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Aerial and Aquatic Respiration of 
Certain Trochtds 

The two mid-littorai trochids Monodonta lineata and 
G. umbilicatis, the low-tide level species G. cineraria, and 
the virtually sublittoral Calliostoma zizyphinum ex- 
Perience at  Plymouth  the following max imum degrees of 
exposure to air at their respective intert idal  levels~,2: 
M. lineata 75%, G. umbilicalis 63%, G; cineraria 40%, 
and C. zizyphinum 10%. This seems to correlate with their 
abili ty to utilize atmospheric oxygen or oxygen dissolved 
in sea-water. 

Determinations of the rates of oxygen uptake a t  
selected temperatures ranging between 3.5 and 25.0°C, 
in air and in water, were carried out  on adult  snails of 
these species. The experimental animals were collected 
from Rum Bay, Plymouth,  and kept under conditions of 
constant temperature (9-I0°C) and humidi ty  (95%) for 
at  least 3 or 4 days before experimentation. A volumetric 
respirometer based on BLIss's 3 simplified design of the 
plastic manometers devised by Scholander was used for 
all the measurements of oxygen uptake. For aquatic 

Oxygen uptake of 4 species of snails 

Snails Aerial oxygen Aquatic oxygen 
uptake/21/g/h/°C uptake/~l/g/h[°C 

determinations, a perforated shelf carrying a potassium 
hydroxide thimble and a guarded built-in magnetic stirrer 
was incorporated into the Perspex animal chamber. 

The rate of oxygen uptake was expressed in pl/g wet 
weight of flesh]h. The rate of oxygen uptake of the 4 
species increased linearly with temperature. The incre- 
ments observed are shown in the Table. 

Monodonta has the peculiarity that  its oxygen uptake 
in air continued to rise linearly with temperatures be- 
tween 15.0 and 20.0°C, bu t  i t  decreased in this tempera- 
ture range when the snail was submerged in water. The 
uptake observed at  18.5°C was only 52% of tha t  at 
15.0°C in water. I t  increased again and approached the 
aerial oxygen uptake above 20 °C. 

The present findings seem to show that  the abili ty o~ 
these species to utilize atmospheric oxygen, or oxygen 
dissolved in sea-water at  a given temperature, is one o~ 
the factors which determine their position on the shore. 

Rdsum& La consommation d'oxyg~ne de 4 esp~ces de 
Troques dans Fair et dans l 'eau est en relation avec leur 
distribution clans la zone intercotidale. 

H. MICALLt gF~ 

Zoology Department, Queen Mary College, 
University o[ London (England), 
May 31, 1966. 

C. zi~yphinum 1.8 10.6 
G. cineraria 4.0 9.0 
G. umbilicali.s 5.0 5.5 
M. lineata 5.5 5.0 

* J. COLMAN J .  mar .  biol. Ass. U.K. 18, 435 (1933). 
s R.G. EVASS, J. mar. biol. Ass. U.K. 27, 173 (1947). 
3 D. E. BL~SS, Biol. Bull. IOg, 275 {1953). 
4 I thank Professor G. E. NEWELL for his advice. 

Neurone Number in the Myenterlc Plexus in 
New-Born  and Adult Rats 

I t  is generally admi~ed that  during post-natal  growth 
the neurones of the Auerbach plexus (myenteric plexus) 
react  to the remarkable volume increase of the smooth 
muscular tissue by  increasing their volume considerably. 
Evidence is lacking as to whether an increase in the num- 
ber of neurones also takes place during this tremendous 
augmentation of their innervation territory. 

Material and methods. The nerve cells were stained ac- 
cording to the histochemical technique for the demonstra- 
tion of the NADH diaphorase with nitro-BT as electron 
acceptort; a similar technique has been employed by 
DUPONT et aL ~ for studying the Auerbach plexus in the 
rat  caecum. This enzymic activity is so intense in the 
nerve cell bodies tha t  their staining occurs long before the 
staining of the other elements of the intestinal Wall. This 
method allows us to detect also the small nervous elements 
with only a thin layer of cytoplasm around the nucleus. 
Another advantage of this technique is tha t  i t  can be 
easily employed on the intestinal wall in toto; in small- 
sized animals, in  fact, the external muscular layer being 
very thin, the Auerbach plexus is so superficial tha t  it  
can be reached b y t h e  substrate solution. 

The whole intestine, without previous fixation, was 
incubated in the substrate for 30 min at  room tempera- 
ture. Then, after formalin fixation, entire tracts of the 
canal were isolated and tr immed out;  the muscular layer 

with the interposed plexus was isolated and mounted in 
jelly; Employing this technique, some 250 laminae were 
prepared from 15 adult  and  15 new-born rats. Some of 
these laminae, taken from a tract  equally distant  from 
the duodenal flexure and the flee-colic valve, were sys- 
tematically photographed, and photographic reconstruc- 
tions, enlarged X 56 and × 175, were made. The countings 
of neuroblasts and neurones on the photographic plates 
were carried out, checking cell by  cell on the original 
str ip under the microscope (Figures 1 and 2). The count- 
ings were always carried out on entire rings of the in- 
testinal wall, so tha t  in a given tract  of the small intestine 
the differences in neurone densi ty  in the mesenteral and 
anti-mesenteral zone 8 could be overlooked. The intestine 
being a distensible organ, I tried to ensure a constant 
degree of distension before fixation; moreover, after the 
fixation, the total  length of the intestine was measured. 

The Nissl method and the silver impregnation method 
according to Bielschowsky (Figure 3) were also employed. 

Results. In  strip preparations stained by  the Biel- 
schowsky method the meshes of the plexus are much 
more tightly packed in the new-born than in the adult 

1 A, G. E. PEARS:S, Theoreticaland Applied Histockemis#y (Churchill, 
London 1960). 
J.-R. DUPONT, H. R. JERVlS, and H. SPRINZ, J. comp. Neurol. 
125, 11 (1965). 

s D. B. LEAmNO and N. CAUNA, J. Anat. 95, 160 (1961). 
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rats. Fur thermore ,  in t he  new-born  rats,  the  neurones  
are fewer in compar ison  wi th  t he  neuroblas ts  and  the  
nerve fibres are scant ier  t h a n  in the  adult .  

In  the  h is tochemical  prepara t ions ,  the  nerve  cells are 
very crowded in t he  new-born  ra t s ;  the i r  dens i ty  does no t  
vary much in di f ferent  t rac t s  of t he  small  intest ine.  F r o m  
the COuntings carr ied ou t  on pho tograph ic  reconst ruct ions  
on a to ta l  surface of a b o u t  1 c m  z, 64,900 nerve  cells/era ~ 
were calculated.  

In  adul t  specimens,  t he  h i s tochemica l ly  de tec ted  cells 
of nervous na tu re  are  m u c h  fewer . .The  count ings  carr ied 
out on a to t a l  surface of a few square  cen t ime te r s  give an  
average number  of  9350 cells/era ~. As regards t he  vo lume,  
the neuronal  popula t ion  is m u c h  less homogeneous  t h a n  
in the  new-born  rats .  

Fig. 1. Nerve cells of the myenterie plexus, stained by NADH dia- 
Phorase histochemical reaction, in the new-born rat, x 665. 

Pig. 2. Nerve cells of the myeuterie plexus, stained by NADH dia- 
phorase histochemieal reaction, in the adult rat, × 420. 
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The present  results  ind ica te  t h a t  t he  new-born  ra t ' s  
Auerbach  plexus  shows some features  of i m m a t u r i t y  
when  compared  w i t h  t he  adul t  one;  in addi t ion,  t he  
dens i ty  of the  nerve  cells in the  former  is m u c h  higher.  
The  7-fold reduc t ion  of t he  n u m b e r  of nervous  ele- 
m e n t s / c m  z m a y  be  due to  t he  large increase of t he  t o t a l  
surface of t he  intest ine.  Actual ly ,  in the  specimens f rom 
which  the  pho tograph ic  recons t ruc t ions  were prepared ,  
the  to t a l  surface of the  smal l  in tes t ine  was 6.51 cm ~ in 
new-born  animals  and  183.20 cm t in adu l t  ones respec- 
t ively ,  wi th  a t o t a l  surface increase of abou t  28-fold. The  
n u m b e r  of  ne rve  ce l ls /cm s is more  t h a n  7 t imes  smal le r  
in adu l t  t h a n  in new-born  an imals  whereas  t h e  to t a l  
surface is increased abou t  28-fold, so t h a t  t he  to t a l  
n u m b e r  of ne rve  cells of t he  myen te r i c  p lexus  in t h e  smal l  
in tes t ine  m a y  be  p resumed  to  be 4 t imes  grea te r  in adu l t  
t han  in new-born  specimens.  

The  r emarkab le  increase in t h e  absolu te  n u m b e r  of 
ne rve  cells du r ing  pos t -na ta l  g rowth  is t he  m a i n  f inding 
of t he  p resen t  inves t iga t ion .  T h e  mos t  li l tely exp lana t ion  
for  this  fac t  is t h a t  a large n u m b e r  of  morphologica l ly  
undi f fe ren t ia ted  elements ,  whose  po ten t i a l  ne rvous  na tu re  
is a l ready  es tabl ished when  the  an imal  is born,  m a y  func-  
t ion  as a reserve pool  and  undergo  progress ive  different ia-  
t ion  when  the  inne rva t ion  t e r r i t o ry  of the  myen te r i c  
p lexus  increases and i ts  func t iona l  organiza t ion  is de- 
fined. The  occurrence of a c lear-cut  neurone n u m b e r  in- 
crease in  the  myen te r i c  plexus  of t he  expe r imen ta l ly  
hyper t roph ied  in tes t ine  in adul t  animals  4-~0 suggests t h a t  
t h e  d i f ferent ia t ion  in this  reserve pool  is p robab ly  still  
incomple te  in the  adul t  animal .  

The  hypothes is  of mi to t i c  divis ions in nervous  elements ,  
or  of migra t ion  O f new nervous  e lements  f rom outs ide t he  
in tes t ine  dur ing  pos t -na ta l  growth,  is n o t  suppor ted  by  
this  inves t iga t ion ;  a t  present ,  however ,  these  theories  
canno t  be excluded.  

W h a t e v e r  the  origin of these  new elements ,  i t  has been 
ascer ta ined by  the  p r e s e n t  inves t iga t ion  tha t ,  d u r i n g  
pos t -na ta l  growth,  toge the r  w i th  neurona l  hype r t rophy ,  
an  i m p o r t a n t  increase in t he  n u m b e r  of nerve  cells is 
paral le led by  the  t r emendous  vo lume  increase of t he  in- 
ne rva t ion  terr i tory.  

Riassunto. Nel  plesso di Auerbach  de l l ' in tes t ine  tenue  
il numero  di cellule nervose,  colorate  con una  tepnica 
i s tochimica  e cen ta re  su larghe l amine  del la  pare te ,  
r i su l ta to  pifl di  7 vo l t e  minore  per  un i th  di  superficie nel  
r a t to  adu l to  r i spe t to  al neonate .  Poich~ nello stesso t e m p o  
si ver i f ica  un  a u m e n t o  di circa 28 vo t te  del la  superficie 
to ta le  de l l ' in tes t ine ,  si pu6 presumere  che il  n u m e r o  
compless ivo deUe ceUule nervose  del  plesso di  Auerbaeh  
ne l l ' in tes t ino  t enue  a u m e n t i  di  circa 4 v o l t e  duran te  
l ' accresc imento  pos t -na ta le .  

G.  ~ABELLA 11 

Department o] Histology and General Embryology, 
University o[ Turin (Italy), 
May 28, 1966. 

l~ig. 3. Nerve cells of the myenterle plexus, silver impregnated by 
the Bielsehowsky method, × 1070. 
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