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ABSTRACT: Respiration, ammonia and phosphate excretion experiments were performed with 
planula larvae of Aurelia aurita (Scyphozoa) from Kiel Fjord, Baltic Sea, in summer 1983. The mean 
respiration measured was 3.22 nl 02 ind -1 h -1 (at - 20 °C). Excretion experiments revealed average 
values of 11.41 pM NH4-N ind -1, and 0.92 pM PO4-P ind -1 h -1, respectively. The atomic C : N : P ratio 
of excretion products was 133 : 10 : 1. The O : N ratio of 25 : 1 and O: P ratio of 313 : 1 point to a lipid- 
carbohydrate-oriented catabolism of the Aurelia larvae. On the basis of experimental results and of 
biomass determinations, the maximal survival period of the non-feeding free swimming ptanula 
stage was calculated. Typically, the value lies in the range of some days to one week. 

INTRODUCTION 

Respirat ion and excre t ion  of p lanktonic  an imals  w e r e  inves t iga ted  by many  authors 
dur ing the last 25 years. Whi le  there  is a la rge  body of l i tera ture  dea l ing  with  crus tacean 

plankton,  only little information is ava i lab le  on the me tabo l i sm of other  taxa. In summer  

months, the p lankton  communi ty  of coastal  waters  is often domina ted  by larval  s tages of 

benthic  and planktonic  organisms.  As inver tebra te  p reda t ion  on these larvae  is high, the 
res idence  t ime must be re la t ive ly  short to secure  the survival  of sufficient  ind iv iduals  in 

natural  populat ions.  Up to now, inves t iga t ions  on the me tabo l i sm of inver tebra te  la rvae  

in the Baltic Sea have  not b e e n  publ i shed .  In this pape r  we  presen t  results ob ta ined  from 
respirat ion and excre t ion  exper iments  wi th  p lanu lae  la rvae  of the common jel lyf ish 

Aurelia aurita (Scyphozoa). On the basis of our results we  ca lcu la ted  the max imal  

possible durat ion of the non- feed ing  p lanu la  stage. 

MATERIAL AND M E T H O D S  

The p lanu lae  larvae for the three  sets of expe r imen t s  were  t aken  from 3 to 5 adul t  
Aurelia aurita sampled  in Kiel Fjord in Augus t  1983. Exper iments  started two hours after 

sampling.  Animals  were  incuba ted  in 1.2-1 glass bott les in f i l tered sea wate r  in the dark 

for 7 h to 24 h. Respirat ion was measu red  us ing  the Winkler  method;  a m m o n i u m  and 
inorganic  phosphate  excre t ion  were  de t e rmined  accord ing  to Grasshoff (1976). Results 

were  ca lcula ted  as the dif ference b e t w e e n  expe r imen ta l  and control  bot t les  at the end  of 
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exper iments .  The  n u m b e r  of an imals  per  bott le  was de t e rmined  by count ing  a subsam- 

ple from each  expe r imen ta l  vessel.  Total  body length  was es t imated  from 50 individuals .  
Dry weight ,  organic  carbon and n i t rogen content  was ca lcu la ted  from measur ing  6 to 9 

repl icates ,  r ep resen t ing  3060 and 4590 individuals ,  respect ively.  The  carbon and nitro- 
gen  analyses  were  per formed us ing a CHN analyzer  (Perkin Elmer  Model  240 C). The 

animals '  we igh t  was  measu red  after drying at 60 °C for 24 h. 

RESULTS 

The results of respira t ion and excre t ion  measu remen t s  of A urel ia  a urita planulae  are 
g iven  in Tab le  1. 

In the expe r imen ta l  series E 9, nega t i ve  results  w e r e  obta ined  for phosphate  

excret ion and have  therefore  been  omitted.  Values  repor ted  in brackets  are not inc luded 

in the ca lcula t ion  of means  (Table 2). The  s tandard dev ia t ion  of the m e a n  values  is 
re la t ive ly  h igh  for all three phys io logica l  parameters ,  whereas  the scat ter ing of size and 

biomass  de te rmina t ions  is cons iderably  lower  (Table 3). The ave rage  carbon content  is 
39 % of dry weight .  Ni t rogen  contr ibutes  to about  9 % of dry weight ,  and atomic C : N 

ratio is 5,3. On the basis of these  biomass  data and of the m e a n  respirat ion and excret ion 

rates repor ted  in Tab le  2, dai ly  ca tabol ism and body turnover  rates were  calcula ted for 
carbon, ni t rogen,  and phosphorus  (Table 4). The  oxygen  measu remen t s  were  conver ted  

to carbon units us ing a factor of 12/22.4, and a respiratory quot ien t  of 0.85. The daily 

n i t rogen  turnover  rate (4.8 %) is half the ratio ca lcu la ted  for carbon and phosphate  

(9.8 %, and 9.5 %, respect ively) .  

Table 1. Summary of respiration and excretion experiments with Aurelia aurita ptanutae larvae. 
n -- number of individuals studied 

No. Time °C n Respiration PO 4 NH 4 
(h) (nl 02 (pM (pM 

ind-1 h-l} ind-1 h-l) ind-1 h-l} 

E7/1 7 19.6-20.1 15,212 1.54 0.71 30.74 
/2 18,731 1.61 - 18.85 
/3 29,818 1.74 (0.07) - 
/4 13,963 2.28 1.08 11.62 
/5 17,028 3.54 0.64 - 
/6 22,818 4.48 0.76 15.48 

E8/1 7.25 20.9-21.3 20,220 4.75 1.56 4.09 
/2 16,140 4.51 (0,10) 10.87 
/3 40,140 3.22 - 6.19 
/4 28,980 3.48 1.48 14,85 
/5 20,560 3.30 0.24 14.89 
/6 15,030 1.87 (0.11) 8.26 

E9/1 24 21.1-21.5 12,361 (11.69) - 4.27 
/2 23,763 5.05 - 4,27 
/3 8,418 (12.12) - - 
/4 15,132 4.33 - 4.56 
/5 24,083 2.06 - - 
/6 20,353 3.78 - 5.28 
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Table  2. M e a n  v a l u e s  of e x p e r i m e n t a l  resu l t s .  ~ - - a r i t h m e t i c  m e a n ;  sd  = s t a n d a r d  dev ia t ion ;  
n = n u m b e r  of e x p e r i m e n t s  

(A) Abso lu te  v a l u e s  
Resp i r a t i on  pO43--P N H  4 + - N  

(nl 0 2 i n d  -1 h -1) (pM ind  -1 h -1) 

3.22 0.92 11.41 
sd  1.22 0.48 7.33 
n 16 7 14 

(B) W e i g h t  spec i f ic  v a l u e s  
Resp i r a t ion  

(~tl 02  m g  d w  -1 h -1) 
p o 4 3 - - P  N H a + - N  

(nM m g  d w  -1 h -~) 

3.50 1.00 12.40 
sd  1.33 0.52 7.97 

T a b l e  3. Size, dry  w e i g h t ,  c a r b o n  a n d  n i t r o g e n  c o n t e n t  of Aurelia aurita p l a n u l a e  l a rvae  

P a r a m e t e r s  Size D W  C N C : N C : N 
(~m) (~g i n d  -1) (~tg i n d  -1) (~g i n d  -1) (by we igh t )  (by a toms)  

255 0.92 0.36 0.08 4,5 5.3 
sd  26.1 0.13 0,04 0.008 0.42 0.39 

r a n g e  200-320  0 .8-1 .2  0 .31-0 .43  0 .07-0 .09  
n 50 9 6 6 

T a b l e  4. C a l c u l a t e d  a t o m i c  ra t ios  a n d  t u r n o v e r  ra tes  of p l a n u l a  e x c r e t i o n  a n d  m e t a b o l i s m  

Excre t ion  C : N : P = 133,2 : 10.4 : 1 
C : N  = 10,7:1  
O : N  = 25 ,2 :1  
O : P  = 312 .5 :1  

Dai ly  c a t a b o l i s m  C = 35.28 n g  i nd  -1 d -1 
N = 3.83 n g  i nd  -1 d -1 
P = 0.68 n g  i nd  -1 d -1 

Dai ly  b o d y  t u r n o v e r  C = 9.8 % 
N = 4 . 8 %  
P = 9 . 5 % *  

• a s s u m i n g  P -con ten t  to be  s i m i l a r  to p l a n u l a e  i n v e s t i g a t e d  in 1984 

A s s u m i n g  t h e s e  r a t i o s ,  t h e  w h o l e  b o d y  c a r b o n  w o u l d  h a v e  b e e n  r e s p i r e d  a f t e r  10 

d a y s .  A l l  o r g a n i c  n i t r o g e n  w o u l d  h a v e  b e e n  l o s t  a s  a m m o n i a  e x c r e t i o n  a f t e r  21 d a y s ,  a n d  

p h o s p h a t e  p h o s p h o r u s  a f t e r  11 d a y s ,  r e s p e c t i v e l y .  
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Table 5. Aurelia aurita. Respiration and excretion of adults 

Respiration PO43--P NH 4 + -N Author 
(~t mg dw -1 h -1) (nM mg dw --1 h -1) 

0.090-0.220* Kerstan {1977) 
0.095-0.300* Thill {1937) 
0.097-0.250** Nicol (1960) 
0.100-0.223"* Kuz'micheva (1980) 

0.22 1.95 Schneider {unpubt.) 

* assuming dry weight to be 2 % of wet weight for Baltic Aurelia and 
* * assuming dry weight to be 3.5 % of wet weight for Aurel ia  from other localities (reviewed in 

Russel, 1970; Kerstan, 1977; Schneider, unpubl.} 

DISCUSSION 

The m e a n  we igh t  specif ic  resp i ra t ion  and  excre t ion  of the p l a n u l a e  la rvae  are 
cons ide rab ly  h ighe r  than  va lues  r epor ted  for adu l t  A u r e l i a  aur i ta  (Table 5), as expec t ed  
by  the gene ra l  l aw of me t abo l i sm  reduc t ion  wi th  inc reas ing  body  we igh t  (Penzlin, 1977). 
However ,  our resul ts  are  d is t inc t ly  lower  than  we igh t  specif ic  rates  m e a s u r e d  for other  
sma l l e r  zoop lank ton  (rotifers, c ladocerans ,  copepods)  unde r  s imi lar  e xpe r ime n t a l  condi-  
t ions in the  Baltic (Weisse, in prep.) .  Since p l a n u l a  la rvae  do not feed  it seems reasonab le  
that  the i r  m e t a b o l i s m  is r e l a t ive ly  lower  than  that  of ac t ively  f eed ing  an imals  l ike  
rotifers, c ladocerans ,  and  copepods .  The  specif ic  me t a bo l i sm  of the  A u r e l i a  l a rvae  is 
re f lec ted  by  the  a tomic  rat ios  r epo r t ed  in Tab le  4. H igh  O : N  and  O : P  rat ios ob ta ined  
he re  are  caused  by  a l i p i d - c a r b o h y d r a t e - o r i e n t e d  me tabo l i sm (LeBorgne, 1973; Nival  et 
al., 1974; Ikeda ,  1977). The  O : P  rat io  of 313 is h ighe r  than  p rev ious ly  m e a s u r e d  by  other  
au thors  for di f ferent  zoop l ank ton  groups  ( r ev iewed  in Ikeda,  1977; see  Raymont,  1983). 
T a k i n g  into cons ide ra t ion  that  not  al l  n i t rogen  is exc re t ed  as ammonia ,  and  a cer ta in  
amoun t  of phosphorus  m a y  be  exc re t ed  in o rgan ic  form, the C : N:  P rat io of excre t ion  
products  of 133 :10 :1  is c lose to the  C : N : P  rat io of the l a rvae ' s  body  composi t ion  of 
139 : 23 : 1 which  was  m e a s u r e d  in summer  1984 (Schneider ,  unpubl ,  results). It is obvious  
that  the  p l anu l a  la rvae  ca tabo l i ze  thei r  own body  s torage  products  wi th  re la t ive ly  lower  
amounts  of protein.  The  max ima l  m a i n t e n a n c e  t imes  ca lcu la t ed  for carbon,  n i t rogen,  and  
phosphorous  on the bas is  of the  resp i ra t ion  and  excre t ion  expe r imen t s  and  of the 
b iomass  de t e rmina t ions  are  un rea l i s t i ca l ly  high.  The an imals  cannot  survive  unti l  all  of 
the i r  own body  products  are  ca tabol ized .  However ,  lower  t e mpe ra tu r e s  in d e e p e r  wate r  
wi l l  r educe  me tabo l i c  demands ,  and  the max ima l  survival  pe r iod  wil l  be  e longated .  
Therefore ,  we  a s sume  a max ima l  dura t ion  of the free s w i m m i n g  p l a n u l a  s tage  b e t w e e n  
some days  and  one week ,  a va lue  consis tent  wi th  observa t ions  by  former workers.  
Lohmann  (1908) r epor t ed  5 days,  Kaes tner  (1969) 2 days  as the  typ ica l  life span  of a 
p l a n u l a  larva.  On the o ther  hand,  the  la rvae  can set t le  down  on the subs t ra te  wi th in  
some hours  after  the  r e l ease  by  adul t  A u r e l i a  aur i ta  f emales  (own observat ions) .  The 
ac tua l  dura t ion  of the  free s w i m m i n g  s tage  is p r o b a b l y  ma in ly  d e t e r m i n e d  by  environ-  
men ta l  factors l ike  bo t tom depth ,  t u rbu lence  of the  wa te r  masses  and t ranspor ta t ion  
th rough  currents .  
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