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H E T E R O T R O P H I C  NANOFLAGELLATES a r e  

an i m p o r t a n t  c o n s u m e r  g roup  wi th in  
pe lag ic  foodwebs  and p lay  a vi tal  role 
in c y c l i n g  ca rbon  and n i t rogen  in the 
w o r l d ' s  oceans .  Most  p r imary  p roduc-  
tion passes  e i ther  directly'  or indirectly'  
through heterotrophic nanoflagellates  in 
the open ocean .  In coas ta l  e n v i r o n -  
ments, heterotrophic  nanoflagel lates  are 
the d o m i n a n t  c o n s u m e r s  o f  bac t e r i a l  
secondary  product ion  and the pr incipal  
source of  a n n n o n i u n l  regeneration. 

Most  oceanic  nanof lagel la tes  have a 
relat ively s imple form and capture their 
h e t e r o t r o p h i c  and a u t o t r o p h i c  p i co -  
phm kt on  prey' by chance  con tac t  with 
the i r  cel l  su r face  as they swim ran-  
domly through the water. In theory, this 
f e ed i ng  n t echan i sm does  not i nvo lve  
the s t ruc tu ra l  c o m p l e x i t y ,  i n t e r t axo -  
nomic variabil i ty,  or obvious behavioral  
c o m p l i c a t i o n s  of  h ighe r  o r g a n i s m s .  
Consequently.  it may be possible  to un- 
derstand a great deal about this ecologi-  
c a l h  impor t an t  t roph ic  in t e rac t ion  by 
v iewing  it from a pure ly  phys ica l  per- 
spective. 

1 d i r e c t e d  my d i s s e r t a t i o n  r e sea rch  
to~ ard unde r s t and ing  prey cap ture  b~, 
mar ine  n a n o f l a g e l l a t e s  in t e rms  o f  
the p h y s i c a l  fo rces  a r i s ing  bet~veen 
nanoflagellates and picoplankton prey as 
they approach  one another .  Basic  con-  
cepts  developed in the col loid li terature 
were used to descr ibe  the prey capture  
p rocess .  A n u m e r i c a l  mode l  t, sed to 
study col loidal  interactions I Fi tzpatr ick.  
I c J721 was adapted to make predic t ions  
of  nanof lage l l a t e  g raz ing  rates.  Model  
studies ~ere  formulated as a function of 
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prey' s ize .  nano f l age l l a t e  s w i m m i n g  
speed,  and the balance  between hydro-  
dynamic .  London-van  der  Waals .  e lec-  
trostat ic,  and so lva t ion  forces  (Mon, ,er  
and Landry.  1990). In short, the relative 
strengths of  at tractive or repuls ive mol- 
ecular  and h y d r o d y n a m i c  forces deter-  
mine nanoflagellate grazing rates on pi- 
c o p l a n k t o n  prey' of  a p a r t i c u l a r  s ize  
(Fig. IL 

One of  the more  s ign i f i can t  mode l  
predict ions was that nanoflagellate graz- 
ing rates should increase approximate ly  
l inearly with prey d i a m e t e r I a  relat ion- 
ship that conf l ic ted  with the quadra t i c  
dependency predicted by Fenchel I19821 
and the cub ic  d e p e n d e n c y  in fe r red  by 
myself  from data presented by Gonz;.ilez 
et al. ( 19901. R e s u h s  l rom a ser ies  o f  
feeding exper iments  a imed at r e s o h i n g  
the d i s c r e p a n c y  among the three re la-  
t ionships provided support for the linear 
size d e p e n d e n c y  (Monger  and Landrx.  
1991). A consequence  of  this resul t  is 
that small  size may not provide the ex- 
tensive refuge from predat ion  that was 
previously thought to exist. 

The m o d e l  i n h e r e n t h  p red ic t s  the 
rate of  prey contac t  :md ignores  pos t -  
contact rejection of prey. If se lec t i \e  re- 
j e c t i o n  o f  prey  occurs  to a s igni f icant  
extent, a random contact nludel s u c h  as 
the one I descr ibed ~ou ld  be unreliable 
for s tudying  s'~stems that contain  vari-  
ab le  prey types .  To te , t  for  , e l e c t i o n  
based on fac tor ,  other than , ize .  inges- 
tion rates x~ere compared  for an aph.ts- 
t idic  c h r x , o m o n a d  popu la t i on  feed ing  
on a x~ide xarietx of prey types ldiffer-  
ent , p e e l e ,  of  li~e or heat -ki l led  bacte-  
ria.  5VIlt'CIIt~t'Ot't'ttS , p . .  a n d  l a t e x  m i -  

c rosphe re s J  of  d i f fe ren t  , i z e  I M o n g e r  
and L a n d r \ .  lgt)21. R e s u l t ,  i nd i ca t ed  
that postcontact  prey rejection is proba- 

bh '  not s ign i f i can t  for  this  o r g a n i s m .  
Moreover ,  the h igher  prec is ion  associ -  

ated with the flow cytometr ic  technique 
that  was used  to me a su re  the g r a z i n g  
rates p rov ided  s t ronger  s ta t i s t ica l  sup- 
por t  for a l inear  p r ey - s i ze  d e p e n d e n c y  
of  grazing.  Results  from this v~ork also 
s u g g e s t e d  that  highly; mot i l e  b a c t e r i a  
may' experience significantly higher pre- 
dat ion losses  due to an increase  in the 
encoun te r  rate with nanof lage l la tes  re- 
su l t ing  f rom the i r  p r o n o u n c e d  sxvinl- 
ruing behavior.  

While the prediction regarding the rel- 
ative prey' size dependency of grazing is 
consistent with observation,  the absolute 
magni tude  of  predic ted  grazing rates is 
generally lmv by a l+actor of 3 or 4 when 
compared  with we l l - accep ted  l i terature  
values.  Varying London-van  der  Waa l s  
and e l ec t ro s t a t i c  doub le  laver  forces  
within reasonable  natural l imits  caused 
modeled grazing rates to change by less 
than a factor of two. This led to a recon- 
sider;,tion of  the possible  importance of  
the hydrophobic  interact ion force. This 
force x~ as omitted in the initial model in 
an attempt to obtain the simplest possible 
model that could ,till  make accurate pre- 
dict ions.  Exper iments  designed to mea- 
, t ire d i r e c t h  the impor tance  of  the hv- 
drophobic force nox~ show that a modest 
increase in prey- ,ur face  t lydrophobicity.  
a~ rex ealed b~ h 5 d rophobic  interact ion 
chromatograplLv,  can t r ip le  the rate at 
x~hich prey are ingested b,, nanoflagel-  
late,, I B.C. M o n g e r  and M.R. Landrx .  
unpublished obserx ati~m,I. These prelim- 
marx r e s u l t , , , u g g e q  that the hydropho-  
bic force is a necessary component m the 
oxerall force expres, ion and offers a pos- 
, ible explanation for the discrepancy be- 
tx~een model studies and ob>el-xations of 
the absolute magnitude of  n,moflagellate 
grazing rate,. 

Es t ima t ing  g raz ing  ra t e ,  on natural  

b a c t e r i a l  a s s e m b l a g e s  of ten  i n v o l v e s  
exper imenta l  manipula t ion  fo l lowed by 
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Figure 1: Representation of  prey capture 
by an idealized nanoflagellate (shaded 
circle) feeding on picoplankton prey 
(open circles) o f  unequal size and same 
surface chemistry (A ): and equal size but 
different surface chemistry (B). Prey 
O'pes 1 and 2 hat'e surface chemistries 
that give rise, respectively, to small and 
large net attractive molecular forces be- 
tween nanoflagellate and prey surfaces. 
Nanoflagellates swim with constant speed 
in the direction depicted by the arrow, 
and picoplankton are randomly distrib- 
uted in space. Prey are captured when 
their centers approach within a prey ra- 
dius of  the nanoflagellate surface. 
Dashed and solid lines depict f lu id  
streamlhles and critical prey trajectories, 
respectively. A critical prey trajectory de- 
lineates the set o f  prey trajectories that 
result h7 capture from those that result in 
escape and is uniquely defined for prey of  
a given size and surface chemistry, hmer 
and outer cvlhlders represent the vohones 
of  water cleared of  prey per unit time .for 
small and large prey (A ) or prey for  sim- 
ilar size and surface types 1 and 2 (B), 
respectit'ely. Cylinder length is equal to 
distance a nanoflagellate swims per unit 
time. Cylinder radii are determined by 
the critical trajectories which, in tam, 
are a function of  prey size and surface 
cltemistrv. 

measurement of small changes ( -10%)  
in bacterial abundance. Measuring bac- 
terial abundance with the precision nec- 
essary to measure such small changes 
reliably is generally not possible with 
traditional epifluorescent direct count- 
ing methods. Consequently, I developed 
a fluorescent staining technique that, in 
conjunction with flow cytometric meth- 
ods. a l lows rapid, precise,  and un- 
ambiguous enumeration of marine bac- 
teria (Monger and Landry, 1993). This 
method is currently being used in field 
studies where methods to measure bac- 
terial motility and hydrophobici ty and 
nanoflagel late  grazing rates require 
very precise measurement of  bacterial 
abundance. 

Others have shown that changes in nu- 
trient availability can alter bacterial size, 
motility, and hydrophobici ty which in 
turn affects the specific growth rate of  
bacteria. On the basis of my dissertation 
research, it now seems likely that preda- 
tion rates on bacteria will also be affected 
by nutrient status. I am currently doing 
postdoctoral research on picoplankton dy- 
namics along a nutrient ~adient from the 

perspective of  changes in picoplankton 
size, motility, and hydrophobicity. 

References  

Fenchel. T.. 1982: Ecology of  heterotrophic 
microflagellates. I. Some important forms 
and their functional morphology. Mar. 
Ecol. Prog. Ser.. 8. 211-223. 

Fitzpatrick. J.A.. 1972: Mechanisms of particle 
capture in water filtration. Ph.D. thesis, 
Harvard University. 

Gonz.41ez. J.M.. E.B. Sherr and B.F. Sherr. 1990: 
Size-selective grazing on bacteria by nat- 
ural assemblages of estuarine flagellates 
and ciliates. AppL Environ. Microbiol., 56, 
583-589. 

Monger. B.C. and M.R. Landry, 1990: Direct-in- 
terception feeding by marine zooflagel- 
lates: the importance of surface and hydro- 
dynamic forces. Mar. Ecol. Prog. Set., 65. 
123-140. 

_ _  and M.R. Landry. 1991: Dependency of 
prey size on grazing by free-living marine 
zooflagellates. Mar. Ecol. Prog. Ser., 74. 
239-248. 

_ _  and M.R. Landry. 1992: Size-selective 
grazing by heterotrophic nanoflagellates: 
an analysis using live-stained bacteria and 
dual-beam flow cytometry. Arch. Hydro- 
biol. Beih., 37. 173-185. 

_ _  and M.R. Landry. 1993: Flow cytomet- 
tic analysis of marine bacteria with Hoechst 
33342. Appl. Environ. Microbiok. 59. 905-911. 

1 8 OCEANOGRAPHY"VoI. 8. No. 1"1995 


