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T h e  re su l t s  c a n  be  expressed  s e m i - q u a n t i t a t i v e l y  b y  
c o m p a r i n g  spo t  size a n d  i n t e n s i t y  of s t a i n i n g  r eac t ions  
w i t h  s t a n d a r d  a m i n o  ac ids  wh ich  were  loaded  us ing  1 /zl 
a t  a c o n c e n t r a t i o n  of 0.05 m, d isso lved  in aqueous  
p ropan-2 -o l  (10% v/v) .  T h e  resu l t s  a re  expressed  as  less 
t h a n ,  equa l  to,  or g r ea t e r  t h a n  1 p m o l  a m i n o  ac id /250 m g  
d r y  we igh t  myce l ium.  

Results and discussion. T he  2 o rgan i sms  grew well  on  
all  n i t r ogen  sources,  e x c e p t  t h a t  T. setigerum grew poor ly  
on  t he  m e d i u m  c o n t a i n i n g  a m m o n i u m  su lpha te .  This  low 
yield m a y  h a v e  b e e n  i n d u c e d  b y  t h e  ac id i ty  of t h e  
m e d i u m  wh ich  fell to  p H  3. A m o n g s t  a r ange  of n i n h y d r i n  
r eac t ive  c o m p o u n d s  n o r m a l l y  found  in  fungi  (see Tab le )  
were  h y d r o x y p r o l i n e ,  e t h a n o l a m i n e  a n d  s - a m i n o  b u t y r i c  
acid,  w h i c h  h a v e  b e e n  r e p o r t e d  on ly  r a r e ly  (e.g. SIEGEL 
a n d  CROSSAN s, MURRAY a n d  ZSCHEILE 9, Ff0RST a n d  
WAGNER10). 

H y d r o x y p r o l i n e  is n o r m a l l y  t h o u g h t  to  be  fo rmed  f rom 
prol ine .  VOGEL a n d  BONNER 11 h a v e  s h o w n  t h a t  Neuro- 
spora der ives  p ro l ine  f rom g l u t a m a t e  a n d  i t  is t he re fo re  
n o t e w o r t h y  t h a t  T. setigerum c o n t a i n s  e x t r a c t a b l e  p ro l ine  
w h e n  g r o w n  for  6 days  w i th  g l u t a m i c  acid,  b u t  n o t  w i t h  
ty ros ine ,  as n i t r o g e n  source. O the rwise  t y r o s i n e  p r o v e d  
to  be  as good a n i t r o g e n  source  as g l u t a m i c  acid,  a n d  was  
f o u n d  to  s a t u r a t e  t he  pool  of T. setigerum a f t e r  6 days .  

T h r o u g h o u t  t h e  e x p e r i m e n t s  ty ros ine ,  n o r m a l l y  f o u n d  
a t  tow c o n c e n t r a t i o n s  in  fungi ,  was  a lways  p r e s e n t  in  
pool  q u a n t i t i e s  s imi la r  to  g l u t a m i c  ac id  a n d  m a y  b e  of 
m e t a b o l i c  i m p o r t a n c e .  T he  s imi la r  q u a n t i t i e s  of t y r o s i n e  
a n d  g l u t a m i c  acid r ecorded  a f t e r  on ly  6 days  m a y  sugges t  
a g l u t a m a t e / t y r o s i n e  t r a n s a m i n a s e  s y s t e m  s imi la r  to  t h a t  
r e p o r t e d  b y  FIELDMAN a n d  GUNSALUS 12 in Escherichia 
coli a n d  b y  AMES a n d  HORECHER 13 in Neurospora crassa. 

Alan ine  a n d  ser ine occur red  w i t h  g r e a t  r egu la r i ty .  I n  
fac t  T. setigerum in  t he  p resence  of a m m o n i u m  s u l p h a t e  
p r o d u c e d  b o t h  a l an ine  a n d  ser ine be[ore t h e  recognized  
' k e y '  a m i n o  acids  g l u t a m a t e  a n d  a s p a r t a t e .  E v i d e n c e  for 
t h e  b i o s y n t h e s i s  of ser ine  f rom a c a r b o h y d r a t e  p r ecu r so r  

h a s  been  repor ted ,  b u t  m o s t l y  in a n i m a l  t i ssue  (for 
references  see MEISTER 1~). 

The  sma l l  n u m b e r  of a m i n o  ac ids  d e t e c t e d  us ing  T. 
setigerum fed w i t h  a m m o n i u m  ion m a y  r e semble  t h e  
r e su l t s  of SIMONART a n d  CHOW 15, who  d e t e c t e d  few 
a m i n o  acids  a t  low p H  b u t  n o r m a l  pool  sizes a t  la rger  p H  
us ing  A spergillus oryzae 16 

Rdsumd. Les masses  c o m m u n e s  des amino -ac ides  l ibres  
chez  Tetracladium setigerum et  Heliscus submersus o n t  6t6 
ana lys6es  p a r  des m 6 t h o d e s  c h r o m a t o g r a p h i q u e s  u t i l i s a n t  
une  couche  mince  de cellulose. El les  s o n t  t y p i q u e s  p o u r  
la p l u p a r t  des  mycbtes .  Les  anaino-acides  t ibres  n ' a p -  
p a r a i s s a n t  que  r a r e m e n t  o n t  6t6: l ' h y d r o x y p r o l i n e  chez  
T. setigerum cu l t iv6  sur  de  l ' ac ide  g l u t a m i q u e ,  l ' 6 thanoI -  
a m i n e  chez  T. setigerum e t  H. submersus cul t iv6  sur  l ' ac ide  
g l u t a m i q u e  e t  enf in  l ' ac ide  c¢-aminobutyr ique  chez  H.  
submersus avec  c o m m e  n u t r i t i o n  la ty ros ine .  
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T h e  D i s t r i b u t i o n ,  N a v i g a t i o n  and O r i e n t a t i o n  b y  the  Sun of Delphinus delphis L. in the  W e s t e r n  
M e d i t e r r a n e a n  1 

T h e  d i s t r i b u t i o n  of t h e  M e d i t e r r a n e a n  do lph in ,  Del- 
phinus delphis Lin.  (F igure  1) h a s  n o t  ye t  b e e n  inves t i -  
ga ted .  I f  a sh ip  leaves  t h e  Gul f  of L y o n  w i t h  a course  to  
t h e  wes t  a long  t h e  Span i s h  coast ,  schools  of do lph ins  are  
seen on ly  occas ional ly .  T h e y  are  se ldom seen b e t w e e n  
Capo de la Nao  a n d  Capo de Palos.  However ,  in t he  B a y  
of A lmer i a  off t h e  Capo de Ga ta ,  t he  schools  increase  in 
n u m b e r  un t i l  in  t he  w a t e r s  off Ma laga  t h e y  are  numerous .  
B e t w e e n  Malaga  a n d  G i b r a l t a r  t h e y  are  m o s t  f r equen t .  
I n  t he  S t r a i t s  of G i b r a l t a r  in  A u g u s t  1966 a n d  J u l y  1967 
we saw n u m e r o u s  schools  n o t  on ly  of D. delphis b u t  also 
of Stenella styx G r a y  ( E u p h r o s i n e  Dolph in ) .  W e  also en-  
c o u n t e r e d  polyspecif ic  schools  of these  2 species. D. delphis 
are  o f t en  seen a long  t h e  coas t  of Morocco (ALONCLE2). 
W e  h a v e  p r o v e d  b y  b i o m e t r i c  i n v e s t i g a t i o n s  t h a t  t h e  
A t l a n t i c  a n i m a l s  are  l a rger  t h a n  those  found  in t h e  
M e d i t e r r a n e a n ,  so t h a t  we are  lead to  be l ieve  t h a t  t h e r e  
are  2 fo rms  of t h e  s ame  species w h i c h  do n o t  cross t h e  
S t r a i t s  in to  each  o t h e r ' s  t e r r i t o ry .  

T h e  cons i s t ency  of t he  a p p e a r a n c e  of t he  schools  of 
D. delphis a lways  in t h e  s a m e  region  leads  us to  be l ieve  
t h a t  t h e y  are  conf ined  in t h e  w e s t e r n  M e d i t e r r a n e a n  to  a 
c e r t a i n  t e r r i t o ry .  Because  t he  exped i t i ons  h a v e  a lways  
t a k e n  p lace  in t h e  s u m m e r  m o n t h s ,  we are  u n a b l e  to  say  
w h e t h e r  or n o t  t h e  t e r r i t o r y  is t h e  same  t h r o u g h o u t  t h e  
whole  year ,  or if t h e  p o p u l a t i o n  of t h e  t e r r i t o r y  var ies  
f rom one season  to  ano the r .  

I n  J u l y  a n d  Augus t ,  m o s t  of t h e  schools  inc lude  ca lves  
a n d  n o n e  of t h e  h a r p o o n e d  females  were  p r e g n a n t .  No 
pa i r i ng  b e h a v i o u r  was  seen  in  J u l y  1967 b u t  v e r y  o f t en  
in  A u g u s t  1966, so t h a t  we p r e s u m e  t h a t  m a t i n g  t akes  
p lace  in S e p t e m b e r  or  Oc tober .  

a Contributions to Cetacea: XXX. - Carried out under the sponsor- 
ship of the Swiss National Fund for the promotion of scientific 
research (grant No. 4606) and the C.N.R.S., Paris. 
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The schools of do lphins  are seen more  of ten  5-10 miles 
f rom the  coast ,  i.e. ou t s ide  the  50 me t r e  (27 fa thoms)  
d e p t h  l imi t  (Figure 2). They  are no t  found  fu r the r  sou th  
t h a n  36 ° N. They  are c o n c e n t r a t e d  along the  Span ish  
coast  and  are  se ldom seen in t he  wa te r s  off Ceuta.  

I f  a zonal  d i s t r ibu t ion  for schools of D. delphis exists,  
w h a t  are t h e  phys ica l  and  biological fac tors  which  de te r -  
mine  t h e  eas te rn  and  sou the rn  bounda r i e s  of th is  terr i-  
t o r y  ? F igure  2 shows the  ex tens ion  of t he  te r r i tory .  A 
b a t h y m e t r i c  c h a r t  (Figure 3) p roves  t h a t  t he  Medi ter -  
r anean  is f rom 50-1000 me t r e s  (27-547 fa thoms)  deep  in 
th is  a rea  and  w h e n  the  2 cha r t s  are compared ,  i t  is obv ious  
t h a t  the  region where  the  schools are  m o s t  f r equen t ly  
found  does  no t  ex t end  over  the  1000 me t r e  (547 t a thoms)  
mark .  W e  p re sume  t h a t  t he  m o s t  favourable  cond i t ions  
for the  do lphins  are found be tween  these  2 dep ths .  

If  t he  schools are fol lowed daily, it  is soon obvious  
tha t ,  depend ing  on the  t ime  of day,  t he  schools are a lways  
head ing  in a def ini te  d i rec t ion  (Figure 4) e i ther  wes t  to  Fig. 1. D. delphis Lin. (Gibraltar Waters, July 1967). 

Fig. 2. Distribution (cross hatching) of D. delphis in 
the western Mediterranean. The darker cross hatch- 
ing compares to the concentration of the schools in 
July and August (drawn from the chart of the 
Admirality, London 1960). 

2 ..... 2 2  

( /  
/.]-~ ~ -  - 50 -..~' ( 

? P  

Fig. 3. Bathymetric chart of tile western Me- 
diterranean showing the 50 metre and 1000 
metre limits (drawn from a chart of the 
Oceanographic Museum, Monaco). 
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eas t  or eas t  to  west .  D u r i n g  t h e  whole  of t he  expedi t ion ,  
t h e y  were n e v e r  once  seen s w i m m i n g  f rom n o r t h  to  s o u t h  
or vice versa .  T h e  reason  for th i s  def in i te  d i rec t ion ,  w h e n  
t he  school  is m o v i n g  f rom one place  to a n o t h e r  w i th in  t h e  
t e r r i t o ry ,  h a s  st i l l  t o  be  i nves t iga t ed .  W e  are  of t h e  
opinion,  however ,  t h a t  i t  h a s  n o t h i n g  to  do w i t h  t h e  
sea rch  of food. As well  as acous t ic  o r i en t a t i on ,  us ing  t h e  
we l l -known  echo- loca t ing  s y s t e m  (Sonar) ,  t h e  do lph ins  
are  c a p a b l e  of o r i e n t a t i n g  b y  t h e  sun  (sun compass) .  Th i s  
p r o b l e m  has  as ye t  no t  been  inves t iga ted .  W i t h  echo- 
locat ion,  t he  do lph in  is ab le  a t  all  t imes  to  ca lcu la te  t h e  
d e p t h  of t h e  sea, to  loca te  d a n g e r  a n d  avo id  i t  a n d  to  f ind 
food. The  opt ic  o r i e n t a t i o n  enables  t he  d o l p h i n  to nav i -  
ga te  for long d i s tances .  Smal l  schools  c an  spl i t  a w a y  f rom 
large c o m m u n i t i e s  d u r i n g  t he  d a y  a n d  t h e y  can  r eas semble  
in t h e  even ing  to  form the  large schools  again.  I t  would  
be  i n t e r e s t i ng  to  follow t h e  schools  in  t he  even ing  to  f ind 
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Fig. 4. Swimming schools of D. delphis in the Gibraltar waters in 
good sea condition. 
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Fig. 5, Swim directions of the schools of D. delphis in the western Mediterranean. Forty-seven observations made from the expedition's 
yacht 'Cadenza' (Capt, J. R. Gotto), during 1 month (July 1967), The sun moves from east to west (in the diagram from right to left, 
clock faces). The dolphin schools (every small circle represents one school) swim towards the sun from either E to W or W to E. 

o u t  w h e t h e r  or n o t  t h e y  rea l ly  do g a t h e r  in to  large com- 
m u n i t i e s  a t  n i g h t  a n d  if so do  t he se  large  c o m m u n i t i e s  
spend  t h e  n i g h t  b e t w e e n  Malaga  a n d  G i b r a l t a r  as we 
presume.  

N a v i g a t i o n  is t he r e fo re  d e p e n d e n t  on  t h e  pos i t ion  of 
t h e  sun  (Figure  5). I n  t he  morn ing ,  t he  schools  swim 
f rom wes t  to  eas t  t o w a r d s  t he  r i s ing sun.  I n  J u l y  1967, 
t h e  schools  were  p a r t i c u l a r l y  n u m e r o u s  b e t w e e n  06.00 a n d  
09.00. T h e y  were w i t h o u t  e x c e p t i o n  all  s w i m m i n g  eas t -  
wards.  I n  t he  la te  a f t e rnoon ,  t h e y  s w a m  in t he  o t h e r  
d i r ec t ion  t o w a r d s  t he  s e t t i ng  sun,  f rom eas t  to  west .  T h e  
g r ea t e s t  i n t e n s i t y  of schools  was  seen b e t w e e n  17.00 a n d  
18.00. The  schools  did  n o t  seem to  feed a t  a n y  p a r t i c u l a r  
t i m e  of t h e  d a y  (Figure  5). To s u p p o r t  ou r  t h e o r y  i t  
would  also be  i n t e r e s t i n g  a n d  of v a l u e  to  c a r r y  o u t  
phys io logica l  i nves t i ga t i ons  on t he  sun  o r i e n t a t i o n  b y  
dolphins .  

W e  i n t e n d  to ca r ry  o u t  f u r t h e r  i n v es t i g a t i o n s  on  
n a v i g a t i o n  of schools  of do lphins ,  n o t  on ly  a t  n i g h t  b u t  
in  fog a n d  on  sunless  days .  

Zusammen/assung. N a c h  E r f a h r u n g e n  aus  2 E x p ed i -  
t i o n e n  wi rd  die E x i s t e n z  eines T e r r i t o r i u m s  ftir Delphinus 
delphis irn wes t l i chen  M i t t e l m e e r  a n g e n o m m e n .  Die 
g r e n z b e s t i m m e n d e n  p h y s i k a l i s c h e n  F a k t o r e n  des  Terr i -  
t o r i u m s  w e r d e n  d i sku t ie r t .  Zah l re i che  B e o b a c h t u n g e n  
sp rechen  dafiir ,  dass  D. delphis sich zur  N a v i g a t i o n  m i t  
Hi l fe  de r  Sonne  o r ien t i e r t .  E s  b e s t e h t  also n e b e n  d e m  
S o n a r  (Echolot )  noch  eine O r i e n t i e r u n g  n a c h  Sonnen-  
kompass .  
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