuropils of nuclei direct ly adjacent to i t were 
heavily labeled ( f ig .5c . d ) . These nuclei include the n u 
cleus of the torus lateralis and the diffuse nucleus of 
the infer ior lobe. 

A d d i t i o n a l A C h E posi t ivi ty in tracts or neuropi l was 
seen in the torus longitudinal is and in the fasciculus r e t r o -
flexus, as well as in four bands in the optic t ec tum. T w o o f 
these bands are w i t h i n the superficial white and gray 
zones, and one is w i t h i n the central zone. Whereas the 
bands in the superficial white and gray zones coincide in 
location and depth w i t h re t inorcc ipicnt layers seen after 
H R P injections, the band in the central zone is m u c h 
thicker than the ret inal input layer. The f o u r t h A C h E -
positive band lies immediately peripheral to the per iven
tr icular gray zone. In a d d i t i o n , a tract interconnect ing the 
medial par i of the dorsal hypothalamus and the Saccus 
vasculosus was labeled. 

A d d i t i o n a l A C h E - p o s i t i v e diencephalic neurons were 
present in the preoptic region, inc luding the suprachias
matic nucleus, in the dorsal per iventr icular p r e t e c t u m , in 
the dorsal and ventral thalamus, and in the per iventr icular 
nuclei of the dorsal , ventra l , and caudal hypothalamus . 
H o w e v e r , the lateral and major p o r t i o n of the per iventr ic 
ular nucleus of the infer ior lobe was conspicuously free o f 
label ( f i g . 5 d ) . A number of giant neurons (asterisk in 
f igure 3b) . immediate ly lateral to the per iventr icular 
nuclei of the dorsal hypothalamus and the posterior t u b c r -
culutu , stain very intensely for A C h E . These neurons may 
represent the diencephalic efferent nucleus of the lateral 
line system [ P u z d r o w k i . 1989]. A d d i t i o n a l A C h E - p o s i 
tive neurons in the mesencephalon include some neurons 
in the per iventr icular gray zone of the optic t e c t u m , in the 
medial torus semicircularis. in the nucleus of the media l 
longi tudinal fascicle, in the scattered neurons of the ros
tral tegmental nucleus ( f ig .3c . a r row in f i g . 5 d ) . and neu
rons and neuropi l in the mesencephalic reticular f o r m a 
t i o n . 
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Discussion 

We wi l l f irst provide some background i n f o r m a t i o n on 
pretectal evolut ion in teleosts, then discuss the ret inal 
projections and the A C h E histochemistry in Anguilla. in 
this context, before o f fe r ing some conclusions. 

Pretectal Evolution 
In at least some species o f all major teleost groups, the 

most rostrally located ret inorccipient diencephalic target 
is the parvocellular SPN [see review by N o r t h c u t t and 
W u l l i m a n n . 1988). In the ancestral condi t ion in teleosts, it 
comprises a complexly pleated band of n e u r o p i l , r i m m e d 
by two layers o f small cells [ N o r t h c u t t and W u l l i m a n n . 
1988). Media l to this nucleus, the tectorecipient magno
cellular SPN can be observed in most teleosts |Northcutt 
and W u l l i m a n n , 1988]. Its neurons are large, and it docs 
not receive ret inal i n p u t . A t h i r d obvious pretectal 
nucleus, the nucleus corticalis . forms a plate of t ightly 
packed, large cells at the base of the tectum in para-
canthopterygians, acanthopterygians [Northcutt and W u l l i 
mann. 1988]. and some osteoglossomorphs. such as the 
arawana Osteoglossum bicirrhosum and the freshwater 
but ter f ly fish Pantodon buchholzi [ W u l l i m a n n and N o r t h 
cut t . 1989; W u l l i m a n n and M e y e r . 1990; But ler et a l . . 
1991 ] . Nucleus corticalis has been documented to be re t i 
norccipient in pcrcomoiphs and osteoglossomorphs 
[ N o r t h c u t t and W u l l i m a n n . 1988; N o r t h c u t t and But ler . 
1991; Butler and Saidel. 19911. 

I n Osteoglossum, both the parvocel lular SPN and 
nucleus corticalis project to the posterior pretectal 
nucleus, w h i c h , in t u r n , projects to the infer ior lobe of the 
hypothalamus [ W u l l i m a n n and N o r t h c u t t . 1989], I n per-
c o m o r p h teleosts. a s imilar connect ivi ty pat tern can be 
observed [Sakamoto and I t o , 1982; M u r a k a m i ct a l . , 

F i g . 5. P h o t o m i c r o g r a p h s o f cross sect ions t h r o u g h mesencepha

l o n ( a . b) a n d h y p o t h a l a m u s (c . d) of Anguilla. C o m p a r e t o f i g u r e 3b 

a n d 3c. r e s p e c t i v e l y , f o r d e l i n e a t i o n o f n u c l e i , a ) , b) A C h E - p o s i t i v i t y i n 

the c a u d a l s u p e r f i c i a l p r e t e c t u m s h o w n i n t w o ad jacent sect ions , (a ) is 

c o u n t e r s t a i n e d w i t h c r e s y l v i o l e t . N o t e t h a t cel ls f o r m i n g the p r e t e c t a l 

cel l p l a t e arc n o t l a b e l e d , c ) . d) A C h E - p o s i t i v i t y p a t t e r n i n the h y p o 

t h a l a m u s , s h o w n i n t w o ad jacent sect ions , (c) is c o u n t e r s t a i n e d w i t h 

c r e s y l v i o l e t t o show nuc lear o r g a n i z a t i o n . N o t e l a b e l e d cel ls ( a r r o w i n 

d) i n the r o s t r a l t e g m e n t a l nuc leus o f G r o v e r a n d S h a r m a [1981] d o r s a l 

t o the p r e g l o m e r u l a r c o m p l e x . T h e l a t t e r is e n t i r e l y f ree o f l a b e l . T h e 

h e a v y p o s i t i v i t y i n t w o p o r t i o n s o f the d i f f u s e nuc leus o f the i n f e r i o r 

l o b e a n d i n a s t r i p o f n e u r o p i l w i t h i n the d o r s a l aspect o f the nuc leus o f 

the l a t e r a l t o r u s contras ts w i t h the l i g h t e r labe l i n the rest o f the l a t t e r 

n u c l e u s . T h e p e r i v e n t r i c u l a r nuc leus o f the i n f e r i o r l o b e is f r e e o f l a b e l . 

L a t e r a l is t o t h e l e f t . B a r i n (a ) equals 0.1 m m a n d a p p l i e s t o (a) - ( d ) . 

1986; Str iedtcr and N o r t h c u t t . 1986: 1989: W u l l i m a n n 
and N o r t h c u t t . 1986]. except that an intermediate SPN 
exists as an addi t ional relay center between the parvocel
lular SPN and the posterior pretectal nucleus. The latter is 
called nucleus glomerulosus in percomorphs due to its 
characteristic histological appearance. The pretectal 
nuclei involved in these pathways in percomorphs have 
been referred to as the elaborate pretectal pa t tern , and 
the pretectal organizat ion in Osteoglossum has been re
fer red to as the intermediately complex pat tern [ W u l l i 
mann and M e y e r . 1990J. The latter has been argued to be 
p r i m i t i v e for teleosts. 

I n contrast , in the cypr in id Carassius auratus. the par
vocellular SPN is represented merely by a t h i n strip of tis
sue w h i c h , in cross-section, appears nonfo lded [ N o r t h c u t t 
and W u l l i m a n n , 1988], Springer and M e d n i c k [1985a] 
reconstructed the three-dimensional extent of the parvo
cellular SPN in Carassius and demonstrated that this 
nucleus shows a very simple fo ld ing in the goldf ish , com
pared to the complex f o l d i n g o f the parvocel lular SPN in 
percomorphs. Nevertheless, the parvocel lular SPN in 
cyprinids exhibits the histological appcareancc and retinal 
input typical of the ancestral c o n d i t i o n . The magnocel
lular SPN in Carassius is wel l developed and lies medial to 
the parvocellular SPN. 

I n some studies of visual projections in Carassius, a 
ret inofugal target, innervated via the ventrolateral optic 
tract , has been ident i f ied as "nucleus corticalis ' [Springer 
and Gaf fney , 1981; Fraley and Sharma. 1984; Springer 
and M e d n i c k . 1985b|. H o w e v e r , i t was pointed out in the 
first such report that 'nucleus c o r t i c a l i s . . . appears to be a 
caudal extension of area opticus pretectalis ventral is ' 
[Springer and Gaf fney . 1981: page 409]. These state
ments, as well as the pic tor ia l descriptions o f the sus
pected 'nucleus corticalis ' in Carassius. suggest that this 
nucleus may correspond to the caudal p o r t i o n of the dor
sal accessory optic nucleus [ N o r t h c u t t and W u l l i m a n n . 
1988]. The dorsal accessory optic nucleus in Carassius and 
other teleosts not only consistently receives ret inal input 
via the ventrolateral optic tract , but in addi t ion projects to 
the corpus cerebcll i [ W u l l i m a n n and N o r t h c u t t . 1988]. In 
contrast , nucleus corticalis of percomorphs receives re t i 
nal input via the dorsomcdial optic tract a n d . def ini te ly , 
does not project to the cerebel lum [ W u l l i m a n n and 
N o r t h c u t t . 1988]. This hodological evidence renders it 
very unl ikely that the suspected 'nucleus corticalis ' in 
Carassius is homologous to nucleus corticalis as recog
nized in percomorphs. O u r o w n observations, as wel l as 
those in other studies [ B r a f o r d and N o r t h c u t t . 1983: 
N o r t h c u t t and W u l l i m a n n . 1988; W u l l i m a n n and Meyer . 
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1990; Butler et a l . . 1991] of the cytoarchi tecture , ret inal 
projections and A C h E d is t r ibut ion in the pre tec tum of 
Carassius indicate that nucleus corticalis is absent in this 
species. 

The pretectal condi t ion just described for Carassius 
has been argued to be secondarily reduced [ N o r t h c u t t and 
W u l l i m a n n . 1988] and has been referred to as the simple 
pretectal pat tern [ W u l l i m a n n and Meyer , 1990]. 

A s out l ined in the I n t r o d u c t i o n , the cytoarchitecture 
of the pretectum in Anguilla is compatible w i t h either o f 
t w o hypotheses of its organization and evolut ionary his
t o r y . One hypothesis assumes that - as in Carassius - the 
parvocellular SPN and the posterior pretectal nucleus are 
reduced, while the magnocellular SPN is not . It fur ther 
more assumes that nucleus corticalis has been lost. I f this 
were the case. Anguilla would display the simple pat tern 
of pretectal organizat ion. 

A n alternative hypothesis is that the large, o v o i d 
shaped preglomerular cell aggregate of Anguilla corre
sponds to the posterior pretectal nucleus/nucleus glome
rulosus of other species, and that nucleus corticalis is 
represented by the large plate of loosely scattered cells at 
the base of the optic t e c t u m . I f this were the case, Anguilla 
w o u l d exhibit a mix ture of features characteristic of the 
intermediately complex or the elaborate pretectal pat
terns. Previous studies o f di f ferent patterns o f ret inal pro
jections [see N o r t h c u t t and W u l l i m a n n . 1988]. A C h E his
tochemistry [ W u l l i m a n n and M e y e r . 1989, 1990] and infe
rior lobe connections [Sakamoto and I t o . 1982; M u r a 
kami el a l . . 1986. Str iedtcr and N o r t h c u t t . 1989; W u l l i 
mann and N o r t h c u t t . 1989] in other teleosts provide the 
basis for tests of these hypotheses. The results of the pres
ent study support the first hypothesis and suggest that the 
posterior pretectal nucleus is minute and that the pretec
tal cell plate observed in Anguilla does not represent 
nucleus corticalis. 

Retinal Projections 
Ekström 11982] described the ret inal projections in 

Anguilla based on the cobalt technique. W h i l e we largely 
agree w i t h the pro jec t ion pat tern r e p o r t e d , his largely 
numerical terminology for the pretectum (pretectal 
nucleus 1-4) reveals that comparative terms could not be 
applied at that t i m e . A s addit ional cr i teria for recognizing 
pretectal nuclei arc now available, we interpret the pre
tectum as fol lows and give Ekström's 11982] designations 
in parentheses. I n o u r mater ia l , contralateral ret inofugal 
projections are f o u n d to reach the suprachiasmatic 
nucleus (nucleus opticus hypothalamicus) . the dorsal 
periventricular pretec tum (area pretectal is) . parvocel lu

lar SPN (nucleus geniculatus lateralis), central pretectal 
nucleus (prcctcctal nucleus 1). dorsal accessory optic-
nucleus (pretectal nucleus 3) . and the dorsal and ventral 
thalamus (nucleus dorsolateralis tha lami) . The addit ional 
ret inal input to the preoptic region that Ekström 1L982] 
repor ted , which we did not f i n d , was likely due to the 
higher sensitivity of cobalt in tracing fine projections. A 
small fascicle of the optic tract was also seen to course 
w i t h i n the dorsal marginal layer of the nucleus of the torus 
lateralis for a short distance in our mater ia l . A s the fas
cicle clearly does not f o r m terminals there, and as it even
tually rejoins the ventrolateral optic tract, we conclude 
that the nucleus o f the torus lateralis is not a ret inofugal 
target. 

In conclusion, the pattern of ret inofugal terminal fields 
in the pre tec tum of Anguilla reveals that the small and. in 
cross-section, nonplcatcd parvocellular SPN is ret inoreci -
pient . and that both the magnocellular SPN and the pre
tectal cell plate are not ret inorecipient . This ret inofugal 
pat tern clearly supports the hypothesis of a reduced pre
t e c t u m . 

In the moray cel . Gymnothoraxfunebris. the parvocel
lular SPN has even been reported to be entirely absent in a 
silver degeneration study [Ebbesson, 1968]. A d d i t i o n a l 
studies on ret inofugal projections in muraenids using 
H R P c o n f i r m this content ion | M . H . H o f m a n n and D . L . 
Meyer , u n p u b l . observ . ] . These findings indicate that , 
w i t h i n angui l l i forms . muraenids reduced parts of the pre
tectum even more than anguill ids. 

A ChE Histochemistry 
The restricted A C h E dis t r ibut ion wi th in the dorsolat

eral p o r t i o n of the dorsal accessory optic nucleus in An
guilla was not observed in three other teleost species 
[ W u l l i m a n n and M e y e r . 1990]. However , its ident i ty as 
the dorsal accessory optic nucleus is considered unques
t ioned since, in contrast to the posterior pretectal 
nucleus, it receives heavy retinal input via the ventrolat 
eral optic tract ( f i g . 4b) . A s in other teleost species [ W u l l i 
mann and M e y e r . L990], the neuropils of the parvocel lu
lar SPN. magnocellular SPN and the small posterior pre
tectal nucleus arc highly A C h E - p o s i t i v e in Anguilla. N e u 
rons in the magnocellular SPN were also labeled. Further
m o r e , in Anguilla (present s tudy) , in the cichlid Hemi-
chromis [ W u l l i m a n n and Meyer. 1990]. and in the cyprinid 
Carassius [ W u l l i m a n n and M e y e r . L990] the nucleus of 
the torus lateralis a n d . at least, portions of the diffuse 
nucleus of the in fer ior lobe were labeled. H o w e v e r , there 
was no A C h E posit ivity in the large pretectal neurons 
f o r m i n g the cell plate at the base of the optic tec tum in 
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Anguilla ( f ig .5a . b ) . nor was there any posit ivity in the 
neuropil of the ovoid preglomerular cell aggregate 
(f ig.5c. d ) . In contrast, s trong A C h E posit ivity has been 
observed in neurons of nucleus corticalis and in the neuro
pi l of the posterior pretectal nucleus/nucleus g lomerulo 
sus in other teleost species | W u l l i m a n n and Meyer , 1990]. 
These data render it unl ikely that the pretectal cell plate 
and the ovoid preglomerular nucleus represent a nucleus 
corticalis and a posterior pretectal nucleus, respectively. 
Rather, the A C h E d is t r ibut ion clearly supports the 
hypothesis of a reduced pretectal pat tern in Anguilla. 

The pretectal cell plate in Anguilla more l ikely repre
sents a unique specialization ( a u t a p o m o r p h y ) of some 
anguillids. The huge ovoid p o r t i o n of the preglomerular 
cell masses is superficially similar in appearance to the 
nucleus glomerulosus of percomorphs (or the posterior 
pretectal nucleus) and has been interpreted as such 
[Ekström. 1982]. Wc have argued [ N o r t h c u t t and W u l l i 
m a n n . 1988; W u l l i m a n n and Meyer . 1990] that a glomer
ular nucleus existsonly in paracanthopterygians and acan-
thopterygians and that a histologically simpler posterior 
pretectal nucleus is its homologue in more ancestral 
teleosts [ W u l l i m a n n and M e y e r . 1990; W u l l i m a n n and 
N o r t h c u t t . 1989]. The posterior pretectal and g lomerular 
nuclei are both strongly positive for A C h E . The large 'glo
merular nucleus' in Anguilla is not . I t is therefore unl ikely 
that this nucleus is even a posterior pretectal nucleus. A 
small AChE-pos i t ive posterior pretectal nucleus, how
ever, was f o u n d more dorsally in Anguilla in the present 
study. The ovoid preglomerular nucleus, therefore , most 
l ikely represents a hyper t rophied lateral preglomerular 
nucleus, which is related to ascending mechanosensory 
i n f o r m a t i o n in other ray-f inned fishes [ M c C o r m i c k . 
1989]. The lateral preglomerular nucleus is also free of 
A C h E posi t ivi ty in other teleosts [ W u l l i m a n n and Meyer . 
1990]. Moreover , the p r i m a r y and secondary mechanorc-
ccptive centers in the brain stem (medial octavolatcralis 
nucleus, eminentia granulans; Alnaes . 1973a. b : Mere
d i t h et a l . , 1987] and mesencephalon [lateral torus semi-
circularis . M . F . W u l l i m a n n . pers. observ . ] , respectively, 
arc also well developed, which indicates a hyper t rophy of 
this sensory system in Anguilla. This in terpre ta t ion of the 
large ovoid preglomerular nucleus must stil l be con
f i r m e d , as the ascending mechanosensory pathways have 
been described only as far as the torus semicircularis in 
Anguilla [ M e r e d i t h and Roberts . 1986]. 

A l t e r n a t i v e l y , the ovoid preglomerular cell aggregate 
may be a ter t iary gustatory nucleus, which is s imilar ly 
enlarged in Carassius [ N o r t h c u t t and W u l l i m a n n . 1988; 
W u l l i m a n n . 1988]. I f so. the hyper t rophy of the ter t iary 

gustatory nucleus in both Anguilla and Carassius w o u l d 
represent a case o f paral lel ism. I f the o v o i d preglomerular 
nucleus in Anguilla turns out to be the mechanosensory 
preglomerular center, its hyper t rophy is convergent w i t h 
the large ter t iary gustatory preglomerular nucleus in 
Carassius. 

Conclusions 

M a n y characteristics of pretectal organizat ion in 
Anguilla resemble the simple pretectal pat tern described 
in Carassius [ W u l l i m a n n and M e y e r . 1990]: 1) the parvo
cellular SPN is represented by a th in nucleus appearing 
nonfolded in cross-section and containing a central neuro
pil which is ret inorecipient . A C h E - p o s i t i v e . and is sand
wiched by t w o layers of small neurons. 2) M e d i a l to the 
parvocel lular SPN. there is a magnocellular SPN which is 
not ret inorecipient but is A C h E - p o s i t i v e . 3) M e d i o v e n -
tral to the magnocellular SPN. a minute A C h E - p o s i t i v e 
posterior pretectal nucleus can be f o u n d . 4) A l t h o u g h , 
unlike in Carassius. there are loosely scattered large neu
rons at the base of the tectum in Anguilla, these neurons 
are not A C h E - p o s i t i v e and ret inorecipient . There fore , 
Anguilla probably lacks a nucleus corticalis . as does 
Carassius. (5) Carassius retains only a minute ventral 
accessory optic nucleus, which has been argued to be 
ancestrally present in ray-f inned fishes [ N o r t h c u t t and 
W u l l i m a n n . 1988; W u l l i m a n n and N o r t h c u t t , 1988). Simi
larly, in Anguilla this nucleus can not be observed in either 
retinal preparations or in normal mater ia l . H o w e v e r , we 
did not look at specimens in the migratory silver-eel stage. 
There is evidence that eels in that stage develop a ventral 
accessory optic nucleus (nucleus opticus accessorius of 
Medina et a l . . 1990]. 

These features compris ing the simple pattern of pre
tectal organizat ion have so far been described only in 
some ostariophysan cyprinids [Ekström. 1987; N o r t h c u t t 
and W u l l i m a n n . 1988; W u l l i m a n n and M e y e r . 1990]. in 
addi t ion to the e l o p o m o r p h Anguilla in the present study. 
I n Elops saurus. another e l o p o m o r p h . a small nucleus 
corticalis ma) 1 be present [But ler ct a l . . 19911. and a 
pleated parvocel lular SPN [ N o r t h c u t t and W u l l i m a n n . 
1988] and a posterior pretectal nucleus which is slightly 
larger compared to the one found in Anguilla. can be 
observed [Butler et a l . . 1991]. The pretectum of Elops. 
therefore, exhibits a mixture of features characteristic of the 
(derived) simple or the (ancestral) intermediate ly com
plex pretectal patterns, and , therefore , appears to be less 
reduced than that of Anguilla. M o r e o v e r , the interme-



300 W u l l i m a n n / 1 [ o f m a n n / M e y e r 

diately complex pat tern (pleated parvocel lular SPN. large 
poster ior pretectal nucleus and presence o f nucleus c o r t i -
calis) can be observed in most osteoglossomorphs and in 
many other teleosts [ W u l l i m a n n and M e y e r , 1990: But ler 
ct a l . . 19911 and has been argued to be ples iomorphic for 
teleosts [ W u l l i m a n n and Meyer , 1990], This taxonomic 
d i s t r i b u t i o n of pretectal patterns strongly suggests that 
anguil l ids underwent a reduct ion of homologous nuclei 
paral le l t o that in cyprinids . 

U n f o r t u n a t e l y , the efferent projections of the small 
poster ior pretectal nucleus are not k n o w n in either Caras-
sius or i n Anguilla. I t is therefore unclear whether or not 
the poster ior pretectal nucleus looses its heavy pro jec t ion 
to the in fer ior lobe, together w i t h its morphologica l 
r e d u c t i o n , in one or both species. Pre l iminary results 
f r o m injections of the fluorescent carbocyanine neuronal 
tracer D i l in to the in fer ior lobe of Anguilla in our labora
t o r y showed no retrogradely labeled cells in the o v o i d pre-
g lomerular cell aggregate, a l though labeled f iber bundles 
traverse i t . This is consistent w i t h our in terpre ta t ion that 
this large nucleus is neither the posterior pretectal nucleus 
nor nucleus glomerulosus as present in other teleosts. 
H o w e v e r , we d i d not positively recognize labeled neurons 
in the small posterior pretectal nucleus of Anguilla. 

A n independent reductive process leading to m o r p h o 
logically similar s impli f icat ions o f the pretectum in An
guilla and Carassias could be due to similar env i ronmenta l 
pressures or condit ions . The otherwise widely divergent 
general m o r p h o l o g y ( inc luding that of the brain) and life 
habits o f these t w o teleosts suggests that an a l ternat ive , 
non-adaptat ionist explanation [ N o r t h c u t t . L988] is more 
l i k e l y : s tructural or genetic constraints may channel 
reduct ive processes in l i m i t i n g ways, a l lowing some, but 
not o t h e r , morphologica l changes. 
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