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ABSTRACT: Plankton samples were collected from January 1985 to January 1986 three times per 
week at Helgoland to study seasonal occurrence and abundance of caridean shrimp larvae. A total of 
eleven species were obtained. Ninety-one % of all larvae collected during the sample period 
belonged to Crangon crangon L. and Crangon allmanni Kinahan, 6 % to Philocheras tn'spinosus 
Hailstone and3  % to the remaining eight species. Collections were generally dominated by C. 
crangon larvae. However, C. allmanni larvae were most abundant in June coinciding with hatching 
activities of the population near Helgoland. C. allmanni was observed to have the highest density of 
all species with approximately 8 larvae per m 3. Larvae of Eualus occultus (Lebour), Eualus pusiolus 
(Kroyer), Hippolyte vanans Leach and Athanas nitescens Leach were most hkely released by 
populations inhabiting the rocky intertidal zone around Helgoland. The presence of Processa 
modica Williamson & Rochanaburanon and Processa nouveli holthuisi A1-Adhub & Williamson in the 
German Bight was verified by observations of a series of different developmental stages. Larvae of 
the rare species Caridion steveni Lebour were also recorded. The observed shrimp species were 
placed into three different groups with respect to their seasonal'occurrence. Possible advantages of 
the timing of larval dispersal relative to predation and food availability are given. The results on 
seasonal occurrence and relative abundance are discussed in relation to environmental factors 
(temperature, salinity) as wetl as to the geographical distribution of the species. 

INTRODUCTION 

Larvae represent  the "neglec ted  link" (Costlow & Bookhout, 1970} b e t w e e n  genera-  

tions of adult organisms. In order to invest igate  processes influencing and de termining  

their populat ion dynamics, it is not sufficient to focus only on the biology of the adults. 

The different developmenta l  stages are important  since they are responsible  for the 
recrui tment  of populations, dispersal of species and the colonization of new environ- 

ments. Among  coastal and estuafine benth ic  species gene-f low can be l imited by larval  

dispersal. However ,  pelagic inver tebrate  larvae can be  transported over long distances 
by ocean  currents, resulting in a genet ic  exchange  b e t w e e n  widely separa ted  popula-  
tions (Scheltema, 1975, 1986). 

Although, more than 70 years ago, W e d e m e y e r  (1912) provided information on the 
occurrence and distribution of shrimps in the North Sea, car idean shrimps inhabi t ing the 

German  Bight have largely been  ignored.  However ,  there have  been  historical (Dalla- 
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Torre, 1889; Schel lenberg ,  1928; Caspers,  1939) and recent  s tudies  (Janke,  1986) on 
shr imps that  inhabi t  the  He lgo land  region  which  is the only rocky is land in the  Southern  
North  Sea. Other  s tudies  concerning the b iology of these  decapods  have  b e e n  conduc ted  
a long the Dutch coast  (Holthuis, 1950; A d e m a  et al,, 1982). Severa l  inves t iga t ions  have  
been  carr ied out on the  occurrence and  distr ibution of de c a pod  larvae  in the  Nor th  Sea  
(Rees, 1952, 1955; Baan et al., 1972; Sankarankut ty ,  1975; Lindley, 1987}. It has  been  
demons t ra t ed  that  the  p lankton  from the southern region  of the North Sea  in summer  is 
charac te r ized  by  la rge  quanti t ies  of decapod  la rvae  and fish la rvae  (MSller, 1980}. 

Most  s tudies  on car idean  shr imps in the North Sea dea l  with the c o m m o n  shrimp, 
Crangon crangon, due to its commercia l  value  for the coastal  f isheries of this  region.  This 
is t rue for the  adul ts  (for recent  reviews on l and ing  and  hfe cycle see, for example ,  Tiews, 
1970, 1983; Hende r son  & Holmes,  1987} as wel l  as  for their  larvae.  Descr ip t ions  of the  
different  deve lopmen ta l  s tages  mainly  ob ta ined  from p lank ton  samples  (Kingsley,  1886; 
Ehrenbaum,  1890; Will iamson, 1901} and more recent ly  by l abo ra to ry - rea red  la rvae  are 
avai lab le  (Gurney,  1982; Criales, 1985}. 

Studies  on the seasonal  occurrence  and distr ibution of C. crangon l a rvae  in the  
G e r m a n  Bight and  ad jacen t  es tuar ies  were  carr ied  out by  Kfihl & M a n n  (1963a, 1963b, 
1963c, 1968, 1969, 1971), Plett (1965} and  EIss (1973}. However ,  informat ion of shr imp 
larvae  other  than  C. crangon for this par t  of the North  Sea is still unava i lab le .  This s tudy 
focuses on the spec ies  composit ion at  He lgo land  in  order  to confirm or e x t e n d  the known  
geograph ica l  dis t r ibut ion of different  species.  The  results  may  serve as a bas i s  for further 
invest igat ions  document ing  changes  in species  composi t ion and re la t ive  abundance .  
Based on a one -yea r  sampl ing  period,  this p a p e r  is the first of its k ind  to repor t  on the 
seasonal  occurrence  and  relat ive abundance  of different  shr imp larvae  at He lgo land .  

MATERIAL AND METHODS 

S a m p l e  c o l l e c t i o n s  a n d  h a n d l i n g  of  m a t e r i a l  

Depend ing  on the wea the r  conditions,  sampl ing  was genera l ly  c o n d u c t e d  three  
t imes a w e e k  nea r  He lgo land  ( "Hetgo land-Reede")  from Janua ry  1985 to J a n u a r y  1986, 
normal ly  in the  morning '  be tween  7 and 10 a.m. at one of the three  s ta t ions  shown in 
Figure  1. A CALCOFI-ne t  ("California Coopera t ive  Oceanic  Fisher ies  Inves t igat ions")  
with a mesh  size of 500 ~tm was used.  Obl ique  tows were  t aken  at s ta t ions  with an 
ave rage  dep th  of 10 meters.  The  ne t  was  e q u i p p e d  with  a flow meter .  An  a v e r a g e  wa te r  
volume of approx imate ly  75 m 3 per  sample  was  filtered. However ,  due  to t he  f luctuat ing 
numbers  of shr imp larvae  during the different seasons,  the f i l tered volume p e r  collections 
r a n g e d  from approx imate ly  32 m 3 to 136 m 3. Tempera tu re  and sal ini ty w e r e  m e a s u r e d  at 
the  surface. P lankton  samples  were  concent ra ted  and  p rese rved  in a buf fe red  solution of 
4 % fo rma ldehyde  in sea  water.  

In the  laboratory,  all shrimp larvae  from the ent ire  sample  were  so r ted  and  counted  
unde r  a d issec t ing  microscope.  The de te rmina t ion  of the  larval  s tages  w a s  carr ied  out 
wi th  a l ight  microscope.  
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Pig. 1. Location of the sample stations at Helgoland 

Ident i f icat ion of shr imp l a rvae  a n d  their  d e v e l o p m e n t a l  s t ages  

Identification to the family level was performed using the key provided by Wflham- 
son (1957a). When available, larval descriptions of species and their developmental 
stages were consulted: Crangon crangon (Williamson, 1960; Gurney, 1982; Criales, 
1985), Crangon allmanni (Williamson, 1960; Criales, 1985), Philocheras bispinosus (Wil- 
hamson, 1960; Pike & Wilhamson, 1961a), Phflocheras trispinosus (Williamson, 1960; Pike 
& Wilhamson, 1961a), Eualus pusiolus and Eualus occultus (Wilhamson, 1957b; Pike & 
WiIhamson, 1961b), Processa modica and Processa nouveli holthuisi [Wilhamson & 
Rochanaburanon, 1979), Hippolyte varians (Sars, 1912; Lebour, 1931; Williamson, 
1957b), Athanas nitescens (Sars, 1906; Webb, 1921; Lebour, 1932; WiUiamson, 1957b) 
and Caridion steveni (Lebour, 1930; Williamson, 1957b). 

For C. crangon and C. allmanni, no separation of different forms in each larval stage, 
as described by Criales (1985), was conducted. Pike & Williamson (1961a) differentiated 
between P. b. bispinosus and P. bispinosus neglectus, All larvae of this species identified 
in the present study belonged to P. b. bispinosus. No detailed larval descriptions (only for 
stage I and V) were available for P. trispinosus. Therefore, larval stages were distin- 
guished by the development of the telson as described for P. Mspinosus (Pike & 
Williamson, 1961a). Identification of the first two stages of A. nitescens larvae was 
performed following descriptions by Webb (1921). All the other stages were identified 
using characteristics provided by Sars (1906) and Lebour (1932). 
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RESULTS AND DISCUSSION 

H y d r o g r a p h y  

The  monthly  ave rage  t empera tu res  at He lgo land -Reede  (Fig. 2) from January  to 
Apri l  1985 were  ex t raord inar i ly  cold compared  with long- term m e a n  t empera tu re s  from 
the same area  (Reichard, 1910; Goedecke ,  1952, 1954; Weigel ,  1976). The spr ing rise in 
t empera tu re  s tar ted  in May. Values  inc reased  th rough  August ,  p e a k i n g  a t  16.4 ~ and 
then  dec reased  th rough  January  1986�9 October  and  November  were  charac te r i zed  by  a 
r ap id  decl ine in temperature �9  
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Fig. 2. Mean monthly temperatures and salinities during the sample period at Helgoland compared 
with long-term average temperatures, 1965-1975 (Weigel, 1976), from the same location 

The ave rage  monthly  salinit ies did  not  exhibi t  a very clear  p a t t e m  (Fig. 2). However ,  
dur ing  winter  the  m e a n  va lue  was  genera l ly  h ighe r  than  in summer.  The  lowest  mean  
va lue  was  in M a y  (30.11%0), p robab ly  ind ica t ing  a fresh wa te r  input  o r ig ina t ing  from the 
ad jacen t  rivers Elbe and  Weser .  In August ,  the  sal ini ty was  fairly cons tan t  at  32.25 %o, 
whi le  dur ing most other  months dai ly  changes  were  observed.  

Seasonal abundance of the collected species 

Crangon crangon (Linnaeus, 1758) 

Seasonal occurrence started in early May 1985 (Fig, 3)�9 Larvae were found through- 
out the remainder of the entire sampling period, although very few were collected in the 
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Fig. 3. Concentration of Crangon crangon larvae and juveniles during the study period at Helgoland 

last two months (December  1985 and January  1986). Larvae were  very  common from 
June  to Sep tember  1985 with p e a k  abundance  (approx. 7 larvae  per  m 3) in August .  The 
p lankton  samples  conta ined all  larval  s tages  as well  as juveniles.  However ,  the  most 
abundan t  la rvae  were  in s tage VII (Fig. 4) compris ing 31% of the total n u m b e r  of C. 
crangon larvae.  Stage I larvae  had  a distinct p e a k  in June,  while  all o ther  larval  s tages  
and juveni les  r eached  their  max imum in Augus t  (Fig. 5). Stage I la rvae  a p p e a r e d  for the 
first t ime in the  p lankton  in the second w e e k  of May  1985 when  wate r  t empera tu re  
reached  7.8 ~ and  increased  in numbers  in May  and  June  with increas ing  tempera ture .  
Be tween  Augus t  2 and  23 no s tage  I larvae  were  found, but  they  occurred regular ly  until  
October  1985. The  last  s tage I la rvae  were  t aken  in ear ly December  at a t empera tu re  of 
6.4 ~ 

The results of the present study concerning seasonal abundance of C. crangon larvae 
are generally in agreement with the findings of previous investigations (Table 1). K~ihl 
(1972) reported Crangon larvae occurring in the Elbe estuary from February to 
December. The late beginning of C. crangon occurrence at He]goland in 1985 may be 
explained by the extremely cold winter in 1984/1985 reported for the German coast of the 
North Sea (Koslowski, 1985) and by the resulting low temperatures in the first part of the 
year. After the exceptionally severe winter in 1962/1963, C. crangon larvae were not 
found in April 1963 probably due to low temperature of 4~ (Plett, 1965). However, 
plankton samples taken in April 1964 at temperatures between 4.0~ and 5.5 ~ con- 
tained shrimp larvae. Elss (1973) reported C. crangon larvae from April 1967 collected at 
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Fig. 4. Crangon crangon. Percentage of larval stages and juveniles collected during the sample 

period at Helgoland (n = 5247) 

t empera tu res  be tween  6.6~ and 7.0~ After  a mild winter  in 1982, G e r d e s  (1985) 
ob ta ined  the larvae  as early as March  1983 at an ave rage  t empera tu re  of 4.5 ~ 

Previous invest igat ions on C. crangon l a rvae  in the  G e r m a n  Bight confi rm the results  
of the p resen t  s tudy concerning max imum concentra t ion  dur ing  the seasona l  occurrence:  
both  Elss (1973) and Plett (1965) repor ted  h ighes t  dens i ty  of the la rvae  in August ,  while  
Kiihl & Mann  (1963a) ob ta ined  p e a k  a b u n d a n c e  in the  Elbe es tuary in June .  In the  North 
Sea, p lank ton  samples  collected in S e p t e m b e r  con ta ined  the h ighes t  n u m b e r  of C. 
crangon l a rvae  (Lindley, 1987). Contrary  to the p re sen t  study, Rees (1952) obse rved  a 
max imum of larval  abundance  in January .  However ,  those da ta  may  not  b e  represen ta -  
tive, as they  are based  upon  only 150 la rvae  col lected within three  years .  M a x imum 
numbers  of C. crangon la rvae  col lected in I985-86  were  re la t ively high c o m p a r e d  with 
other  resul ts  from the Southern Nor th  Sea; Lindley (pets. comm.) found  a max imum 
concentra t ion of 1 larva per  m 3 in Apri l  1981 and  Sep t ember  1983. 

The difference in t ime be tween  the first p e a k  of abundance  of s tage  I and  II was 7 
days  (Fig. 6), which represents  the dura t ion of deve lopmen t  of s tage  I . . T h e  m e a n  
t empe ra tu r e  in this per iod  was  11.0~ These  field da ta  are  in good a g r e e m e n t  with 
l abora tory  s tudies  on larval  s tage d e v e l o p m e n t  in C. crangon by Criales & A n g e r  (1986). 
They  expressed  the number  of larval  moults  (M) as a function of both  t e m p e r a t u r e  (T; ~ 
and  t ime of deve lopment  (D; days): 

M = 0.00584 �9 D �9 T 1 ' 3 4 7  

Based on the 1985 field da ta  (T = 11.0~ M = 1), the es t imated  larval  d e v e l o p m e n t  (D) 
us ing this equat ion was  also approx imate ly  7 days.  
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Fig. 5. Crangon crangon. Seasonal occurrence of larval stages, and juveniles during the sample 
period at Helgoland (n = 5247). The values of all bars for each developmental stage add up to 100 %, 
representing the total number of collected larvae and juveniles per stage during the study period 

Table I. Seasonal occurrence of C. crangon larvae in the North Sea based upon the findings of 
different authors 

Author (year) Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Lebour (1947) British coast X X X X X X X X X X X - 
Rees (1952) North Sea X X X X X X X X X 
Jorgensen (1923} British coast X X X X X 
Thorson {1945} Danish coast X X X X X X 
Kfihl & Mann (1963a} Elbe estuary X X X X X X X X X X 
Kfinne (1952} German Bight X - X X X X X X X X X X 
Lindley (1987) North Sea X X X X X X X X - 
Present study Helgoland X X X X X X X X X 
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The findings of the present study on larval abundance of stage I (Fig. 6) suggest that 
there have been at least two main hatching periods in 1985 at Helgoland. The first period 
extending from early May to early August and the second from late August until October. 
The absence of newly hatched larvae during the first three weeks in August supports the 
separation of these hatching periods. 

Crangon crangon populations around England spawn normally twice per annum 
(Meredith, 1952; Henderson & Holmes, 1987). For the German Bight, Tiews (1954) 
reported three spawning periods at Bfisum and observed very few egg-carrying females 
during September and October. However, the data of the present study do not allow a 
decision concerning the number of broods at Helgoland. Furthermore, the offshore 
sample station is not a favourable area for the common shrimp. According to Tiews 
(1970), C. crangon prefers Wadden Sea areas, especially highly productive estuaries with 
strong tidal movements of brackish water masses. 

Crangon allmanni Kinahan, 1857 

Larvae of C. allmanni were found in the plankton samples at Helgoland from May to 
September 1985 with a distinct peak in June (Fig. 7). In this month, 63 % of the total 
number of larvae occurred, while only 1% was obtained in May and September and 25 % 
and 10 % in July and August, respectively. Maximum concentration was observed in the 
second half of June with approximately 8 larvae per m 3. 
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All deve lopmenta l  s tages  inc luding  juveni les  were  collected.  However ,  a p redomi-  
nance  of the first three  s tages  compris ing approximate ly  82 % of the  to ta l  n u m b e r  was 
observed  (Fig. 8). Stage I l a rvae  we re  col lected from m i d - M a y  to the  e n d  of August ,  
reach ing  p e a k  abundance  at  the  end  of June  with approx imate ly  6 l a rvae  pe r  ms. The 
range  of t empera tu re  in which  the s tage I la rvae  were  col lected was  9.4 ~ to 16.3 ~ All 
larvae  t aken  in May  were  e i ther  in s tage  I or II, while 54 % of the  C. allmanni l a rvae  in 
Ju ly  and Augus t  were  s tage  III. Peak  occurrence  of s tage IV was in June  a n d  July. Stage 
V r eached  a distinct  p e a k  in Augus t  that  r ep re sen ted  more than  60 % of the  total  la rvae  of 
that  stage. The older  deve lopmen ta l  s tages  and  juveni les  occurred from la te  June  to ear ly 
September .  
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Fig. 8. Crangon allmanni. Percentage of larval stages and juveniles collected during the sample 
period at Helgoland (n = 1682) 

Due to their  similarity, l a rvae  of C. crangon and  C. allmanni have  of ten not  been  
sepa ra t ed  (e.g. Baan et al. 1972; Weber ,  1984); de ta i led  information on the l a rva l  phase  of 
C. allmanni is sparse.  The resul ts  concern ing  seasonal  occurrence  of C. allrnanni confirm 
genera l ly  the  f indings of previous  studies (Rees, 1952; Allen, 1960; Lindley,  1987). Peak  
abundance  of C. allmanni l a rvae  in the  North Sea occur in M a y / J u n e  (Allen, 1960; 
Lindley, 1987). In the Danish  W a d d e n  Sea  area,  Thorson (1946) r e p o r t e d  the  la rvae  
be tween  mid-Apr i l  and  late June.  

It is notewor thy  that  in most  of the  studies on C. allmanni cited above ,  the  per iod  of 
larval  occurrence  extends  th rough  September .  This may  be  exp la ined  by  the  pa t t e rn  of 
reproduct ion;  in both areas  of the  Dutch coast  (Creutzberg & Leeuwen,  1980) and  off the  
Nor thumber land  coast (Allen, 1960) C. allmanni has a b reed ing  season from D e c e m b e r  to 
July. In autumn,  no e g g - b e a r i n g  females  were  found. The max imum concen t ra t ion  of C. 
allmanni la rvae  (8 spec imens  per  m 3) represents  the h ighes t  dens i ty  of all species  
ob ta ined  dur ing  the s tudy period.  Lindley (pets. comm.) ob ta ined  a cons ide rab ly  lower  
concentrat ion of these  la rvae  in the  Southern  North Sea with a ma x imum of 1.3 la rvae  per  
m 3 in Ju ly  1983. 

The complete  larval  deve lopmen t  (until s tage  VIII) of C. aflmanni r equ i r e s  approxi-  
mate ly  46 days  at a t empera tu re  of 12 ~ (Criales, 1985; Criales & Anger ,  1986). In the  
presen t  study, the first s tage  I l a rvae  occurred on May 15 and s tage VIII l a r v a e  were  first 
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ob ta ined  on July  26 at an average  t empera tu re  of 11.2~ The t ime difference b e t w e e n  
the occurrence  of these  two s tages  is 46 days,  which  represents  exact ly  the  f indings  from 
the rear ing  exper iments ,  even though the wate r  t empera tu re  at He lgo land  va r i ed  from 
8.1 ~ and  14.2~ dur ing the six weeks .  

C. aflmanni la rvae  occur mainly  around the English and Irish coasts and  are 
uncommon in the  eas tern  part  of the North Sea  (Lindley, 1987). The  only known  
popula t ion  of C. alImanni in the Ge rman  Bight is loca ted  near  He lgo land  (Caspers,  I939). 
The p redominance  of the first larval  s tages  (Fig. 8) indicates  a ha tch ing  a rea  of this 
species.  The  ha tched  la rvae  were  p robab ly  t ranspor ted  away  from the  pa ren t  popu la t ion  
by the current  system. Because of the  low abundance  of larvae in a d v a n c e d  deve lopmen-  
tal  stages,  it seems unl ikely  that  recrui tment  to the popula t ion  nea r  He lgo l and  is 
exclusively by larvae.  There  may  also be an immigra t ion  of juveni les  and  adul ts  from 
other  parts  of the  North Sea. Observat ions  from other  Crangon popula t ions  concern ing  
annual  migrat ions  (Alien, 1960, 1966; Boddeke,  1975, 1976) and  res tocking  of pa ren t  
populat ions  by  immigra t ion  of animals  (Sandifer, 1975) support  this hypothesis .  

Philocheras bispinosus (Hailstone, 1835) 

Larval occurrence of this species  ex tended  from July to D e c e m b e r  with a p e a k  in 
August ,  Sep tember  and  October  (Fig. 9). In December ,  the p lank ton  samples  conta ined  
very few larvae,  while  in January  1986 no P. bispinosus la rvae  were  taken.  The  r ange  of 
wa te r  t empera tu res  in which these  larvae  were  found was 7.3 ~ to 16.4 ~ M a x imum 
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Fig. 9. Philocheras bispinosus. Concentration of the larvae and the juveniles during the sample 
period at Helgoland 
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concentra t ion was  approx imate ly  1 la rvae  pe r  m 3 in ear ly  October.  S t a g e  V was  most 
abundant ,  compris ing more  than  40 % of the col lected P. bispinosus l a rvae  (Fig. 10). In 
genera/ ,  the number  of col lected larvae  inc reased  with deve lopmenta l  s tage .  However ,  
only few juveni les  were  found be tween  the end  of October  and  mid -November .  Larvae in 
s tage  I occurred from July  to ear ly November ,  and  spec imens  in the  last  d e v e l o p m e n t a l  
s tage  were  t aken  be tween  the end of Ju ly  and  mid-December .  
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Fig. 10. Philocheras bispinosus. Percentage of larval stages and juveniles collected during the 
sample period at Helgoland (n = 479) 

Severa l  o ther  invest igators  have  no ted  P. bispinosus la rvae  from the p lank ton ;  larvae  
occurred ra ther  late in the year,  and  p e a k  abundance  has  been  found b e t w e e n  Sep-  
t ember  and  November  (Thorson, 1946; Rees, 1952, 1955; Lindley, 1987). P. bispinosus 
la rvae  in the Adria t ic  Sea are  p resen t  the  whole  yea r  in low abundance ,  reach ing  the 
max imum in January  (Kurian, 1965). At  the  south-wes te rn  coast  of Portugal,  P. bispinosus 
la rvae  occur from October  to March,  in June,  July  and  Sep tember  (Paula,  1987). A 
p redominance  of o lder  larval  s tages  in the Danish  W a d d e n  Sea is d o c u m e n t e d  by  
Thorson (1946). 

Philocheras trispinosus (Hailstone, 1835) 

Figure  11 shows that  larvae  were  not  numerous  but  were  regular ly  t a k e n  b e t w e e n  
mid-Ju ly  and  ear ly November .  The p e a k  in J anua ry  1986 represen ts  o n e  juvenile.  
Max imum concentra t ion with approx ima te ly  0.1 la rvae  per  m 3 was  in ea r ly  October.  
P. trispinosus la rvae  r eached  p e a k  a b u n d a n c e  in Augus t  and  again  in October .  The 



0.10 

Car idean  shr imp larvae  at He lgo land  99 

0 . 0 8  

0.06 

I 

-o 
. m  

�9 > 0 .04 "o 
t- 

I 

0.02 

0 . 0 0  

Philocheras trispinosus 

m 

i �9 _ 1 /  

MAY JUN ' JUL AUG 

I/A 1 
�9 1 - -  1 

SEP OCT 

All s tages  

. �9 J H 

NOV DEC JAN 

1 9 8 5 - 1 9 8 6  

Pig. 11, Philocheras trispinosus. Concentration of larvae and juveniles during the sample period at 
Helgoland 

la rvae  col lected in Augus t  and  October  compr ised  more than 70 % of the total  number  of 
P. trispinosus larvae.  Only la rvae  in s tages  III, IV and  V were  found, with s tage  V be ing  
most abundan t  (Fig. 12). 

Hitherto,  no information on larval  occurrence  of P. trispinosus from the G e r m a n  Bight 
has b e e n  avai lable .  Baan et al. (1972) found Philocheras-larvae in the Southern  North Sea 
near  "Texel" l ightship from July  to January ,  but  did  not  dis t inguish b e t w e e n  P. bi- 
spinosus and P. tfispinosus. However ,  the authors  s ta ted  that  the majori ty of the  collected 
spec imens  be longed  to the post larval  s tage  of P. trispinosus. Lindley (1987) observed  the 
larvae of this species  in the North Sea in July  and August ,  and  in the area  of the English 
Channe l  from July  to December�9 Max imum abundance  in the  English Channe l  occurred 
in Augus t  fol lowed by  the major  p e a k  in November .  Information concern ing  seasonal  
occurrence of P. trispinosus la rvae  in the Medi ter raz ,ean Sea and the coast  of Portugal  has 
been  provided  by  Labat  (1984} and Paula  (1987), respect ively.  

Eualus pusiolus (Kroyer, 1844) 

The few collected la rvae  of this species  found within the sample  per iod  occurred 
from mid-June  to July. Approx imate ly  0.2 larvae  per  m 3 r ep resen ted  the max imum 
concentrat ion observed  in mid-July  (Fig. 13). Approx imate ly  80 % of the total  number  of 
the col lected E. pusiolus la rvae  b e l o n g e d  to s tages  I and  II. The larvae  were  cap tured  over  
a t empera tu re  range  of 11.5 ~ to 15.5 ~ The  ave rage  t empera tu re  dur ing  the occurr- 
ence of E. pusiolus l a rvae  was  13.8~ There  have  been  no previous  records from 
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Fig. 12. Phflocheras tdspinosus. Percentage of larval stages and juveniles collected during the 
sample period at Helgoland (n = 53) 
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E. pusiolus at Helgoland. However, during the study period several adult specimens 
were collected near Helgoland. On March 6th 1986 an egg-bearing female was caught in 
Helgoland Harbour. These findings, as well as the predominance of the first two larval 
stages indicate that a population of E. pusiolus is located around Helgoland and that the 
study region represents a hatching area for this shrimp. 

Larval occurrence extends in both the Irish Sea and the Firth of Clyde from February 
to August or September (Pike & Williamson, 1961b). IAndley (1987) reported E. pusiolus 
larvae from the Irish Sea and the English Channel in February and May, respectively. 
These results may indicate an earher hatching period of E. pusiolus larvae around the 
Atlantic coast of Great Britain and Ireland than at Helgoland, probably due to the 
generally higher temperature in early spring. June and July represent the beginning of 
the planktonic period of E. pusiolus larvae in the German Bight, indicated by the 
presence of newly hatched larvae. This may explain the difference in the length of 
seasonal occurrence compared with other studies (Bull, 1939; Pike & Wilhamson, 1961b). 

Eualus occultus (Lebour, 1936) 

Figure 14 shows the seasonal occurrence of E. occultus larvae, starting in the second 
half of July and ending in early October. The majority of the larvae were collected in 
August (58 %) and September (39 %), while in July and October oniy 7 % and 2 % were 
taken, respectively. During the occurrence of g. occultus larvae the temperature varied 
from 14.5 ~ to 17.0 ~ with a mean temperature of 15.5 ~ Larval abundance was always 
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Fig. 14. Eualus occultus. Concentration of larvae and juveniles during the sample period at Helgo- 
land 
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low and reached maximum density in late August (ca 0.3 larvae per m3). Except stage V, 
all developmental stages and juveniles occurred during the sample period at Helgoland 
(Fig. 15). The older stages were found earlier (from mid-June) than the younger  ones, 
which were taken from August to October. 
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Fig. 15. Eualus occultus. Percentage of larval stages and juveniles collected during the sample period 

at Helgoland (n = 103) 

Due to their similarity, adult E. occultus and Thoralus cranchii (Leach) have often 
been confused. In contrast, larvae of these species can'be easily distinguished by a pair of 
lateral spines on the 5th abdominal somite, which occurs only in T. cranchii larvae 
(Lebour, 1936; Pike & Williamson, 1961b). Recently, Janke (1986) provided the first 
information of adult E. occultus from the rocky intertidal at Helgoland. This record can be 
supported by four adul t spec imens  which were collected by other investigators during 
the sample period from test panels at Helgoland Harbour as well as by the presence of 
their larvae. The presence of older stages of E. occultus followed by the later  occurrence 
of younger stages indicates an immigration of the advanced stages from other places, 
where the hatching period started earlier than in the German Bight. The paren t  popula- 
tion of these larvae may be located in the English Channel or the Irish Sea. 

Processa modica Williamson & Rochanaburanon, 1979 

Larvae of this shrimp occurred from mid-June to early November (Fig. 16). They 
were never numerous with peak  concentration observed on August 12 of approximately 
0.1 larvae per m 3. P. modica larvae were first caught when the temperature increased in 
1985 to 15-16~ larvae reached peak  abundance in August (58 %). More than  80 % of all 
larvae occurred in August and September, with 12 % in July and the remainder in 
October and November. All larval stages were found at Helgoland (Fig. 17). Larvae in 
stages I to IV were collected from July to September, and the older stages were obtained 
from August to November. 
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Pig. 17. Processa modica. Percentage of larval stages collected during the sample period at Helgo- 
land (n = 36) 

Among  other locations, Wilhamson & Rochanaburanon  (1979) repor ted  P. mod ica  

la rvae  from the Southern  North Sea, r ang ing  from the Dogger  Bank to the coast  of the 
Nether lands  and Belgium. The presence  of all larval  s tages  near  He lgo land  indica tes  that  
the distr ibution of this shrimp in the  Southern  North  Sea extends  the  r ange  g iven  by  
Wilhamson & Rochanaburanon  (1979}. P. modica  la rvae  have  been  repor ted  from the Irish 
Sea from July  to October  (Williamson & Rochanaburanon,  1979}, and  Lindley (1987) 
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ob ta ined  the la rvae  in different a reas  of the  North Sea in July, Augus t  and  November ,  in 
good a g r e e m e n t  with the p resen t  study. 

Processa nouvel i  holthuisi  AI -Adhub  & Wilh'amson, 1975 

On two occasions (October 9 and  28), P. nouvel i  holthuisi  la rvae  were  t a k e n  from the 
p lank ton  nea r  Helgoland.  The  ave rage  t empera tu re  in October  was 14.0 ~ Overall ,  two 
la rvae  in s tage  V and two la rvae  in s tage  VII were  found. 

Little information concerning seasonal  and  geograph ica l  distr ibution of P. nouvef i  
holthuisi  la rvae  exists. In the Irish Sea, Rochanaburanon  & Wil l iamson (1976) col lected 
ovigerous females  from Februa ry  to September .  Larvae have  been  h a t c h e d  in the  
labora tory  in March  and la te r  months  and were  presen t  in the p l a n k t o n  until  la te  
September .  Lindley (1987) found P. nouvel i  holthuisi  la rvae  in the North Sea ,  but  not in 
the  Ge rman  Bight. Seasonal  occurrence  e x t e n d e d  from June  to Sep tember .  

Larvae of P. nouvef i  holthuisi  can be  r ea red  successfully from h a t c h i n g  to metamor-  
phosis  at 15 ~ and 20 ~ (Rochanaburanon & Will iamson, 1976). The t ime  to metamor-  
phosis  ave rages  about  49 days  at 15~ (Williamson & Rochanaburanon,  1979). In the 
p resen t  work, a d v a n c e d  la rvae  were  ob ta ined  in October,  indica t ing  that  l a rva l  deve lop-  
men t  took p lace  in Augus t  and  September .  These  months,  inc luding July, were  charac-  
ter ized by  the h ighes t  m e a n  t empera tu res  dur ing the sample  p e r i o d  (Fig. 2). 
Rochanaburanon  & Wil l iamson (1976) concluded  from their  labora tory  e x p e r i m e n t s  that  
many  P. nouvel i  holthuisi  l a rvae  must  hatch in the  Irish Sea at t e m p e r a t u r e s  in which 
their  chances  of survival  are ex t remely  low, a l though the la rvae  p robab ly  d e v e l o p  as wel l  
be low opt imum tempera tu re  conditions.  The  comparab ly  low t e m p e r a t u r e s  dur ing  
seasonal  occurrence  of P. nouvel i  holthuisi  at He lgo land  may  expla in  the l o w  numbers  of 
col lected larvae.  

FIippolyte varians Leach,. 1814 

Larval occurrence  of H. varians was res t r ic ted dur ing the s tudy p e r i o d  from the end  
of October  to ear ly November .  The spec imens  (n = 11) were  col lected at  t empera tu re s  
ranging  from 9.7 ~ to 13.5 ~ The  samples  never  conta ined  more than  0.05 la rvae  per  
m s. Only la rvae  in s tages  III and  IV were  found. 

Previous s tudies  repor ted  H. varians l a rvae  from the North  Sea th roughou t  the  year,  
and  in a d v a n c e d  deve lopmenta l  s tages  b e t w e e n  Augus t  and  January  (Baan et al., 1972). 
Al though the results  p rovided  by  Rees (1952) are  only b a s e d  upon 45 H. varians l a rvae  
col lected dur ing  the sample  pe r iod  from 1947-49, they  document  larval  occu r r ence  from 
July  to January  with peak  a b u n d a n c e  in October.  Lindley (1987) o b t a i n e d  la rvae  in the  
North Sea in Augus t  and  November .  

Athanas  n i tescens  Leach, 1814 

Larvae of A. n i tescens  were  rare ly  col lected nea r  He lgo land  (n = 6). T h e y  occurred 
be tween  mid -Augus t  and  ear ly  Sep t ember  within a t empera tu re  r ange  of 14.7 ~ to 
17.0 ~ Max imum concentra t ion of 0.05 la rvae  pe r  m 3 (all in s tage  V) was o b s e r v e d  at the  
end  of August .  Larvae in s tage  II, IV, and  VIII as wel l  as juveni les  were  recorded .  

In good ag reemen t  with the  p resen t  study, Paula  (1987) ob ta ined  m a x i m u m  concen-  
t.ration of A. n i tescens  la rvae  in Augus t  and  Sep t ember  on the Por tuguese  At lan t ic  coast. 
However ,  no recent  s tudies on larval  occurrence  of A. n i tescens  in the  Nor th  Sea are  
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available. Lebour (1947) noted them in the inshore plankton of Plymouth between June 
and October, coincident with findings concerning larval occurrence of A. n i tescens  near 
the Danish coast (Thorson, 1946) and in the Baltic Sea (K~indler, 1961). Tambs-Lyche 
(1962) explained the distribution of adult A. n i tescens  in Scandinavian waters as a 
possible transportation from the Enghsh Channel along the continental coast by the 
general  current patterns; this may also be true for their larvae. However, Schellenberg 
(1928) and more recently Janke (1986), reported adult A. nitescens from Helgoland. 

Candion s teveni  Lebour, 1930 

On August 16, 1985 one single larva in stage IX was collected. The temperature was 
16.6 ~ 

Information on geographical distribution of C. s teveni  was given by O'Ceidigh & 
McGarth (1981). Based on one larva obtained at Helgoland by Hagmeier (unpublished), 
it was suggested that C. s teveni  must occur around this island (Lebour, 1930). This 
assumption can now be confirmed by the present larval record as well as by the 
observation of two C. s teveni  larvae in the last larval stage collected by the author on 
August 1, 1983 at Helgoland. 

In the Adriatic Sea, C. s teveni  larvae occur from May to November, but only in low 
numbers (Kurian, 1965) which corresponds with the results from the Mediterranean Sea 
(Bourdillion-Casanova, 1960; Vives, 1966). Lebour (1947) reported the larvae from the 
Enghsh Channel appearing in the plankton from April to June and in October, but never 
in numbers. Recently, Lindley (1987) collected C. s teveni  larvae in June in the western 
entrance of the English Channel, and Paula (1987) found them in May at water tem- 
peratures between 14 ~ and 15 ~ at the south-western coast of Portugal. 

General spec i e s  compos i t i on  

Planktonic stages representing 11 species of caridean shrimps were identified in the 
present study. The absence of any species does not necessarily imply that it does not 
occur in the plankton near Helgoland. It must be stressed that the results of the present 
paper  are restricted to a one-year samphng period. Further studies in successive years 
may show a different species composition. However, Crangon larvae are assumed to be 
the most abundant shrimp species in the plankton community at Helgoland. 

Crangon larvae were by far the most abundant specimens, comprising more than 
90 % of the total numbers of the collected larvae during the sample period (Fig. 18). Their 
predominance was expected due to the proximity of the sample station to Wadden Sea 
areas, the preferred habitat for the common shrimp, C. crangon. However, C. aHmanni 
larvae were also remarkably abundant  especially in June. In this month, approximately 
53 % of all Crangon larvae belonged to C. allmanni. Furthermore, the highest density of 
any species during the entire sample period (approximately 8 individuals per m 3) was of 
C. allmanni larvae in mid-June. These findings can be explained by the proximity of the 
C. aflmanni population near Helgoland. 

The number of larval shrimp species near Helgoland can be compared with previous 
investigations conducted in the North Sea. During a sample period of 6 years near the 
Dutch coast, larvae of only 8 shrimp species were obtained (Baan et al., 1972). Recently, 
Lindley (1987) reported 14 species of caridean shrimp larvae collected by the Continuous 
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Fig. 18. Percentage of the predominant shrimp larvae obtained during the sample period (January 
1985 until January 1986) at Helgoland (n = 7697) 

Plankton Recorder  from 5 s t andard  a reas  represen t ing  the middle  and  sou thern  par t  of 
the North Sea. The h igher  n u m b e r  of species  found by  Lindley (1987) m a y  be  due  to a 
longer  s a m p h n g  per iod  (3 years  compared  with one yea r  at Helgoland)  and  a wider  
geograph ica l  sampl ing  area,  inc luding the Enghsh Ch'annel which  r ep re sen t s  a zoogeo-  
graphica l  connect ion to the  Atlantic  fauna.  Lebour  (1947) also found more  spec ies  in the 
p lankton  nea r  Plymouth dur ing the years  1940-45. Due to the  inshore  s a m p l e  station, she 
collected species  typical  for rivers and  estuaries ,  while at  He lgo land  no s t rong  inf luence 
of b rack ish  wa te r  masses  can be  observed.  

Larvae of two more spec ies  were  expec ted  to be  found nea r  He lgo land :  both 
Pandalus montagui Leach and  Pandalina brevirostn's (Rathke) have  b e e n  repor ted  for 
He lgo land  (Schel lenberg,  1928; Caspers ,  1939; Holthuis,  1950). The a b s e n c e  of P. 
montagui la rvae  may  be  due  to seasonal  migrat ions (Mistakidis,  1957; S impson  et al., 
1970; S tevenson  & Pierce, 1985) and /o r  to annua l  f luctuations in larval  occur rence  as 
observed  in different  shr imps (Baan et al., 1972). However ,  in Februa ry  1986 females  with 
eggs  were  col lected near  He lgo land  ("Tiefe Rinne") and  the ha tch ing  l a rvae  were  r ea red  
in the laboratory.  Fur thermore ,  on March  21, 1986 one single P. montagui larva  was  
ob ta ined  from the plankton.  These  observat ions  sugges t  that  P. montagui l a rvae  should 
be  a d d e d  to the list of species  occurr ing nea r  Helgoland.  

More than  50 adul t  spec imens  of P. brevirostris were col lected b e t w e e n  October  1985 
and March  1986 near  He lgo land  ("Tiefe Rinne"). However ,  the  samples  n e v e r  conta ined  
females  with eggs.  Al len (1965) found some evidence  of migra t ion  to a n d  from deepe r  
water  at  the  beg inn ing  and at the end of the b reed ing  season.  Fur ther  s tud ies  a re  n e e d e d  
to de te rmine  whe the r  He lgo land  represents  a hatching a rea  for P. brevirostris. 
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The compara t ive ly  h igh  number  of species  of shrimp larvae  at He lgo land  is b a s e d  on 
the special  b io tope a round  this island: He lgo land  is sur rounded by  the only rocky 
inter t idal  zone in the G e r m a n  Bight with its typical  flora and  fauna (Liining, 1970; Janke,  
1986). Pucus and  Laminaria species  r ep resen t  the  p re fe r red  habi ta t  for m a n y  different  
shrimps, e .g .E ,  pusiolus, E. occultus, H. varians and A. nitescens (Smaldon, 1979), which 
could expla in  the larval  occurrence  of these  four species  in the s tudied area.  

G e n e r a l  r e l a t i v e  a b u n d a n c e  a n d  s e a s o n a l  o c c u r r e n c e  

A total of 7697 shrimp larvae  were  col lected during the s tudy per iod  at Helgoland.  
Most  la rvae  (2960) were  ob ta ined  in August .  However ,  m e a n  concentrat ion of larvae,  
b a s e d  on the samples  which  conta ined  specimens,  was h ighes t  in June  1985 with 
approximate ly  5 la rvae  pe r  m 3 (Table 2). Highes t  re lat ive abundance  was  obse rved  on 
June  21, when  ca 70 % of the col lected spec imens  be longed  to C. aflmanni, the  majori ty  

Table 2. Mean larval concentration with standard deviation (larvae per m 3) between May 1985 and 
January 1986 at Helgoland, excluding samples without shrimp larvae 

Larval concentration (larvae per m 3) 
1985-86 ~ 4- SD Minimum Maximum 

May 0.20 0.20 0.06 0.55 
Jun 5.46 4.54 0.49 11.24 
Jul 1.49 1.24 0.22 3.48 

Aug 3.50 2.11 0.64 8.33 
Sap 2.10 2.33 0.03 7.62 
Oct 0.30 0.37 0.02 1.38 
Nov 0.17 0.23 0.01 0.67 
Dec 0.03 0.02 0:01 0.04 
Jan 0.01 0.01 0.01 0.02 

to s tage  I. Due to the low number  of samples  in this month (5 compared  with 13 in July  
and 12 in August  and  October,  respectively}, the number  of the collected shr imp larvae  
were  lower than in the following 3 months.  

No comparab le  da ta  for the G e r m a n  Bight or Southern  North Sea are  avai lable .  
However ,  Rees (1955} found max imum numbers  of de c a pod  larvae in the Southern  North 
Sea during the years  1949-51 b e t w e e n  June  and September ;  1950 was charac te r ized  by  
dec reased  numbers  of la rvae  in July, whi le  p e a k  abundance  was ob ta ined  in June  and  
August ,  which  is in a g r e e m e n t  with the  results  of the  p resen t  s tudy (Table 2). Fur ther-  
more, the majori ty of decapod  crus taceans  in the North Sea reaches  p e a k  larval  abun-  
dance  in June,  August,  and  September ;  only two species  had  highest  concentra t ion  in 
July  (Lindley, 1987). However ,  Sankaranku t ty  (1975} obta ined  peak  a b u n d a n c e  of 
decapod  larvae  in two wes t -no rweg ian  fjords in July/August .  

Tempera tu re  is p robab ly  one of the most  impor tant  factors in affecting the hfe and 
survival of meroplanktonic  organisms.  The  re la t ionship b e t w e e n  t empera tu re  and  incu- 
bat ion per iod  in decapod  crus taceans  has  been  s tudied  by  Wear  (1974}. Rees (1952} and 
Lindley (1987) d iscussed the inf luence of t empera tu re  on distr ibution and  seasona l  
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occurrence of decapod larvae. The effects of food and salinity on development of decapod 
larvae have been we]] documented (e.g. Broad, 1957; Rochanaburanon & Wilhamson, 
1976; Sulkin & Norman, 1976; Criales & Anger, 1986). 

Table 3. Seasonal peak abundance of the shrimp larvae occurring near Helgoland, based on the 
present data 

Species Peak Abundance 
Jan-Jul Jul-Sept Oct-Dec 

C. aflmanni 
E. pusiolus 
E. occultus 
P. rnodica 
C. crangon 
A. nitescens 
C. steveni 
P. bispinosus 
P. trispinosus 
H. vaxians 
P. nouveli  holthuisi 

X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

Concerning their peak of abundance during the sample period, shrimp species 
collected near Helgoland can be placed into three different groups (Table 3). As 
expected, peak abundance of most of the shrimp larvae occurred between July and 
September, which is in accordance with various field studies on seasonal occurrence of 
decapod Iarvae (Lebour, 1947; Rees, 1952, 1955; Lindley, 1987; Paula, 1987). Due to the 
relatively high water temperatures during this period; larvae have a reduced develop- 
ment time and a rapid growth. Experimental studies conducted with various decapod 
larvae showed decreased larval development time with increasing temperatures (e.g. 
Costlow & Bookhout, 1969; Sandifer, 1973; Dawirs, 1979, 1985; Anger, 1983; Criales & 
Anger, 1986). However, the chance for larvae to survive pelagic predation is lower than 
in early spring or at the end of the year (Creutzberg & Leeuwen, 1980). Due to rapid 
development, the main settlement of juvenile shrimps is hkely to take place during the 
time of the year which represents the most advantageous period for the remainder of 
their hfe span, so that the survival rate will probably be enhanced during winter. 

The main hatching activities of C. a l l m a n n i  and E. p u s i o l u s  occurred in spring, 
indicating a preference for lower temperatures. Laboratory experiments with C. a l l m a n n i  

larvae (Criales & Anger, 1986) support these findings; however, corresponding data for E. 
p u s i o l u s  larvae are not available. The results of the present study showed a well 
separated period of larval abundance in the two E u a l u s  species found at Helgoland. The 
end of the seasonal occurrence of  E. p u s i o l u s  coincided with the beginning of the 
occurrence of E. o c c u l t u s  larvae. The difference may suggest different reproductive 
strategies and/or different temperature preferences of these two closely-related species. 
But again, it must be considered that the results are only based on a one-year study. 

The advantage of an early hatching period may be explained by diminishing 
numbers of pelagic predators within this season (Creutzberg & Leeuwen, 1980; Boddeke, 
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1982) due to the low temperatures.  When adequa te  provision of suitable food organisms 

is available, larvae can metamorphose  in summer  and can grow rapidly. This enhances  

the survival rate in winter  and provides them a good start in the following spring. 

The third group reached their peak  abundance  be tw een  October and December ,  a 

period character ized by decreasing tempera tures  near  Helgoland (Fig. 2). The larval 
occurrence of the four species g iven in Table  3 indicates late hatching activities and a 

tolerance of low temperatures  during larval development .  The findings of seasonal  

occurrence regarding P. bispinosus, P. trispinosus and H. varians coincide with observa- 

tions from several  authors (Lebour, 1947; Rees, 1952; Lindley, 1987; Paula, 1987} who 

general ly  obtained these larvae rather late in the year. So far, laboratory studies 

describing the preferred temperature  range  for these three species of car idean shrimp 

larvae have  not been  conducted. It is assumed, that  P. nouve11 holthuisi  does not fall into 

this group, a l though larvae occurred in October, but  they were  in advanced  deve lopmen-  

tal stages. 
Species in this group benefi t  also from the diminished number  of pelagic  predators. 

On the other hand, low temperatures  will prolong the deve lopmenta l  duration and/or  will 

p revent  further larval development  [e.g. nei ther  C. crangon nor C. aflmanni can be 

reared  successfully from hatching to metamorphosis  at 6~ (Criales & Anger,  1986}]. It 

may be  that in the winter  the mortahty rate within t h e  third group is h igher  than in the 
others. Furthermore, predominant  set t lement  of juveni le  shrimps falls into a period of low 

temperatures  which represents a physiological  unfavorable  tempera ture  regime.  
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