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PREFACE

T h i s  manual  i s  pub l i sh e d  by Cou l te r  E l e c t r o n i c s  S a l e s  Company-  

C a n a d a  a s  a s e r v i c e  to mar ine s c i e n c e .  Some of the me tho ds  a re  from a 

prev io us  repor t  by the  au th o r s  (Manuscr ip t  Repor t  No. 214, F i s h e r i e s  

R e s e a r c h  Board of C an a d a ,  1966) and t h i s  manual  r e p r e s e n t s  cont inu ing 

r e f inem ent s  of t e c h n i q u e s  u t i l i z ed  in modern o c e a n o g r a p h ic  r e s e a rc h .

Most of the t e c h n i q u e s  were de ve lop ed  at  th e  P a c i f i c  Oce ano gra ph ic  

Group of F i s h e r i e s  R e s e a r c h  Board  of C anada .  Co u l t e r  E l e c t r o n i c s  S a le s  

Com pany -C anada  i s  p l e a s e d  to re co g n iz e  the c o n t r ib u t i o n s  of Drs.  Sheldon 

and  P a r s o n s ,  and of the i r  employers ,  to the  f i e ld  of e l e c t r o n i c  count ing  and 

s iz in g  of o rga n ic  and inorg anic  p a r t ic u l a t e  mater ia l .

water .  In many c a s e s  the same t e c h n iq u e s  may be a p p l i e d  to  l imnologica l  

s tu d i e s .

F i n a l l y ,  a l though the  methods  d e s c r i b e d  re fe r  s p e c i f i c a l l y  to the

Model F ,  and will  a l s o  be a p p l i c a b l e  to any f o r e s e e a b l e  de ve l opm ent  of the

I b e l i e v e  that  t h i s  manual  wil l  be u s e fu l  to marine  s c i e n t i s t s  of 

many d i s c i p l i n e s  who s t udy  s u s p e n d e d  and se d im e n te d  mate r ia l  in s e a

Model B Co u l t e r  Counter®,  many can be app l ie d  to the  e a r l i e r  Model A or

Co ul te r  Counter®.

Toronto ,  Ontar io  

13 March 1967

Dale  A. C h r i s t e n s e n ,  Genera l  Manager 

Cou l te r  E l e c t r o n i c s  S a l e s  Com pany-Canada

i • the Coulter Counter ,
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SECTION A.

DESCRIPTIVE
AND

THEORETICAL





I. INTRODUCTION

T h e  Co u l te r  Counter w a s  or ig ina l ly  d e s i g n e d  for rout ine count i ng  of red-b lood  c e l l s ,  

but  i t  h a s  found many o ther  a p p l i c a t i o n s ,  not  only in m ed ic i ne  but  a l s o  in the b io lo g ic a l  

s c i e n c e s  and in indust ry .  T h e  amount  of in formation  a v a i l a b le  on u s e s  o ther  than in rou t ine 

m e d ic a l  work i s  now co n s id e ra b le .

It  i s  s ur pr i s in g ,  in v iew of the  e x t e n s i v e  a p p l i c a t i o n s  e l s e w h e r e ,  that  the Co ul te r  

C oun ter  h a s  not  been more w id e ly  u s e d  in mar ine  s c i e n c e .  The  re a so n  for th i s  i s  th a t  in 

marine  work many of the problems requi r ing p a r t i c le  co un ts  are very d i f fe ren t  from t h o s e  

in o ther  f ie ld s  of r e se ar ch .  P a r t i c l e  d i s t r i b u t i o n s  commonly found ha ve  two b a s i c  

c h a r a c t e r i s t i c s ;  the pa r t i c le s  are often at  low c o n c e n t r a t i o n s  and nea r ly  a lw a y s  c o v e r  an 

enormous  range of s i z e .  It i s  b e c a u s e  of th i s  th a t  many of the t e c h n i q u e s  d e v e l o p e d  in 

b io logy,  med ic i ne ,  and indus t ry cannot  be  app l ie d  d i r ec t ly  to marine s t u d i e s .  T h e r e  are 

c e r ta in  t a s k s  to which  the Cou l te r  C ount e r  h a s  be en  appl i ed  with s u c c e s s  (e .g . ,  count ing  

u n i c e l l u l a r  a lga l  cu l tu re s ) ,  no doubt  b e c a u s e  the  me thods  do not  di ffer  g rea t ly  from t h o s e  for 

b loo d-ce l l  c o u n t s .  But in ge ne ra l ,  i f  t e c h n i q u e s  de v e lo p ed  in o ther  f i e ld s  a re  ap p l i ed  d i rec t ly  

to mar ine  problems the  r e s u l t s  are of ten d i s c o u ra g in g .  However,  wi th  only sm a l l  c h a n g e s  in 

coun t in g  pr o ced u res  and a few ad di t io ns  and  a d a p t a t i o n s  of ap p a r a tu s ,  a model B Co u l te r  

Cou nte r  can  be made to give r e s u l t s  which ,  at p r e s e n t ,  cannot  be ob ta in e d  in any o th er  way.

It is  the  purpose  of th i s  manual  to d e s c r i b e  the p r a c t i c a l  opera t ion  of the model  B 

Coul te r  Coun ter  and to show how it can  be  u s e d  to ad v an ta g e  in mar ine  r e s e a r c h .  However ,  

d e s c r i p t i o n s  of t e c h n iq u e s ,  no ma t te r  how d e t a i l e d ,  can  never  be a s u b s t i t u t e  for e x p e r i e n c e .  

We would  s t rongly  adv is e  tha t  an ope ra tor  s p e n d  some t ime ga in ing  e x p e r i e n c e  with the  

ins t rument  before making  o b s e r v a t i o n s  of  any impor tance .

II. DESCRIPTION OF THE INSTRUMENT

Severa l  good d e s c r i p t i o n s  have  b e e n  p u b l i s h e d  (e .g . ,  E l -S ayed  and L e e  1963;

Maloney et  al  1962), and a l though t h e s e  a re  of an o lder  and le s s  u s e f u l  ins t rumen t  - the  

model  A - the pr inc ip le  and opera t ion  a l s o  apply  (with minor d i f f e r e n c e s )  to the model  B.

A ful l  d e s c r ip t i o n  both of the pr inc ip l e  and ope ra t io n  of the  model B i s  g iven  in the  in s t ru c t i o n  

manual  s u p p l i e d  with the in s t r ume n t .  The  d e s c r ip t i o n  g iven  here  wi l l  be br ief ,  and  i t  i s  

in c lu de d  s o  tha t  the  r e s t  of the  manual  c a n  be  r ead i l y  und er s to od .
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10 /  D e s c r i p t i o n  o f  T h e  I n s t r u m e n t

T h e  b a s i c  p r in c ip le  on which  the in s t rum en t  o p e ra te s  i s  very s i m p le .  If an e l e c t r i c  

f ie ld  i s  m a in ta in e d  in an e le c t r o ly t e ,  then a p a r t i c l e  p a s s i n g  into thi s  f ie ld wi l l  c a u s e  a 

c h a n g e  in e l e c t r i c a l  p rop e r t i e s  if the  r e s i s t i v i t y  of the p ar t ic le  di ffers  from tha t  of the 

e l e c t r o l y t e .  The  par t i c le  wil l  d i s p l a c e  i t s  own volume of e l ec t r o ly t e  and  the change  

produced  wi l l  be  propor t iona l  to p a r t ic le  volume.  T h e  re la t i o n sh ip  b e tw een  ch an ge  in 

e l e c t r i c a l  p r op e r t ie s  and pa r t i c le  volume i s  l inear .

T h e  a r rangement  of the  ins t rum en t  i s  shown d iagram ma t ic a l l y  in F i g .  1, To  ope ra te ,  

the  tap  on the  g l a s s w a r e  i s  opened  and mercury  i s  drawn into a manometer  by means  of a 

s m a l l  pump. The  tap  i s  the n  c l o s e d  and the mercury fa l l s  back .  As it  d o e s  s o ,  it t a k e s  with 

i t  a s u s p e n s i o n  of p a r t i c l e s .  T h i s  h a s  to p a s s  th rough a sma l l  aper ture  in a g l a s s  tube,  

a c r o s s  which  an e l e c t r i c  f ield i s  m a in t a in e d .  As  p a r t i c l e s  p a s s  through the  aper ture  they 

c a u s e  e l e c t r i c a l  d i s t u r b a n c e s .  T h e s e  a re  m e a s u r e d  and coun ted  au t om a t i ca l ly .

T h e  purpose  of the  ape r ture  i s  to l imi t  the  volume of e l ec t ro ly te  in which  c h a n g e s  of 

e l e c t r i c a l  p r op e r t ie s  c an  be  produced .  It h a s  been  found in p r ac t ic e  (Mattern e t  al 1957) that  

the e l e c t r i c a l l y  s e n s i t i v e  zone  i s  about  th ree  t ime s  the volume of the aper ture  and co m p r i se s  

the  ap er tur e  i t s e l f  and two h e m is p h e r e s  of s im i l a r  volume (F ig .  1).

TO PUMP

AMPLIFYING AND 
COUNTING UNIT

O  O  I

Fig. 1
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As the mercury f a l l s  through the  manometer  it o p e r a t e s  two s w i t c h e s  fused  in to  the 

g l a s s .  T h e  f ir s t  s t a r t s  the  count e r  and the s e c o n d  s t o p s  it ,  s o  tha t  p a r t i c l e s  in a de f in i te  

volume of s am ple  are counted .

The  s e n s i t i v i t y  of the  ins t rumen t  c an  be v a r ie d  e i t h e r  by changing  the degree  of 

am pl i f i ca t io n  of the  e l e c t r i c a l  d i s t u r b a n c e s  (or p u l s e s ) ,  or by changing  the  s t r eng th  of the 

cur ren t  b e tw e e n  the  e l e c t r o d e s .  T h e  am pl i f ica t ion  c an  be  va r i ed  s t e p - w i s e  by f ac to r s  of 2 

and the  aper ture  cur r en t  by fac to rs  of 2 or 2 / '2. R e l a t i v e l y  sm a l l  p a r t ic le s  can  be coun ted  

at  high s e n s i t i v i t y  and re la t i v e ly  la rge  p a r t i c l e s  at  low s e n s i t i v i t y . *  The  range of p a r t i c l e  

s i z e  over  which  co u n ts  are made can  be l imi ted  by m e a n s  of th re sh ol d  con t ro ls .  T h e s e  are 

e l e c t r i c a l  f i l t e r s .  T h e  upper  th re sh ol d  contro l  permi ts  only p u l s e s  ( i . e . ,  p a r t i c l e s )  l e s s  than 

some pre-de te rm ined  va lue  to be count ed ,  and the lower  th r e s h o ld  control  wi l l  al low only 

p u l s e s  g re a te r  than some o ther  pre -de te rmined  v a l u e  to be count ed .  Co un ts  can therefore  

be made  over  a def in i t e  range  of pa r t i c l e  s i z e .

As o s c i l l o s c o p e  i s  p rovided  s o  tha t  a rough v i s u a l  c h e c k  can  be made  of the  p a r t ic le  

s i z e  d i s t r ib u t ion .  E l e c t r i c a l  p u l s e s  are s e e n  as  v e r t i c a l  l i n e s ,  the length  of which  is 

p ropor t iona l  to p ar t ic le  s i z e .  The  e f f ec t  of c h a n g e s  in s e n s i t i v i t y  and th re sh ol d  s e t t i n g s  

can e a s i l y  be s e e n .

T h e  p r e s e n c e  of an aper ture  p l a c e s  c e r t a in  r e s t r i c t i o n s  on the  s i z e  of p a r t i c l e s  which 

can  be m ea su red .  The  l in ea r  re la t i o n sh ip  be tw een  e l e c t r i c a l  p u l s e  s t reng th  and p ar t ic le  

volume d o e s  not  apply if  p ar t ic le  d iamet e rs  are g r e a te r  than about  40% of the  aper ture

d iameter .  At the other end of the s c a l e ,  p u l s e s  from p a r t i c l e s  with d ia m e te rs  l e s s  than „2%
It .{ / ' Lj ' U ' - P

of the aper tur e  d iame te r  cannot  be s e p a r a t e d  from e l e c t r i c a l  " n o i s e ” . l-'J

T h e o r e t i c a l l y  it i s  p o s s i b l e  — by a s u i t a b l e  c h o i c e  of aper ture s i z e ,  s e n s i t i v i t y ,  

and th re sh ol d  s e t t i n g s  — to count  p a r t i c le s  be tw ee n  v i r tu a l ly  any l imi ts  of pa r t i c le  s i z e .  In 

pra c t ic e ,  in ev i t ab le  r e s t r ic t i o n s  of ins t rument  de s i g n  and  ex pe r im ent a l  p r ocedure s  l imi t  the 

range which  can be m e a su re d  to p ar t ic le  d ia me te rs  from about  0.5 p to 1000 p.
r  A— y -  ( V A  .) z'1'*—- y .  (Y'í>z¿/)

S 'SO /U  ‘3 ,ö 'A  -  ¡S ù  -

I Ô O  A  I / V  '  ^

S'o O SA -  ¡O/'

• I1,1

0.52  -

*It is convenient to consider instrument sen sitiv ity  as  the product of Aperture Current and 
Amplification se ttin g s. For most p ractical purposes the se ttings are interchangeable, i .e ., Amp. l/2Ap. 
Cur. 2 (Sensitivity  = 1) is  the same as Amp. 4 Ap. Cur. ]4 (Sensitivity  = 1). Note that as the 
Amplification and Aperture current settings are reciprocals, sm all numbers signify high sensitiv ity  
and, therefore, small p artic les .



III. CALIBRATION

(1) G E N E R A L  S TA TEM EN T

It i s  n e c e s s a r y ,  before  p a r t i c le  s i z e  can be m easu red ,  to c a l i b r a t e  the  ins t rument .  

C a l ib ra t io n  d o e s  not  involve  any of the e le c t ro n ic  com po ne n ts  of the  ins t r umen t .  I ts purpose  

is  s imply  to de f ine  th e  r e l a t i o n s h i p  be tw een  p ar t ic le  volume and e l e c t r i c a l  p u l se  s t r ength  

for ea ch  ape r t u re .  Idea l ly  a c a l i b ra t i o n  sh ou ld  be  worked  out  for e a c h  kind of par t ic le ,  but 

in p r a c t i c e  th i s  i s  u n n e c e s s a r y .  If we c o n s id e r  only one  p ar t ic le  s i z e  and one  aper ture the 

g en e ra l  e x p r e s s i o n  for r e s i s t a n c e  c ha ng e  in the  aper ture  ( se e  “ T heory  of the Coul te r  

C o u n te r ” ) can  be s im pl i f ie d  to:  A R = K ( 1 — — - ) where  A R i s  the r e s i s t a n c e  change  

c a u s e d  by the  p a r t i c le ,  K i s  a c o n s ta n t ,  Pe is  the e l e c t r o ly te  r e s i s t i v i t y ,  and P is  the p ar t ic le  

r e s i s t i v i t y .  If the  pa r t ic le  r e s i s t i v i t y  i s  much g re a te r  than  the e l e c t r o l y t e  r e s i s t i v i t y  the 

term c an  be n e g l e c t e d  and the  change  in r e s i s t a n c e  i s  then in de p e n d e n t  of par t ic le  

r e s i s t i v i t y .  Most  p a r t i c u la te  m a te r ia l s  met with in marine  r e s e a r c h  have  r e s i s t i v i t i e s  

th o u s a n d s  of  t ime s  g re a te r  than  tha t  of s e a w a t e r  — the  commonly u s e d  e le c t ro l y te .  This  

m eans  tha t  for p r a c t i c a l  p u r p o s e s  a s in g l e  c a l ib ra t io n  wi l l  su f f i ce  for al l  p a r t i c le s .

(2) P R O C E D U R E

The a c t u a l  p rocedure  for ca l i b r a t i o n  i s  very s im ple .  It is  p o s s i b l e  to re la te  the 

ca l i b r a t i o n  of  one aper ture  to th a t  of any o ther  and  id ea l ly  only one ca l ib ra t io n  need be 

made .  However,  as  the p r o c e s s  of c a l ib ra t io n  i s  no t  very t ime consu min g  i t  i s  p refe rab le  

to c a l i b r a te  e a c h  aper ture  s e p a r a t e l y .  Ca l ibra t ion  can  be ca r r ied  out very a ccu ra te ly  with 

any kind of p a r t i c u l a t e  m a te r ia l  p rovided  tha t  p a r t i c l e  d i a m e te r s  are wi th in  the range from 

2% to 40% of the  ape r ture  d i a m e te r  and the con cen t r a t io n  (by volume)  of the p a r t i cu l a te  

ma te r ia l  i s  known,  ( s e e  “ T heory  of the Coul te r  C o u n t e r ” ). However,  it  i s  e a s i e r ,  and 

su f f i c ie n t l y  a c c u r a t e  for m os t  s t u d i e s  to ca l i b r a t e  us in g  mo no-s iz ed  p a r t i c l e s .  Po l l en  gra ins 

are commonly u s e d .  T h e s e  a r e  e s s e n t i a l l y  mo no-s ize d  for each  s p e c i e s ;  many s p e c i e s  are 

near ly  s p h e r i c a l ,  and they  are  a v a i l a b l e  over  a wide  range of s i z e .  A l i s t  of some s u i t a b le  

ca l i b r a t i o n  m a t e r i a l s  i s  g iv e n  be low.

Mater ia l  Approximate  S ize  Aper tur es  to be c a l ib ra te d

P l a s t i c  Sp he re s  3.49 /j. 30 ¿x and 50 /x
(Dow C h e m i c a l  Co. )

P a p e r  mulberry po l len  16 ¡j. 70 /x and 100 ¡i

R a g w e e d  pol len  19.5 /x 100 ¡i to 280 fi

P e c a n  po l l e n  45 /x 280 ¿x to 560 /x

Corn pol len  90 /x 400 /x to 1000 ¡i

Crab e g g s  400 /x 2000 ^

12
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The  procedure  for c a l i b r a t i o n  u s in g  s e a  water  a s  the e l e c t r o l y t e  is a s  fo l lows:

1. Se lec t  a pol len or o ther  p a r t i c u l a t e  m ater ia l ,  p refe rab ly  wi th  the mean  pa r t i c l e  

d i am e te r  be tw een  10% and 20% of the ape r ture  d i ameter ,  and d i s p e r s e  in pa r t ic le - f r ee  

s e a w a t e r  ( s e e  C I( 1) and C . 1(2)), L e a v e  for 24 hours .

2. Measure with a m ic ro sc o p e  the  d i a m e te r  of s e v e r a l  hundred po l le n  g ra in s ,  and 

c a l c u l a t e  the  mean d iameter  and volume.

3. F i l l  the aperture tube with s e a w a t e r .

4. Measure the  r e s i s t a n c e  a c r o s s  the  aper tu re .  T h is  m ea su re m e n t  is not  c r i t i c a l  and 

can  be made with an ordinary mul t i -p urpose  meter .  P u t  the aper ture  cu r ren t  s w i t c h  to O F F ,  

put  one  probe on the ex te rna l  e le c t r o d e  and one on the meta l  s h ie ld  a round the s am ple  

platform and record the  r e s i s t a n c e .

5. Set  the match ing s w i t c h  — th is  is  l o c a te d  in s id e  the  c a b i n e t  above  the o s c i l l o s c o p e  

— accord in g  to the fol lowing ta b le .

Aperture r e s i s t a n c e  Matching s w i t c h  s e t t i n g  Minimum aper ture
(ohms) c u r r e n F s w i t c h  se t t i n g

10.000 128—H
1 2 8 - L

 } 20 ,000 6 4 - H
6 4 - L

40.000  3 2 - H
3 2 - L

80.000 1 6 - H  1
1 6 - L  1/2

160.000 8—H 2
8—L  1

320.000 4 - H  4
4 - L  2

The  matching s w i t c h  sh ou ld  normal ly  be  s e t  on the H po s i t i o n .  With e l e c t r o l y t e s  

g iving high aper ture r e s i s t a n c e  it might  be n e c e s s a r y  to exper iment to s e e  w he th e r  the 

ins t rument  works  b e s t  wi th the  s w i t c h  in the H or the  L  p o s i t i on .  Aper ture  r e s i s t a n c e s  with 

s e a w a t e r  a r e  u s u a l l y  l e s s  than about  20 ,000  ohms (50 /r ape r ture  20 ,000  ohms,  560 ¡i aper ture 

5,000 ohms).

6. Record  the minimum p e r m is s ib l e  aper ture cur rent  sw i t c h  s e t t i n g .  It i s  important  

no t  to u s e  s e t t i n g s  l e s s  than th i s  b e c a u s e  the r e la t i o n s h ip  b e tw een  e l e c t r i c a l  p u l s e s  and 

p a r t i c l e  volume wil l  not  be l inea r .

(Older co un te rs  may not  have  a match ing  s w i t c h ,  for t h e s e  ignore 4, 5, and  6).

7.  Ch eck  tha t  upper  th re sh ol d  mode s w i t c h  i s  in S E P A R A T E  pos i t ion .
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8. Make up a s u s p e n s i o n  of po l le n  g ra in s  ( s e e  C . 1(1)) at  low c o n c e n t r a t io n  with 

pa r t ic le - f r ee  s e a  water  ( se e  C . 1(2)). Th e  maximum recommended  co n c e n t r a t io n s  are g iven  

in F i g .  2. C oncen t ra t io n  can  be c h e c k e d  in the  fol lowing way .  Set the am pl i f ic a t ion  and 

ape r ture  cur ren t  s w i t c h e s  so  tha t  most  of the p u l s e s  reach  be tw een  1/3 and 2 / 3  up the 

o s c i l l o s c o p e  s c r e e n .  Set  the lower  th re sh o ld  a t  about  ha l f  th i s  va lue  ( i . e . ,  15—30) and 

sw i t c h  off the upper th re sh ol d  cont ro l .  T h i s  is done s imply  by turning the contro l  as  

far as  it  wi l l  go p a s t  the  100 mark.  C oun ts  ta ke n  a t  t h e s e  s e t t i n g s  wil l  inc lu de  mos t  of 

the p a r t i c l e s  in s u s p e n s i o n ,  and p a r t i c l e s  sh o u ld  not  be at g re a t e r  c o n c e n t r a t i o n s  than 

shown in F ig .  2.

1, 0 0 0 , 0 0 0

500,000

200,000

100,000

50,000

20,000

- 10,000
E
V 5,000

o 2000

1000

500

200

100

50

20

30 50 70 100 140200280 400 560 1000 2000
e
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9. Record  the  aper ture  cur ren t  and amp l i f ica t ion  s e t t i n g s  u s e d  in 7.

10. L e a v e  the  upper  th r esh old  s w i t c h e d  out ,  and s e t  the  lower th re sh ol d  at 10. Make 

co u n ts  a t  th i s  s e t t i n g ,  and then at conv en ie n t  s u c c e s s i v e l y  la rger  th r esh old  s e t t i n g s .  E a c h  

of t h e s e  co u n t s  wi l l  be of  al l  p a r t i c l e s  in s u s p e n s i o n  la rger  than  the pa r t i c le  s i z e  (as  yet  

unknown) r e p r e s e n t e d  by the lower  th r esho ld  s e t t i n g .

11. A p lo t  of count  a g a i n s t  t h r e sho ld  s e t t i n g  wi ll  g ive  a cumula t ive  f requency  

d is t r i bu t io n  (Fig .  3), and the  median  i s  a m e a su re  of a ve rage  p a r t ic le  vo lume.  (Fo r  c a l i ­

bra t ion  of very smal l  ap e r tur e s  s e e  C . 1(3)).

12. We have now e s t a b l i s h e d  one point  on the  th r e sh ol d  s c a l e  whe re  pa r t i c le  volume 

i s  known.  As  the  r e l a t i o n s h i p  be tw een  th re sh o ld  s e t t i n g  and p a r t ic le  volume i s  l inear ,  the 

pa r t ic l e  vo lumes  r e p r e s e n te d  by al l  po in ts  on the th r e s h o ld  s c a l e  are known.  T h i s  i s  for 

the  ins t rument  a t  one pa r t icu la r  s e n s i t i v i t y .  However ,  a s  e a c h  Aper ture  Current  and Ampl i ­

f ica t ion  s e t t i n g  a l t e r s  s e n s i t i v i t y  by a fac tor  of  2; then  p a r t i c l e  vo lum es  r e p r e s e n t e d  by 

th re s h o ld  s e t t i n g s  at  a l l  s e n s i t i v i t i e s  are known.

E xam pl e .  In F i g .  3, we  ha ve  s e e n  that  at  s e n s i t i v i t y  1 / 4  (Aperture  Current  1 /2  and Amp l i f ica ­

t ion 1 /2 )  1 th re sh ol d  d i v i s ion  r e p r e s e n t s  111.4 At s e n s i t i v i t y  1 /8  (Ampl if ica t ion  1 / 4  

Aperture  Curren t  1 /2 )  1 d iv i s io n  r e p r e s e n t s  55.7 and a t  s e n s i t i v i t y  1 /2  (Aperture Curren t  

1 Ampl i f ica t ion  1/2)  1 d i v i s io n  r e p r e s e n t s  222 .8 . T h is  i s  su mm ar ized  in F i g .  4.

600

400

oo

200

LOWER THRESHOLD SETTING

Aperture: 2 0 0  p.
Calibration material : Ragweed pollen

mean particle volume 
3 9 0 0  j j 3

A perture Current Setting :

Amplification Setting :

Matching switch se ttin g  : 1 2 8 -H

Medion at threshold 3 4 =3 9 0 0 p ^  
I th resh o ld  unit s l l 4 . l j j 3

Fig. 3.
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It i s  so m e t im e s  c o n v e n i e n t  for 1 th r esho ld  d i v i s io n  to r e p re s e n t  a p re -de termined 

pa r t i c le  volume.  F or  i n s t a n c e ,  in the example  shown (F ig .  3) it might  be con venie n t  for 

c a l c u l a t i o n  p u r p o s e s  for 1 d iv i s io n  to r e p re s e n t  100 i n s t e a d  of 111.4-g^ a s  found. Th e re  

i s  a cont r o l  i n s id e  the c a b i n e t  (var i ab le  ga in  cont rol )  w hic h  ove r  the whole  of i t s  range  wil l  

a l te r  s e n s i t i v i t y  by a fac tor  of  2.  It i s ,  therefore ,  p o s s i b l e  to s e l e c t  s e n s i t i v i t y  s e t t i n g s  

b e tw e e n  th e  2 x s t e p s  of the aper tur e  cur ren t  and am pl i f ic a t ion  co n t r o l s .  The  e f fec t  of the 

va r i ab l e  ga in  cont ro l  i s  i l l u s t r a t e d  in F i g .  4. The  cor r ec t  s e t t in g  for thi s  cont ro l  is  found 

by t r ia l  and  error,  and on ce  s e t  sh o u ld  not  be c ha ng ed .  Moving th i s  con t ro l  ch a n g e s  the 

ca l i b r a t i o n ,  and i t  is  d if f icu l t  to s e t  b a c k  exac t ly  in the s am e p l a c e .  U n l e s s  a def in i te  

th r e sh ol d  d i v i s io n  to p a r t i c l e  vo lume re la t i o n sh ip  is  required the  va r ia b l e  gain control  

sh o u ld  be le f t  in the  middle  of i t s  range.

Sensitivity
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THRESHOLD SETTING

Fi g .  4

Having  now de f ined  the  e x a c t  r e la t i o n s h ip s  b e tw e e n  ins t rum en t  s e t t i n g s  and pa r t ic le  

volume th e re  a re  3 w ays  in w hic h  the c a l ib ra t io n  may be wr i t ten  out:

A r i t h m e t i c  s c a l e  o f  p a r t i c l e  v o l u m e :  T h i s  i s  the e a s i e s t  s c a l e  to u s e  and i s  ob ta ine d  

d i rec t ly  from th re s h o ld  s e t t i n g s .  It sh o u ld  only be u s e d  for p a r t i c l e  p opul a t io ns  where the 

d i f fe rence  be tw e e n  s m a l l e s t  and la r g e s t  p a r t i c l e s  i s  r e la t i v e ly  s m a l l .  (Rat io  of about  1:20



C a l i b r a t i o n  /  17

jU e ) t ) V
— ,i> •bM 

0.0'-3

0> 31 ^

0  ,6.2^

0  -1 7 3  

(  . 1 * 5

/

/ .SU» 

2 , 0 9

2 . H ^

1  . ? #

'i -011

I  , 3 »

3  . m

3 ,f%3

4 . 7 H,

4 ,5  3S"

4  .-S3? 

S'* B ? "

5  .4 39

5  .240

6 , 0 4 »

0 , 3 4 2

5 .(,43.

6  3 4 4

?  .24C

?  ■ "• 

?  - W r

i . / « i  

S 3 4 9  

^ -?6ü>

Diameter (/x)

1.00

1.26

1.58

2.00

2.52

3.18

4.00

5.04

6.34

8.00

10.1

12.7

16.0

20.2

25.4

32.0

40.3

50.8

64.0

80.6

102

128

161

203

256

322

404

512

646

812

1020

L og10D

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1.10

1.20

1.30

1.40

1.50

1.60

1.71

1.81

1.91

2.01

2.11

2.21

2.31

2.41

2.51

2.61

2.71

2.81

2.91

3.01

Volume (/B)

0.52

1.04

2.08

4.19

.38

16.8

33.5

67.0

134

268

536

1.07 x IO3

2.15 x IO3

4.29 x IO3

8.58 x 10 3

17.2 x IO3

34.3 x IO3

68.7 x IO3

137 x IO3

275: x IO3

549 x IO3

1.10 x IO6

2.20 x IO6

4.40 x IO6

8.79 x IO6

17.6 x IO6

35.1 x IO6

70.3 x IO6

141 x IO6 

281 x IO6 

562 x IO6

Volume (¿x3)

0.73

1.47

2.94

5.92

11.8

23.8

47.4

94.7

189

379..

758

1.52 x IO3

3.03 x 10 3

6.07 x IO3

12.1 x IO3

24.3 x IO3

48.6 x IO3

97.1 x IO3

194 x IO3

388 x IO3

777 x IO3

1.56 x IO6

3.11 x 10e

6.22 x 10(

12.4 x IO6

24.9 x 10f

49.6 x 10(

99.4 x 10° 

199 x IO6 

397 x IO6

Log 10D

0.05

0.15

0.25

0.35

0.45

0.55

0.65

0.75

0.85

0.95

1.05

1.15

1.25

1.35

1.45

1.55

1.66

1.76

1.86

1.96

2.06

2.16

2.26

2.36

2.46

2.56

2.66

2.76

2.86

2.96

D iam eter ( f i )

1.12

1.41

1.78

2.24

2.82

3.57

4.49

5.66

7.12

8.98

11.3

14.3

18.0

22.6

28.5

35.9

45.3

57.0

71.9

90.5

114

144

181

228

287

361

452

573

724

909

let)lb y/À

e. tui
O , 1 L Î

a .112. 

I . 3 1 ?

1 .  0 7 6 - 

/ • *11 C

7 - b l l  

7 ■ 8&>

3 . If 2 

3

3 -7 Si 

^ . 0 0

q  .*,<¿6,

4  .OS?

5 . H ?  

5" , 5 0  

5 . S fo

¿ -ITU 

ù ■‘Joi 

C - U l  

}  . o n

y  , M 6 

y .0 1 5  

? . í n  
% , i w

i  . S l ri

Fig. 5



18 /  C a l i b r a t i o n

of p a r t i c l e  volume),  or where  m ea su re m e n t  of re la t i ve  volume i s  impor tan t  (e .g . ,  P a r s o n s  

1965). T h i s  i s  commonly u s e d  for b l oo d- ce l l  co u n t s  and can a l s o  be u s e d  for p lankton  

c u l t u r e s  and larva l  co u n ts .

E x am pl e :  Set  the s e n s i t i v i t y  s o  th a t  the p u l s e s  from the  la r g e s t  p a r t i c l e s  ju s t  re a c h  to the

top of the o s c i l l o s c o p e  s c r e e n .  T a k e  co un ts  over  def in i te  th r esho ld  in t e r v a l s  (e .g. ,  5—10, 

10—15, e tc . ) .  T h e s e  wi l l  cor re spond to de f in i te  ra n g e s  of p ar t ic le  volume.  It i s  of ten 

co n v e n ie n t  when making co u n ts  in th i s  way  to s e t  a c o n s t a n t  th re sho ld  " w i n d o w ” . T h i s  is  

done s imply  by put t ing the upper  th re s h o ld  mode sw i t c h  to LOCKED (See C.I (3) ) .

L o g a r i t h m i c  s c a l e  o f  p a r t i c l e  d i a m e t e r  or v o l u m e :  T h is  is  u s e d  where  large range 

of p a r t i c le  s i z e  oc c u r s ,  e . g . ,  s u s p e n d e d  ma t te r  in the s e a  (Sheldon and P a r s o n s  1967). The  

m os t  co n v en ien t ,  and ind eed  the only p r a c t i c a l  s c a l e  to use ,  is  one su ch  th a t  p a r t i c le  volume 

v a r i e s  by a fac tor  of 2 or 2 ^  for ea ch  s t e p .  One such  s c a l e  s ta r t i ng  a t  a p a r t i c l e  d ia me te r  

of 1 fi i s  g iven  in F i g .  5- Thi s  i s  a l s o  a log.  s c a l e  of par t i c le  d iameter .  S c a l e s  b a s e d  at  

o ther  s i z e s  c an  e a s i l y  be  c a l c u l a t e d  if requi red .

Sensitivity
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F i g .  6
60 10020 40 80

THRESHOLD SETTING

R e fe re n c e  to F i g .  6 wi l l  show how s u c h  a s c a l e  can be u se d  in p r a c t i c e .  A ssu me  

tha t  at  s e n s i t i v i t y  1 /3 2  p a r t i c l e s  of 2 /x d iame te r  (4 .19  /x3 volume) cor re spo nd to a th re sh ol d  

s e t t i n g  of  40.  T h e n  p a r t i c l e s  of 2 .52  ¡i d ia me te r  (8.38 /x volume) co r r e spon d to a t h r e sh ol d
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s e t t i n g  of 80.  But  2.52 p d ia me te r  p a r t i c l e s  a l s o  c o r r e sp o n d  to a th r e s h o ld  se t t i n g  of 40 at  

s e n s i t i v i t y  l / l 6 .  The re fo re ,  if the  lower  t h r e sh ol d  i s  s e t  at  40 and upper  th r esho ld  i s  s e t  

a t  80, then  at s e n s i t i v i t y  1 /3 2  p a r t i c le s  with d ia m e te r s  be tw e e n  2 .0  /i and  2.52 ¡i w i l l  be 

co un ted .  With the  same th re sh ol d  s e t t i n g s  and s e n s i t i v i t y  1 /1 6  p a r t i c l e s  2.52 p to 3 .1 8  /z 

wi l l  be c o un ted .  It i s  c l ea r ,  therefore ,  tha t  c o u n ts  can be  made  on a log.  s c a l e  s u c h  tha t  

volume i n c r e a s e s  by a fac tor  of 2 s imply  by s e t t i n g  lower  t h re sh ol d  a t  some figure,  uppe r  

th r esho ld  at  twic e  thi s  and  tak in g  co un ts  at  s e n s i t i v i t i e s  s u c h  tha t  e a c h  d i f fers  from nex t  

by a fac tor  of 2. 7? ! x-

Co un ts  can  be made  at  c l o s e r  i n te r v a l s  by cha ngi ng  the  s e n s i t i v i t y  by a fac tor  of
1 / . w

2 2 . In th i s  c a s e  the upper th r esho ld  should  be  s e t  at  2 /2 the  va lue  of lower  th re sho ld .  

Example :  Set  the lower  th re sho ld  a t  40 and the upper  th r e sh o ld  a t  56.5 ( i . e . ,  40  x 2 ^ ) .

With the  s e n s i t i v i t y  at  l / l 6  (e .g . ,  Ampl i f ica t ion  1 /4  Aper ture  Current  1 / 4)  p a r t i c l e s  2 . 5 2 —

2.82 p wil l  be coun te d .  With the s e n s i t i v i t y  at  — (e. g. ,  Ampl i f ica t ion  1 / 4  Aper ture  

Curren t  .354) p a r t i c l e s  2 .8 2—3.18 p ,  e tc .  T h is  s c a l e  i s  c l o s e l y  graded  enough for the mos t  

ex a c t i n g  work.

A r i t h m e t i c  s c a l e  o f  p a r t i c l e  d i a m e t e r :  T h i s  i s  not  a very c o nv eni en t  s c a l e  to u s e ,  

but  it might  be n e e d e d  for c e r ta in  typ es  of count ,  and p a r t ic u l a r ly  for c om p a r i s o n  with 

m ic ro sc o p e  c o u n ts .  The  e a s i e s t  way to wr i te  out  the c a l i b r a t i o n  i s  to p lot  the r e l a t i o n s h i p  

b e tw ee n  pa r t ic le  volume and ins t rument  s e t t i n g  and then read  off from th i s  the ins t rumen t  

s e t t i n g s  for e a c h  in te rva l  of  pa r t ic le  d iameter  s e l e c t e d .  It i s  a l s o  p o s s i b l e  to c a l c u l a t e  the 

ins t rumen t  s e t t i n g s  d i re c t l y .  It wi ll  be  n e c e s s a r y  to c h a n g e  ins t rument  s e t t i n g s  ( s e n s i t i v i t y  

or t h re s h o ld s  or both) for e a c h  count,  and grea t  c a r e  sh o u ld  be  ta ken  to che c k  the s e t t i n g s  

before e a c h  count .  F i g u re  7 sh ow s  par t  of an a c t u a l  c a l i b r a t i o n  s h e e t  for a 100 ¡i ap e r tu r e .  

Note tha t  for e a c h  d iamet er  in te r va l  there  i s  more than one  p o s s i b l e  ins t rument  s e t t i n g ,  e .g . ,  

co u n ts  b e tw e e n  11.5 /x and 12 g. d iame te r  could  be  made  a t  s e n s i t i v i t y  4,  th r e sh o ld s  32 and  36, 

or at  s e n s i t i v i t y  2, th r e s h o ld s  64 and 72.  For  mos t  p u r p o s e s  the l a t t e r  s e t t i n g s  would be 

pref er ab le .

(3) S T ABI LIT Y

The r e s p o n s e  of the ins t rument  d ep en d s  on the  d i f f e r enc e  be tw een  the r e s i s t i v i t y  of 

the  pa r t i c le  and the  r e s i s t i v i t y  of the e l e c t r o l y t e .  It would  app ea r ,  therefore ,  from purely  

t h e o r e t i c a l  c o n s i d e r a t i o n s ,  tha t  as  the  r e s i s t i v i t y  of an aq u e o u s  e l e c t r o ly te  v a r i e s  wi th  

tempera ture  and c o nc en t r a t i on  of s o lu te ,  the  c a l ib ra t io n  sh ou ld  a l s o  vary wi th tempera ture ,  

e tc .  T h is  w a s  the c a s e  with ear l i e r  models  (model  A) w h ich  id e a l ly  s h o u ld  be u s e d  un de r  

s t a b l e  con d i t io n s  of t em pera tu re ,  and sh o u ld  be c a l i b r a t e d  for e a c h  e l ec t ro ly te  u s e d .  Howe ve r ,  

the  model  B Cou l te r  Co un te r  i s  d e s i g n e d  s o  th a t  c a l i b r a t i o n  remains  c o n s t a n t  over  a wide 

range  of t e m p e ra tu re s  and  e l e c t ro ly te  c o n c e n t r a t i o n s .  In p r a c t i c e  we  have  found that  

c a l i b r a t i o n  remains  c o n s t a n t  b e tw e e n  5 C and  25 C u s i n g  normal  s e a  w a te r  ( S ~ 3 0 % o).

I
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C a l ib ra t io n  a l s o  remains  c o n s t a n t  over  the range of s a l i n i t y  8%0 — 40%o (temp. 20C).  F or  

mos t  a p p l i c a t i o n s  in mar ine  work u s i ng  s e a  water  a s  e l e c t r o ly te  a s i n g l e  ca l i b r a t i on  at  

2 0 ° C  with normal s e a w a t e r  wil l  s u f f ic e  for most  p u r p o s e s .  However ,  if very high or very 

low s a l i n i t i e s  are e n c o u n te r e d  a t  the  s am e t ime a s  h igh or low te m pera tu res  i t  would be w is e  

to che c k  the c a l ib r a t io n .
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IV. RELIABILITY

(1) ACCURACY

It i s  not  e a s y  to c h e c k  ab s o lu te ly  the a c c u r a c y  of counts  and the m e a s u re m e n t  of 

pa r t i c l e  s i z e .  T h i s  i s  part ly due to the f a c t  tha t  o ther  methods  of c ou nt in g  and s i z i n g  

e i t h e r  m easur e  a d if feren t  p a r t i c l e  property (e .g . ,  se d im en ta t io n  ra te )  and  are,  the re fo re ,  not  

s t r i c t l y  comparab le ,  or are to some e x t e n t  s u b j e c t i v e  (e .g. ,  haem acy to m et er ) .  However ,  

co m pa r i s ons  ha ve  been made of co u n ts  with the Coul te r  Counter  and wi th  o ther  e s t a b l i s h e d  

m ethod s  (Maloney e t  al 1962) and there  i s  l i t t l e  doubt  that  the in s t r um en t  wil l  count  and s i z e  

p a r t i c l e s  a c c u r a te ly ,  providing tha t  c e r ta in  p r e c a u t i o n s  ( s ee  be low)  are ta ken .  The  m e a s u r e ­

ment  of de n s i ty  of sand  g ra in s  ( s e e  B.  V (1) )  i s  a further  in d ic a t io n  th a t  the  in s t r umen t  can 

count  and  s i z e  to a high de gr ee  of  a c c u r a cy .

(2) PRECISION

It i s  s e l f -e v id e n t  th a t  wi th s m a l l  s u b - s a m p l e s  or for s u s p e n s i o n s  wi th  low p a r t ic le  

co n c e n t r a t i o n s ,  the number of p a r t i c l e s  coun ted  wi l l  not  be truly r e p r e s e n t a t i v e  of  the total  

s am p le .  There  wil l  be  random v a r i a t i o n s  about  some mean v a l u e .  T h e  p r e c is io n  which can 

be ex pe c te d  i s  shown in F i g .  8 . The  rep roduc ib i l i ty  of a count  a p p e a r s  to be i n d e p e n d e n t  z  

of aper ture  s i z e ,  s am ple  vo lume,  or ins t rumen t  s e n s i t i v i t y  s e t t i n g  and d e p e n d s  only on the S 

number  of  p a r t i c le s  counted .

The  fol lowing  table  wi l l  s e rv e  as  a rough guide  to the p r e c is io n  of count  d a t a  

( co nf id en ce  l imi ts  g iven are two s t a n d a r d  deviations'^?

Fo r  a count  of 2000 the  t rue count  i s  2 0 0 0 ± 65 (3-3%)

F o r  a count  of 200 the  true count  is  2 00+  12 (6 %)

Fo r  a count of 70 the  true count  i s  7 0 ±  11 (16%)

F o r  a count  of  30 the  t rue cou n t  i s  30 ± 8 (27%)

As larger  s a m p l e s  are  ta ken  the  reproduc ib i l i t y  of  count  da ta  improves  u n t i l  random 

var ia t ion  b ecom es  n eg l ig ib le .  However ,  if l a rge  co un ts  are due to h igh p a r t ic le  c o n c e n t r a t i o n s  

the a c c u r a c y  of the  count  d e c r e a s e s ,  e v e n  though good reprodu cib i l i ty  i s  m a in ta in e d .  T h i s  

i s  b e c a u s e  c o in c i d e n t  p a s s a g e s  occur .  T w o p a r t i c l e s  p a s s  to g e th e r  and  a re  c o u n te d  a s  one.

It i s  obvio us  tha t  co in c id e n t  p a s s a g e s  w i l l  occu r  at  a l l  pa r t i c le  c o n c e n t r a t i o n s  but  a t  very 

low co n c e n t r a t i o n s  the p robabi l i t y  of c o in c id e n t  p a s s a g e s  i s  sm a l l  and may be n e g l e c t e d .  As 

p a r t i c le  c on cent r a t i on  i n c r e a s e s  the propor t ion of c o in c i d e n t  p a s s a g e s  rap id ly  i n c r e a s e s .

F o r  s imple  d i s t r i b u t i o n s  with fair ly r e s t r i c t e d  range  of p a r t i c le  s i z e  it  i s  p o s s i b l e  to 

count  r e l a t iv e ly  c o n c e n t r a te d  s u s p e n s i o n s  and to make  a c c u r a te  e s t i m a t e s  of c o i n c i d e n t  

p a s s a g e s .  Cha r t s  and graphs  of  co r re c t i on s  a re  i nc lu de d  in the in s t ru me n t  in s t ru c t i o n  

ma nu al .  C o in c id en ce  cor re c t io ns  c an  a l s o  be c a l c u l a t e d  from the  fol lowing formulae:

The  number  of  co in c id e n t  p a s s a g e s  n c = P  ( '^ q q ' ) 2 where  n¡ i s  the o b se rv ed  cou nt .

21
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The  c o i n c i d e n c e  f ac to r  i s  g iven  by P  = 2.5 (

T h e  t rue  count  i s ,  therefore,  n ; + n c

T h i s  g i v e s  c o i n c i d e n c e  c o r r e c t i o n s  a c c u r a t e  to about  1% for co un ts  to 10% c o i n c i d e n c e .

When p a r t i c l e  d i s t r ib u t i o n s  a re  e n c o u n te r e d  with a large  range  of p a r t ic le  s i z e  t h e s e  

s imple  c o r r e c t i o n s  c a n n o t  b e  appl ied .  It i s  no t  c l e a r  why th i s  shou ld  be but  we  ha ve  found

in p r a c t i c e  th a t  i f  h igh c o n c e n t r a t i o n s  of p a r t i c l e s  with a large  range of s i z e  a re  counted ,

a c c u r a t e  e s t i m a t e s  of  c o i n c i d e n c e  c a n n o t  be made.  We have  found th a t  with m os t  p a r t i c u la te  

s y s t e m s  e n c o u n te r e d  in mar ine  work i t  i s  b e t t e r  to a r range  tha t  the  pa r t i c le  c o n c e n t r a t i o n  i s  

s u c h  tha t  i f  a l l  p a r t i c l e s  in s u s p e n s i o n  are c o n s i d e r e d ,  c o in c id en t  p a s s a g e s  w i l l  not be 

more than  10%. To  obt a in  an  app roxim ate  c h e c k  of pa r t i c le  con cent ra t io n  s e e  A. III (2). 

Recom me nded  maximum c o n c e n t r a t i o n s  of p a r t i c l e s  a re  g iven  in F ig .  9- With p a r t i c l e  c o n ­

c e n t r a t i o n s  a t  thi s  l e v e l  the  c o in c id e n c e  of  co u n t s  ta ken  be tw ee n  s e l e c t e d  s i z e  l imi t s  can



R e l i a b i l i t y  /  23
u s u a l l y  be ignored.  However,  b e c a u s e  of  the low to ta l  conc e n t r a t i o n  of p a r t i c l e s  the number 

of l a rge  p a r t i c l e s  in s u s p e n s i o n  may be  s m a l l  eno ugh  to s e r i o u s l y  a f fec t  p re c i s io n .  T h i s  

d i s a d v a n t a g e  c an  be overcome by tak ing  la rger  s u b - s a m p l e s .  Th e re  i s  no doubt  th a t  the 

Co ul te r  C oun te r  works  b e s t  wi th r e la t iv e ly  low p a r t i c l e  c o n c e n t r a t i o n s ,  and c o n c e n t r a t i o n s  

shou ld  be a r r anged  s o  tha t  pa r t i c le s  p a s s  approxi ma te ly  one  at  a t ime and c o i n c id e n t  

p a s s a g e s  a re  few.

With sm a l l  a pe r tu re s  i t  i s  p o s s i b l e  to approach  the maximum count ing  ra te  of the 

in s t ru men t  with s u s p e n s i o n s  giving l e s s  than 10% c o i n c i d e n c e .  It i s  a lw a y s  a d v i s a b l e  with 

t u b e s  s m a l l e r  than  50 p to check  not  only pa r t ic l e  c o n c e n t r a t i o n  but a l s o  the coun t in g  ra te.  

T h i s  s h o u ld  no t  be g re a t e r  than about  4 —5000 co u n t s  pe r  s e c o n d .
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(3) COUNTING SMALL PARTICLES WITH LARGE APERTURES.

When e i t h e r  d i s c o n t i n u o u s  or c lo s e ly  gra de d  d i s t r ib u t i o n s  are m easu re d  wi th la rge  

aper tur es  (grea te r  than 400 /¿) s p u r io u s  counts  may be ob ta in ed  a t  sm a l l  p ar t ic le  s i z e s .

With d i s c o n t i n u o u s  d i s t r i b u t i o n s ,  par t icu la r ly  th os e  wi th la rge  numbers  of p a r t i c le s  

near  the upper  l imit  of the  range  of an aper ture  and a l s o  la rge  numbers  ne a r  the lower l imit ,  

it i s  d i f f icu l t  to count  sm a l l  p a r t i c l e s  a c c u r a t e ly .  It s e e m s  tha t  wi th  la rge  ape r ture s  the 

ins t rum en t  c a n n o t  a d e q u a te ly  r e s o l v e  sma l l  and  la rge  p u l s e s  in c l o s e  s u c c e s s i o n .

However ,  with d i s t r i b u t i o n s  of th i s  type it i s  u s u a l l y  p o s s i b l e  to s e p a r a t e  the popula t ion  of 

l arge  p a r t i c l e s  on a s c r e e n  and  then  m easu re  the  two po pu la t i o n s  s e p a r a t e l y ,  us ing  d if fe ren t  

a pe r tu r e s  if  n e c e s s a r y .

With c l o s e l y  g r ad ed  d i s t r ib u t io n s ,  if in tegra l  co u n ts  are made  ( i . e . ,  with lower 

th r e sh ol d  on ly)  the count  may i n c r e a s e  as  s u c c e s s i v e l y  s m a l l e r  p a r t i c l e s  a re  m easured ,  then 

at  some po in t  wi l l  begin  to d e c r e a s e .  T h i s  is  c le a r ly  i m p o s s i b l e .  The  d e c r e a s e  in count  i s  

due to i n e v i t a b le  l i m i t a t i o n s  of the e le c t r o n i c s  and i s  r e l a t e d  to the r e s p o n s e  t ime of c e r t a in  

of the  co m p o n e n t s .  The  t rue  co unt  wi l l  be the la r g e s t  count  ob ta in ed .  If d i ffe ren t ia l  counts  

are made  ( i . e . ,  u s in g  both t h r e s h o l d s )  the count  a t  s m a l l e r  s i z e s  may i n c r e a s e .  F or  s a m p l e s  

wi th unknown s i z e  d i s t r i b u t i o n s  it  i s  d i f f icu lt  to de c id e  w he the r  thi s  i n c r e a s e  i s  spur iou s  or 

whe the r  it  i s  due to a p o pu la t io n  of smal l  p a r t i c l e s .  T h is  d i f f icu l ty  can  be re so lved  by 

cha ng ing  to in te gr a l  c o u n t s .  If the count  d e c r e a s e s  at s m a l l e r  s i z e s  then  the d if fe ren t ia l  

count  i s  s p u r i o u s ,  but  i f  the  count  i n c r e a s e s  with d e c r e a s i n g  pa r t ic l e  s i z e  then a popula t ion  

of s m a l l  p a r t i c l e s  i s  p r e s e n t .  T h e s e  shou ld  be s c r e e n e d  off  and coun ted  se p a r a t e l y .  T h e s e  

d i f f ic u l t i e s  a re  not  found wi th con t in uous  d i s t r i bu t i ons  cover ing  a la rge  range  of p ar t ic le  

s i z e  or wi th  a p e r tu r e s  s m a l l e r  than 400

V. ACCESSORY APPARATUS

(1) THE MODEL J PLOTTER

T h e  model  J p lo t te r  c a n  be  a t t a c h e d  to the  model B counte r  to make  an au tomat ic  

g r aph ic a l  record  — in the form of a h i s togram — of p a r t i c le  s i z e  d i s t r i bu t ion .  The  d is t r ibu t ion  

by number  i s  m e a s u r e d  on a n  a r i thme t ic  s c a l e  of  p a r t i c le vo lume.  The  p lo t te r  t akes  

app roxim ate ly  110 s e c o n d s  to record  a comple te  d i s t r i bu t io n  and a s  each  su b sa m p le  is 

c oun te d  a u to m a t i c a l l y  for a s t a n d a r d  t ime,  the volume sam ple d  wi l l  vary with the s i z e  of  the 

aper ture .  T h e  cou nt  r e c o rd e d  by the  p l o t te r  i s ,  therefore,  b a s e d  on a re la t iv e  s c a l e  Oto 100. 

The  p a r t i c l e  d i s t r ib u t i o n  i s  p lo t t e d  a t  i n te rva ls  of  four th re sh ol d  s e t t i n g s .  The  a c tu a l  number  

of p a r t i c l e s  in a  s e l e c t e d  in t e r v a l  can  be de te rmined  from a s e p a r a t e  count  us in g  the mano­

meter  to s a m p l e  a d e f in i te  vo lume of s u s p e n s i o n .  The  number  of p a r t i c l e s  in a l l  o ther s i z e

24
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s e t t i n g s  can  then  be obta ined  as  a s imp le  ra t io  of the he i gh t  of the  enum er a te d  s e t t i n g  to 

the h e ig ht  of e a c h  of  the o ther  s e t t i n g s .  S ince  the  th re sh ol d  s e t t i n g s  may be c a l i b r a t e d  in 

terms of vo lume,  an in tegra t ed  v a lu e  for the  to ta l  volume of the p a r t i c u l a t e  m a te r ia l  c an  be 

ob t a in ed .  T h i s  i s  an ad va n ta ge  over  count  a lone  s i n c e  i n c r e a s e s  in the volume of su ch  

p a r t i c l e s  as  phytoplankton  c e l l s  may of ten  occu r  (e .g. ,  wi th c h a in  forming s p e c i e s )  with 

l i t t l e  c hange  in the total  count  of the sa m p l e .  A d i s c u s s i o n  of the u s e  of  a model  J p lo t t e r  

in measu r ing  the  growth rate  of cha in- forming  phytoplankton  wi l l  be  found in P a r s o n s  (1965).

The  p re c i s io n  of in te g ra t e d  vo lumes  o b ta in ed  with the  model  J p l o t te r  i s  pa r t ly  a 

func t ion  of  the  prec is io n  of the model B c o u n te r  and par t ly  a - func tion  of the p lo t te r  i t s e l f .  

Since  the p lo t te r  cannot  be u s e d  in d ep en d en t ly  of the model B count e r  the  fol lowing 

exa m ple s  of p re c i s io n  are a func t ion  of both p lo t te r  and counte r  reprodu cib i l i ty .

T h e  only var iab le  cont rol  on the model  J p l o t te r  is  an e i g h t - s t e p - s e n s i t i v i t y  s c a l e  

with a ve rn ie r  a d j us tm ent .  E a c h  s t e p  up on the s c a l e  in a twofo ld mu l t ip le  of the  prev i ous  

s tep .
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Fig ure  10 s h o w s  the  c ha nge  in the  coe f f i c ien t  of var ia t io n  for f ive d if fe ren t  s t e p s  on 

the s e n s i t i v i t y  s c a l e .  From th is  f igure it  i s  ap p a re n t  tha t  the p lo t t e r  sh o u ld  be u s e d  at  low 

s e n s i t i v i t i e s  by coun t ing  r e a s o n a b l e  c o n c e n t r a t i o n s  or p a r t i c l e s ,  p rovid ing  tha t  c o n c e n t r a t i o n s  

are s u c h  tha t  c o i n c i d e n c e  c o r r e c t i o n s  are no t  too grea t .
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(2) THE AUTOMATIC TIMER

It i s  n e c e s s a r y  when  us i ng  la rge  ap e r tu r e s  for the c once nt ra t io n  of p a r t i c l e s  to be 

low in order  to avoid e x c e s s i v e  c o i n c i d e n c e .  Also ,  ev en  with sm a l l  a pe r tu re s  there  a re  

c a s e s  where  the  pa r t i c le  con c e n t r a t i o n  can  be very low (e .g. ,  pa r t ic u l a te  d e t r i tu s  in the s e a ) .  

The  l a r g e s t  manometer  volume (2 ml) i s  then not  enough to g ive good r eprodu cib i l i ty  of the  

count ,  and it i s  n e c e s s a r y  to u s e  a t iming d e v ic e  w hic h  ta k e s  over  the func t ion  of the 

manometer .  T h i s  i s  p l a c e d  be tween  the g l a s s w a r e  un it  and the ampl ifying and  count ing  

uni t .

To  op e ra te ,  the count ing  unit  i s  a c t i v a t e d  by drawing mercury ba ck  in the manometer  

in the  normal  way,  but  the  control  tap is le ft  open s o  tha t  the samp le  s u s p e n s i o n  is 

c o n t i n u o u s ly  drawn through the aper ture by the pump. The  counter  i s  then s w i t c h e d  on and 

off by the  t imer .  S ince the  pump p r e s s u r e  is  c o n s t a n t ,  the f low-rate of the sa m p le  wi l l  be 

c o n s t a n t ,  and,  therefore ,  co u n ts  for a s t a n d a r d  t ime wil l  g ive  a sa mp le  of s t a n d a r d  (but 

unknown)  volume.  If it  i s  n e c e s s a r y  to know the  sa m p le  s i z e  the f low-rate can  be m eas u red .

(3) THE MODEL M VOLUME CONVERTER

F o r  c e r t a in  ty pe s  of  pa r t i c l e  po pu la t io n ,  (e . g . ,  pa r t i cu l a te  de t r i tu s )  count  d a t a  

s h o u ld  be  g ive n  not  as  num bers  of p a r t i c l e s  in a c e r ta in  s i z e  range but a s  to ta l  vo lume of 

p a r t i c l e s .  Normal ly  if d a t a  are required in th i s  form it is  n e c e s s a r y  to mult iply  e a c h  count  

by the  a v e ra g e  p a r t ic le  vo lume for the s i z e  range  c o n s id e r e d .  The  model  M volume 

co n v e r t e r  do es  thi s  au to m a t i c a l l y .  The  in s t rum ent  g iv es  r e s u l t s  in te rms  of r e la t i v e  volume 

in w h ich  e a c h  grade  i s  double  the p r e c e d in g  grade  (e .g . ,  F ig .  5). In p r in c ip le  the ins t rument  

i s  very s im p le .  If a p a r t i c l e  count  is  made  a t  some s e l e c t e d  volume grade,  then  a count  at 

the  n e x t  lower  grade  would  have  to be twice  as  grea t  to g ive the same tota l  volume of 

p a r t i c l e s .  With the  volume conver te r  the  s e c o n d  count  is  reduced  by a fac tor  of 2, s o  tha t  

the  count  o b t a in e d  i s  a m e a s u r e  of to ta l  volume re la t i ve  to the f ir st  count .  T h is  reduc t ion  

in co u n t  i s  a c h i e v e d  e i t h e r  by reducing the  volume of s u s p e n s i o n  sampled,  or by reduc ing  

the count  r e g is t e r e d .

The  method  of op e ra t io n  i s  as  fo l lows:  The  th re sho ld  cont ro ls  (of the  counter )  are 

s e t  s o  th a t  the upper  cont ro l  i s  a t  twice  the  s e t t i n g  of the  lower (2 x volume d i f fe rence)  

and the  s e n s i t i v i t y  i s  s e t  so tha t  the la r g e s t  p a r t i c l e s  wi l l  be coun te d .  The  p r i n c ip a l  

co n t ro l s  on the  volume co n v e r te r  are an e l e c t r i c  t imer  ( t ime-fac tor  se le c to r )  c a l i b r a t e d  

in s e c o n d s  from 2 to 128 in  powers  of 2 , and a d e v ic e  which  re d u ces  the  number  of co un ts  

r eco rd ed  (d iv i s ion  fac tor  s e l e c t o r )  g raded  from 1 to 1 /51 2  a l s o  in s u c c e s s i v e  pow ers  of 2.

The  t ime f ac tor  s e l e c t o r  i s  s e t  to take  a sa m p le  for a p re -de te rmined  time, (in th i s  r e s p e c t  

the  op e ra t io n  of  the  volume conver te r  i s  s i m i la r  to tha t  of the au tomat ic  t imer,  ( se e  A.V(2) ) ,
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and the  d i v i s io n  fac tor  s e l e c t o r  i s  s e t  a t  1. T h e  sa m p le  i s  t aken and the number of p a r t i c l e s  

i s  cou n te d .  Th e  s e n s i t i v i t y  i s  now c h a n g e d  by a fa c tor  of 2 so  tha t  s m a l l e r  p a r t i c l e s  are 

m ea su red  — the th re sh ol d  s e t t i n g s  remain ing  the  sa m e  — and one  of the model M c o n t ro l s  

i s  a l s o  c h a n g e d  by a fac tor  of 2. E i t h e r  the d iv i s io n  f ac tor  is  ch anged  to 1 /2 ,  s o  th a t  

two p a r t i c l e s  wil l  be counted  a s  one ,  or the t ime f ac tor  i s  moved to the nex t  s m a l l e r  s e t t i n g  

so tha t  only one  ha l f  of the amount pr e v io u s l y  s a m p le d  wil l  be taken.  It i s  c l e a r  th a t  unde r  

th e s e  co n d i t i o n s  the count  ob t a in ed  wil l  g ive a m e a s u r e  of tota l  volume of p a r t i c l e s  

re l a t i ve  to th e  f i r s t  sample .  With e a c h  sa m p l e ,  as  the  s e n s i t i v i t y  i s  ch a n g e d  by a f ac to r  of 2, 

s o  the  volume sam p le d  or the number of p a r t i c l e s  coun ted  i s  a l s o  ch an g ed  by a f a c to r  of 2 .

The  c o u n ts  ob ta in ed  are,  therefore ,  m e a s u r e s  of the re la t i ve  volume of p a r t i c l e s  in e a c h  s i z e  

grade.  T h e  ins t rum en t  c an  be s e t  to record  e i th e r  d i f f e r en t ia l  or in teg ra l  d i s t r i b u t i o n s .

If an a b s o lu te  me asure  of con c e n t r a t i o n  i s  required,  then the to ta l  volume of p a r t i c l e s  

in one grade  mus t  be m easu red .  T h i s  is  done s imp ly  by taking  a count  on a known volume of 

sa mp le  and then  mult ip ly ing  the count  by the  mean  p a r t ic le  volume for tha t  g rade .

When model  M is  a t t a c h e d  to model B the  ins t rum en t  sho ul d  be r e c a l i b r a te d .  Once  

ca l i b r a te d ,  providing tha t  model  M is  no t  removed,  there  is no d i f fe rence  in c a l i b r a t i o n  b e tw een  

u s i ng  mode l  B and  model  M toge ther ,  or model  B a lone  with model  M s w i t c h e d  off.

MODEL M VOLUME C O N V E R T E R
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(4) MODIFIED CONTROL PIECE FOR USE WITH LARGE APERTURES

When larger  a p e r tu r e s  (grea te r  than 560 fi) a re  u s e d  on s t a n d a r d  sampl ing  u n i t s  i t  i s  

no t  p o s s i b l e  to draw mercury bac k  in the manometer .  T h i s  is  b e c a u s e  c o n s i d e r a b l e  amoun ts  

of sa m p le  flow rap id ly  through la rge  ape r tu re s  and  th i s  ove r l o a d s  the  pump so  th a t  i t  cann ot  

main t a in  su f f i c i e n t  vacuum to draw back  the  mercury .  S ince  the mercury ca nno t  be  drawn beyond 

beyond the s t a r t  s w i tc h  the count ing  uni t  ca n n o t  be a c t i v a te d .

T he re for e ,  before  l a rge  aper ture  tu be s  c an  be u s e d  i t  is  n e c e s s a r y  to modify the tap 

on the  cont ro l  p i e c e  (F ig .  11). In the  po s i t i o n  show n the  pump wil l  pul l  on the manometer  

only,  s o  tha t  the mercury  c a n  e a s i l y  be drawn back ,  and the counter  can be ac t iv a te d .

R o ta t i ng  c l o c k w i s e  by 120°  wi l l  c a u s e  the pump to draw the sa m p le ,  and a par t i a l  vacuum 

wil l  be r e t a in e d  in the  manometer .  In th i s  p o s i t i o n  s a m p le s  can  be counted  u s i ng  p lo t te r ,  t imer,  

or vo lume conver te r .  R o ta t i ng  a further  120° would  al low the mercury to fa ll  back  in the 

manometer  t ak ing  a sa m p le  through the aper tu re .  A contro l  p ie c e  modif ied for l arge  a pe r tu r e s  

can ,  th er efore ,  be u s e d  wi th  sm a l l  ap e r tu re s  and  the manometer .  However,  with sm a l l  

a p e r t u r e s  th e  s t a n d a r d  cont ro l  p ie ce  i s  more c o n v e n ie n t  to use .

TO PUMP

Fig. 11
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I. SUSPENDED MATTER IN SEAWATER

(1) INTRODUCTION

T h e  Co u l t e r  Counter  i s  id e a l ly  s u i t e d  for measur ing  and count ing  p a r t i c l e s  s u s p e n d e d  

in s e a w a t e r .  P a r t i c l e  c o n c e n t r a t i o n s  a re  of ten  of the r igh t  order of m agni t ude  so  th a t  n e i t h e r  

d i lu t ion  nor c o n c e n t r a t io n  is n e c e s s a r y .  In t h e s e  c a s e s ,  s a m p l e s  can  be ta ke n  from the  s e a  

and run d i r ec t ly  through the counter .

T y p i c a l l y ,  there  i s  a g r ea t  range  of p a r t i c l e  s i z e ,  and for some s a m p l e s  two or more 

ape r tu re s  mus t  be u s e d .  A logari thmic  s c a l e  of p a r t i c le  s i z e  sh o u ld  be u s e d  (She ldon  and 

P a r s o n s  1967).

It is  o f ten  found tha t  where  a c o n s i d e r a b l e  range  of p a r t i c le  s i z e  occur s  p a r t i c l e s  

fal l  into more or l e s s  d i s c r e te  d i s t r ib u t i o n s .  Af te r a l i t t l e  e x p e r i e n c e  in any one mar ine  

envi ronment  it  i s  p o s s i b l e  to s e l e c t  a p e r tu r e s  s o  th a t  mos t  of the  p a r t i c l e s  l ie  approx ima te ly  

in the middle  of  the  range of e a c h  ape r tu re .

Th e  fol lowing ex a m p le s  have  been  s e l e c t e d  to i l l u s t r a t e  mos t  of  the  c h a r a c t e r i s t i c s  

found in p a r t i c le  d i s t r ib u t io ns  in tem pera tu re  c o a s t a l  w a t e r s .

(2) ES T U A R IN E  S IL T :  s i z e  range  3-40  p

T h i s  c an  be m e a s u re d  with a 100 ¡i aper ture ,  but  the f i rs t  few s a m p le s  of any s e r i e s

shou ld  be m e a s u re d  with a 200 p ape r ture  to check  th a t  t he re  are few p a r t i c l e s  la rg er  than

50 p. A s u b s a m p l e  shou ld  a l s o  be  p a s s e d  through a 37 p s c r e e n  and then counted  wi th  a 

50 p aper ture  to c h e c k  tha t  there are few p a r t i c l e s  sm a l l  than 3 ft- It i s  n e c e s s a r y  to s c r e e n  

the sa m ple  to be  c ou n te d  by the  50 p tube in order  to remove  p a r t i c l e s  which  would b lock  

the ape r ture  ( s e e  C . 1(4)).  P a r t i c l e  c o n c e n t r a t i o n s  can  be very grea t  and d i lu t ion  of the 

sa m pl e  by f ac to r s  up to 1 0 0 x might  be n e c e s s a r y  in many c a s e s .  The  g re a t e r  part  of m a te r ia l  

in s u s p e n s i o n  in e s t u a r i e s  i s  of inorganic  or igin.

P R O C E D U R E

1. T a k e  a w a te r  s am pl e  by any co n v en ie n t  method.

2.  P u t  a 100 p aper ture  on the coun te r  and s e t  the s e n s i t i v i t y  to count  the  s m a l l e s t

p a r t i c l e s .

3. Se t  the  lower  t h r e sh o ld  at the  lo w e s t  co n v e n ie n t  l e v e l  (u sua l ly  in range  15—30).

4.  Switch off the upper  th re shold .

5. Count  1 /2  ml. All  p a r t i c l e s  wi th in the  range  of the  tube wil l  be coun ted .

31
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6. If the  pa r t i c le  c o n c e n t r a t i o n  i s  g rea t e r  than about  80 ,000  per  ml, d i lu te  un t i l  thi s

con c e n t r a t i o n ,  (or l e s s )  i s  a c h i e v e d  — record  the  amount  of d i lut iön.

7. Star t  count ing  at the l a r g e s t  s i z e  range and make  c o u n t s  on a log.  s c a l e  of pa r t ic l e

s i z e .  E i t h e r  the manome te r  or volume c onver te r  can  be  u s e d .  If the manometer  i s  

u s e d  make  2 ml c o u n ts  a t  the  la rger  s i z e s  (to 20 ¡i), then 1 /2  ml co u n ts  at the s m a l l e r  

s i z e s  (20 /r — 3 ¡i).

8 . C a l c u l a t e  the c o n c e n t r a t i o n  of ea ch  s i z e  i n te rva l  by mul t ip ly ing  the count  by the mean

p a r t i c l e  volume for the  in te rva l .

Q.
d  3.0

10050105
Fig. 12 PARTICLE DIAMETER ( jj )

Exam ple :  F i g .  12 g i v e s  a pa r t i c le  s i z e  d i s t r ib u t io n  for e s t u a r i n e  s i l t .  Th e  ma ter ia l

c o n s i s t e d  la rge ly  of f l o c c u l a t e d  m a s s e s  of very sm a l l  ino rgan ic  p a r t i c l e s ;  the pr inc ipa l  

c o n s t i t u e n t  be in g  qu ar tz .  S i n c e  the  sa mp le  was  not  p r e - t r ea te d  in any way pr ior  to count ing  

(e xce pt  for d i lu t ion)  the f igu re  probably g iv es  a true r e p r e s e n t a t i o n  of the gra in  s i z e  

d i s t r i bu t io n  of s u s p e n d e d  m a t t e r  as  i t  a c tu a l ly  e x i s t e d  in the e s tu a r y .
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(3) PHYTOPLANKTON AND ORGANIC DETRITUS IN A COASTAL ENVIRONMENT: 
s i z e  range 6-250 y .

In open c o a s t a l  a r e a s ,  there  i s  rare ly  rauch minera l  m a te r ia l  in s u s p e n s i o n ,  pa r t i cu la r ly  

if the c o a s t  i s  rocky .  Su sp en ded  mat te r  c o n s i s t s  mainly of phyto pla nkt on  and organic  debr i s ,  

the d e b r i s  be ing  probably of both marine  and t e r r e s t r i a l  or igin.  The  s i z e  of  th is  ma te r ia l  

fa l l s  mainly  in the range 10—250 y ,  and the s i z e  d i s t r ibu t io n  can be m e a s u r e d  us ing  two 

t u b e s ,  560 y  and 200 y .  F o r  t h e s e  m e a s u r e m e n ts  an a u t om at ic  t imer  (or model M volume 

conver te r )  i s  e s s e n t i a l .

A 2 0 0 jj aperture 
O 560  jj aperture

E 00.3

§ 00.2

o  00.

5 10 20 50 100 200
PARTICLE DIAMETER (>i)

Fig. 13

PROCEDURE

1. Pour  the s a m p l e s  into b e a k e r s  ca refu l ly  and l e a v e  to s t a n d  for a few minutes before

m easu r in g .  B ubb le s  se em  to form fair ly read i ly  in the  s i z e  range  50-100 y  but  not  at

o ther  s i z e s .  Ag i ta te  gent l y  before  measur i ng ,  or p re fe rab ly ,  s t i r  gent ly  whi le  m eas u r ing .

2. With a 560 y  aper ture and  an au to ma t ic  t imer make  m e a s u r e m e n ts  from 250 y  to sm a l l e r

s i z e s .  At la rge  s i z e s  c o n s i d e r a b l e  vo lumes  of sa m p le  may be n e e d e d  (often 100-500ml) 

to ob ta in  ade q u a te  c o u n t s .
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3. When the  l imi t  of the  560 y  ape r tu re  i s  r e a c h e d  (about  20 y) c h a n g e  to 200 y. Screen 

the s a m p le  a t  250 y  and  count  from 80 y  downwards .  Some b lo ck ag e  may occur  but it  

i s  not  u s u a l l y  t roub lesom e.

4. M easu rem ent s  can  be co n t i n u ed  to about  6 y.

5. C a l c u l a t e  r e s u l t s  as  in B . 1(2).

Ex am pl e :  F i gu re  13 g i v e s  a s i z e  d i s t r ibu t io n  of p a r t i c l e s  in w a te r  from a rocky c o a s t a l

a r ea .  Note  how th i s  d i s t r i bu t io n  d i f fe rs  from th a t  of  an e s t u a r i n e  envi ronm ent .  P a r t i c l e s  are

la rger  but  the  c o n c e n t r a t i o n  of m a te r i a l  in s u s p e n s i o n  i s  much l e s s .

(4) C O M P L E T E  P A R T I C L E  SPE C T R U M : s i z e  range  3-1000 y

Th e  procedure  for m e a su r in g  s u s p e n d e d  p a r t i c u l a t e  m a te r i a l  over the s i z e  range 

3-1000 y  i s  b a s i c a l l y  s im i la r  to tha t  d e s c r i b e d  in the  prev ious  s e c t i o n  for s i z e  rang es  of 

6-250 y . It d i f f e r s ,  however ,  in tha t  it  i s  a d v i s a b l e  to c o n c e n t r a te  p a r t i c l e s  la rger  than 

100 y  in order to avoid  ha v in g  to draw an e x c e s s i v e  amount  of f luid through the aper ture .

F o r  p a r t i c l e s  in the s i z e  range  200-1000 y  the  ex ten t  to which  s a m p l e s  have  to be 

co n c e n t r a te d  wi l l  vary with the  envi ronment ,  but  thous and fo l d  c o n c e n t r a t i o n s  wi l l  genera l ly 

be n e c e s s a r y .  T h e  2000 y  aper tur e  draws  approximate ly  15 ml per  s e c o n d ,  s o  tha t  the in i t i a l  

to ta l  volume of c o n c e n t r a t e d  sa m p le  mus t  be at  l e a s t  1-2 l i t r e s .  It i s  g ene ra l l y  not  p r a c t i c a l  

to ob ta in  th i s  amount  by f i l t e r ing  w a t e r  s a m p le s  c o l l e c t e d  in b o t t l e s ,  but  a pumped sa mp le  of 

s e a  w a te r  s t r a i n e d  through a  s c r e e n  wi l l  p roduce the d e s i r e d  con c e n t r a t i o n  wi thout  undue  

de l ay .  In p r a c t i c e  it  h a s  be en  found co n v en ie n t  to u s e  a Zooplankton  s am pl e  c o l l e c t e d  

qu an t i ta t i v e ly  with a 300 y  ne t ,  and  d i lu te  thi s  to the  de s i r e d  volume.  A s e c o n d  di ff icul ty in 

ob ta in ing  3-1000 y  s i z e  s p e c t r a  i s  tha t ,  the opera t ion  of the 2000 y  tube i s  l e s s  ea sy  to 

fol low on the o s c i l l o s c o p e  tha n  the ope ra t ion  of s m a l l e r  tu bes .

The  p a r t i c u l a r  a d v a n ta g e  of employing  the  type  of co n t in u o u s  s i z e  spec t ru m  s u g g e s t e d  

here  i s  tha t  i t  g iv e s  equ a l  s p a c i n g  to the  t r ad i t i o n a l  c l a s s i f i c a t i o n  of nano- ,  micro-  and 

macroplank ton  (if the s c a l e  could  be con t in ued ,  u l t ranano  and me gap la nk to n  would a l so  be 

inc luded ) .  T h u s ,  if the  d e f in i t i o n s  of the  s i z e  of p lankton  groups  are taken  as  nanoplankton  

(2 to 20 y  d iameter ) ,  micropla nkt on  (20-200 y  d iameter ) ,  macroplankton  200-2000 y  d iameter)  

fol lowing D u s s a r t  (1965),  th en  on the  grade  s c a l e  sho wn in F i g .  5 and in the example ,  F ig .  14, 

t h e s e  p lankton  groups  are g iv en  equa l  imp or tance .  (Fo r  fur ther d i s c u s s i o n ,  s e e  Sheldon and 

P a r s o n s ,  1967.)

P R O C E D U R E

1. C o l l e c t  a q u a n t i t a t i v e  Zooplankton sa mp le  with a n e t  (pore s i z e  300 y) from the a rea  of 

s t udy .  Di l u te  the  sa m p l e  to 2 l i t r e s  and  f i l t e r  i t  through a 3 mm pore  d ia me te r  s i e v e  in 

order  to remove the la rge r  z o o p l a n k t e r s .  T h e  conc e n t r a t i o n  of p a r t i c l e s  sh ou ld  now be 

a d j u s t e d  so  th a t  the f in a l  c o n c e n t r a t i o n  in the  s i z e  range  200-1000 y  i s  about  5 per ml. 

T h is  c an  be read i ly  c h e c k e d  by a pre l iminary  m ac ro sc o p ic  count  of 10 ml of  sample
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before s ta r t i n g  the s i z e  sp ec t rum  a n a l y s i s .  Us ing  a 2000 p. ape r ture  de te rmine  the 

d i s t r i bu t io n  of pa r t i c l e s  over the  s i z e  range  ca_ 200-1000 /i fol lowing the  s am e  procedure  

de s c r i b e d  in B . 1(3) for the u s e  of th e  560 n aper ture .  (Due to the la rge  vo lum es  of 

s am ple  involved ,  the 300 ml sa m p le  b e a k e r  shou ld  be r e p l a c e d  with a s u i t a b l e  re se rv o i r  

of abo ut  1000 ml c a p a c i t y .  Vigorous s t i r r in g  i s  n e c e s s a r y  to ke ep  the p a r t i c l e s  

s u s p e n d e d  in thi s  l a rger  co n ta in e r . )

2. C onc ent r a te  the  p a r t ic u la te  m a te r ia l  from 20 l i t r es  of  s e a w a t e r  by s t r a i n in g  through a 

40 ¡X pore s i z e  s ieve ,  and  r e s u s p e n d  the  p a r t i c l e s  r e ta in e d  on the s i e v e  by back  

w ash in g  with 1 l i tre of s e a w a t e r .  U s in g  a 400 or 560 ¡i aper tur e ,  de te rm ine  the pa r t ic le  

s i z e  d i s t r ib u t io n  for p a r t i c l e s  over  the  s i z e  range ca_ 60-200 ¡i d i am e te r  as  in s e c t i o n  

B.I  (3), cor rec t ing  the f inal  vo lume of p a r t ic u la te  mater ia l  for the e x t e n t  to which  it h a s  

been  co n c e n t r a te d .

3. F o l lo w  procedure  d e s c r ib e d  in B. I  (2) but  u s e  a 100 g aper ture  to de te rmi ne  p a r t i c le  

s i z e  d i s t r ib u t io ns  over  the  s i z e  ra ng e ,  ca  3-30 ^ d iame te r .

0.20

0.15

0.16

0.14

0.12

0.10

0.08
A IOOjj aperture 

-O 400^ aperture 
• 400 I' (eone. with 40>j sieve) 

_ ■ 2000 jj aperture

0.06

0.04

002
Nanoplankton Microplankton Macroplankton

32 64 128
PARTICLE DIAMETER (>j)

256 512 1024

Fig. 14



Ex am pl e :  F i g u re  14 ( taken in part  from Sheldon and  P a r s o n s  1967) s h o w s  the  r e s u l t  of

a s i z e  sp ec t ru m a n a l y s i s  c a r r ie d  out  as  d e s c r i b e d  above . The  range  over  which the th ree  

d i f fe ren t  s i z e d  a pe r t ur e s  were  a c tu a l ly  employ ed  i s  i n d ic a te d  on the f igure.  S inc e  th ere  is 

a l w a y s  a region of over lap  in de te rmin ing  pa r t i c le  co un ts  with di ffe rent  ape r ture  the a c t u a l  

range  over  which  any one ape r ture  i s  employed  i s  in p r a c t i c e  u s u a l l y  de te rmined  by k eepi ng  

the count ing  t ime for ind iv idu a l  s a m p l e s  down to r e la t i v e ly  shor t  per iod s  ( i . e . ,  s e c o n d s  

ra ther  than m in u te s )  in order to avoid  u n n e c e s s a r y  d e l a y s .  T h u s ,  in F i g .  14 the  100 fx 

aper ture  was  u s e d  for pa r t i c le  s i z e s  ca_3-10 ft; the  400 ¡x aper ture  for pa r t i c le  s i z e s  c a  

10-200 ¡i, and the 2000 ¡x aper ture  for p a r t i c l e  s i z e s  c a  250-1000 ¡x. The  e f fec t  of c o n c e n ­

t ra t ing  the  s am pl e  wi th a 40 ¡x s i e v e  i s  sh ow n in the  c e n te r  of the mi croplankton  reg ion  of 

the  sp ec t r um .  T h e  f i r s t  two m e a s u r e m e n ts  (be tw een  30-50 ¡i), made wi th the  c o n c e n t r a t e d  

s am pl e  show tha t  much of the ma ter ia l  in th i s  s i z e  range  had been  lo s t  through the s i e v e  

but  that  there  was  good agreement  with the u n c o n c e n t r a t ed  s am ple  for two m ea s u re m e n ts  

which  ov er lap ped  in the region 50-80 ¡x.

II. ALGAL CULTURES AND PHYTOPLANKTON GROWTH

(1) DISTINGUISHING AL GAL S P E C IE S

It i s  p o s s i b l e  to re c o g n iz e  from s i z e  f r equency  d is t r i bu t io ns  ind iv idua l  s p e c i e s  in 

mix ture s  of a lg ae .

Ex am pl e :  In F i g .  15 d i s t r ib u t io n s  for 3 s e p a r a t e  un i a lg a l  cu l t u re s  are shown .  T h e s e

were a l l  m ea su red  wi th 100 ¡x tube .  The  co u n te r  w a s  c a l i b r a te d  to g ive  an a r i thmet ic  s c a l e  

of p a r t i c l e  d ia m e te r  ( s e e  A. III (2 ) )  and t h e s e  r e s u l t s  a re,  therefore ,  comparable  with 

d e t e rm in a t i o n s  wi th  a m ic rosco pe .

T h e  d i s t r ib u t i o n s  of Monochrys i s  and Amphidinium are approximate ly normal  but  the 

d i s t r i b u t io n  of  D u n a l i e l l a  i s  a sy m m etr ic a l  b e c a u s e  of l a rge  numbers  of old c e l l s  in the  

popula t ion .

A f requen cy  d is t r ib u t io n  of a mixture of t h e s e  cu l tu re s  i s  a l s o  shown in F ig .  15.

Amphidinium and Monochrys i s  can  be e a s i l y  r e c o g n iz e d  but  D un a l ie l l a  h a s  been  nea r ly  lo s t  

in the le f t  ha nd  s i d e  of  the Amphidinium curve .  T h e  re la t i v e  degree  of re so lu t io n  of  the 

Amphidinium and D u n a l i e l l a  pop u la t i o n s  would  d e pend ,  to some e x t en t ,  on the  re la t i v e  

propor t ions  in w h ich  they oc cu r r ed .

36
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Under  n a tu ra l  co nd i t i on s  s e p a r a t e  p o p u la t io n s  of the  sm a l l  a lg ae  cou ld  be  r e c o g n i z e d  

if the s i z e  d i f fe re nc e  w as  gr ea te r  than 6 /i. F or  d i f f e r e n c e s  be tw een  6 g and 3 /x 

r e s o lu t io n  of s e p a r a t e  popu la t io ns  would d epend  on the  re la t i ve  propor t ions  in which  they 

oc cur re d .  P o p u la t i o n s  d if fe ring  by l e s s  than 3 n would be  v ir tua l ly  i m p o s s ib le  to s e p a r a t e  

on the  b a s i s  of  c e l l  diameter .

DIAMETER ( p ) Amphidinium
carteri

Fig .  15 A

Monochrysis lutheri

Dunaliella salina-  15 > 
o  
z
LU

9. IO -o
U -

_i
LÜ

DIAMETER ( ^ )Fig .  15 B
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(2) GROWTH O F  UNIALGAL C U L T U R E S

T h e  u s e  of  the Co u l t e r  Coun ter  for de te rm in i ng  the growth c o n s t a n t  *of phytop lank ton  

c u l tu r e s  d e p e n d s  to some ex ten t  on the  s p e c i e s  be ing  s tu d ie d .  F o r  un i c e l lu la r  a lg ae  it  i s  

only n e c e s s a r y  to de te rm in e  the number  of c e l l s  a t  the be gi nni ng  and end  of a known time 

in te rv a l .  T h i s  c a n  be done  wi thout  ca l i b r a t i n g  the  co u n te r  in te rms  of p a r t ic le  volume and 

the method  inv ol ved  i s  e s s e n t i a l l y  the s am e a s  for the  en um era t ion  of red-b lood c e l l s  ( see  

Manual  for model  B C o u l t e r  Coun te rs ;  a l s o  E l -Sa ye d  and L e e  1963 or Maloney e t  al  1962).

A more p r e c i s e  m e as u rem en t  of the growth c o n s t a n t s  of un ia lg a l  cu l t u r e s  i s  o b t a in ed ,  

however ,  if the  vo lume of the  ind iv idua l  c e l l s  i s  c o n s i d e r e d  a s  we l l  a s  the ir  number.  To  do 

th i s  the  in s t r umen t  h a s  to be c a l i b r a t e d  as  in A. 111(2). F o r  cha in- forming s p e c i e s  it  i s  

ab s o lu te ly  n e c e s s a r y  to c o n s i d e r  the  volume i n c r e a s e  of in d i v i du a l  c h a in s  in order  to 

de te rmine  the  growth c o n s t a n t .

F o r  the fol lowing p ro c e d u re s  it i s  a s s u m e d  tha t  a l l  s e a  w a te r  s a m p l e s  or cu l tu re  

media  are in the  s a l i n i t y  ra n g e  (8-40%o ). F or  s a m p l e s  o u t s i d e  thi s  range the ins t rument  

sh o u ld  be r e c a l i b r a t e d  at  a sa l i n i t y  c l o s e  to tha t  of  the n a tu ra l  s a m p le s  ( se e  A.  III (3) ).

P R O C E D U R E S

(a) Simple co un ts

1. Withdraw s e v e r a l  ml of cu l ture  from a f l a sk  and de te rmine  the amp l i f ic a t i on  and 
aper tu re  cu r ren t  s e t t i n g s  a t  which  the p u l s e s  app e a r  about  ha l f  way up the  

o s c i l l o s c o p e  sc re e n .

2. Set  the lower  th re sh o ld  above the  e l e c t r o n i c  backg round  n o is e  as  s e e n  on 

the  o s c i l l o s c o p e  s c r e e n ,  and count  the number of c e l l s  in a known volume 

of c u l tu r e  medium.  If the count  o b t a in e d  i s  too grea t  for the aper ture  tube  

employed  ( s e e  F ig .  9), d i lu te  the cu l tur e  wi th f resh  medium and re pe a t  the  

count .

3.  R e p e a t  cou n t  (N 2) at  t ime t 2 and de te rmine  k.

(b) T o t a l  c e l l  vo lume and s i z e  d i s t r ibu t io n

1. C a l i b r a t e  the  in s t r um en t  a s  d e s c r i b e d  in s e c t i o n  A. III (2).

2.  Car ry  ou t  the  procedure  above ,  s t e p s  1 and 2.

3. P l a c e  th e  upper  th re sh ol d  a t  40 and  put  the upper  t h r esh old  mode s w i t c h  

in L O C K E D  p o s i t i o n  (C .1(3) )•

4.  S ta r t ing  from a  lower  th re sh o ld  s e t t i n g  of  4, move the th reshold  up at  4 

th r e s h o ld  in te r v a l s ,  count ing  a known volume of medium at  e a c h  in te rv a l .

5. Mult iply the  co u n ts  ob ta in ed  for e a c h  in te rv a l  by the mean c e l l  volume 

r e p r e s e n t e d  by e a c h  in te rva l .

i log N2 — log Nj
*The growth cons tan t  is defined as  k 1Q (days)" = --------- j— ----------  where N j and N 2

are the numbers of ce l l s  or volumes of part iculaté material at time t 1 and t2 .
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6 . P l o t  the r e s u l t s  (ce l l  vo lumes  vs  s i z e )  on a r i th me t ic  graph  paper ,  and  to ta l  

the  volumes  ( N , )  in e a c h  s i z e  ca te go ry  making  up the normal  d i s t r ib u t io n  of 

c e l l  s i z e s  a s  s e e n  from the p l o t ted  r e s u l t s .

7.  R e p e a t  c e l l  volume de te rm ina t io n  (N2) at  t ime t 2 and  de te rmine  k.

Note:  If a model  J ce l l  s i z e  d i s t r ibu t ion  p lo t t e r  i s  a v a i l a b l e ,  the  enumera t ion  and p lo t t ing

of the c e l l  s i z e s  i s  ca rr ied  out au to ma t ic a l ly ,

250

200 -
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day 5

-  100- 
X

D
dayO

---1
50-

.05 .255 51 .77 1.02 1.28
CELL SIZE jj3 x IO6

F i g .  16

Example :  T h e  example  shown in F i g .  16 h a s  been  ta ke n  from P a r s o n s ,  1965 (Limnol .

Oceanogr .  10: 598-602).  The  d is t r ibu t io n  of C o s c i n o d i s c u s  c o n c in n u s  c e l l s  i s  shown at  two 

t imes  (day 0 and 5) a s  a func t ion of c e l l  volume.

(c) Chain- forming phytoplankton

1. The  s i z e  d i s t r i bu t io n  of cha i n  le n g th s  of a chain- forming  phytoplankton  

s p e c i e s  a p p ro a c h e s  a log-normal  d i s t r ib u t io n .  Th e  growth ra te  and 

d is t r ibu t io n  c an  be de te rmined  a s  d e s c r i b e d  below (B. 11(3) (a) ) or as  

d e s c r i b e d  above (B. II (2) (b) ). If the  l a t t e r  method  i s  ch o se n ,  howeve r ,  it  

i s  not  p o s s i b l e  to s e e  the cul ture  on the  o s c i l l o s c o p e  a s  a d i sc r e te  

popula t ion .  The  ch oi ce  of amp l i f ica t ion  and aper tur e  cur ren t  s e t t i n g s  i s
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b e s t  de te r mi ned  by s e l e c t i n g  s e t t i n g s  which  p l a c e  the  volume of one  c e l l  

in the phyto pla nkt on  cha in  * in the s e c o n d  or thi rd th r e sh o ld s  4-8, or 8-12 

s i z e  c a t e g o r i e s .  T h i s  a l lo w s  for cha in  le n g th s  of up to about  25 c e l l s  to be 

p lo t ted  on one  a r i t hm e t i c  s c a l e .  If the c ha in  leng th  s t a r t s  to e x c e e d  25 

c e l l s / c h a i n ,  the am pl i f ica t ion  or aper tu re  cur ren t  c a n  be r a i s e d  one s e t t i n g  

to a llow for up to 50 c e l l s  per cha in  to be p lo t te d  on the  sa m e  s c a l e .
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Examp le :  T h e  ex am pl e  show n in F i g .  17 h a s  be en  taken  from P a r s o n s ,  1965 (Limnol .

Oceanogr .  10: 598-602).  T h e  d is t r ib u t io n  of Ske le tonema co s t a tu m  p lo t te d  with a model  J 

c e l l  s i z e  d i s t r ib u t io n  p lo t te r ,  is  shown a t  th ree  t ime in te rva ls .

(3) GROWTH OF NATURAL PHYTOPLANKTON POPULATIONS

(a) In the  p r e s e n c e  of sm a l l  amounts  of de t r i t u s

F o r  n a tu ra l  p o p u la t i o n s  i t  is  p r e f e r ab le  to d e s c r i b e  p a r t ic le  s i z e s  and growth 

c o n s t a n t s  in te rms  of a logar i th met ic  d i s t r ib u t i o n .  S ince  na tur a l  s a m p l e s  of s e a  wate r  conta in  

la rge  q u a n t i t i e s  of  d e t r i t u s ,  the pa r t i c l e  d i s t r ib u t i o n s  ob ta in ed ,  and the growth c o n s t a n t s  af ter  

inc uba t io n ,  wi l l  r e p r e s e n t  the en t i re  sp ec t r u m  of p a r t i c u l a t e  m a te r i a l  ( i . e . ,  phytoplankton  and

♦The volume of one cel l  in a phytoplankton chain can be approximated from microscopic 
measurements.
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d e t r i t u s ) .  Dependi ng  large ly on wh a t  the  information  i s  requi red for, the  growth of  the  en t i re  

s pe c t ru m  of p a r t i cu l a te  ma ter ia l ,  or of a  s p e c i f i c  par t  of it (as show n be low) ,  or of only the 

phyt op lan kton  may be de te rmined .

P R O C E D U R E

1. Obta in s e a w a t e r  s a m p l e s  from d e s i r e d  d e p t h s .  Divide  e a c h  sa m p l e  in to  two one- 

l i t re  c a p a c i t y  g l a s s  b o t t l e s , o n e  of which  i s  co m ple te ly  darkened  wi th  a s u i t a b l e  pa i n t ,  t ap e  

or c loth.

2.  Stopper b o t t l e s  and in c u b a te  a dark and  l igh t  bo t t le ,  e i t he r  at  d i f fe ren t  d e p t h s  in s i tu ,  

or in a s ta ndar d  l ight  incuba to r  s u c h  a s  i s  u s e d  for C-14 in cubat ion .

F ig .  18 Growth Rates of Suspended Particulate Material

Location: Saanich Inlet, B.C. 
Date: 20 /6 /66  
Incubation: 24 hr in situ

Diameter (fx) —

Depth (m)
0 5 10

c
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2.15
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mes (cu ß x
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0.21
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1.50
2.10

2.64
2.07
1.76
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0.22

106/ml)
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0.19
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0.20
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0.66
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Light
0.15
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0.20
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1.15
1.72

1.96
1.86
1.76
1.36
0.59
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Growth const. (Days- 1)

17.96
0.1

23.41
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0.1

15.10
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13.12 
no gr

13.15
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Nanoplankton total 
Growth const. (Days- 1) 
Microplankton total 
Growth const. (Days- 1)

4.27 1 5.45 
0.106

13.69 1 17.96 
0.118

6.42 6.07 
no growth

5.17 1 9.03 
0.242

5.11 1 5.07 
no growth

8.01 1 8.08 
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3. Af te r 24 hours ,  m easur e  the  sp ec t ru m of p a r t i c u l a t e  mat er ia l  a s  d e s c r i b e d  in s e c t i o n

B. I (3).

4.  Note :  Sl ight ly  d if fe ren t  r e s u l t s  are o b t a in e d  in th i s  p rocedure  if the sp ec t ru m of the  

in i t i a l  s e a w a t e r  sa mp le  i s  compared with the  24 hour  l igh t  bo t t le  s am pl e  i n s t e a d  of u s i n g  

the  24 hour  dark bo t t le  s am ple .  T h e s e  d i f f e r e n c e s  are par t ly due  to r ea l  c h a n g e s  in the  

sp ec t ru m  of p a r t i c u la te  ma ter ia l  dur ing  24 hours  in the  dark and par t ly  to the e f fe c t  o f  s h a k i n g  

to in su re  a uniform s u s p e n s i o n  of p a r t i c l e s  a f te r  24 hours in cuba t io n .

Exam ple :  F igu re  18 s how s  the r e s u l t  of a l ight  and dark bo t t l e  incu ba t i on  of s e a  w a t e r

from three  d e p t h s .  T h e s e  r e s u l t s  are p lo t te d  in F ig .  19. From F i g .  18 i t  may be s e e n  tha t  

the growth c o n s t a n t  of the  to ta l  p a r t i c u l a t e  m a te r ia l  at  0 and 5 m w a s  about  the s a m e ,  but  

tha t  a t  10 m there  w as  no s ig n i f i c a n t  growth.  T h e  p r in c ip a l  d i f fe rence  be tween  the  0 and 5 m 

s a m p l e s  i s  shown to occur  in the  growth ra te  of d i f fe re n t  por t ions  of the spec t rum .  T h u s ,  in 

the  0 m sample  a p p re c ia b le  growth occur red  in the  n a no p la nk to n  region of the sp ec t ru m 

w h e r e a s  no growth occur red  in th i s  region a t  5 m. T h e  growth of microplankton  at the la t t e r  

dep th ,  however ,  was  about twic e  the growth ra te  of the  microplankton  at 0 m.

(b) With c o n s id e r a b l e  de t r i tu s

In the pr ev ious  s e c t i o n  the  growth ra te  of  the  en t i re  spec t rum of p a r t i c u l a t e  m a te r ia l  

or of a cer ta i n  s i z e  f ract ion,  was  ob ta in ed  as  a re la t i v e  m easu re  of the growth a c t i v i t y  of the 

s u s p e n d e d  m a te r i a l  in s e a  water .  T h e s e  v a l u e s  c an  be e a s i l y  o b t a in ed  from two m e a s u r e m e n t s  

of the s i z e  spec t rum of pa r t i cu la t e  ma te r i a l  and  they approximate  the true phytoplan kton  

gr ow th -cons ta n t  when  the rat io  of b io m a s s  of p lankto n  to de t r i tu s  i s  l a rge  (e .g . ,  5 to 1). 

Cu sh ing  and N icho lson  (1966) ha ve  d e s c r i b e d  a me thod  for de termin ing the growth c o n s t a n t  

of phytop lankt on  co r r ec te d  for the  amount  of non- l iv ing  p a r t i c u la te  m a te r ia l .  T hi s  i n v o lv e s  

s e v e r a l  de te rm in a t io ns  of the to ta l  volume of p a r t i c u l a t e  mater ia l ,  and  an addi t i ona l  

c a l c u l a t i o n  to de te rmine  the quanti ty  of d e t r i t u s ,  ( s e e  C . 1(5) ).

P R O C E D U R E

1. Measure  the s i z e  spec t rum of s u s p e n d e d  m a te r i a l  in s e a  w a te r  a s  d e s c r ib e d  in

s e c t i o n  B. I (3).

2. Incuba te  a 1-l i t re sa m p l e  in a g l a s s  s t o p p e r e d  bo t t l e  e i t h e r  a t  the depth  from which

the sa mp le  w as  ta k e n  or in a l igh t  incuba to r  s u c h  a s  i s  employed  in C-14  p h o to s y n th e t i c  

s t u d i e s .

3. R em eas u re  the s i z e  spec t rum of p a r t i c u la te  m at e r i a l  a f te r  s u c c e s s i v e  t ime pe r io d s

(e .g. ,  a t  12 hour i n te rva ls ) .

4.  Determine  the to ta l  volume of m a te r i a l  p ro du ced  at  d i f fe ren t  t ime i n te rv a l s .  C a l c u l a t e
A A
k (the appa re n t  growth c o n s ta n t )  by s u b t r a c t in g  d i f f e ren t  v a l u e s  of D (the e s t i m a t e d  volume of 

de t r i t us )  from the  to ta l  volume of ma ter ia l  p rodu ced  a t  d i f fe ren t  t ime in t e rv a ls .  T h e  v a lu e  of
A A
D for which  k doe s  not  change  with t ime i s  the n  u s e d  to cor rec t  the m e a s u r e d  pa r t ic l e  

vo l um es  to g ive the true phytoplan kton  vo lumes  a t  d i f fe ren t  t imes.
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Fi g .  20 Growth Rate of a Natural Phytoplankton Population

Location: Departure Bay 
Date: 24/12/66 
Period of Incubation: 72 hours 
Continuous illumination

Diameter ( ß )  ^
Time 0 24 48 72

intervals (hr)

Coulter Counter Volumes (cu ß  x loV m l)

7.12 3.9 6.3 14.0 34
8.98 5.0 8.5 32.0 91
11.3 4.0 7.5 32.5 106
14.3 3.8 6.1 17.2 52
18.0 3.3 4.4 5.8 15
22.6 3.1 5.0 3.5 6.2
28.5 2.5 5.0 5.8 9.8
35.9 4.4 5.1 11.0 26
45.3 0.7 4.2 10.0 35
57.0 1.8 20
71.9 18
90.5 5.4

Total 31 52 134 438

A
D

30

0.05

0.04

IO

0.03 5
25 -

ü. 0

0.02 -  20- Ld -5
CL

3  -io
co

-150.01

-20

24 IO 15 2548
TIME (hrs.)

72 30

Fig. 21
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Ex am pl e :  In the fol lowing  exam ple  a s a m p le  of s e a  w a te r  w a s  c o l l e c t e d  dur ing the

win te r  from Departure  Bay,  B r i t i s h  Colum bia  and in cub a te d  a t  10° C for s e v e r a l  d a y s .  After  

an in i t i a l  l ag p h a s e  a sma l l  pop u la t io n  of phytop lankt on  d e v e lo p e d  and  the  growth of th is  

popu la t ion  was  fol lowed for the ne x t  72 hour s .  Th e  r e s u l t s  a re  s h o w n  in F i g .  20.  T h e  

c a l c u l a t i o n  of the true growth c o n s t a n t  of  th i s  pop ula t ion  i s  a l s o  show n in F i g .  21 and  as  

fo l lows:

A

C a lc u la t i o n  of k

For  V0 = 31 x IO4 V = 52 x IO4 t = 24
A

D 10 15 20 25 30 ( x l0 4 )

V - D 42 37 32 27 22
A

V0 -D 21 16 11 6 1
A

V - D  

Vo - D
2 2.3 2.9 4.5 22

*-> 

a 
a

1 
1

II¿
¡4 0 .0126 0.0148 0.0191 0.0274 0.0555

Simi lar ly  for V = 134 x IO4
A

D 10 15 20 25 30 ( x lO 4)
A

k 0 .0160 0.0182 0.0213 0.026 0.042

and for V = 438 x IO4
A

D 10 15 20 25 30

k 0.0182 0.0195 0.0216 0.0256 0.0365
A

The v a l u e s  of  k at  <different  !
A

l imes for d if fe ren t  va lu e s  of D are p lo t te d  in F i g .  20.

The  s l o p e s  of the l i n e s  are de te rm in ed  for:

D 10 15 20 25 30 ( x lO 4) and  the

s l o p e s  of k on t for 72 hours  un i t  t ime are:

0.0056 0.0047 0.0025 -0 .0018 -0 .019
/

The  va lu e  of D at which  there  i s  no c ha ng e  in k with t ime i s  2.35 x IO4 ¡i-’/m l .

T h e  volume of de t r i tu s  i s ,  therefore ,  23 .5  x IO4 ^  /m l,  and the or ig ina l  phyto pla nkt on  

volume (V0 ) is  7.5 x IO4 ¡i V m l .  ( i . e . ,  31 .0  — 23.5  /x3 /ml) .

T he  growth c o n s t a n t  k 10 (h o u r s ) ' 1 i s  i ° g  (134 23.5)— log .7.5 _ Q245
48

0 3
. . T h e  ge ne ra t io n  t ime i s  _ = 12.2 hours .

0 .0245

From F i g .  20 i t  may be s e e n  th a t  the popula t ion  of phyto pla nkt on  d e v e lo p e d  two 

p e a k s ,  one at  11.3 ¡i d iam eter  and the o th e r  at  45.3 /t d iameter .  T h e  growth c o n s t a n t  for the 

to ta l  popula t ion  was  e s t i m a te d .  As with the prev i ous  procedure  (F ig .  18) it  i s  p o s s i b l e  to 

ob ta in  s e p a r a t e  growth c o n s t a n t s  for the  two di f fe ren t  phytop lank ton  p o p u la t i o n s  sho wn 

in F i g .  19 ( s e e  C . 1(6) ).



III. ZOOPLANKTON GRAZING

Tlie Co u l t e r  Coun ter  c an  be u s e d  to m e a s u r e  the  e f fec t  of Zooplankton graz ing  on a 

phy to p la nk to n  po pu la t io n .  If the ph yto plankto n  a re  par t  of a un ia lg a l  cu l ture ,  the e f fe c t  of 

g raz ing  c a n  be m easu re d  on an a r i th m e t ic  s c a l e  of p a r t i c le  vo lume. With na tur a l  p o p u la t i o n s ,  

however ,  it  i s  a l s o  of i n t e r e s t  to know the  s i z e  f r ac t io n  of p a r t i c l e s  be ing gra zed  a s  wel l  a s  

the  qu an t i t y .  F o r  t h i s  pu rp ose  a lo ga r i t h m e t i c  d i s t r ib u t io n  of pa r t ic le  d ia m e te r  i s  b e s t  

employed.

P R O C E D U R E

1. Obta in  app rox imate ly  2-l i t re  q u a n t i t i e s  of s e a  water  conta in ing  phyto plankto n  and f i l l  two 

1- l i t re  sc r e w  cap b o t t l e s  with 900 ml of s e a  water  each .*

2. Add from 2 to 20 c o p e p o d s  (ca  1 mg wet wt ea ch )  or equ iv a l e n t  b io m a ss  of Zooplankton  to 

one jar.

3. P l a c e  both ja r s  on a s lowly  ro t a t in g  whee l  (ca  one  r e v o lu t i o n /3  min) and i nc ubat e  in the  

dark a t  c o n s t a n t  t e mp era ture  for  a  s e t  t ime pe r iod .**

4. After incubat ion,  remove the Zooplankton by s training with a coarse net  and measure the 

s i ze  spectrum of par t ic le s  in each bottle a s  descr ibed in B. I (3). The total  quant ity of 

material  grazed is  obtained from the d i fference in biomass of par t icula te material  between the 

samples  with and without Zooplankton. The s i z e  fraction grazed i s  given by the s i ze  fraction 

between the two points  at which the spectrum of ungrazed par tic les  joins or c r o s se s  the 

spectrum of grazed par t ic les .

Examp le :  T h e  ex am p le  shown in F i g s .  22 and 23 i s  for E u p h a u s i a  p a c i f ic a  graz ing  on a 

mixed bloom of C h a e t o c e r o s  s o c i a l i s  and C h a e t o c e r o s  d e b i l i s  during a per iod  of 8 hours .

From Fi g .  23 it may be  s e e n  th a t  th e  s i z e  f r ac t io n  grazed  i s  approximate ly  be tw e e n  12 and 

80 ß d iame te r .  From F ig .  22 the  to ta l  quan t i t y  g r azed  (which can a l s o  be e x p r e s s e d  a s  th e  

qu ant i ty  per  an imal )  i s  16.04 x IO6 q 3 /ml .  It i s  n o t i c e a b l e  in F i g s .  22 and 23 tha t  in addi t ion

* The exact amount of sea  water, the number of Zooplankton added and the s iz e  of the 
containers used  i s  to some extent a matter of choice providing the volume of water per animal is  
greater than the quantity it  could possibly filter during the incubation period. Since this will depend 
in part on the concentration of the phytoplankton in the water, the size of the container and the number 
of animals to add must sometimes be found experimentally. The volume of the container and the 
approximate number of zooplankters added as suggested here, have been taken from Mullin (1963) 
Limnol. Oceanogr. 8: 239-250 and have been found a satisfactory guide for our experiments.

** The temperature and time period of incubation are a matter of experimental choice. The 
in situ temperature of the seawater sample and a 24 hour incubation are suggested as a guide for 
initial experiments.
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to the  e f fec t  of g raz ing ,  there  i s  a l s o  a m e a s u r a b l e  produc t ion  of the s m a l l e s t  p a r t i c l e s .  T h i s  

i s  b e l ie v e d  to be  a real  e ffec t r e su l t i ng  from the  pa r t ia l  f ragmen ta t ion  of ph yto pla nk ton  a s  

they  a re  grazed by Zooplankton.

Fig. 22 Zooplankton Grazing
Location: Saanich Inlet 
Date: 21 /6 /66  
Incubation: 8 hrs dark

Diameter No euphausiids Euphausiids added

(ft) Coulter Counter Vo urnes cu g x 106/ml
3-57 0.12 0.34
4.49 0.17 0.36
5-66 0.27 0.46
7.12 0.43 0.62
8.98 0.79 1.04
11-3 0.88 1.22
14.3 2.27 1.54
18.0 5.70 2.43
22.6 7.00 2.80
28-5 4.75 2.42
35-9 4.70 1.74
45-3 3.70 O.97
57.0 1.80 0.53
17.9 0.54 0.67
90.5 0.49 0.43

Total (cu g 10^/ml) 33-61 17.57
Quantity grazed
(cu n x 106/ml) 16.04

A euphausiids added 
• no euphausiids8

6

4

2

4 8 16 32 64 128
DIAMETER ( j j  )

Fig- 23



IV. RECENT SEDIMENTS

(1) INTRODUCTION

Grain s i z e  a n a l y s i s  of s e d i m e n t s  p r e s e n t s  p roblems s i m i l a r  in so me  r e s p e c t s  to th ose  

e nco u n te re d  with s u s p e n d e d  p a r t i c u la te  matter  ( s e e  B. I). T h e  range  of pa r t i c le  s i z e  which  

c a n  occu r  i s  enormous ,  vary ing from g r a i n s  of c l ay  mineral  only a f rac t ion  of a micron in 

d iame te r  to p e b b l e s  and c o b b l e s  w ho se  d i a m e te r  i s  m eas u red  in te rms  of ce n t im e t re s .  Only a 

sma l l  par t  of th i s  range  c a n  be cov e red  with the Cou l te r  Counter .  T h e  normal working l imi t s  

a re  from 1 ^ to 500 g. In ord inary  in v e s t i g a t i o n s  it i s  not us ua l  to me asu re  p a r t i c le s  l e s s  than 

1 (i, a l th ough t h i s  can  be  do ne  if n e c e s s a r y .  T h e  range  500-1000 ß c an  a l s o  be m easur ed  with 

Co u l t e r  C ounte r  but it i s  far e a s i e r  to e s t i m a t e  gra in  s i z e s  in  th i s  range by de te rmina t ion  of 

se t t l i n g  v e l o c i t y  (e .g . ,  Emery  1938). However ,  most  marine  s e d i m e n t s  have  grain s i z e  

d i s t r i b u t i o n s  in the  range  I - 5OO ß .

A loga r i t hm ic  s c a l e  of pa r t ic le  d iame te r  should  be u se d .  Th e  grade  s c a l e  g i ve n  in 

F ig .  5, i s  c o n v e n ie n t .  T h i s  i s  a 2 or 2 ‘'2 s c a l e  of p a r t i c l e  volume but  b a s e d  at 1 ß p a r t ic le  

d iame ter .  S ince  e a c h  d iameter  in te rva l  r e p r e s e n t s  a doubl ing  of p a r t i c l e  volume, there  are 

th ree  g r a d e s  b e tw e e n  s u c c e s s i v e  doubl ings  of p a r t i c l e  d iame ter .  T h i s  s c a l e ,  therefore ,  

a p p ro x im a te s  to a I /3  0  s c a l e  (Krumbein 1934). It i s  a l s o  very near  to a l o g 1Q s c a l e ,  and 

a p p ro x im a te s  to an At te r be rg  s c a l e  (every 10th in te rva l ) ,  commonly us ed  in soi l  a n a l y s i s .  T h is  

app a ren t  s i m i l a r i ty  b e tw e e n  a 2 s c a l e  and a 10 s c a l e  i s  s imply  due  to the  fact  that  1 0 ^ = ^ 2 10.

C l a s s i c a l  method s  of  s ed im ent  a n a l y s i s  me asu re  the weig ht  of sed iment  gr a ins  in each  

d i a m e te r  in te rv a l  or g r ade .  Organic  mat te r  in the  s ed im ent  h a s  a d e n s i t y  c o n s id e r a b ly  l e s s  

than  tha t  of mine ra l  g r a in s  and for most  s e d im e n t s  (with only a few pe rcent  organic mater ia l )  

i t  c an  be ignored .  T h e  Co u l t e r  Counter  m e a s u r e s  p a r t i c le  volume.  A few pe rcent  of organic  

ma t te r  in a s e d i m e n t  may h a v e  ne g l i g ib le  weight  but it  wil l  h a v e  a s ig n i f ic an t  volume.  Before 

a gra in  s i z e  a n a l y s i s  i s  made  the organic  matter  should be removed.  With c o a r s e  s e d im e n ts  

t h i s  c a n  be removed by ign i t ion .  F i n e  s e d im e n ts  cannot  be e a s i l y  d i s p e r s e d  af ter  ign i t ion  and 

organic  m at e r i a l  sho u ld  be  removed from t h e s e  by wet oxida t ion .  It i s  a l so  d e s i r a b le  to keep 

f in e -g ra in ed  s e d i m e n t s  we t  during s to rage  a s  some s e d i m e n t s  can be di ff icul t  to d i s p e r s e  if 

a l lo we d  to dry out .

Methods of a n a l y s i s  d ep end  on th e  range  of g r a in  s i z e  of th e  sample .  Gra ins  larger 

th a n  about  100 ß ca nn ot  be  m ai n ta in ed  in uniform s u s p e n s i o n  in s a l i n e  water ,  and i t  i s  

n e c e s s a r y  to i n c r e a s e  the  v i s c o s i t y  of th e  e le c t r o l y te .  Glycero l  c a n  be  added.  Addi t io ns  of 

50-80% c a u s e  c o n s i d e r a b l e  i n c r e a s e  in v i s cos i ty ,  but  more than 80% cannot  c o n v en ie n t ly  be 

u s e d  a s  th e  r e s i s t i v i t y  b e c o m e s  too grea t .  S u s p e n s i o n s  s h o u l d  be made  up in b eak er s  with 

h e m is ph e r ic  b o t to m s ,  a s  t h e s e  de f in i te ly  he lp  to a c h i e v e  even  d i s p e r s i o n ,  and sa m p le s  should  

be s t i r re d  c o n t i n u o u s l y .
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Sed iments  can  be c o n v e n ie n t ly  d i v i d e d  into t h r e e  groups:  Medium s a n d s ,  f in e  s a n d s  

and s i l t ,  and mud. Th e  a n a l y s i s  of e a c h  type i s  car r i ed  out  d i f fe ren t ly  a n d  with an unknown 

se d im en t  it  i s  a d v i s a b l e  to g e t  an approxim ate  i d ea  of the gra in  s iz e  before  beginning an 

a n a l y s i s .  T h i s  c an  be done s im p ly  by e ye  (for medium s a n d s )  by rubbing  a sm a l l  amount  

be tw een  the  f ingers  ( f ine  s i l t y  s a n d s  fe e i  gri t ty,  f i ne  muds of s im i l a r  bulk a p p e a r a n c e  f e e i  

smooth) ,  or by  w a s h i n g  a s a m p le  through one  or  t w o small  s i e v e s .  O nc e  an a p p ro x im a te  ide a  

of the  range  of g r a in  s i z e  h a s  be en  ga in ed  the  appropr ia te  method of a n a l y s i s  c a n  be c h o s e n .  

S e l e c t e d  methods  a re  given below, but t h e s e  may have to be modi f ied in p a r t ic u la r  c a s e s .  The  

genera l  p r in c ip le s  of t h e s e  me th ods  should ,  however ,  a l w a y s  be app l i c a b le .

(2) MEDIUM SAND: s i z e  range  100-500 g

Sed imen ts  of th i s  type a re  w id e s p re a d  and form beach  d e p o s i t s  and sa nd  b a r s  in 

lo c a t i o n s  w he re  wave  or cu r r e n t  ac t ion  is  moder a t e ly  v igoro us .  T h ey  a re  of ten very wel l  

sor ted  and may c o n s i s t  a lmos t  wholly of qu a r tz  gra ins .  Th e  s i z e  l im i t s  g i v e n  h a v e  no 

p h y s i c a l  re a l i t y  but  are jus t  fo r  the c o n v e n i e n c e  of a n a l y s i s .  All in te rm e d ia te  t y p e s  be tw een  

f ine,  medium and c o a r s e  s a n d s  may be found .  C o a r s e  s a n d s  cann ot  be a n a l y s e d  e a s i l y  with 

the  Coul te r  C oun te r  and f ine  s a n d s  sho ul d  b e  a n a l y s e d  acco rd ing  to s e c t i o n  B. IV (3).

P R O C E D U R E

1. T a k e  a sm al l  sa m p le  (about  0 .2 g) and p l a c e  in a s i l i c a  c ruc ib le .

2. If c a r b o n a te s  are t o  be remo ved add  a smal l  amount (u su a l ly  about  5 ml) of 10% HC1.

3. Add d i s t i l l e d  water  and de can t  to remove the  ac id  a f te r  the g r a i n s  have se t t l e d .

4. Dry on hot p la te  at  .11 0° C.

5. Ign ite  in furnace  for  45 mi nu te s  at 550°  C. At t h i s  t e m pera tu re  o r g a n ic  mat te r  wil l  be 

burned wi thout  a f fec t ing  the minera l  g ra ins .

6. Allow to cool ,  and  add  a sma l l  amount  of  g l y c e r o l - s a l i n e .  T h i s  shou ld  be  made  with 80% 

glycero l  a nd  20% of 300 g/1 N a C l  so lu t ion .

7. Ag i ta te  in an u l t r a so ni c  bath for about  5 mi nu te s  to d i s p e r s e  the  g ra in s .

8. Make up to 250 ml wi th g l y c e r o l - s a l i n e .  Th e  e a s i e s t  way  to do th i s  i s  to weigh  a 300 ml 

round-bot tom beaker .  Wash the s am ple  into th e  b eak e r  with g l y c e ro l - s a l in e ,  th en  make up to

300 gm ( = 250 ml).

9- Us ing  a 1000 ¡i aper ture ,  c h e c k  th e  p a r t ic le  c o n c e n t r a t i o n .  If it  i s  too great  l et  th e  samp le  

run aw ay  to w a s t e  v i a  t h e  ape r ture  w h i le  main ta ining a uniform s u s p e n s i o n ,  and th en  re f i l l  

the beake r .  If it i s  n e c e s s a r y  to know the  amount  o f  di lu t ion  the  b e a k e r  c an  b e  w e ig h ed  before 

and af ter  adding g l y c e r o l - s a l i n e  ( s e e  C . 1(7) ).

10. Count  from 5.12-64 n (F ig .  5), or b e t w e e n  app ro x im a te ly  t h e s e  l i mi t s ,  us in g  e i t h e r  th e  

model M volume c o n v e r t e r  or a u t om a t ic  t imer.  With care ,  and a c e r t a in  amount  of exper iment  

to de te rmine  optimum s i z e  for  s u b - s a m p l e s ,  al l  n e c e s s a r y  c o u n t s  c a n  be made on 250 ml 

sample .
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Exam ple :  The  d is t r i b u t i o n  g ive n  in F i g .  24 i s  of sed iment  from a s a n d  bar of fshore  from 

Comox Harbour ,  Vancouver  I s land .  T h e  sa m p le  w a s  t a k e n  from about  10 me t re s .
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Fig .  24

(3) FI N E  SAND AND SI LT :  s i z e  range  l e s s  than  250 ¡i

Whereas  medium s a n d s  of ten  c o n ta in  l i t t l e  or  no f ine  mater ia l ,  f i n e  s a n d s  are of ten 

mixed with c o n s i d e r a b l e  q u a n t i t i e s  of s i l t .  T h i s  i s  b e c a u s e  fine s and  a c c u m u l a t e s  in 

envi r onmen ts  where wave  or cur ren t  a c t i o n  i s  only modera te ,  an d  b e c a u s e  of th i s  a c e r ta in  

amount  of s i l t  may a l s o  accum ula te .  It i s  u s u a l l y  p o s s i b l e  t o  sp l i t  the  s a m p le  at about  

2 5 " 4 0  ¡i and a n a l y s e  e a c h  f rac t ion  s e p a r a t e l y .

P R O C E D U R E

1. T a k e  a smal l  sa mp le  (about  0 .1  gm) an d  w ash  into 50 ml beaker  with a minimum of 

d i s t i l l e d  water .

2. Add 2 ml of 30% H 20 2 .
3. Put  t h e  beake r  on a h o tp la te  s o  th a t  the  te mp era tu re  of the sample i s  about  70°  - 80 ° C ,  and 

l e a v e  to s im mer  overn ig ht .  Th e  hydrogen  peroxide  wil l  d e com po se  and d i g e s t  read i ly  

o x i d i z a b l e  organic  ma t te r .
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4. If c a r b o n a t e s  a re  to  be removed add a s m a l l  amount  of a c id .  T h e  amount  and type  of ac id  

u s e d  w i l l  dep end  on the  type of s ed i m en t  a n a l y s e d .  F o r  i n s t a n c e ,  a s e d i m e n t  with on ly a 

l i t t l e  c a l c i t e  and much c la y  mineral  would  n e e d  a s m a l l  amount  of weak  ac id  (e .g . ,  a c e t i c ) ,  

but  a s ed im en t  wi th a c o n s id e ra b l e  amount  of  dolomi te  and no c la y  mineral  could  be  t r e a t e d  

with a s t rong a c i d  (e .g . ,  hydrochlor ic ) .

5. Put  the  sample  in a n  u l t ra s o n ic  b a th  and a g i t a te  for about  5 minutes .  Add a l i t t l e  s a l i n e  

if n e c e s s a r y .  T h e  s a l i n e  shou ld  be  at the  c o n c e n t r a t i o n  for which  th e  c o u n t e r  i s  c a l i b r a t e d ,  

p re fe rab ly  1% N a C l .  However,  if the in s t r um en t  i s  a l s o  us ed  fo r  c ou n t i ng  p a r t i c l e s  in 

s e a w a t e r  3% N a C l  should  be used .

6. Wash the  sa m p le  on to a s i e v e  (25 pi or 37 pi m esh  sp ac in g )  with sa l i n e .  T h e  materia l  

p a s s i n g  th e  s ie ve  s h o u ld  be c o l l e c t e d  into a 250 ml vo lumet r ic  f lask .

7. Wash the ma ter ia l  re ta ined  o n  the s i e v e  into a c r u c ib le  and dry at 1 1 0 ° C .

8. Ign i te  at 550°  C.  T h i s  i s  n e c e s s a r y  to remove r e la t i v e ly  la rge  p a r t i c l e s  of o rganic  m a t te r  

not  com ple te ly  d i g e s t e d  by H 20 2 .

9- Allow to c ool  and add a small  amount  of g l y c e r o l - s a l i n e .  T h is  should  be  made with 50% 

glyc ero l ,  10% 300 g / l  N a C l ,  an d  40% d i s t i l l e d  water .

10. F o l l o w  p ro cedu re s  7 to 10 in B. IV (2), but make  up to 287 g (= 250 ml) with g lyce ro l -  

s a l i n e  and u s e  a 560 pi aper ture .  D i lu t io ns  c an  be made  e i t h e r  by le t t i ng  so me of the s am ple  

run to w a s t e ,  or by su b- sam pl i ng  with a p i pe t te  and  t h e n  making up to 287 gm in a beaker ,

( C . 1(7))- C oun ts  should  be made  from 256 to 20 pi.

11. C heck  the  con c e n t r a t i o n  of the s u s p e n s i o n  which  p a s s e d  the  sc re e n  ( i . e . ,  tha t  o b ta in e d  

from Pr o ced u re  6) us ing  a 100 or 140 pi aper ture  and d i lu te  if n e c e s s a r y  (for p ip e t te  and 

volumet r ic  f l a s k  s e e  C . 1(7)).

12. T a k e  counts  over the range  from 40 - 50 ß to 3 • 4 ß ■

13. If n e c e s s a r y  a sub -s am ple  can be  taken ,  w a s h e d  through a 25 pi s c r e e n  and c o u n ts  in the

range 10 - 1 ß made us ing  a 50 pi aper ture.

S ince  e a c h  f rac t ion  of the  sed iment  w as  o r ig in a l ly  made  up to 250 m l  the  re la t i v e  

propor t ions  of each grade  can be c a lc u la te d ,  p rovided  th a t  a l l  d i l u t io ns  are recorded .

Example :  F i g u re  25 i s  a fine sand  with an admixture  of s i l t  from the  St rai t  of Georg ia ,

Br i t i sh  Columbia .  T h i s  i s  a very common ty p e  of f ine se d i me nt .  The  samp le  was  d iv id ed  at 

37 ß (A.S.T.M. s ta n d a rd  sc r e e n )  and each  f rac t ion  w a s  made  up to 250 m l .  The  f ine  ma te r ia l  

w a s  d i lu t ed  10 t imes  and the c o a r s e  materia l  2.62 t im es .  T h e  r e s u l t s  for e a c h  f rac t ion  were 

c a l c u l a t e d  in te rms  of con c e n t r a t io n  (ppm by v o l . )  of p a r t i c l e s  in th e  or ig inal  250 m l  s a m p l e s  

and are  the refo re  comparable .  T h e  a b s o l u t e  v a l u e s  of c o n c e n t r a t i o n  are,  of c o u r s e ,  un impor tan t  

a s  t h e s e  d e p e n d  on t h e  s i z e  of the original  sed im en t  s am pl e .  The  r e s u l t s  could be 

r e c a l c u l a t e d  in terms of pe rcent  of to ta l  sample .
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(4) MUD: s i z e  range  l e s s  th an  100 ß

T h i s  i s  p robably  the  e a s i e s t  sed iment  to a n a l y s e  and i s  a l s o  the  l e a s t  common in 

o ccu r r en ce .  It i s  found  in a r e a s  where  wave ac t ion  i s  a b s e n t  and cur ren ts  are weak.  

Se di m en ts  of t h i s  typ e  pro ba bl y  accu m ul a te  mainly from mater ia l  ca r r ied  in s u s p e n s i o n .

P R O C E D U R E

1. P r e p a r e  a s am ple  a s  d e s c r i b e d  in B. IV (3), P r o c e d u r e s  1 to 5.

2. Make up to 250 m l  wi th N a C l  so lu t ion  ( s e e  B. IV (3), P ro c e d u re  5), then a n a l y s e  

fol lowing  P r o c e d u r e s  11 and  12 of B. IV (3), but u s e  a 200 or  280 g aper ture and count  over  

the ra n g e  100 /1 to 5 ß .

3 . If n e c e s s a r y  a s u b - s a m p l e  c a n  be taken  and c o u n t s  made  from 10 ß to 1 ¡i a s  de sc r ib e d  in 

B. IV (3), P r o c e d u r e  I 3 .

Example :  F i g .  26 s h o w s  t h e  gra in  s i z e  d i s t r i bu t io n  of a mud. T h e  se d im en t  wa s  ta k e n  at a 

dep th  of 100 m from the  S t ra i t  of Georgia,  B r i t i s h  Columbia .  T h e  a n a l y s i s  was  made with a 

200 ß ape r tur e  on ly .
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y .  SOME OTHER APPLICATIONS

(1) DENSITY MEASUREMENT

Since  the  Cou l te r  Coun ter  m e a s u r e s  par t ic le  volume,  th e  to ta l  vo lume of p a r t i c l e s  in 

a sample  c an  b e  c a lc u l a t ed  s imply  by mult ip ly ing  the number of p a r t i c l e s  and the mean  

pa r t i c le  volume for each  grade.  If the to ta l  weight  of a sa m p l e  i s  a l so  known the  a ve rage  

d e n s i t y  of the  p a r t i c l e s  can be de te rmine d .  Open-ended  d i s t r i b u t i o n s  can n o t  be m easu re d ,  but 

sc re e n in g  be twe en  known upper  and lower  l i m i t s  of  pa r t i c l e  s i z e  wil l  e f f ec t i v e l y  c l o s e  an 

o th e rw is e  open d is t r ib u t io n .  F o r  i n s t a n c e ,  t h e  s a m p le  s h o w n  in F i g .  25 forms  a s u i t a b l e  

d i s t r ib u t io n  if only the  mater ia l  r e t a i n e d  by a 37 g sc r e e n  i s  c o n s id e re d .

It i s  o ften p o s s i b l e  to make d e n s i t y  m easu rem en t s  as  part  of o th er  de te rm in a t i o n s  and 

it i s  rarely n e c e s s a r y  to a n a l y s e  sa m p le s  for d e n s i t y  a lone .  In the exa m ple s  g iv en  in F i g .  27,

(a) w as  ob ta ined  from a s e r i e s  of a n a l y s e s  of a medium qua r tz  s and .  The  b a s i c  pu rp ose  of the 

a n a l y s e s  w a s  to ob ta in  informat ion on p a r t i c l e - s i z e  d i s t r ib u t io n .  However,  the s a m p l e s  were 

weighed  a f te r  P ro ced u re  (5) (B.  IV (2) ) and it w a s  then p o s s i b l e  to  plot  weight  a g a i n s t

53



54 /  S o me  O th er  A p p l i c a t i o n s
volume and s o  ob ta in  the mean d e n s i t y  of the p a r t i c l e s .  The  va lue  ob t a ined  (2.6 g m / m l )  i s  

very c l o s e  to the  d e n s i t y  of quartz (2 .66  g / m l ) . T h i s  s e r v e s  a s  a use fu l  c h e c k  on t h e  a c c u r a cy  

of volume d e t e rm in a t io ns .  Simi lar ly,  exa m pl e  (b) i s  for  a s e r i e s  of d e t e r m i n a t i o n s  of g r a in  s i z e  

d i s t r i b u t i o n  of a s i l ty  s and .  The  f r a c t i o n  re ta in ed  by a 37 fi s i e v e  was  weighed  a f te r  P ro cedure  

(8) (B.  IV (3) ). Th e  a v e ra g e  d e n s i t y  of the  p a r t i c l e s  (2 .0  g / m l )  i s  l e s s  th an  th a t  of quar tz .  

T h i s  w a s  b e c a u s e  many of the  g r a in s  were spong e  s p i c u l e s .  T h e s e  ha ve  a de n s i ty  l e s s  than 

qu a r tz  and  a re  a l s o  hol low.
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(2) ANIMAL MIGRATIONS
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One fea ture  of the  Coul te r  Co un ter  o f  c o n s i d e r a b l e  p o te n t ia l  va lu e  i s  tha t  it  i s  

p o s s i b l e  to a c c u r a t e l y  me asure  grain  s i z e  d i s t r i b u t i o n s  of very  small  s a m p l e s .  The  minimum 

sample  s i z e  d e p e n d s  to some ex ten t  on the  grain s iz e ,  but d i s t r i b u t i o n s  of f ine- sand  s a m p l e s  

of .02 g can  be m easu red  accu ra te ly .

Many bot tom dwe l l i ng  an i m a ls  car ry sm a l l  am ount s  of  sand  in th e i r  s t o m a c h s  

(Sheldon  and Warren 1966). T h i s  i s  e i t he r  p icked  up a c c i d e n t l y  while  fe ed in g  or i s  a c t u a l l y  

in the  food (e .g . ,  in th e  gut  of worms).  If the pa t t e rn  of g ra in  s i z e  d i s t r ibu t io n  of th e  bo t tom 

s e d im e n ts  i s  known in de t a i l  it i s  som e t im es  p o s s i b l e  to f ind where feed in g  occur red  and 

whether  migrat ion from the feed ing  a r ea  h a s  t a k e n  p l a c e .  T h i s  i s  done s imply by compar ing 

the  g ra in  s i z e  d i s t r i b u t i o n s  of the bot tom d e p o s i t s  with tha t  of the sm a l l  amount  of sa nd  in 

the  s tomach.  If the  two d i s t r ib u t i o n s  di ffer  then the an imal  mus t  have  moved s i n c e  it  l a s t  fed.  

The  movement  of a s k a t e  (R a ia  b a t i s ) over  more t h a n  20 km h a s  b e e n  d e t e c t e d  in th i s  way  

(Sheldon and  Warren 1966) and the feed ing  ground o f  a shr imp ( P a n d a l u s  monta gu i ) p o pu la t io n  

h a s  been  d i s c o v e r e d  (Warren and She ldon 1967).

(3) GRAIN SIZE DISTRIBUTIONS OF VARVED SEDIMENTS

It i s  p o s s i b l e ,  by taking very smal l  s a m p l e s ,  to  m easu re  th e  g ra in  s i z e  d i s t r i b u t i o n s  

of ind iv idua l  l a y e r s  in varved sed im en ts .

F i g u re  28 s h o w s  p a r t i c le - s iz e  d i s t r i b u t i o n s  for s i x  s a m p l e s  of se d im e n t  ta k e n  at 

about  1.3 mm in t e r v a l s  from th e  upper pa r t  of  a shor t  core  from S a a n ic h  In le t ,  B r i t i s h  Colu mbia .  

Ea c h  had a vo lume of l e s s  t h a n  10 cu mm ( i . e . ,  t h e  volume of the  s a m p l e  a s  t a k e n  from t h e  

core not the total  vo lume of pa r t ic les ) .  Sedim en ts  from Sa an ich  Inlet  have  b e e n  d e s c r i b e d  by 

G r o s s  et al (1963) and Guc lue r  and G ro ss  (1964).  T h e y  a re  b a n d e d  with l ight  and dark l a y e r s  

and it i s  b e l i e v e d  that  the banding  is annual ,  wi th one l ight  and one  dark la ye r  formed e a c h  

year  ( i . e . ,  varved) .

A n a l y s e s  wer e  made a s  d e sc r ib ed  in B. IV (4) and were made with a 30 ß aper tur e .

Two t y p e s  of d i s t r ib u t io n  can be  r e c o g n iz e d  with modes at  about  2 .0 ß and about 

4 .0 ¡i ■ Th e  sa m p l i n g  in te rva l  (about  2.6 mm for two la y e r s )  was  s im i la r  to the  e s t i m a t e  for  

annua l  dep o s i t io n  (2 mrn) g ive n  by G ro ss  et al (1963),  and it i s  p o s s i b l e  t h a t  the d i s t r i b u t i o n s  

r ep re sen t  se d ime nt  d e p o s i t e d  at d i f fe ren t  t im es  of th e  year .

(4) CARBON C O N T E N T  AND P A R T I C L E  VOLUME

T h e  d i f f i c u l t y  of d e c id in g  exa c t ly  what  th e  co u n te r  m e a s u r e s  in te rms  of b i o m a s s  h a s  

been one of t h e  more c o n t r o v e r s i a l  p o in ts  to re s o lv e  when working with t h i s  type  of i n s t rum ent .  

F o r  most  p r a c t i c a l  pu rp o se s  the  r e s p o n s e  of the  ins t rumen t  to  i r regular ly s h a p e d  p a r t i c l e s  

a p p e a r s  to be e s s e n t i a l l y  propor t ional  to p a r t i c l e  volume.  T h i s  i s  i l l u s t r a t e d  in F ig .  29 where  

more than 70 m e a s u r e m e n ts  of total  pa r t i c le  volume h a v e  been  cor re la ted  (r = 0.88) with 

p a r t i c u l a t e
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carbon (Sheldon a n d  P a r s o n s  1967). T h i s  cor re la t io n  was  ob t a in ed  in s p i t e  of the  f a c t  that  

many chain- forming d ia toms were  p re se n t  among the  p a r t i c u la te  matte r.

For  g r ea te r  p ar t ic le  s i z e  ra n g e s  the co r r e l a t i on  of carbon  in p la nk to n  p o p u la t i o n s  with 

Coul te r  Counter  vo lume d e te rm in a t io ns  may be logar i thmic  s in c e  la rger  p lank to n  s p e c i e s  

co n ta in  r e la t iv e l y  sma l le r  p ropor t ions  of carbon  (Mullin et al 1966). F o r  any  envi ronment ,  

however,  if some a b s o lu te  me asu re  of b i o m a s s  i s  requi red  from volum es  de te rmin ed  with the  

Coul te r  Counter,  t h i s  would b e  b e s t  ob ta in ed  from a p re de te r mi ned  r e g r e s s i o n  l ine  such  a s  i s  

shown in F ig .  29-
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I. NOTES

(1) DISPERSION O F  P O L L E N  GRAINS

Ca l ib ra t io n  de pend s  on  the m easurem en t  of mo no -s iz ed  p a r t i c l e s .  It i s  e s s e n t i a l ,  

therefore ,  tha t  they a re  d i s p e r s e d  a s  s in g le  pa r t i c le s .  If l a rge  numbers  a r e  s t i c k in g  toge the r  

in twos  and t h r e e s  the  ca l i b r a t i on  wil l  be w o r t h le ss .

To  d i s p e r s e :  Put about  1 /4 cc p o l le n  into a 50 m l  sa m p le  tube.  Half  f i l l  it  with 

s e a w a t e r  and add 1 drop of de te rg en t .  Shake  v igorous ly  and  the n  a l l ow  it to s t and .  R e p e a t  the 

sha k in g  at 15 minute  in te rv a ls  for 1 hour and then le a v e  for 24 hours .  A few drops  of th i s  

s t o c k  s u s p e n s i o n  should  be poured through a s c r e e n  into 250 ml  of s e a w a t e r .  T h i s  wil l  give 

app roxim ate ly  the r ight  c oncen t r a t i on  of p a r t i c l e s .  The  s c r e e n  sh ou ld  be l a rge r  than  a s i ng le  

grain but sm a l le r  than  a double t  (e . g . ,  for r agw eed  pol le n ,  a 25 /x s c r e e n  wil l  a l l ow  very few 

mul t iple  p a r t i c l e s  to p a s s ) .  T h e  s tock  s u s p e n s i o n  can be kept  for a fur ther  two d a y s ,  but 

should  then be d i sc a rd ed .

(2) P R E P A R A T I O N  O F  P A R T I C L E - F R E E  SEA WATER

All na tura l  s e a  water c o n t a i n s  p a r t i c l e s ,  but s e a  water  u s e d  for making up and d i lu t ing  

pa r t ic l e  s u s p e n s i o n s  must  be p a r t ic le - f re e .  F i l t r a t io n  i s  the  mos t  co n v en ien t  method  for 

p ar t ic le  removal and the  fol lowing f i l t e r - ty p e s  a re  recommended:

F o r  560 ft and larger  a p e r t u r e s  g la s s - f ib r e  f i l t e r  p a d s ,  pore  s i z e  3 ' 5  g

F or  1 0 0 - 4 0 0  ft a p e r t u r e s ......................membrane f i l t er ,  pore s i z e  0.5 * 2 .0  ft

F o r  70 g and smal le r  a p e r t u r e s  membrane  f i l ter ,  pore s i z e  l e s s  than  0 .5  ft

It i s  a l s o  p o s s i b l e  to remove  p a r t i c l e s  with a con t in uous - f lo w  cent r i fuge .  F l o w  ra te  

and s p e e d  of ro ta t ion  can b e  a d j u s t e d  so that  p a r t i c l e s  are removed to  any  prede te r min ed  

s i z e .  Actua l  va lu e s  are found by exper iment  and wil l  de pend  on the  ty p e  of in s t r um en t  used .

Organic  p a r t i c l e s  can  form in membrane- f i l t e red  s e a  w a te r  (Sheldon,  E v e ly n  and 

P a r s o n s  1967) so tha t  it may remain  p a r t ic le - f re e  for only a few hour s .  It i s  a l w a y s  be t te r  to 

u se  f re sh l y  f i l t ered  s e a  water.

(3) CALIBRATION O F  SMALL A P E R T U R E S

It i s  r e l a t i v e ly  e a s y  to  com pl e te ly  d i s p e r s e  large  p a r t i c l e s  (e .g . ,  ragw eed  pol len) ,  but 

s u s p e n s i o n s  of smal l  p a r t i c l e s  ( i . e . ,  l e s s  than  about  10 ft d iameter )  may of ten  con ta in  

numerous  d o u b le t s  and t r i p l e t s  which  are d i f f icu l t  to s e p a r a t e .  T h e  median of a  s e r i e s  of 

cum ula t iv e  co u n ts  wil l  not  be  a m e a su re  of ave rage  pa r t i c l e  s i z e .  It i s  n e c e s s a r y  to d iv ide  

the curve  into pa r t s ,  e a c h  r ep r e s e n t in g  a  d i f f e r en t  kind of p a r t i c l e ,  and then  c a l c u l a t e  the 

median  for the pop ula t ion  of s i n g l e  p a r t i c l e s  (F ig .  30).

In most  c a s e s  it  i s  not  d if f icu l t  to re c o g n iz e  e a c h  par t  of the  cu m u la t i v e  cu rve ,  but 

it i s  o f ten  bet te r  to record  c o u n t s  in the form of a d i f f e ren t ia l  f requency  d is t r ib u t io n .  To  do
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t h i s  put  the  upper th r e sh o ld  mode s w i t c h  to LO CKE D.  The  upper  th reshold  wil l  now produce  

a th re sh ol d  " w i n d o w ”  1 /10  the number of d i v i s i o n s  of the  upper  t h r e sh ol d  s e t t in g .  F o r  

example ,  s e t  the  upper  th re sh ol d  at  50. T h i s  wil l  g ive  a t h r e sho ld  " w i n d o w ”  of 5 d iv i s io n s ,  

and the  lower  th reshold  cont rol  wi ll  move the  " w i n d o w ” ; i . e . ,  with the lower  th re sh ol d  s e t  at 

15, co u n ts  wil l  be be tw een  t h r e s h o l d  s e t t i n g s  15 and 20; s e t  at 16 b e tw een  16 and 21, e tc.

singlets

3
Median at threshold 32

doublets

triplets

20 30 40 50 60 70 80 90  10010

THRESHOLD

singlets

Mode at threshold

h-
z
3
O
o doublets

triplets

20 30 40 50 60 70 80 90 100IO

THRESHOLD



Notes /  63
T a k e  co u n ts  at co nveni en t  p o in ts  and p lo t  a d i f f e r en t ia l  f r e q u e n c y  d i s t r ib u t i o n  (F ig .  30). T h e  

mode of the peak re p re se n t i n g  s in g le  p a r t i c l e s  will  give a m e a su re  of p a r t i c le  s i z e .  T h e  mode 

c a n  be found by measur ing  ha lf -way b e tw e e n  the f l a n k s  of the peak  (F ig .  30).

(4) SCREE NING

P a r t i c l e  d i s t r ib u t i o n s  with a la rge  rang e  of s i z e  cannot  be m easu red  with a s in g l e  

aper ture ,  and at some point  in the a n a l y s i s  t h e  s a m p l e  h a s  to be  s c r e e n e d  to preve n t  b lo ck in g  

of a re la t i v e ly  small  aper ture by la rge  p a r t i c l e s .  T h e  e f f i c ie ncy  of the  sc r e e n in g  d e p e n d s  on 

the  na ture  and s h a p e  of the  p a r t i c l e s  and on the  method of u s i ng  the s c r e e n .

If the  p a r t i c l e s  are s u b - s p h e r i c a l  and can  b e  w a s h e d  in to  the  s c r e e n  the n  it  will  

s e p a r a t e  p a r t i c l e s  a lmos t  exa c t l y  a s  th e  m e s h - s i z e  ( s e e  B. IV (3))-

If the  ma ter ia l  canno t  be w a sh e d  on to  the s c r e e n  but  mus t  s imply  be  poured  through 

(e .g . ,  s e a w a t e r  s a m p le s ,  where d i lu t io n  of  the s am ple  p a s s i n g  the  s c r e e n  would be 

u n a c c e p t a b l e )  then  many p a r t i c l e s  sm a l l e r  than  the mesh  wi l l  s t i c k  to t h e  wi r es  and to o th e r  

( la rge)  p a r t i c l e s .

If, in addi t ion ,  the p a r t i c l e s  a re  not approxim ate ly  s p h e r i c a l  th e  s c r e e n  wi l l  r e ta in  

p a r t i c l e s  with a n  e f fec t iv e  d iamet er  (b a s e d  on volume)  c o n s id e r a b ly  l e s s  than  the  mesh  

sp a c in g .  F o r  example ,  c o n s id e r  a mixture of s p h e r i c a l  b e a d s  (d iameter  7.5 mm) and n i c k e l s  

(5 (j: co in s ) .  A s i e v e  with a mesh  of a l i t t l e  l e s s  t h a n  10 mm will  p a s s  al l  the  b e a d s  and 

re ta in  al l  the  n i c k e l s ,  ye t  the volume of a n ickel  i s  s u c h  th a t  i t s  e f f ec t iv e  d ia m e te r  i s  6 mm 

( i . e . ,  d i am e te r  of sp h e re  of s a m e  volume a s  the n i cke l ) .  P a r t i c l e s  of va r io u s  s h a p e s  o c c u r  

in the  s e a  and many are  even  l e s s  s u b s t a n t i a l  than a d i s c ,  so  that  in p r a c t i c e  a s c r e e n  wi l l  

re ta in  p a r t i c l e s  from s e a w a te r  far sm a l l e r  th an  the  m esh  s p a c i n g  would s u g g e s t .

In genera l  t h e  fo l lo win g  approximate  l im i t s  shou ld  be obse rved:

(a) Su b- sp he r ic a l  p a r t i c l e s  w a s h e d  through a sc r e e n :  s e p a r a t e d  to about  20% of the  

m esh  sp a c i n g ,  i . e . ,  if the  materia l  i s  s c r e e n e d  at 50 ¿i then  th e  d i s t r ib u t i o n  wi ll  not  be  a f f e c t ed  

at  d ia m e te r s  l e s s  than  40 p .

(b) I r regular  s h a p e d  p a r t i c l e s  w a s h e d  through a s c r e e n :  the  l imi t s  here  wi ll  d e p e n d  very  

much on p a r t i c le  s h a p e  but a good  gene ra l  rule would  be to a llow for e f f e c t s  to 50% of the  

m esh  s p a c i n g ,  i . e . ,  if t h e  mater ia l  i s  s c r e e n e d  at 50 p then the d i s t r ibu t io n  will  not  be a f f e c te d  

at  d i a m e te r s  l e s s  than  25 (!•

(c) I r regular  p a r t i c l e s  poured through a s c r e e n :  here  t h e  e f fec t  of the  s c r e e n  i s  

c o n s i d e r a b l e .  With s u s p e n d e d  mat te r  in s e a w a t e r  the  e f fec t  c an  ex te nd  to 80% of the  mesh  

sp ac in g ,  i . e . ,  if the  ma ter ia l  i s  s c r e e n e d  at 50 ¡j. the n  only below 10 ¡i wil l  the  d i s t r ib u t i o n  be 

unaf f ec ted .

When making  m eas u rem en ts  over  a wide range  of pa r t i c le  s i z e  th ere  are va r ious  

c o m b in a t io n s  of a p e r t u r e s  and s c r e e n s  w hi ch  can  be s e l e c t e d .  In cho ic e  of s c r e e n  s i z e  a 

compromise  of ten  h a s  to be r eache d  b e tw e e n  a s c r e e n  w hic h  wi ll  not  a f fec t  the  p a r t i c l e - s i z e
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di s t r ib u t io n  wi th in  the  range  of a p a r t ic u la r  aper tur e ,  but wil l  p robably  p a s s  p a r t i c l e s  la rge  

enough to b loc k  the  ape r ture ,  a n d  one  w hich  wil l  f i l t e r  off a l l  p a r t i c l e s  c a p a b le  of c a u s i n g  

b l o c k a g e ,  but  a s  a c o n s e q u e n c e  of t h i s  may af fec t  the  s i z e  d i s t r ib u t io n  wel l  into the  working 

range  of t h e  aper tur e .  In any p ar t ic u l a r  s e r i e s  of o b s e r v a t i o n s  it  i s  b e s t  to de te rmine  by 

expe r iment  the mos t  s u i t a b l e  com bin a t i ons  of s c r e e n s  and  a p e r tu r e s  to us e .  Also ,  in  som e 

c a s e s ,  c o n s i d e r a b l e  ove r la p  in the  r a n g e s  of t h e  a p e r tu re s  u s e d  may be n e c e s s a r y .

T h e r e  i s  a s imi la r ,  but l e s s  pronounced ,  e f f e c t  on p a r t i c l e s  r e ta in ed  by a s c r e e n .  We 

h a v e  s e e n  th a t  p a r t i c l e s  wi th  e f fec t iv e  d ia m e te rs  sm a l l e r  than the mesh  s p a c in g  c an  be 

r e t a in ed ,  but if th e  p a r t i c l e s  a re  c y l in d r ic a l  or e l l i p s o i d a l  some with e f f ec t iv e  d ia m e te r s  

gr e a te r  than  the mesh  sp a c i n g  may be p a s s e d .  T h i s  e f fe c t  c an  e x te n d  to d i am eter s  10% g re a te r  

th a n  the mesh  sp ac in g .

(5) CA L C U L A T IO N  TO D ETERM IN E T H E  AMOUNT O F  D E T R I T U S  IN SUS PEN DED 

M A T T E R  IN T H E  SEA

T h e  theory  beh ind  the  procedure  fo l low ed  i s  g iv e n  by Cu sh in g  and N ic hol so n  (1966).

In brief ,  the e x p r e s s i o n

A  A

V - D  = e ^ o )  i s  u s e d  to ob ta in  an e s t i m a t e  of k, the  true 
V0- D

growth c o n s t a n t .  VQ is  th e  total  quant i ty  of  p a r t i c u l a t e  mat er ia l  at the beginning of the
A .

in c u b a t i o n  ( t ime,  t= 0) ,  V i s  the  to ta l  quant i ty  of p a r t i c u l a t e  mater ia l  at  time t, D i s  an
A

e s t i m a t e  of the  t rue  volume of de t r i tu s  (D) and k i s  the  co r r e sp on d in g  va lu e  of k. S inc e  theA .
t rue  growth c o n s t a n t  (k) wil l  not c h a n g e  wi th time, v a l u e s  of k are p lo t ted  a g a i n s t  t ime,  and 

the  v a lu e  of D at  which k v s  t h a s  zero s lo pe  i s  t a ke n  a s  a m e a s u re  of the true volume of 

d e t r i t u s  (D).  By s u b s t i t u t i n g  t h i s  va lu e  of D b a c k  into the  ab o v e  equa t ion ,  the  growth c o n s t a n t  

of the  phy topla nk ton  can  b e  ob ta ined .

(6) EVA L U A T IO N  O F  METHODS F O R  DETERMINING T H E  GROWTH R A T E  OF NA TU RA L 

P H Y T O P L A N K T O N  P O P U L A T IO N S

T h e  a s s u m p t i o n  i s  made  in the c a l c u l a t i o n s  (B. II (3) ( b ) )  tha t  D, the  volume of 

d e t r i t u s ,  r e m a in s  c o n s t a n t  dur ing  the  72 hour  incuba t io n .  T h i s  may not  be cor rec t  if 

d i s s o l u t i o n ,  p r e c i p i t a t i o n  or bac t e r ia l  growth oc c u rs .  T h e  length  of th e  incuba t ion  per iod  and 

the  a s s u m p t i o n  regard in g  th e  d e t r i t u s  a re  d i s a d v a n t a g e s  of th i s  method.  The  o th e r  method 

(B. II ( 3 ) ( a ) ) ,  in which  no cor rec t ion  i s  made for d e t r i t u s ,  g i v e s  a measure  of  growth ra te  

which  c a n  only be em ployed  in c a l c u l a t i o n s  involv in g  shor t  t ime in t e r v a ls  u n l e s s  th e  

p op u la t i o n  of ph y to p lan k to n  gr ea t ly  e x c e e d s  t h e  quan t i t y  of de t r i tu s .  Such c o n d i t io n s  may 

only occu r  in i s o l a t e d  env i r on m en ts  or  during heavy  b loo ms.  T h u s ,  in summary,  e i t h e r  of two 

m e tho ds ,  or  a  co m b in a t i o n  of  both,  may be employed de pe nd in g  on the  type  of  information  

requi red .



(7) DILUTION METHODS

The  e a s i e s t  way to d i lu te  i s  to ta k e  a s u b s a m p le  with a p ip e t t e  and then  make th i s  

up to a known volume in a volumetr ic  f lask .  T h i s  method  c an  be u s e d  with s u s p e n s i o n s  of 

p a r t i c l e s  with low se t t l i n g  v e l o c i t i e s  ( i . e . ,  e i t he r  smal l  s i z e  or  low den s i ty ) .  La rg e ,  h igh 

d e n s i t y  p a r t i c l e s  ( e .g . ,  sed im en t  g r a in s  la rger  than  about  50 /x) t end  to s e t t l e  ou t  in a 

vo lumetr ic  f lask  so tha t  the  s am pl e  ca n n o t  be  t r an sf e r r ed  q u a n t i ta t i v e ly  from th e  f la s k  to a 

beaker  for measur em en t .  Di l u t ion s  sh ou ld  be made in b e a k e r s .  T h e r e  a re  two co n v en ie n t  w ays  

to do th i s :

(a) By ta k in g  the  con c e n t r a t ed  s u s p e n s i o n  away to w a s t e  th rough the ape r tu re  and 

then making  up the  remain ing  s u s p e n s i o n  wi th pa r t ic le - f ree  e l e c t r o ly t e .  T h e  d i lu t io n  c an  be 

c a l c u l a t e d  by weighing  before and a f te r  adding  the e le c t r o ly t e .

(b) By tak ing  a su b sa m p le  wi th  a p ip e t t e ,  w a sh in g  th i s  in to  a b eak er  and thèn  

making the sa m p le  to some prede te rmined  weight .
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