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Feca l  p e l l e t s  from oikooleura vanhoeffeni  and CalanuI 

f inmarchicus were analyzed in t h e  sp r ing ,  summer, f a l l  *nd 

win te r  t o  determine i f  t h e r e  were changes i n  t h e i r  phys ica l  

( s i z e ,  phytoplankton eon ten t  L dens i ty )  or chemical 

( p a r t i o u l a t e  organic carbon 6 p a r t i c v l a t e  s i l i c a t e )  

c h a r a c t e r i s t i c s .  Changes i n  phytoplankton con ten t  due t o  

seasona l  succession were observed i n  both feces  t y p e s  which 

r e s u l t e d  from a change from a diatom based food cha in  i n  thc  

s p r i n g  t o  one based on t h e  microbial  loop i n  tha f a l l .  

changing phytoplankton con ten t  a l s o  r e s u l t e d  in seasonal 

changes i n  t h e  dynamic dens i ty  of t h e  feca l  p e l l e t s ,  due t o  

t h e  d i f f e r e n t i a l  oommctness of the  campanent p a r t i c l e s .  

Changes i n  the dynamic dens i ty  r e s u l t e d  in changes i n  t h e  

p o t e n t i a l  of both f e c a l  p e l l e t  typbs t o  e x i t  the  upper mixed 

l a y e r  and c o n t r i b u t e  t o  v e r t i c a l  n u t r i e n t  and p a r t i c l e  f lux .  

c u r r e n t  l i t e r a t u r e  equa t ions  used fo r  p red ic t ing  t h e  

s e t t l i n g  v e l o c i t y  of f e c a l  p e l l e t s  gave c o r r e c t  t r e n d s  f o r  

my d a t a  bu t  overest imated the  a c t u a l  r a t e s  by 2-100 t imes.  

Empi r i ca l  s e t t l i n g  v e l o c i t y  equa t ions  were developed f o r  the  

two f e c a l  types  based an t h e i r  phys ica l  c h a r a c t e r i s t i c s .  

The r e s u l t i n g  equations f o r  both c. f inmarchicus and Q. 

vanhoeffeni  were modified Stokes equations.  For Q. 

vanhoeffeni ,  t h e  s e t t l i n g  v e l o c i t y  (W,) can be expressed as: 
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and for c. finmarohlous as: 

W,-  .a28 lp,-p) g ~ ' ' ~ i ) . " ~ ~  

where g is the viscosity of the water, p, is the density of 

the fecal pellet, p is the density of the water, g is 

gravity (981 m s-', on is the diameter of an equivalent 

sphere, and L and D are the length and diameter of the fecal 

pellet. Using these equations, seasonal settling 

velocitias were calculated for the copepod feoal pellets. 

Pall c. finmarchicus fecal pellets had the fastest settling 
velocities (25-95 m day"), indicating that thsee feoss have 

a greater potential in contributing to the nutrient flux 

than do spring feces 17-15 m day"). The higher measured 

sinking velocities for Q. fecal pellets suggests 

that they are more likely to leave the upper ]nixed leyar and 

contribute to the nutrient flux than are copepod feces. 

The decay rate for c. finmarchicue fecal pellets was 

the sane in the spring, summer and fall in the field, 

suggesting that the seasonally dependent nutrient flux due 

to fecal pellets is determined not by how fast they decay, 

but by their ability to leave the upper nixed layer. 
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~ecaying and fragmenting facal pellets release dissolved 

rrre a~nino acids (DFAA) into the surrounding water. changes 

in the physical characteristics of the fecal pellets 

resulted in the fall c. fimsrchicus fecal pellets and the 
winter 0 .  vanhoeffeni fecal pellets having the greatest 

potential to leave the upper mixed layer. This inplies 

that, seasonally, the microbial loop can corktribute to the 

nutrient and particle flux through oopzpod and tunicatc 

f BEBS. 
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1.1 ROLE OP PZCAL PEL4BTS 

Pecal pellets are important in a~dimsntation processes 

and in the vertical transport of nutrients, pollutants and 

trace elenents to the benthos, continental shelf and 

bathypalagic environments (Schrader, 1971; Fowler 6 Small, 

1972; Honjo 6 Roman, 1978; PaffenhLifer 6 Knowles, 1979; 

Beuland 6 Silver, 1981; von Bodungen, et al. 1987). The 

cmtribution made by fecal pallets to nutrient flux can vary 

with season, the type of phytoplankton present and the 

zooplankton community structure (Psffenhfifer 6 Knowles, 

1979; Bienfang, 1980; Angel, 1984; Skjoldal & Wanmann, 

1986; ~ichaels 6 Silver, 1988; Wefer, et al., 1988). Swarms 

of salps and pteropods produce large numbers of fast-sinking 

fecal pelletti which result in rapid transport of organic 

detritus to the benthos (Silver & Bruland, 1981; Matsueda, 

st al. 1986). During the time of the swams, these fecal 

pellets may have a greater inpact on geochemical fluxes than 

crustacean, copepod, faces since salp feces tend to be loo 

tines richer in organic carbon and nitrogen per unit dry 

weight (Honjo & Roman, 1978; Bruland 6 Silver, 1981; Smith 

unpubl. data). Gelatinous zooplankton are non-selective 
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filter feeders and =an repackage small fecal pellets through 

coprophagy, accelerating their transport to depth (Silver 6 

Bruland, 1981). 

Recent studies suggest that only large, rapidly sinking 

fecal pellets or thosc incorporated into larger aggregates 

reach depths greater than 1000 m (Mccave, 1975; urrere L 

Knauer, 1981; Lampitt, 1985; Alldradge 6 Gotschalk, 1988; 

Michaels k Silver, 1988). However. large size and high 

sinking velooity do not guarantee export out of the euphotic 

zone, as Alldredge, et sl. (1987) found high concentrations 

of old euphau~iid pellets in the surface wsters off southern 

Calitornia. Over 90% of the euphotic zone organic 

production is recycled in the upper doo m, mainly through 

degradation of fecal pellets and phytoplankton by microbes 

and coprophagy of fecal pellets by larger zooplankton 

(Bishop, et al., 1978; Small, et al., 1979; Hofnann, et al., 

19811. 

1.2 CONTROLS ON THE PLUX POTBIITIAL OP FECAL PELLETS 

Phytoplankton in temperate waters follow a seasonal 

progression from small, aingle-oell diatoms to large chain- 

forming diatoms to unarmored flagellates and beck to siagle- 

cell diatoms (Marshall C Cohn, 1983; Marshall. 1984: Nielsen 

6 Richardson, 19891. The kind of phytoplankton present will 
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influence t h e  zooplankton community. Gelatinous f i l t e r  

f eeders  oonsume mainly micro- ( 2 0  -200 un) end nano- (2-20 

un) p l a n k t e l r ,  whereas copepods i n g e s t  predominately l a r g e r ,  

s i n g l e - c e l l  and chain forming diatoms (Turner, 1981; Deibel  

s, Turner, 1985; Michaels & S i l v e r ,  1988). Thus, ge la t inous  

roop lank te r s  can feed on  the primary members of t h e  

microbial  loop, i.s. b a c t e r i a  and he te ro t roph ic  

nanof lage l l a t e r  (Pomeroy, 1974; Michaels 6 Si lve r .  1988).  

whereas copepods are l inked t o  the  miwobia l  loop  through 

l a r g e r  c i l i a t e s  and protozoans (Berk, e t  a l . ,  1977; P o r t e r ,  

e t  a l . ,  1979; Klein Bre te le r .  1980). 

The t y p e  of phytoplankton ingested a f f e c t s  t h e  p a l l a t ' s  

dens i ty ,  whish i n  turn may e f f e c t  i t s  s e t t l i n g  v e l o c i t y .  

During the  spring and f a l l  phytoplankton blooms, t h e  g u t s  of 

oopepoda become s a t u r a t e d  wi th  food, r e su l t ing  i n  r a p i d  gu t  

passage t imes  (Penry 6 Jumars, 1986).  Consequently, t h e  

feces  are more dense and nay b e  r i c h  i n  o rgan ic  mat te r ,  

the reby  sinXing f a s t e r  and c o n t r i b u t i n g  more t o  t h e  o rgan ic  

f lux than feces during t h e  r e s t  of t h e  yea r  (Dagg s, Walser, 

1986). T h i s  was demonstrated by Bienfang (1980), who found 

t h a t  f e c a l  p e l l e t s  composed p r i m a r i l y  of f l a g e l l a t e s  w e r e  

l e s s  dense (1.11 g om") and sank more slowly t h a n  f e c e s  

composed p r imar i ly  of diatoms (1.17 g om"). 

Sink ing  velocity is dependent i n  p a r t  on t h e  d i f f e r e n c s  

between fecal p e l l e t  dens i ty  and t h e  dens i ty  and v i s c o s i t y  
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of the  surrounding water (Komsr, e t  a l . ,  1981).  AS f e c e s  

decay, they  become l e s s  dense (Noji ,  e t  e l . ,  1991) and 

should t h e r e f o r e  s ink  more slowly.  Previous s t u d i e s  sugges t  

t h a t  t h e  sinking ve loc i ty  of a f e c a l  p e l l e t  decreases wi th  

dec reas ing  temperature due  t o  inc r sased  water v i s c o s i t y  

(Fowler & Knauer, 1986 and ref .  wi th in ) .  

Water temperature can a l so  a f f e c t  the r a t e  o f  f e c a l  

p e l l e t  deoay (Honjo L Roman, 1978; Turner, 1979; Roy C 

Poulat .  1990). Most zooplankters produce f e c a l  p e l l e t s  with 

a p e r i t r o p h i c  membrane. The breakdown of t h i s  membrane and 

t h e  t o t a l  decay of t h e  p a l l e t  is a funotion of water 

temperature and  i t s  a f f e c t  an miorob ia l  and protozoon 

a c t i v i t y .  The pe r i t roph ic  nembrane is consumed by bac te r i a  

e i t h e r  from t h e  water column o r  Erm within the Feces. 

Alldredge ,  e t  al. (1987) found b a c t e r i a  mainly wi th in  

euphaua i id  f e c a l  p e l l e t s ,  whereas Hanjo L Ronan (1918) found 

microbes at tached t o  the  ou t s ide  of copepod p e l l e t s .  These 

e x t e r n a l  b s c t e r i e  nay be an a r t i f a c t  o f  l abora to ry  

incuba t ion  or r e t r i e v a l  methods due t o  con tac t  w i t h  the  

c o n t a i n e r o s  w a l l s  (Gowing L s i l v e r .  19831, and may lead t o  

an increased decay r a t e  i n  the l abora to ry .  More recan t  work 

sugges t s  t h a t  zooplankton f a c i l i t a t e  t h e  decay process 

through coprochaly or  coprohexy (Lampitt, e t  a l . ,  1990; 

Noj i ,  e t  a l . ,  1991). 

The r a t e  a t  which f e c a l  p e l l e t s  are degraded c o n t r o l s  
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i n  pa r t  t h e  r a t e  a t  which n u t r i e n t s  a re  released t o  the 

surrounding water and tho  r e s u l t a n t  supply of energy from 

f e c a l  p e l l e t s  t o  both t h e  benthos and t h e  bathypelagic 

environments. Jumars, et a l .  (1989) suggested t h a t  90% o f  

t h e  DOC (dissolved organic carbon) i n  small  f e c a l  p e l l e t s  

(diameter c 100 Fn) di f fuses  o u t  within 2 s of egestion.  

Microbes a l so  u t i l i z e  many of t h e  nu t r i en t s  within Feces 

(Pomeroy, e t  a l . ,  1984). Amino ac ids  and paly- and mono- 

unsa tu ra ted  f a t t y  ac ids  i n  f eca l  p e l l e t s  are u t i l i z e d  o r  

degraded in t h e  upper  mixed l a y e r  (Wakeman, e t  a l . .  1981). 

However, wax e s t e r s  and sa tu ra ted  f a t t y  ac ids  remain in 

f eces  c o l l e c t e d  from deep water, ind ica t ing  t h a t  some f e c e s  

can provide energy t o  t h e  bathypelagic environment (Wakeman, 

e t  a l . ,  1984; Matsueda, a t  al . ,  1986). 

In  Conception Bay, Newfoundland (47' 30'N, 53' OO'W), 

t h e  su r face  water ranges from <-I0 C t o  12' C. The bay has 

a lnavimum depth of 270 m, and water below ca. 100 m i s  never 

above 0- C. The eastern coast  o f  Newfoundland i n  dominated 

by the Labrador Current, which enters Conoeption Bay as a 

tongue o f  cold water a t  a sill depth of 170 m ( h q g e t t ,  et 

a l . ,  1984; Taggart 6 Leggett, 1987).  The sp r ing  diatom 

bloom occurs when t h e  su r face  wa te r  is still c OD C, and i s  
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dominated by chain-forming chaetoceros s p p . ,  ~ h a l a s s i o s i r a  

spp.  and Fkeletonena coatarum (Grev l l l e )  c l eve  ( m c ~ e n r i e ,  

unpubl. o b s . ) .  Bao te r i a l  numbers and a c t i v i t y  a t  t h i s  t i m e  

are suppressed due t o  low temperatures and s u b s t r a t e  l e v e l s  

(Poaeroy h Deibel, 1986; Pomeroy, e t  s l . .  1991). and much or 

t h e  phytoplankton s inks  i n t a c t  t o  t h e  sediment (Thompson, ct 

a l ,  1986).  Zooplankton abundanoa l ags  behind t h e  peak of 

t h e  diatom bloom due t o  the  e f f e c t  of temperature on copegod 

development r a t e  (Redden & Deibel ,  unpubl. obs.) .  

!3hms finmarchicus, a r a p t o r i a l  suspension feeder, i s  

one of t h e  most abundant l a r g e  copepods i n  t h e  bay. capepod 

f e c a l  p e l l e t s  have been f m n d  in sediment t r a p s  i n  

Conception Bay a t  the  end of may and i n  June, near the  end  

of t h e  s p r i n g  bloom, and they  peak in September and October 

(McKenrie, unpubl. obs.) .  Th i s  sugges t s  tha t  a t  c e r t a i n  

t i lner t h e  f e c a l  p e l l e t s  from C. f inmarchicus could be 

c o n t r i b u t o r s  t o  t h e  v e r t i o a l  p a r t i c l -  f l u x .  

Oikooleura vanhoef fed  is a p e l a g i c  t u n i c a t e  t h a t  

produces a mucous house and f i l t e r  feeds with a mucous n e t .  

It is nost prevalent  i n  the  f a l l  through ea r ly  sp r ing  

(October t o  March) (Davis. 1982). When phytof lege l l a t es  

predominate it is an important  g r a z e r  and con t r ibu tes  both 

houses and  feces  t o  t h e  organic f l u x  (Redden, e t  a l . ,  1988).  

Fecal p e l l e t s  from 0. vanhoeffeni have been found i n  
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sediment t r a p s  i n  a l l  months. but  wi th  a maximum i n  December 

(McKeneie, unpubl. obr.)  . 

The objec t ive  of my research is to determine seasonal  

changes in phys ica l  ( s i ze ,  phytoplankton content ,  dens i ty  

and decay r a t e )  and chemical (pa r t i cu la te  organic carbon, 

pa r t i cu la te  s i l i c a t e )  cha rac tee i s t ios  of 

finmarchicus and O i k o ~ l e u r a  vanhoaffeni  f e c a l  p a l l e t s .  

n e a s u ~ a d  s e t t l i n g  ~ e l o o i t i e s  w i l l  be compared t o  predioted 

values obtained f r o m  ourrant  l i t e r a t u r e  equations t o  

de te rn ine  t h e  accuracy of these equations for  p red ic t ing  

seasonal  s e t t l i n g  ve loc i t i e s .  The dependence of f e c a l  

p e l l e t  s e t t l i n g  ve loc i ty  with physical  c h a r a c t e r i s t i c s  of 

t h e  feces  w i l l  be examined. This seasonal  da ta  w i l l  then be 

analyzed t o  determine i f  any v a r i a t i o n s  i n  t h e  phys ica l  or 

chemical c h a r a c t e r i s t i c s  of the  feca l  p e l l e t s  w i l l  a f e s c t  

t h e  p o t e n t i a l  p a r t i c l e  and nu t r i en t  f l u x  due t o  these  feces 

i n  coas ta l  Newfoundland waters. Could the  p o t e n t i a l  of 

these  feoal  p e l l e t s  t o  leave t h e  upper mixed l ayer  and 

con t r ibu te  t o  the  v e r t i c a l  nu t r i en t  f l u x  be seasonally 

dependent? 



2.1 ANImL ALlD PELLET COLLECTION 

O i k o ~ l e u r a  vanhoeffeni  was c o l l e c t e d  i n  400 m l  g l a s s  

jars by SCUBA d i v e r s  i n  March, June and November 1990, and 

January and February 1991, from bogy Bay. Newfoundland. 

Canada (47' 37'N, 52' 39'W). Immediately a f t e r  c o l l e c t i o n  

t h e  jarr ~ o n t a i n i n g  animals were p laced  i n  a, flow-through 

seawater b a t h  i n  t h e  laboratory.  A f t e r  1 h and no longer 

than 12 h l a t e r ,  any j a r s  con ta in ing  h m s e s  (>  90% of tho  

jars) had t h e  houses shaken by hand t o  r e l e a s e  p e l l e t s  

trapped i n s i d e .  The house and animal were then removed and 

t h e  remaining water was poured through a 20 om n i t e r  f i l t e r  

t o  Co l leo t  p e l l e t s .  Fresh, i n t a c t  p e l l e t s  were removed Crom 

t h e  f i l t e r  and p lpe t t ed  i n t o  a beaker or  v i a l ,  or on to  a 

f i l t e r  for f u r t h e r  analysis .  

Calanun finmarohicus was c o l l e c t e d  from Conception Bay, 

Newfoundland, i n  Apr i l ,  Ju ly  and September 1990 and April  

1991, from obl ique  net  hau l s  with a 0.5 rn planKtan n e t  

f i t t e d  with 350 pm nylon mesh (Nitex) and a closed cad end 

CUP. The n e t  was lowered t o  200 m, towed for 1 minute, and 

then r e t r i e v e d  a t  a r a t e  of 13 m "in". Cod end con ten t s  

were emptied i n t o  a bucket con ta in ing  water from t h e  
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subsurface chlorophyll  maximum (SCM) . Within 3 h ,  a d u l t  C. 

f innarohious females were removed from t h e  buoket and plaoed 

i n  a l a rge  (24 x 24 x 15 cm) W C  cup with a bottom of 505 pm 

ni tex  mesh. The cup was suspended i n  a buoket containing 

water from t h e  SCM and incubated In t h e  l abora to ry  a t  

ambient seawater temperature (-1' t o  10' C )  for 1-12 h. 

DurIng the  1-12 h incubation period, t h e  PVC cup war removed 

fl.01. t h e  bucket  and the water wan passed through a 20 Irm 

n i t ex  meeh t o  c o l l e c t  a l l  fecal p e l l e t s .  P e l l e t s  were 

removed from t h e  f i l t e r  by pipe t t e  a n d  placed i n  a beaker o r  

v i a l ,  or on to  a f i l t e r  for  fu r the r  a n a l y s i s .  



SEMONAL DIPFEBQICES I N  THE P E C K  PELLBl' COI(TENT8: 

IMPLICATI(OIB FOR POOD WW D Y I N l I C s  I N  COWTAL NEWFOUNDLUD 

WATERS 

The contents of f eca l  pe l l e t s  from Oikooleura_ 

vanhoeffeni and Calanus finmarchicus were examined in the  

spring,  summer, f a l l  and winter. The con ten t  of the  cecal 

p e l l e t s  varied seasonally, resembling ava i l ab le  pa r t i c l e s  i n  

the water column. This indicated a temporal succession l'rom 

a diatom-based food chain i n  tha  winter  and spring t o  one 

based on the microbial  loop in t h e  summer and f a l l .  

Bacteria, cyanabacteria, choanaflagellates,  c i l i a t e s ,  and 

haterotrophic dinoflagellates were Pound in the feces, 

suggesting a d i r e c t  l ink between the microbial  loop and both 

crustaceans and pelagic tunicates.  



Primary production by phytoplankton and bacteria forms 

the basis of all aquatic food webs. The composition af the 

phytoplankton community in coastal, temperate waters varies 

seasonally, iron a predominance of large, chain-forming 

diatoms in the winter and spring to dinoflagellatas, 

protozoans and nanoplankton in the summer and early fall 

(Marshall & Cohn, 1983; Marshall. 1984). This results in a 

succession from a predominately diatom-bared food chain in 

the winter and spring to one based on the microbial loop in 

the summer and fall. However, interactions among 

phytoplankton, baoteria, protozoans and zooplankton are not 

well understood. How and to what extent are microbial food 

webs linked to metaeosns? Do rlnall plankton act as energy 

links 1i.e. prey) or as sinks 1i.e. decomposers)? How does 

the nature of this linkage vary seasonally in coastal 

Newfoundland waters that are dominated by the sub-arctic 

Labrador current? 

Primary production in many oceanic and coastal areas is 

dominated annually by nanoplankton (2-20 pm) and 

picoplankton (< 2 pm) (moth, et a l . ,  1982; ~urphy 6 ~augen, 

1985; Hoepffnar L Haas, 1990). It is known that copepods 

and euphausiids are not able to feed efficiently on 

particles c lo srn in diameter (Marshall L Orr, 1955; Nival 6 
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Nival, 1976; Fenshel, 1988). and that protozoans, such as 

ciliates and choanoflagellates, may consume 4-70% of the 

annual phytoplankton production (Burkill, et al., 1987 and 

ref within). These observations suggest that at certain 

tines most of the primary production is recycled in the 

upper mixed layer (i.e. through the microbial loop), and 

that only large phytoplankton > 20 pm in size contribute to 

the nutrient flux out of the euphotic none. However, 

mucous-net feeders that occur in brieF swarms, such an 

aalps, doliolids and appendicularians, ingest nanoplankters 

and piooplenkters efficiently (Harbison and McAlister, 1979; 

~ullin, 1983; Deibsl and Lee, unpubl. obs.). Thus, small ( c  

2a rrm) plankters can be transported to depth through tho 

feces of mucous-net feeders (Michaels h Silver, 1988). 

  he purpose of my study was to examine how the 

phytoplankton content of the fecar from Calanus 

m r o h i c u s ,  a raptorial, suspension-feeding oopepod, end 

oiko~leura vanhoeffeni, a pelagic tunioate that feeds with a 

mucous filter, varies seasonally. The composition or the 

feoes providea qualitative information on the structure of 

the road web and on the seasonally changing role of 

different organisms in energy flow. 



3.3 WTERIALB AND METXODB 

3.3.1 OENERIL 

oiko~leura vanhoeffeni was collected in March, June, 

and November 1990, and January 1991, while Salaws 

finmarchicus wan collected in April, July and September of 

1990, using the aethod described in Chapter 2. 

3.3.2 AUALYBIB 01. PELLW AND WATER COLIllUl CONTENTS 

Fresh, iatact pellets were removed from the filter and 

pipetted into a beaker containing distilled water to rinse 

off salt crystals. The water containing the pellets was 

then passed through a 0.45 vm nylon filter (13 rnm in 

diameter, Micron separations In..). The filter with 

attached pellets was put through an ethanol dehydration 

series (50%. 70%. 85%.  95%. 100%). critical point dried and 

coated with gold (Turner, 1984). Contents of the pellets 

were viewed on e Hitachi 6 570 scanning electron microscope 

(SEM) with the upper detector set at 15 Kv and an 8 mm 

working distance. niter critical point drying, 50% of the 

pellets were pulled in half using double-sided tape before 

being mounted and coated with gold. 

In each season, 6-8 fecal pellets from both 

fingarFhioUr and Oiko~leura vanhoeffeni were examined at 
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3000X using sm. 3000-5000 fields were scanned on Q. 

yanhnefreni pellets (average pallet area was 9 .73  x 105 

p d ) ,  and 500-700 fields were scanned on c.  finmnrcllicus 

pellets (average pellet area was 1 . 4 2  x l o 5  pmz). 

Photomicrcqraphs were made of all phytoplankton species that 

appeared in > 20% of the fields and of those that wera 

unique or rare. Intact cells were measured to the nearest 

0 . 1  pm, and were identified to genus and/or species when 

possible. Taxe that appeared in s 50% of the fields were 

tabulated es "abundant", those that appeared in 20-50% as 

and those that appeared in < 20% "rare". 

When Calanus finmarchicus was collected, 180-ml samples 

Were taken from the subsurface chlorophyll maximum (SCM) for 

microscopic analyeis. Cell asmples were stained with 

Lugol's iodine and fixed in 5% borate-buffered formaldehyde 

in seawater. 10-50 ml samples were allowed to settle for 48 

h, followed by identification end counting at 200 and 400X 

using a zeiss Axiovert 3 5  inverted microscope with phase 

contrast, following the method of Utermehl ( 1 9 5 8 ) .  



R complete species list of the oontents identified from 

the fecal pellets of Calanus and Oikooleura 

vanhoeffeni is given in   able 3.1. The contents for both 

fecal types varied seasonally. 

1n March, 9. vanhoeffeni feces were full of diatoms (Fig. 

3.1A) and chrysophytes (Pig. 3.16). Dinoflagellates, 

silicoflagellater;, coccolithophorids, choanoflagellates, 

ciliates and bacteria were "rare". Many cells waee intact 

and diaton chains were observed. Cells ranged from 0.7-183 

pm in least dimension in valve view, with most s 10 pm in 

size. 

In April, broken diaton shells (Pig. 3.1C) dominated 

the contents of C. finmarchious feces, including SLeletone.a 

(Fig. 3.lD), Chaetoceros epp., Thalasaiosira spp. 

and Frssillarioasis spp. Intact cells ranged from 5-18 pm 

in least dimension. Chrysophyte and dinoflagellate remains 

were "rare". 

The water sample was dominated by diatoms, primarily 

. . OPP. and Chaetocer~s spp. (Table 3.2). 

Unidentifiable spheres c 2 lrln in diameter ware copious, 
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followed by ohoanof l sga l l a t es  end chrysophytes. C i l i a t e s  

and d i n a f l a g e l l a t e s  were scarce. T o t a l  c e l l  concen t ra t ion  

was 1.58 x 10' e". 

~roken and un iden t i f i ab le  diatom f r u s t u l e s  dominated 

f e c a l  p e l l e t  contents of O i k o ~ l e u r a  vanhoeffeni a t  t h e  end 

of  Hay and beginning of June (Fig. 3.2A) .  Ind iv idua l  c c l l s  

ranged from 1-167 (1. i n  l e a s t  dinension i n  valve view. 

o i n o f l a g e l l a t e  fragments were ncornmon90 (Fig.  3.20 8 C ) .  

~t t h e  end of June and e a r l y  Ju ly ,  t h e  p e l l e t  con ten t s  of 

ca lanus  f inmarchicus ware diverse.  Broken diatom s h e l l s  

were "abundant" (Fig. 3.2A) .  b u t  b a c t e r i a ,  choanof lage l l a t es  

(Fig. 3.2D). cyanobacterie,  d i n o f l a g e l l a t e s  (Pig.  3.20), and 

diatom c y s t s  were "common". I n t a c t  c e l l s  ranged from 

1-44 rm i n  l e a s t  dimension. 

P a r t i c l e s  i n  the  water were dominated by macroscopic 

floes of "marins snow" (Table 3 . 2 ) .  Few i n t a c t  diatoms were 

presen t .  Spheres c 2 pm i n  diameter were t h e  most p reva len t  

live organisms. ~ m n o d i n i u m  rpp . ,  choanof lage l l a t es  end 

o i l i a t e s  were present .  To ta l  c e l l  concen t ra t ion  was 

1.91 x lo5 e-' .  



1n septembee, C&gm.w feces were dominated 

by nanoplankton, including ciliates (Fig. 3.3A), bacteria. 

oyanobacteria (Fig. 3.38), choanoflagellates (Fig. 3.3C). 

cysts ( ~ i g .  3.301, cryptononads, chrysophytes, diatoms (Fig. 

3.3E) and dinoflagellates. cells ranged from 0.5-87 pm in 

least dimension. small diatoms were "rare". 

chryr;aphytes and unidentifiable spheres c 2 pn in 

diameter dominated the cells in the SCN (Tabla 3.2). Small 

( <  15 pn) and large (>  20 pm] ciliates ware plentiful, as 

were choanoflagellates, gpnodinoid dinoflagellates and 

marine snow. Total oell abundance was 3.13 x 105 t". 

In November, diverse nanoplankton species dominated the 

fecal pellets of Oik leura vanhoeffL.ni. Coocolithophorids 

(Fig. 3.3F), choanoflagellates (Fig. 3.3G). chrysophytes, 

dinoflagallatss (Fig. 3.3H), euglenoids (Fig. 3.31). 

silicoflagellates (Fig. 3.35). ranthophytes and cysts (Fig. 1 
3.3K) were "abundant", and "rare" was a testate rhisopod ! 
(Fig. 3.3L). with many partially broken cells. Intact cells I 
ranged from 0.9-57 am in least dimension. ! 



Diatoms, including %,eletonem costaturn, Chaetoceroe spp. 

(Fig. 3.4A), and Brcooellulus carnuoervis (Fig. 3.481, and 

coccolithophorids (Fig. 3.4C) ware the main components in 

the fecal pellets of 9. vsnhoeffeni in January. 

Chrysophytes, dinoflagellates, choanoflagellates and 

ciliates were "common" (Fig. 3.4D). Small cells appeared to 

be intact but many larger cells and chain-forming diatoms 

Were cracked. Intact cells ranged from 1-66 11. in least 

dimension. 



The seasonal succession of phytoplankton and microbt?~ 

is reflected in the changing composition of the feces of 

vanhoeifeni and fimarchicus. Large, 

chain-forming diatoms dominate phytoplankton biomass and 

numbere during the spring bloom in Newfoundland water* 

(Table 3.2). These autotrophio species deplete dissolved 

silica in surface waters by the end of May (Thompson, et 

sl., 19861, resulting in a 200-fold decrease in diatom 

concentration by June and early July (Table 3.2). Bacterial 

activity is suppressed during the bloom due to low 

temperature and substrate levels (Pomeroy and Deibel, 1986; 

Poaeroy, et al., 1991). Phagotrophic and mixotrophic 

organisms are found in all seasons, though they predominate 

in the summer and fa11 as components of the microplankton 

and nanoplankton cornunities in coastal waters (Stoeder, et 

al.. 1989; Paranjape, 19901. In my samples, unarmored 

dinoflagellates and ciliates together made up 128 and 9% of 

the cell numbers in the summer and fall respectively (Table 

3.21. Thus, bacterial numbers and heterotrophic flagellate 

biomass track the seasonal cyole of water temperature, which 

peaks in the late summer and early fall (Powell, st al. 



20 

1987). In the late fall and winter, single-cell diatoms 

beoome abundant, most likely in response to increased 

vertical transport of essential, inorganic nutrients 

resulting from destabilization of the water column. 

The content of the feces of bath 0 .  VanhoPfeni and c. 
f' archisus refleots the phytoplankton succession and 

relative abundance of particle size classes available in the 

sm at the time of sampling. Diatoms ere the primary 

component of both animals' feces in the winter and spring, 

especially ohain-forming SkeletDnema m, Chseroceros 

bpp., Thalassiosira spp. and Frasillario~sis spp. (Figs. 

3.1, 3.4). An assortment of nanoplankton species fill the 

feces in the fall (Fig. 3.3). Also abundant are amorphous 

mucous blobs which may be the remains of soft bodied 

plankterr or marine snow. The large numbers of broken 

diatoms in the feces in the summer (Fig. 3.2) and the few 

intact diatoms found in the water oolumn suggest that both 

O. vanhoeffeni end r. finmarctdsus are feeding on marine 
snow derived from fragmented diatoms. I an not attempting to 

quantify the relative importance of amorad vs. unarnorsd or 

autotrophio YS. heterotrophic planktere as a food source for 

copepods and appendioularians. 
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9 . 5 . 1  ;L CIUNOIUG POOD WEB: LIUKB TO THE MICROBIAL M O P  

  he fecal pellet contents of 2. and C. 

finmarchicus follow a similar seasonal pattern. They are 

dominated by large diatoms in the spring (Fig. 3.1) and 

small nanoplankton and bacteria in the fall (Fig. 3.3). 

Summer and winter fecal pellets have an even mixture of 

large diatoms and small nanoplankton (Figs. 3.2, 3.4). thus 

showing seasonal shifts in food web structure (Fig. 3.5). 

This confirms the role of the oikopleuride as a "generalist" 

suspension feeder, and should result in a seasonal change 

from the flux of opal from diatoms in the spring (Fig. 3.1) 

to cal~ite fron cocoolith~phorids in the fall (Fig. 3.3). 

sediment traps fron Conception Bay show maximum copepod 

(C. finmarchicus) fecal pellet flux in September and October 

(McKenzie, et al., unpubl. obs.), indicating that they are 

able to consume the nanoplankton in early fall. The 

surprisingly high content of bacteria (Fig. 3.3) and 

nanoplankton in the fall c. finnarchicua feces raises tha 

question of the validity of existing oonceptual models of 

the classic food chain, from large (> 20 #m) diatoms to 

copepods to fish, and suggests it is time to look for 

mechanisms to explain how this consumption of bacteria and 

nanoplankton takas place. 

My observations indicate that 2. vanhDelfsni and c. 
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finmarchi~us ingest large quantities of non-phytoplnnktonic, 

food particles, generally overlooked in laboratory feeding 

studies and energy flow nodela. Marine snow is absent 

during the spring, but mskea up 36% and 72 of the total 

particles in the summer and fall respectively (Table 3.2). 

since these aggregates are large (2 50 !dm), they, together 

with attached particles, may be ingested by !2. Einaarchicus, 

creating an avenue for the vertical flux of bacterial 

biomass. These observations cmld also help explain the 

controversy over external vs. internal pellet decay (Honjo & 

Roman, 1978; Gowing 6 silver, 1983; Alldredge, et al.. 1987) 

by indicating a source (i.e. marine snow) Ear the internal 

bacteria found in some fecal pellets. 

Previous studies have shown that r. fimarchicus is an 
indiscriminate, raptorial feeder, ingesting those particles 

present in greatest abundance (Coules. 1979; Ishimaro, et 

al., 1988). Particles < 10 pm have been found in c. 

LLmarchicur feces (Huntley, 1981; Ishimaru, et al.. 1988). 

indicating that although this copepod is not able to filter 

partiole. of this size efficiently (Nival 6 Nival, 1976). 

such particles nay be ingested when abundant andlor trapped 

within marine snow aggregates. There are reports of 

copepods and euphausiids eating ciliates, tintinnids, 

ohoanoflagellates, heterotrophio dinoflagellates and 

oocoolithophorids (Berk, et al., 1977; Honjo & Roman, 1978; 
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found in the fecal pellets of P. finmaechious and o. 
vanhoeffeni. 

It is axiomatic that oiliates and phagoteophic 

protozoans represent the main link between micraheteeotrophs 

and copepods (Porter, et al., 1979; Sherr, et al., 1986). 

However, my observations indicate chat both capapods and 

appendicularians are ahle to feed an bacteria, heterotrophic 

nanoflagellates and ciliates (Fig. 3.2, 3 . 3 ) ,  and thus ere 

capable of mediating a flow of energy out of tha microbial 

loop. My observations also have important methodological 

inplicatians, because the conventional dilution technique 

for determining the grazing pressure on bacteria and other 

picoplanxton does not measure their consumption by 

metazoans, such as capepods and tunicates. This may result 

in the erroneous oonclusion that the microbial loop is an 

energy sink. 
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Turner, 1984; Marchant 6 Nash, 1986; Tanoue & Hara. 1986; 

Ishinaru, et 2.1.. 1988). implying direct removal of biomass 

from the microbial loop. 

Azan, et al. (1983) defined the minobial loop as the 

interaction between bactaria, flagellates and 

mi0ro~ooplankton. Choanoflagellates are considered 

important bactariovores and members of the mir'robial loop 

(sherr, et al., 1986). mrica remains from 

choanoflagellates were found in tho fsoes of both Q. 

vanhoe- and r. finmarchicus (Pig. 3.2, 3.3) and thus 

represent a direct link between macrozooplankton and the 

microbial loop. The lorica was frequently broken in my 

samples and the remains were often difficult to recognize. 

This fragility may explain the relatively few reports of 

choanoflagellate remains in fecal pellets of 

macrozooplankton. 

Heterotrophic dinoflagallates are also important 

grazers on bacteria and phytoplankton, and provide an 

important foad source for copepods (Klein Bratelar. 1980). 

ggpto~eridiniula dellresrun has been reported to feed on 

bacteria (Lessard & swift. 1985), and many unarmored 

dinoflasellaten are phagotrophic, forming important links in 

food chains (Kimor, 1981; Odate L Neita, 1990). Both P. 

deoressurn (Pig. 3.2) and unarmored dinoflagellates were 
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Tabla 3.1, Phytoplankton content  of O i k o ~ l a u r a  vanhoeffeni  
and Calanus f inmarchicus Fecal P e l l e t s .  

SPECIES SPRING S W g R  BALL WIUTER 

Bac i l l ar iophyeaas  

mgb2z3 spp. 

%%%% 
&g- 
iraqelis 

BerkeleVa s p .  

Chaetooeros spp. 

G a ! x a d €  SPP. 

r s l s & o e J s ~  
radiatus 

Cyclotelu spp.  

P r a q i l l a r i o ~ s i s  spp .  
p. a!&.&& 
F. c ~ l i n d r u s  

G o m ~ h o n e o ~ i s  
l i t t o r a l i s  

Gomhosentaty.  
m t u a r r i i  

Licnra~hora s p .  

Minidiscus 
t r i o c u l a t ~ ~ i  

my&.&z spp.  

6p. 

Pleurosiama sp. 

OE 

or. cr 

05 

00 OD. CI 00 
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Continuaticm of Table 3 .1  

BPBCIBB SPRING 80WllER PALL RZHTBR 

P-&onema 
kamtsahat i cu  

Pteroncola spp. 

*csz&A!n sp. 

Gvmndinium sp .  

p r o r o c e n t m  spp. 
p. hLt iBn  
P.  minima - -  

S c r i n s i e l l a  sp .  

Chrysophyceae 

T e t r a w m a  sp .  

* 

00 

OD, ca 

or, CZ 

or, Cr 

cc oa, cc 00 
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con t inua t ion  of ~ats:e 3.1 

SPECIES SPRING BUMlBR P U L  WIUTBR 

Xnnthophyoeao 

Merinqosllhaerq 
mediterranea 

Aaptophycsae 

Coccali thus 
pe las icus  

Ceaepsdophycaae 

Parv icorb icu la  s p .  

Steohanoeca ap. 

*Lorice bundles 

T in t inn idas  

%%=F- -- 

Others 

Bac te r i a  

C i l i a t e s  

Cyanobacteria 

Cys t s  

mgleno ide  

00 or OD. 

00 CI 00, ca oc 

OX, c a  or 

c r  co 

or O r ,  Ce Oa, c a  o r  

00 OE 

O= found i n  g. vanhoeffeni  f eces  
C= found i n  C. f i n ~ ~ a r c h i c u a  feces  
* fragments, i d e n t i f i e d  by p l a t e  o r  s u r f a c e  morphology 
a= abundant, found i n  > 50% of f i e l d s  viewed 
E= common, found i n  20-50% of f i e l d s  viewad 
r= rare, found i n  c 20% of f i e l d s  viewed i 

i 
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Table 3.21 Cell Counts of Water Samples from Conception 
Bay. 

P ~ T O n  
CATEGORY 

SPRIUQ 8UHllBR P U L  
6-1-90 26-6-90 27-9-90 
(cell @-I) (cell e-1) ("ell e-1) 

Total Cell Count 1.58r106* 1.91x10~* 3.13~10~* 

c 2 en spheres z.ssxro5~~s%) 1.07x1a5(56%1 8.24~10~(28%) 

2-5 pm Spheres 3.23~10" 2%) ** tt 

Choanoflqellatas 6.26~10~1 4%) 1.06x10'( 6%) 4.04~10'1 1%) 

Cryptophytes 2.22x1o41 1%) 5.39x103( 3%) 4.04~10'1 1%) 

Cyanobacteria 2.02~10".1%) 1.62~10'1.8%~ 4.04x1o31 1%) 

Phae~c~stis Sp. 2.50~10~1.2%) ** t* 

Prasinophytes 8 .08r10" .S%) 1.62~10'1 .a%) 8 .08w102 1.2P) 

Prynisophytee 2.42~10' 1 2%) 6.47x10'1 3%) 4.85~10'1 2 9 )  

c 20 !AT Ciliates ** 8.08xlo2[.4%) s.0axlo3( 3%) 

> 20 pm Ciliates l.41x104(.9%l 1.24x1o31.6%) 2.00~10~1.06%) 

Tintinnids ** 8.00~10~ 2.00~10~ 
1.04%) 1.006%) 

Diatoms 9.96~10~163%) 5.55~10~1 3%) 1.o5x1o41 4%) 

Unarmored 
Dinoflagelletes 

4.24~10~1 3%) 2.10~10'(11%) 1.62~10~1 6%) 

Armored 1.01x104~.6%) 2.42~10~1 1%) 3.33~10'1 1%) 
Dinoflag811etes 

Marine Snow ** 1.10~10~ 2.34xlo4 

* Total does not Include marine snow 
** There were none present in the sample 





94-a m. 
1. *";"B.1hU d.DIIutB. -1. 

PI$- a ra. 
c. Dfhoihqeuat., *, -19 - = )n- 

o. m i a  (I) and ohonnoflagellate lorica remain. (m) 



~ i g ~ r e  3.3: pa11 Fecal Pellet Contents 

A. ciliate, scale bar= 2 pm. 

a. sacteria (a) and cyanobacteria, Anabeana ap. (A), 

scale bar= 2 pm. 

C. sroken diatom and choanoflagellate lorica remains (Ch), 

soale bar- 2 pm. 

D. Chrysophyte cyst, scale bar= 2 pm. 

E. ~iatom, scale bar= 2 pm. 

F. c~cc~liths from miliana huxlevi, soale bar- 2 pn.  

G. choanoflagellate, Ste~hanoeca sp.. scale bar= 1 ~n 

H .  common dinoflagellate, &i=L&&U sp.. scale bar= 2 !.in. 

I. j&&Sl3 Bp., ~ B F  2 

J. Silicoflagellata, Dictvochq sr&alu,  scale bar- 2 Sm. 

x. Unknown oyst (cy )  and Merinsosh~aera mediterranea (M), 

scale bar- 2 ~m 

L. Testate rhizopod, Paulinalla ovalis, scale bar= 1 pm. 
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