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act ion by  which paras i t ic  infect ion affects enzymat i c  ac- 
t i v i t y  mus t  be specula ted  a t  th is  t ime.  I t  is known  t h a t  
the  liver is affected in schis tosomiasis  when  the  young 
paras i te  is migra t ing  to the  mesenter ic  vessels and later  
when  egg and  toxic  metabol ic  p roduc t s  are passed  by  the  
ma tu r e  worms  a. In  Rhesus  monkeys  infected wi th  S. 
mansoni, a change of serum pro te in  occurred 6 to 7 weeks 
following the  init ial  infect ion and about  the  t ime  t h a t  
eggs appeared  in the  feces e. Associated wi th  th is  change 
of se rum pro te in  was a fall of to ta l  b o d y  and in t ravascu la r  
a lbumin.  The same au thors  6 men t ion  t h a t  s imilar  pro te in  
changes  have  been observed wi th  malaria,  t rypanoso-  
missis,  tr ichenelliasis,  t r ichos t rongylos is  and fascioliasis. 
In  analogous s tudies  w i th  S. matheei in sheep 7, s, a more  
deta i led  accoun t  of t he  sequent ia l  changes  of a lbumin  
degrada t ion  associa ted wi th  the  paras i t ic  disease has  
been repor ted .  These au thors  s s t a t e  t h a t  ' the  under ly ing  
cause of increased a lbumin  degrada t ion  is due to an ab- 
normal  loss of p la sma  into the  gas t ro in tes t ina l  t rac t ' .  

In  the  p resen t  s tudy,  it  would  appear  t h a t  enzymat ic  
func t ion  as measured  by  serum ChE was reduced  at  a t ime 
coincident  wi th  schis tosome egg p roduc t ion  of a p a t e n t  
infection.  There  was, however ,  no signif icant  l iver damage  
as indica ted  by  addi t iona l  clinical blood chemis t ry  ~. 
Therefore,  it  m igh t  be suspect  t h a t  wi th  egg passage into 
the  gas t ro in tes t ina l  t rac t ,  a loss of p lasma fluids would 
reduce the  se rum ChE ac t iv i ty  fas ter  t h a n  its r ep lacemen t  
by  the  liver. 

Fasciola hepatica is ano the r  t r e m a t o d e  paras i te  which  
marked ly  affects  the  liver and its associated functions.  A 

recen t  r epo r t  9 has  shown t h a t  in infected rats,  the  ChE 
ac t iv i ty  was reduced wi th in  2 weeks of infect ion wi th  me- 
tacercariae.  In  th is  case, however ,  t issue des t ruc t ion  
dur ing  the  t ime of pa ra s i t e  migra t ion  in t he  liver would be 
a more  probable  cause for the  reduc t ion  of ChE act ivi ty .  
Egg  p roduc t ion  by  ma t u re  flukes would no t  be found 
unt i l  m a n y  weeks later,  and the  eggs would  follow a dif- 
ferent  p a t h w a y  via  the  bile duc ts  as a means  of en te r ing  
the  in tes t ina l  t rac t .  

F r o m  the  foregoing informat ion ,  i t  is suggested t h a t  
paras i t ic  t r e m a t o d e  infect ions are associa ted wi th  a 
va r i e ty  of pathological  effects which include a reduct ion  
of ChE act iv i ty .  This  reduc t ion  of enzymat i c  funct ion  
m a y  be a resul t  of t issue des t ruc t ion  by  the  paras i te  or 
t he  paras i te ' s  eggs. In  t he  p re sen t  s tudy,  loss of p lasma 
prote in  associated wi th  egg per fora t ion  of the  in tes t inal  
wall is t h o u g h t  to be responsible  for the  reduct ion  of 
p la sma  ChE ac t iv i ty  in schis tosome infected monkeys .  
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Summary. For  the  f i rs t  t ime,  he te ro t roph ic  accumula t ion  of dissolved ca rbon  by  a sof t -bodied  mar ine  inver tebra te  
under  in situ condi t ions  has  been demons t r a t ed .  The po lychae te  worm Schizobranchia insignis Bush concen t ra t ed  I~C- 
labelled dissolved carbon  (DC) exuda t ed  by  the  large b rown  alga, Macrocystis integri/olia Bory,  14 t imes  over the  killed 
controls .  Our evidence suggests  t h a t  algal exuda te  m a y  be a s ignif icant  nu t r i t iona l  supp lemen t  to some inver tebra tes  
cohab i t a t i ng  wi th  M. integri/olia. 

Hete ro t roph ic  ut i l izat ion of dissolved organic carbon 
(DOC) compounds  in seawater ,  resul t ing p r edomina t e ly  
f rom algal p r ima ry  product ion ,  has  been the  basis of 
much  specula t ion 3-s, since P t i t t e r ' s  hypo thes i s  9 was p u t  
forward  near  the  t u r n  of the  century .  Recen t  reviews s, to, n 
indicate  t h a t  some cyclos tome fishes and a wide range of 
mar ine  inve r t eb ra tes  accumula te  DOC and  t h a t  th is  
mater ia l  provides  a nu t r i t iona l  supp lemen t  to these 
organisms.  

E x u d a t i o n  of s ignif icant  amoun t s  of pho tosyn the t i ca l ly  
p roduced  DOC has been repor ted  for m a n y  unstressed,  
ac t ive ly  growing algae, including bo th  ben th ic  macro-  
phy t e s  and  p h y t o p l a n k t o n  12 14. To date,  however ,  ac- 
cumula t ion  of DOC by  freeliving inve r t eb ra tes  has been 
d e m o n s t r a t e d  solely in the  l abora to ry  using e i ther  syn-  
the t ica l ly  p repared  subs t ra tes  or algal hydrolysa tes .  Such 
condi t ions  are no t  exper ienced  in to to  by  the  organisms 
in the i r  na tu ra l  e n v i r o n m e n t  and  lead to inconclusive 
results .  In  the  following, we have  conduc ted  exper imen t s  
which  establ ish,  for the  f i rs t  t ime,  he te ro t roph ic  accumu-  
la t ion in si tu of alga1 ext ra  cellular p roduc t s  by  a free- 
l iving mar ine  inver tebra te .  

1 This study was supported by Operating Grant No. A6966 to PVF 
from the National Research Council of Canada. 
We are grateful to Mr G. F. COTA, Dalhousie University, Halifax, 
for his contributions to the field experiments. 
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In situ accumulation of kelp exudation products by Schizobranchia insignis 

EXPERIENTIA 32/11 

Sample Type SampIe 14C-Activity Concentration factor 
number Accumulation (x ~: SD) 

Experimental worms 30 188.6 ~ 141.8 dpm/mg wet wt. 9.9 
Control worms 10 13.0 =L 12.7 dpm/mg wet wt. 0.7 
Killed in 70% ethanol 
Algal blades 10 1930 ~ 12.7 dpm/mg wet wt. 101.6 
Incubation waters 10 19 d= 12.7 104 dpm/ml 100.0 

Concentration factors were calculated on the basis of activity per unit vohnne of all organism (10 a nig/ml) divided by the ambient activity 
per unit volume remaining in the incubation waters at the termination of the experiments. 

Material and methods. We inves t iga ted  the  t ransfer  of 
pho to syn the t i c a l l y  p roduced  ~C-labelled organic com- 
pounds  or iginat ing f rom the  large kelp, Macrocystis inte- 
gri/olia Bory, to  a cohab i t a t ing  sabellid polychaete ,  
Schizobranchia insignis Bush.  E x p e r i m e n t s  were con- 
duc ted  in situ via SCUBA at  inshore kelp beds  ad jacen t  
to Bamfield,  Vancouver  Is land,  B.C. 5 unencrus ted ,  non-  
necrot ic  f ronds of M. inlegri/olia were selected for each 
expe r imen t  and t r ea t ed  as follows : For  t rac ing  the  course 
of algal exudate ,  a *4C-labelled source for pho tosyn thes i s  
was made  avai lable to M.  integri/olia via an adap t a t i on  
of a plast ic  bagging t echn ique  or iginated by  PARKER ~5. 
Single blades f rom each algal f rond were enclosed wi th  
2.0 i of a m b i e n t  seawate r  in a clear, po lye thy lene  bag 
f i t ted  wi th  a serum cap (Figure 1). Tile bags  were sealed 
at  the  base of the  blades '  p n e u m a t o c y s t  and 1.0 mCi of 
Na21~COa (Atomic Ene rgy  of Canada) was inj ected t h ro u g h  
the  serum cap into each bag. The algae were incuba ted  
in th is  labelled m ed ium for 48 h. Fol lowing incubat ion,  
the  plast ic  bags were removed,  and the  blades were 
washed  in fresh seawater  to remove  sorbed isotope. A 
second incuba t ion  per iod of 24 h was in i t ia ted  whereby  
each blade was then  replaced in a new bag conta in ing  
10 adul t  specimens of S, insignis, in tac t  in the i r  tubes,  
to allow for the  he te ro t roph ic  t ransfer  of ~4C-labelled 
products ,  exuda t ed  by  M. integri/olia, to the  polychaetes .  
Next ,  b lade t issue samples  plus 5 specimens of S. insignis 
were t aken  f rom each bag. The worms were careful ly 
d rawn  f rom thei r  tubes,  r insed in fresh seawater ,  b lo t ted ,  
weighed,  solubilized in 2.0 ml NCS Tissue Solubilizer 

(Amersham/Sear le) ,  neut ra l ized  wi th  glacial acetic acid, 
and  counted  in 15.0 ml  of Liquif lour to luene cocktai l  (New 
E n g l an d  Nuclear).  Solubilizing of blade t issue samples 
for scint i l la t ion count ing  proceeded according to LOB- 
BAN16; all o ther  samples  were counted  in 10.0 ml of 
Scint iverse cocktai l  (Amersham/Sear le) .  All count ing  
results  were correc ted  for background  quenching  by  the  
ex te rna l  s t an d a rd  method ,  and conver ted  to dis integra-  
t ions per  minu te  (dpm). Control  worms were killed by  
f ixat ion in 70% ethanol .  

Results and discussion. D a t a  on accumula t ion  of algal 
exuda t ion  p roduc t s  in si tu by  Schizobranchia insignis 
indicate  t h a t  a), ext racel lu lar  products ,  in the  form of 
dissolved carbon,  were released by  Macrocystis integri/olia 
into the  incubat ion  waters  of the  plast ic  bags, and b), in 
all cases, specimens  of S. insignis f rom the  exper imenta l  
groups were able to  accumula te  l~C-labelled algal exu- 
da ted  mater ia l  by  app rox ima te ly  14 t imes  over  the  killed 
controls.  

Es tab l i sh ing  the  he te ro t roph ic  t ransfer  of an algal 
exuda te  in situ to  a cohab i t a t ing  po lychae te  is intr iguing,  
bu t  w h a t  is the  nu t r i t iona l  significance of th is  phenome-  
non in the  na tu ra l  h ab i t a t  of these organisms ? The 
canopies and holdfas ts  of Macrocystis pyri/era (a species 
which  in its n o r t h e r n  range overlaps Macrocystis integri- 
/olia) are covered by  numerous  a t t ached  Ioranliniferans,  
crustaceans,  molluscs, ectoprocts ,  hydroids ,  turbel lar ians,  
nematodes ,  and po lychae te  worms  17. In addit ion,  sof t  
bodied macro- inver t eb ra te  species, which  do no t  ac tual ly  
live upon Macrocystis pyri/era, bu t  which  are p e r m a n e n t  
members  of the  kelp bed communi ty ,  n u m b e r  over  500 
and, of these, 12% are hab i tua l  res idents  is. Since all sof t  
bodied marine  inve r t eb ra tes  examined  to da te  possess 
the  abi l i ty  to accumula te  DOC, we presume t h a t  those  
inver tebra tes  who live amongs t  Macrocystis explo i t  sim- 
ilar nu t r i t iona l  resources in the  form of kelp exuda t ion  
products .  

Addendum. I t  has  recent ly  come to our a t t en t ion  ~9 
t h a t  under  the  condi t ions  of our exper iments ,  kelp exu- 
da ted  ~4carbon m a y  be available to Schizobranchia insignis 
as bo th  dissolved carbon  and suspended  par t icu la te  car-  
bon. Hence,  our d a t a  for accumula t ion  by  the  worms  
would reflect  exp lo i ta t ion  of one or bo th  phases  of 
14carbon p resen t  in the  exuda t ion  waters .  

An in situ specimen of the 'Large Kelp' Macrocystis integri/olia Bory 
with an experimental plastic bag containing an algal blade plus 
Na 2 I4CO3 incubation waters. Stipe lenghth is approxilnately 3 113. 
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