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A direct cerebello-telencephalic projection in an electrosensory 
mormyrid fish 
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After injections of the posterior part of the lateral zone of the area dorsalis telencephali (Dip) with either horseradish peroxidase or the 
newly available carbocyanine dye DiI, efferent cells were labeled in the valvula cerebelli of the mormyrid fish, Gnathonemus petersii. This may 
be a unique connection for this group of electrosensory teleosts, since no other vertebrate has ever been reported before to have a direct 
cerebello-telencephalic projection. 

The  complex  brain of mormyr ids  has a t t racted the 

a t ten t ion  of  neuroscient is ts  for almost  150 years 3. Re- 

cently,  it has been  es t imated  that  the brain weight /body 

weight  rat io  in mormyr id  fish is similar to humans 

(1:50) 19. The  ex t raord inary  deve lopment  of the valvula, 

a subdivision of  the cerebel lum unique to ray-f inned 

fishes, accounts  for much of  the large brain volume.  The 

valvula cerebel l i  is hyper t roph ied  in the Afr ican mormy-  

rids to such a degree  that  it envelopes  most  of the rest of 

the bra in  a4. Fu r the rmore ,  the te lencephalon  of  mormyr id  

fish ranges among the largest  and most  highly differen- 

t ia ted  ones  of all teleosts  a3'2°. The discovery that  mormy-  

rids are  e lec t rosensory  9 resul ted in speculat ion that  the 

large valvula might  process  e lec t rosensory information.  

Indeed ,  subsequent  neurophysiological  a8 and neuro-  

ana tomica l  6a° studies on mormyr ids  conf i rmed that  parts  

of  the valvula are re la ted  to the e lec t rosensory system. 

However ,  there  was no indicat ion of  a valvular  pro jec t ion  

to the te lencepha lon  in these studies 6'1°. 

Da t a  on te lencephal ic  connect ions  in mormyr ids  only 

recent ly  became  avai lable  when the afferent  and efferent  

connect ions  of  many  of  the te lencephal ic  subdivisions in 

Gnathonemus were invest igated with the H R P  and/or  the 

cobal t  techniques 17,21 (Rooney ,  in p repara t ion ;  Wulli- 

mann and Nor thcut t ,  J. Comp. Neurol., submit ted) .  

Fig. 1. Cross-sections through the valvula cerebelli showing (a) the 
location of a retrogradely filled cell within the inner valvular leaf 
after an injection of HRP into the telencephalon. Note the granular 
label in the cell body and axon. b: a lower power microphotograph 
of the retrogradely labelled cell (arrowheads) shown in a. Note size 
of labelled cell and its position within the intermediate layer. Lateral 
is to the left. g, granular layer; m, molecular layer; i, intermediate 
layer (containing centrally the Purkinje cell layer). Bars = 0.1 mm. 
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Fig. 2. Cross-sections through the valvula cerebelli showing (a) the labelled fiber bundles and efferent valvular cells (basal ceils and vertical 
cells, see text) in the ipsilateral valvular ridges of Gnathonemus after a DiI injection into the telencephalon, b: the same section emphasizing 
the valvular histology with the fluorescent Nissl-like counterstain rn-phenylenediamine. Abbreviations as in Fig. 1. Lateral is to the top. Bar 
= 0.1 mm. 

Fig. 3. Cross-section through a valvular ridge of Gnathonemus showing (a) many labelled cells (lateral is to the left), and (b) one enlarged 
central cell (lateral is to the top) after a DiI injection into the telencephalon. Arrow points to the axon. Bar = 0.05 mm in a; = 0.025 mm 
in b. 
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Fig. 4, Drawings of cross-sections through the brain of Gnatho- 
nemus illustrating (A) the DiI injection site (black spot) in the 
telencephalon, and (B) the course of labelled fibers (dashes) in the 
valvula. Squares indicate location of photomicrographs of Figs. 2, 3a 
and 3b. CA, commissura ansulata; Ce, corpus cerebelli; Dip, 
posterior part of lateral zone of area dorsalis telencephali; Din, 
medial zone of area dorsalis telencephali; g, granular layer; 1, lateral 
forebrain bundle; LI, inferior lobe of the hypothalamus; 11, lateral 
lemniscus; P, preoptic area; TL, torus longitudinalis; TO, tectum 
opticum; TS, torus semicircularis; Va, valvula cerebelli. Bar = 1 
h i m .  

HRP injections, which included the posterior part of the 
lateral zone of area dorsalis telencephali (Dip; see Fig. 
4A), provided a first indication of a connection with the 
valvula, as labelled fibers could be observed entering the 
valvular peduncle (Rooney, in preparation). These la- 
belled fibers could not be observed after injections of 
HRP into more rostral telencephalic areas. 

To consolidate these preliminary findings we anesthe- 
tized specimens of G n a t h o n e m u s  with MS 222 (Sigma) 
and selectively injected Dlp with HRP (Boehringer, 
grade 1 or Sigma, grade VI). After 2-7 days the animals 
were perfused and fixed in 4% glutaraldehyde. The HRP 
was visualized according to the protocol of Ebbesson et 
al. 1 or of Hanker et al. 8. Additional anesthetized speci- 

mens were perfused and fixed in 4% paraformaldehyde 
and Dip was injected with crystals of the carbocyanine 
dye DiI (Molecular Probes, OR). The brains were then 
incubated in the fixative for 47-100 days before being 
vibratome-sectioned at 50 #m. 

Following HRP-injections into Dip, labelled fibers 
were observed in the ipsilateral cerebellar peduncle and 
a few retrogradely filled cells could be seen in many 
ridges of the inner leaf of the ipsilateral valvula (Fig. 1). 
The DiI injections into Dip not only confirmed these 
results, but revealed the full extent of the valvulo- 
telencephalic connection. In the DiI cases massive fiber 
bundles were labelled in the ipsilateral valvular peduncle 
(Figs. 2, 4B) and many large neurons were retrogradely 
labelled all along the course of these fibers (Figs. 2A, 3) 
within the inner leaf of the ipsilateral valvula. Based on 
their topological position within the valvular ridges and 
their dendritic morphology, these labelled cells probably 
include representatives of all 3 types of valvular efferent 
neurons (basal, vertical and central) described by Nieuw- 
enhuys and Nicholson 15. At the bottom of the valvular 
ridges, large basal cells can be observed, whereas more 
apicaUy smaller vertical cells are labelled (Fig. 2). Central 
cells with less regularly arranged dendrites appear also to 
be labelled (Fig. 3). Labelled fibers were observed to 
cross in the commissura ansulata and to enter the 
contralateral valvular peduncle (Fig. 4B). However, no 
retrogradely labelled cells were observed in the contra- 
lateral valvula, and therefore a decision on whether these 
contralateral fibers are afferent or efferent could not be 
made. While the principal telencephalic target of the 
ascending cerebellar projection appears to be Dip, 
further studies are needed to elucidate how localized the 
valvular projection is within the telencephalon. 

In summary, the present data suggest that mormyrids 
may be unique among vertebrates in that they possess a 
direct cerebello-telencephalic projection; as such, this 
connection has never been reported before ~6. It seems 
unlikely that the absence of a cerebello-telencephalic 
projection in previous studies on cerebellar 4-6A°'11'19'22'23 

and telencephalic z'la connections in teleosts is due to the 
fact that different methodologies were used, as we could 
label the connection with both HRP and DiI. However, 
the application of the newly available DiI methodology 7 
allows one to trace neuronal connections in vitro for 
much longer distances than is possible with the in vivo 
techniques (HRP, cobalt, autoradiography). Therefore, 
studies in non-electrosensory teleosts with DiI should 
reveal if the cerebello-telencephalic connection is prim- 
itive for teleosts or if it is a neuroanatomical feature 
newly acquired during the evolution of electroreception 
in mormyrids. The latter possibility is suggested by both 
neuroanatomical 6 and electrophysiological TM findings in 



mormyr ids  which demons t r a t e  that  the cerebe l la r  regions 

re la ted  to e lec t ro recep t ion  are in the media l  and ventro-  

la tera l  areas  of  the  inner  leaf  of the  valvula (the 

m o r m y r o m a s t - a m p u l l a r y  region of  F inger  et al.6). Many  

of  the  r e t rograde ly  fi l led cells were found within this 

region.  

F u r t h e r m o r e ,  it was recent ly  argued that  extensive 

por t ions  of  the  e lec t rosensory- re la ted  neuronal  circuitry 

be tween  the t e lencepha lon ,  d iencepha lon  and cerebe l lum 

in mormyr ids  are  der ived  fea tures  for this group as they 

do not  exist in non-e lec t rosensory  teleosts  21'23. This was 

in te rp re ted  as the neuroana tomica l  consequence  of  the 

evolu t ion  of e lec t ro recep t ion  as a new sensory modal i ty  

in this te leost  group.  The  unexpec ted  cerebel lo- te lence-  

1 Ebbesson, S.O.E., Hansel, M. and Scheich, H., An 'on the 
slide' modification of the DeOlmos-Heimer HRP method, 
Neurosci. Left., 22 (1981) 1-14. 

2 Echteler, S.M. and Saidel, W.M., Forebrain connections in the 
goldfish support telencephalic homologies with land vertebrates, 
Science, 212 (1981) 683-685. 

3 Erdl, M.P., Uber das Gehirn der Fischgattung Mormyrus, Gel. 
Anz. Krnigl.-Bayer. Akad. Wissensch., 23 (1846) 403-407. 

4 Finger, T.E., Cerebellar afferents in teleost catfish (Ictaluridae), 
J. Comp. Neurol., 181 (1978) 173-182. 

5 Finger, T.E., Efferent neurons of the teleost cerebellum, Brain 
Research, 153 (1978) 608-614. 

6 Finger, T.E., Bell, C.C. and Russell, C.J., Electrosensory 
pathways to the valvula cerebelli in mormyrid fish, Exp. Brain 
Res., 42 (1981) 23-33. 

7 Godement, P., Vanselow, J., Thanos, S. and Bonhoeffer, E, A 
study in developing visual systems with a new method of staining 
neurones and their processes in fixed tissue, Development, 101 
(1987) 697-713. 

8 Hanker, J.S., Yates, P.E., Metz, C.B. and Rustioni, A., A new 
specific, sensitive and non-carcinogenic reagent for the demon- 
stration of horseradish-peroxidase, Histochem. J., 9 (1977) 
789-792. 

9 Lissmann, H.W., On the function and evolution of electric 
organs in fish, J. Exp. Biol., 35 (1958) 156-191. 

10 Meek, J., Nieuwenhuys, R. and Elsevier, D., Afferent and 
efferent connections of cerebellar lobe C1 of the mormyrid fish 
Gnathonemus petersi: an HRP study, J. Comp. Neurol., 245 
(1986) 319-341. 

11 Murakami, T. and Morita, Y., Morphology and distribution of 
the projection neurons in the cerebellum in a teleost, Sebastiscus 
marmoratus, J. Comp. Neurol., 256 (1987) 607-623. 

12 Murakami, T., Morita, Y. and Ito, H., Extrinsic and intrinsic 
fiber connections of the telencephalon in a teleost, Sebastiscus 
marmoratus, J. Comp. NeuroL, 216 (1983) 115-131. 

357 

phal ic  p ro jec t ion  r epor t ed  here  in Gnathonemus  may 

have the same evolu t ionary  explanat ion .  

The  funct ional  significance of  the cerebel lo- te lence-  

phalic pro jec t ion  needs  to be de te rmined .  Does  the 

valvula simply provide  higher  o r d e r  sensory informat ion  

to the  te lencepha lon  or  does it exer t  some control  over  

the t e lencepha lon?  Answer ing  these quest ions remains  

an exciting field to be invest igated.  
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