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ABSTRACT: A ra p id  a n d  accu ra te  m eth o d  for d e te rm in in g  th e  carb o n  co n ten t in  n em a to d es  is 
d e sc rib ed  b a se d  on th e  carbon an a ly ze r of S a lo n en  (1979). In d iv id u a l n e m a to d e  sp ec im en s are 
in tro d u c ed  o n  a n e ed le  in to  th e  fu rn ace -tu b e  a n d  p lac ed  th e re  in  a d rop  of 10 pi de io n ized  w a te r  
and  co m b u s ted  a t h ig h  tem p era tu re . T he effect of p re se rv in g  an im a ls  in  4 % fo rm aldehyde  a t room 
tem p e ra tu re  a n d  in  4 % fo rm aldehyde  a t —20 °C on  th e  carb o n  co n ten t sh o w ed  m ark e d  differences. 
P rese rv a tio n  a t room  te m p e ra tu re  rap id ly  re su lte d  in  8 to 24 % loss of carbon , w h e reas  freez ing  in 
fo rm ald eh y d e  y ie ld ed  v a lu e s  s im ila r to  th o se  of liv in g  re fe ren ce  an im als . C arb o n  co n ten t of 
n em a to d es  is  found  to b e  12.4 % on a w e t w e ig h t basis.

INTRODUCTION

F ree-liv in g  n em ato d es m ake an  im p o rtan t con tribu tion  to  en e rg y  flow  in  a  varie ty  of 
aq u a tic  ecosystem s (cf. G erlach, 1971, 1978; E lm gren , 1976; F enchel, 1978; H eip  e t al., 
1982; P la tt & W arw ick, 1980; Jensen , 1983, 1984). H ow ever, little  a tten tio n  has b ee n  p a id  
to th e  d ev e lo p m e n t of accurate m ethods to  d e te rm in e  an d  quan tify  nem ato d e  b iom ass 
values. C urren tly , th e  m ost usual m eth o d  is to  es tim a te  vo lum e by  m easu rin g  le n g th  and  
w id th , assu m in g  a  cy lindrical body  sh ap e  (Andrassy, 1956), a n d  convert to w e t w e ig h t 
u sing  a  specific  w e ig h t of 1.1. R ecently, F au b e l (1982) p re se n ted  dry w e ig h t values (oven 
d ried  a t 60 °C) m e asu red  on a m icrobalance  an d  re la te d  th e se  v a lu es to  defin ite  size 
classes of an im als. As no ted  by  P la tt & Irw in  (1973), the  en e rg y  e q u iv a le n t for b iom ass 
ex p ressed  in  term s of o rgan ic  ca rbon  sho u ld  th eo re tica lly  vary  less th a n  w h en  ca lcu la ted  
from dry  w eig h t. Yet, E rnst (1975) d esc rib ed  an d  te s te d  a new  com bustion  m ethod  w ith  
IR -detection  of C 0 2 for th e  m ic rodeterm ination  of o rg an ic  ca rb o n  in  m arin e  sed im ents, 
an d  G oerke  & E rnst (1975) d e term ined  th e  ATP con ten t of two es tu a rin e  nem atodes and  
arrived  a t th e  assum ption  th a t the  ca rbon  co n ten t of n em ato d es is in  th e  ran g e  of 10 to 
15 % on  a w e t w e ig h t basis.

T his p a p e r  is concerned  w ith  a  m ethod , b a se d  on  th e  carbon  an a ly zer d ev e lo p ed  by 
S alonen  (1979), w h ich  m akes it possib le  to  d e te rm in e  th e  ca rbon  con ten t of ind iv id u al 
nem ato d es  in  a  ra p id  a n d  accurate w ay. T h e  m e th o d  also allow s d e te rm in a tio n  of the 
effect on  b iom ass of tw o d iffe ren t p rese rv a tio n  m ethods.

T h e  s tu d y  is p a rt of a pro ject on th e  b eh a v io u r an d  ecology of B altic S ea nem atodes 
ca rried  o u t a t th e  T värm inne Zoological S ta tion  an d  Lam m i B iological S tation, U n iver­
sity  of H elsink i, F in land .
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MATERIAL AND M ETHODS 

Collection of samples

All n em atode species w ere  iso la ted  from  th e  sed im en t or su b m erg ed  v eg e ta tio n  
close to T värm inne Z oological S tation, sou thern  arch ip e lag o  of F in land  (cf. Jensen , 
1984).

Chromadorita ten u is  (Schneider), Punctodora ra tzeburgensis  (Linstow) an d  
H ypodon to la im us ba lticus  (Schneider) w ere  ra ised  in  the  lab o ra to ry  a t 18 °C in  8.7 cm  
P etri d ishes w ith  0.8 % agar, 6 %o S se aw a te r  an d  in o c u la ted  w ith  the  p e n n a te  d ia tom  
N itzsch ia  pa lea  var. d eb ilis  (Kütz.) G runow .

M onhystera  d isjuncta  B astian  w as cu ltiv a ted  in  a  sim ila r w ay, b u t fed  on u n id e n ­
tified  bac te ria  a ttac h ed  to  F ucus vesiculosus.

A d o ncho la im us tha la ssophygas  (De M an) w as cu ltiv a ted  in  a  sim ilar w ay, b u t fed  
w ith  m onhysterid  an d  ch rom adorid  nem atodes.

Sabatieria p u lchra  (Schneider) specim ens derived  from th e  field.

Preparation of samples

S ubsam ples of ab o u t 50 C hrom adorita  ten u is  w ere  u sed  in  th e  com parison of 
p rese rva tion  m ethods. O ne su b sam p le  w as ana lyzed  w ith  liv ing  anim als. O ther su b sam ­
p le s  w ere  fixed in  4 % un b u ffe red  fo rm aldehyde a t room  te m p era tu re  an d  a final g roup  
of subsam ples w ere  frozen  a t —20 °C in  4 % unbuffe red  form aldehyde; th e  d e te rm in a ­
tion  of carbon w as th e n  m ade  as soon as th e  an im als m elted  from  th e  ice.

Carbon determ ination

T he carbon  ana ly sis  w as perfo rm ed  by  th e  h ig h  te m p era tu re  com bustion  m ethod  of 
S alonen  (1979). In d iv id u a l an im als  w ere  p ic k ed  ou t of th e  ag a r  w ith  a  b e n t n eed le  an d  
narco tized  in  6 %o S f ilte re d  se aw a te r  w ith  crysta lline M gC l2. A fter re laxation , each  w as 
w ash e d  th ree  tim es in  d e io n ized  w ater, its le n g th  and  w id th  m easu red  th rough  a  cam era  
luc ida  and th e n  tran sfe rred  to  a  10 pi drop of deion ized  w a te r  on  a  dense  p la tinum  n e t in  
the  fu rnace of th e  ca rbon  ana lyzer. D uring  a  p ilo t study, liv ing  an im als  w ere  in troduced  
on  to  a  g lass-fib re cup  on th e  p la tin u m  n e t in  th e  furnace. T h e  sm ooth  an im als ad h e red  
firm ly to th e  g lass-fib res a n d  th e  carbon  resu lts  w ere  re liab le . T his m ethod  is, how ever, 
n o t app licab le  for 4 % fo rm aldehyde  p re se rv e d  an im als w h ich  are  rig id  an d  do no t 
ad h e re  satisfactorily  to  th e  g lass-fib re  cup b u t a re  a ttac h ed  elec tro sta tica lly  to  th e  
fu rnace  w all. T his la tte r  obse rv a tio n  is s ig n ifican t after 10 to  15 successive m e asu re ­
m ents; i.e. after 10 to  15 m in, in  w h ich  p erio d  th e  e lec trosta tic  force in  th e  furnace tu b e  
h a d  accum ulated  to  such  a  lev e l th a t th e  in d iv id u a l in troduced  an im als w e re  sim ply lost 
before b e in g  com busted . T h is w as v isu a lized  on the  p o ten tiom etric  reco rder a ttach ed  to 
th e  in frared  gas ana lyzer, w h ere  th e  p e a k  h e ig h t d isa p p ea re d  dow n to th e  back g ro u n d  
level after 10 to 15 m easu rem en ts  a n d  con tinued  a t th a t low  level in d e p en d e n tly  of th e  
size of th e  in tro d u ced  fixed nem atode .

T he body v o lu m e w as d eriv e d  from  m easu rem en ts of body  le n g th  and  w id th  
assum ing  a  cy lindrica l b ody  sh ap e , an d  w e t w e ig h t w as ca lcu la ted  u s in g  a specific 
w e ig h t of 1.1.
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RESULTS AND DISCUSSION

T he m ethod  d esc rib ed  above for m easu rin g  th e  ca rb o n  con ten t in  n em ato d es g ives 
an  ac cu ra te  d e te rm in a tio n  in  less th a n  1 m in¡ i.e ., a  m ore rap id  an d  ad v an ced  m ethod  
th a n  m e asu rin g  th e  w e t w e ig h t or dry  w eigh t. A lthough  th e  p re se n t fin d in g s w ere  b ased  
on u se  of th e  o rig in a l analyzer, a  com m ercial d es ig n  is now  av a ilab le  ("U nicarb 
U niversal C arb o n  A nalyzer"; E lektro  D ynam o Oy, H els ink i, F inland).

T he critica l p o in t is th e  in troduction  of an  an im al in  th e  rig h t m edium . R eliab le 
resu lts  w ith  a  loss of less th a n  1 % of liv ing  or fixed  an im als w ere  o b ta in ed  by 
ex ch an g in g  th e  g lass-fib re  cup w ith  a  drop of 10 ¡xi d e io n ized  w a te r  on th e  p la tinum  net. 
A  drop of 10 pi has a  surface tension  strong  en o u g h  to a d h e re  a p rese rv ed  nem ato d e  
ag a in s t th e  e lec tro sta tic  forces in  th e  tube ; th e  b ack ro u n d  no ise  of 10 |xl d e ion ized  w ate r 
is m easu rab le , a lth o u g h  very  sm all ev en  com pared  to a ju v e n ile  Chromadorita ten u is  or 
M onhystera  d isjuncta . T he m ethod  is also  ap p licab le  for liv ing  nem atodes a n d  is 
th e re fo re  recom m ended .

A lthough  th e  m ethod  ap p lied  b y  E rnst (1975) h as  m any  sim ila rities w ith  th e  p resen t 
p rocedu re , w e found th re e  m ain  p rob lem s w ith  h is  m e th o d  for d e te rm in in g  carbon 
con ten t of sm all sam ples: (1) it is n ecessary  to  o p en  th e  tu b e  w h ich  c rea tes  con tam ination  
to th e  sam p le  vessel; (2) con tam ination  of sam ple  vessel from  th e  bo ttom  of the  tu b e  is 
serious a n d  m ore or less u n p red ic tab le  for subm icrogram  sam ples, how ever, both  
p rob lem s m ay  b e  red u c ed  by  frequen tly  c lea n in g  (e.g. ign ition) of th e  sam p le  com bus­
tion  tu b e ; (3) to  o p e n  an d  close th e  tu b e  en d  is slow er th a n  to  o p en  an d  close th e  side 
s topper in  S alonen  h is  system  (Salonen, 1979; Fig. 2).

A fter p rese rv a tio n  for one day in  4 % fo rm aldehyde a t room  tem p era tu re  the  carbon 
co n ten t of 15-day-old  Chromadorita ten u is  h a d  d ec reased  sign ifican tly  to 109 n g  C per 
an im al co m p ared  to  th e  in itia l v a lue  of 119 n g  C (Table 1). From  the  six th  day an d

T ab le  1. E ffect of tw o p reserv a tio n  m ethods on th e  carb o n  c o n ten t (ng C a n im a l-1 ±  95%  
con fid en ce  lim its) of 15 days old m ale  Chromadorita tenuis. N u m b er of re p lica tes  is g iv en  in

p a ren th ese s

E x p erim en ta l
condition

In itia l 1
day

6
days

1
m onth

2
m onths

6
m onths

Live 119 ± 8  
(58)

- - - - -

P re se rv ed  in — 109 ±  11 94 ±  10 91 ±  10 93 ±  11 91 ±  10
4 % fo rm ald eh y d e (48) (56) (52) (49) (57)

Frozen  in  
4 % fo rm ald eh y d e

'

117 ±  8 
(52)

116 ±  8 
(51) 'S 

™
 

^ 
1+

 
CD

onw ards th e  ca rbon  resu lts  d id  no t d iffer from th e  final v a lu e  o b ta in ed  afte r 6 m onths. 
T he fina l v a lu e  w as 24 % low er th a n  in  u n p rese rv e d  an im als an d  th is  d ecrease  is also 
observed  in  o th e r d ev e lo p m en ta l s tag es  of C. tenuis. T he subsam ples frozen in  4 % 
fo rm aldehyde  y ie ld e d  carbon  values sim ila r to  those of liv ing  referen ce  an im als (Table 
1). Both resu lts  are in  accordance w ith  the  find ings of S a lo n en  & S arvala (1980) for the  
copepod  M eg a cyc lo p s  gigas.
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In general, the  organ ic ca rbon  con ten t of th e  6 se lec ted  nem ato d e  species w as 
12.4 ±  1.3%  of the  w e t w eig h t. T his is in  th e  ra n g e  to  b e  excep ted  from prev ious 
find ings; the  u sua l ca rbon  v a lu e  for in v e rteb ra te s  is ab o u t 10%  of th e  w e t w e ig h t 
(Steele, 1974), an d  E rnst (pers. comm.) found an  av e rag e  carbon  v a lue  of 13.4 % on  a  w et 
w e ig h t basis.

A ck n o w led g e m e n ts .  L aboratory  a ssis tan ce  by M iss I. B ergstrom  a n d  E. L esk inen  an d  research  
fac ilitie s  a t th e  T värm inne  Z oolog ical S ta tio n  an d  L am m i B iological S tation , U niversity  of H elsink i, 
F in lan d  are  h igh ly  ap p rec ia ted . T h an k s to  Dr. K. S a lo n en  for tech n ica l ad v ice  a n d  Dr. H. M. P la tt for 
co rrec ting  th e  E nglish  m an uscrip t. T h e  stu d y  w as su p p o rted  b y  g ran ts  from  th e  N a tu ra l Science 
Faculty , U niversity  of C o p en h ag en  a n d  th e  D an ish  N a tu ra l Sc ience  R esearch  C ouncil.
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