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A B S T R A C T The rete mirabile of Hippopodius (C1. Hydrozoa, O. Siphonophora) is 
a sheet of giant endoderm cells penetrated by branches of the ventral radial canal. 
The cells appear to be highly polyploid. The rough ER is very richly developed and 
expanded ER cisternae containing amorphous material (presumably synthesized 
protein) are observed near the outer cell surface. The cells are electrically coupled, 
and are connected by gap junctions. The rete is electrically excitable and cell to cell 
conduction of action potentials at 10 cm/s is observed. The action potentials are all- 
or-none, positive-going events, showing amplitudes of about 70 mV and arising 
from a 44 mV resting potential. Slowly developing and decaying secondary depo- 
larizations, capable of summing to the 20 mV level, are also observed. After passage 
of a train of impulses, the rete cells swell and secretion drops appear at the surface, 
these changes becoming apparent within a few seconds. In 15 mM Mn 2+ the 
response fails to occur, and secondary depolarizations ("secretion potentials") are 
not seen. Spike propagation is not affected. In Na+-free solutions the spikes are 
reduced and propagation eventually fails. It is suggested that the spikes are 
sodium-dependent events which trigger a calcium-dependent secretory process. 
The composition and biological activity of the secretion are uncertain, but indirect 
evidence suggests a possible defensive or repellant role for the response. 

Impulse  propagat ion in epithelia is known to occur in hydrozoan  coelenterates 
and amphibian tadpoles and may occur in a number  o f  other  groups  (see reviews 
by Mackie, 1970, and Spencer ,  1974), to which must now be added  pelagic 
tunicates (Bone and Mackie, 1975; Mackie and Bone,  1976). The  analysis o f  these 
p ropaga ted  events at the cellular level has been carried furthest  in Xenopus 
tadpoles, where skin impulses are shown to be sod ium-dependen t  events, and 
where the epithelial cells are found  to be electrically coupled (Roberts and 
Stirling, 1971). Hi ther to  no equivalent informat ion has been available for  hydro-  
zoan epithelia which are usually very thin and difficult to record  f rom,  but the 
presence o f  gap junct ions between the cells in regions known to conduct  sup- 
ports the view that here too impulses probably spread by direct current  flow 
f rom cell to cell. 

The  present  work began in an a t tempt  to obtain intracellular recordings f rom 
an excitable hydrozoan  epithelium. The  fete mirabile (hereafter ,  "fete") of  
Hippopodius was chosen for study because of  the accessibility and large size o f  its 
cells (Chun,  1890, 1897; Mfinter, 1912). The  prepara t ion  tu rned  out  to be 
suitable for microelectrode recordings.  The  rete also proved to have the wholly 
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u n s u s p e c t e d  p r o p e r t y  o f  swel l ing  u p  a n d  p r o d u c i n g  s e c r e t i o n  d r o p l e t s  w h e n  
ac t iva ted  by p a s s a g e  o f  i m p u l s e s .  W h i l e  t he  c o o r d i n a t i o n  o f  s e c r e t i o n  has  b e e n  
s u g g e s t e d  p r e v i o u s l y  as a poss ib le  f u n c t i o n  fo r  e p i t he l i a l  c o n d u c t i o n  (Mack ie ,  
1970; R o b e r t s ,  1971), t he  p h e n o m e n o n  has  no t  h i t h e r t o  b e e n  d e m o n s t r a t e d  
e x p e r i m e n t a l l y .  

T h e  t i ssue  t hus  has  a d o u b l e  i n t e r e s t :  as t he  f i rs t  r e p o r t e d  case o u t s i d e  t he  
C h o r d a t a  o f  an  exc i t ab le  e p i t h e l i u m  w h e r e  the  cells a r e  l a r g e  e n o u g h  to p e r m i t  
r o u t i n e  p e n e t r a t i o n  with m i c r o e l e c t r o d e s  (in which  it o f f e r s  scope  fo r  m u c h  
m o r e  ex t ens ive  w o r k  in t he  f u t u r e )  a n d  as an  a p p a r e n t l y  u n i q u e  case  o f  a 
g l a n d u l a r  t i ssue  which  p r o p a g a t e s  t he  sp ikes  which  t r i g g e r  r e l ea se  o f  t he  secre-  
t ion  p r o d u c t .  

M E T H O D S  

Reference should be made to accounts by Chun (1897), Mfinter (1912), Tot ton (1965), and 
Carr~ (1968) for informat ion on the anatomy and development  of  Hippopodius and to 
Mackie (1965) and Mackie and Mackie (1967) for behavioral physiology. The  species in 
question is H. hippopus Forskal,  specimens of which were collected in the Bay of  Ville- 
franche-sur-Mer with fair regulari ty dur ing  Apri l  and May, 1975. The  experiments  were 
carried out at the Station Zoologique, Universit~ de Paris VI, at Villefranche-sur-Mer.  

The  rete is conspicuously located in the ventral radial canal of  each nectophore,  and 
beyond removing the nectophore  and pinning it down on a Sylgard pla t form,  no 
dissection was needed in o rder  to prepare  the gland for electrode work. The  tissues are 
t ransparent ,  and the individual cells can be seen clearly with a dissecting microscope at a 
magnification of x 50. The  only ref inement  to the viewing system worthy of  note was a 
double substage mir ror  reflecting a light beam independent ly  up  each half of  the 
microscope (Fig. 1). 

Intracellular  recordings were made with 30 mf~ glass microelectrodes filled with 3 M 
KCI, in conjunction with a Medistor A35 electrometer  amplif ier  and an FET amplif ier ,  
based on a design by Lee Vernon,  University of  Oregon.  The  latter was equipped with a 
bridge a r rangement  permit t ing current  injection, but it was not found possible to excite 
the cells by this means. Instead,  stimuli were given by an external  suction electrode placed 
adjacent to the rete. Shocks excite the endode rm sheet, of  which the rete is a par t ,  and 
impulses propagate  directly to the rete on an all-or-none basis. 

Polyethylene suction electrodes were used in some experiments  to monitor  passage of 
the impulse and to measure conduction velocity across the rete. 

Amplif ied signals were displayed on a Tektronix  5103 storage oscilloscope and photo- 
g raphed  with a Polaroid camera.  The  records included in this repor t  have been photo- 
graphically reversed,  and the prints re touched where necessary to restore faint regions 
lost dur ing processing. 

For microscopic examination of the cells, thin pieces of  the subumbrel lar  wall bearing 
the rete were cut out with scissors, mounted  in seawater, and examined by phase contrast 
or Nomarski  interference microscopy. Permanent  whole mounts of  fixed fete tissues 
were also made for general  study. A Philips EM 300 was used for electron microscopic 
study of sections cut from Epon blocks of fete tissues fixed in 4% glutaraldehyde,  post- 
fixed in 2% osmium tetroxide,  both buffered in cacodylate buffer .  

A N A T O M I C A L  R E L A T I O N S H I P S  

(a) The Resting Condition 

T h e  re te ,  d e s c r i b e d  by  L e u c k a r t  (1854) as a " s inus , "  is ac tua l ly  an  e x p a n d e d  
r e g i o n  o f  the  v e n t r a l  r a d i a l  cana l  a n d  consis ts  o f  a l aye r  o f  l a r g e  e n d o d e r m a l  cells 
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which f o r m  the lateral walls o f  the b ranch ing  canal system (Fig. 2 A). T h e  oute r  
walls o f  the canals are f o r m e d  by smaller ,  nong landu la r  e n d o d e r m a l  cells whose 
processes sp read  out  over  the gland cells, separa t ing  t h e m  in some places f r o m  
the mesogloea.  

T h e  mesogloea  is a layer of  extracel lular ,  f ibrous mater ia l  about  200 nm thick, 
pe r fo r a t ed  in places, allowing direct  contact  be tween the e n d o d e r m  cells and  
those of  the cover ing  (ectodermal)  epi thel ium.  T h e  lat ter  shows the usual 
features  of  this layer (Mackie, 1965) including mucous  granules .  Nerves  are  
absent  f r o m  both  ec t ode rm  and e n d o d e r m  in the region of  the fete .  
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FIGURE 1. Recording arrangement. External stimulating (S) electrodes are used 
to evoke impulses in the excitable epithelium adjacent to the rete. These events 
propagate to the rete where they are recorded by intracellular recording (R) 
electrodes, one of which (S or R) is wired to allow simultaneous current injection. 
The preparation is mounted on the stage of a binocular microscope equipped with 
a double substage mirror. 

T h e  e n d o d e r m a l  gland cells are  much  larger  than o ther  somatic cells in the 
animal.  T h e  nucleus is very large.  Spherical  in young  nec tophores ,  it becomes  
lobulated in older  ones  and  may eventually separa te  into f r agmen t s  (Chun,  1890; 
Mfinter,  1912). C h u n  (1890) l ikened the rete  cells to giant cells in o ther  animals  
where  "intensive metabolic  activity" was in evidence.  T h e  nuclei are  s trongly 
Feulgen-posi t ive and  are  p robab ly  highly polyploid,  like the giant secretory cells 
o f  insect larvae (Painter  and  Biesele, 1966) and  larvaceans (Fenaux,  1971). 

T h e  most  str iking fea ture  of  the cytoplasm (Fig. 3 A) is the ex t remely  rich and  
densely packed  rough  endoplasmic  re t iculum (RER). T h e  cell is clearly special- 
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ized for  synthesis o f  pro te in  for  external  use (Palade, 1975), but  in contrast  to the 
process in most  such cells the secret ion p roduc t  is not segrega ted  in s torage 
granules ,  but  seems to lie within e x p a n d e d  cisternae of  the RER near  the ou te r  
surface (Fig. 4 A). T h e  Golgi c o m p o n e n t ,  e lsewhere associated with concentra-  
tion and  packaging  o f  secretory products ,  is not  especially p rominen t .  An 
a p p a r e n t  absence of  specific s torage granules  is also a fea ture  of  p lasma cells 
(Zagury et al., 1970) but  such cases are  r a the r  except ional .  

T h e  gland cells are  jo ined  by septa te  desmosomes  at their  luminal  borders .  
Elsewhere the appl ied  m e m b r a n e s  are some 30-50 n m  apar t ,  except  for  close 
contact points identif iable as gap  junct ions  (Fig. 3B) and  resembl ing  such 
junct ions  in o ther  hyd rozoan  tissues ( H a n d  and Gobel ,  1972; C h a p m a n ,  1974). 

T h e  luminal  surface  of  the gland cells bears  microvillus project ions and  there  
are n u m e r o u s  vesicles in the adjacent  cytoplasm,  suggestive of  pinocytosis.  
T h e r e  is no indicat ion o f  discharge of  secretory ma t t e r  into the canals or  
elsewhere in glands fixed while in the rest ing state. 

(b) The Excited State 

Electrical or  mechanical  s t imulat ion of  the excitable epi the l ium which covers the 
nec tophore  evokes p r o p a g a t e d  epithelial impulses  which spread  over  the whole 
surface ,  and  also en te r  the e n d o d e r m  and  invade the rete.  In  this respect  the 
nec tophore  resembles  m edus a e  such as Sarsia and Euphysa (Mackie and  Passano,  
1968) where  exumbre l l a r  impulses  sp read  into the subumbre l l a r  e n d o d e r m .  In  
Hippopodius, the rete  can thus be excited by a s t imulat ing e lect rode placed at a 
considerable distance f r o m  it, as the impulses  are  p r o p a g a t e d  without  decre-  
ment .  

T h e  surface of  the rete  in the rest ing state is flat and  smooth .  Following 
repea ted  s t imulat ion it unde rgoes  a m a r k e d  change  in appea rance .  T h e  surface  
of  the gland develops  swellings, giving it a berry-l ike a p p e a r a n c e  (Fig. 5). 
St imulation at 2 Hz for  5 to 10 s usually p roduces  a visible change ,  which 
becomes m o r e  str iking the longer  the s t imulat ion is cont inued .  T h e  p r epa ra t i on  
shown in Fig. 5 B was s t imulated for  20 s. I t  r e t u rned  to the smooth ,  flat state 

again within 4 min of  the end  o f  the per iod  of  s t imulat ion.  
T h e  outlines of  these swellings are  the same as the outlines of  the gland cells 

pr ior  to s t imulat ion,  so it is concluded that  the gland cells are themselves  
increasing in vo lume  so as to p roduce  this bulging a p p e a r a n c e  at the ou te r  
surface.  Unfor tuna te ly ,  not  enough  material  was fixed in the excited condit ion 
to pe rmi t  a descr ipt ion o f  the excited gland at the electron microscopic level, or 
to say what  exactly happens  dur ing  the swelling process.  

Following s t rong  s t imulat ion,  the surface of  the rete  appea r s  not only swollen 

FIGURE 2. A, rete of  Abyla (Chun, 1897). The rete of Hippopodius is similar but 
larger. B, Feulgen-stained rete of Hippopodius. The clusters of nuclear lobules or 
fragments (e.g. in the large ring) represent nuclei of single gland cells. Diploid 
nuclei of ectoderm (e.g. in small ring) are much smaller and fainter. Scale, 50 #, 
~4 250. C, coupling of gland cells. Distance between cells penetrated was 280 /x, 
equivalent to a pathway crossing six membrane junctions. Horizontal scale, 50 ms; 
vertical scale, 20 mV (upper), 10 -~ amp (lower). 
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FIGURE 3. A, gland cell in endoderm of a young rete. The cell is separated from 
the ectoderm (ec) by a thin layer of mesogloea (m). Scale, 5 tz, × 6,000. B, gap junc- 
tion (arrow) between two gland cells. Scale, 0.2 /z, x 70,000. 

but frothy under  phase contrast or Nomarski  interference optics. Frothiness is 
due  to the presence of  small droplets at the surface of  the gland cells. The  
droplets coalesce, fo rming  larger pools of  fluid. An hour  or more after stimula- 
tion, long after  the swelling has subsided, small residual pools of  fluid can still be 
seen between the gland cells and the mesogloea (Fig. 4 B). 

Setting up a rete for microscopic or physiological study involves dissection and 
pinning, which strongly excite the conduct ing epithelia, including the rete. 
Newly moun ted  preparat ions invariably show swollen retes. In practice, it is best 
to wait for at least half  an hour  before starting work with electrodes, to allow the 
gland to re turn  to the resting state and secretion to disperse. 

The  changes in appearance  of  the gland accompanying  excitation fail to occur 
when manganese  ions are added to the seawater at a concentrat ion of  15 to 20 
mM. 
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FIGURE 4. A, expanded cisternae of rough endoplasmic reticulum (rer) near 
outer end of a resting gland cell. A thin process from an outer canal wall cell (o) 
runs between the gland cell and the mesogloea (m) in this section. Scale, 1 /.~, 
x 30,000. B, view of surface of rete in resting state, after recovery from the excited 
state. Secretion droplets lie over the gland cells. Outlines of rete cells and canals can 
be seen. Scale, 50 t~,.x 2,000. 

E L E C T R O P H Y S I O L O G I C A L  R E S U L T S  

(a) Intercellular Conduction and Coupling 

The  two dimensional s tructure of  the rete allows conduct ion velocity to be 
measured by a simple linear a r r angemen t  of  stimulating and recording  elec- 
trodes placed u p o n  its surface. Impulse  conduct ion th rough  the su r round ing  
nonglandular  epithelium is abolished by cutting a round  the rete with a scalpel. A 
mean conduct ion velocity value of  10 cm/s at 21°C was obtained in a series of  
measurements  made across one rete. 

Cur ren t  pulses passed th rough  a microelectrode placed in a rete cell p roduce  
cor responding  voltage changes in neighbor ing cells (Fig. 2C) showing that 
current  can flow between cells. 

(b) Wave Form of the Active Response 

The  active response of  rete gland cells consists of  two components  (Fig. 6), an 
initial fast spike and a delayed, slow depolarization. The  wave form characteris- 
tics are summarized  in Table I. The  resting potential is stable within the range 
shown, and shows no fluctuations when the gland is not stimulated. Single 
shocks usually evoke single spikes but repetitive firing is sometimes seen (Figs. 
6 C and 7 D) as in o ther  hydrozoan  epithelia (Mackie and Passano, 1968). 
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Fmum~ 5. Resting (A) and excited (B) states compared.  Scale, 500 ~, x 750 (see 
text). 
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FIGURE 6. Intracellular recordings from rete cells. Stimuli were delivered on 
adjacent conducting epithelia. A, single spike followed by secretion potential. B, 
summing of  secretion potentials to 20 mV level following series of  shocks. C, spikes 
and secretion potentials at slower speed (several sweeps superimposed). D, two 
superimposed sweeps 5 s apart, showing facilitation of  secretion potentials. Time 
scale represents 0.1 s in A, B, and D, 0.5 s in C. Amplification scale represents 20 
mV in A, B, and C, and 10 mV in D. 
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T A B L E  I 

WAVE FORM PARAMETERS 

321 

Spike A fterdepolarization 
Resting poten- 

tial Amplitude Duration Amplitude Duration 

Seawater  control  

Seawater  plus 15 mM 

manganese  

mV raV ms mV ms 

43.3-+5.0 69.7--+8.4 13.3-+1.3 9.8-+3.4 approx .  1000 

44.0-+2.0 68.7_+4.2 13.0_+1.0 

T h e  secondary depolarizat ions show ampli tudes within the range  of  4 to 16 
mV, the highest point  being reached within 150 ms o f  the spike. Summat ion  
(Figs. 6B and C) of  secondary depolarizations occurs, the summat ing  series 
reaching a max imum plateau of  about  20 mV, with a cor respondingly  
lengthened  recovery time. Decay f rom the 20 mV level occurs with a time 
constant of  about  2 s. 

Facilitation is observed in the early steps o f  a series o f  responses,  starting f rom 
the resting level. In the example  shown (Fig. 6 D) the response to a second shock 
coming 5 s af ter  the first is elevated by about  3 mV above the level of  the first. 

(c) Effects of Altering the External Ionic Milieu 

In seawater containing 15-20 mM Mn 2+ the slow depolarizat ion is abolished. 
Manganese competes  with calcium, suppressing calcium conductance  in crusta- 
cean muscle (Hagiwara and Nakajima, 1966) and in o ther  tissues. In some 
exper iments ,  slight a t tenuat ion o f  the spike was noted,  but  spike height  was 
never  reduced  below the level seen in normal  cells in o rd inary  seawater (Table I) 
and the lowered response could have been due  to a variety of  causes. T h e  spike 
now shows a hyperpolar iz ing  af terpotent ia l  (Fig. 7 B) in place of  the slow 
depolarizat ion shown by the control  (Fig. 7 A). T h e  slow depolarizat ion does not 
re -emerge  even af ter  a series o f  spikes which would suffice for  summat ion  to the 
20 mV level in a control  cell. 

Artificial seawaters made  up  with choline chloride or Tr is-HCl substituted for 
sodium chloride have the effect of  reduc ing  the spike height  to below 40 mV and 
increasing its dura t ion ,  as shown in Figs. 7 C and D. Spikes evoked by successive 
shocks 1 s apar t  showed fu r the r  progressive at tenuat ion (Fig. 7 C). At tenuated  
spikes are still p ropaga ted  th rough  the rete,  but  become ra ther  hard  to evoke on 
a one- to-one basis with stimuli and eventually fail. Secondary depolarizat ions 
following single spikes are small or  absent,  but  can still be obtained af ter  a series 
of  spikes (Fig. 7 D). 

A specimen placed in Na+-free seawater with 15 mM Mn 2+ initially shows small 
events like the "fat igued" spikes shown in Na+-free water,  but  these become hard  
to evoke, and the tissue soon becomes unresponsive.  A piece of  tissue placed in 
Na+-free seawater could probably carry a considerable amoun t  of  Na + in with it, 
enough  to suppor t  electrogenesis for  a while before  it d i f fused away. 

T h e  effects of  al tered ion concentrat ions repor ted  above are all reversible. 
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D I S C U S S I O N  

This  investigation,  though  of  a p re l iminary  na ture ,  establishes certain impor t an t  
facts about  the rete  gland cells. T h e y  are electrically excitable, f o rming  a 
conduct ing  epi the l ium in which al l -or-none s o d i u m - d e p e n d e n t  impulses p ropa-  
gate f rom cell to cell, p resumably  electrically via gap  junct ions ,  t r igger ing  release 
of  a secretion p roduc t ,  with calcium as the coupl ing ion. 

While the main outlines of  this picture  are quite clear,  the details r emain  
unexp lo red  and  some part icularly puzzling features  may be singled out  for  
special com m en t .  

1. Storage o f  secret ion p roduc t  p r ior  to release. Cells which p roduce  large 
amounts  o f  prote in  for  expor t  usually show conspicuous vacuoles in which the 
p roduc t  is condensed  and  s tored (Palade, 1975) but  the rete  cells show no such 
bodies and seem to store the p roduc t  in the rough  endoplasmic  re t iculum. 

2. Swelling p reced ing  release.  I t  is ha rd  to f ind a parallel for  the gross 
swelling which the activated rete cells show a few seconds af ter  s t imulat ion.  
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FIGURE 7. Experiments with ions. A, control in seawater. B, with 15 mM Mn 2+ C, 
low Na +, three shocks, 1 s apart showing declining response. D, production of 
secretion potential after series of spikes in low Na +. Time scale represents 20 ms in 
A, B, and C, 100 ms in D. Amplification scale represents 20 mV in each case. 

Swelling accompanies  electrical activity in squid axons (Hill, 1950) but  a f ter  
10,000 impulses  the increase in radius only amoun t s  to 0.05%. Gland cells of ten 
swell when activated owing to the intensive synthesis of  secretion p roduc t ,  but  
this process typically takes hours  r a the r  than seconds to become appa ren t .  Even 
in rapidly r e spond ing  endocr ine  glands (Luborsky-Moore  et al., 1975) there  is no 
evidence of  new pro te in  synthesis until 5-10 rain af ter  st imulation.  Microfila- 
ments  are absent  or very scarce in the gland cells, so the swelling can hardly  be 
due  to contractile de fo rma t ion  of  the cells. Perhaps  the swelling represents  water  
up take  and  hydra t ion  of  the raw secretion product .  T h e r e  might  be a parallel 
here  with mucocyst  discharge in Tetrahymena which seems to involve solubiliza- 
tion and osmotic swelling of  the p roduc t  (Satir, 1974), a possibility which is being 
investigated. 

3. Electrogenic events.  T h e  occurrence  of  p r o p a g a t e d  electrical events in this 
gland is not  in itself surpr is ing since o ther  epithelia in the same animal  conduct  
impulses,  and  several o ther  effector  responses  are coord ina ted  on the same 
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principle (Mackie, 1965; Mackie and Mackie, 1967). While the pr imary  propa-  
gated event  appears  to be a conventional  sodium spike, the secondary event  
(secretion potential) is blocked by manganese ,  suggesting that calcium ions are 
involved in the t r iggering step or that the secretion potential  itself represents  
calcium cur ren t .  However ,  potential  changes might also be expected to accom- 
pany rapid water uptake,  or exocytosis, and fu r the r  analysis is obviously neces- 
sary. T h e  long t ime course of  the depolarizat ion and the evidence of  facilitation 
and summat ion  appear  to be without parallel in o ther  gland cells which have 
been studied.  

4. Role of  Ca 2+. Calcium is well known to act as a coupling ion in many 
secretory processes (Rubin, 1970; Matthews, 1970), but  the exact nature  of  its 
involvement  is still being actively debated.  Calcium may be involved not  only in 
the t r iggering step but  also in binding of  the vesicles to the cell membrane ,  and 
the ions may be mobilized f rom intracellular storage sites, or flow in f rom 
outside (Dean, Matthews, and Sakamoto,  1975; Chandler  and Williams, 1974). 
T h e  Hippopodius cells, which are large and easy to keep electrodes in for  long 
periods,  seem to o f fe r  a potentially useful p repara t ion  for  analysis o f  the 
electroionic events associated with the secretion process. 

5. Biological role of  the secretion. An earlier suggestion (Mackie, 1975) made  
before  the results of  electron microscopy were available r e f e r r ed  to a possible 
role in ionic regulat ion,  but the ul trastructural  specializations of  the rete cells 
point unmistakably to prote in  synthesis as the main funct ion.  Labora tory  obser- 
vations (Mackie, 1965; Mackie and Mackie, 1967) show that the excitable epithelia 
in this animal are never  spontaneously active but  r espond  only to external  tactile 
stimulation. They  constitute a transmission pathway mediat ing a variety of  
effector  responses associated with protect ion and defense.  T h e  rete will be 
excited unde r  the same conditions which evoke these defensive responses and 
the re fore  presumably  functions in a defensive role itself. T h e r e  are several 
examples of  defensive secretions in marine  invertebrates including p reda to r  
repellants (Bakus, 1968; Edmunds ,  1968) and alarm phe romones  (Snyder and 
Snyder ,  1970; Howe and Sheikh, 1975). 

This  work was carr ied out  at the  Station Zoologique,  Universi t6 de Paris VI, Vi l le f ranche-sur-Mer ,  
France,  u n d e r  the  NRC-CNRS Scientific Exchange  p r o g r a m m e ,  and  was assisted by a NRC Trave l  
Fellowship and  Ope ra t i ng  Grant .  I t h ank  the  National  Research Council  o f  Canada  for this suppor t ,  
also P. Bougis ,  Director o f  the  Station Zoologique for provid ing  space and  facilities. Several people  
of fered  valuable sugges t ions  or technical  help,  a m o n g  w h o m  I part icularly wish to t hank  R. W. 
Meech and  C. L. Singla.  
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