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The vascular responses to spinal heat stimulation were, 
on principle, the same at all applied stimulus intensities, 
even if panting was additionally evoked by strong heating. 
During vertebral canal cooling, a response like tha t  shown 
in Figure 1 was observed only at perfusion temperatures 
around 30°C, which correspond to an average vertebral  
canal temperature of 35.5°C ~. Stimulation with higher 
perfusion temperatures seemed too weak to induce a defi- 
nite vascular response. At stronger cooling, shivering, in 
addition to skin blood flow reduction, was evoked, which 
seemed to obscure the vascular response in the intestine by 
changes of muscle blood flow x. 

Figure 2 shows the effects of thermal stimulation of the 
kypothalamic temperature sensors. In the example demon- 
strated, the thermodes were perfused during cooling with 
water of 30 °C, which lowered hypothalmic temperature  to 
33.8°C, and during heating with water of 44.5°C, which 
elevated hypothalamic temperature to 40.7°C. The cir- 
culatory responses induced by these stimuli were obviously 
identical with those evoked by thermal stimulation of spi- 
nal temperature sensors. Increase of skin blood flow during 
heating as well as reduction during cooling were accompan- 
ied by opposite changes of intestinal blood flow. Arterial 
mean pressure was not affected by hypothalamic thermal 
stimulation. 

In the case of hypothalamic thermal stimulation, the 
demonstrated responses were observed, only with quanti- 
ta t ive differences, at all stimulus intensities. Depending on 
stimulus intensity panting was additionally evoked during 
heating and shivering during cooling. 

The thermoregulatory effects of heat  stimulation of 
both hypothalamic and spinal temperature  sensors were 
reflected by the courses of rectal temperature.  I ts  slight 

fall during central heating, as visible in the figures, was 
apparently caused by increased heat loss from the skin 
following cutaneous vasodilatation at  cool ambient  con- 
ditons. During central cold stimulation no such changes of 
core temperature at t r ibutable to thermoregulatory ad- 
justments of skin blood flow could be observed, probably 
because at  warm ambient  conditions the possible fluctua- 
tions of conductive heat  loss from the body surface were 
reduced. 

Conclusions. The pat tern of regional blood flow adjust- 
ments during central thermal  st imulation in the conscious 
dog is in agreement with the vascular responses observed 
in the anesthetized, paralyzed animals. Therefore, with 
respect to the underlying mechanisms, the same conclu- 
sions are justified. The results reported thus indicate tha t  
evocation of antagonistic changes of act ivi ty  in sympa- 
thetic efferents of the cutaneous and intestinal resistance 
vessels may occur in the conscious dog as a typical  ther- 
moregulatory response of the autonomic nervous system. 

Zusammenfassung. Am wachen Hund wurde bei selek- 
river thermischer Reizung von Riickenmark und Hypo- 
thalamus ein regionaler Durchblutungsantagonismus fiir 
das kutane und intestinale Gefiissgebiet als thermoregula- 
torische Antwort  nachgewiesen. 
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Evidence of Direct  N e r v o u s  Connect ions  B e twe en  

According to tex t  books, the sense organs (neuromasts) 
of the lateral line system of fishes are innervated by the 
so-called lateralis components of certain brain nerves. 
These include a pro-otic group which consists of compo- 
nents of the trigeminal nerve and the facial nerve, and a 
meta-otic group which is associated with the vagus nerve 
and, in some cases, with the glossopharyngeal nerve. These 
lateral nerves run to different series of neuromasts and 
supply single organs of these series by means of side 
branches. 

In the course of studies on the anatomy and develop- 
ment  of the lateral line system in the Genus Tilapia 
(Cichlidae) 1, evidence was obtained which indicated that  
apart  from the above-mentioned lateralis nerves there 
exist nervous bundles which connect the neuromasts 
directly with one another. Studies of the classic l i terature 
revealed, surprisingly, tha t  direct cellular connections be- 
tween the neuromasts of the lateral line system of fishes had 
already been intensively discussed in the early papers. 
The most important  of these publications, in so far as the 
present question is concerned, is tha t  by CLAPP ~ on the 
lateral line system of Batrachus. No paper before or after 
has portrayed the structures in question with such detail. 
Her  excellent figures (pl. XX,  compare Figures 22 and 
23) clearly show tha t  the neuromasts, which are spread 
over the various parts of the head and the trunk of Ba- 
trachus are not  only supplied by the commonly known 
lateralis nerves but  are also endowed with direct connec- 
tions, one with another. CLAPP calls these connections 
'connecting strands'  and remarks that  tha t  they 'had the 

the N e u r o m a s t s  of the Lateral  Line S y s t e m  of F i shes  

appearance of the commissures connecting the ganglia of 
the sympathetic  system, and from the fact tha t  it resisted 
the action of nitric acid, I inferred that  it was nerve tissue'. 
However, having discussed her observations on the con- 
necting strands as well as the interpretations by other 
authors, she left the question of their  nature open. 

Other authors of this period either considered the con- 
necting strands to be lymphatic canals or else suggested 
that  they were simply remnants of the embryonic de- 
velopment  and were devoid of function 1. I t  was SOLGER a 
who, alone, in 1880, definitely asserted tha t  the connecting 
strands were nerve bundles, 'marklose,  von kernfiihrender 
Schwann'scher Scheide umschlossene Nervenfasern'.  This 
conclusion was based upon observations of Acerina and 
Lota. In 1882 SOLGER 4 referred to "nerv6se Verbindung 
der Einzelorgane zu einer Organkette ' .  This is an interest- 
ing formulation which indicates a vague idea about  the 
physiological implications of the fibers. 

In the following decades, the controversy concerning 
the 'connecting strands',  important  as it  was, fell gradually 

1 A more detailed publication is being prepared. Compare also O. H. 
SPIESER, Anatomische Untcrsuchungen an den Hirnnerven yon 
Tilapia (Cichlidae, Teleostei). Diss. Math.-Naturw. Fakult~t Tti- 
bingen (1970). 

2 C. M. CLAPP, J. Morph. 15, 223 {1899}. 
3 B. SOLGER, Sitz. bet. naturf. Ges. Halle Jg. 1880, 105 (1880). 
4 B. SOLGER, ZOOI. Anz. 5, 660 (1882). 
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i n to  obl iv ion,  t?~AUTHER 5, work ing  on  s y n g n a t h i d s ,  was  
a m o n g  t h e  few l a t e r  a u t h o r s  who  p a i d  a t t e n t i o n  t o  t he se  
e n i g m a t i c  s t ruc tu res .  O t h e r s  gave  fa i r ly  c o m p l e t e  de-  
sc r ip t ions  of l a t e r a l  l ine  s y s t e m s  w i t h o u t  b e i n g  aware  t h a t  
' c o n n e c t i n g  s t r a n d s '  ex i s ted .  Some  worke r s  d id  m a k e  ob-  
s e r v a t i o n s  o n  t h e m  b u t  d id  n o t  rea l ize  t h a t  t h e y  h a d  al-  
r e a d y  b e e n  t h e  s u b j e c t  of m u c h  d i s p u t a t i o n  in t h e  l i t e ra -  
tu re .  Thus ,  BERGEIJK a n d  ALEXANDER e, w o r k i n g  on  
Fundulus, were su rp r i sed  fo f ind  s t r a n d s  b e t w e e n  neuro-  
m a s t s  a n d  be l i eved  t h a t  n o b o d y  before  was  aware  of t h e m  
e x c e p t  for  DENNY 7. L ike  some of t h e i r  predecessors ,  
BERGEIJK a n d  ALEXANDER i n t e r p r e t e d  t h e  c o n n e c t i n g  
s t r a n d s  as  r e m n a n t s  of t h e  l a t e ra l  l ine  e m b r y o n i c  t issue.  

Indeed ,  f rom t h e  t i m e  of t h e  ear l ies t  s tudies ,  t h e  com- 
m o n  op in ion  was  t h a t  t he se  s t r a n d s  a re  de r ived  f rom t h e  
e m b r y o n i c  a n l a g e  of t h e  l a t e r a l  l ine  sys t em.  I n  y o u n g  
e m b r y o n i c  s tages  t h i s  an l age  cons is t s  of rows  of cells 
w i t h i n  t h e  e p i d e r m a l  ep i the l i um.  These  rows  a n t i c i p a t e  
t h e  p a t t e r n  of t h e  l a t e r a l  l ines.  T h e  n e u r o m a s t s  f o r m  a long  
t h e m ,  p r o b a b l y  d i r ec t ly  f r o m  cells be long ing  t o  t he se  rows. 
I n  t h e  course  of d i f f e r e n t i a t i o n  of t h e  n e u r o m a s t  an la -  
gen i n to  sense  cells a n d  s u p p o r t i n g  cells, t h e  cells of t h e  
cord  ly ing  b e t w e e n  t h e m  b e c o m e  l e n g t h e n e d  a n d  fo rm 
c o n n e c t i n g  s t r a n d s  (Figure  1). These  s t r a n d s  f i r s t  lie a t  t h e  
base  of t h e  epidermis .  However ,  w h e n  t h e  l a t e ra l  l ine  ca- 
nals  a re  fo rmed  t h e y  are  d isp laced  d o w n w a r d s  t o g e t h e r  
w i t h  t h e  n e u r o m a s t s  so t h a t  t h e y  e v e n t u a l l y  lie on  t h e  
f loor  of t h e  cana l s  (Figure  2). Because  t h e  c o n n e c t i n g  
s t r a n d s  of a d u l t  f ishes  are  so f ine  one  m a y  u n d e r s t a n d  w h y  
m a n y  observers ,  w h o  were  n o t  aware  of t h e i r  exis tence ,  
ove r looked  t h e m .  

Fig, 1. Surface section from a young Tilapia mariae (I0 mm long) 
showing 2 neuromasts CN of the upper trunk lateral line connected by 
a strand CS. During adult development such neuromasts are dis- 
placed into scaly canals. FN, anlagen of free neuromasts which 
remain on the epidermal surface. Distance between two neuromasts 
(CN) 0.12 mm. Preparation stained by the Bodian procedure. 

T h e  p r e s e n t  a u t h o r  h a s  s tud ied  t h e s e  s t r a n d s  in Tilapia 
nilotica a n d  in o t h e r  Tilapia species m a i n l y  in t h e  reg ion  
of t h e  u p p e r  a n d  lower  l a t e ra l  l ines  of t h e  t r u n k ,  a n d  to  a 
c e r t a i n  e x t e n t  in  t h e  h e a d  region.  T h e  genera l  p a t t e r n  of 
d i s t r i b u t i o n  of t h e  s t r a n d s  closely r e sembles  t h e  descr ip-  
t i o n  g i v e n  b y  CLAPP for  Batrachus. 

T h e r e  is s t r o n g  ev idence  t h a t  t h e  s t a t e m e n t  b y  SOLGER 8,4 
i n d i c a t i n g  t h a t  t h e  c o n n e c t i n g  s t r a n d s  func t i on  as  ne rv -  
ous  s t ruc tu res ,  is correct .  Th i s  suppos i t i on  receives  s u p p o r t  
for  t h e  fo l lowing reasons :  1. Microscopic  o b s e r v a t i o n s  
h a v e  s h o w n  t h a t  t h e  c o n n e c t i n g  s t r a n d s  of a d u l t  Tilapia 
are  s i m i l a r  in  s t r u c t u r e  to  ne rves  de r ived  f rom gangl ia  in  
t h e  m a i n  s y m p a t h e t i c  c h a i n  ( compare  CLAVP). 2. T h e  
c o n n e c t i n g  s t r a n d s  can  be  se lec t ive ly  s t a i n ed  b y  t h e  EL- 
BADAWI a n d  SCHENK m e t h o d  s. T h i s  h i s t o c h e m i c a l  t e s t  
r evea l s  t h e  p re sence  of  ace ty lcho l ines te rase .  T h e  enzyme" 
can  b e  t r a c e d  b y  b r o w n i s h  red  c o p p e r  fe r rocyan ide .  

F resh ,  unf ixed ,  c r y o s t a t  sec t ions  (20 a n d  30 vtm) were  
i n c u b a t e d  for  1 h a t  37°C. A c e t y l c h o l i n t h i o j o d i d e  ( S E R -  
VA) was  used  as  a s u b s t r a t e .  E v e n t u a l l y  t h e  sec t ions  were  
f ixed  in 4 %  formal in ,  for 10 min ,  a n d  t h e n  e m b e d d e d  
e i t h e r  d i r ec t l y  in  g lycer ine  gel or, a f t e r  be ing  t r e a t e d  w i t h  
a l u m  h e m a t o x y l i n  (Meyer ' s  H a e m a l a u n g ) ,  in  D e P e X .  

T h i s  d e m o n s t r a t i o n  was  m o s t  successful  w i t h  connec t -  
ing s t r a n d s  of y o u n g  f ishes 10 m m  long. I n  f ishes whose  
n e u r o m a s t s  were a l r e ad y  enclosed in cana l s  t h e  s t r a n d s  
could  be  fol lowed on ly  s h o r t  d i s t ances  due  to  t h e  d i f f i cu l ty  
of o b t a i n i n g  comple t e  series of sect ions.  I n  o lder  Tilapia, 
scales  h a v e  c o m p l e t e l y  f o r m e d ;  these  are  e x t r e m e l y  h a r d  
a n d  r e n d e r  c r y o s t a t  sec t ion ing  diff icul t .  

T h e  on ly  a r g u m e n t  for  t h e  n e u r a l  n a t u r e  of t h e  connec t -  
ing s t r a n d s  s t i l l  l ack ing  shou ld  e v e n t u a l l y  be  p r o v i d e d  b y  
e lec t rophys io logy .  However ,  such  e x p e r i m e n t s  do  n o t  lie 
w i t h i n  t h e  f r a m e w o r k  of t h e  p r e s e n t  a u t h o r ' s  s tudies .  One  
would  l ike to  specu la t e  a b o u t  t h e  phys io log ica l  f u n c t i o n  of 
t h e  c o n n e c t i n g  s t r ands ,  for  i n s t a n c e  w i t h  r e spec t  to  per i -  
p h e r a l  i n t eg r a t i o n .  B u t  such  s p ecu l a t i o n s  m a y  be  some-  
w h a t  p r e m a t u r e .  A t  a n y  ra te ,  cons ide r ing  t h e  r enewed  
in t e r e s t  in  t h e  l a te ra l  l ine  s y s t e m  of fishes,  e lec t rophys io-  
logists  a n d  n eu ro cy t o l o g i s t s  shou ld  t a k e  in to  a c c o u n t  t hose  
d i rec t  co n n ec t i o n s  b e t w e e n  t h e  n eu ro mas t s .  

Zusammen]assung. Auf  h i s t o c h e m i s c h e r  Bas i s  wi rd  a n  
Tilapia (Cichlidae, Teleostei)  die be re i t s  1880 v o n  SOLGER 
geAusserte  u n d  spi i ter  i n V e r g e s s e n h e i t  ge r a t ene  Auf fa s sung  
best~ttigt,  dass  die  V e r b i n d u n g s s t r g n g e  zwischen d e n  Neu-  
r o m a s t e n  in d e n  Sei tenkan~ilen bei  K n o c h e n f i s c h e n  m a r k -  
lose N e r v e n f a s e r n ,  ~i2anlich j e n e n  des  v e g e t a t i v e n  N e r v e n -  
sys tems ,  s ind.  
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Fig. 2. Tilapia nilotica (total length 192 mm). Canal within a scale of 
the lower trunk lateral line. CN, neuromast. The roof of the canal 
has been removed in order to display the connecting strands CS more 
clearly. Length of the canal 3.1 ram. Preparation stained by the 
Hematoxylin technique after maceration with nitric acid. 
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