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fichtung - etwa geradeaus - s t immt  nicht  mit  der ta t -  
s~ichlichen fiberein. Die Rechtskr t immung seiner Bahn 
ist eine typische Zwangsbewegung. Sic ist dem K~fer 
infolge der ihm auferlegten Ein~Lugigkeit offenbar eben- 
so unbemerkt  aufgezwungen wie die Krf immung der 
Bahn bei Carcinus durch die runde Glasschale.~ Hierzu 
ist zu bemerken, dass eine Kr i immung der Bahn infolge 
der Ein~ugigkeit  j a  nu r  in der einfarbigen Trommel zu 
bemerken ist, aber nicht  in der gestreiften. In  dieser 
lRuft der K/ifer, wie unsere hier nochmals wiedergege- 
bene Abbi ldung zeigt, zun~ichst v611ig ungest6rt  gerade- 
aus. Erst nach einiger Zeit wird das Tier durch eine un- 
sichtbare Gewalt nach links herumgerissen. Wir  hoffen 
damit, auch fiir diesen zweiten Fall  den Einwand 
DIJKGRAAFS widerlegt zu haben.  

3. Die Libellenlarve. Die Arbeit  yon TONNER (1937) 
fiber die Libellenlarve n immt  unseres Erachtens einen 
besonders hohen Rang ein, well hier zum ersten Male 
experimentell nachgewiesen wurde, dass das sich bewe- 
gende Tier auf die durch die Eigenbewegung entstehen- 
den retinalen Bildverschiebungen reagiert. DIJKGRAAF 
fiihrt auch bier ins Feld, dass alas Tier, das sich an 
einem langen Hebelarm im Kreise bewegt, nicht  frei 
bewegtich ist, sondern Zwangsbewegungen macht, die es 
gewissermassen selbst nicht  als aktive Leistung aner- 
kennt. Nachdem wir bei Carcinus und bei Calandra ge- 
zeigt haben, dass das vbllig freibewegliche Tier bei 
Eigenbewegung optomotorische Reakt /onen zeigt, hal- 
ten wit es ffir fiberflfissig, nochmals auf dieses Problem 
einzugehen. 

W. V. BUDDENBROCK und 
INGRID MOLLER-I~ACKE 

Zoologisches Insti tut  der Universittit Mainz,  den 5. Mtirz 
1953. 

P R O  E X P E R I M E N T I S  

Laboratory Experiments with the Herring, 
Clupea harengus 

The capture, t ranspor t  and keeping of herrings is 
generally believed to cause great difficulties. Using a 
special net  (Fig. 1) we were able to catch several hundred 
young herrings (Cupea harengus, 2-12 cm long). The 
corner of the net  without  holes in the plastic walls is 
used as gutter,  through which the captured herrings are 
poured out with the remaining water into the wicker- 
bottles (orifice width 10-12 era, capacity 60 1) in which 
they are transported.  Under  favourable conditions, only 
an occasional floating scale indicates tha t  injuries to the 
skin, which are probably the main reason for the usual 
mortality of herrings in captivity,  are being fairly well 
avoided. The animals were caught in collaboration with 
the local herring-fishery in the ]Eastern Scheldt some 
tens of kilometers from Bergen op Zoom in the South- 
West of Holland. There, in the shallow coastal waters 
between the isles of Tholen and Zuid-Beveland (drowned 
land for centuries), large V-shaped palisades are placed 
with the open side of the "V"  directed towards the ebb- 
tide current. As the tide falls, the denser and denser 
crowding at  the other end of the "V"  finally enables one 
to capture the animals  there. 

The smooth inner  surface of the ordinary aerated 
transport bottles is a guard against injuries caused by 
the heavy jol t ing during transport  by car over 120 km 
to the laboratory at  Utrecht.  There the herrings are kept 

in normal  aquaria  containing from ½ to 2 m 3 of aerated 
seawater and fed with beef, Daphnia, Enchytraeus, 
Calliphora larvae, etc. Quite large pieces of meat  
(5 × 20 mm) may  be taken and swallowed by herrings 
of 10-12 cm. Under these conditions mor ta l i ty  was 
negligible during the 5 months of captivi ty,  except for 
an epidemic disease killing all the inhabi tan ts  (some 
120) of one basin within 4 days, about  6 weeks after 
capture.  

Fig. 1. 

The animals were collected main ly  for experimental  
studies concerning labyr in th  functions and the sense of 
hearing. Pre l iminary results of these studies and some 
observations regarding feeding, shoaling and related 
problems will be briefly summarized, A detailed account 
will be given elsewhere. 

As has been shown by  vo~ FRISCH, the sense of 
hearing in certain teleost fishes is localised in the pars 
inferior of the labyr in th  (sacculus and lagena), whereas 
the utriculus plays no par t  in this connection t. Recent, 
though not  quite conclusive investigations have given 
similar results for sharks 2. Nevertheless there are some 
indications for an acoustic function of the utriculus as 
well 3. In  the Clupeidae certain anatomical  data  point  
quite clearly towards this lat ter  fact and, moreover, 
indicate a marked acoustical sensi t ivi ty of the animals 4. 

The sound producing device, used in our t ra in ing 
experiments,  consisted of a sine-wave generator, an 
automatical ly  working click-free switch and an under- 
water speaker. Neither food nor a mechanical shock, 
however, appeared to elicit clear and unequivocal  
responses. For the present, the assumption of sound 
perception up to 400 cycles at  medium intens i ty  seems 
justified. I t  is the peculiar behaviour of our herrings 
rather  than  lack of sensi t ivi ty for sound, which underlies 
these poor results, as may be concluded, for instance, 
from the absence of almost any  trace of tameness after 
having lived in the aquar ium for about  5 months.  The 
performance of all the normal actions accompanying 
the daily feeding, bu t  leaving out food, only seems to 
frighten them. Moreover, as other experiments  have 
revealed, the herrings rely mainly  upon their  eyes, while 
elimination, otherwise so helpful in sound condit ioning,  
is any th ing  but  an easy matter .  Consequently, further 
quant i ta t ive  as well as quali tat ive studies will require 
specially designed techniques. 

Our her r ings - -even  larvae of 2-3 cm long- -behaved  
defini tely as preying animals.  The prey is detected and 

1 K. v. FRISCn, Biol. Rev. 11,210 (1986). 
T. VILSTRUV, Structure and Funclion o/tk¢ Membranous Sacs o/ 

the Labyrinth (Ejnar Munksgaard, Copenhagen, 1951). 
a S. DUK6RAAF, Exper. 8, 205 (195~), 
4 T. A. WOHLFAURT, Z. Morph. ~3kol. 31,371 (1936). 
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loca ted  m a i n l y  (if no t  exclus ively)  by  eye-s ight .  Pass ive  
and ind i sc r imina te  f i l t e r - feed ing  is ce r t a in ly  no t  the  
p r e d o m i n a n t  feeding m e c h a n i s m  in the  herr ing,  as  is 
occas ional ly  bel ieved.  Herr ings ,  n o r m a l l y  s w i m m i n g  
close t oge the r  in a shoal  (Fig. 2) i m m e d i a t e l y  b reak  
ranks  and swim criss-cross while  being fed and  eat ing.  
W h e n  f r igh tened  the  ranks  are closed again.  S imi la r  
behav iou r  has  been  obse rved  in the  na tu r a l  h a b i t a t  1. 
A n o t h e r  fac to r  inf luencing  the  shoal ing  b e h a v i o u r  is 
the  in t ens i ty  of l ight ,  W i t h  g radua l ly  decreas ing  l igh t  
in tens i ty ,  f irst  the  shoal  b reaks  up  while ea t ing  st i l l  goes 
on;  t h e n  ea t ing  s tops while  obstacles  are st i l l  pe rce ived  
wi th  the  eyes. 

the  cauda l  end is of in teres t .  The  p n e u m a t i c  d u c t  as well 
as the jo in ing  pa r t  of the  s t o m a c h  show pecul ia r  con- 
s t ruc t ions .  E v i d e n t l y  gas-passage is no longer  possible. 
U n d e r  ar t i f ic ia l  pressure  r educ t ion  a t  a ra te  of 40 mm 
H g / m i n  a sp ra t  (Clupea sprattus) re leased some gas- 
bubbles  f rom this  cauda l  open ing  of t he  swimbladder  
a f te r  a b o u t  70 s. The  s ignif icance of th is  subs t i tu t ion  of 
the  we l lknown  gas-sp i t t ing  ref lex  of t he  o the r  Physos- 
tomes  is no t  ye t  clear.  

F. J .  VERttEIJEN 

Laboratory o[ Comparative Physiology, University o[ 
Utrecht, March 9, 1953. 

Zusammen[assung 

Fang,  T r a n s p o r t  und H a l t u n g  yon Her ingen  werden 
a l lgemein  als ein r ech t  schwier iges  P r o b l e m  bet rachte t ,  
H a l t u n g  in I n l a n d a q u a r i e n  geradezu  als aussichtsloses 
Beginnen .  Es  s te l l te  sich j e d o c h  heraus ,  dass die fatale 
Ver l e t zung  der  za r t en  H a u t ,  e r k e n n b a r  an  den zahl- 
re ichen,  losgelSsten Schuppen ,  durch  V e r w e n d u n g  ge- 
e igne te r  Fang-  und  Transportger~t te  v e r m i e d e n  werden 
kann.  Die  ge fangenen  J u n g h e r i n g e  leben  sei t  tiber 5 
Mona t en  im I n l a n d  in n o r m a l e n  Seewasse raquar i en ;  die 
F f i t t e r u n g  b ie te t  keiner le i  Schwier igke i ten ,  und die 
S te rb l i chke i t  is t  u n b e d e u t e n d .  Es  werden  einige vor- 
l~ufige Ergebnisse  yon Versuchen  fiber den Geh6rsinn, 
die F u t t e r a u f n a h m e ,  die H i n d e r n i s m e i d u n g  und  die Be- 
d e u t u n g  der  h in t e ren  S c h w i m m b l a s e n 6 f f n u n g  der 
Her inge  mi tge t e i l t .  

Fig. 2. 

This  led to a series of e x p e r i m e n t s  on the  ques t ion  of 
obstacle  percep t ion .  I t  t u r n e d  ou t  t h a t  even  single 
s w i m m i n g  herr ings  disl ike to pass t h rough  the  approx i -  
m a t e l y  body- l eng th  wide openings  of a cross bar r ie r  
consis t ing  of a pa l i sade  of ve r t i ca l  glass rods  or  ce l lophane  
strips.  This  keep ing  a t  a d i s tance  f rom obstacles  m i g h t  
be re la ted  to  t h e  de l icacy  of t he  skin. By  the  use of 
t r ans lucen t  and b lack  or co loured  obstacles,  i t  could  be 
seen t h a t  obs tac le  pe rcep t ion  again  is m a i n l y  opt ical ,  
even  a t  v e r y  low l ight  in tensi t ies .  This  m a y  accoun t  for 
the  eff ic iency of the  pal i sades  in the  a b o v e - m e n t i o n e d  
her r ing- f i shery  dur ing  n igh t  t ime.  The  func t ion  of the  
la te ra l  l ine canals  wi th  the i r  e x t r e m e  rami f i ca t ion  in t he  
head  of the  Clupeids ~ canno t  be es tab l i shed  f rom the  
ev idence  a t  hand.  

A p h e n o m e n o n  poss ib ly  re la ted  to  feeding,  as well  
as to l ight  in tens i ty ,  is t he  we l l -known d iurna l  ve r t i ca l  
m i g r a t i o n  of the  herr ing.  Th is  m i g r a t i o n  m a y  be caused  
p a r t l y  by  ac t ive  persui t  of p rey  an imals  such as Calanus 
[inmarchicus, which  show such ve r t i ca l  migra t ions  
t hemse lves  under  the  inf luence  of chang ing  l igh t  in ten-  
si ty.  A more  d i rec t  cor re la t ion  be tween  the  ve r t i ca l  
mig ra t ion  of t he  he r r ing  and the  l igh t  i n t ens i ty  m a y  also 
exist ,  as no t  v e r y  y o u n g  her r ings  are nega t i ve ly  
pho to t ac t i c .  We  h a v e  seen in our  a q u a r i a  a t r ans i t ion  
f rom pos i t ive  in to  n e g a t i v e  p h o t o t a x i s  in her r ings  of 
abou t  10 cm long. 

The  echo sounder  has  r evea led  t h a t  these  ve r t i ca l  
m i g r a t i o n s - - i n c l u d i n g  i m p o r t a n t  pressure  c h a n g e s - - c a n  
be pe r fo rmed  wi th in  re la t ive  shor t  spaces of t ime.  I n  th is  
respec t  the  d i rec t  c o m m u n i c a t i o n  of the  sw imb ladde r  
w i th  the  su r round ing  w a t e r  by  means  of an open ing  a t  

1 B. ULRICH, Fischereiwelt 3, 164 (1951). 
T. A. WOHLFAHRT, Z. Morph. Okol. 33, 3~1 (I937). 

Mikrochemischer  Nachweis  yon Triterpenoiden 
mittels  der papierelektrophoretischen Methode 

U b e r  den m i k r o c h e m i s c h e n  Nachweis  yon  Tri ter-  
peno iden  haben  wi t  schon fff iher  be r i ch te t  1. Wi r  m6chten 
h ier  eine neue Methode  zum Nachwei s  von  Tr i terpenoi-  
den durch  Pap i e r e l ek t ropho re se  vorsch lagen .  

N a c h  der  von  uns mik rochemisch  modi f i z i e r t en  Sobel- 
schen Methode  ~, wobei  S te ro ide  m i t  Pyr id in-Schwefe l -  
t r i o x y d  b e h a n d e l t  werden,  k a n n  m a n  Steroidbisul fa te  
in kurze r  Zei t  l e ich t  hers te l len .  Mi t  dieser  Methode 
lassen sich auch  T r i t e r p e n o i d e  zu Tr i te rpenylb i su l fa ten  
u m w a n d e l n ,  u m  diese durch  die Papie re lek t rophorese  
v o n e i n a n d e r  zu t r ennen .  

N a c h d e m  eine S ta r t l in ie  in der  Mi t te  des 1 cm breiten, 
40 cm langen  F i l t e rpap ie r s t r e i f ens  (Toyo-Fi l te rpapier  
Nr.  50) gezogen worden  is t  und  die ges~t t ig te  Chloro- 
formlSsung  von  T r i t e rpeny lb i su l f a t en  oder  Bisulfaten,  
die m a n  zuvor  in oben e rw~hn te r  Weise  aus den Ext rak-  
t en  der  t r i t e r p e n o i d h a l t i g e n  Pf l anzen  hers te l l te ,  in ge- 
r ingen  Mengen da rau f  aufge t t ip fe l t  worden  ist, verwen- 
den wir  die Pap ie re l ek t rophorese  mi t  k o n s t a n t e r  Span- 
nung.  Als E l e k t r o l y t  benu t zen  wir  zum Beispiel  die 
obere  Sch ich t  der  du rchgesch i i t t e l t en  Mischung der 
V o l u m p o r t i o n e n  ~ Bu tano l  : Wasse r  : Eisessig = 5 : 4 : 17,. 
Es  wurde  yon  uns e r s tma l s  gefunden,  dass der  Gebrauch 
dieser  organischen  L6sungsmi t t e l  sich n ich t  nu r  in der 
P a p i e r c h r o m a t o g r a p h i e ,  sondern  auch  in der  Papier- 
e l ek t rophorese  gu t  bewAhrt.  N a c h  e inigen S t u n d e n  trock- 
ne t en  wir  die Pap ie r s t r e i f en  und  b e h a n d e l t e n  sie nach 
der  Methode ,  die von  WETTSTEIN zum Nachseis  der 
S te ro ide  b e n u t z t  worden  ist  a, n~ml ich  5 oder  10 min 

1 T. KAR1YINE und Y. I7IASHIMOTO, Exper. 9, 136 (1953) 
2 j .  biol. Chem. 381 (1936). 
3 R. NEHER und A. WETTSTEI~', Helv. chim. Acta 35, 276 (1952) 


