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ABSTRACT: The structure of a Hyperia galba population, and its seasonal fluctuations were studied 
in the waters of the German Bight around the island of Helgoland over a period of two years (1984 
and 1985). A distinct seasonal periodicity in the distribution pat tern of this amphipod was recorded. 
During summer, when  its hosts - the scyphomedusae Aurelia aurita, Chrysaora hysoscella, Rhizo- 
stoma pulmo, Cyanea capillata and Cyanea lamarckn'- occur in large numbers,  supplying shelter  
and food, a population explosion of H. galba can be  observed. It is caused primarily by the relatively 
high fecundity of H. galba which greatly exceeds that  of other amphipods: a maximum of 456 eggs 
was observed. The postembryonic development  is completed in the medusae  infested; only then are 
the young able to swim and search for a new host. The smallest fr4ely-swimming hyper ians  obtained 
from plankton samples were 2.6 mm in body size. The size classes observed as well as moult 
increment  and  moulting frequencies in relat ion to different temperatures  suggest  that  two genera-  
tions are developed per  year: a rapidly growing generat ion in summer  and a slower growing 
generat ion in winter that shifts to a benthic  mode  of life and  hibernation.  For short periods, adult  
hyperians may become at tached to zooplankters other than scyphomedusae.  However,  when  
releasing the progeny, they are dependen t  on the presence of these coelenterates. Apparently,  a 
host specificity does not exist. During daytime, the hyperians seem to avoid a host change;  only 
0.2 % of all the individuals sampled in the plankton during the day were not associated with 
medusae.  The heavy infestation of medusae  by this crustacean leads to a weaken ing  and  a 
progressive breakdown of these important  predators on fish larvae. H. galba occupies a specific 
position in the marine food web which is discussed in detail. 

I N T R O D U C T I O N  

T h e  a m p h i p o d  s u b o r d e r  H y p e r i i d e a  - b e s i d e s  t h e  c o p e p o d s  a n d  e u p h a u s i a c e a n s ,  t h e  

eco log i ca l l y  m o s t  i m p o r t a n t  g r o u p  of p l a n k t o n i c  c r u s t a c e a n s  - c o m p r i s e s  s p e c i e s  w h i c h  

a re  in  m a n y  w a y s  a s s o d a t e d  w i t h  l a r g e r  p e l a g i c  o r g a n i s m s ;  in  m o s t  of t h e  c a s e s  t h e s e  

a s s o c i a t i o n s  a re  spec i e s - spec i f i c .  H a r b i s o n  e t  al. (1977) f o u n d  i n t i m a t e  r e l a t i o n s h i p s  

w i t h i n  30 h y p e r i i d  g e n e r a ,  a n d  t h e  a c t u a l  p e r c e n t a g e  of pa r a s i t i c  or c o m m e n s a l  h y p e r i i d s  

is p r e s u m a b l y  m u c h  h i g h e r .  Hyperia galba ( M o n t a g u )  is a w i d e s p r e a d  p a r a s i t e  of t h e  

l a r g e  s c y p h o m e d u s a e  Aurelia aurita, Chrysaora hysoscella, Rhizostoma pulmo, Cyanea 

' Private address: Isenbergstr. 58, D-4300 Essen 1 

�9 Biologische Anstalt Helgoland, Hamburg  



80 Birgit Dittrich 

capiflata and  Cyanea lamarckis It appea r s  to be  a cosmopol i tan  and  is d is t r ibuted  
especia l ly  in shal low waters  such as  in the  Nor th  Sea and  the Baltic Sea  (cf. Lauckner ,  
1980). 

Hyperia galba, sett l ing on scyphozoans  dur ing  its pe lag ic  s tage of life, selects a 
r emarkab l e  hab i ta t  and  thus occupies  an ecological  niche which  - at l e a s t  in European  
seas - is not  ut i l ized by  any other  species.  

One of the  ear l ies t  descr ipt ions  of its mode  of life was  given by  G o u l d  (1841): 
" . . .  this curious an imal  is found in the pouches  of large  M e d u s a e . . . " .  H e  s t a t ed  further: 
"Whe the r  they  m a k e  this their  home or become  e n t r a p p e d  there  or not ,  it wou ld  be  
difficult to de termine .  They seem however  to b e  quite at  their  ease  in the i r  si tuation." 
Edward  (1866) who still s epa ra t ed  Lestrigonus kinahani (today: 6 c~ of H y p e r / a  galba!) 
and  H. galba (his descr ipt ions concerned  only 9 9 of this species} d i scove red  that  the 
individuals  of both  species  a p p e a r  first about  June  and d i sappea r  at t h e  end  of Sep- 
tember .  

The first s tudies  on the life cycle of Hyperia were  m a d e  by  Metz  (1967} in the  Isefjord 
a rea  (Denmark}. He found a distinct  t empera tu re  d e p e n d e n c e  in the  d e v e l o p m e n t  of the 
popula t ion  and  the infestat ion of the  medusae .  

In the s tudies  carr ied out in the  Ge rman  Bight on p lanktonic  organisms ,  hyper i ids  
have  up to now b e e n  neglec ted ,  a l though Sokolowsky (1900} no ted  that  H. galba is often 
obse rved  in the  waters  a round  Helgoland .  Thus, s ince Hol lowday ' s  (1947} conclus ion  that  
" . . .  appa ren t ly  ve ry  htt le is known  concern ing  the life history and  the  reproduc t ive  
per iods  of H. galba...", not  much  has  changed .  So far; de ta i led  s tudies  on  the  mode  of 
hfe, popula t ion  dynamics ,  hfe cycle and  reproduct ion  of this parasi t ic  spec ies  occurr ing in 
masses  dur ing  summer  and au tumn do not  exist. 

MATERIAL AND METHODS 

Sample  t ak ing  

In order  to ascer ta in  potent ia l  hosts the coe len tera tes  were  caught  in  the  fol lowing 
way:  (a) m e d u s a e  were  p icked  up individual ly  by  means  of a h a n d  ne t  from aboard  a 
boat;  (b) 470 p lank ton  samples  were  t aken  over two years  by  means  of a CALCOFI-ne t  
(mesh width  500 ~tm) from different  depths  (maximally 50 m); (c) bo t tom samples  were  
t aken  a round  He lgo land  and  in the a rea  of the  Weser -E lbe -es tua ry  to a dep th  of 
maximal ly  50 m; (d) scratch samples  were  t a k e n  from the richly c ove re d  piers  and  
boulders  a round  Helgoland;  (e) samples  were  p i cked  up specif ical ly from t h e  sea  bot tom 
in the  course of severa l  divings. 

The m e d u s a e  caught  were  p a c k e d  individual ly  in plast ic  bags  so that  the  infestat ion 
of the  scyphozoans  could be  inves t iga ted  in the  laboratory.  A dis t inc t ion  was  m a d e  
b e t w e e n  infestat ion rate and  ind iv idua l  infestat ion:  p reva lence  of in fes ta t ion  charac-  
ter izes the  p e r c e n t a g e  of medusae  infes ted with  Hyperia; the  i nd iv idua l  infestat ion 
denotes  the  ave rage  number  of paras i tes  pe r  ind iv idua l  host. 

The hyper ians  were  fixed in 4 %-g lu ta ra ldehyd-seawa te r .  As 9 9 o r  genera l ly  
re lease  the  eggs  from the marsup ium even w h e n  anaes thet ized,  they  w e r e  p re se rved  
individual ly  for a quant i ta t ive analysis  of the  indiv idual  brood size. Nla r sup ia  with 
juveni les  were  d is regarded ,  because  some larvae  could have  a l r eady  b e e n  re l ease& 
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To measure  the  d iameter  of the umbrel la ,  the medusae  were  put  ups ide  down into a 
shal low glass dish. The total  body  length  of Hyperia galba was de t e rmined  by  m e a n s  of 
an ocular micrometer ,  measur ing  the dis tance be tw e e n  the anter ior  edge  of the  head  
(without an tennae)  and  the telson tip (without uropods) when  the animal  was  s t re tched 
out. Sex discr iminat ion was possible  in animals  at 23.0  mm size. 

Egg d iamete r  was measu red  only among unc leaved  eggs.  The durat ion of embryonic  
deve lopmen t  was  de t e rmined  star t ing from the 4-cel l-s tage,  be c a use  r insing of marsup ia  
y ie lded  only few u n c l e a r e d  eggs.  The embryos  were  cul t ivated in shal low glass d ishes  at 
different, constant  tempera tures .  The tempera ted ,  fi l trated seawate r  was c ha nge d  daily, 
and  d e c a y e d  or moulde r ing  eggs  were  removed.  

For the de te rmina t ion  of moul t ing frequencies,  the animals  were  ma in ta ined  at 
different, constant  tempera tures ;  they  were  each measu red  one day  after moult ing.  The 
moult  inc rement  is the rate  of increase  in length  re la ted  to the  body  length  prior  to 
moult ing.  

G e o g r a p h y  and hydrography  of the area  of inves t iga t ion  

The area  of inves t igat ion extends  over  the whole  of the G e r m a n  Bight inc luding  the 
waters  a round  He lgo land  and the Weser -Elbe-es tuary .  

The North Sea  is inf luenced by  mainly  wes tern  winds,  which  cause  heavy  rainfall  
wi thout  ex t reme temperatures .  The Gulf St ream effects re la t ive ly  high wa te r  tem- 
pera tu res  in relat ion to the la t i tude occupied.  In winter,  wa te r  t empera tu res  are  a lways  
above  f reezing point; in very cold winters,  drift ice occurs near  the  southeas te rn  coasts. 

M e a s u r e m e n t  of wa te r  t empera tu re  (Pig. la)  and  sal ini ty (Pig. lb)  of the surface 
wa te r  was carr ied out daffy be tween  08.00 and 11.00 h at a dep th  of 1 m nea r  the  cable  
buoys  of the He lgo land  roads.  

RESULTS 

P o p u l a t i o n  s t r u c t u r e  a n d  d y n a m i c s  

The seasonal  var ia t ion of the popula t ion  structure was s tud ied  by  collect ing hyper-  
ians regular ly  from p lank ton  samples  and from freshly caught  medusae .  The quant i ta t ive  
analysis  is based  on approx imate ly  18 000 individuals  t aken  dur ing  the day  from p lank-  
ton samples  and m e d u s a e  catches. 99.8 % of all hyper ians  were  found on s c yphome dusa e  
(Table 1). This clear ly reflects the in t imate  associat ion b e t w e e n  host  and  paras i te .  Only 
44 hyper ians  were  found not  associa ted with medusae  in 19 out of 470 p lank ton  samples  
taken;  general ly,  main ly  single individuals  and  maximal ly  4 animals  were  found within 
one haul.  

The int imate associat ion be tween  paras i te  and  host  becomes  ev iden t  in the seasonal  
per iodici ty  of the abundances  of hyper ians  as wel l  as of scyphozoans .  Dur ing the winter  
months,  s cyphomedusae  genera l ly  do not  occur in the Nor th  Sea; Hyperia is also absen t  
at this time. After  strobilat ion in winter  and  ear ly spring, numerous  ephyrae ,  but  no 
hyperians ,  a p p e a r  in the  plankton.  The first small  m e d u s a e  of Aurelia aurita (medium 
d iamete r  of the umbrel la :  ca 4-8  cm) normal ly  a p p e a r  in May  or June  (Fig. 2); they  are 
occasional ly  inhab i t ed  a l ready  by  hyper ians  which  are, in most  cases, juven i les  or 
subadul t s  of 3-6 mm body  size (Pig. 3). As long as the gonads  of the  growing  m e d u s a e  are 
not  ye t  mature,  their  infestat ion rate  increases  only sl ightly (Pig. 4); on the  average ,  a 
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Pig. 1. Temperature (mean values and maximal deviations) (Fig. la) and salinity (mean values) (Fig. 
lb) of the surface waters at Helgoland, Unpubhshed data from Mangelsdorf & Treutner, BAH 

Table 1. Distribution of hosts associated with Hyperia galba. Samples taken in the German Bight 
during daytime in the years 1984-1986 

Host Number of individuals Percentage 
examined 

Medusae: Chrysaora hysoscella 11288 63.2 
Aurelia aurita 4341 24.3 
Rhizostoma pulmo 1354 7.6 
Cyanea capfllata, C. lamarckii 831 4.7 

Diverse zooplankton species 44 0.2 

99.8 

medusa  is infes ted  by  less than 0.5 hyper ians  (Fig. 5). The close re la t ionship  exis t ing 
b e t w e e n  the deve lopmenta l  cycles of both  spec ies  becomes  evident  by  t h e  reproduct ive  
activity of the  amph ipod  which begins  approx imate ly  3 w e e k s  after the ma tu ra t i on  of the  
gonads  in the  jellyfish. At the end of July, most of the m e d u s a e  show m a t u r e  gonads  and  
many  of them bea r  p lanula- larvae .  The med ium d iamete r  of the umbre l l a  is almost the  
same in June  and  July; dur ing  this time, m a n y  indiv iduals  show a r educ t ion  or even 
comple te  loss of gastric fi laments,  tentacles  and  oral tentacles .  A character is t ic  feature  is 
the transi t ion from the typical  umbre l la - l ike  shape  of the  me dusa e  to a more  or less 
spher ica l  form of the  jelly mass  which  hard ly  shows any morphologica l  differentiat ions.  
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Fig. 2. Seasonal size development of the umbrella (mean diameter • standard deviation) of 
scyphozoa examined in the waters of Helgoland during the course of the observation period. Open 

symbols -- 1984; closed symbols = 1985 

During this period, the prevalence of infestation of the medusae  increases rapidly. At the 
beg inn ing  of October, at the latest, almost all medusae  are infested; hyper ians  stay 
preferably on the oral tentacles where they feed on trapped zooplankton or on the gonads 
of the host. A corresponding development  can be observed within the other species of 
scyphomedusae which appear  somewhat  later as free-floating organisms. 

During autumn,  the infestation rate attains an extent that so far has not b e e n  
described; up to 62 hyperians were found on Aurelia aurita, 93 on Cyanea capillata, 153 
on Rhizostoma pulmo and 486 on Chrysaora hysoscella. Usually, at the end of October or 
in early November,  the medusae  are extinguished. At the same time, Hyperia galba 
disappears too. Neither of the two enter the pelagic envi ronment  again unti l  the next 

spring. 
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Fig. 3. Size frequency of Hyperia galba in 1984 and 1985. Striped bars: ~; blank bars: ~ Q ; dotted 
bars: sexually undifferentiated juveniles 

Sex  ra t io  

The sex ratio of Hyperia galba shows a slight p redominance  of females.  The ratio 
4 4 : 9  9 amounts  (during months with catches of > 21 hyperians) to b e t w e e n  1:1.1 and  
1 : 1.7 (Table 2); the m e a n  value for the whole period of invest igat ion was 1 : 1.3. 

Host preference 

The intimate association between Hyperia and scyphozoans gives rise to the ques- 

tion as to whether or not certain coelenterate species are preferred as hosts. In order to 

examine this open question under laboratory conditions, scyphozoans and hyperians 

were kept in a large aquarium, i. e. one medusa of Aurelia aurita, Chrysaora hysoscella, 
Rhizostoma pulmo, Cyanea ]amarckii and Cyanea capillata (diameter of the umbrella: 
8-10 cm) together with only one Hyperia individual. Generally, the HFpena swims 

around undirected and after 10 rnin at the latest settles on a medusa. The choice of the 

medusa probably occurs by chance. A host change which may occur afterwards does not 

indicate any host preference. Possibly, the hyperians regularly change their host in the 

natural environment too; this assumption is supported by the fact that the size classes of 
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the hyper ians  found on a single medusa  are  approximate ly  equal  to the cor respond ing  
monthly size classes of the  Hyperia-population (Fig. 3). Most  of the hyper ians  were  found 
on those s cyphomedusae  exhibi t ing mature  gonads;  in fact, the infestat ion rate  was  
highest  within these  scyphozoans  (Figs 4 and  5). 
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Tab le  2. Seasona l  a b u n d a n c e s  of c~c~ a n d  9 Q h y p e r i a n s  (_> 3.0 m m  body  l eng th )  a n d  s e x  ratio. * less  
t h a n  22 Hyperia galba c a u g h t  

Year  M o n t h  N u m b e r  of c~ c~ : 9 Q 

~c~ 9 9  

1984 

1985 

M a y  - - - 
Jun .  - - - * 
Jul .  35 38 1 : I . I  
Aug .  1334 1684 1 : 1.3 
Sep. 2365 3027 1 : 1.3 
Oct. 1424 2016 1 : 1.4 
Nov. 1 1 1 : 1.0 * 
Dec.  2 1 2 : 1.0 * 

Jan .  - - - 
Feb.  - - - 
Mar.  - - - 
Apr.  - - - 
M a y  - 2 0 : 2 . 0 *  
Jun .  7 14 1 : 2 . 0 "  
Jul.  41 51 1 : 1.2 
Aug .  32 53 1 : 1.7 
Sep.  479 570 I : 1.2 
Oct.  40 57 1 : 1.4 
Nov. - 1 0 : 1.0 * 
Dec. - - - 

R e p r o d u c t i o n  

T h e  r e p r o d u c t i o n  of  H y p e r / a  i n  t h e  N o r t h  S e a  is  r e s t r i c t e d  to t h e  p e r i o d  b e t w e e n  

A u g u s t  a n d  O c t o b e r .  F r o m  N o v e m b e r  to J u n e ,  s o h t a r y  h y p e r i a n s  w e r e  o c c a s i o n a l l y  

o b s e r v e d ,  b u t  t h e s e  w e r e  n e v e r  2 9  ov .  

T h e  f e c u n d i t y  i s  r e l a t i v e l y  h i g h  a n d  e x c e e d s  t h e  e g g  p r o d u c t i o n  o f  o t h e r  

a m p h i p o d s  s i g n i f i c a n t l y  ( C h e n g ,  1942;  K i n n e ,  1960;  S h e a d e r  & C h i a ,  1 9 7 0 ;  S t e e l e  & 

S t e e l e ,  1975;  S h e a d e r ,  1977;  A n g e r ,  1979) .  T h e  m a x i m a l  e g g  n u m b e r  f o u n d  w i t h i n  t h e  

h y p e r i a n s  i n v e s t i g a t e d  a r o u n d  H e l g o l a n d  w a s  4 5 6  i n  a f e m a l e  of  13 .6  m r n  b o d y  l e n g t h  

c a u g h t  i n  O c t o b e r .  T h e  f e m a l e  s h o w i n g  t h e  s m a l l e s t  e g g  n u m b e r  o b s e r v e d  (61 e g g s )  h a d  

a b o d y  l e n g t h  o f  7 .0  m m ;  i t  w a s  c a u g h t  i n  S e p t e m b e r  { T a b l e  3}. T h e  a v e r a g e  l a r g e  

d i a m e t e r  of  t h e  e l l i p s o i d  Hyperia-eggs i s  4 2 2  + 17 ~tm. 

Tab le  3. Body l e n g t h s  of 9 9  ov a n d  e g g  n u m b e r s ,  n: n u m b e r  of ~ 9 ov i n v e s t i g a t e d  

M o n t h  n N u m b e r  of M e a n  Body l e n g t h  M e a n  b o d y  W a t e r  
e g g s  (range)  n u m b e r  of Q Q ov l e n g t h  of t e m p e r a t u r e  

of e g g s  (range)  [mm] ~ 9 [mm] [~ 

Aug .  17 109-450 257.7 _+ 89.1 9 . 3 - 1 3 . 0  11.4 __ 1.1 I6 .5  
Sep.  146 61 -430  234.1 +_ 71.5 7 . 0 - 1 3 . 9  11.0 _ 1.2 15.4 
Oct. 84 65-456 227.2 ___ 81.2 7 . 4 - 1 3 . 6  10.7 ___ 1.1 13.7 
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Table 4. Relationship between egg number and body length of I-lyperia ga]ba 9 9. Correlation 
coefficients (r) and regression constants (a and b) for the regression lines given in Fig. 6. n = number 

of 9 9 o.v investigated 

Month n y= a+bx y= a x b 
r a b r a b 

Aug. 17 0.769 -443.92 61.74 0.774 -1.208 2.763 
Sep. 146 0.900 -345.22 53.42 0.901 -0.755 2.592 
Oct. 84 0.879 -462.00 64.26 0.866 -2.162 3.177 

The statistical analysis of the measurements  revealed that the correlation be tween  
egg n u m b e r  and body length of the Hyperia-9 9 is at a maximum w h e n  based on a l inear  
or a power function (Table 4, Pig. 6), respectively. The relatively low correlation in 
August  is obviously due to the small amount  of females available at this time. The only 
shght differences observed be tween  the regression coefficients in August,  September  
and  October (Table 4) are obviously due to the minor temperature  differences ranging  
be tween  14 to 17 ~ at this time (Fig. la). Actually, in the course of the summer,  a 
decrease in the average monthly egg n u m b e r  occurred (Table 3), which can be accounted 
for by the decrease in the average body length of the 9 9 ov from 11.4 mm in August  to 
10.7 mm in October. The egg number  - related to the body length of the 9 9 - remains  
constant  under  the conditions given (Fig. 7). Also, the size spectra of the 9 9 ov are fairly 
constant  during the whole reproductive period (Fig. 8). The deviation in August  may be 
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Fig. 6. Hyperia galba. Relationship between egg number and female body length. (For correlation 

coefficients and regression constants see Table 4) 
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due  to the re la t ively  small  amount  of s s ov avai lable  at this time. The s s act ive first in 
reproduct ion in summer  are  la rger  than those reproducing  dur ing  the fol lowing weeks .  
The h ighes t  port ion of egg  and  l a rvae-bear ing  .s s is found in the 12 ram-size class in 
August .  

The re la t ion b e t w e e n  egg  number  and body  length  of the  s 9 does  not  show grea t  
differences dur ing  the reproduct ive  period, nor do the spec t ra  of the  ind iv idua l  brood 
sizes be tween  Augus t  and  October  (Fig. 9). During these months,  the group of s163 
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Pig. 9. Relative number of eggs per Hyperia galba 9 9 (1984} 

carrying 200-250 eggs  in the marsup ium is the  larges t  one:  a brood of this size was 
observed  in 29.4 % of the s s  inves t iga ted  in August ;  in S e p t e m b e r  this pe rcen t age  
was 30 .1% and in October  23.8 %. 

During the ent ire  reproduct ion period, the pe rcen tage  of 9 9 ov remains  very  low 
(Table 5). Dis regard ing  June  1985 with only 21 individuals  caught ,  the pe r c e n t a ge  of 
s s  in all s s is maximal ly  14.6 % and the pe rcen t age  within the  popula t ion  does  not 
exceed  6.8 %. 

D u r a t i o n  of e m b r y o n i c  d e v e l o p m e n t  

The deve lopmen t  of Hyperia-eggs was s tudied  over the  ent ire  t empera tu re  r ange  
tested.  The t empera tu res  of 0 ~ and  20 ~ tu rned  out to be  critical, since c l eavage  and 
embryogenes i s  were  genera l ly  not  completed.  At  0 ~ just  5 l a rvae  ha tched  out  of 90 
eggs�91 however ,  t hey  did not  deve lop  further and  d ied  whi le  still in the  first la rval  stage. 
Strikingly, the eggs  of this arct ic-boreal  species  deve lop  even  at  20 ~ The morta l i ty  rate 
of the  young ha tched  at this t empera tu re  is very  high, and  most  of the individuals  do not 
survive the larval  period. Slight thermal  changes  at upper  t empera tu re  levels have  less 
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Table 5. Percentage of 9 9 ov and juveniles examined. * samples comprising less than 22 hyperians 
investigated. For number of animals investigated see Fig. 3 

Year Month Percentage of 9 9 in relation to Percentage of 
all females all juveniles (<3 rnra) 
(-- 3.0 mm) individuals in the population 

1984 

1985 

May 
Jun. 
Jul. 
Aug. 2.0 0.7 
Sep. 9.2 4.6 
Oct. 6.8 2.8 
Nov. 
Dec. 

Jan. 
Feb. 
Mar. 
Apr. 
May 
Jun. 21.4 14.3 
Jul. 11.8 4.4 
Aug. 9.4 2.7 
Sep. 14.6 6.8 
Oct. 7.0 2.0 
Nov. 
Dec. 

100.0' 
6.4 

39.7 
I i . I  
30.2 

25.0* 

32.8 
54.1 
14.5 
52.7 

effects on developmenta l  times than changes  at lower levels; a decrease in  temperature  
from 20 ~ to I5 ~ leads to a prolongation of the embryonic  development  of only 2.2 days; 
however, following a decrease in temperature  from 5 ~ to 0 ~ the prolongat ion amounts  
to 13.1 days (Fig. 10). 

T e m p e r a t u r e  d e p e n d e n c e  of the  d u r a t i o n  of i n t e r m o u l t  p h a s e  a n d  m o u l t  
i n c r e m e n t  

Individuals kept  at 0 ~ general ly accomphsh normal  moultings, whi le  those main-  
ta ined at 20 ~ moult once at the best, and  die shortly afterwards; many  of t hem die even 
before moul t ing is completed. The duration of the intermoult  phase shows a distinct 
dependence  on temperature  level as welt  as on body length (Fig. 11; Tab le  6). The 
correlation coefficient r reflects individual  variations in moult ing frequency;  the variation 
of the values around the regression line is due to feeding conditions, food exploitation, 
developmenta l  stage and  maturity of the animals.  

The moult ing intervals of adult  9 9 at all temperatures  tolerated are associated with a 
normal development  of embryos and larval stages, respectively. This m e a n s  that also the 
sum of the periods of embryonic and  postembryonic development  in  the mar sup ium is 
still considerably shorter than the intermoult  phase of the 9 9 (Table 6). 
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Table 6. Effects of temperature on the duration of intermoult phase in adult Hypeda galba- 9 s and 
on embryonic development of the progeny. Correlation coefficients {r) and regression constants (a 
and b) for the regression lines (y = ax b) given in Fig. 11. P: relation between duration of intermoult 

phase and embryonic development 

Temper- Duration of a b r n Duration of 
ature intermoult embryonic devel- 
(~ (days) opment (days) 

n F 

0 64.6 2.27 0.97 0.88 15 44.3 + 1.9 5 1.5 
5 60.2 1.80 1.18 0.87 70 31.2 4- 1.2 21 1.9 

I0 31.5 1.57 0.96 0.65 49 19.0 + 1.6 60 1.7 
15 19.1 1.64 0.68 0.54 107 12.5 + 1.6 56 1.5 
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Fig. 12. Hyperia galba. Moult increment related to pre-moult length. (Mean values at different 
temperatures _+ standard deviation) 

The relatively high growth rates in the young up to 3 mm body length (Fig. 12) are 

mainly due to positive allometric growth of the abdomen which is still in an embryonic 

stage at the time of hatching. At a body length of 3 ram, growth rate decreases slightly to 

finally 5-10 % of premoult length in the adults. 
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DISCUSSION 

Due to its in t imate  associat ion with medusae ,  Hyperia galba occupies  an ecological  
n iche which  - at least  in European  seas  - is occupied  by  no other  species.  Dur ing  the 
course of the  invest igat ions in the Ge rman  Bight, only two further hyper i id  spec ies  apar t  
from H. galba were  found: Parathemisto gaudichaudii and  Hyperoche medusarum. 
However ,  these  species  did  not occur on medusae ,  so that  interspecif ic  compet i t ion  for 
this host  does  not  occur. 

Unlike many  gammar id  species  which  occur in re la t ively  la rge  densi t ies  all the  yea r  
round, H. galba populat ions  are charac te r ized  by  a dist inct  seasonal  deve lopmen t  of the 
populat ion.  While  in winter  and  spr ing mainly  single individuals  can be  found in the  
plankton,  in summer  and au tumn these  crus taceans  often infest  the  s c y p h o m e d u s a e  
heavily.  

H. galba - subjec ted  not only to seasonal ly  f luctuat ing tempera tures ,  but  also to 
vary ing  food supply  - reveals  dist inct  reproduct ive  per iods  and specific ecophysio logica l  
adap ta t ions  (Dittrich, 1986). The rapid  increase  of the Hyperia popula t ion  is favoured  by  
the fact that  dur ing the reproduct ive  per iod  at least  one of the various scyphozoan  species  
is p resen t  exhibi t ing  mature  gonads.  The  growth phase  of the me dusa e  is comple ted  
when  p lanu lae  are  p roduced  (Fig. 2). The following reduct ion of their  gonads  and  gastr ic  
f i laments  occurs s imul taneously  with the  h e a v y  infestat ion by  H. galba. Shght  d a m a g e  by  
only a few hyper ians  - especia l ly  in the gonads  - can be  compensa ted  for by  the capac i ty  
for r egenera t ion  in scyphozoans.  The rapid ly  increas ing  indiv idual  infestat ion and 
shr inkage  of the gonads  due  to feed ing  of the  hyper i ids  causes  the paras i tes  to consume 
more  and  more mesogloea  which, however ,  is r e g e n e r a t e d  to a much  less ex tent  than  the 
gonads.  Therefore,  as the season advances ,  increas ingly  srhaller me dusa e  showing more  
and more  morphologica l  reduct ions can be  observed.  Fol lowing the degene ra t ion  of the  
gonads  and  gastric filaments,  the mesog loea  of the  umbre l la  also decays.  Finally, a lmost  
s tructureless  mesogloea  spheres  remain,  of about  a third of the  initial size and infes ted  by  
mainly  juveni le  hyperians.  From the initial  phase  of degenera t ion  onwards ,  the  m e d u s a e  
can hard ly  t ake  up further food~ therefore,  there  are scarcely nutr ients  ava i lab le  for 
regenera t ion .  The shrunken  medusae  are no longer  capab le  of d i rec ted  movements .  
From the end  of October  on, most of the  individuals  have  per i shed  and the m e d u s a e  are 
basical ly  no longer  important  as preda tors  of zooplankton  in the  waters  a round  Helgo-  
land. Heavy  infestat ion by  H. galba must  affect the  reproduct ive  rate  of the  host  species~ 
however ,  no quant i ta t ive  invest igat ions on the pa thogen ic  potent ia l  of H. galba have  
been  carr ied out so far. 

The int imate  host-paras i te  interact ion becomes  obvious par t icular ly  dur ing  the 
reproduct ive  phase.  The hosts of the Hyperia-larvae found a round  He lgo land  are 
s cyphomedusae  of the species  Aurelia aurita, Rhizostoma pulmo, Chrysaora hysoscella, 
Cyanea capillata and Cyanea lamarckii. The first l a rvae  of Hyperia are  found w h e n  the 
gonads  of the medusae  mature,  provid ing  opt imal  feed ing  conditions.  A min imum body  
size of the  hosts is necessary  to gua ran tee  the  complet ion  of the larval  deve lopmen t  of 
Hyperia (Dittrich, 1986)~ general ly,  h y d r o m e d u s a e  such as Sarsia sp. and  Phialidium sp. 
are too small  to permi t  even a single hyper ian  a comple te  larval  development .  In such a 
case the larva does not at tain the first juveni le  s tage which is able  to swim~ only then  is a 
juveni le  capab le  of searching for a new host  (Dittrich, 1987). The pos tembryonic  deve lop-  
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men t  of Hyperia accounts  for the  fact that  the smallest  f ree ly-swimming  ind iv idua l s  had  a 
body  length  of as much  as 2.6 mm. 

After  comple t ion  of larval  deve lopment ,  coupl ing spines  on the p l e o p o d s  al low 
coordinated  bea t ing  of the  p leopods .  Then  the larvae  may  leave  the  me dusa ,  on which  
the 2 has  r e l eased  them, and  search  for a new host. This seems  to occur - a t  leas t  dur ing  
the  day t ime  - re la t ively  rarely;  the  pe rcen tage  of Hyperia found in the  p lank ton  
i n d e p e n d e n t  of m e d u s a e  was just  0.2 % of the  total  yield. Of the  44 ind iv idua l s  caught  in 
the  p lank ton  dur ing  the dayt ime,  19 were  ~ 4  and  18 22 inc luding  1 2ov.  In the  night,  
the pe rcen t age  of c~4 in the p lank ton  should be  much grea ter  because ,  in cont ras t  to 2 2, 
they  are  e q u i p p e d  with  more  di f ferent ia ted sensory and  locomotory s t ructures  and 
act ively seek  for the  9 2 {Bowman, 1973; Schriever,  1975}. Up to now, inves t iga t ions  on 
how Hypefia finds its host  are  still lacking.  

According  to labora tory  invest igat ions,  these  hyper ians  reach  a total  b o d y  length  of 
9 mm after about  9 months  at  a t empera tu re  of 15 ~ The popula t ion  d y n a m i c s  sugges t  
that  the immense  increase  dur ing  the summer  months  is due  only to the  re la t ive ly  high 
growth  rate,  a l lowing the young  ha tched  in July  / Augus t  to a t ta in  sexua l  matur i ty  in 
the au tumn of the  same year.  Possibly a 2 can p roduce  severa l  b roods  in rap id  
succession dur ing  one reproduct ive  period.  However ,  this has  not  ye t  b e e n  obse rved  
under  labora tory  conditions,  and  da ta  of the moul t ing f requencies  of adu l t  99 in 
summer  are not  ye t  avai lable .  According  to von W e s t e r n h a g e n  {1976}, Hyperoche 
medusarum becomes  sexual ly  mature  after 69 days  at 10 ~ Parathemisto gaudichaudi 
needs  42 days  at  12;5 ~ and  120-180 days  at  5-6  ~ (Sheader,  1981; Wi l l i ams  & Robins, 
1981). The fact that  Hyperia is closely re la ted  to the occurrence of s c y p h o m e d u s a e  gives 
rise to the  ques t ion  of whe the r  there  exist two genera t ions  differing cons ide rab ly  in 
their  growth rates:  a rap id ly  growing  one in summer  'and a s lower g row ing  one dur ing  
winter- t ime.  The la t ter  may  h ibe rna te  as re la t ively small  indiv iduals  on the  benthos,  
growing rap id ly  with r ising t empera tu re  in spring, and  p roduc ing  the first  young  in 
ear ly summer.  

Concern ing  the h iberna t ion  of H. galba, Metz (1967} a s sumed  that  i t  survives the 
winter  in Danish  waters  on overwinter ing  medusae ;  however ,  there  is no k n o w l e d g e  so 
far of h ibe rna t ing  m e d u s a e  a round  Helgoland .  Buchholz {1953} s u p p o s e d  that  H. galba 
hiberna tes  in the  Kiel Bight on h y d r o m e d u s a e  of the species  hzIelicertum octocostatum, 
Sarsia tubulosa, Halltholus cirratus, and  possibly  also on the c tenophores  P1eurobrachia 
pfleus and  Bero~ ovata. However ,  this was doub ted  by  Thiel  {1976} b e c a u s e  K~indler 
(1950, 1961} d id  not  ment ion  these  species  among  the h iberna t ing  ones.  Accord ing  to 
Broch (1928) and  K~indler {1961}, most  of the hyd romedusae  species  a re  f o u n d  up  to la te  
au tumn only and  then  again  in ear ly  spring. Those species  that  also occur  in winter  - 
Rathkea octopunctata, Euphysia aurata and Obelia sp. (K~indler, 1961) - do not appear to 
be relevant for the hibernation of H. galba because of their small size and their low 
abundances. Laboratory experiments have indicated that the ctenophore Pleurobrachia 
pileus loses its swimming ability, sinking to the bottom of the aquarium as soon as it is 
infested with just one Hyperia-individual (Dittrich, 1986). According to Thiel (1970, 

1976), H. galba hibernates on the scyphopolyps of Aurelia aurita, This assumption is 
supported by my own laboratory observations on choice of food and host organisms: 

predominantly small individuals hibernate; due to the low water temperatures during 

winter-time they grow very slowly and remain as small as ca 3 mm. Possibly, falling water 
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t empera tu res  (Fig. la)  and  decreas ing  food supply  cause a de lay  in deve lopment ,  
w h e r e b y  the individuals  stay in a subadul t  stage. Increase  in size and  ma tu ra t ion  of the 
gonads,  be ing  energy- requ i r ing  processes,  occur in spr ing and summer  toge the r  with 
r ising t empera tu res  and increas ing  diversi ty of the zooplankton.  These  supposi t ions  
cor respond with the results  of exper iments  concerning moul t ing frequency.  Subopt imal  
nutr i t ion in winter  - tes ted  in s ta rved  animals  under  labora tory  condit ions - also effects a 
pro longat ion  of the intermoult  phase  or a complete  failure of moult ing.  

In October  - shortly before  the medusae  popula t ion  b reaks  down - the p e r c e n t a g e  of 
Hyper /a - juveni les  increases  aga in  while  the pe rcen tage  of sexual ly  ma tu re  c ~  and  $ 9 
decreases ;  reproduct ion at this t ime would  make  no sense and  would  b e  a was te  of 
energy  if these  young  individuals  did  not  h ibernate .  The monthly  size. spec t ra  (Fig. 3) 
exc lude  h ibernat ion  of adul t  animals;  dur ing  winter,  only individuals  of less  than  6 mm in 
body  length  occur. From the dry weights  of the hyper ians  found in the Kiel Bight  from 
November  to Februa ry  (MSller, 1978/79}, a medium body  length  of 3---4 m m  can be  
deduced .  When  they  first occur in ear ly  summer,  smal ler  individuals  are  r e p r e s e n t e d  by  a 
h igh  pe rcen tage  (Table 5); at this point  in t ime reproduct ion does not  t ake  place.  Rising 
t empera tu res  and increas ing  avai labi l i ty  of energy-r ich  food (i. e. ma tu r ing  gonads  of 
medusae)  accelera te  growth of hyper ians  after hibernat ion,  l ead ing  to sexual  matur i ty  
within a short time. This is in accordance  with the infestat ion rate of the  scyphozoans  
{Figs 4, 5). 

The egg  number  of Hyperia-9 9 is unusual ly  large;  even though it does not  a t ta in  the 
same extent  as met  with in some epicar id  isopods,  it is, however ,  severa l  t imes l a rge r  than 
that  observed  in other  benth ic  or ep ibenth ic  amphipods  (Cheng, 1942; Kinne, 1960; 
Evans, 1968; Sheade r  & Chia, 1970; Steele  & Steele,  1975; yon Wes te rnhagen ,  1976; 
Sheader ,  1977; Anger,  1979). The brood size comprising'  about  600 eggs  as found by  
White  & Bone (1972) in the Antarct ic  (South Orkney  Islands} is sugges t ed  to be  due  to the 
much  la rger  body  size of the 9 9 ov (22-24 mm) compared  with those 9 9 ov (7-14 mm} 
found around Helgoland.  

In Lycaea pulex, a hyper i id  l iving on salps, up to 228 eggs  pe r  m a r s u p i u m  are 
repor ted  (Harbison, 1976); this corresponds  to the egg  number  of H. galba of the  same 
body  length.  Contras t ing with this observation,  the f ree ly-swimming p reda to ry  hyper i id  
Hyperoche medusarum bears  only 50-90 eggs  pe r  brood (von Wes te rnhagen ,  1976). 
Parathemisto gracilipes, another  p reda to ry  species,  p roduces  only 7-11 eggs  pe r  brood 
(Evans, 1968); however ,  the young  of this species  leave  the marsup ium in a deve lopmen-  
tal s tage  that  very  much resembles  the adult.  

Among  mar ine  malacost racans ,  the egg  number  is hnear ly  propor t iona l  to the 
volume of the female  (Jensen, 1958). According  to Sheader  (1977), the egg  n u m b e r  of 
Parathemisto gaudichaudi is propor t ional  to the square  of the l eng th  of the  female.  For 
some Gammarus-species of the wes te rn  Baltic, regress ion  coefficients b e t w e e n  2.73 and 
3.63 were  found (Anger, 1979); this corresponds to the values  ob ta ined  in H. galba. 

The large  brood size effects a reduct ion  of the  risks females  are e xpose d  to when  
searching  for a host for their  progeny.  Even though many  9 9 then  might  b e c o m e  p rey  to 
predators ,  the chance  of survival  for a cer tain par t  of the p rogeny  becomes  l a rge r  if the 
9 9 are a t tached  to severa l  medusae .  Changes  of hosts may  also occur in c? c~, which  are 
morphologica l ly  be t te r  a d a p t e d  to swimming than the ~ 9 and  therefore  m a y  l eave  their  
host  from time to t ime to copula te  with females  on other  medusae .  Al though  the mortahty  
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rate of the  c~ c~ might  therefore  b e  as high as in 9 9, this behav iour  must  resul t  in a h igher  
diversi ty of the  genet ic  make  up. 

Data  on the dura t ion  of embryonic  deve lopmen t  of hyper i ids  are  scarce.  From the 
re lease  of eggs  until  ha tch ing  of the  young,  only 8-10 days  at 15 ~ are  r equ i r ed  in the  
p reda tor  Hyperoche rnedusarum (von Wes te rnhagen ,  1976}; thus, the  embryonic  
deve lopmen t  p roceeds  somewhat  faster  than  in Hyperia galba. At t e m p e r a t u r e s  b e t w e e n  
10 and  20 ~ the  dura t ion of embryonic  deve lopmen t  in m a n y  gammar ids ,  e . g .  
Gammarus lawrencianus (Steele & Steele,  1973), G. salinus (Kinne, 1960) a n d  G.duebeni 
(Kinne, 1953}, is comparab le  to that  of H. galba; however ,  with dec reas ing  tempera tures ,  
their  d e v e l o p m e n t  t imes are much  longer.  C o m p a r e d  with  these  species ,  the  deve lop-  
men t  of Hype r / a  at 0~ ~ is accomphshed  twice as fast. 

In contras t  to many  evolut ionary older  paras i tes  among  copepods  a n d  decapods  
(Patton, 1967; Vader ,  1970; Ross, 1983), H. galba does not  show a dist inct  hos t  specificity. 
General ly ,  amph ipods  associa ted  with other  inver tebra tes  do not  show dis t inct  adap ta -  
tions such as those known  of certain c i r r ipedes  or isopods.  Accord ing  to the  results  m a d e  
avai lable ,  Hyperia has not  unde rgone  a deve lopmen t  towards  b e c o m i n g  a food specialist :  
in the  arc t ic-boreal  seas  of its distribution, me dusa e  occur only in summer ;  addi t ional ly ,  
the divers i ty  of p lanktonic  food species  changes  seasonal ly  so that  a food spec iahs t  would  
have  no chance  of survival. 

The group of organisms accep ted  as food is as d iverse  as the  g roup  of p reda tors  
(Fig. 13). In arc t ic-boreal  seas, hyper i ids  often occur in dense  swarms a n d  serve  as food 

/ \ 

Zooplankton ~ Fish larvae 

Baleen whales ~ Medusae 

Fig. 13. Role of Hyperia galba within the marine food web 

for e. g. b a l e e n  wha les  {Lowry & Frost, 1984; Nemoto  & Yoo, 1970). Some spec ies  of sea  
birds and  m a n y  species  of fish feed on these  crus taceans  (Fenwick,  1978}. M a n y  sea  birds 
feed  exclus ively  on hyper i ids  a n d " . . ,  were  obse rved  to per fora te  the  Am'elia and  eat  the  
Hyperia" (Rasmussen, 1973} when  swept  on the shore.  Ange r  {1975} found  the i sopod 
Idotea baltica a t tack ing  f ree ly-swimming hyper ians  dur ing  the  night.  Y o u n g  fish associ- 
a ted  with m e d u s a e  do not apparen t ly  represen t  a threat  for the  hyper ians .  In contrast  to 
Hyperoche medusarum (von Wes te rnhagen ,  1976), Hyperia galba does  no t  p l ay  any role 
as p reda to r  on fish larvae,  and  i n d i r e c t 1 y has  a posit ive effect on the  s t a n d i n g  stock 
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of fish: i n c i d e n c e  a n d  i n t e n s i t y  of i n f e s t a t i o n  b y  H. galba p l a y  a s i g n i f i c a n t  ro le  in  t he  

p e r f o r m a n c e  of t h e  s c y p h o m e d u s a e  w h i c h  m a y  ac t  as p r e d a t o r s  of f i sh  (Kers t an ,  1977; 

v a n  d e r  V e e r  & O o r t h u y s e n ,  1985) and ,  f inal ly,  t h e  a m p h i p o d s  c o n t r i b u t e  to t h e  b r e a k -  

d o w n  of t h e  je l ly f i sh  p o p u l a t i o n .  
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