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ABSTRACT: Filtration rate (F] and ingestion rate (I] were measured in the rotifer Brachionus 
plicatilis feeding on the flagellate DunaHella spec. and on yeast cells (Saccharomyces cerevisiae). 
60-min experiments in rotating bottles served as a standard for testing methodological effects on 
levels of F a n d  I. A lack of rotation reduced Fvalues  by 40 %, and a rise in temperature from 18 ° to 
23.5°C increased them by 42 %. Ingestion rates increased significantly up to a particle (yeast) 
concentration of ca. 600-800 cel ls .  !~1-1; then they remained constant, whereas filtration rates 
decreased beyond this threshold. Rotifer density (up to 1000 ind • m1-1) and previous starvation (up 
to 40 h) did not significantly influence food uptake rates. The duration of the experiment proved to 
have the most significant effect on F a n d  I values: in 240-min experiments, these values were on the 
average more than 90 % lower than in 15-rain experiments. From this f inding it is concluded that 
ingestion rates obtained from short-term experiments (60 rain or less) cannot be used in energy 
budgets,  because they severely overestimate the actual long-term feeding capacity of the rotifers. 
At the lower end of the particle size spectrum (2 to 3 ~m) there are not only food cells, but apparently 
also contaminating faecal particles. Their number  increased with increasing duration of experi- 
ments and lead to an underestimation of F and /. Elemental analyses of rotifers and their food 
suggest  that B. pHcatilis can ingest  up to 0.6 mJ or ca. 14 % of its own body carbon within 15 min. 
The long term average was estimated as 3.4 mJ - ind -1 • d -1 or ca. 75 % of body carbon - d -1. 

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

S t a n d a r d i z e d  t e c h n i q u e s  a re  n e e d e d  to m e a s u r e  t h e  f i l t ra t ion  a n d  i n g e s t i o n  r a t e s  in  

p l a n k t o n i c  a n i m a l s .  Such  i n f o r m a t i o n  is r e q u i r e d  for a r e s e a r c h  p r o j e c t  of t h e  

B i o l o g i s c h e  A n s t a l t  H e l g o l a n d ,  a i m i n g  to e x p e r i m e n t a l l y  i n v e s t i g a t e  p e l a g i c  food  w e b  

d y n a m i c s  i n  t he  m a r i n e  e n v i r o n m e n t .  T h e  p r e s e n t  s t u d y  a t t e m p t s  to a n a l y z e  s o m e  

m e t h o d o l o g i c a l  a s p e c t s  i n f l u e n c i n g  s u c h  m e a s u r e m e n t s .  T h e  ro t i fer  Brachionus 
pf icat i l is  w a s  u s e d  as  a t e s t  o r g a n i s m  b e c a u s e  it is a v a i l a b l e  in  m a s s  cu l tu res .  In add i t i on ,  

k n o w l e d g e  of i ts  nu t r i t i on  is of i n t e r e s t  for t ha t  p a r t  of t h e  r e s e a r c h  p r o j e c t  c o n c e r n e d  

w i t h  t h e  d e v e l o p m e n t  of cu l t i va t i on  t e c h n i q u e s .  

A q u a c u l t u r i s t s  h a v e  p a i d  p a r t i c u l a r  a t t e n t i o n  to l a r g e  s c a l e  p r o d u c t i o n  of th is  
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species (for recent  review of this aspect see Thei lacker  & McMaster, 1971; Furukawa & 
Hidaka,  1973; Yfifera & Pascual, 1980; Gatesoupe & Luquet, 1981; Gatesoupe & Robin, 
1981). Its filtration rate was s tudied by Hirayama & Ogawa (1972), Doohan (1973), Dewey 
(1976), Chotiyaputta  & Hirayama (1978) and  Capuzzo (1979). Erman  (1956, 1962), Gal- 
kovskaja  (1963), Halbach  & Halbach-Keup (1974), Gilbert  & Starkweather  (1977), Stark- 
weather  & Gilbert  (1977), and  Starkweather  & Frost (1979) made  similar  invest igat ions 
on other Brachionus species. 

MATERIAL AND METHODS 

Both the f lagel late  Dunaliella spec. (isolated from Helgo land  plankton)  and  the 
rotifer BracMonus plicatilis were cult ivated separately in  10-1 flasks with filtered, 
steri l ized sea water  (Millipore: 0.45 ~tm; ca. 32%o~ 23.5°C) app ly ing  slight aeration. 
Rotifers were fed twice daily with ca. 2.5 g bakery  yeast  (Saccharomyces cerevisiae); 
water  was changed  once a week.  The algae were grown in  F/2 m e d i u m  (Guil lard & 
Ryther, 1962). A photoperiod of LD 16:8 h was used throughout.  

Cultures were a l lowed to adapt to the exper imenta l  temperature(s) for at least three 
days before they were used  in  experiments.  Since the physiological  stage of the algae 
(exponential  vs. s tat ionary phase) exerts an  inf luence  on the fi l tration rate of the rotifers 
(Chotiyaputta & Hirayama,  1978), only algal  cultures which  had reached concentrat ions 
of 1,000 to 2,000 cells •/z1-1 were used. 24 h before onset of the exper iment  they were 
di lu ted with sterile, Mil l ipore-f i l tered (0.22 ~tm) sea water  to the approximate concentra-  
t ions desired. These suspensions  were stored in  the dark at the exper imenta l  tempera-  
ture(s). Their  actual concentrat ions were de te rmined  immedia te ly  before the exper iment  
was started. A Coulter  Counter  model  TAII (calibration; 330.3; tube  aperture:  100 ~tm) 
was employed. The m e a n  value  of 12 readings  was used as ini t ia l  concentrat ion (%). 

If S. cerevisiae was to be used as a test food, 0.1 to 0,4 g bakery  yeast  were added  to 
1 1 seawater. This mixture (ca. 500 to 3,000 cells • ~tl -I) was kept  in  suspens ion  for ca 12 h 
on a magnet ic  stirrer (600 r -min-1 ;  exper imental  temperature;  with aeration). The 
densi ty  of yeast cells was measured  in  the same way as in  Dunaliella spec. Microscopic 
examina t ion  revealed  that after 4 h only very few cell aggregates  (2-3 cells) were still 
present;  no changes of the suspens ion  were observed wi th in  the next  24 h. 

One  hour before the exper iment  began,  the rotifer culture was poured through two 
successive screens (150 and  90 ~tm mesh size). The first one re ta ined  large indiv iduals  
and  wastes, the second one the exper imental  animals.  By means  of a squeeze bottle with 
Mill ipore-fi l tered sea water  they were washed  and then  f lushed into an  e r lenmeyer  flask 
where  they remained,  sl ightly aerated, at exper imenta l  tempera ture  unt i l  the experi- 
men t  was started. Very small  individuals ,  eggs, and  food particles passed both sieves 
and  were discarded. In this way it was achieved that in  all  exper iments  rotifers of similar 
size were used. 

Densities of B. plicatilis cultures could be measured  with a Coulter  Counter  (calibra- 
tion: 171.8; tube aperture;  560 ~tm). In pre l iminary  exper iments  it was observed that a 
certain amount  (up to 50 %) of the rotifers actively at tached themselves  to the glass walls  
of the beaker  and  passively adhered to the water  surface. This systematic error could be 
substant ia l ly  reduced in  the following way: a sample (15 ml) of the stirred and aerated 
cul ture was t aken  by  means  of a cal ibrated pipette, the rotifers were re ta ined  on a 45 ~tm 
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screen, and f lushed into a 100 ml beake r  with 50 ml Mil l ipore-f i l tered seawater.  A few 

drops of fo rmaldehyde  {40 %) and of a de te rgen t  were  added,  and the sample  was stirred. 

In this way, the rotifers were  h o m o g e n e o u s l y  dis t r ibuted and the count ing error b e c a m e  
re la t ive ly  small  {less than 10 % standard devia t ion  as r evea l ed  by five measurements}.  

For each de te rmina t ion  of rotifer densi ty  at least  5 samples  were  counted.  Values  hav ing  

~> 10 % standard devia t ion  were  disregarded.  

The  exper iment  was started as follows: 15 ml rotifer culture were  p ipe t ted  onto a 

45 ~tm screen (as above}, and f lushed from there  into the exper imenta l  flask (capacity: 

100 ml} with  at least  50 ml food suspension (algae or yeast}, which  had b e e n  prepared  

and measu red  as descr ibed  above.  With the adjus ted  amount  of food suspension,  a 

densi ty  of ca. 50 rotifers - m1-1 was ach ieved  in all s tandard exper iments .  These  always 

comprised  8 flasks wi th  rotifers plus food {experimental  replicates} and 4 equa l ly  t reated 
control repl icates  without  animals.  The  flasks were  closed with screw caps and mounted  

in an incubator,  where  they rotated in the dark with  10 r - min  -1 over  their  longi tudinal  

axis. After 60 min  the rotifers were  sc reened  out on 45 ~tm gauze,  and the concentrat ions 

of food part icles  were  counted aga in  in all 12 flasks. Tempera tu re  was usual ly  

23.5 __ 0.6 °C, and 18 _ 0.2 °C as an except ion  {only one exper iment  wi th  Dunallella spec. 
as food). 

Fi l t rat ion and inges t ion  rates of B. plicatilis w e r e  measu red  us ing this s tandard 

technique ,  and compared  with  those unde r  modi f ied  conditions,  which  wil l  be  br ief ly  
descr ibed  be low  (chapter "Results").  Fi l trat ion rate is def ined  as vo lume  swept  c lear  pe r  

uni t  of t ime. For the calculat ion of ave rage  filtration (F; ~1 • ind -1 • min  -1) and inges t ion  

rates (I; cells - ind -1 • min  -1) the fo l lowing equat ions  were  used  (Gauld, 1951; Hargis,  
1977): 

F = V  ( l n c ° - l n c t n  7 A) 

In c o - -  In c [ 
A - -  

I =  F "  X/c o " Ct 

where  c o and c t are ini t ial  and final  food concentrat ions (cells • ~tl-1), t is  t ime (duration of 

the expe r i men t  in min), and n is the number  of rotifers (ind) in vo lume v (~tl). A is a 
correct ion for changes  in the  control wi th  final  concentra t ion c~ after t ime t. The  

express ion  VCo - c t represents  the geomet r ic  m e a n  of food concentra t ion dur ing t ime t. 

The  b iomass  of B. pllcatllls and S. cerevlslae was de t e rmined  in samples  wi th  known  
vo lumes  and concentrations,  col lected on p r e - w e i g h e d  glass f iber  filters (Whatman: 

GF/C}. The  mater ia l  was  brief ly r insed with  dis t i l led wate r  and f reeze-dr ied  (at least  3 h 
at 10 -2 m bar} in a GT2 (Leybold-Heraeus)  apparatus.  Dry w e i g h t  was measured  on an 

Autoba lance  AD-2 (Perkin-Elmer) to the neares t  0.1 ~g. Carbon  (C) and n i t rogen (N} 

contents  were  de te rmined  in an  E lementa l  Analyzer  model .  1106 {Carlo Erba Science} 

us ing  Cyc lohexane-2 ,4 -d in i t ropheny le -hydrazone  as a standard. Care  was  t aken  that  the 
sample  dry w e i g h t  was  b e t w e e n  0.2 and 2 mg, which  is the range  of m a x im u m  accuracy 

in the  C H N  analyzer .  

The  data  on Dunallella spec. were  obta ined  from Dr. E. H a g m e i e r  (pers. comm.}, 

who used  ident ica l  t echn iques  and e q u i p m e n t  in his analyses.  
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RESULTS 

E x p e r i m e n t s  w i t h  D u n a f i e l l a  spec .  

Information on the in f luence  of flask rotation dur ing  the expe r imen t  was  des i red  to 
a l low comparison wi th  lit&rature data ob ta ined  from exper iments  wi thout  agitation. 

Ident ical  cultures of Brachionus plicatilis and Dunaliella spec., respect ively ,  were  used  

in para l l e l  exper iments  wi th  different food concentrat ions (ca. 50 to 200 cells  • ~t1-1) but  
s imilar  rotifer densi t ies  (44 _ 4 to 52 ± 5 i n d .  ml-1), wi th  and wi thout  rotation. The  latter 

part  of the exper iment  was carr ied out in 100 ml beakers ;  as in the s tandard procedure,  8 

exper imenta l  and 4 control repl icates  were  run to calculate  one ave rage  va lue  for 

fi l tration rate. The  t empera tu re  in all  these exper iments  was 18 ° _ 0.2 °C. 
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Fig. 1. Brachionus pficatilis: Filtration rate (left graph) and ingestion rate (right graph) in relation to 
food concentration (Dunalielta spec.), with and without rotation of experimental flasks 

F igure  1 shows that  fil tration rate was i n d e p e n d e n t  of a lgal  concentra t ion in the 

r ange  observed (regression and correlat ion coefficients,  m and r, equa l  zero), and 

consequent ly  inges t ion  rates increased  with  increas ing  food density. This pat tern was  

found under  both expe r imen ta l  conditions; however ,  the absolute  amounts  of F and I 

w e r e  strongly in f luenced  by absence  or presence  of rotation: lack of water  m o v e m e n t  
r educed  the ave rage  F v a l u e s  by 40 %. 

Paral le l  to these exper iments  others were  carr ied out at 23.5 °C under  s tandard 

condit ions (with rotation). They  suggest  a pat tern ident ica l  to that  observed  at 18 °C: /~ 

va lues  did not s ignif icant ly vary with food concentrat ion,  w h e r e a s / v a l u e s  increased  as a 
l inear  function of a lga l  densi ty  (Fig. 2). The slopes of the regress ion l ines for I a t  18 ° and 

23.5 °C were  not s ignif icant ly  different from each other. The  ave rage  fi l tration rate 
measu red  at the h ighe r  t empera tu re  was 0.122 ___ 0.013 btl • ind -1 - min  -1, i.e. 42 % more 

than at 18°C. 
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Fig. 2. Brachionusplicatifis: Ingestion rate in relation to food concentration (DunaHella spec.), at 18 ° 
and 23.5 °C 
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Fig. 3. Brachionus plicatilis: Filtration rate (left graph) and ingestion rate (right graph) in relation to 
food concentration (Saccharomyces cerevisiae) 



220 H . J .  Sch los se r  & K. A n g e r  

E x p e r i m e n t s  w i t h  Saccharomyces cerevisiae 

All exper iments  wi th  yeas t  cells as food for B. plicatilis were  carr ied out at 23.5 °C. In 

the exper imenta l  series tes t ing the effect of different food concentrat ions,  the var ia t ion of 

results was very h igh  (Pig. 3). There  was no obvious re la t ionship b e t w e e n  fil tration rate 

and part ic le  concentra t ion be low ca. 600 to 800 cells • td -1. The ave rage  F va lue  in this 
r a n g e  w a s  0.063--+0.012 ~1" ind-1; at  d e n s i t i e s  a b o v e  ca. 800 c e l l s .  ~t1-1, F f igu res  

d r o p p e d .  Th is  p a t t e r n  r e s u l t e d  in  a l i n e a r  i n c r e a s e  of i n g e s t i o n  ra te  up  to a c o n c e n t r a t i o n  

of  ca. 800 ce l l s  • ~t1-1 {Fig. 3, r i gh t  g raph) .  A t  h i g h e r  pa r t i c l e  d e n s i t i e s  i n g e s t i o n  r a t e  

t e n d e d  to b e  cons t an t  ( ave rage :  ca. 41 c e l l s -  i n d  -1 • min-1). 

A n o t h e r  tes t  w a s  m a d e  to i n v e s t i g a t e  p o s s i b l e  e f fec t s  of s t a rva t ion .  In  5 e x p e r i m e n t a l  

se ts  ( aga in  w i t h  8 r e p l i c a t e s  a n d  4 cont ro ls  in  each} rot i fers  w h i c h  h a d  b e e n  s t a r v e d  for 

10, 20, 23, 27, and  40 h w e r e  t e s t e d  at  food  d e n s i t i e s  of 242 to 250 c e l l s .  ~1-1. F i l t r a t ion  
ra tes  of 0.094 _+ 0.005 to 0.109 +-- 0.005 ~tl- i n d  -1 • m i n  -1 a n d  i n g e s t i o n  ra tes  of 19.5 +_ 0.8 

to 22.2 -+ 2.8 ce l l s  • i nd - :  • ra in  -1 w e r e  found.  T h e r e  w a s  no  r e l a t i o n s h i p  (cor re la t ion  and  

r e g r e s s i o n  coef f i c i en t s  c lose  to zero} b e t w e e n  the  d u r a t i o n  of s t a rva t ion  a n d  f e e d i n g  ra tes  

m e a s u r e d  in t he se  60- ra in  e x p e r i m e n t s .  

T h e  f o l l o w i n g  e x p e r i m e n t a l  se r ies  w a s  d e s i g n e d  to e v a l u a t e  t h e  e f fec t  of e x p e r i m e n t  
du ra t ion :  in  5 e x p e r i m e n t s  l a s t i ng  15 to 240 m i n  s t rong ly  d e c r e a s i n g  f e e d i n g  ra tes  w e r e  

o b s e r v e d  w i t h  i n c r e a s i n g  d u r a t i o n  (Fig. 4, r e g r e s s i o n  c u r v e s  a n d  e q u a t i o n s  No.  I). A v e r -  
a g e  v a l u e s  o b t a i n e d  f rom 240 -min  e x p e r i m e n t s  w e r e  m o r e  t h a n  90 % l o w e r  t h a n  those  
f o u n d  in  15-min  e x p e r i m e n t s •  
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Fig. 4. Brachionus plicatilis: Filtration rate (left graph) and ingestion rate (right graph) in relation to 
experiment duration, including {I) and excluding (II) data from Coulter Counter channel 5 
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A n a l y s i s  of p a r t i c l e  s i z e - f r e q u e n c y  d i s t r i b u t i o n  r e v e a l e d  t h a t  t h e  a b s o l u t e  n u m b e r  of 

p a r t i c l e s  d e t e c t e d  a f t e r  t h e  e x p e r i m e n t  i n  C o u l t e r  C o u n t e r  c h a n n e l  5 i n c r e a s e d  c o n s i d e r -  

a b l y  w i t h  i n c r e a s i n g  e x p e r i m e n t a l  t ime .  A b o v e  60 r a in  i t  w a s  e v e n  h i g h e r  t h a n  b e f o r e  

t h e  e x p e r i m e n t  (up to 150 ce i l s  • btl-1). T h i s  p a t t e r n  w a s  n o t  f o u n d  i n  con t ro l s  w i t h o u t  

a n i m a l s .  W h e n  f i g u r e s  r e c o r d e d  i n  c h a n n e l  5 w e r e  d i s r e g a r d e d ,  c a l c u l a t i o n  of f e e d i n g  

r a t e s  c o n s e q u e n t l y  y i e l d e d  far  h i g h e r  v a l u e s  (Fig. 4, r e g r e s s i o n s  No.  II). T h e  m e a n i n g  of 

t h i s  o b s e r v a t i o n  w i l l  b e  d i s c u s s e d  b e l o w .  

A n o t h e r  t e s t  w a s  m a d e  to e v a l u a t e  e f fec t s  of ro t i f e r  d e n s i t y  o n  a v e r a g e  f i l t r a t i o n  

ra t e s .  F i v e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  a t  d i f f e r e n t  t i m e s  (w i th  d i f f e r e n t  ro t i fe r  p o p u l a -  

t ions) ,  a l w a y s  a p p l y i n g  s t a n d a r d  t e c h n i q u e s :  50 to 70 B. p l i ca t i l i s ,  m1-1, 540  to 650 y e a s t  

ce l l s  • ~tl - t ,  d u r a t i o n  60 ra in ,  23.5 °C, r o t a t i on ,  8 r e p l i c a t e s  p l u s  4 con t ro l s .  P a r a l l e l  to  t h e s e  

w e r e  6 o t h e r  e x p e r i m e n t s  w h i c h  o n l y  d i f f e r e d  i n  ro t i f e r  d e n s i t y :  150, 3 0 0 , 4 0 0 , 6 5 0 ,  a n d  

1,000 i n d  • m1-1. M e a n  f i l t r a t i o n  r a t e  i n  a l l  10 e x p e r i m e n t s  w a s  0 .066  ± 0 .015 ~tl • i n d  -1 - 

m i n - L  D i f f e r e n c e s  o b s e r v e d  w i t h i n  p a i r s  of e x p e r i m e n t s  (w i th  d i f f e r e n t  ro t i fe r  dens i t y )  

w e r e  s m a l l e r  t h a n  d i f f e r e n c e s  i n  s u c c e e d i n g  s t a n d a r d  e x p e r i m e n t s .  T h i s  w a s  c o n f i r m e d  

b y  2 - w a y  a n a l y s i s  of v a r i a n c e :  ro t i f e r  c o n c e n t r a t i o n  h a d  n o  s i g n i f i c a n t  e f fec t  o n  i n d i -  

v i d u a l  f i l t r a t i o n  r a t e s  (F ---- 0.04; p = 0.85), w h e r e a s  d i f f e r e n c e s  b e t w e e n  e x p e r i m e n t s  

c a r r i e d  o u t  o n  d i f f e r e n t  d a y s  w e r e  h i g h l y  s i g n i f i c a n t  (F = 14.3; p = 0.01). 

T a b l e  1 s h o w s  t h e  r e s u l t s  of m e a s u r e m e n t s  of d ry  w e i g h t  (DW), c a r b o n  (C), a n d  

n i t r o g e n  (N). E n e r g y  v a l u e s  w e r e  c o m p u t e d  f rom r e l a t i v e  a n d  a b s o l u t e  c a r b o n  u s i n g  t h e  

c o n v e r s i o n  e q u a t i o n  g i v e n  b y  S a l o n e n  e t a ] .  (1976). 

Table  1. Biomass in dry weight  (DW), carbon (C), n i t rogen (N), and  energy  (Joules) of rotifers 
{B. pllcatilis}, yeast {S. cerevislae}, and flagellates (D. spec.) 

Brachionus Saccharornyces Dunaliella 
plicatilis cerevisiae spec. 

Dry weigh t  280 26.8 - 104 82.4 - 10 .3 
(ng- ind -1) 

(% DW) 41.5 45.1 47.9 
C 

(ng.  ind -1) 116 12 .1 .10  -3 39 .5 .10  -3 

(% DW) 9.3 8.7 15.8 
N 

(ng- ind -I) 26 2.3 - 10 -3 13.0 - 10 -3 

Energy 
(mJ.  ind -1) 4.3 0.47 - 10 ~ 1.57 • 10 .3 

(J.  [mgDW] -t) 15.4 17.4 19.1 

W h e n  m a x i m u m  i n g e s t i o n  r a t e s  of B. p11catilis at  23.5 °C a r e  c o n v e r t e d  to c a r b o n  

u p t a k e ,  s o m e  i n t e r e s t i n g  c o m p a r i s o n s  b e c o m e  p o s s i b l e :  f e e d i n g  o n  Dunal ie I la  spec .  a t  a 

d e n s i t y  of 226  ce l l s  • ~t1-1, t h e  ro t i f e r s  i n g e s t e d  u p  to ca. 24 ce l l s  • i n d  -1 • m i n  -1 (Fig. 2) or 

49  % of t h e i r  o w n  c a r b o n  w e i g h t  p e r  h. S u c h  h i g h  f i g u r e s  w e r e  n e v e r  o b s e r v e d  d u r i n g  
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6 0 - m i n  e x p e r i m e n t s  w i t h  y e a s t  as food:  t he  m a x i m u m  v a l u e  f o u n d  u n d e r  such  cond i t i ons  
w a s  46 cel ls  - i nd  -1 - m i n  -1 (Fig. 3) or 29 % of rot i fer  C • h -1, d u e  to t h e  l o w e r  C c o n t e n t  of 

y e a s t  as o p p o s e d  to t h e  f l age l l a t e s .  At  v e r y  h i g h  food d e n s i t i e s  in  short  t e r m  e x p e r i m e n t s  
(Fig. 4) up  to ca. 90 y e a s t  ce l l s  - i nd  -1 - ra in  -1 w e r e  c o n s u m e d ,  i.e. 14 % of ro t i fer  C w i t h i n  

15 min .  E x t r a p o l a t i o n  of such  f igu re s  shou ld  l e a d  to a c o n s i d e r a b l e  o v e r - e s t i m a t i o n  of 

f e e d i n g  rates.  In l o n g  t e r m  e x p e r i m e n t s  i n g e s t i o n  ra tes  d e c r e a s e  b y  an  o rde r  of m a g -  
n i t u d e  (Fig. 4). If a l o n g  t e r m  a v e r a g e  of ca. 5 ce l ls  • i n d  -1 - ra in  -1 (see Fig.  4, c u r v e  No. I) 

is a s sumed ,  B. plicatilis s h o u l d  i n g e s t  ca. 3 . 1 %  of its o w n  c a r b o n  w e i g h t  p e r  h or  75 % 

p e r  day.  C o n v e r t e d  to ene rgy ,  this  m e a n s  an  u p t a k e  of 3.4 m J  • i nd  -1 - d-L 

D I S C U S S I O N  

Mos t  l i t e r a tu re  da t a  on  f e e d i n g  ra tes  of B. plicat111s w e r e  e v a l u a t e d  to a n s w e r  

q u e s t i o n s  o the r  t h a n  in  t he  p r e s e n t  paper :  C h o t i y a p u t t a  & H i r a y a m a  (1978) w e r e  m a i n l y  

i n t e r e s t e d  in q u a n t i f y i n g  pa r t i c l e  se lec t ion ,  w h i c h  h a d  b e e n  d e s c r i b e d  in  p r i n c i p l e  by  

G i lbe r t  & S t a r k w e a t h e r  (1977). D o o h a n  (1973) and  D e w e y  (1976) s t u d i e d  food  u p t a k e  as 

a pa r t  of e n e r g y  b u d g e t .  T h e i l a c k e r  & M c M a s t e r  (1971), H i r a y a m a  & O g a w a  (1972), a n d  
F u r u k a w a  & H i d a k a  (1973) c a l c u l a t e d  i n g e s t i o n  ra tes  f rom food  c o n s u m p t i o n  in  mass  

cu l tu res  in  o rde r  to d e f i n e  cond i t i ons  of cu l t iva t ion .  C a p u z z o  (1979) i n v e s t i g a t e d  po l lu -  
t ion  effects  on f e e d i n g  a n d  o the r  l i f e  p rocesses .  Al l  t h e s e  au thors  u s e d  m o r e  or less  

d i f fe ren t  me thods ,  a n d  m a n y  pos s ib l e  effects  of r n e t h o d o l o g i c a l  de ta i l s  m a y  h a v e  
i n f l u e n c e d  the i r  r esu l t s  a n d  thus  the  c o m p a r a b i l i t y  of the i r  data .  O n e  such  e f fec t  was  

r e p o r t e d  by  C h o t i y a p u t t a  & H i r a y a m a  (1978): s e n e s c e n t  food  a l g a e  (Chlamydomonas 
spec.)  r e d u c e  f i l t ra t ion  ra tes  in B. plicatilis. There fo re ,  w e  c h e c k e d  t h e  c o n d i t i o n  of our  

a lga l  cu l tu res  b e f o r e  u s i n g  t h e m  in  expe r imen t s .  
E v e n  the  m e t h o d  of c a l c u l a t i o n  can  be  a p r o b l e m :  C h o t i y a p u t t a  & H i r a y a m a  (1978), 

for e x a m p l e ,  u s e d  a f o r m u l a  for t he  c a l c u l a t i o n  of i n g e s t i o n  ra tes  w h i c h  t h e y  m i s t a k e n l y  

a t t r i bu t ed  to G a u l d  (1951), and  w h i c h  can  l e a d  to c o n s i d e r a b l e  o v e r - e s t i m a t i o n  of food 

u p t ake .  In s t ead  of u s i n g  the  g e o m e t r i c  m e a n  of c o a n d  c t t h e y  c a l c u l a t e d  an  " in i t i a l  
c o n c e n t r a t i o n  of p h y t o p l a n k t o n "  as the  a v e r a g e  ( a r i thmet i c  m e a n )  of ac tua l  c o a n d  the  

f ina l  c o n c e n t r a t i o n  in  t he  cont ro l  ( ca l l ed  c t in our  paper ) .  If t he  con t ro l  d id  not  c h a n g e  

much ,  C h o t i y a p u t t a  & H i r a y a m a  (1978) c a l c u l a t e d  s o m e t h i n g  l i ke  an  in i t i a l  i n g e s t i o n  

rate;  w h i c h  m u s t  b e  m u c h  h i g h e r  (at l eas t  20 %) t h a n  the  ac tua l  m e a n  v a l u e ;  t he  a m o u n t  

of o v e r - e s t i m a t i o n  d e p e n d s  on the  d i f f e r ence  b e t w e e n  Co a n d  c t a n d  thus  on  the  ac tua l  

f i l t ra t ion  rate,  d u r a t i o n  of t h e  e x p e r i m e n t ,  a n d  r e l a t e d  va r i ab l e s .  
T e m p e r a t u r e  is k n o w n  to i n f l u e n c e  f e e d i n g  rates.  Th is  e f fec t  is s t rong  in  B. plicatilis: 

A n  i n c r e a s e  f rom 18 ° to 23.5 °C e n h a n c e d  f i l t ra t ion  ra tes  (F] b y  42 %. This  m e a n s  tha t  

d a t a  o b t a i n e d  at v a r y i n g  " r o o m  t e m p e r a t u r e "  m a y  o n l y  b e  u s e d  as r o u g h  es t ima tes .  

W a t e r  m o v e m e n t  is a lso  an  i m p o r t a n t  factor:  l a c k  of ro t a t ion  r e d u c e d  F v a l u e s  

c o n s i d e r a b l y  (by 40 %). If a e r a t i on  is a p p l i e d  for ag i t a t ion ,  th is  mus t  be  con t ro l l ed  v e r y  
carefu l ly ,  b e c a u s e  its s t r eng th  m i g h t  b e  c ruc ia l  in  t he  resul ts .  M e c h a n i c a l  a g i t a t i o n  

p r o v i d e d  by  a s h a k i n g  appa ra tus ,  a ro t a t ing  d e v i c e  etc.  s h o u l d  be  p re fe r red .  

C o m p a r i s o n  of our  resu l t s  o b t a i n e d  w i t h  f l a g e l l a t e s  a n d  w i t h  y e a s t  s u s p e n s i o n s  

conf i rms  tha t  f e e d i n g  ra tes  ( expressed  e i t he r  as v o l u m e  s w e p t  c l ea r  or as a m o u n t  of 
c a r b o n  p e r  i n d i v i d u a l  p e r  un i t  of t ime)  s t rong ly  d e p e n d s  on  b o t h  q u a l i t y  a n d  q u a n t i t y  of 



Filtrat ion rates of Brach ionus  p l ica t i l i s  223 

food. At low part icle concentrat ions F values  r ema ined  constant ly high, and  ingest ion 
rates (iT) consequent ly  increased.  At h igher  densi t ies  F decreased and  I r emained  
constantly h igh (Fig. 3). This pat tern  was not observed in  exper iments  with DunaHel la  
spec. as food (Fig. 1), probably  because  the range  of particle concentrat ions tested was 
too low (maximum concentrat ions 208 algal  cells-~t1-1 vs" 1776 yeast  cel ls ,  bt -1. The 
threshold concentra t ion where this change  of t rends in F and  I takes place is inf luenced  
by the k ind  and  condi t ion of food (Chotiyaputta & Hirayama,  1978), and most probably  
by the dura t ion of the experiment.  

Starvation periods last ing up  to 40 h did not inf luence  later  food uptake rates in  60- 
rain experiments .  Pre l iminary experiments ,  however, suggest  that such lack of food may 
enhance  ini t ia l  F and  I values measured  wi th in  15-min t ime spans. In longer  las t ing 
exper iments  there appears  to be  a saturat ion effect (cf. Fig. 4) mask ing  the inf luence of 
previous starvation. 

The densi ty  of B. p l ica t i l i s  also proved to be of minor  importance for average 
ind iv idua l  feeding  rates, if a range  from 50 to 1,000 rotifers - m1-1 is considered. 

Size f requency analysis  of food particles revealed that there is a count ing  problem at 
the lower end  of the particle spectrum: channe l  5 of the Coulter  Counter  apparent ly  does 
not only record food particles in  the size range  2.5 to 3.2 btm diameter,  i.e. the smallest  
yeast cells, but  p robably  also the largest  faecal pellets produced by B. plicati l is .  This 
means  that all measurements  inc lud ing  channe l  5 underes t imate  feeding rates, whereas  
those d is regard ing  it will  overest imate them. The error of est imation (see differences 
be tween  curves I and  II in  Fig. 4) strongly increases with increas ing  durat ion of the 
experiment .  

The factor in f luenc ing  feeding rates most s ignif icant ly besides  particle concentra-  
t ion and  temperature ,  is in general  the durat ion of the exper iment  (Fig. 4). The longer  
this t ime span is, the lower the average filtration and  inges t ion rates are, p resumably  due 
to a saturat ion effect. The signif icance of this effect p resumably  increases with increas- 
ing particle concentrat ion.  Therefore it should be clearly def ined as to whether  a short- 
term potent ia l  (i.e. a max imum feeding rate possible for a short period) or long- term 
feeding is to be  described. If the goal of an  invest igat ion is to achieve an  energy budget ,  
the latter va lue  is more of interest. Doohan (1973) used figures obta ined  from 60-rain 
exper iments  in  her  energy budge t  for B. plicati l is .  These values  for inges t ion rate 
compare favourably with ours, w h e n  also 60-min exper iments  are taken  for comparison, 
but  they are 10 t imes higher  than our est imate for the long- term energy  demand  of the 
same rotifer species: 33.4 vs 3.4 mJ - ind -1 - d -1. Based on our observations (Fig. 4) we 
bel ieve  that Doohan 's  energy budge t  does not reflect actual  re lat ionships  in  the energe-  
tics of B. pl icat i l is .  Moreover, she worked at 20 °C, where  even  lower figures than  in  our 
exper iments  were to be expected (cf. Fig. 2). A re-evalua t ion  of the budge t  on a daily 
basis should prove worthwhile.  

Our est imates of biomass in rotifers and  their food (Table 1) can be compared with 
some data found in  the li terature: Thei lacker  & McMaster  (1971) de te rmined  dry weight  
(DW; oven-dry ing  at 60 °C) and energy  content  (direct calorimetry) for B. plicati l is .  Both 
values (per individual)  provided by them are lower than  ours (160 vs 280 ng and 
3.3 vs 4.3 m J). Also the carbon content  measured  by us is h igher  than comparable  figures 
given by Dewey (1976): 116 vs 90 ng. These differences suggest  that, due to our s ieving 
procedure (see above), small  ind iv iduals  were removed from the exper imenta l  popula-  
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t ion.  Such  d e t a i l s  of e x p e r i m e n t a l  m e t h o d s  m u s t  b e  c o n s i d e r e d  w h e n  d a t a  f rom the  

l i t e r a tu r e  a r e  u s e d  for  c a l c u l a t i o n s  of b i o m a s s  or  e n e r g e t i c s .  

O u r  e s t i m a t e  for  l o n g - t e r m  f e e d i n g  r a t e  (ca. 7,200 y e a s t  ce l l s  or  3.4 m J -  i n d  -1 - d -1) 

m e a n s  tha t  a ro t i fe r  cu l t u r e  w i t h  ca. 500 i n d  • m1-1 s h o u l d  n e e d  an  e n e r g y  s u p p l y  of 

ca. 3.9 • 109 ce l l s  or 1.7 k J  • 1-1 - d -1 at 23.5°C. Th is  c o r r e s p o n d s  to ca. 0.1 g D W  or 0.5 g 

f r e sh  w e i g h t  of yeas t .  Yfifera  & P a s c u a l  (1980) f o u n d  a l m o s t  i d e n t i c a l  f igures :  o p t i m a l  

g r o w t h  w a s  a c h i e v e d  in  cu l t u r e s  a t  23 °C, w h e n  0.5 g y e a s t .  1-1 • d -1 w e r e  a d d e d ,  h o w -  

ever ,  in  c o m b i n a t i o n  w i t h  a lgae .  F u r u k a w a  & H i d a k a  (1973) e s t i m a t e d  far  h i g h e r  i n g e s -  

t i on  r a t e s  for  B. p l i c a t i l i s  f e e d i n g  on  m a r i n e  y e a s t  ce l l s  (3 .1-104  to 4 . 1 - 1 0 4  c e l l s -  

i n d  -1 " d -1) a n d  c o n s e q u e n t l y ,  t h e y  a d d e d  a h i g h e r  a m o u n t  (4 " 101° ce l l s  • 1-1 • d-l), w h e n  

a g a i n  500 i n d  - m1-1 a re  t a k e n  as a n  e x a m p l e  for ro t i fe r  d e n s i t y .  T h e y  d i d  no t  p r o v i d e ,  

h o w e v e r ,  s ize,  DW, or e n e r g y  c o n t e n t  of t h e i r  m a r i n e  yeas t ,  so  t ha t  d i r e c t  c o m p a r i s o n  

b e t w e e n  t h e s e  f i g u r e s  for  d a i l y  food  d e m a n d  is n o t  p o s s i b l e .  

Our  o b s e r v a t i o n s  h a v e  s h o w n  tha t  m a n y  m e t h o d o l o g i c a l  d e t a i l s  m a y  i n f l u e n c e  t h e  

m e a s u r e m e n t  of f i l t r a t ion  a n d  i n g e s t i o n  r a t e s  in  B. p l i ca t i l i s ;  h e n c e ,  r e l i a b l e  c o m p a r i s o n  

of l i t e r a tu r e  da t a  w i l l  no t  b e  p o s s i b l e  un t i l  s t a n d a r d i z e d  t e c h n i q u e s  a re  a p p l i e d .  
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