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ABSTRACT: Using 470 data from the literature the dry weight-specific respiration rates of gelatin- 
ous zooplankton (cnidarians, ctenophores and salps) and non-gelatinous zooplankton (mainly 
crustacea) were converted to carbon-specific values. The resulting carbon-specific respiration rates 
showed no significant differences between the two groups of zooplankton, indicating similar oxygen 
requirements per gram of carbon biomass. From this finding, it can be suggested that the differences 
in the rates of oxygen consumption measured in the two types of zooplankton in the sea can be 
explained by the carbon biomass ratio between gelatinous and non-gelatinous zooplankton. Furth- 
ermore, the low rate of metabolism of gelatinous species compared with that of non-gelatinous 
animals of the same volume can be attributed predominantly to the relatively low organic matter 
content in the former. It is recommended that all weight-specific metabolism rates be expressed 
using carbon as body mass unit (e.g. mg 02 gC -I d -1) which enables more accurate comparisons 
between individuals exhibiting different dry weight/carbon ratios. 

INTRODUCTION 

Metabolism studies on gelat inous zooplankton i.e. cnidarians, c tenophores  and 
thaliaceans revea led  lower dry weight-specif ic  rates than those in non-gela t inous  zoo- 

plankton (cf. Ikeda, 1974), sugges t ing  gelat inous species to be idle with respect  to 

metabolism. On the other hand, gelat inous organisms contain only small amounts  of 

organic matter, with carbon ranging be tween  1 and 32 % of dry weight,  whe reas  carbon 
makes  up 24-67 % of dry weight  in crustaceans (Schneider, 1989a). Therefore,  the use in 

comparisons of weight-specif ic  metabol ic  rates based on dry matter  as b iomass  unit is 

misleading, since different amounts  of metabol iz ing organic substances are be ing  com- 

pared. 
Scientists have  been  aware  of this problem for some time. To my knowledge ,  the first 

to notice the importance of organic matter  as biomass unit for weight-specif ic  rates was 
Krfiger (1968). Discussing respiration rates of some scyphomedusae,  he conc luded  that 

organic matter-specific rates were  similar to those obtained for carbon rich benthic  

invertebrates,  and, more recently, a comparison of carbon-specific ammonia  excret ion 
rates revealed ammonia  output to be in the same range per  g carbon in both types of 

zooplankton ment ioned  above (Schneider, 1990). Today, scientists working with gelatin- 

ous species are general ly  familiar with the differences be tween  dry weight-specif ic  and 

carbon-specific metabol ic  rates (cf. Cetta et al., 1986; Larson, 1987a). 
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H o w e v e r ,  th is  fact  is usua l ly  on ly  m e n t i o n e d  w i t h i n  t he  d i s cus s ion  s e c t i o n  of ac tua l ly  

p u b h s h e d  resul ts ,  and ,  t he re fo re ,  is o b s c u r e d  b y  a lot of o t h e r  a s p e c t s .  This  p a p e r  

c o m p a r e s  t he  c a r b o n - s p e c i f i c  r e sp i r a t i on  ra tes  of ge l a t i nous  a n d  n o n - g e l a t i n o u s  zoo-  

p l a n k t o n  on  a b r o a d e r  da t a  bas i s  w i t h  a v i e w  t o w a r d  look ing  for a g e n e r a l  ru le  of 

m e t a b o l i s m  in all z o o p l a n k t o n .  

T R E A T M E N T  OF D A T A  

D a t a  on  t h e  r e s p i r a t i o n  r a t e s  of z o o p l a n k t o n  f rom t h e  m a j o r  o c e a n  r e g i o n s  w e r e  

t a k e n  f rom 19 ar t ic les  p u b l i s h e d  b e t w e e n  1937 a n d  1991. T a b l e  1 lists all t he  i n v e s t i g a -  

t ions  u s e d  for th is  compi la t ion ,  a n d  p r o v i d e s  s o m e  in fo rma t ion  on  e x p e r i m e n t a l  cond i -  

Table 1. List of studies used for this contribution. Types of organisms investigated: non-gelatinous 
zooplankton (n); gelatinous zooplankton (g). Experimental temperatures (~ a n d  duration of 

incubation (h) are also given 

Source Type Temperature Incubation 
(~ time (h) 

P o l a r  w a t e r s  
Biggs (1982) n - 1  ~ 10 ~ 1 to 4 
Ikeda & Bruce (1986) n, g -1 .8  ~ to -0 .8  ~ 24 
Ikeda & Mitchell (1982) n, g -1 .3  ~ to -0 .8  ~ 24 
Ikeda & Skjoldal (1989) n -0 .5  ~ to 1.1 ~ 24 

B o r e a l  a n d  t e m p e r a t e  w a t e r s  
Hirota (1972) g 11.5 ~ to 130 24 
Ikeda {1974) n, g 4.3 ~ to 17.5 ~ 4 to 24 
Kerstan (1977) g 13.5 ~ to 14.5 ~ 19 to 28 
Kremer (1977) g 10.4~ to 24.5 ~ 12 to 26 
Krfiger (1968) g 15 ~ not  given 
Larson (1987) g 10 ~ 15 ~ I to 2 
Thill (1937) g 13.5 ~ to 17.5 ~ 1 
Weisse (1985) n 15 ~ 4 to 18 

S u b t r o p i c a l  a n d  t r o p i c a l  w a t e r s  
Biggs (1977) g 26 ~ I to 6 
Cetta et al. (1986) g 13.5 ~ to 28.5 ~ I to 8 
Ikeda (1974) n, g 19.7 ~ to 28.5 ~ 4 to 24 
Kremer (1982) g 22 ~ 3 to 10 
Kremer et al. (1986) g 25 ~ 3 to 5 
Menzel & Ryther (1960) n 20 ~ to 29 ~ 3 to 18 
Schneider & Lenz {1991) n 23 ~ to 26 ~ 3 
Shushkina & Pavlova (1973) n 30 ~ 4 to 5 

tions. T a b l e s  2 a n d  3 g ive  r a n g e s  a n d  uni t s  of o r ig ina l  m e a s u r e m e n t s .  P r io r  to p r e s e n t a -  

t ion of c a r b o n - s p e c i f i c  r e sp i r a t i on  r a t e s  it is u se fu l  to c o m p a r e  d ry  w e i g h t * s p e c i f i c  r a t e s  of 

n o n - g e l a t i n o u s  a n d  g e l a t i n o u s  z o o p l a n k t o n .  For  this  r ea son ,  d a t a  f rom 13 p u b l i c a t i o n s  

w e r e  c o n v e r t e d  to m g  02  g d w  -1 d -1 (in t he  r e m a i n i n g  six art icles,  dry  w e i g h t  v a l u e s  of 

e x p e r i m e n t a l  i n d i v i d u a l s  w e r e  n o t  g iven) .  S ince  the  e x p e r i m e n t a l  t e m p e r a t u r e s  w e r e  
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Table 2. Original respirat ion rates of non-gela t inous  zooplankton, dw: dry weight;  ww:  we t  weight;  
cal.: calories; ind.: individual; dry we igh t  of exper imenta l  individuals are given separa te ly  in 

original sources; n = n u m b e r  of da ta  examined;  n '  = n u m b e r  of m e a s u r e m e n t s  

Zooplankton n n ~ Range Original units  Source 

Copepods  98 98 0 .83-  13.4 ~l m g d w  -1 h - i  Ikeda (1974) 
Euphausi ids  25 25 0 .86-  5.2 ~l m g d w  -1 h - i  Ikeda (1974) 
Various groups  47 47 90 -1080  ~l g w w  -1 h -1 Biggs (1982) 
Various g roups  11 107 0 .09-  0.8 ~l ind. -1 h -1 Ikeda  & Bruce (1986) 
Various groups  19 196 0 ,21-  1.2 ~l ind. -1 h -1 Ikeda & Mitchell (1982) 
Various groups  14 101 0 .10-  1.5 ~l ind. - t  h -1 Ikeda & Skjoldal (1989) 
Various g roups  33 401 8 -2083  mcal ind. -1 d -1 Shushk ina  & Pavlova 

(1973) 
Various groups  11 183 0 .98-  10.6 HI g dw -1 h -1 Weisse (1985) 
Unsorted zooplankton 8 55 0 .05-  0.2 m g  C m g d w  -~ d -1 Menzel  & Ryther (1960) 
Unsorted zooplankton 13 13 0 .92-  4.7 m g  m -3 d -1 Schneider  & Lenz (1991) 

Table 3. Original respirat ion rates of gelat inous zooplankton, prot.: protein; o ther  symbols  as in 
Table 2 

Zooplankton n n" Range Original units Source 

Scyphomedusae  4 7 3 - 16 ~1 mg  prot. -1 
8 8 1.4 - 6,6 gl ind. - i  
3 72 7 - 16 m m  3 g w w  -1 
4 67 0,1 - 0.9 K1 mg dw -1 

10 10 0.1 - 0,6 ml ind. -1 

Hydromedusae  5 14 7 - 14 ~l m g  prot, - t  
8 8 0.1 - 5.3 ~l m g  dw -1 
1 8 2.3 ~1 ind, - t  

13 271 0.1 - 0.9 ~1 mg  dw -1 

S iphonophores  40 222 2.3 - 86 N m g  prot. -1 
4 4 0.5 - 0.8 ~1 m g  dw - I  
3 15 1.5 - 5.6 ~tl ind. -1 

Ctenophores  5 13 11 - 23 ~l m g  prot. ~t 
1 62 0.3 ~tl m g  dw -1 
3 3 0.1 - 0.4 ~tl m g  dw -~ 
3 19 12 - 41 ~l ind. -1 
1 1 15 ~.1 ind.  -1 

6 144 141 -489  ~g-at g dw-*  
4 37 6 - 29 ~g-at g dw -1 
4 88 0.1 - 0.4 m g  g dw -~ 

Salps 13 75  14 -192  ~1 mg  pro t . - !  
26 274 0 .003-  0.45 ml ind. -1 
15 15 0.29 - 3:03 ~tl m g  dw - I  

2 18 50 - 1 0 9  ~l ind. -1 
2 16 2.2 - 12 ~tl ind. - t  

h -1 Biggs (1977) 
h -1 Kerstan (1977) 
h -1 Krfiger (1968) 
h -1 Earson (1987a) 
h -1 Thill (1937) 

h -1 Biggs (I977) 
h -1 Ikeda  (1974) 
h -1 Ikeda  & Skjoldal (1989) 
h -1 Larson (1987a) 

h -1 Biggs (1977) 
h -1 Ikeda  (1974) 
h -1 Ikeda  & Bruce (1986) 

h -1 Biggs (1977) 
h -1 Hirota (1972) 
h -1 Ikeda  (1974) 
h -1 Ikeda & Bruce (1986) 
h -1 Ikeda & Mitchell (1982) 
d -1 Kremer  (1977) 
h - i  Kremer  (1982) 
h - i  Kremer  et al. (1986) 

h -1 Biggs (1977) 
h -1 Cetta et al. (1985) 
h -1 Ikeda (1977) 
h -~ Ikeda  & Bruce (1986) 
h - I  Ikeda & Mitchell (1982) 
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quite different (Table 1), all the data were standardized to 15~ according to the well 
known Q l o -  law: Qto = (K1/K2) 10/(tl-t2) 

where K1 and K2 are metabolic rates corresponding to temperatures t l  and  t2, respec- 
tively. A Q10 of 2 was used for all data (Ikeda, 1985). 

The second step was to convert all the original data from the 20 investigations to mg 
02 gC -1 d -1. Carbon content was actually measured in only eight studies (Ikeda, 1974; 
Ikeda & Mitchell, 1982; Kremer, 1982; Ikeda & Bruce, 1986; Kremer et al., 1986; Ikeda & 
Skjoldal, 1989; Schneider & Lenz, 1991; and Larson 1987a, who, however, p resen ted  the 
carbon data in Larson, 1986). The Obtained vaiues were used for conversions. One 
exception is the respiration data of salps in Ikeda (1974) since no carbon data  for this 
group are given. Therefore, an average carbon content of 8.1% of dry weight  was 
assumed (Schneider, 1989a). 

For dry weight-specific rates of non-gelatinous zooplankton presented b y  Menzel & 
Ryther (1960) and Weisse (1985), carbon was assumed to contribute 40 % of dry weight 
(H~irdstedt-Romdo, 1982; Schneider, 1989a), For conversion of the caloric values  given by 
Shushkina & Pavlova (1973), the following factors were applied: 1 ~l of respired oxygen = 
4.86 mcai (Omori & Ikeda, 1984), and 1 ~g of carbon biomass = 14.6 mcal (according to 
Platt et al. [1969] where C = 40 % of dry weight). In his outstanding work on gelatinous 
zooplankton, Biggs (1977) presented respiration data using proteins as biomass unit. 
Since carbon and proteins make up roughly one half of the organic mat ter  each (cf. 
Raymont, 1983), protein-based respiration rates were considered as equal to the carbon- 
specific rates. The results for non-gelatinous zooplankton obtained by Biggs (1982) are 
given per unit of wet weight, and were related to carbon where C = 8 % of wet weight, 
taking into account that dry weight on average makes 'up  20 % of wet weight  (Omori, 
1969) and carbon 40 % of dry weight. 

The dry weight to carbon conversion factors for the studies of Krfiger (1968), Hirota 
(1972), Kerstan (1977) and Kremer (1977) were: C = 10.7 % dw, C- -  3.8 % dw (Schneider, 

1989a), C = 5 % dw (Schneider, 1988) and C = 1;7 % dw (Kremer, 1976), respectively. 
The wet weight-specific oxygen uptake rates of Baltic Aurelia aurita determined by 

Thill (1937) were related to carbon by assuming dry weight to be 2% of wet weight  and C 
- 5 % of dry weight (Schneider, 1988). Finally, the comprehensive study of Cetta et al. 
(1986) provides 13 regressions between individual respiration rates and  individual 
carbon weights of salps. For each of these regressions two carbon-specific respiration 
rates, one associated with a carbon weight of 500 ~g C ind -1 and one referring to a weight 
of 5000 ~g ind -1, were calculated. These weight values correspond roughly to the lower 
and upper limits of the regressions. 

After all conversions to mg O2 gC -1 d - t ,  the new data were standardized to 15~ as 
described above. For non-gelatinous zoopiankton a total of 279 data, represent ing 1226 
measurements, were evaluated. For gelatinous zooplankton 188 data from 1471 measure- 
ments were related to carbon as body-mass unit. 

RESULTS AND DISCUSSION 

A comparison of the dry weight-specific respiration rates in non-gelatinous and 
gelatinous zooplankton is given in Figure 1. Values for the non-gelatinous group ranged 
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Fig. 1. Frequency distribution of dry weight-specific respiration rates (abscissa: mg 02 gdw-1 d-1) of 
non-gelatinous zooplankton (NGZ) and gelatinous zooplankton (GZ). Vertical line denotes median 
value; horizontal bar indicates 95 % confidence interval of median; and vertical dashes include 50 % 
of all data (median __ 25 %). These symbols are also used in Figures 2 and 3. Data exceeding 200 mg 

02 gdw -1 d -1 are excluded from the figure 

be tween  I0 and  711 mg 02 gdw -1 d -1. However, 90 % of all data are below 200 mg  02 
gdw -1 d -1. The median  is 97 mg 02 gdw -1 d -1. By contrast, all data for gelat inous 
zooplankton are below 120 mg 02 gdw -1 d -1 and  80 % are be tween  0 and  20 mg 02 
gdw -1 d -1. A med ian  value of 12 mg 02 gdw -1 d -1 was calculated for this data set. The 
median  values for both zooplankton groups are significantly different (four-fold table, 
Chi 2 = 4.15, p < 0.05). This result confirms the view that dry weight-specific respiration of 
gelatinous zooplankton is about  one order of magni tude  less than that of non-gela t inous  
zooplankton. 

Convert ing respiration rates to carbon as body mass unit  will lead to another  figure 
(Fig. 2). For both zooplankton groups, oxygen uptake rates per  g of carbon are approxi- 
mately in the same ranges: be tween  23 and  1034 mg 02 gC -1 d -1 for non-gela t inous  
zooplankton and  from 13 to 3074 mg 02 gC -1 d - i  for the gelat inous group. For both types 
of zooplankton about  90 % of the data are below 500 mg 02 gC - I  d -1 and  50 % of all data 
are be tween  103 and  342 mg 02 gC -1 d -1. The calculated median  value for gelat inous 
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Fig. 2. Frequency distribution of carbon-specific respiration rates of non-gelatinous (NGZ) and 
gelatinous zooplankton (GZ) (abscissa: mg 02 gC -~ d-~). Values exceeding 500 mg 02 gC -~ d -~ are 

excluded from the figures 

zooplankton  is shght ly  lower than that  of non-ge la t inous  zoop lank ton  (195 vs 227 mg 0 2 

gC -1 d-~); however ,  the  difference is not  significant (four-fold table,  Chi 2 = 0.0006). 
The da ta  set  for gela t inous  zooplankton  shows a b roader  total  r ange  w h e n  c o m p a r e d  

with non-ge la t inous  organisms,  and  dur ing  calculat ion of carbon specif ic  respirat ion,  
compara t ive ly  h igher  values  for salps than  for other  me mbe r s  of the ge la t inous  group 
were  recorded.  Therefore,  the group "Gelat inous  zooplankton"  was  spli t  into "Cnida-  
r ians and  Ctenophores"  on the one h a n d  and  "Salps" on the other. A compar i son  of the  
carbon-specif ic  oxygen  up t ake  in the  two subgroups  of ge la t inous  zoop lank ton  is g iven 
in F igure  3. It a p p e a r s  that  sa lps  exhibi t  h igher  metabol ic  ra tes  than  cn ida r i ans  and  
ctenophores .  The  med ian  is about  twice as h igh  for the  former than  for the  latter.  
However ,  due to the  broad  scat ter ing of da ta  the  difference is not  s ignif icant  (four-fold 
table,  Chi 2 = 0 , I02) .  The same  is t rue when  compar ing  the m e d i a n  va lues  of both  
subgroups  with  tha t  of non-ge la t inous  zooplankton  (Chi 2 : 0.047 and  0.034, respec-  
tively). 

Summing  up, w h e n  the dry w e i g h t - s p e d l i c  respira t ion rates  w e r e  conve r t ed  us ing 
carbon as body-mass  unit, the oxygen  up t ake  va lues  m e a s u r e d  inc reased  approx ima te ly  
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Fig. 3. Frequency distribution of carbon-specific respiration rates of "cnidarians and ctenophores" 
and "salps". Values exceeding 900 mg O2 gC -1 d -1 are excluded from the figure 

by a factor of two in non-gela t inous  zooplankton and  by about one order of magn i tude  in 
gelat inous zooplankton. These differences are due to the factors be tween  the actual 
percentage  of carbon in dry material and 100 %. On the whole, it can be concluded on the 
basis of measurements  using carbon as body-mass unit  that gelatinous and  non-gela t in-  
ous zooplankton respire similar amounts  of oxygen. However, there is a t endency  for 
higher rates in salps than in cnidarians and ctenophores. 

Generally,  such comparisons may be subject to some criticism since different 
assumptions have to be made which may perhaps lead to more or less significant errors. 
For example, in this study a constant  Qlo of two was used for correcting temperature  
effects on metabolic rates. This rounded  value was adopted from Ikeda (1985} who 
analysed about 700 respiration data, 73 % of the total be ing from crustaceans. For the 
gelat inous zooplankton the same Qlo was used for the sake of equal  t rea tment  of both 
data sets. However, Qto values within this zooplankton group range from 1 to 7 but  were 
about  3 in most cases (summarized in Larson, 1987a. The extreme value of 25 given in this 
reference is probably a misprint}. Therefore, temperature  correction may lead to under-  
or overestimations by an average factor of 1.5, But this applies for rates originally 
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measu red  at  t empera tu res  be low 15 ~ as wel l  as for those  m e a s u r e d  at  h ighe r  tem- 
peratures .  It can be  assumed  that  most of the  differences are  a v e r a g e d  out, so that  the 
f requency dis tr ibut ion of da ta  remains  fair ly.unaffected.  

Other  errors m a y  resul t  from es t imat ing the carbon content  of those spec i e s  for which 
carbon was  not  actual ly  measured .  This seems  less impor tan t  in non-ge la t inous  zoo- 
p lank ton  s ince variat ions are  compara t ive ly  small  (Schneider,  1989a). However ,  the  
carbon content  of gela t inous  species  can vary  over  one order  of m a g n i t u d e ,  so that  
apphca t ion  of an average  va lue  to a dist inct  species  m a y  be  ra ther  e r roneous .  Fortu- 
nately,  such "bhnd" assumpt ions  were  only necessa ry  in a few cases. Howeve r ,  most  
carbon va lues  could be  drawn from other  h te ra tu re  sources s tudying  the spec i e s  to which  
the carbon va lue  must  be  apphed.  

Since the  publ icat ion of Biggs (1977) contr ibutes  a substant ia l  par t  of to ta l  ge la t inous  
zooplankton  da ta  (36 %) it should not  be  over looked  that equa l iz ing  p ro te in  content  with 
carbon content  can be  t aken  as a ni le  of thumb only. The contr ibut ion of p ro te ins  to total  
organic  mat te r  may  exceed  60%,  whereas  carbon may  be  be low one ha l f  of organic  
mat ter  (cf. Raymont,  1983), and  vice versa.  General ly ,  this de pe nds  u p o n  the total 
b iochemical  composit ion.  For example ,  low amounts  of hpids  will l ead  to a h igh  contr ibu-  
tion of prote ins  and a smaller  one of carbon to total  organic matter ,  w h e r e a s  the  opposi te  
is true when  hpids  are  plenty.  However ,  the  difference b e t w e e n  both componen t s  will 
never  be  large.  

On the whole,  these  different  k inds  of errors appea r  too small  to dis tor t  the  overall  
message  that  respirat ion of non-ge la t inous  and  gela t inous  zoop lank ton  falls into the 
same range  if carbon serves as body-mass  unit.  

With respec t  to body  weight ,  this may  be  an  unexpec t ed  resul t  s ince mos t  ge la t inous  
spec ies  are cons iderab ly  la rger  than non-ge la t inous  zdoplankton.  E xpe r ime n t a l  de termi-  
nat ions of the  ahometr ic  exponen t  re la t ing  metabohc  rates to ind iv idua l  body  weight  

b according to the  wel l  known equat ion  M = a W , revea led  b-va lues  to r a n g e  b e t w e e n  0.3 
and 1.6 in gela t inous  zooplankton.  However ,  most  values  were  close to un i ty  (Table 4). 
This indica tes  no decrease  of weight -spec i f ic  respirat ion rates  with i nc r e a s ing  body  
weight  which  may  be  a result  of specific growth  conditions (Kriiger, 1968). Moreover ,  
Phil i ipson (1981) found b-va lues  to be  close to 0.9 in a la rge  da ta  set for  mul t ice l lu lar  
ectotherms,  and  therefore the  differences in weight-specif ic  respira t ion b e t w e e n  e.g. 
smal ler  c rus taceans  and large medusae  are  minor  and are  bur ied  by var iab i l i ty  due to 
other  agents .  

Such var iabi l i ty  may  emerge  from the an imals '  response  to starvation. In  most  s tudies 
both types  of zooplankton  were  incuba ted  wi thout  food, and  exper imen t s  s ta r ted  ei ther  
as soon as poss ib le  after s amphng  or after a pe r iod  (usually a few hours) of s tarvat ion.  It is 
we l l -known that  metabohc  rates dechne  in the  absence  of food. G y l l e n b e r g  & Greve  
(1979) demons t ra t ed  that  s tarving Pleurobrachia pfleus lost one half of the i r  respira tory  
activity wi th in  one day, and  reached  a low but  more or less constant  l e v e l  of oxygen  
up take  in the  following days. Similar  observa t ions  are repor ted  for r ep re sen t a t i ve s  of 
non-ge la t inous  zooplankton  (cf. Ikeda  & Skjoldal ,  1980). Therefore,  m o s t  incubat ion  
per iods  over lap  with the t ime-span  of max ima l  dechne  of respirat ion.  S ince  it can be  
a s sumed  that  the degree  of me tabohc  dechne  with  t ime varies  b e t w e e n  species ,  and  may, 
moreover,  d e p e n d  upon the food reg ime in the  sea  prior to samphng,  this m a y  inf luence 
exper imen ta l  results. 
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Table 4. Compilation of b-values relating individual respiration to individual weight. WM = 
weighted mean; n = number of b-values determined; n* = number of measurements 

Zooplankton Range WM n n ' Source 

Scyphomedusae 0.91-0.99 0.96 3 72 
0.92-1.04 0.95 4 67 
0.94 1 18 

Hydromedusae 0.81 1 14 
0.7I-1.40 0.99 13 271 

Siphonophores 0.75-1.61 1.15 8 163 

Ctenophores 1.28 1 10 
0.96-1.28 1.03 6 144 
0.64-1.12 0.88 4 141 

Salps 1.30-1.61 1.37 2 34 
0.74 1 16 
0.26-1.63 0.97 13 274 

Total range: 0.26 - 1.63 
Total weighted mean: 0.96, n* = 1224 
Arithmetic mean __- SD: 1.00 +_ 0.26, n = 57 
95 % conf. interval: 0.93-1.07 

*" Calculated from data in Thi11 (1937) and Kerstan (1977) 

Kr/iger (1967) 
Larson (1987a) 
Schneider (1989c}"" 

Biggs (1977} 
Larson (1987a) 

Biggs (1977} 

Biggs (1977) 
K.remer {1977} 
Kremer et al. (1986} 

Biggs {1977} 
Ikeda & Mitchell {1982} 
Cetta et al. {1986} 

Furthermore, we  have  to take into account the existence of lethargic and more  active 

species within a taxonomic group. For salps, Cetta  et ~1. (1986) showed that  active 
species, pulsing at rates be tween  60 and 100 min -1, exhibit a twofold higher  respirat ion 

rate than those species pulsing only be tween  23 to 72 times per  minute.  Another  example  

is reported by Youngbluth  et al. {1988} where  the immobile or slow swimming midwate r  
c tenophore Bathocyroe fosteri respires only one third the value of the co-occurr ing but 

more active Ocyropsis sp. which probably has only a shghtly h igher  carbon content.  

However ,  variabihty may also occur for reasons unknown to us, Respiration rates of 

certain c tenophores  were  be tween  two and six times higher  according to measu remen t s  
by Biggs (1977) w h e n  compared  with those obtained by Kremer et al. (1986} for the same 

species. No suitable explanat ions can be given for these differences (Kremer et al. 1986}. 

As ment ioned above, salps tend  to exhibit  h igher  respiration rates than cnidarians 
and ctenophores,  and one might  expect  salps to be rather active gelat inous individuals  

requir ing more oxygen  for muscle  contractions and locomotion than the more le thargic  

appear ing medusae .  Various experiments ,  however ,  revea led  swimming to be  rather  
efficient in salps. Specific effort which has to be exer ted for locomotion is low, and  similar 

or less than in medusae  (Bone & Trueman,  1983, 1984; Trueman  et al., 1984; Larson, 

1987b; Reinke, 1987; Madin, 1990). Possibly, formation of food webs may  lead  to 
increased respiration by enhanced  drag forces, but  this is speculat ive in the context  of the 

data presented here. 

On the other hand, it is difficult to obtain independen t  support  for the sugges t ion  of 
general ly higher  rates in salps. According to Cet ta  et al. (1986), carbon turnover  rates are 
high, ranging b e t w e e n  10 and 40 % d -1 (extreme: 100 % C d -1) and are therefore  h igher  
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than  turnover  rates e s t ima ted  for hydro-  and  scyphomedusae  (Larson, 1987 a). This is also 
true after corrections for different  exper imenta l  tempera tures .  

Alternat ively,  carbon turnover  rates  es t imated  from filtration and  i nges t i on  s tudies  
were  be tween  25 and  more  than  100% body-C d -1 (Mu].lin, 1983; A n d e r s e n ,  1985; 
Deibel,  1985), coinciding with the  high turnover  rates ob ta ined  from o x y g e n  consumpt ion  
measurements .  The p rob lem remains  unreso lved  here.  It cannot  be  e x c l u d e d  that  the  
h igher  respira t ion rates  of salps are an art ifact  due  to na tura l  variabil i ty,  e r rors  men t ioned  
above  and the compara t ive ly  low numbers  of data. Fur ther  observat ions  a r e  n e e d e d  for 
verif icat ion or falsification. 

To sum up, the  da ta  compila t ion p re sen ted  here  suggests  ca rbon-spec i f ic  respi ra t ion  
rates  to be  similar in ge la t inous  and  non-ge la t inous  zooplankton.  Therefore ,  if carbon 
serves  as body  mass  unit, cnidarians,  c tenophores  and salps cannot  be  r e g a r d e d  as be ing  
metabohca l ly  less active. Equal  carbon b iomass  stocks of both  types  of z o o p l a n k t o n  in the 
sea  require  similar amounts  of oxygen  and  re lease  similar a m o u n t s  of ammonia  via 
excret ion (Schneider,  1990). Low metabohc  rates of ge la t inous  zoop lank ton  occur  only on 
a pe r  individual  basis,  and  by  compar ing  those rates  with that  of non -ge l a t i nous  
organisms of the  same volume.  This results  from the low absolute  a m o u n t  of organic  
mat te r  in the  former bu t  not  by  any  qual i ty  of the  organic  mat ter  itself. Therefore ,  s ince 
the  dry we igh t  / ca rbon  rat ios are  ra ther  different b e t w e e n  the two m a j o r  groups  of 
zooplankton  as well  as b e t w e e n  the m e m b e r s  of the gela t inous  and non -ge l a t i nous  taxa, 
it is r e c o m m e n d e d  tha t  weight -spec i f ic  me tabohc  rates should be  e x p r e s s e d  on a carbon 
basis  for p roper  compar isons  or on any other  basis character iz ing o rgan ic  content  (e.g. 
n i t rogen or proteins).  

Finally, the r e a d e r  m a y  al low some remarks  with an evolut ionary v iew.  Gela t inous  
body  composit ion seems  to be  an old and  successful  s trategy.  First m e d u s a n - h k e  fossils 
are  recorded  from the Ediacara  fauna of approx imate ly  600 milhon years  a g o  (Glaessner ,  
1962; Cloud & Glaessner ,  1982). Dur ing those early days  of mul t icel lular  organizat ion,  
envi ronmenta l  condit ions were  harsh. We know that, at best ,  oxygen  m a d e  up  only one 
tenth  of the p resen t  value.  It can  be  a s sumed  that  product ion in the old o c e a n s  was  much 
less and spa t ia l  he t e rogene i ty  cons iderab ly  la rger  than  today.  Gela t inous  organiza t ion  
was  p robab ly  of adap ta t iona l  va lue  to these  condit ions since small  a moun t s  of organic  
mat ter  requ i red  compara t ive ly  httle oxygen  but  a l lowed increase  of body  s ize  wi th  large  
surfaces for diffusion of oxygen  and  for catching of prey,  especia l ly  in p r e d o m i n a n t l y  
d i sc -shaped  medusae  or wel l - s t ruc tured  sea- fea ther  l ike sessile cn ida r i ans  (e.g. Char- 
niodiscus spp.). We do not know anyth ing  about  the food of the early m e d u s a e .  Possibly, 
interspecif ic  p reda t ion  may  have  p l ayed  a role. However ,  it may  be  a s s u m e d  that  feed ing  
on unicel lular  microplankton  domina ted  in a sea  fairly devoid  of me tazoans ,  and  was  
perhaps  carr ied out in the way  d i sp layed  by  p re sen t -day  Aurelia aurita m e d u s a e  
(Southward, 1955). 

Be the la t ter  as it may, m e d u s a e  were  p robab ly  the first mult icel lular  an ima l s  to en ter  
the  pe lag ic  realm, r ema in ing  there  for over  half a bil l ion years.  Probably ,  ge la t inous  
organizat ion was  a k e y  to this step, and  it is an  in teres t ing  case  of c o n v e r g e n c e  that  some 
of the crus taceans  that  hve in oxygen-poor  deepe r  wa te r  layers  also exhib i t  a fairly 
gelat inous body  composi t ion (Childress & Nygaard ,  1974; Flint et al., 1991}. 
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