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ABSTRACT: Some lower food web organisms from the marine littoral environment were studied as 
food for harpacticoid copepods. In laboratory experiments, it could be shown that, among the 
ciliates, the slow-moving Uronema sp. was taken up while the fast-moving Euplotes sp. was not. 
Asterionella glacialis, a pennate diatom with spiny projections, was unsuitable as food. The centric 
diatom Skeletonema costatum was ingested by all harpacticoid species tested, including Tisbe 
holothuriae, Paramphiascella vararensis, Amphiascoides debilis and Dactylopodia vulgaris. All are 
epibenthic and phytal species occurring in the shallow waters of Helgoland (North Sea). The 
amount of ciliate and algal carbon taken up was less than that provided by bacteria under 
laboratory conditions. However, some diatom food may be essential for the development of D. 
vulgaris. 

INTRODUCTION 

Harpacticoid copepods (Crustacea, Copepoda) are important  food i tems in  the diet 
of many  larval and  juveni le  fish (Kaczynski et al. 1973; Sibert et al. 1977; Hicks & Coull,  
1983 and  the l i terature cited therein;  Morais & Bodiou, 1984). Harpact icoids may even  
constitute the ma in  prey for young  pos tmetamorphic  flatfish (Hicks, 1984) and  a small  
ep ibenth ic  fish, the spotted dragonet  (Sogard, 1984). Methods for the mass cul t ivat ion of 
harpacticoids as food for fish larvae are present ly  be ing  s tudied (Uhlig; unpubl ,  report). 
The ecology of harpact icoid copepods is thus of great  interest  a nd  has b e e n  rev iewed 
recently by Hicks & Coull  (1983). This work inc ludes  a deta i led  section summar iz ing  
what  is known  about  the trophic relat ions of harpacticoids.  Meioben th ic  forms ingest  a 
wide variety of food inc lud ing  diatoms, phytoflagellates,  bacteria,  fungi  and  yeasts, 
b lue -green  algae, mucoid  subs tances  and  ciliates. Some of this knowledge  has b e e n  
obta ined by cul tur ing ind iv idua l  harpact icoid species in  the laboratory, or by observa-  
tions made  directly in  situ or on gut  contents.  In m a n y  cases quant i ta t ive  data are 
lacking. 

It is the purpose of this paper  to ga in  further insight  into the nut r i t ional  r equ i remen t s  
of mar ine  harpacticoid copepods by means  of feeding  exper iments  with ciliates and  
algae, as a supp lemen t  to those performed with bacter ia  as food (Rieper, 1978). The 
species invest igated were all isolated from the southern North Sea, are relat ively 
abundant ,  and  are easy to cult ivate in  the laboratory. The exper iments  descr ibed here 
were carried out unde r  controlled laboratory conditions,  in order to provide quant i ta t ive  
data on these organisms as related to the food web of coastal waters. 
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MATERIAL AND METHODS 

The  m a i n  cr i ter ia  for the  choice  of the  pa r t i cu la r  spec ies  i nves t iga t ed  were  thei r  
re la t ive  abundance ,  eco log ica l  re levance ,  ava i l ab i l i t y  (easy to isola te  and  main ta in  in 
culture)  and  su i tab i l i ty  for f eed ing  expe r imen t s  (e.g. c i l ia tes  and  a lgae  smal l  enough  to 
be  cap tu red  and  inges t ed  by  ha rpac t i co id  copepods) .  

H a b i t a t s  

Harpacticoid copepods 

Tisbe holothuriae (Fam. Tisb idae) :  a l t hough  commonly  r e g a r d e d  as a phyta l  
species ,  was,  as the name  impl ies ,  o r ig ina l ly  de sc r ibed  as an in tes t ina l  paras i te  of the 
sea  c u c u m b e r  Holothuria stellati (Humes, 1957). T. holothuriae has b e e n  found in an 
outdoor  s w i m m i n g  pool  con ta in ing  h e a t e d  s eawa te r  (23 °C) (Uhlig & Noodt, 1966; T. 
helgolandica = T. holothuriae), as wel l  as among  b rown a l g a e  in the rocky in ter t idal  
zone  of He lgo l and .  The  ave rage  l eng th  of an  adu l t  f emale  is 930 Bin. 

Paramphiascelta vararensis (Fam. Diosacc idae)  has  also b e e n  found in var ious  
b io topes ,  a m o n g  red  a lgae ,  musse l s  and  coarse  sand  from H e l g o l a n d  (Klie, 1949, 1950) as 
wel l  as in subl i t tora l  sed iments ,  and  in the  s e a w a t e r  p ipe  sys tem of the author ' s  
l abora to ry  at H e l g o l a n d  (Rieper, 1978). The  a v e r a g e  l eng th  of an adul t  female  is 780 Ftm. 

Amphiascoides debilis (Faro. Diosacc idae)  was  i so la ted  from the sandy  beach  at 
List /Sylt ,  w h e r e  it was  found to pre fe r  the  surface of s ed imen t s  (Mielke,  1976). A. debilis 
has  atso b e e n  loca ted  in the  u p p e r  a lgae  zone a m o n g  l amina r i ans  at He lgo l and  (Klie, 
1949, 1950). The  a v e r a g e  l eng th  of an  adu l t  f ema le  is ca 500 ~m. 

Dactylopodia vulgaris (Fam. Tha les t r idae)  occurs  ma in ly  in the  g reen  and  red a lgae  
zones  and  in t ide  pools  (Lang, 1948; Klie, 1949). It was  i so la ted  from the rocky in ter t idal  
at He lgo l and .  The  ave rage  l eng th  of an  adu l t  female  is 540 ~m. 

Cilia tes 

Uronema sp. (p robab ly  inden t i ca l  w i th  Uronema marinum Dujardin ,  Fam. 
Uronema t idae )  was  i so la ted  from in te r t ida l  s ed imen t s  at List/Sylt;  it a lso occurs in the 
wa te r s  of the  H e l g o l a n d  rocky  in te r t ida l  zone.  The  lag  phase  l eng th  of Uronema sp. is 
20-30  ~m. 

Euplotes sp. (Faro. Euplo t idae)  was  found as a pers i s ten t  con taminan t  in labora tory  
cul tures  of Tisbe. Euplotes sp. bea r s  r e s e m b l a n c e  to E. moebiusi Kahl. The length  of cells  
in the  l ag  phase  is 30-35 ~m. Al though  the genus  Euplotes is cons ide red  benthic ,  some 
spec ies  of Euplotes and  also Uronema occur  in open  coasta l  waters  as wel l  as in the 
m e s o p s a m m o n  and  o ther  b io topes  (Hartwig,  1973). 

Algae 
Skeletonema costatum and Asterionella glacialis (Bacillariophyceae) are common 

representatives of centric and pennate diatoms, respectively, among the phytoplankton 
occurring in coastal waters (Drebes, 1974). Individual cells of S. costatum filaments have 
a diameter of 3-20 ~tm. A. glacialis cells have a basal diameter of 5 ~tm and an apical 
length of 50-100 ~tm; the cells are arranged in coiled filaments. 

It is reasonable to assume that the organisms above may be found coexisting in the 
field, particularly during and immediately after the occurrence of plankton blooms. 
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C u l t i v a t i o n  

For the most part ,  the  me thods  of cu l t iva t ion  have  b e e n  p u b l i s h e d  in de ta i l  (Rieper, 
1978; Rieper  & Flotow, 1981), and  wil l  be  desc r ibed  he re  in short  form only.  

Harpac t i co id  copepods :  s tock cul tures  of al l  spec ies  were  m a i n t a i n e d  in s e a w a t e r  
(ca 30 %0 S) in smal l  glass  vesse ls  at 15°-18 °C. Food cons is ted  of d r i ed  musse l  mea t  and  a 
fish food mixture;  Dactylopodia vulgaris r ece ived  in add i t i on  a suspens ion  of 
Skeletonema costatum. 

Cil ia te  protozoans:  Uronema sp. and  Euplotes sp. were  cu l t iva ted  in smal l  glass  
vessels  wi th  seawa te r  and  were  fed loopfuls  of l ive bac te r i a  which  were  s c raped  d i rec t ly  
from agar  plates .  The  bac ter ia ,  Vibrio sp. (des igna ted  as List - 7 in Rieper  & Flotow, 
1981) were  grown on s t anda rd  yeas t  ext rac t  - p e p t o n e  aga r  ZoBell  2216E. 

Algae :  Skeletonema costatum and Asterionella glacialis were  grown in F/2 cul ture  
m e d i u m  desc r ibed  in Gu i l l a rd  & Ryther  (1962). 

F e e d i n g  e x p e r i m e n t s  

Exper iments  were  car r ied  out in covered  glass  d i shes  con ta in ing  30 ml s eawa te r  (ca 
30 o/~ S). Para l le l  d i shes  were  set up  for each  food tested,  and  each  e x p e r i m e n t  was  
per formed in dupl ica te .  Fresh,  hea l t hy  o rgan i sms  were  tested,  and  used  on ly  once in an  
exper iment .  The stock cul tures  of harpac t ico ids ,  c i l ia tes  and  a l g a e  were  not  axenic ,  but  
the numbers  of con tamina t ing  bac te r i a  were  too low to inf luence  the  f e e d ing  rates.  
Exper iments  were  car r ied  out at 18 °C (except  wi th  D. vulgaris at 15 °C) in incuba tors  
wi th  a l igh t :da rk  cycle  of LD 12 : 12" ( f luorescent  l igh t ing  , ,warm whi te  de luxe" ,  10-60 
lttx). Dishes were  s t i r red gen t ly  for 2 rain i m m e d i a t e l y  before  an a l iquot  was  r e move d  for 
counting.  To de t e rmine  the number s  of c i l ia tes  and  a lgae ,  an a l iquot  of 1-2 ml was 
removed  from each  dish, f ixed  wi th  Lugol ' s  solution,  f i l te red  onto a 0.45 ~tm m e m b r a n e  
filter, s t a ined  with  erythrosin,  and  coun ted  unde r  a microscope  at 160-400 x magni f i ca -  
tion. Calcu la t ions  were  m a d e  from the ave rage  va lues  ob t a ined  from 10-20 v isua l  f ields 
counted.  For the a lgae ,  the  total  number s  of cei ls  ( f i laments  were  of var ious  lengths)  
were  de te rmined .  Harpac t i co id  copepods  were  t rans fe r red  wi th  a Pas teur  p ipe t t e  and  
counted  ind iv idua l ly .  

The method  used  for l abe l l i ng  the  a l g a e  was  b a s e d  on that  of Lamper t  (1974). A 
suspens ion  of a l g a e  was  i n c u b a t e d  with  14C-NaHCO3 (Amersham Buchler,  
Braunschweig ,  FRG); the  ac t iv i ty  of the  supens ion  was  0.1 ~Ci 14C ml - I .  After  16-17 h 
incubat ion,  the a l g a e  were  r emoved  from the rad ioac t ive  m e d i u m  and  r e s u s p e n d e d  in 
non - l abe l l ed  seawater .  Al iquots  of this  suspens ion  were  g iven  to the ha rpac t i co id  
copepods .  At the  end  of an  expe r imen t ,  the  ac t iv i ty  in the  ha rpac t i co ids  was  d e t e r m i n e d  
with  a l iqu id  sc in t i l la t ion  counter  (Betaszint  5000; Ber thold  & Fr ieseke) .  Fur the r  de ta i l s  
are g iven  in Rieper  (1978). 

The l eng th  of an expe r imen t  va r i ed  accord ing  to the  food tes ted:  72 h wi th  c i l ia tes  as 
food source, 24 h wi th  l a b e l l e d  a lgae ,  and  over  4 w e e k s  wi th  n o n - l a b e l l e d  a l g a e  
(covering one life cycle  of the  ha rpac t i co id  spec ies  tested).  On ly  la te  c ope pod i t e  and  
adul t  c~ and 9 s tages  were  used  in al l  shor t - te rm feed ing  expe r imen t s  wi th  c i l ia tes  and  

* A light: dark cycle of LD 15 : 9 (natural daylight conditions in the spring) was used for long-term 
feeding experiments with Dactytopodia vulgaris and algae. 
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l a b e l l e d  a l g a e  as  food. The  number s  of ha rpac t i co ids  in each  rep l ica te  dish r anged  from 
25-70 ind iv idua l s .  The  long- t e rm test  ser ies  wi th  Dactylopodia vulgaris was an excep-  
tion: he re  the  naup l i i  from one  egg  sac of a hea l thy  g rav id  9 (usual ly  8 from one egg  sac; 
in two cases  4 and  6 respect ive ly)  were  used  as in i t ia l  test  o rganisms  in each  repl ica te  
dish. 

RESULTS 

F igure  1 shows the u p t a k e  rate  of the c i l ia te  Uronema sp. by  Tisbe holothuriae ( la)  
and  Paramphiascella vararensis (1 b) at  18 °C, The  g r a p h e d  va lues  r ep resen t  the ave rages  
of two rep l i ca t e  de t e rmina t ions  in a test  ser ies  us ing  the g iven  in i t ia l  concentra t ions  of 
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Fig. 1. Laboratory experiments wi th  the cil iate Uronema sp. as food for the harpacticoid copepods 
Tisbe ho]othuriae ( la) and Paramphiascel]a vararensis ( l b ) a t  18 °C. x ciliates without copepods 
(control); O ciliates + 25 Tisbe; • cihates + 50 Tisbe; [] citiates + 35 Paramphiascefla; • ciliates + 
70 Paramphiascella, Points on graphs represent average values of 2 replicates, each replicate made 

wi th 25, 50, 35 and 70 copepods, respectivety 
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ciliates (log ciliate indiv iduals  m1-1) and  harpacticoids (25 and  50 T. holothuriae, 35 and  
70 P. vararenMs for each separate  replicate,  respectively).  In T. holothuriae, there was a 
strong decrease in  the number s  of ciliates after 24 h already,  and  after 72 h a six to 
tenfold decrease. In P. vararensis the up take  of Uronema sp. was slower and  not qui te  so 
pronounced.  Nevertheless,  compared to the controls without  harpacticoids,  there was  a 
clear reduct ion in  the number s  of ciliates present  with both harpact icoid species. 
Consider ing the 72 h period as a whole, the up take  rates are as follows (ranges represent  
the average values  for the two respect ive concentra t ions  of harpacticoids,  with the 
differences be tween  the average and  measu red  values): for T. holothuriae, 26.8 (0) to 
65.3 (11.7) Uronema copepod -1 h - l ;  for P. vararensis, 10.8 (6.0) to 18.2 (2.1) Uronema 
copepod - I  h - 1  

The results of feeding exper iments  with T. holothuriae and  P. vararensis us ing  the 
ciliate Euplotes sp. as the sole food source were negat ive.  Nei ther  of the harpact icoid 
species inges ted  Euplotes sp., a l though no other food was avai lable .  The ques t ion  was 
posed as to whether  Euplotes sp., genera l ly  cons idered  benthic ,  would  be more readi ly  
consumed if a substrate were present  upon  which the ciliates could settle. To answer  
this, pieces of dr ied mussel  meat  were g iven  to Tisbe in  addi t ion  to Euplotes. Although 
the ciliates concentra ted around and  upon the mussel  meat  particles, and  thus would  
have b e e n  easier  prey for the copepods, Tisbe ate the meat  and  ignored  the ciliates. 

Two species of a lgae  were also used as food for the harpacticoid copepods, the 
diatoms Ske le tonema costatum and  Asterlonella glacialis, The results of exper iments  in  
which the a lgae  were labe l led  with 14C are presen ted  in Table  1. A mong  the harpac-  
ticoids, the highest  up take  rate was found in  Tisbe holothuriae, closely fol lowed by that 

Table 1. Uptake of 14C-labelled algae by different harpacticoid species (18 °C). In all cases, 25 
copepods were used in each replicate 

Harpacticoid copepods Algae Initial Average Average 
concen- uptake uptake 
tration algae cells ~g C 

of algae cop,-lh -1 and cop.-ld -1 
(rnl -I ) deviation 

from mean 

Tisbe holothuriae Skeletonema costatum 

Paramphiascella vararensis Skeletonema costatum 

Amphiascoides debilis 

Tisbe holothuriae 

Paramphiascella vararensis 

Skeletonema costatum 

Asterionella glacialis 

Asterionella glacialis 

* Values measured after 6 h; all others after 24 h 

413,000 334.9 {0) 0.161 

19,380 65.9 (9.4) 0.032 
94.5 (24.4)* 0.038" 

413,000 212.7 (100.8) 0.102 

413,000 50.3 (17.8) 0.024 

129,000 11.5 (1.8) 0.003 

2,200 4,8 (0.6) 0,001 
4,500 4.8 (0.2) 0.001 
6,700 5.0 (1.3) 0.001 

28,700 11.5 (0.1) 0.003 
43.0 (2.4)* 0.007" 

129,000 20.6 (5,6) 0.005 
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of Paramphiascella vararensis. The up take  of Skeletonema by Amphiascoides debilis 
was much  lower. As a food source. Skeletonema proved  far more at tract ive to the 

harpact icoids  than Asterionella, even  at a lower  ini t ial  concentra t ion (as in the case of P. 
vararensis), a l though  the carbon content  of the cells is similar:  2 x 10 -s  ~g for 
Skeletonema and 1 x 10 -s  ~g for Asterionella (Hagmeier ,  pers. comm.). The  rates of 

carbon up take  in Tab le  1 are those measured  for 24 h except  where  o therwise  indicated.  

The  up take  rates by P. vararensis w e r e  h igher  after the first 6 h, indicat ing that initial 
f eed ing  took p lace  at a more rapid  rate than over  the 24 h per iod as a whole.  Two 

repl ica tes  w e r e  m a d e  for each  test series, wi th  25 copepods  for each replicate.  

A long- te rm expe r imen t  with non- l abe l l ed  Skeletonema was carr ied out with the 

harpact icoid  species  Dactylopodia vulgaris, to de t e rmine  the effect of these  a lgae  on the 

growth  rate. The  results  are shown in Table  2 : 8  f resh ly-ha tched  naupl i i  were  used 

Table 2. Effect of various foods on the development of Dactytopodia vulgaris (15 °C): Mean values ± 
standard deviations; 8 freshly-hatched nauplii per replicate 

Food Number Days from hatching of nauplii to 
of first first 9 first 

replicates cope- with egg hatching of 
podite sac new nauplii 

Fish food and mussel meat 2 11,5 - - 
Fish food, mussel meat, Skeletonema costatum 4 7,8 ± 1.0 22.3 _+ 4.8 24.8 _+ 4.5 
Skeletonema costatum (alone) 5 7,6 _+ 0.5 23.2 ± 3.5 27.6 ± 2.5 

ini t ia l ly  per  repl icate.  More rapid  rates of growth were  ob ta ined  w h e n  Skeletonema was 
offered as a supp lemen t  with fish food and mussel  meat,  than with the a lgae  alone. D. 

vulgaris was unab le  to reproduce  on a diet  of dr ied  fish food-mussel  meat  wi thout  the 

algae,  unde r  the expe r imen ta l  condit ions given.  

DISCUSSION 

In previous  inves t iga t ions  it was  shown that  the feed ing  rate of Tisbe holothuriae on 

Uronema sp. depends  to some extent  on the ini t ial  concentra t ion of cil iate food (Rieper & 
Flotow, 1981). In the present  study, the ini t ial  concentra t ions  of Uronema sp. (2500--4600 
m l - l l  Fig. 1) and LZuplotessp. (1000-5700 m l - I ;  no uptake)  were  wi th in  a range  where  an 

increase  in ci l iate food wou ld  not have  resul ted  in a substant ia l ly  greater  ingest ion rate 

by the harpact icoids.  
In the case of 14C-labelled Skeletonema costatum (the up take  of Asterionella 

gladatis was too low to be  cons idered  here), a twentyfold  increase  in the ini t ial  a lgae  
concent ra t ion  brought  about  only a threefold  increase  in the up take  by Paramphiascella 
vararensis (Table 1). Only one  init ial  concentra t ion  of Skeletonema was used for Tisbe 
holothuriae; tes t ing h igher  concentra t ions  would  have  b e e n  unreal is t ic  s ince one is not 

l ikely  to encoun te r  numbers  of d ia toms as h igh  as 4 × 10 s m1-1 or grea ter  in the field. 
The  la rge  f luctuat ions in the a lgae  up take  in some of the samples  may  be  due  to the 

difficulty of uniform labe l l ing  and inaccurac ies  in the method  of count ing  cells on filters. 
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In order to compare  the up take  of ci l iates wi th  that of the algae,  the organic  C 

content  must  be considered.  Since the ci l iate we igh ts  were  not de te rmined ,  those from 
the l i terature were  emp loyed  in the calculat ions.  For the g iven  init ial  concentrat ions,  
ciliate up take  by the harpact icoids  was approx imate ly  27-65 Uronema cop. - l h - 1  for T. 

holothuriae and 11-18 Uronema c o p . - l h  -1 for P. vararensis (Fig. 1; see text). If the dry 
weigh t  of an indiv idual  Uronema sp. is 4 × 10 -4 pg (Johannes,  1965) and 50 % of this is 

organic  C (Gerlach, 1978), then  the dai ly  amount  of c i l ia te  C t aken  up was 0.13-0.31 pg 
C c o p . - l d  -1 by 7", holothuriae and 0.05-0.09 ~g C c o p . - l d  -1 by P. vararensis. These  

values  are on the same order of m a g n i t u d e  as those found for Ske le tonema (Table 1). 
Even  though previous  f eed ing  exper iments  us ing  bac te r ia  as food for harpac t ico id  

copepods  (Rieper, 1978) were  per formed under  different  condi t ions  (dried bac ter ia  

part icles vs. l ive cil iates and algae),  the amounts  of C up take  from these  sources are 

compared  in Table  3. It can be seen  that  the up take  of bacter ia l  C per  day is an order  of 

Table 3. Uptake of organic carbon by some harpacticoid copepods utilizing different food sources 
(ranges represent minimum and maximum values for the different kinds and initial concentrations 
of food organisms or copepods, respectively). Ciliate and algal uptake values calculated for organic 

C from results in Figure 1 and Table 1; for number of organisms and replicates, see text 

Harpacticoid species Bacterial uptake Ciliate uptake Algal uptake 
~g C cop.-ld -1 * ~g C cop.-ld -1 ~g C cop.-ld -~ 

Tisbe holothuriae 1.03-1.71 0.13-0.31 0.16 
Paramphiascetla vararensis 1.53-3.54 0.05-0.09 0.03-0.10 

* Rieper (1978) 

magni tude  h igher  than for ci l iate  or a lgal  C. These  results are compared  to those of 

Brown & Sibert  (1977) and Sibert  et al. (1977) in which  the f eed ing  rate of harpact icoid  

copepods on different food sources was measu red  (Table 4). It can be seen  that, in most 

cases, the up take  of bacter ia l  C e x c e e d e d  that de r ived  from the algae.  The a lgae  here  
consisted of an enr ichment  conta in ing  "a wide  var ie ty  of diatoms inc lud ing  some la rger  

(> 200 ~m) forms such as Biddulphia sp. and Melosira sp. as wel l  as many  small  (~-- 20 

~m) naviculo ids"  (Brown & Sibert, 1977). 

Table 4. Uptake of organic carbon by some harpacticoid copepods utilizing different food sources 
(from Brown & Sibert, 1977), recalculated for a copepod with an average dry weight of 2.7 ~g (Sibert 

et al., 1977) 

Harpacticoid species Bacterial uptake Algal uptake 
~g C cop.-ld -1 ~g C cop.-ld -1 

Tisbe furcata, Ftarpacticus uniremis 
H. uniremis, H. spinulosus 
Dactylopodia crassipes 

0.214 0.024 
0,266 0.025 
0.292 0.324 
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CONCLUSION 

It has b e e n  shown that whereas  the ciliate Uronema sp. was inges ted  by both Tisbe 
bolothuriae and  Paramphia$cella vararensis, Euplotes sp. was not. A reason may be that, 
due  to the capabi l i ty  of rapid mot ion  by Euplotes, these cil iates are not so easily captured 
or grazed upon  as the relat ively s low-moving Uronema. The rate of Uronema sp. 
ingested,  compared  to the daily C in take  der ived from other food sources such as 
bacter ia  (Rieper, 1978), suggests  that ciliates do not play a major role in the nutr i t ion of 
harpact icoid copepods, and  probably  only represent  a dietary supplement .  Other investi-  
gat ions  have shown that some ciliates may be an  impor tant  food source for p lanktonic  

100 Mrn 

HARPACTICOID COPEPODS 

T.holothuriae, R vararensis, Adebi l is,  D. vutgar is 

/ 

CtLIATES 
Euplotes sp., Uronema sp. 

DIATOM S 

S. costatum 

BACTERIA 
Vibrio sp. 

other spp+ 
tl/Jm + 

Fig. 2. Schematic representation of the role of some lower food web organisms in the nutrition of 
marine harpacticoid copepods 
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copepods such as Burytemora affinis (Berk et al. 1977) and  other zooplankton  (Tezuka, 
1974; Porter et al. 1979). Thus the role of the bacterivorous ciliates as l inks in the food 
web be tween  bacter ia  and  copepods requires  further invest igat ion.  

The s ignif icance of diatoms in the nut r i t ion  of harpact icoid copepods has b e e n  well  
documented:  Omori  (1973) and  Hicks & Coull  (1983) compi led  a list of l i terature 
references in which various foods for the cul t ivat ion and  sus tenance  of harpact icoids in  
the laboratory were ment ioned,  and  diatoms have often b e e n  used  with success. In the 
studies descr ibed here, the up take  of the diatom Asterionella glacialis was negl ig ib le ;  
the spiny projections on A. glacialis cells may cause these a lgae to be  less attractive food 
items. Al though short-term feeding exper iments  showed that Ske l e tonema  costatum was 
ingested in  relat ively small  amounts  - as in the case of ciliates - compared to bacter ia l  C, 
these a lgae were impor tant  in the deve lopmen t  of Dactylopodia vulgaris {Table 2). Uhlig 
(unpubl.  report) showed that cultures of Tisbe holothuriae fed with S. costatum exhib i ted  
a very high rate of naup l i a r  production,  exceed ing  that previously  pub l i shed  with other 
food sources. This indicates  that more long- te rm studies, as opposed to short-term 
observations, are needed  before a genera l  s ta tement  can be made  on the role of a lgae  as 
well as ciliates in the nut r i t ion  of harpact icoid copepods. The pre l iminary  results with D. 
vulgaris reported here should also be supp l emen ted  with data on, for example,  egg 
production, larval  mortali ty and sex ratios, bes ides  the length  of deve lopmenta l  stages. 

With the l imitat ions of these laboratory studies in  mind,  a schematic  representa t ion  
of the role of some lower food web  organisms as food for mar ine  harpact icoids is g iven  in  
Figure 2. Only  the food organisms actual ly tested here are represented,  and  not the 
various other i tems which harpacticoids are k n o w n  to ingest  (phytoflagellates,  fungi,  
mucoid substances,  detritus, etc). Bacteria, which are consumed  by m a n y  ciliates, are 
also directly inges ted  by some harpact icoid copepods. In contrast  to Euplotes  sp., 
Uronema sp. may form part  of the diet  of Tisbe holothuriae and  ParamphiasceHa 
vararensis. The  diatom Sk e l e t one ma  costatum was inges ted  by all harpact icoid species 
tested and  may be an impor tant  dietary supplement .  
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