
i5.7.1974 Specialia 773 

Results and observations. The normal  blood glucose 
level in the  control  f ish was found to  be 63.3 • 11.7 mg  
100 ml (Table). The level showed a fall as the  s t a rva t ion  
commenced .  A direct  correla t ion was found to exist  
be tween  the  blood glucose level and per iod of s ta rva t ion ,  
i.e. the  level wen t  on fall ing as the  per iod of s t a rva t ion  
was prolonged.  Though  the  changes  in blood glucose and 
N P N  level (38.9 • 7.7 mg/100 ml) in the  control  group 
fish were s ta t i s t ica l ly  no t  s ignif icant  by  the  end of the  
10th day  of s t a rva t ion  (i~ never the less  a fall in the  
two values was observed.  This  deple t ion  of the  2 const i tu-  
ents  of the  blood became h ighly  s ignif icant  on the  30th 
day  (P(0.01) of s ta rva t ion .  The values of glucose and N P N  
levels in t he  blood of s t a rv ing  Clarias balrachus, on the  
150th day, the  last  day  of the  exper iment ,  were 32.07 ~z 9.1 
mg/100 inl and 20.5 :k 4.8 rag/100 ml respect ively .  I t  was 
ca lcula ted  t h a t  a fall of 49.3% and 47.3% had occurred in 
the  blood glucose and  N P N  levels respect ively ,  by  the  
end of the  150th day  compared  wi th  the  contro l  values. 

Discussion. A perusal  of t he  resul ts  ob ta ined  (Table) 
clearly shows t h a t  marked  deple t ion  in the  blood glucose 
and  N P N  levels occurred t h roughou t  the  per iod of 
149 days  of s ta rva t ion .  AL-GAuHARI 6 did no t  observe 
any  change in blood glucose level of the  fish Clarias 
lazera, even af ter  4, 5, 6 and  7 mon ths  of fas t ing  period.  
However ,  HANNA ~2 noted  a fall of 60% in the  glucose 
level of t he  same species af ter  7 m o n t h s  of s ta rva t ion ,  
a l though  the  value did no t  change dur ing  the  f irs t  
4 months .  PHILLII~S et  al.~, on the  contrary ,  observed  a 
decrease in blood glucose level of the  fish Salvelimts 
]ontinalis in the  f i rs t  3 days,  a f ter  which the  level was 
a lmost  s teady.  Simil lary the  blood glucose level of Gadus 
morhua declined f rom 108 rag/100 ml to 72 rag/100 ml in 
the  f i rs t  37 days  bu t  r emained  a t  th is  level af ter  51 days  
a t  6.5 ~ ~. Surprisingly,  t he  blood glucose level appeared  
unaffected,  even af ter  3 weeks of s t a rva t ion  in Myxine 
glutinose~! KIERMEIR ~ observed t h a t  several  species of 
fresh wa te r  teleosts,  b o t h  act ive  and sluggish, ma in t a ined  
the i r  no rmal  blood glucose levels dur ing  long periods of 
s ta rva t ion .  In teres t ingly ,  the  act ive fish showed a very  
gradual  decrease, while the  sluggish ones exhib i ted  a 
r emarkab le  cons tancy.  

BENTLEY and  FOLLETT 15 observed a def ini te  fall in the  
blood glucose level of the  l amprey  af ter  5 m o n t h s  of 
s tarvat ion.  SUNDARARAJ et al. ~ not iced  a def ini te  and  
cont inuous  fall in the  blood glucose level of the  Clupeoid 
f ish Notopterus notopterus, b u t  only af ter  48 h of s tarva-  

tion, dur ing  which a hyperg lycemic  peak  was found 
af ter  24 h, while HOCHCHKA and  SINCLAIRE 17 did no t  
not ice  any  change in the  blood glucose level of Salmo 
gairdnerii, even af ter  14 days  of s ta rva t ion ,  t h o u g h  its 
l iver glycogen had  fallen considerably.  

Studies  on blood N P N  level are no t  m a n y  8, a s l ight  
rise in serum N P N  level following 3-4 days  of s t a rva t ion  
was found in the  eel Anguilla japonica. However ,  the  
p resen t  s tudy  shows t h a t  the re  was a paral lel  fall in blood 
glucose and N P N  levels of the  fish Clarias batrachus 
dur ing  s ta rva t ion ,  the  fall appeared  to  be very  p r o m i n e n t  
as compared  w i t h  the  control  values. 

Conclusions. F r o m  the  foregoing discussions it is ev iden t  
t h a t  con t r ad i c to ry  results  have  been ob ta ined  by  various 
authors ,  on the  blood glucose and  N P N  levels of fishes. 
I t  appears  s t range  t h a t  m a n y  workers  did not  f ind any  
change in the  blood glucose level of several  species, even 
af ter  qui te  long periods of s ta rva t ion ,  since s t a rved  
animal  should ordinar i ly  show li t t le or more  deple t ion in 
i ts  blood glucose level. However ,  the  p resen t  observat ions ,  
like those  of m a n y  workers,  show that  a defini te  fall in the  
blood glucose and N P N  values, f rom the  contro l  levels of 
63.3 zk 11.7 rag/100 ml and 38.9 • 7.7 mg/100 ml to  
32.0 ~= 9.1 rag/a00 ml and 20.5 zk 4.8 rag/100 ml respec- 
t ive ly  occurred by  150th day  of s ta rva t ion .  

Zusarnmen/assung. U n t e r s u ch u n g en  tiber das Verha l t en  
des /31utzuckers nach  1/~ngerem Nahrungsen t zug  bet 
Fischen.  
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T h e  A b i l i t y  o f  C o d  (Gadus morhua) to  O r i e n t  T o w a r d s  a S o u n d  S o u r c e  

The acoustic  pe rcep t ion  of the  di rect ion of a sound wave 
(sound localization) in fish is theore t ica l ly  p rob lemat ic  ~-8 
bu t  there  is qui te  a lot  of evidence t h a t  several  sharks  4 
and some te leosts  5-s possess th is  sensory abil i ty.  However ,  
for several  reasons,  e i ther  incomple te  expe r imen ta l  
designs or i nadequa te  sound fields caused b y  imprope r  
b o u n d a r y  condi t ions ,  a lmos t  none of these  exper imen t s  
p rov ided  a real ly decisive proof  for acoustic  local izat ion 
at  several  me te r s  f rom the  sound source, e.g. no specific 
a l t e rna t ive  exp lana t ions  have  been inves t iga ted  9. 

The p re sen t  expe r imen t s  ~~ mee t  t he  r equ i r emen t s  to  
answer  the  following ques t ions :  Is  cod able to  de te rmine  
the  di rect ion of a sound ? If  so, is the  l abyr in th ine  sys t em 
involved or the  la te ra lq ine  sys tem (hypothesis  of VAZe 
BERG1~IJK 1) ? 

Unde r  a raf t  in the  middle  of an a lmos t  circular f jord 
(local d e p t h  35 m;  ' d i ame te r  range '  300-400 m) a round  
ne t t ing  cage, a l t i tude  17 cm, was suspended  a t  a d e p t h  of 
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4.75 m (top). B y  m e a n s  of n e t t i n g  screens in the  cage, a 
r ad i a l  corr idor  was m a d e  w i t h  a n  e n t r a n c e  nea r  t he  cir- 
cumference  a n d  w i t h  a n  end ing  in t he  centre .  A cod, 
l eng th  a b o u t  30 cm, was re inforced to  pe r f o r m  a closed 
t r a c k  t h r o u g h  t h e  corr idor  (operant) .  W h e n  t he  cod s w a m  
in t he  corr idor ,  a t r a n s i e n t  free switched,  i n t e r r u p t e d  
pure  t one  of 75 Hz  (18 d B  re I ~bar)  was  presen ted ,  w h e n  
i t  was  in t h e  correc t  pos i t ion  and  o r i e n t a t i o n  to  m a k e  
a choice ou t  of 4 possible  sound  d i rec t ions  (I, I I ,  I I I  a n d  
IV  n u m b e r e d  counterclockwise) .  Fo r  t h i s  ob jec t  4 sound  
pro jec to rs  were h a n g i n g  in a circle ( radius  5.3 m) a r o u n d  
t he  cen t re  of t he  cage each  60 ~ apa r t .  T he  o u t e r m o s t  
s t imu lus  a l t e r n a t i v e s  I a n d  I V  were  90 ~ to  t h e  r i g h t  
a n d  t h e  left, respect ive ly ,  of t h e  f i sh  w h e n  leav ing  t h e  
corridor.  

The  s t i m u l a t i o n  ended  w h e n  a response  of t h e  cod was 
observed,  or o therwise  t he  obs e r va t i on  per iod  ended  a f te r  
4.5 sac equa l  to  3 in t e rva l s  (sound 0.75 sec p lus  pause  
0.75 sec). S u b s e q u e n t l y  t he  f ish was r ewarded  a t  t he  
feeding place t h a t  was  in  l ine  w i t h  t he  ac t ive  sound  pro-  
jector.  A d i rec t iona l  response  cons is ted  of s t opp ing  
locomot ion  w i t h  the  pec tora l  f ins ( this  p a t t e r n  could be  
absent ) ,  fol lowed b y  sudden ly  t u r n i n g  a n d  s w i m m i n g  
s t r a igh t  t o w a r d s  t he  l a te ra l  n e t t i n g  wall.  Typ ica l ly  i t  
was  a correc t  choice:  a n  o r i en ted  response  t o w a r d s  t he  
source. The  responses  were observed  t h r o u g h  a per i scope  
a n d  classified by  a n  i n d e p e n d e n t  observer  n o t  aware  of t h e  
s t imu lus  di rect ion.  Af te r  t h e  j u d g e m e n t ,  t he  f i sh  was 
r ewarded  b y  t h e  t ra iner .  T he  4 r emo te ly  opera ted ,  
acous t ica l ly  t r a n s p a r e n t  food d ispensers  ~ were m o u n t e d  
in a cy l indr ia l  f r ame  res t ing  on t he  cage. The  food cons is ted  
of feet  of per iwinkles .  A cy l inder  of opaque  PVC shee t  
(acoust ical ly  t r a n s p a r e n t )  a r o u n d  t he  n e t t i n g  cage con- 
cealed t he  loca t ions  of t h e  sound  p ro jec to r s  f rom t h e  eye 
of t he  fish. 

Table I. Example of a stimulus response matrix 

Response ~owards I II III IV 

Stimulus type I1 6 0 0 0 
I2 5 1 0 0 
II1 i 5 0 o 

112 o 7 i o 

II13 I 1 5 o 

I114 o 2 3 i 

IV3 0 0 0 6 

IV4 0 0 1 5 

Table II. 

Type: minus left pars inferior Type: control animal 
N = 14 N = 44 

D u r i n g  the  obse rva t i on  series, t h e  loca t ions  of t he  
sound  p ro jec to r s  ( the pa i r  1 a n d  2) in  t h e  d i rec t ions  I a n d  
I I  could be i n t e r changed  and /o r  s imi la r ly  t he  pa i r  a t  t h e  
o the r  side of t h e  r a f t  (3 and  4 in t he  d i rec t ions  I I I  and  IV). 
This  p rocedure  p rov ided  a t e s t  w h e t h e r  d i s c r imina t i on  is 
based  on  i n h e r e n t  m i n u t e  differences  be tween  t he  sound  
pro jec to rs  ( in tens i ty ,  t imbre ) .  The  choices of t he  f ish can  
t h u s  be classified in 4 • 8 d i f fe rent  categories  depend ing  
on  t he  s t imu lus  type.  

Two sub jec t s  were cond i t i oned  successful ly af te r  a b o u t  
30-70 t r ia l s  (2 to  3 days).  Tab le  I p resen t s  t he  s t imulus  
response  m a t r i x  for cod G4. Fo r  va r ious  reasons,  i t  was  
no t  possible  to  o b t a i n  a f ixed  n u m b e r  of obse rva t i ons  in  
each row. 

Since i n t e r c h a n g i n g  t he  pos i t ions  in  a pa i r  of sound  
p ro jec to r s  was r a t h e r  laborious ,  each  of t he  four possible  
conf igura t ions  was  k e p t  u n a l t e r e d  d u r i n g  a va r i ab l e  
n u m b e r  of t r ia l s  ( range:  7-18),  b u t  t he  s t imu lus  d i rec t ions  
were a lways  selected a t  r a n d o m .  

The re  were no  ind ica t ions  for a cond i t ion ing  on source 
specific cues ~2 in t he  sequence  of response  obse rva t ions ,  
t a k e n  in the  o rder  of occurrence.  Moreover,  r a n d o m n e s s  
could be  accep ted  12 for t he  sequence  of successes a n d  
fai lures  (runs t e s t ) :  a necessa ry  cond i t i on  for t h e  pre-  
s e n t a t i o n  in  a con t ingency  tab le .  Smal l  sample  tes t s  
showed t h a t  i t  is admiss ib le  to  jo in  t he  bo ld  p r i n t e d  
f requencies  in  Table  I in  c o m m o n  categor ies  w i t h  equa l  
s t imu lus  d i rec t ions  (compar i son  of 2 b i n o m i a l  popu la -  
t ions  ~3 for  each  direct ion) .  S imi la r  resu l t s  were  o b t a i n e d  in 
a n o t h e r  sub jec t  (G1) ; however ,  responses  for s t imu l i  f rom 
d i rec t ion  I h a d  to be  exc luded  f rom s ta t i s t i ca l  ana lys i s  in  
G1, because  i t  v i s i t ed  food d ispenser  I too  l i t t le .  I f  all  
categories  are pooled b y  a s imi la r  procedure ,  a 4 • 4 t a b l e  
is o b t a i n e d  (3 •  in  G1). 

The  d i s c r i m i n a t i o n  of t he  bea r ing  of t he  sound  sources 
b y  t he  i n t a c t  cod G4 is e v i d e n t  (b inomia l  t e s t  for t he  
d i c h o t o m y  success a n d  fa i lure  w i t h  t he  pess imis t ic  nu l l  
hypo thes i s  Ho:P{success}  _< 0.5 for each  cons idered  
d i rec t ion ;  b y  comloinat ion  of these  t e s t s  g o  is re jec ted  if 
t he  sum S of all successes, i r respec t ive ly  of t he  di rect ions ,  
a ssumes  large  va lues ;  in  G1, t h e  wors t  case, t h e  ou tcomes  
were:  S = 25, 15 = 0.01). M e a s u r e m e n t s  of t he  acous t ic  
pressure  a n d  t he  par t ic le  ve loc i ty  conf i rmed  the  absence  
of specular  ref lec t ions  l l  (echoes; acous t ic  i sot ropy) .  

Af te r  sever ing  ~4,15 t he  ne rve  roots  i n n e r v a t i n g  t h e  
pa r s  infer ior  of t he  lef t  l a b y r i n t h  in cod G4, t he  ab i l i t y  
to  d i s c r imina t e  t h e  d i rec t ions  of sound  was abol i shed  
(upper  Tab le  I I )  a l t h o u g h  the  la te ra l - l ine  s y s t e m  was 
st i l l  func t ion ing .  The  p r o m p t  responses  obse rved  before  
t he  ope ra t i on  pers is ted,  b u t  a r ap id  e x t i n c t i o n  of pe r form-  
ing t h e  o p e r a n t  was  observed .  I n  t he  we l l - t r a ined  cod G1, 
M1 the  procedures  of t he  surgery  ~s were car r ied  ou t  w i t h  
t h e  excep t ion  of t he  sever ing  of t h e  ne rve  roots.  Af ter  t h e  
opera t ion ,  the  d i s c r im ina t i on  resul t s  were a t  leas t  as good 
as before  t he  ope ra t i on  (control  e x p e r i m e n t ;  Table) .  I t  is 
conc luded  t h a t  coope ra t ion  of b o t h  l a b y r i n t h s  is i n v o l v e d  
in d i rec t iona l  hear ing .  T h e  resu l t s  c o n t r a d i c t  t h e  unver i f i ed  
t h e o r y  of VA~ BERGEIJK 1. 

A a B C D A B 
I 1 1 1 1 I 5 5 
II 0 0 2 1 II 0 6 
III 4 0 0 0 III  0 1 
IV 2 1 0 0 IV 0 0 

a A = response towards I, etc. 
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T h a t  cod p r o b a b l y  possesses d i rec t iona l  hea r i ng  has  
p rev ious ly  been  s t a t e d  ~,~". C ~ P ~ A N  ~" has  p r o v e d  t h a t  
sound  p e r c e p t i o n  in cod depends  on  t he  angle  be t w een  t he  
d i rec t ions  of a tone  and  a m a s k i n g  noise. R e c e n t l y  ~ i t  
has  been  shown  t h a t  t he  saccula r  mic rophon ics  in  the  
h a d d o c k  (Alelanogrammus aegle[inus) exh i b i t  a d i rec t iona l  
sens i t iv i ty ,  as has  been  expec ted  since long ~s. The  
e x p l a n a t i o n  of direcs hea r ing  is sough t  in  t h e  d i rec t  
s t i m u l a t i o n  of t h e  l a b y r i n t h i n e  m acu l ae  ~",a, ~ (not  v ia  a 
l ink  w i t h  t he  swimbladder ) .  However ,  in  cod, i nd i r ec t  
s t i m u l a t i o n  of t he  saccular  o to l i ths  is l ikely ~0. E N t e R  
et  al. ~ the re fore  sugges t  t h a t  s t i m u l a t i o n  of t he  macu lae  
b y  r e - r ad i a t ed  sound  f rom the  s w i m b l a d d e r  is avo ided  
(minimized)  b y  p rope r  o r i e n t a t i o n  of (par t  of) t he  ha i r  
cells ( insens i t ive  to  r ad ia l  d i sp l acemen t s  e m a n a t i n g  f rom 
the  swimbladder ) .  

Zusammen[assung. I m  freien Schal l feld wurde  in airier 
B e l o h n u n g s d r e s s u r  b e i m  K a b e l j a u  (Gadus morhua) 
akus t i sche  Loka l i s a t i on  nachgewiesen.  Die E n t f e r n u n g  

des Fisches  yon  de r  Schal lquel le  b e t r u g  5,3 m (/ = 75 Hz).  
Ausscha l t ve r suche  zeigen, dass  das  S e i t e n o r g a n s y s t e m  
n i c h t  wesen t l i ch  an  de r  S c h a l l r i c h t u n g s u n t e r s c h e i d u n g  
be te i l ig t  ist. 
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Einf luss  yon A T P  in einer ho l id i schen  Digit auf Myzus persicae (Sulz . )  (Aphidina) 
Bei  der  t3ea rbe i tung  s tof fwechse lphys io logischer  Pro-  

b lame g e w i n n t  die Ern/~hrung der  Versuchs t i e re  m i t  e iner  
ho l id i schen  (vo l l - syn the t i schen)  Di/ i t  i m m e r  gr6ssere 
B e d e u t u n g .  Die bei  p h l o e m s a u g e n d e n  I n s e k t e n  ver-  
w a n d t e n  N/ ih r l6sungen  o r i en t i e ren  s ich a n  P h l o e m s a f t -  
a n a l y s e n  d ive r se r  Pf lanzen~,  ~ u n d  e n t h a l t e n  a l l e samt  
V e r b i n d u n g e n  der  S tof fk lassen  K o h l e n h y d r a t e ,  A m i n o -  
s/~uren, V i t a m i n e  sowie Spurene lemen tea ,  4. Als Mass ffir 
die Gfite der  Di/ i t  wi rd  Pin m6g l i chs t  hohes  Gewich t  n a c h  
def in ie r t e r  Lebenszei t ,  kurze  Ontogen ie  und  hohe  Repro-  
d u k t i o n s r a t e  gew/ihlt .  Mi t  de r  p h l o e m s a u g e n d e n  Aph ide  
Myzus persicae i s t  e r s tma l ig  der  Nachweis  gelungen,  dass  
A T P  in der  N a h r u n g  a u c h  ffir p h y t o p h a g e  I n s e k t e n ' v o n  
B e d e u t u n g  ist. Als Di/~t (kurz:  ST-Di/Lt) wurde  eine 
speziell  f a r  diese Spezies o p t i m i e r t e  N/~hrl6sung 5 ver-  
wand t .  Dieser  Di~ t  zugesetz tes  A T P  (hier  als Adenos in  
- -5 ' - t r i phosphor s / i u re  D ina t r i umsa l z )  b l e ib t  a u c h  n a c h  
10 Tagen  bei 20~ 65% R L F  u n d  D a u e r l i c h t  gu t  n a c h -  
weisbar  (Boehr inger  Test ,  e n z y m a t i s c h e  l~eakt ion) .  Ffir  
die Versuche  w u r d e n  an  j u n g e n  R e t t i c h p f l a n z e n  gezogene 
Virgines  in  K/~figen m i t  e n t s p r e c h e n d e n  Di/ t ten  einge- 
schlossen.  N a c h  je  24 h w u r d e n  die geborenen  L a r v e n  
gez/~hlt u n d  die Mfi t te r  in  e inen  n e u e n  Kgf ig  t iberff ihrt .  
N a c h  4 Tagen  h a t t e n  die a n  e iner  Dig t  m i t  1,11 ~z2~I A T P  
s a u g e n d e n  Mfi t te r  ein u m  9,4% h6heres  Gewich t  als 
Mfi t te r  a n  de r  ST-Digt .  Tggl ich  w u r d e n  a n  de r  A T P - D i g t  
5,7 L a r v e n / I m a g o  ( =  120%),  an  der  ST-DiXt 4,5 (100%) 
geboren .  11 Tage  alte, auf  den  e n t s p r e c h e n d e n  D i g t e n  
geborene  Mfi t te r  zeug ten  bei  e inmal ige ln  Dig twechse l  

n a c h  6 Tagen  bis  zu d iesem Z e i t p u n k t  auf  de r  ST-Dig t  
2,6 L a r v e n / I m a g o  (100%),  auf  der  A T P  Dig t  6,4 (245%).  
Die L a r v e n  e r r e i ch t en  ih r  h6chs tes  K 6 r p e r g e w i c h t  bei 
1,11 b~M A T P  in der  Dig t  im Bere ich  yon  0,44 bis 2,22 ~ M  
(Tabel le  I) .  

Das  O p t i m u m  l iegt  e twas  fiber den  im P h l o e m  fest-  
ges te l l ten  A T P - M e n g e n :  fiir 18 ve r sch iedene  L a u b b g u m e  
wurde  bis  zu 0,59 ~tM 6, im  L/ iuser t i sse lexsudat  yon  Salix 
im  Mi t te l  1,68 ~ M  7 und  fiir die Monoko ty l e  Yucca  1,22 ~zM 
A T P  8 gemessen.  Die A T P - K o n z e n t r a t i o n  is t  im  S o m m e r  
wesen t l i ch  ger inger  als im F r i i h j a h r  6, s t e ig t  j edoch  im 
H e r b s t  wieder  an  8. E igene  D i g t w a h l v e r s u c h e  zeigen, dass  
A T P  wie a u c h  bei  der  b l u t s a u g e n d e n  Tsetsefl iege ~ als 
P h a g o s t i m u l a n s  in e r h 6 h t e r  K o n z e n t r a t i o n  v o n  Bedeu-  
t u n g  ist. Vie l le icht  b e v o r z u g t  2~I. persicae einen r e l a t i v  
h o h e n  A T P - G e h a l t  (vergleiche h ie rzu  a u c h  die ger inge 
P o p u l a t i o n s d i c h t e  der  A p h i d e n  im Sommer ,  hohe  im 

1 j .  S. KENNEDY Und T. E. MITTLER, Nature, Lo•d. 171,528 (1953). 
2 H. ZIEGLER, Planta 417, 444 (1956). 

R. H. DADD, D. L. KRIEGER und T. E. MITrLER, J. Insect Physiol. 
13, 249 (1967). 

4 p. EgRHARDT, Z. vergl. Physiol. 58, 47 (1968). 
5 T. E. MITTL~g und J. E. KLEINJA~Y, J. Insect Physiol. 16, 833 

(197o). 
6 M. KLUGE und H. ZI~GLEg, Planta 61, 167 (1964). 
7 D. C. GARDNEg und A. J. PEEL, Nature, Lond. 222, 774 (1969). 
s M. K~VG~, D. BECKER und H. ZI~GLER, P1anta 91, 68 (1970). 

R. GALUN und J. MAgCALIT, Nature, Lond. 222, 583 (1969). 

Tabelle I. Beeinflussung des K6rpergewichtes alatoider (geflfigelt werdender)und apteroider (flfigellos bleibender) Morphen 6 Tage alter 
M. persicae Larven dutch ATP-Gaben in der holidisehen Di/it 

Gewicht % Morphe ~tM ATP in der Di~t 
0,00 0,35 0,44 1,11 1,67 2,22 4,45 

Alatoid 100,0 104,4 110,9 111,1 109,4 106,0 102,6 

Apteroid 100,0 105,0 107,0 110,6 108,1 109,7 104,4 

Die mittleren K6rpergewichte aller in 4 Tagen geborener Larven sind prozentual auf das KBrpergewicht von Larven auf ATP-freier 
Digit bezogen. 


