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ABSTRACT OF THESIS 

The b lood  o f  p o n d - l iv in g  s p e c ie s  o f  Daphnia c o n ta in s  

haem oglobin , which o f te n  g iv e s  the animals a pinlc or red  c o lo u r .

The q u a n t ity  o f  haem oglobin i s  very  v a r ia b le ;  a Daphnia s p e c ie s  

may be c o l o u r l e s s ,  pink or red  in  d i f f e r e n t  ponds, or in  the same 

pond at d i f f e r e n t  t im es . Daphnia may ga in  or lo s e  c o n s id e r a b le  

q u a n t i t i e s  o f  haem oglobin in  a few d a y s , as a r e s u l t  o f  decrease  

• or in c r e a se  in  the amount o f  d i s s o lv e d  oxygen in  the w ater.

In the work rep orted  in  t h i s  t h e s i s ,  I have found th a t  

the haemoglobin c o n te n t  o f  Daphnia b lood i s  a l s o  in f lu e n c e d  by 

the q u a n t ity  o f  a v a i la b le  food . The number o f  p a r th en o g en e tic  

young produced was used as an i n d ic a t io n  o f  the s t a t e  o f  n u t r i t i o n .  

Haemoglobin produ ction  d id  n o t  take p lace  in  s ta r v ed  anim als even  

with  very  H i t t l e  oxygen. ,At low oxygen c o n c e n tr a t io n s  an in c re a se  

’ in  the amount o f  food  added caused an in c r e a se  in  haem oglobin

s y n t h e s i s  to  a c e r t a in  maximum v a lu e ,  above which g r e a te r  q u a n t i t i e s  

of food had no e f f e c t .

I t  had been thought th a t  pale  Daphnia p laced  in  a water  

from a pond which co n ta in ed  red  Daphnia produce more haemoglobin  

than in  t h e i r  own w a ter , a t  the same oxygen c o n c e n tr a t io n .  I 

have found th a t  t h i s  i s  r e a l l y  due to  d i f f e r e n c e s  in  n u t r i t i o n .

I t  was a l s o  thought th a t  the presence o f  c h lo r o p h y l l  in  

food caused g r ea ter  haemoglobin form ation , I have shovn that pa le  

Daphnia fed  on c o lo u r le s s  and on green organism s, such as Gonium

c o n t ' d . . .



and y e a s t ,  C h lo r e l la  and P ro to th e ca , Ghlarriydomonas and 

Polytoma do n o t  produce s i g n i f i c a n t l y  d i f f e r e n t  amounts of  

haem oglobin. Equal q u a n t i t i e s  by w eight o f  Chlamydoraonas 

and Polytoma were used .

I have i n v e s t ig a t e d  a number o f  ponds c o n ta in in g  red  

and c o lo u r l e s s  Daphnia a t  d i f f e r e n t  se a so n s .  An e s t im a te  

of the maximum and minimum oxygen c o n c e n tr a t io n  in  v a r io u s  

ponds was ob ta in ed  i n d i r e c t l y  by f in d in g  the oxygen consumption  

of pond waters in  s top p ered  b o t t l e s  in  l i g h t  and in  dar lm ess .

An e s t im a te  o f  the amount o f  phytoplankton p r e se n t  v/as a ls o  

ob ta in ed  by t h i s  means. P o s s ib le  c o r r e la t io n s  between the  

haem oglobin co n ten t  o f the Daphnia and the oxygen con ten t  

and a l k a l i n i t y  of the pond w a te r s ,  and the  s e a s o n s ,  were 

a l s o  s tu d ie d .
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1. INTRODUCTION

Haemoglobin i s  found in  s e v e r a l  S n to m o stra ca , but 

i t s  p r esen ce  i s  e s p e c i a l l y  i n t e r e s t i n g  in  Daphnia as t h i s  

anim al shows la r g e  f l u c t u a t i o n s  in  the  q u a n t i ty  o f  h aem oglob in ,  

a p p a r e n t ly  w ith o u t  any c o r r e la t e d  change in  v i t a l i t y  or 

s u r v iv a l  power in  ad verse  surroundings (Pox 1947 , 1948)•

The red  c o lo u r  o f  Daphnia in  ponds or d i t c h e s  had 

been d e s c r ib e d  by Swammerdam (1758) and Baird (1849) but 

i t  was n o t  i d e n t i f i e d  as haem oglobin u n t i l  1871 by Ray 

L a n k ester . I t  i s  p r e s e n t  in  the s p e c ie s  o f  Daphnia 

in h a b i t in g  ponds and d i t c h e s .  There are th ree  common 

s p e c i e s  o f  Daphnia found in  t h e s e  l o c a l i t i e s ,  nam ely  

D .mafpia S t r a u s ,  D .p u le x  (Do Geer) and D .obtusa  Kurz.

( S c o u r f i e ld  and Harding 1941, S c o u r f ie ld  1 9 4 2 ) .  A lthough  

th e r e  i s  g r e a t  v a r i a t io n  in  the amount o f  haem oglobin  in  

th e  b lood  o f  D aphnia, th e r e  are c o m p a ra t iv e ly  few r e f e r e n c e s  

to  the c o lo u r  o f Daphnia in  the l i t e r a t u r e .

Haemoglobin i s  found in  s o lu t io n  in  the  b lood  p lasm a,  

and i t  was a l s o  d isc o v e r e d  in  the eggs o f D .p u le x  in  the  

brood pouch ( T e s s i e r  1 9 3 2 ) .  Smith (1915) d i s c u s s e s  the  

b r ig h t  r e d d is h  orange c o lo u r  o f  Daphnia k ep t in  crov/ded 

c o n d i t io n s  at low tem p e ra tu r e , and th e  b lood  red  c o lo u r  o f  

p onds, but he d id  n o t  a t t r i b u t e  the  c o lo u r  to  haem oglobin .  

Ramner (1933) s i m i l a r l y  d e s c r ib e s  th e  m assing  o f  D .p u le x  t o  

form red  swarms# Banta (1939) c o n s id e r e d  the  red  c o lo u r  o f  

Daphnia t o  be caused  by an in tr a - v i ta m  s t a i n i n g  o b ta in ed  from  

the  w a te r .
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The red c o lo u r  o f  Daphnia has o f t e n  been a s s o c ia t e d  

w ith  good n u t r i t i o n ,  a lth o u g h  the c o lo u r  has n o t  always  

been a t t r i b u t e d  to  haem oglobin , P r i t z s c h e  (1917) thou ght  

th a t  the red  co lo u r  o f  Daphnia i s  due to  ca r o ten e  and he 

a s c r ib e d  i t s  form ation  to  good n u t r i t i o n ,  S ch u lz  (1928)  

was a l s o  o f  t h i s  o p in io n . Verne (1923) s tu d ie d  the  s y n th e s i s  

o f  haem oglobin  in  DapJrinia and concluded  t h a t  the  appearance  

o f  haem oglobin  depends on the p resen ce  o f c h lo r o p h y l l  (o r  

p ro d u c ts  o f  i t s  d i s i n t e g r a t i o n ) .

I t  i s  im portant t o  d is c o v e r  the f a c t o r s  r e s p o n s ib le  f o r  

th e  fo rm a tio n  o f  haem oglobin  in  such v a r ia b le  q u a n t i t i e s ,  and 

th e  re a so n s  fo r  i t s  l o s s  in  the . la b o ra to ry  and in  n a tu r e .

More than one f a c t o r  i s  in v o lv e d  in  the  s y n t h e s i s  o f  

haem oglobin  in  Daphnia. Pox (1948) found t h a t  Daphnia in  

th e  la b o r a to r y  w i l l  l o s e  haem oglobin  in  w e l l  a era ted  w a te r ,  

w hereas th e  q u a n t i ty  o f  haem oglobin  in  the same Daphnia in  

w ater  d e f i c i e n t  in  d i s s o lv e d  oxygen remained s te a d y  or r o s e .

In o th e r  exp er im en ts  w ith  p a le  Daphnia, oxygen la ck  v/as 

found to  be a f a c t o r  n o t  o n ly  in  p r e v e n t in g  haem oglobin  lo s s  

but a l s o  in  i t s  s y n t h e s i s .  P a le  Daplmia in  c o n d i t io n s  o f  

lovf oxygen ga in ed  h aem og lob in , w h ile  in  a er a te d  w a ter  th e  

q u a n t i ty  o f  haem oglobin  was n o t  found to  change s i g n i f i c a n t l y .

A lthough  oxygen d e f i c i e n c y  i s  thus a f a c t o r  in f lu e n c in g  

th e  haem oglobin  c o n te n t  o f  D aphnia , haem oglobin  s y n th e s i s  

was a l s o  observed  in  c e r t a in  pond w a ters  even v/hen a e r a te d .

In  a d d i t io n  to  t h i s  the f a e c e s  o f  ducks were found t o  promote 

haem oglobin  form ation  more than oxygen d e f i c i e n c y  a lo n e .  In



one experim ent Pox (1948) found th a t  the amount o f  

haem oglobin had in c r e a se d  t o  over th ree  t im es i t s  o r i g i n a l  

v a lu e  in  th e  p resen ce  o f  f a e c e s ,  but i t  had o n ly  doubled in  

hydrogenated  w ater o f  a s im i la r  low oxygen c o n te n t ,  S ince  

c e r t a in  pond w aters in  which Daplmia i s  red are ab le  t o  

induce haem oglobin  p rod u ction  even when the oxygen  

c o n c e n tr a t io n  i s  n o t  low , t h i s  su g g e s ts  t h a t  th e r e  may be 

some o th e r  f a c t o r  in  pond w ater r e s p o n s ib le  f o r  haemoglobin  

p r o d u c tio n . T his f a c t o r  may be capable o f  a c t in g  in d ep en d en tly ,  

or i t  may come in to  o p era t io n  o n ly  in  c o n d it io n s  of oxygen 

la c k .

The o b je c t  o f  t h i s  p r e s e n t  in v e s t i g a t i o n  i s  t o  f in d  

the f a c t o r , - w h ic h ,  in  com bination w ith  oxygen la c k ,  induces  

haem oglobin s y n t h e s i s  in  Daphnia. My work has been concerned  

m ain ly  v /ith  th e  in f lu e n c e  o f  n u t r i t i o n  on the haemoglobin  

p ro d u ctio n  o f  Daphnia. The in f lu e n c e  o f  d i f f e r e n t  q u a n t i t i e s  

of  a l g a l  food on the  haem oglobin in d ex  has been in v e s t ig a t e d .

The e f f e c t  o f  the p resen ce  o f c h lo r o p h y l l  in  food on the  

haem oglobin c o n te n t  o f Daphnia has a l s o  been co n s id e r e d .

The problem has a l s o  been approached by making f i e l d  

o b s e r v a t io n s  in  d i f f e r e n t  l o c a l i t i e s  over a p er io d  o f  s e v e r a l  

m onths, o f  th e  oxygen c o n c e n tr a t io n  ofi oxygen consumption o f  

the pond w a te r ,  the a l k a l i n i t y  o f  the w ater and the haemoglobin  

in d ex  o f  the  Daphnia p r e s e n t .

2 . • METHODS

The q u a n t i ty  o f  haem oglobin in  Daphnia ot. the



"haemoglobin index" has been e s t im a ted  by the  method 

d e v ise d  by Fox (1948) u s in g  ten  o f  the b ig g e s t  Daphnia 

taken from a p o p u la t io n .  The co lo u r  o f oxyhaemoglobin  

c lo s e  to  the  base o f  th e  second antenna o f  each animal in  

turn  i s  matched a g a in s t  a standard s o lu t io n  o f  d i lu t e d  

b lood  from the worker^s f i n g e r .  The d i lu te d  b lood  s o lu t io n  

i s  p la c e d  in  a trough  b e fo r e  the m irror o f  a m icr o sco p e , and 

the image o f  the  haem oglobin s o lu t io n  i s  made to  f i l l  the  

upper t h ir d  o f  an e v e n ly  i l lu m in a te d  f i e l d  o f  v i s i o n  in the  

m icro sco p e . The c o lo u r s  are matched by moving the  trough  

t o  r ig h t  or l e f t .  The trough stan d s  on a s c a l e ,  so  th a t  

the  narrow end seen through the  m icroscope corresponds to  

0 and the wide end to  160 a r b i t r a r y  u n i t s .  For p a le  

p o p u la t io n s  the standard haem oglobin s o lu t io n  i s  d i lu t e d  to  

one h a l f  s t r e n g t h ,  the s c a l e  re a d in g  from 0 t o  80 u n it s #  The 

v a lu e s  fo r  each of th e  10 in d iv id u a ls  are averaged and thus  

the haem oglobin  in d ex  f o r  th e  p o p u la t io n  i s  o b ta in ed .

I n a c c u r a c i e s  in  th e  m ethod a r e  c a u s e d  by  i n d i v i d u a l  

v a r i a t i o n s  in  th e  D ap h n ia  o f  a p o p u l a t i o n ,  and by  t h e  

p e r s o n a l  e r r o r  in  e s t i m a t i o n .

Daphnia o f  above a c e r t a in  s i z e  were talcen a t  random 

from a p op u la t ion #  The in a ccu ra cy  caused by the I n d iv id u a l  

v a r ia t io n  in  Daphn ia  taken in  t h i s  way was t e s t e d  by ta k in g  

two l o t s  o f  10 Daphnia from each o f  s e v e r a l  d i f f e r e n t  

p o p u la t io n s ,  and f in d in g  the  haem oglobin in d ex  o f  each#

The d i f f e r e n c e  between the two v a lu e s  was found to  vary  in  

d i f f e r e n t  l o c a l i t i e s #  In  seven  p o p u la t io n s  the  r e s u l t s  were
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104 and 98 , 93 and 8 6 ,  72 and 61 , 60 and 5 6 ,  43 and 4 7 ,

40 and 39 , 29 and 27# I t  f o l lo w s  th a t  the e r r o r  o f  the 

method i s  l e s s  than 10^,

I t  has boon shov/n ( D r e s e l ,  unpub lished) th a t  the  

haem oglobin c o n te n t  o f  Daplmia in  which the  par then ogene t  ic  

young are a t  the egg s ta g e  i s  l e s s  than th e  haem oglobin  

co n ten t  o f  Daphnia c a r r y in g  w e l l  developed  embryos. T.ie 

haem oglobin  c o n te n t  g r a d u a lly  in c r e a s e s  as the eggs d eve lop  

in  the  brood pouch. I t  has been shown th a t  the accuracy  o f  

the method i s  g r e a te r  when Daplmia are taken  in  which the  

p a r th e n o g e n e t ic  young are at the same s ta g e  o f  developm ent.

In l a t e r  ex p er im en ts ,  t h e r e f o r e ,  Daphnia have been  

used  in  w hich the p a r th e n o g e n e t ic  young were a t  the same

sta g e  o f  developm ent. In  order t o  ob ta in  comparable
;

r e s u l t s  two s ta g e s  have been c o n s id e r e d ,  the egg stage  

and th e  eyed-embryo s t a g e ,  in  which th e  embryos have one 

or two e y e s .  The f i r s t  ten  anim als o f th e  c o r r e c t  s i z e  

and w ith  %roung a t  the r e q u ir ed  s ta g e  were ta k e n . In order  

to  a v o id  s e l e c t i n g  p a r t i c u la r  an im als .

Tlie p e r so n a l e r ro r  in e s t im a t io n  was t e s t e d  by 

d eterm in in g  the haem oglobin in dex  o f the  same 10 Daphnia 

three  t im e s .  Although the in d iv id u a l^  v a lu e s  ob ta in ed  

were n o t  i n d e n t i c a l ,  the mean v a lu e s  were ap proxim ately  

the same, v a lu e s  o f  4 4 ,  46 and 46 b e in g  o b ta in ed . In  

a d d it io n  the average in dex  ob ta in ed  from 10 D ,obtusa  was 

e s t im a te d  u s in g  s tr o n g  and d i l u t e  haem oglobin s o lu t io n s  

suT^cessivGly. The same average v a lu e  o f  41 was obtained*



Uhen the haem oglobin in d ex  has been e s t iL ia ted ,
I

th e  le n g th  o f  each  Daplmia i s  measured from th e  fo reh ea d  to  

th e  base o f  the p o s t e r io r  s h e l l  s p in e ,  u s in g  a micrometer  

e y e p ie c e  .and a 1 in ch  or 2 in ch  o b j e c t i v e .  D e t a i l s  are  

n o te d  o f  the co lo u r  o f  th e  l iq u id  in  the space between gut  

w a ll  and p e r i tr o p h ic  membrane (Ghattom 1 9 2 0 ) ,  th e  gut c o n te n t ,  

th e  q u a n t i ty  o f  f a t ,  the s i z e  o f  the  s h e l l  sp in e  and any 

oth er  i n t e r e s t i n g  f e a t u r e .  The number o f  eggs or embryos 

in  the brood pouch o f  each Daplmia i s  then co u n te d , a f t e r  

d i s s e c t i n g  them out in  most c a s e s ,  and ^the c o lo u r  o f  the  

young i s  n o te d .

D is s o lv e d  oxygen measurements are made in  a l l  

c a s e s  by the  s y r in g e - p ip e t t e  m icro-W inkler method o f  Fox . 

and W in g fie ld  (1 9 3 8 ) .  The method i s  m o d if ied  by the  

p r e l im in a r y  u se  o f  sodium a z i d e ,  as in  some pond w aters  

the p resen ce  o f n i t r i t e  ca u ses  an in a ccu ra cy  in  th e  r e s u l t .

Tie p resen ce  o f  n i t r i t e s  can be shown by making an ox^^gen 

d eterm in a tio n  w ith o u t  the a d d it io n  of raanganous c h lo r id e  

s o l u t i o n ,  a b lu e  c o lo u r  appearing i f  n i t r i t e s  are p r e s e n t .

T h is e r r o r  i s  avo id ed  by f i l l i n g  th e  dead space o f  the  

p ip e t t e  w ith  1% s o lu t io n  o f  sodium a z id e  which r e a c t s  w ith  

n i t r i t e s  w ith  the p rod u ction  o f  n itr o g e n #

In a l l  experim ents  Daphnia i s  kept in  c o n ta in e r s  

which a l lo w  a sm a ll  su r fa c e  area  in  comparison w ith  the  

volume o f  th e  w a te r ,  so  t h a t  d i f f u s io n  o f  oxygon in to  the  

medium i s  red u ced . C on ica l and round-bottomed f l a s k s  o f  

25c c c .  c a p a c i ty  were found to  be s u i t a b le  f o r  t h i s  purpose#
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By v a r y in g  the volume o f  water u so d , and hence the  su r fa c e  

a r e a ,  d i f f e r e n t  oxygen c o n c e n tr a t io n s  can be obtained# For 

oxygon c o n c e n tr a t io n s  o f  more than a i r  s a t u r a t io n ,  i t  

was found s a t i s f a c t o r y  t o  use c o n ic a l  f l a s k s ,  and to  b eg in  

the  experim ent in  a er a te d  w a te r , the  oxygen c o n c e n tr a t io n  

b e in g  reduced r a p id ly  by the  Daplmia and the added food  

organ ism s. For low oxygen c o n c e n tr a t io n s  Daplmia i s  

e n c lo s e d  in  round-bottom ed f l a s k s  f i l l e d  to  v a r io u s  l e v e l s  

in  tlie n eck  w ith  w ater o f  low oxygen c o n te n t ,  so  that the  

su r fa c e  area  i s  ex trem ely  sm all in  p ro p o rtio n  to  th e  volume 

o f  w ater  u sed . The r e s p ir a t io n  o f  Daplmia i s  s u f f i c i e n t  

to  c o u n te r a c t  the d i f f u s i o n  over the s u r f a c e ,  and d a i l y  

oxygen d e te r m in a tio n s  during an experim ent show th a t  the  

oxygen c o n te n t  does n o t  vary  much. In  a l l  experim ents a 

s e r i e s  o f  f l a s k s  i s  used  w ith  d i f f e r e n t  su r fa ce  area/volum e  

r a t i o s .  The number o f  Daphnia and the  amount -of food  added 

i s  p r o p o r t io n a l  to  tlie volume o f  pond w ater u se d . A s e r i e s  

o f  o:rygen c o n c e n tr a t io n s  i s  thus o b ta in e d , which can be 

compared w ith  a s im i la r  s e r i e s  in  a d i f f e r e n t  pond w a ter .

This e n a b le s  the haem oglobin p rod u ction  o f  Daphnia in  pond 

w aters  o f  v a ry in g  oxygen consumption to  be compared, a t  the  

same p e rc en ta g e  a i r  s a t u r a t io n .

F la sk s  c o n ta in in g  Daphnia are kept iim th e  dark, to  

a v o id  oxygen p ro d u ctio n  by a l g a l  photo-s^^m thesis.

3 .  THE FEEDING OF DAPHNIA:

(a )  P revious ?/ork

Smith (1915) u sed  P rotococcu s s u c c e s s f u l l y  as food  f o r
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D aphnia, but i t  was thought th a t  G ladocera are unable to  

d ig e s t  c e l l u l o s e  (NcAimann 1921) and so to  feed  on 

u n i c e l l u l a r  a lg a e  o th er  than f l a g e l l a t e s * ’ D e t r i t u s  o f  an 

o rgan ic  o r ig in  was co n s id ered  to  be more im portant than a l g a l  

fo o d .  The r e s u l t s  o f Pacaud (1939) h id ic a t e  th a t  f l a g e l l a t e s  

o f  the  nannoplankton are b e t t e r  nourishm ent than d e t r i t u s  o f  

v a r io u s  k in d s .  Von D&lin (1930) showed th a t  c e l l s  o f  

8 t ic h o c o c c u 3  had to  p a ss  s e v e r a l  t im es througj.1 th e  g u t ,  b efore  

the c o n te n ts  were leech ed  out o f  th e  o n ly  p a r t ly  d ig e s te d  

c e l l u l o s e  c e l l  w a l l .

V arious workers have s in c e  kept Daplmia in  a h e a l th y  

c o n d it io n  on v a r io u s  s t r a in s  o f  a lg a e .  C h lo r e l la  has been 

used  (W oltereck  1928, P ra tt  1 9 4 3 ) ,  Scenedeamus was found t o  

be a s u c c e s s f u l  food  (S ch u lz  1 9 2 8 ) ,  and Gonium has a l s o  been 

used  (Mortimer 1936, Pacaud 1 9 3 9 ) . Pacaud ( 1 9 3 9 ) . a f t e r  t r y in g  

v a r io u s  a lg a e  concluded th a t  Daphnia are b e t t e r  n ou r ish ed  on 

a mixed d i e t ,  Ghlamydomonas a g lo e fo r m is  and Gonium p e c to r a le  

b e in g  u s e d .

The s u i t a b i l i t y  o f  many s p e c ie s  o f  a lg a e  as food fo r  

Daplmia has been e x p e r im e n ta l ly  in v e s t ig a t e d  and d is c u s s e d  

by L efevre  ( 1 9 4 2 ) ,  many s p e c ie s  b e in g  found to  be o f  

n u t r i t i o n a l  v a lu e .  ' The most fa v o u ra b le  s p e c i e s ,  namely  

Phaecus pyrum, G h lo r e l la  v u lg a r i s , Gonium p e c to r a le  and 

aynura u v e l l a , d i f f e r  m o r p h o lo g ic a l ly  and c h e m ic a l ly ,  but  

have in  common a sm a ll  s i z e  ^ f r a g i le  membrane, and a tendency  

t o  remain e a s i l y  suspended in  a c u l t u r e .

Poods n o t  c o n ta in in g  c h lo r o p h y l l  have a l s o  been used
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f o r  r e a r in g  Daph n ia . Vbme (1923) used  "zooglëes"  

v/ith  out c h lo r o p h y l l .  B a c te r ia  from a manure e x t r a c t

were found to  be s u i t a b le  food by H utchinson (1 9 3 3 ) .

Banta (1939) co n s id er ed  pure s t r a in s  o f  b a c t e r ia  

d i f f i c u l t  t o  m a n ip u la te ,  a lth ou gh  v a r io u s  b a c t e r i a l  

c u l t u r e s  have been used  s u c c e s s f u l l y  (Sa lim ovskaya-  

Rodina 1 9 4 0 ) ,  Y ea sts  have a l s o  been used  by the  same 

a u th o r ,  who found th a t  Daphnia can fee d  e x c l u s i v e l y  on 

th e se  m icro-organ ism s and can be c u l t iv a t e d  to  a mature 

s t a t e ,  and produce normal o f f s p r i n g .  A l l  s p e c ie s  o f  

m icro-organ ism s were n o t  found to  meet the  n u t r i t i o n a l  

requ irem en ts o f  Daphnia, and moreover some proved t o  be 

q u ite  u n s u i t a b le ,  f o r  example Bacterium  prodigiosum  and 

B .v io la ceu m . On em ulsions o f  A zotobacter  and T o ru la , 

Daphnia a t ta in e d  m a tu r ity ,  produced o f f s p r i n g ,  shov/ed 

"an e x c e l l e n t  r e d d ish  -  pink colour" and accum ulated  

r e s e r v e s .  Sac charomyc e s c e r e v i s i a e  and S . e l l i p s o i d e u s  

were c la im ed  to  be s u c c e s s f u l  food  m a t e r ia l s .  Y e a s t s ,  

how ever, were n ot co n s id er ed  by Anderson and Jenkins  

(1942) to  meet the n u t r i t i o n a l  requirem ent o f Daphnia,

The c o n c e n tr a t io n  o f food  m a te r ia l  u sed  i s  

im p ortan t. Higji c o n c e n tr a t io n s  o f  b a c t e r ia  are  

u n s u i t a b l e ,  probably  as  th e se  acne l e r a te  p o iso n in g  w ith  

th e -w a ste  o f  b a c t e r i a l  growth (Salim ovskaya -  Rodina 1 9 4 0 ) .  

D ig e s t io n  o f  a l g a l  c e l l s  i s  more com plete i f  a d i l u t e  

su sp en s io n  i s  u se d , so th a t  p assage  through th e  a lim en tary  

c a n a l  i s  s low  (L efevre  1942) #



10

In n atu re  the food  o f  Daplmi a  u s u a l ly  c o n s i s t s  o f  

d e t r i t u s  v /ith  i t s  co n ta in ed  m icro-organ ism s. The food  

i s  sep a ra ted  from the gut w a l l  by a p e r i tr o p h ic  membrane 

( Ghatton 1920)* The space between the p e r i t r o p h ic  

membrane and the gut w a l l  in  the a n te r io r  p a rt  o f  the  

m id-gut i s  co lou red  green v/ith c h lo r o p h y l l  or a product  

o f  i t s  d i s in t e g r a t io n  in  Daphnia v/hich have been fe e d in g  

on green fo o d . I have used  the c o lo u r  o f  t h i s  space as  

an in d ic a t io n  o f th e  s t a t e  o f  n u t r i t i o n  o f  Daphnia fed  

on organism s c o n ta in in g  c h lo r o p h y l l .

I  have used  thro e  ̂organisms as food  f o r  Daplmia, 

Gonium p e c t o r a le  Mti.lL, Ghlamydomonas i n c i s a  P r in g sh , both  

members o f  the Order V o lv o c a le s ,  and G h lo r e l la  v u lg a r i s  

B e i j ,  a member o f th e  order G h lo ro c o cc a le s .
\

As fo o d s  v /ithout c h lo r o p h y l l  I have used balcer*s 

y e a s t .  Polytome11a caeca  P r in g sh , and Polytoma u v e l la  

Eh*bg., two members o f  the order V o lv o c a le s ,  and 

P roto th eca  Z o p f i i  Kriig. a c o lo u r le s s  member o f  the order  

G h lo r o c o c c a le s .  These organisms w ith  the e x c e p tio n  of  

y e a s t  and P o ly to m e lla  were c u ltu r e d .

(b) C ulture M ethods;

In my experim ents la rg e  q u a n t i t i e s  o f  food  

organisms were r e q u ir e d , but the above s p e c ie s  vary g r e a t ly  

in  th e  amount o f  growth which i s  ob ta in ed  in  an a r t i f i c i a l  

medium* Pure s t r a in s  o f  a l l  the organisms used were kept  

on agar s l o p e s ,  the s t r a in s  b e in g  m aintained  by su b cu ltu r in g  

ev ery  two or th ree  w eeks. Some s p e c i e s ,  such as Gh l o r e l l a



11

v u l- ;a r is  and P roto th eca  Zopf 1 1 , were grown e n t i r e l y  on 

agar s l o p e s ,  as very  th ic k  c u l tu r e s  can be ob ta in ed  in  

t h i s  way# Liquid media or s o i l  w ater media were used  

when th e s e  c o n d it io n s  favoured growth#

Culture v e s s e l s  o f  Pyrex g la s s  were used whenever  

p o s s ib le #  A l l  g lassw are  was c lean ed  in a m ixture o f  

potass ium  dichrornate and su lp h u ric  a c id  and then washed 

c a r e f u l l y  to  remove a l l  t r a c e s  of the c le a n in g  so lu t io n #  

G lass d i s t i l l e d  v/ater was used  in the making up o f  a l l  

media*

Agar s lo p e s  were prepared in la rg e  t e s t  tubes or in  

f l a t  b o t t l e s  in  order to  o b ta in  a large  s u r fa c e ,  these  

c o n ta in e r s  b e in g  found more s u i t a b le  than p e t r i - d i s h e s *

The r e q u ir e d  c o n s t i t u e n t s  in  s o lu t io n ,  to g e th e r  w ith  

s u f f i c i e n t  agar to  make a s o lu t io n  were h ea ted  in

a steam chamber u n t i l  the agar d isso lv ed *  The l iq u id  

was then t r a n s fe r r e d  in to  th e  tubes w ith ou t m o isten in g  

the in n er  p a r ts  o f  th e  r im s , and the tubes were plugged  

w ith  c o t to n  v/ool. These v/ere then a u to c la v e d , co o led  

and f i n a l l y  a llow ed  to  s o l i d i f y  in an ob lique p o s i t i o n .

The q u a l i t y  o f  the s lo p e s  was improved by a u to c la v in g  

the n u t r ie n t  m a te r ia ls  and agar s e p a r a te ly  (Pringsheim  

1946a)# A con cen tra ted  s o lu t io n  o f  n u t r ie n t  su b s ta n c e s ,  

and a m ixture o f agar and w ater were a u to c la v e d ,  to g e th e r  

w ith  th e  t e s t  tub es req u ired . The agar was soaked  

o v ern ig h t  b e fo re  h e a t in g .  A fter  s t e r i l i z a t i o n  the agar 

and n u t r ie n t  s o lu t io n s  were mixed and tr a n s fe r r e d  r a p id ly



12
to  the  a iito -c lavec l tu b e s .  The tubes v/ere then steamed 

fo r  15-20 m inutes b e fo re  s lo p in g  to  ensure com plete  

s t e r i l i z a t i o n .  Agar s lo p e s  prepared in  t h i s  way are more 

e l a s t i c .  They do n o t  break when shaken, and are n o t  e a s i l y  

p en e tr a te d  by a w ire loop such as i s  used f o r  in n o c u la t io n  

(P r in gsheim  1946a).

There i s  some d is c u s s io n  as to  the le n g th  o f  time  

r e q u ir e d  fo r  com plete s t e r i l i z a t i o n .  Many authors s t a t e  

t h a t  a p ressu re  of 15 -  20 lb s .  fo r  .20 -  30 m inutes i s  

n e c e s s a r y  in  order to  s t e r i l i s e  media. This in t e n s iv e  

h e a t in g  i s  n o t  co n s id er ed  n ecessa i'y  by Pringsheim . 

A u tox lav in g  i s  c a r r ie d  out a t  a p ressu re  o f  two atm ospheres, 

the pressu re  i s  a llow ed  t o  remain at two atmospheres fo r  two 

m inutes when th e  source of h ea t  i s  turned o f f  (Pringsheim  

1946a). I  have used  both methods of s t e r i l i z a t i o n .  

A u to c la v in g  a t  15 lb s .  p ressu re  fo r  20 m inutes was n o t  

found to  cause th e  q u a l i t y  of th e  medium to  d e t e r io r a t e  

n o t i c e a b ly .  H eatin g  in  a steam chamber fo r  h a l f  an hour 

on th r ee  c o n se c u t iv e  days v/as used  as an a l t e r n a t iv e  method 

o f  o b ta in in g  pure cu ltu res*

A s o i l - v /a t e r  medium was n o t  used e x t e n s iv e ly  as a 

c u ltu r e  medium. I t  was co n sid ered  p r e fe r a b le  to  u se  a 

medium of Imown com position  which cou ld  be reproduced  

e x a c t l y .  S o i1-w ater  media are however v a lu a b le ,  f o r  as 

P ringsheim  (1946a) has shown, many s p e c ie s  show prolonged  

developm ent in a medium c o n ta in in g  s o i l .  S ub cu ltures  o f  

many .V o lv o c a le s ,  such as Gonium and Ghlamydomonas  ̂ o f te n
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f a i l  to  m u lt ip ly  in  l iq u id  m edia, but m o t i l i t y  can be 

r e s to r e d  by t r a n s fe r e n c e  to  a s o i l - w a t e r  medium 

(P r ingsheim  1 946a).

S o i l -v /a to r  c u l tu r e s  were prepared in  jam ja r s  as 

d e sc r ib e d  by Pringsheim  (1 9 4 6 b ). For c h lo r o p h y l l  

c o n ta in in g  organisms which p r e fe r  an a lk a l in e  medium^ 

such as Gonium and Ghlamydomonas, ca lc iu m  carbonate was 

p laced  in  th e  bottom o f  the ja r  fo l lo w e d  by an inch  of  

ord in ary  garden s o i l ,  which had been p r e v io u s ly  d r ied  

and s i f t e d .  G lass d i s t i l l e d  w ater was then added, to  

w ith in  an in ch  o f  the top o f  the j a r ,  and th e  ja rs  

covered  w ith  g rease  p roof paper* • For organisms such as  

Polytoma which do n o t  co n ta in  c h lo r o p h y l l ,  4 or 5 wheat 

g r a in s  were p la ced  in  the bottom o f  th e  ja r  w ith  ca lcium  

c a r b o n a te , b e fo r e  the a d d it io n  o f  the s o i l .  The ja r s  

are h e a te d  in a steam chamber f o r  one h o u r , on th ree  

c o n s e c u t iv e  d ays.

Each food organism may be con sid ered  s e p a r a te ly .

(a) Gonium p e c t o r a l e . D i f f e r e n t  media were t r i e d  fo r  

c u l t u r in g  Gonium p e c t o r a l e , but i t  was found to  grow v /e l l  

in  Chu» 3  medium No. 10 (Chu 1942) w ith  the a d d it io n  of a 

sm a ll  q u a n t i ty  o f b e e f  e x t r a c t .  A 0.03' -  0.04^  

c o n c e n tr a t io n  o f  b ee f  e x tr a c t  was found t o  be adequate.

The pure s t r a in  was kept on agar in  a s im i la r  medium. 

Gonium was found to  grow b e t t e r  in  l iq u id  cu ltu r e  a t  a
I

pH- o f  6 .8  -  7 . 2 .  Tlie pH o f  the  medium v a r ie d  w ith  the  

q u a n t i ty  o f b e e f  e x t r a c t  added, but was a d ju s te d  by th e .  

a d d it io n  o f  sm all q u a n t i t i e s  o f  sodium carbonate s o l u t i o n .
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A ltliou .^  Gonium m u l t ip l i e s  w e l l ,  i t  i s  sh o rt  l iv e d  

in  pure l iq u id  c u l t u r e ,  and i t  sometimes lo s e s  i t s  co lo u r  

r a p id ly  and d isa p p ea rs  (Pringsheim  19 4 6 a ) . Gonium grows 

w e l l  in  s o i l  -  water c u l tu r e s  in  which the  s t r a in  can be 

m ainta in ed . I  made su b c u ltu re s  o f  Gonium from s o i l  -  

w ater c u ltu r e s  in to  pure l iq u id  m edia, and in  t h i s  way 

t h ic k  c u l t u r e s  o f  Gonium were ob ta in ed . C ultures o f  

Gonium were kept in  a h e a l th y  s t a t e  by su b c u ltu r in g  a t  

i n t e r v a l s  from a f r e s h  s t r a in  of Gonium obta ined  from a 

s o i l  -  v/ater medium.

b) Ghlamydomonas i n c i s a  was grown on agar in  a medium 

o f  th e  f o l lo w in g  c o m p o s it io n ; -

Sodium a c e ta te  ) 0*02^
)

B eef e x t r a c t  )

Bactc -  Tryptone ) 0 ,04^
« )

Y east  e x tr a c t  )

Agar 1.5^

•The pH o f  th e  medium v/as ad ju sted  to  7 .5  by the

a d d it io n  o f  sodium carbonate s o lu t io n .  Ghlamydomonas

was a l s o  grov/n in  l iq u id  medium In s o i  1 -w ater c u l t u r e .

c) C h lo r e l la  v u lg a r is  was c u ltu r e d  in b a c t e r i a - f r e e  

c o n d it io n  on agar s l o p e s ,  u s in g  th e  medium d esc r ib ed  by 

P e a r s a l l  and Loose (1 9 3 8 ) .  This medium, which c o n ta in s  

a h ig h  p ercen ta g e  o f  g lu c o s e ,  supports r i c h  growths, o f  

G h lo r e l la . I t  i s  n e c e s sa r y  n o t  to  a u to c la v e  above

11 l b s .  p r e s s u r e ,  in  order to  p revent ch a rr in g  o f  the  

g lu c o s e .
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Polytoma u v e l l a  v/as grov/n on agar in  th e  f o l lo w in g  

medium: -

Sodium a c e ta to  ) Onlfo

Bacto-Tryptone )

Y east e x t r a c t  0*2$

Agar 1*5%

The plî o f  the medium was a d ju sted  to  7 . 5 ,  as  

p r e v io u s ly *  Polytoma was a l s o  grown in  s o i l - w a t e r  

c u ltu r e s *

e) P roto th eca  Z o p f i i  was grovm s u c c e s s f u l l y  on agar  

s l o p e s ,  o f  the fo l lo w in g  c o m p o s it io n ; -  

M alt e x t r a c t  2$

Glucose dfo

Agar 1*5%’

The media used  f o r  Ghlamydomonas, Polytoma and 

P ro to th eca  were su g g ested  by Pringsheim .

C ultures o f  a lg a e  c o n ta in in g  c h lo r o p h y l l  were n o t  

exposed  t o  d ir e c t  s u n l ig h t .  They were g iv en  continuous  

a r t i f i c i a l  i l lu m in a t io n  from a 100 w a tt ,  bulb a t  a 

d is ta n c e  o f  2 0 -3 0  cms* When th e  c u ltu r e s  had alm ost  

a t ta in e d  maximum grov/th th ey  were tr a n s fe r r e d  to  a n orth  

window, where th ey  ob ta in ed  i l lu m in a t io n  over a sh o rter  

p er io d  o f  t im e . To avo id  o v erh ea tin g  o f  the c u l t u r e s ,  

and the d ry in g  out of the  m edia, a water screen  was 

p la ce d  between the  lamp and the c u ltu r e  f l a s k s  or tu b e s .  

Two c y l i n d r i c a l  v e s s e l s  were p la ced  one in s id e  the o th e r , 

the space between b eing  f i l l e d  w ith  w a ter , and th e  bulb  

b e in g  suspended in s id e  the inner one. The w ater screen
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was coo led  by means o f  a c o i l  o f  copper tubin.g, througii 

which a co n s ta n t  stream o f  tap water was allov/ed to  n.in 

(P ringsheim  1 9 4 6 a ) .  This was found to  be more s a t i s f a c t o r y  

than a d ir e c t  system  o f  c o o l in g  in  which th e  bulb was 

immersed in  runnin.g w a te r , as a lg a e  tended to  accuîïïulate  

on the g l a s s .

C ultures o f  c o lo u r le s s  organisms v/ere grov/n in  the

d a r k .

In  c o n t r o l le d  f e e d in g  exp er im en ts , i t  i s  e s s e n t i a l  

to  be ab le  to  g iv e  e x a c t ly  the same amount o f  food to  

comparable ex p er im en ta l f l a s k s .  I t  i s  a l s o  an advantage  

to  know the ex a c t  amount o f  food th a t  has been added.

A lg a e  w h ic h  a r e  grov/n i n  l i q u i d  c u l t u r e  can  be u s e d  

d i r e c t l y .  To a v o id  th e  a d d i t i o n  o f  c u l t u r e  medium t o  

t h e  e x p e r im e n t a l  f l a s k s  a known volum e o f  a lg a e  v/as 

c e n t r i f u g e d ,  and t h e  c u l t u r e  medium v/as th e n  rem oved .

The c o n c e n t r a t e d  a l g a l  c e l l s  were v/ashed i n t o  th e  f l a s k s  

w i t h  a l i t t l e  o f  th e  pond w a te r .  Oxygen t e s t s  made b e f o r e  

and a f t e r  t h e  a d d i t i o n  o f  a l g a e  showed t h a t  t h i s  m ethod o f  

a d d i t i o n  made no  s i g n i f i c a n t  d i f f e r e n c e  t o  th e  oxygen  

c o n t e n t  o f  t h e  f l a s k s .

Algae were n o t  washed d i r e c t l y  from th e  agar s lo p e s  

in to  the  f l a s k s  c o n ta in in g  Daphnia, as in  t h i s  way the  

e x a c t  amount o f  food  added i s  n o t  known. I  have washed 

a lg a e  from agar w ith  f i l t e r e d  pond w a te r , or f i l t e r e d  

R egen t’ s Park la k e  w ater . F i l t e r e d  pond w ater was used  

i f  t h i s  was p r a c t i c a b le ,  the w ater b e in g  taken from th e
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pond wh'ich v/as b e in g  used in the experim ent. In t h i s  

way a c o n c e n tr a t io n  o f a l g a l  c e l l s  v/as ob ta in ed  in  a 

r e l a t i v e l y  sm all amount o f  water* A known volume o f  

t h i s  a l g a l  su sp en sio n  v/as then c e n t r i fu g e d ,  and the  

co n cen tra ted  a l g a l  c e l l s  were washed in to  th e  f l a s k s  

as before*

The a l g a l  su sp en sio n s  were made up each day# \Vhen 

l iq u id  c u ltu r e s  are u se d ,  many c u ltu r e s  are needed fo r  

each experim ent* Although i t  i s  p o s s ib le  to  fe e d  f la s k s  

e q u a l ly ,  or in  a knov/n r a t i o ,  when u s in g  d i f f e r e n t  a lg a l  

su sp en s io n s  from a g a r , or d i f f e r e n t  c u ltu r e  f l a s k s  o f  

a lg a e  each day, i t  i s  not p o s s ib l e  to  have q u a n t i t a t iv e l y  • 

th e  same fe e d in g  in  d i f f e r e n t  exp er im en ts , u n le s s  some 

method o f  comparing d i f f e r e n t  a l g a l  c u l tu r e s  or a l g a l  

su sp en s io n s  i s  u sed .

An a r t i f i c i a l  standard v/as used c o n s i s t in g  o f  

s o lu t io n s  o f  potass ium  chromâte and n i c k e l  su lp h ate  w ith  

th e  a d d it io n  o f  k ie se lg u h r #  In  t h i s  wag a green suspension  

was ob ta in ed  which c l o s e l y  resembled an a lg a l  suspension#

The a l g a l  su sp en sion  and standard were compared u s in g  a 

c o lo r im eter #  This standard was used f o r  G h lo r e lla  grov/n 

on agar s lo p e s ,  and a l s o  f o r  Gonium in  l iq u id  c u ltu r e .

In  the ca se  o f  G h lo r e l la , the a l g a l  su sp en sion  in  lake  

w ater was a d ju s te d  u n t i l  i t  matched the  s tand ard , the same 

volume o f  a l g a l  su sp en sion  was th e r e fo r e  added each day# 

A lg a l  c u l tu r e s  o f  Gonium were compared w ith  a s im i la r  

sta n d a rd , but d i f f e r e n c e s  in  the a lg a l  c u l tu r e s  were
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compensated by the a d d it io n  o f d i f f e r e n t  volumes o f  

a lg a e  to  the ex p er im en ta l f l a s k s .

A more ex a c t  method o f  f e e d in g  in v o lv e s  the  

co im tin g  o f  the number o f a lg a l  c e l l s  in  a c e r t a in  

volume of the a l g a l  su sp e n s io n , u s in g  a Fuchs R osen thal  

haemocytometer* This method v/as used  v/hen comparing the  

r e l a t i v e  food v a lu e s  o f  Ghlamydomonas and P o ly to ma# 

Suspension  o f  Ghlamydomonas and Polytoma v/ere obta ined  by 

shaking  the c e l l s  from agar in to  lake wat.er# The number 

o f  a lg a l  c e l l s  was then counted in  a c e r ta in  volume o f  a 

d i lu te d  sample o f  each o f  .th ese  su sp e n s io n s ,  the  a lgae  

b e in g  im m obilised  by d i lu t io n  in  a weak s o lu t io n  o f  

form alin* When th e  number of c e l l s  per cu.mm* in  each  

a l g a l  su sp en sion  was knov/n, the volumes o f  each a lg a l  

su sp en sio n  to  be added t o  the exp er im en ta l f l a s k s  cou ld  

be c a lc u la te d *  This v / i l l  be d escr ib ed  more f u l l y  la te r #  

S e v e r a l  p re l im in a r y  experim ents were made to  

determ ine the optimum c o n cen tra t io n  o f  a lg a e  to  be added 

to  the  D aphnia 'c u l t u r e s ,  and the frequency o f  fe e d in g  

req u ired  f o r  good n u tr i t io n #  For t h i s  purpose Daphnia 

was re q u ir ed  w ith  an empty gut# Daplmia have been p la ced  

in  a k ie s e lg u h r  su sp en sion  to  remove the gut co n ten ts  

(Von Dehn 1930) but the  emptying o f  the gut by in e r t  powders 

was found u n s u ita b le  by L efevre (1942)* Rapid evacuation  

o f  the  gut by p la c in g  Daphnia in  a warmer medium and 

c o n t in u a l  f a s t i n g  t o  ob ta in  co m p le te ly  empty gu ts  were 

found by L efevre (1942) to  weaken Daphnia so  th a t  they were
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n o t  s u i t a b le  f o r  experim ents#

The Daphnia used  in my t e s t s  had been p la ced  in  

s u c c e s s iv e  la r g e  volumes o f tap w ater and i t  was found  

th a t  in  a sh o r t  time t h e i r  g u ts  were co m p le te ly  or 

m ain ly  evacuated# 3uch Daphnia  was then p la ced  in  

f l a s k s  to  which d i f f e r e n t  c o n c e n tr a t io n s  o f  Gonium 

p e c t o r a le  were added* T ie c o n d it io n  o f the anim als  

was judged by exam ination  o f the  gut co n ten ts  and the  

c o lo u r  o f the l iq u id  in  the space between the  p e r i tr o p h ic  

membrane and the  gut w a l l .  I t  was found th a t  d a i ly  

a d d it io n s  o f  a lg a e  m ainta ined  Daplmia in  a b e t t e r  fed  

c o n d it io n  than f e e d in g  on la r g e r  q u a n t i t i e s  o f  a lg a e  a t  

the b eg in n in g  o f  an exp er im en t, or every  second or th ir d  

day* Tie e x a c t  q u a n t i ty  added v a r ie d  v/ith  the volume o f  

the l iq u id  in  the  f l a s k ,  and the c u ltu r e  used#

4# THE INFLUENCE OF POND WATEHS GWTilNING RED DAPHNIA 
IN NATURE ON HAEMOGLOBIN 3YNTHE3I8;

Vi/hen p a le  Daphnia was p la ced  in  w ater from a pond in  

which the Daphnia was v er y  r e d , the  haemoglobin in d ex  o f  

the p a le  Daphnia in c r e a s e d ,  a lthou gh  the amount o f  d is s o lv e d  

ojiygen was n o t  a t a l l  low (Fox 1948) # The fa e c e s  o f  ducks 

were found to  promote haem oglobin form ation  more than oxygen 

d e f i c i e n c y  a lone (Fox 1 9 4 8 ) .  These f a c t s  su g g ested  th a t  

th e r e  may be some o ther  f a c t o r  in  pond w ater in which  

Daphnia i s  re d , and in duck f a e c e s ,  r e s p o n s ib le  fo r  

haem oglobin production# I  have compared the haem oglobin  

p rod uction  in  pond w aters from d i f f e r e n t  l o c a l i t i e s #
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F i f t y  pale D. obtiiaa from Chingford Common were p la ced  

in  200 cGo o f  pond w ater from d i f f e r e n t  l o c a l i t i e s .  Parrot  

House pond w a ter . G ull pond w a ter , and Brent park pond 

vrater b e in g  used . The w ater b e fo re  use  was f i l t e r e d  

through very  f i n e  b o l t i n g  s i l k ,  in  order t o  remove any  

D apin ia  p r e s e n t ,  but to  le a v e  the w ater as unchanged as  

p o s s ib le *  The Daplmia from Chingford Common had been  

kept in  the  la b o ra to r y  fo r  f i v e  days in  t h e i r  own w a ter ,  

during  v/liich time the  haemo^^lcbin in dex  was reduced* The 

ex p er im en ta l f l a s k s  were kept in  d u p l ic a te  in  the dark a t  

15^0 and 5^0* The lovi tem perature was chosen as  f i e l d

work had shown th a t  vrith  the o n se t  o f  c o ld  weather two 

p o p u la t io n s  o f  Daphnia had changed from p r a c t i c a l l y  

c o l o u r le s s  t o  p a le  pink*

Gonium p e c t o r a le  was added d a i ly .  Parrot House pond 

water was p a le  green because o f  the p resen ce  o f  a lg a e  in  ' 

the w a te r ,  but i t  vfas co n s id ered  th a t  the q u a n t i ty  o f  

Gonium added would be more than s u f f i c i e n t  f o r  the  needs

o f  the D aohnia . The w ater in  each f l a s k  was changed
\

tw ice  during ten  d a y s , f r e s h  pond w ater b e in g  f e tc h e d  from  

each l o c a l i t y .  Daphnia was examined a f t e r  seven  d a y s , and 

d e t a i l e d  o b se r v a t io n s  were made on Daphnia taken at' random 

from the  ex p er im en ta l f l a s k s  a t  15% and 5% on the 11th

and 12th  days r e s p e c t i v e l y  (Table 1 ) .

During the experim ent re co r d in g s  were made o f  the  

Daphnia in the l o c a l i t i e s  from which the pond w aters were 

taken (T able 1 1 ) ,
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Data co n cern in g  Daplmia in h a b it in g  the pond w a ters  
used  in  the experi^nents o f  Table 1, Obtained a t  the  
same t im e ,  on Daplmia taken a t  random from the  
p o p u la t io n s#

Pond Brent P a rro y ^ G u ll

S p e c ie s D.magna D # magma D .p u lex D .ob tu sa

Haemoglobin index 98 90 49 63

Number o f  young 0#2 3 /5 4 . 2 4 .8

S i z e ,  mm#, 4 , 1 4 .9 1 .9 2 .0
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At 15^0 the haomoglobin in d ex  ro se  in  e;:perii:iental 

Dpgj-yiia in  th e  la b o r a to r y  in  a l l  w a te r s ,  but e s p e c i a l l y  

in  Parrot House pond w a te r ,  a lthough  in  th e s e  f l a s k s  the  

oxygen c o n c e n tr a t io n  was somewhat lower# At 5^0 th ere  

was no e f f e c t  on the haemoglobin in d e x , a lthou gh  the ' 

oxygen co n ten t  o f  the f l a s k s  was approxim ately  the same as  

at the  h ig h e r  tem perature. In the Parrot House pond water  

f l a s k s ,  the oxygen c o n c e n tr a t io n  was lower a t  5^0 than a t  

the hi.glier temperature# Haemoglobin p rod u ction  does n o t  

occur at 5^G, a h ig h e r  tem perature favours  i t s  fo rm a tio n .

Tliere was a l s o  a d i f f e r e n c e  in the average s i z e  

a t ta in e d  by Daphnia in  the d i f f e r e n t  f l a s k s ,  and in  the  

number o f eggs and embryos produced. At 5'̂ G th ere  was a 

sm a ll  in c r e a s e  in  average s i z e  o f  n o t  more than 0*2 ram. and 

the humber o f p a rth en o g en etic  young was the  same or l e s s  

than the average number found in  n a tu r e .  At 15^0 the  

■ average s i z e  had in c r e a se d  by 0 .2  to  0 .5  mm. The Daphnia 

k ep t in  Parrot House pond w ater had a t ta in e d  the  g r e a t e s t  

s i z e .  The number o f  p a rth e n o g e n e tic  young produced in  

a l l  Daplmia a t 15̂ *0 was g r e a te r  than the average number 

found in n a tu r e .  The p rod u ction  of young in  Parrot  

House pond w ater was much g r e a te r  than in  o th er  pond w a te r s .

I t  can be seen  from th e se  r e s u l t s  th a t  a lthough  more 

haem oglobin was produced by Daplmia in  Parrot House pond 

w ater at 15^G than in  Brent park or G ull pond w a te r ,  the  

ex p er im en ta l Daphnia a t ta in e d  a g r e a te r  s i z e  and produced  

more young. S im i la r ly  the haem oglobin in d ex  o f  Daphnia in
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Bront park pond w ater at 15°G was s l i g h t l y  g r e a te r  than  

in  G ull pond v/ater but again  the average number o f  

p a r th e n o g e n e t ic  young and the s i z e  were g r e a te r  than the 

v a lu e s  ob ta in ed  f o r  Daphnia in  G ull pond w a te r .

Pat g lo b u le s  were formed in  a l l  D aphnia, t h e i r  

occurrence  b e in g  more common in Daphnia kept a t  low 

tem p eratu re .

The cmration o f  the above experim ent was 11-12 d a y s ,

althou,gh even a f t e r  7 days some haem oglobin p rod u ction  had

been ob served . The w ater  in  the f l a s k s  had a l s o  been

changed tw ic e  during t h i s  p e r io d .  ' The above experim ent

in  Parrot House pond w ater  was rep ea ted  fo r  a sh o r te r

p er io d  .of t im e , and w ith ou t a change o f  w ater .

P a le  D. obtusa  from Chingford Common were aga in  used

in  P arrot House pond w a te r ,  and as a c o n tr o l  p a le  Daphnia

were k ep t in  t h e i r  own w ater under s im i la r  c o n d i t io n s .  The

f l a s k s  were s e t  up in  the fo l lo w in g  way, g iv in g  a range o f  
*

oxygen c o n c e n tr a t io n s .

110 D .obtusa  in  220 c c .  water  

100 " " 200

90 " " ISO

80 " 160

70 " " 140

60 " 120

in  C hingford and Parrot House pond w a ter . The pond w aters  

were f i l t e r e d  through f in e  b o l t in g  s i l k  in  the same way, 

and were a i r  sa tu r a te d  b efore  u s e .  Gonium p e c to r a le  was
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added d a i ly #  The tem perature v a r ie d  from 17 -  18*5°C#

On the 6 th  or 7 th  day the haem oglobin in d ex  o f  Daphnia 

talcen a t random from each f l a s k  was found and o th er  

o b se r v a t io n s  were a l s o  made.

A range o f  oxygen c o n c e n tr a t io n s  was ob ta in ed  in  

each pond w a te r ,  so th a t  Daphnia in  both pond w aters cou ld  

be compared a t  the  same oxygen c o n c e n tr a t io n .  Although  

the oxygen c o n ce n tr a t io n  was n o t  v ery  low , v a ry in g  from  

50 -  lOO/o a ir  s a t u r a t io n ,  haemoglobin p rod u ction  was found  

to  have occurred in  Parrot House pond w a ter , but n o t  in  

Chingford vfater at the same oxygen c o n c e n tr a t io n  (Table 1 1 1 ) .  

A change of w ater during the experim ent was found to  be 

u n n e c e ssa r y ,  6 -7  days b e in g  s u f f i c i e n t  fo r  measurable  

haem oglobin fo rm a tio n .

The average number o f p a r th e n o g e n e tic  young In 

a l l  f l a s k s  was g r e a te r  than th e  average found in n a tu r e ,

but a s  in  the p rev io u s  exp er im en t, the Daplmia in  Parrot •
\

House pond w ater produced a c o n s id e r a b ly  g r e a te r  number o f  

eggs or embryos than th e  Daphnia in t h e i r  own w ater . The 

average s i z e  o f  Daphnia in  Parrot House pond w ater was 

a l s o  s l i g h t l y  g r e a te r .

Before e x a c t  comparisons can be made, the  

ex p er im en ta l  Daphnia must be in  the same c o n d it io n .  A 

h ig h e r  haem oglobin in dex  was ob ta ined  fo r  Daphnia in  P arrot  

House pond water in  both ex p er im en ts ,  but th e s e  Daplmia 

were producing more young and were s l i g h t l y  la r g e r  than  

Daplmia in  t h e i r  own water or In an oth er  pond w ater in  the
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same experim ent* These an im als must th e r e fo r e  have

boon r e c e iv in g  b e t t e r  n u t r i t i o n  than those  v /ith  which

th ey  were b e in g  compared, as an in c r e a se  in  the  amount

o f  food  a v a i la b le  ca u se s  a corresp on d ing  in c r e a se  in  the

egg prod uction  o f  Daplmia ( I n g l e ,  Wood and Santa 1 9 3 7 ) .
\

The Daphnia p r e s e n t  in  Parrot House pond when the  water  

sam ples were taken had a h ig h  average number o f  

p a r th e n o g e n e t ic  young o f  35 (Table 1 1 ) ,  so t h a t  in  n atu re  

th e  red Daphnia p r e s e n t  in  the pond were o b ta in in g  good 

n u t r i t i o n .

The pond w ater used in  t h e s e  experim ents was f i l t e r e d  

through f i n e  b o l t i n g  s i l k  as e x p la in ed  p r e v io u s ly ,  and 

a lg a e  a lrea d y  p re se n t  in the w ater were n ot removed.

Parrot House pond w a te r ' co n ta in ed  s e v e r a l  d i f f e r e n t  s p e c ie s  

o f  a lg a e ,  but Gonium p e c to r a le  was added d a i ly  t o  each  

f l a s k ,  and comprised the  bulk  o f the  food m a t e r ia l .  The 

d i f f e r e n c e  in  n u t r i t i o n  in  Parrot House pond w ater f l a s k s  

v/as n o t  o n ly  a q u a n t i t a t iv e  d i f f e r e n c e ,  but a l s o  a 

q u a l i t a t i v e  one, as i t  has been'shovm that* Daphnia are  

b e t t e r  n o u r ish ed  when fed  on two s t r a in s  o f  a lg a e ,  than  

when reared  on a s in g le  pure s t r a in  (Pacaud 1939)» A 

s in g le  s p e c ie s  o f  a lg a e  probably  does n o t  supp ly  a l l  the  

e lem en ts  needed by the  anim al.

These r e s u l t s  are s im i la r  to  th o se  ob ta in ed  • 

p r e v io u s ly  (Pox 1 9 4 8 ) ,  as a g r e a te r  in c r e a s e  in  haem oglobin  

p rod u ction  occurred when p a le  Daplmia were p la ce d  in  w ater  

which in  n a tu re  co n ta in ed  red Daphnia, than v/hen they  were
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p la ced  in  t h e i r  ov/n w a te r .  But the c o n d it io n s  o f  

n u t r i t i o n  in  the two c a s e s ,  a s  In d ic a te d  by the number 

o f  young and s i z e ,  were n o t  the same.

The haemoglobin p rod uction  o f  Daphnia in  i t s  own 

w a te r ,  and in  w ater from a pond c o n ta in in g  red Daphnia 

in  n a tu r e ,  v/as compared under the same fe e d in g  c o n d i t i o n s ,  

in  w ater  o f  low oxygen c o n tent,?a4D.p u le x  from Golder^s 

H i l l  park was p la ce d  in  i t s  o m  w a te r , and in  M if l in  

pond w ater  p r e v io u s ly  deoxygenated by n itr o g e n  to  the 

same p ercen tage  a ir  s a t u r a t io n .  M if l in  pond w ater was 

u se d ,  as in  n atu re  the pond co n ta in ed  D .p u le x  v/ith  a 

haem oglobin in d ex  o f  110. The f l a s k s  were arranged as 

f o l l o w s : -

155 D .p u le x  in  310 c c ,  own w ater ) With Gonium
)

160 " 320 c c .  " ' ) p e c to r a le
)

163 ** 325 c c .  " ) p r o p o r t io n a l  to
)

165 " 330 c c ,  " ) the volume o f
)
) w ater .

S im i la r  f l a s k s  were assem bled in  M if l in  pond w ater .  

D eterm in a tio n s  of the oxygen* co n ten t  o f  the  w ater  were made 

during th e  experim ent. Gonium p e c t o r a le  was added d a i ly .  

A fte r  6 or 7 days o b ser v a t io n s  were made on Daplmia talien  

at  random from the exp er im en ta l f l a s k s  (Table IV).

Haemoglobin p rod uction  took p la c e  in Daplmia in  

both  w a te r s ,  and the average number o f  p a r th e n o g e n e tic  

young formed v/as g r e a te r  than the average in  n a tu r e ,  

Exam ination o f  the gut space showed t h a t  a gut space
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The d i f f e r e n c e  in  haem oglobin p rod uction  in  p a le  D ,pule x  
kept f o r  6 -7  days in  i t s  ov/n water and in  another pond 
v/ator, which con ta ined  red Daplmia in  n a tu r e ,  Gonium 
p e c to r a le  v/as used as fo o d . Daplmia was taken a t random 
from the f la s k s #

Experiment Ho, 1 2 3 4 5 6 7 8

Water Ov/n pond Another pond

Oxygen, % a i r  sat ♦

2nd day 12 10 9 13 12 13 17 25

4 th 7 8 6 13 10 12 10 48

6 th  " . 7 11 10 29 12 12 11 62

7 th  " 7 34 10 55

Average Oxygen, 
% a i r  sat* 9

1
9 15 18 12 12 13 45

Haemoglobin indej^

1 s t  day 25 25 25 25 25 25 25 25

Last 56 46 42 43 38 32 33 26

Number o f  Young
i: '

1 s t  day 0 .3 0 .3 0 .3 0 .3 0 .3 0*3 0 .3 0 .3

Last " 1 .9 3 .1 1 ,1 2 .0 2 .5 1 .7 3 .5 0 .8

S i z e ,  mm# 
l a s t  day 1 .9 2 .1 2 .2 2 .2 2 .0 2 .1 2 .1 2 .1
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o r i g i n a l l y  p a le  y e l lo w is h -g r e e n  became b r ig h t  y e l lo v / i s h -  

g r e e n . This f e e d in g  was th e r e fo r e  con sid ered  to  be 

a d eq u a te ,

. I t  i s  im portant to  n o te  th a t  the haem oglobin co n ten t  

o f  Daplmia in  M if l in  pond w ater  i s  n o t  g r e a te r  than in  t h e ir  

own w ater at the same oxygen c o n c e n tr a t io n .  The average  

number o f  p a r th e n o g e n e tic  young produced, and the average 

s i z e  measurements are approxim ately  the same f o r  the anim als  

in  both  w a te r s .  .Thus Daphnia p la ce d  in  a pond w ater which  

in  n a tu re  c o n ta in s  red Daphnia does n o t  produce more 

haem oglobin than in  i t s  own w ater a t  the same oxygen  

c o n c e n tr a t io n ,  when under equal f e e d in g  c o n d it io n s .

In t h i s  experim ent l e s s  haem oglobin was produced by 

Daphnia in  M if l in  pond w ater than in  t h e i r  ovm pond w ater at  

the same oxygen c o n c e n tr a t io n .  This may be the r e s u l t  o f  a 

change o f  medium. I t  has been shown th a t  a sudden tr a n s fe r e n c e  

from one w ater to  another ca u se s  a wealiening o f  the r a c e ,  i f  

th e  d i f f e r e n c e  between the two w aters i s  g re a t  (Warren 1900).

The r e s u l t s  ob ta in ed  p r e v io u s ly ,  which su ggested  the  

e x i s t a n c e . o f  some f a c t o r  in  pond w aters which c o n ta in  red  

Daplmia in  n a tu r e ,c a p a b le  o f  inducing haemoglobin form ation  

were t l ie r e fo r e  probably  the r e s u l t  o f  d i f f e r e n c e s  in  n u t r i t i o n .  

Subsequent experim ents have been c a r r ie d  out on the same p lan  

(DreseÊM u n p ublished) which support t h i s  c o n c lu s io n .

I t .w a s  th e r e fo r e  co n s id ered  n e c e s s a r y  t o  i n v e s t i g a t e  

the in f lu e n c e  of n u t r i t i o n ,  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  

on haem oglobin s y n t h e s i s .
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5 . THE INFLUENCE OF NUTRITION ON HAEMOGLOBIN 3YNTIÏE3IS

a) P rev ious work;

The red c o lo u r  of Daphnia has been a s s o c ia t e d  w ith

good n u t r i t i o n ,  a lthou gh  the c o lo u r  has n o t  always been

a t t r ib u t e d  to  haem oglobin. The b lood  o f  p a l s ,  s ta rv e d

Daphnia v/as found to  become a r e d d ish  c o lo u r ,  v/hen the

anim als were fed -on  a lg a e  (F r i t z s c h e  1 9 1 7 ) ,  but th e  oxygen”

c o n te n t  o f  the medium v/as n o t  d is c u s s e d ,  F r i t z s c h e  concluded ,

th a t  the red co lo u r  o f  Daplmia i s  due to  c a r o te n e ,  and i s

on ly  found in w e l l  n o u r ish ed  anim als v/ith  a h ig h  b lood

osm otic  p r e s s u r e ,  S ch u lz  (1928) accep ted  the o b se r v a t io n s

o f  F r i t z s c h e ,  and co n s id ered  th a t  the red co lo u r  o f  Daphnia 
\

i s  due to  c a r o te n e .  He s t a t e s  th a t  the red  c o lo u r  i s  n ever  

produced in d a rk n ess ,  even under good fe e d in g  c o n d it io n s ,

Verne (1923) s tu d ie d  the s y n th e s is  o f  haem oglobin in  

Daphnia, Pale D .p u le x  v/hich had l o s t  t h e i r  c o lo u r  in  the • 

la b o r a to r y  were u sed . H is  experim ent was d iv id e d  in to  

th ree  s e r i e s : -

(1) With th e  a d d it io n  o f  l e a f  d e b r i s , , or a lg a e  r i c h  in  

c h lo r o p h y l l  m acerated In the w a ter , A tr a c e  o f  iro n  was 

added,

(2 ) With c u l t u r e s  o f  " z o o g lS es” w ithou t c h lo r o p h y l l ,  and 

w ith ou t d e tec ta b le '  ir o n ,

( 3 ) the p rev io u s  medium, w ith  the a d d it io n  o f  ir o n .

A fte r  th r ee  w eeks, haemoglobin was p r e s e n t  in  the  

Daphnia o f  s e r i e s  ( 1 ) ,  but was n o t  p r e s e n t  in  the Daplmia 

of  s e r i e s  (2 )  or ( 3 ) ,  Verne s t a t e s  t h a t  "zoo3rythrine"
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(w ith  r e a c t io n s  s im i la r  to  the c a r o t in o id s  o f  Decapod 

C rustacea) caused  a r e d d ish  co lo u r  in  the Daplmia of a l l  

s e r i e s # lie concluded from t h i s  th a t  haem oglobin form ation  

depends on the p resen ce  o f  c h lo r o p h y ll  or o f  i t s  breakdown 

products  in the medium, Verne does n o t g iv e  d e t a i l s  o f  

h i s  ex p er im en ts .

As a r e s u l t  o f h i s  Daphnia experim ents Verne (1924)  

su g g e s ts  th a t  anim als in  g e n e r a l ,  which are a b le  to  break  

dov/n c h lo r o p h y l l  as fa r  as p orp hyrin , u se  t h i s  in  haem oglobin  

fo rm a tio n , a l th o u ^ i  he does n o t  show th a t  Daphnia breaks  

dov/n c h lo r o p h y l l  to  a porphyrin .

The in f lu e n c e  o f  d i f f e r e n t  q u a n t i t i e s  o f  a l g a l  fo o d ,  

and the e f f e c t  o f  the p resen ce  o f  c h lo r o p h y l l  in  food have  

been c o n s id e r e d ,

b) The I n f lu e n c e  o f  Minimal N u tr i t io n

Tlie haem oglobin p rod u ction  was compared in  fed  and n o t  

fe d  D .p u le x  from G o ld er 's  K i l l  Park pond in  t h e ir  own w ater, 

Gonium p e c t o r a le  v/as used as fo o d . The c u l tu r e  f l a s k s  were 

k ep t in  the dark, and oxygen d e term in a tio n s  were made at  

i n t e r v a l s  during the experim ent. The gut co n ten ts  and gut

l iq u id s  were p e r i o d i c a l l y  examined to  ensure that fe e d in g  

v/as ad eq uate .

P re lim in a ry  experim ents were made in  which Daphnia was 

kep t in  c o n ic a l  f l a s k s  in  p r e v io u s ly  aera ted  w a ter . For 

exam ple, in  one ca se  60 Daplmia in  240 c c ,  55 in  220 c c ,  and 

50 in  200 c c ,  in  d u p lic a te  f l a s k s ,  w ith o u t  fo o d , and again
I

w ith  Gonium p e c to r a le  aa fo o d . This p rov ided  Daphnia in
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f l a s k s  at a range of oxygen c o n c e n tr a t io n s ,  vary in g  from 

78 -  94^ a i r  s a tu r a t io n .  The o r i g in a l  haemoglobin index  

was 25. Oxygen d eterm in ation s  were made during the 

exp er im en t, and on the s ix t h  day, the Daphnia of each f l a s k  

were examined# Two f l a s k s  were s e le c t e d  a t  an oxygen 

co n c e n tra t io n  o f 82̂ 1 a i r  s a t u r a t io n ,  the haemoglobin in d ic e s  

were found n ot to  have changed s i g n i f i c a n t l y  b eing  27 and 24 

fo r  fed  and n o t  fed  Daphnia r e s p e c t iv e ly .  The ox^rgen 

co n cen tra t io n  was th e r e fo r e  too h ig h  fo r  haemoglobin  

s y n t h e s i s .  The Daphnia were fed  a t  the beginning  o f  the  

Qxperinient on 1%T,

I n g le ,  Wood and Ban ta  (1937) have shovm th a t  v /e l l  

fed  Daphnia grow more rap id k r  and reproduce in g r e a te r  

numbers than animals on l im ite d  fo o d . Tie number o f young 

produced has been used as an  ̂ index  o f  the g e n e r a l  m eta b o lic  

c o n d it io n  o f  Daphnia (Anderson and Jenkins 1342), The eggs  

formed in  one in s t a r  are d e p o s ite d  in the brood pouch a f t e r  

e c d y s i s ,  so th a t  the growth i n ,  f o r  in s t a n c e ,  in s ta r  5 must 

be c o r r e la te d  w ith  the number o f  young produced in  in s t a r  6 .  

The duration  o f  each in s t a r  i s  known to  in c r e a se  w ith  the  

age o f  Daphn ia;a t  room tem perature the f i r s t  three in s t a r s  

o f  D .p u le x  l a s t  one day, th e  fo u r th  in s ta r  l é  d a y s , the..

5 th  in s ta r  two days,and subsequent in s t a r s  l a s t  longer  

(Anderson, Lumer and Zupancic 1937)#

In a fe e d in g  experim ent o f  12-15 d a y s , th e  

in f lu e n c e  o f d i f f e r e n t  co n c e n tr a t io n s  of food i s  'shov/nI
c l e a r l y  in  the  average number o f  p a rth en o g en etic  young 

produced. In the same exp er im en t, a f t e r  6 -7  days the  .
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number o f  p a rth en o g en etic  young formed i s  l e s s ,  but the

v a lu e s  obta ined  are in the same r a t i o ,  and show the  

in f lu e n c e  o f d i f f e r e n t  co n cen tra t io n s  of food (Table V ll ) . -  

The duration  o f  some experim ents o f  6 -7  days v/as th e r e fo r e  

s u f f i c i e n t  fo r  the in f lu e n c e  of f e e d in g  to  be shown by the  

average number o f p a rth en o g en etic  young, a lthough  fo r  

q u a n t i ta t iv e  f e e d in g  experim ents a p er io d  of 12-13 days v/as 

a llo w ed .

The pale Daplmia used  in  exp erim en ta l work have  

g e n e r a l ly  had a sm all average "number o f  young. I t  has  

been shov/n th a t  v/hen v/e 11-fed  Daphnia are t r a n s fe r r e d  to  

a medium w ith  l e s s  fo o d , they prom ptly approach a l e v e l  o f  

rep r o d u ct iv e  a c t i v i t y  about eq ual to  th a t of animals kept  

at the lo v e r  fe e d in g  v a lu e  (Dunham 1938)# I t  i s  th e r e fo r e  

. a l s o  s a t i s f a c t o r y  to  use p a le  Daphnia from nature v/hich have 

a h ig h  average number o f  young.

In the experim ent d escr ib ed  above the average egg 

numbers were 1 .6  and 0 . 2 ,  and the average s i z e s  o f  the  

anim als 2 .0  ram. and 1 .9  mm. fo r  a l g a l - f e d  and n o t - f e d  

Daphnia r e s p e c t i v e l y .  Although the number o f  young and 

average s i z e  are thus s l i g h t l y  g r e a te r  f o r  Daplmia fed  on 

Gonium, the a d d it io n  o f  a la rg e  q u a n tity  of a lg a e  a t  th e  

b eg in n in g  o f  an experim ent does n o t  m ainta in  Daplmia in  a 

w e l l  fed  c o n d i t io n ,  as shown by the co lou r  o f  the gut sp a ce .  

A heavy m o r t a l i t y  occurred when Daphnia v/as n o t  f e d .

Tlie above experim ent was rep eated  in  c o n d it io n s  o f  

oxygen la c k . P ale  D .p u le x  was p la ced  in i t s  own water
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p r e v io u s ly  deojcygenated by n itr o g e n  to  an oxygen 

co n cen tra tio n  of approxim ately lOfo a ir  sa turation *  Larger 

numbers of animals were used than in the p revious experim ent, 

fo r  example 130 Daplmia were p laced  in 260 cc* own w ater .

The experiment v/as d iv id ed  in to  two s e r i e s ,  h a l f  o f  the 

animals were n o t  f e d ,  w h ile  a d d it io n s  of Gonium p e c to r a le  

were made to  the remaining f l a s k s ,  tw ice  during the  

experim ent. A fter  s i x  days ob servation s  were made on 

Daphnia taken at random from the f la s k s  (Table V).

The haemoglobin index o f Gonium-fe d  animals rose  

from 13 to  46 in  amounts in v e r s e ly  p ro p o r t io n a l to  the  

oxygen con ten t of the medium. A sm all amount o f  haemoglobin  

v/as produced in n o t - fe d  anim als, A few p arth en ogen etic  

young were formed in a lg a l - f e d  Daplmia, the average s i z e  was 

s l i g h t l y  g r e a te r  than th a t  o f starved  in d iv id u a ls ,  and fa t  

g lo b u le s  were, produced. No f a t  g lo b u les  and no p arth en ogen etic  

young v/ero produced in n o t - fe d  Daphnia.

The gut l iq u id  o f  a lg a l - f e d  Daphnia remained a 

y e l lo v /ish -g r e e n  as in  n a tu r e ,  and did n o t  become a b r ig h t  

y e l lo w is h  g reen , c h a r a c t e r i s t i c  o f  Daphnia whi da have been  

su p p lied  w ith  abundant a l g a l  food . Although fe e d in g  in  t h i s  

experiment was very  low, as in d ic a te d  by the sm all number o f  

young produced, i t  was s u f f i c i e n t  to  show that more 

haemoglobin i s  produced in  Daplmia v/hich are f e d ,  than in  

starved  an im als , a t  th e  same oxygen co n cen tra tio n .

F la sk s  co n ta in in g  Daphnia.were kept in  the dark 

to  avoid  oxygen production  by a lg a l  p h o to sy n th e s is .  The



TABIg V

Tho e f f e c t  of fe e d in g  v/ith Gonium p e c to ra le  on the 
haemoglobin in d e x 'o f  D ,p u le x ' 1 ̂ epE in  i t s  ovo v/ater. 
Daplmia v/ac taken at randOîiîTfrom the f la s k s .

Exp er ir.ien t  11 o , . 1 2 3 4 5 6

Pood None Gonium

0:zj^en, % a ir  sa t ,

1 st  day 14 22 13 12 19 13

2nd 14 12 30 17 13 23

4 th  " 23 23 53 9 14 34

6 th 30 44 69 13 20 49

Average Oxygen, 
% a i r  s a t . 20 25 41 13 17 30

Haemoglobin index

1 s t  day 13 18 18 13 18 18

6 th ’* 30 31 23 44 46 30

Numb er o f  Yo-’un g

1 s t  day 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1

6 th  ” 0 0 0 0 .5 0 .9 0 .2

S iz e ,  mm. 6th  day 1 .9 2 .0 1 .7 2 .2 2 .1 2 .5

!■
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haemoglobin production obtained  under th e se  circum stances  

d ir e c t ly  c o n tr a d ic ts  the ob servation  of Schulz (1 9 2 8 ) ,  

th a t a rod colour never appears in darkness even w ith  

good n u t r i t i o n .

The experiment was again repeated  in co n d it io n s  

of oxygen la c k , D .pulex. being p laced  in i t s  own water and 

in  another pond w ater , p r e v io u s ly  deoxygenated by n itro g en  

to  the same percentage a ir  s a tu r a t io n .  The f la s k s  were 

arranged as fo l lo w s  : -

155 D .pu lex  in 310 c c .  own water ) V/ith Gonium
~  ^

160 " 320 c c .  " ) p e c to r a le
)

163 " 325 cc ,  ) p ro p o r t io n a l to
)

165 " 330 c c .  " ) the volume o f water.

160 " 320 cc .  " )
) Not fed .

165 " 330 c c .  )

S im ilar  f la s k s  were assembled in another pond w ater ,  

namely M if l in  pond water* Some o f the r e s u l t s  o f  t h i s  

experiment have been considered  e a r l i e r  (Table IV ). 

D eterm inations of the oxygen content of the water were made 

during the experim ent. Gonium p ecto ra le  was added d a i ly .

A fter  6 or 7 days ob serva tion s  were made on Daplmia taken  

a t  random from the experim ental f l a s k s .  The complete  

r e s u l t s  ( in c lu d in g  the r e s u l t s  expressed  in Table IV) are 

summarised in  Table VI.

No haemoglobin production was observed in  starved  

Daphnia, and no p arth en ogen etic  young were formed.
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liaom oglobin p ro d u ctio n  took  p la c e  in  Daphnia vdiich had 

been fed  on a lg a e ,  and the  average number o f  p a r th e n o g e n e t ic  

young formed v/as la r g e r  than the  average in  n a tu r e .  

Exam ination o f  the  gut space sliov/ed th a t  a gut space  

o r i g i n a l l y  p a le  y e l lo v / i s h - g r e e n ,  became c o l o u r le s s  or v e r y  

p a le  in  s ta rv e d  D aphnia, but in  G-onium -fed an im als became 

a b r ig l i t  y e l lo v / i s h - g r e e n .  This f e e d in g  was th e r e f o r e  

co n s id er ed  to  be ad eq uate .

I t  was a l s o  n o t i c e d  th a t  f e e d in g  on Gonium r e s u l t e d  

in  the form ation  o f  abundant or v er y  abundant f a t  g l o b u l e s ,  

the Daplmia a t  th e  b eg in n in g  o f  the experim ent h av in g  no 

f a t  or  v e r y  l i t t l e  f a t ,  and the s ta r v e d  in d iv id u a l s  

h a v in g  no v i s i b l e  f a t  g l o b u l e s .  T his may n o t  be a d i r e c t  

e f f e c t  o f  f e e d in g ,  but may be a r e s u l t  o f  overcrov/ding in  

th e  fe d  c u l t u r e s  ( S m it h '1915) as  th e  m o r t a l i t y  in  th e s e  

f l a s k s  v/as n e g l i g i b l e  #

F eed in g  i s  e s s e n t i a l  over  a p e r io d  o f  6 -7  days àh 

judged by th e  -rate o f  s u r v iv a l  o f  f e d  and n o t  fe d  D auhnia.

In  f l a s k s  t o  v/hich Gonium had been added, v er y  fev/ or no  

d ea th s  o cc u r red . The number o f  young produced in d ic a t e d  

th a t  th e  anim als were w e l l  f e d .  N u t r i t io n  i s  th e r e fo r e  

e s s e n t i a l  t o  m a in ta in  Daplmia in  a f i t  m e ta b o lic  c o n d i t io n  

f o r  haem oglobin  s y n t h e s i s .

'/1/hether m inim al n u t r i t i o n  a lon e  i s  n e c e s s a r y ,  or 

v/hether an in c r e a s e  in  food  would cau se  a fu r th e r  in c r e a s e  

in  haem oglobin p ro d u c tio n  r e q u ir e s  i n v e s t i g a t i o n .  I t  i s  

a ls o  n e c e s s a r y  to  c o n s id e r  n u t r i t i o n  from a q u a l i t a t i v e
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a s p e c t ,  to  f in d  out whether the haem oglobin  s y n th e s i s  i s  

b e in g  in f lu e n c e d  by c h lo r o p h y l l  or i t s  d e r i v a t iv e s  in  the  

fo o d .

c ) The I n f l u e nce of  I n c r e a s in g  C o n c en tr a t io n s o f A lg a l  

Food on the  Haemogl obin Index

P ale D .obtusa  was p la c e d  in  i t s  own. w ater p r e v io u s ly  

f i l t e r e d  through No. 1 %atman f i l t e r  paper to  remove a lg a e  

and o ther  sm all organ ism s. The w ater was d eoxygenated  by 

n itr o g e n  to  an oxygen c o n c e n tr a t io n  of approxim ately  20% 

a i r  s a tu r a t io n  b e fo r e  u s e .  The experim ent was d iv id e d  

in t o  fo u r  s e r i e s ,  so th a t  fo u r  d i f f e r e n t  c o n c e n tr a t io n s  

of food could  be u se d ,  each s e r i e s  c o n s i s t i n g  of three  

f l a s k s .  The f l a s k s  co n ta in ed  d i f f e r e n t  volumes o f  pond 

w a te r ,  and had d i f f e r e n t  s u r fa c e  a r e a s ,  so  th a t  a range o f  

oxygen c o n c e n tr a t io n  was o b ta in ed  in each s e r i e s .

The number o f  Daplmia in  ead^ f l a s k  was p r o p o r t io n a l  to  

the Volume o f  pond w ater u s e d ,  so th a t  a l l  the ex p er im en ta l  

anim als were under e x a c t l y  the same c o n d it io n s .  The r a t i o  

o f  1 Daplmia; 2 c c .  pond w ater  was m ain ta in ed  in  a l l  f l a s k s ,  

f o r  exam ple, 165 Daphnia were p la c e d  in  530 c c .  pond w a te r ,  

160 Dapimia were p la c e d  in  320 c c .  pond w a ter . The oxygen  

c o n c e n tr a t io n  o f  the w ater  in  each f l a s k  was determ ined  

every  second day.

The d u ra tio n  o f  th e  experim ent was 12-13 d a y s , during
%

which tim e two a lg a e  were u sed  as fo o d . Gonium p e c to r a le  

was u sed  fo r  the f i r s t  e ig h t  d a y s ,  and C h lore11a v u lg a r i s  

f o r  the rem aining f o u r -o r  f i v e  d ays . C h lore11a was washed
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from agar in f i l t e r e d  lake w ater , which, l ik e  the ' 

c u ltu r e  l iq u id  of Gonium was removed by c e n tr i fu g in g *

At the  end of e ig h t  days the  w ater in  each f l a s k  was 

changed, so th a t  the two a lg a e  were n o t p resen t  in  the  

f l a s k s  at the same tim e.

The Volume of a lg a l  food added to  the f l a s k s  in  

the fo u r  s e r i e s  in cr e a se d  in the r a t io  o f  1; 2; 4; 8.

A f l a s k  co n ta in in g  350 cc . o f  pond w ater and 165 Daphnia 

r e c e iv e d  4 ,  8 ,  16 or 32 c c .  o f  c e n tr i fu g e d  a lg a l  s o lu t io n  

d a i l y y accord in g  to  the s e r i e s  in  which i t  was p la c e d .  In 

each s e r i e s  the three f l a s k s  co n ta in ed  d i f f e r e n t  volumes o f  

w ater. I f  the f l a s k  did n o t  con ta in  330 c c .  of pond'w ater,  

the volume of a l g a l  s o lu t io n  added was ad ju sted  p r o p o r t io n a l ly ,  

so th a t  the Dapiin ia  in  the three f l a s k s  of each s e r i e s  

r e c e iv e d  e x a c t ly  the same amount of fo o d .

On the 6 th  or 7 th  day, o b se r v a tio n s  were made on 

Daphnia taken at random from each f l a s k .  The water in  the  

f l a s k s  was then r e p la ce d  by f r e s h  pond w a te r , f i l t e r e d  as 

b e f o r e ,  and deoxygenated by n itr o g e n  to  the o r i g in a l  oxygen 

c o n c e n tr a t io n .  A replacem ent of water v/as con sidered  

n e c e s sa r y  to  remove the e x c r e to r y  p roducts o f  Daphnia, and 

to  p revent too  la r g e  an accum ulation o f  a lg a e  in th e  w a ter ,  

as t h i s  would cause the  oxygen co n ce n tra t io n  to  f a l l  to  

very  low l i m i t s .  \Vhen the w ater change v/as made the  

number o f  su rv iv o r s  was n o ted . Any lo s s  o f  Daphnia was 

compensated where p o s s ib le  by a d ecrease  in  the Volume of  

the w a ter , so  t h a t  the r e la t io n s h ip  between the  number of
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Daplmia and thé volume o f the v/ater remained approxim ately  

c o n s ta n t .

On the 12th and 13th day, o b ser v a tio n s  were made 

on Daplmia taken a t  random from each f l a s k .  Daplmia in  

which the brood pouch con ta in ed  embryos p o s s e s s in g  ey es  

were examined a t the same tim e. The r e s u l t s  are g iven  

in  Tables V l l  (a) and (b ) .

Tho in f lu e n c e  of q u a n t i ta t iv e  a lg a l  f e e d in g  can 

be seen in the r e s u l t s  ob ta in ed  from Daplmia taken at 

random from the d i f f e r e n t  f l a s k s  (Table V i l a ) . A fter  

6-7  days the average number o f  p a r th en o g en etic  young 

p r e se n t  was g r e a te r  than at the beg inn ing  o f the  

exp erim en t. The number of young in crea se d  in p rop ortion  

to  the amount of food  added, as fa r  as th e  th ir d  fe e d in g  

v a lu e ,  a f t e r  which doubling o f t h i s  co n c e n tr a t io n  o f  food  

did n o t  cause a g r e a te r  production  of p arth en o g en etic  

yoimg. The in c r ea se  in th e  haemoglobin co n ten t  of the  

Daphnia at the same f e e d in g  v a lu e  v/as p r o p o r t io n a l  to  the  

oxygen c o n ce n tra t io n  o f the w ater , llhen r e s u l t s  a t  the  

same average oxygen co n cen tra t io n  are co n s id er e d , i t  i s

seen  that th e  haemoglobin in dex  In creased  w ith  in c r e a s in g'
c o n ce n tra t io n  o f food t o  the t h ir d  fe e d in g  v a lu e ,  a f t e r  

which a fu r th e r  in c r e a se  in  n u t r i t i o n  did n o t  cause more 

haemoglobin p rod u ction .

A fte r  12-13 days the same r e s u l t  was o b ta in ed ,  

in c r e a s in g  c o n c e n tr a t io n s  o f  food caused the haemoglobin  

index  and number of p arth en o g en etic  young to  in c r e a s e  to
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Tlie in fl i ien co  of d i f f e r e n t  co n cen tra t io n s  of a lg a l  food on 
the haemoglobin production  of D ,obtusa, kept in  i t s  ovm water  
fo r  12-13 days. doniun p e c to r a le  and Chlore 11a v u lg a r is  were 
used as food, (a) Dauhnia  was taken a t  random from the  
o }':n G r ii.ien t  a 1 f  la c k s .

Euneriment No, 1 2 5 4 5 6 7 3 9 10 11

Pood R atio 1
T 

2 ! 4 S

0:cygen ^ a ir  sat *

2nd day 14 14 23 12 16 14 15 20 10 8 11

4 th  " , 9 15 22 14 16 9 11 13 5 5 11

6-7 th  " 6 5 53 6 9 5 5 13 0 .9 1 3

9th  " 4 9 54 5 13 2 3 10 4 2 2

10th  " 5 3 12 5 13 9 5 3 7 12 17

1 2 -15th 7 6 12 2 7 3 5 5 6 7 7

Average Oxygen 
% a ir  sat* 8 9 25 7 12 7 7 12 s 6 9

Haemoglobin in de X

1s t  day 2 1 21 21 2 1 . 21 21 21 21 21 21 21

6-7 th  " 40 40 51 55 48 65 62 70 65 72 59

Last 59 56 52 65 58 74 78 85 84 82 81

NiBTiber o f Young
1s t  day 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2

6-7 t h " 0 .9 0 .8 0 .7 1 .6 1 .6 4 .1 4 .2 4 .6 3 .8 1 .5 5 .7

Last " 2 .5 2 .0 2 .3 9.. 8 5 .4 8 .7 8 .7 13.5 7 .2 7 .1 8 .9

• S iz e ,  mm.
6 -7 th  day 1*9 2'.0 1 .9 2 .0 2 .1 2 .0 2 .0 2 .1 1 .9 2 .0 2 .1

Last "' 2 .0 2 .0 2 .0 2 .5 2 .2 2 .2 2 .1 2 .4 2 .1 2 .1 2 .1

M



TA3IĴ  V l l  (oo-itinuod)

b) baphnia w itli oyod-ombryoG wore taken fro:a the  

exD0 rim enta 1 f l a s k s •

kxpGrlmont Ho

Averarre Og. 
fo a i r  sa.t: as 
in  Table V ll(a ) 12

1s t  day 21 21 21 21 21 21 21  21  21

69 87 87 94 39GO 58 55 87

Humber o f  cmbryc

1s t  day U, 2

Last ”

2 . 0  2 . 0  2 .12 , 2  2 .2Last day
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the th ir d  fe e d in g  v a lu e .  The d i f f e r e n c e  between the

average number of young produced in Danhnia a t  the

second and th ir d  f e e d in g  v a lu e s  was s l i g h t ;  and n o t  as

g ro a t  as p r e v io u s ly ;  but there  was no in c r e a se  in  e i t h e r

the number o f  young produced or in  the haem oglobin in d ez

a t  the fo u r th  f e e d in g  s e r i e s ,

Daphnia in  which the p a r th e n o g e n e tic  young were a t

the eyed-embryo s ta g e  shovved th e  same resu lt^  (Table V llb )*

An in c r e a se  in  the amount of food  added caused  a

correspon d in g  in c r e a se  in  the number o f  embryos and in

the haem oglobin in d e z;  to  a maximum at the th ir d  f e e d in g

v a lu e .  D oubling of t h i s  c o n c e n tr a t io n  of food  r e s u l t e d
*

in  no f u r th e r  change. The haem oglobin prod u ction  o f  

Daphnia a t  d i f f e r e n t  f e e d in g  v a lu e s  must be compared at  

th e  same oxygen c o n c e n tr a t io n .

The gut space o f  th e  exp er im en ta l Daphnia which was 

o r i g i n a l l y  p a le  y e l lo w  or p a le  green  became y e l lo w is h  green  

as a r e s u l t  o f  a lg a l  f e e d in g .

The f a t  con ten t o f  the Daphnia was in c r e a se d  during  

the  exp er im en t. At the b eg in n in g  o f ■ the  experim ent;

Daphnia had no f a t  g lo b u l e s ,  but a f t e r  12-13 days the f a t  

g lo b u le s  were freq u en t  or very  common in  a l l  an im a ls .  The 

f a t  c o n ten t  was approxim ately  the  same at a l l  f e e d in g  

v a l u e s . '  T his su g g e s ts  th a t  f a t  p rod u ction  i s  not a d ir e c t  

r e s u l t  o f  f e e d in g .

The above experim ent was r e p e a te d ,  aga in  u s in g  

D .o b tu sa  in  i t s  own w ater p r e v io u s ly  f i l t e r e d  througli
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î l o . l  ’Tiatman f i l t e r  paper, and de oxygenated by n itr o g e n  

to  an o:q"gen c o n c e n tr a t io n  of ap proxim ately  20fj a ir  

s a t u r a t io n .  The experim ent vras d iv id e d  in to  f i v e  s e r i e s ,  

f i v e  d i f f e r e n t  c o n c e n tr a t io n s  o f  food were u se d , and each  

s e r i e s  c o n s i s t e d  o f  th ree  f l a s k s .  As jji the p rev io u s  

ex p er im en t, in  order to  ob ta in  a s e r i e s  o f  o^cygen 

c o n c e n tr a t io n s  th e  volumes o f  pond w ater used were v a r ie d  

from 200-210 c c .  so th a t  d i f f e r e n t  su r fa ce  areas  were 

ob ta in ed  in  the d i f f e r e n t  f l a s k s . S l i g h t l y  la r g e r  su r fa c e  

areas  were used a t  h ig l ie r  f e e d in g  v a l u e s . The number o f  

anim als in  each f l a s k  was, as in  th e  p rev io u s  exp er im en t,  

h a l f  the volume in  c c .  o f  the pond w ater p r e s e n t .  Oxygen 

a n a ly s e s  o f  th e  w ater were made every  day, a s  fa r  as p o s s i b l e .

C hlore11a v u l g a r i s was used as food  during the whole

exp er im en t. C hlore11a was washed from agar in  f i l t e r e d  lake

w a te r , and c e n tr i fu g e d  b e fo re  adding to  the ex p er im en ta l

f l a s k s .  T3.10 Chlore 11a su sp en s io n s  in  lake v/ater were made

f r e s h l y  e a ch  d a y .  A p p r o x im a te ly  e q u a l  su sp en s io n s  w ere

o b ta in ed  b%r comparing th e  a lgae  in  lake w ater w ith  a

standard green su sp en s io n  of th e  fo l lo w in g  c o m p o s it io n : -

4 .cc .  sa tu r a te d  n i c k e l  su lp h a te  s o lu t io n

0 .5 2  CO. " Potassium  chromâte s o lu t io n  
O'Z kiese/yJvh
D i s t i l l e d  w a te r  t o  i n c r e a s e  th e  vo lum e to  20 c c .

The a l g a l  su sp en sio n  and th e  above standard were 

compared v/ith  the a id  o f  a c o lo r im e te r .  Readings were 

taken  r a p id ly  b e fo re  the a l g a l  c e l l s  or k iese lg u J ir  began 

to  s e t t l e .  In t h i s  way Daphnia was fed  ap proxim ately
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e q u a l ly  ev e ry  day.

T}'ie volume of a l g a l  su sp en sion  added to  the f l a s k s

in  the f i v e  s e r i e s  in c r e a se d  in the r a t i o  o f  1; 2; 4;

3: IG. A f l a s k  c o n ta in in g  200 c c .  o f  pond water and

100 ha;'imia was su p p lied  w ith  2 ,  4 ,  8 ,  16 or 32 c c .  of

c e n tr i fu g e d  a l g a l  su sp en s io n  d a i l y ,  depending on the

fee d in g  v a l u e , In each  s e r i e s  the e x a c t  volume o f  a l g a l

s o lu t io n  th a t  was added v a r ie d  accord in g  to  the amount of

water and the number o f  Daphnia p r e s e n t .  For example ; -

105 D .obtuoa in  210 c c .  own w ater p lu s  2 .1  c c .a lg a e

l i e  220 c c .  " p lu s  2 .2  c c .  "

The c o n c e n tr a t io n s  o f  a l g a l  food  used in t h i s

experim ent cannot be compared vfith th o se  o f the p rev io u s  •

exp er im en t, as the volumes o f  w ater used in  th e  ex p er im en ta l

f l a s k s  was n o t  the same. In t h i s  experim ent a l s o ,  one

organism . C hlore11a v u Ig a r is  was used  a s  fo o d , whereas in

the p rev io u s  experim ent Gonium p e c to r a le  and Chlore 11a

vu 1,3a r i s  were u sed . The c o n c e n tr a t io n s  o f  the a l g a l

su sp en s io n s  a l s o  v a r ie d  in  the two exp er im en ts .

A fte r  s i x  days the v/ater in  each  f l a s k  vras r e p la c e d

by f r e s h  pond w a te r , f i l t e r e d  and deo:cygenated as

p r e v io u s ly ,  to  the o r i g i n a l  oxygen c o n c e n tr a t io n .

A fter  12-13 d a y s , o b se r v a t io n s  were made on th e

Daphnia in  a l l  f l a s k s .  F lask s  in  which the average oxygen
«

c o n c e n tr a t io n  o f  the  water v/as approxim ately  the  same were 

examined on th e  same day* At the lower fe e d in g  v a lu e s ,  

Daphnia w ith  p a r th e n o g e n e tic  young a t  the  eyed-embryo
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otage were examined (Table V i l l a ) ,  At th e  h ig h e r  f e e d in g  

v a lu e s  d u f f i c i o n t  anim als were n o t  a v a i la b le  w ith  

p a rth e n o g e n e tic  young a t the eyed-embryo s t a g e ,  so  th a t  

o b se r v a t io n s  were made on Daplinia ca r r y in g  p a r th en o g e n e tic  

eggs (Table V l l l b ) .

I t  can be seen from Table V i l l a ,  th a t  th e  haem oglobin  

in d ex  ro se  from 58 to  77 w ith  an in c r e a se  in  the f e e d in g  

r a t i o  o f  1 to  4 ,  a t  an average oxygen co n c e n tr a t io n  of  

19 -  20^ a i r  s a t u r a t io n .  An in c r e a s e  o f  food  th e r e fo r e  

ca u se s  a correspon d ing  in c r e a s e  in haem oglobin p r o d u c t io n ,  

at  the  same average oxygen con cen tra tion *  Tlae average  

number o f  embryos produced shov/ed a s l i g l i t  in c r e a s e  a t  the  

t h ir d  fe e d  in g v a lue *

The r e s u l t s  o f  haem oglobin prod uction  at h ig lier  

c o n c e n tr a t io n s  o f  food in  the same experim ent are  

e x p resse d  in  Table V l l l b .  I t  w i l l  be seen from the  

experim ent numbers, th a t  f o r  f l a s k s  6 ,  8 ,  and 9 

o b se r v a t io n s  were made on Daphnia c a r r y in g  eyed-embryos  

and a l s o  on DapTmia ca r ry in g  e g g s .  I t  w i l l  be seen  from  

th e s e  r e s u l t s  th a t  the haem oglobin c o n te n t  o f  Daplmia 

ca r ry in g  eggs v/as l e s s  than t h a t  o f  Daplmia ca r r y in g  ' 

eyed-embryos* The v a lu e s  f o r  th e  haem oglobin in d ic e s  

ob ta in ed  at the h ig h e r  c o n c e n tr a t io n s  o f  fo o d ,  u s in g  

Daplmia c a r r y in g  e g g s ,  were t h e r e fo r e  l e s s  than th o se  

ob ta in ed  at the flower f e e d in g  v a lu e s ,  in  which o b se r v a t io n s  

were made on Daplmia w ith  eyed-embryos in th e  brood pouch.

Although the haem oglobin in d ic e s  were l e s s ,  the same
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TIio in fliienco of d if fe r e n t  concentrât ion g of Chlore 13.. a 
} r̂io on the ?:aoino^lobin nrodnc.tion of D ,cbiy\sal:ent

:bi ito  ov/n water fùr 12-13 da%rô  (a) The narthen/ogoiietic 
7 0 .1:1 j  of Danlniia were at the eyed-eoibryo ota^e*

3  :nerir.ent 7 0 , 1 2 3 4 5 6 7 3 9

Food Ratio 2 4

Orqr̂ en̂  
fo a ir  cat:

___

2nd daj 1C 10 3 3 8 22 30 13 2 1

3rd " a 12 14 10 12 25 13 20 24

4 th " 9 14 23 12 15 34 22 26 27

6 til 15 3 29 16 13 40 44 31 40

7 th 10 15 9 11 14 18 7 22 2 2

3th 12 15 10 8 11 17 7 19 20  1

lo th  " 13 2 1 23 3 9 31 2 25 38 1

11th " 13 24 30 11 10 34 19 25 44

12-13th” 19 26 33 8 11 31 26 22 29

Average 
Oxygen 
fo  a ir  sat*

13 16 20 10 11 28 19 23 29

Haemoglobin
index

1 s t  day 21 21 2 1 21 21 21 21 21 21

Last ” 62 62 58 65 64 49 77 54 62

Humber, of 
embryos

1s t  day 4 .3  ‘ 4 .3 4 ,0 4 .3 4 .3 4 .3 4 .3 4 .3 4 .3

Last ” 9.6 9.4 9.7 9.0 9.6 13 8 .8 10.3 13.3

S iz e , mm. . 
la s t  day 2 , 2 2 .3 2.3 2 .2 2 .3 2.4 2 .3 2 .3 2 .4
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(b) The. jparth enogenetic  
s t a ^ e .

young o f  Daplm ia were at th e

R xp 0  r  linen t  IT o * 6 8 9 10 11 12 13
— 1

Food R a tio 4 8 16

Oxygen %' a i r  s a t ,  
2nd day 1 22 18 21 22 28 16 11

3rd " 1 25 20 24 19 27 22 17

4 th  " 34 26 27 29 42 32 36

6 th 40 31 40 39 52 43 34

7 th. " 18 22 22 17 16 16 32

3 th  " 17 * 19 20 13 14 20 33

10 th  »» 31 25 38 ' 11 11 16 16

11th  " 34 25 44 22 11 20 22

1 2 - 13th 31 22 29 28 14 22 21
1

Average Oxygen. 
%' a i r  sat*. 28 23 29 22 24 23 25

Haemoglobin in d ex  
Is t  day 20 20 20 20 20 20 20

L a s t ' " 41 45 44 60 51 51 51

. Humber o f  e g g s .  

1 s t  day " 5 . 1 5 . 1 5 . 1 5 . 1 5 . 1 5 . 1 5 . 1

L ast M 1 0 .2 1 4 .7 1 5 .3 1 3 .3 1 3 .8 1 9 .2 1 7 .2

S i z e ,  mm# l a s t  day 2 .3 2 .3 2 .4 2 .4 2 .4 2 .5 '2.4

«  O b serv a tio n s  on Daplmia - tak en  at random from th e  f l a s k s .



41

r e s u l t  was o b ta in ed . At an oxygen co n c e n tr a t io n  of  

23 ~ 24̂ c a i r  s a t u r a t io n ,  the haemoglobin in d ic e s  fo r  

Daphnia  at f e e d in g  v a lu e s  o f  4 ,  8 and IG were 4 5 ,  5 1 ,  

or GO, and 61 r e s p e c t iv e ly #  At the same oxygen c one e n tr â t  ion  

t h e r e f o r e ,  an in cr e a se  in  the amount o f  food  added caused  

an in c r e a se  in  haemoglobin form ation  to  the  fo u r th  f e e d in g  

v a lu e ,  above which a g r e a te r  c o n c e n tr a t io n  o f food caused  

no fu r th e r  haemoglobin sy n th e s is#

The in c r e a se  of food  a ls o  caused a correspond ing  

in c r e a se  in the number of p arth en ogen etic  eggs produced#

At th e  h ig h e r  fe e d in g  v a lu e s  the anim als were a ls o  o f  a 

s l i g h t l y  la r g e r  average s iz e#

The in f lu e n c e  of Chlore 11a fe e d in g  was a l s o  shovrn 

by the co lou r  o f  the gut space# In a l l  anim als the gut  

space v/hich was o r i g i n a l l y  p a le  y e l lo v / is h -g r e e n  became a 

much b r ig t iter  y e l lo w is h -g r e e n  c o lo u r ,  as a r e s u l t  o f  

f e e d in g  on a lg a l  c e l l s  c o n ta in in g  ch lo r o p h y ll#  There v;as 

a l s o  a change in  the f a t  content#  At the b eg in n in g  o f  the  

experim ent Daphnia had no or very  o c c a s io n a l  f a t  g lo b u l e s ,  

but at the end o f  th e  experim ent the 'amount o f  f a t  had 

in c r e a se d  s l i g i i t l y ,  the animals co n ta in in g  freq u en t or few  

f a t  g lo b u les#  As in  the p rev io u s  exp er im en t, the in c r e a s e  

in  f a t  was approxim ately  the same at each f e e d in g  value#

. N u tr i t io n  i s  e s s e n t i a l  f o r  haemoglobin production#

I t  can be concluded from th e se  exp er im en ts , t h a t  in c r e a s in g  

c o n c e n tr a t io n s  of food above t h i s  n e c e s s a r y  minimal v a lu e  

cause in c r e a s in g  amounts o f  haemoglobin s y n t h e s i s , t o  a
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c e r t a in  maximum o f  fo o d ,  above w hich fi.irther in c r e a s e  

nas no e f f e c t ♦ The number o f  p a r th e n o g e n e t ic  yoiong

produced^whiCii i s  used as an in d ic a t io n  o f  the  s t a t e  o f  

n u t r i t i o n  o f  th e  an im al, in c r e a se d  s i m i l a r l y  w ith  • 

x iicrea s in g  c o n c e n tr a t io n s  o f  food  to  t h i s  maximum value#  

This maximum v a lu e  o f  food  v a r i e s  f o r  the  s p e c ie s  o f  

alga^  u s e d , the maximum c o n c e n tr a t io n  b e in g  l e s s  fo r  

Gonium and C h lore11a than f o r  C h lore11a alone# T his i s  

p rob ab ly  caused  by d i f f e r e n c e s  in  the s to r e d  p rod u cts  

o f  the  two algae# I t  has been shov/n th a t  Daplmia i s  

b e t t e r  n o u r ish ed  an a m ixture o f  tv/o organism s than, on a 

s i n g l e  s p e c ie s  ( Pacaud 1 9 3 9 ) .

d) Tlie I n f lu e n c e  o f  C h lo ro p h y ll  or Products o f  i t s  

D is in t e g r a t io n  on the Haemoglobin Con t e n t

I t  has been c la im ed  th a t  th e  form ation  o f  haem oglobin  

in Daplmia depends on the- p resen ce  o f  c h lo r o p h y l l  in  the  

medium (Verne 1 9 2 3 ) .  Daphnia p r o g r e s s iv e ly  lo s i n g  

haem oglobin  in  th e  labor a t  or%r, hov/ever, may have i t s  gut  

lumen green  w ith  c h lo r o p h y l l  (Fox 1 9 4 8 ) .  P a le  Daphnia  

in  n a tu re  o f te n  has a b r ig h t  green  gut sp a c e .  I t  may be 

s u g g e s te d  th a t  th e s e  f a c t s  in d i c a t e  th a t  c h lo r o p h y l l  i s  

n o t  im portant in  haem oglobin  fo r m a tio n , but th e  oxygen  

c o n c e n tr a t io n  o f  the v/ater i s  n o t  c o n s id e r e d .  As oxygen  

la c k  i s  one f a c t o r  in  haem oglobin  fo r m a tio n ,  i t  i s  

p o s s ib le  th a t  oxygen la c k  i s  e s s e n t i a l  f o r  haem oglobin  

s y n t h e s i s .

To t e s t  the  in f lu e n c e  o f  c h lo r o p h y l l  on haem oglobin
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p r o d u c t io n ,  Daphnia have been fed  on organism s which  

p o s s e s s  c h lo r o p h y l l ,  and a l s o  on organism s w hich do n o t  

co n ta in  c h lo r o p h y l l ,  and the  amount o f  haem oglobin  

produced in  th e s e  an im als has been compared a t  th e  same 

oxygen c o n c e n tr a t io n .  C o lo u r le s s  organism s have been

u sed  by p rev io u s  workers f o r  f e e d in g  Daphnia ( s e e  above)#

In  a p r e l im in a r y  ex p er im en t, I  u sed  Gonium p e c t o r a le  

as food  c o n ta in in g  c h lo r o p h y l l ,  and as food  la c k in g  

c h lo r o p h y l l  I u sed  Polytom e11a ca eca  â c o l o u r le s s  

f l a g e l l a t e  o f  the  order V oIvocal e s ,  and b a k e r *3 y e a s t .

Pale D. obtus a was p la c e d  in  i t s  ov/n w a te r ,  f i l t e r e d  

through ÎTo.l giThatman f i l t e r  p aper , to  remove the  few a lg a e  

p r e s e n t .  A f te r  d eo x y g én â tion  by n i t r o g e n  to  an oxygen  

c o n c e n tr a t io n  o f  ap p rox im ate ly  15^ a i r  s a t u r a t i o n ,  th e  

f o l lo v / in g  f l a s k s  were assem bled: -

160 D .o b tu sa  in  320 c c .  own w ater  )

163 " 325 " ) in  4 s e r i e s
)

165 " 330 " )

S e r i e s  1) No fo o d  added ■

2) '.7ith the  a d d i t io n  o f  F o ly to m e lla  ca eca

3) " ' " Gonium p e c t o r a le

4) " " y e a s t .

The i n i t i a l  and - f in a l  oxygen c o n c e n tr a t io n s  were 

determ in ed . A f te r  6 days o b se r v a t io n s  were made on Daplmia  

in  the f l a s k s  o f  s e r i e s  1) and 2 ) .  A f te r  7 days the  

Daplmia o f  s e r i e s  3) and 4) were exam ined. The r e s u l t s  

are summarised in  Table I X . '
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TTo haem oglobin v/aa produced In s ta rv e d  or In 

P o ly to rn e l la - fo d  D ephnla . N u t r i t io n  i s  e s s e n t i a l  f o r  

haem oglobin form ation  ; as has been ohOTm p r e v io u s ly ,  

F o ly to m e lla  Is  e i t h e r  n o t  a s u i t a b le  food^ or i n s u f f i c i e n t  

q u a n t i t i e s  were used^ as In d ic a te d  by the f a i l u r e  o f  the 

Danhnla to  produce youngs and t h e i r  sm a ll  average s i z e  

when compared w ith  Danhnla fed  on Gonium,

Naemo^lobln was produced In æ ilm alg fe d  on 

Gonlum and on y e a s t .  At the same oxygen c o n c e n tr a t io n  

tjie amount o f haem oglobin  produced in  Daplmia fe d  on 

Gonium and on y e a s t  was. the same*

Very s l i g h t  m o r t a l i t y  was observed among the  

Daphn i a  in Gonium and In y e a s t - f e d  f l a s k s .  With d a l l y  

a d d i t io n s  o f  Gonlum  ̂ th e  average number o f  p a r th e n o g e n e t ic  

young was m ain ta in ed  a t  the v a lu e  found in  nature*  The 

average s i z e  o f  Daplmia was b ig g e r  than in  the o th er  f l a s k s  

and the b r ig h t  green  gut space in d ic a t e d  good f e e d in g .  The 

Daplmia which had been fed  on y e a s t  were o f  sm a ll  average  

s iz e ^  and v er y  few young were produced , so  th a t  f e e d in g  

must have been a t  a m inim al va lu e*

The p a r th e n o g e n e t ic  young produced In Gonium- f e d  

D a'hjila  were b r ig h t  p ink  or p a le  p in k , whereas in o th er  

f l a s k s  the young produced were green* Fat product 1cm was 

observed in  Gonium- f e d  and in  y e a s t  fed  Daphnia* At th e  

b e g in n in g  o f  the experim ent the Daphnia had no or v e r y  few- 

f a t  g l o b u l e s ,  but a f t e r  6 -7  days freq u en t  or common f a t  

g lo b u le s  were p r e s e n t  In Goni-um- f e d  and y e a s t - f e d  an im a ls .
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A lthough the amoimt o f  haom oglobin produced in  

Daphnia fed  on Gonium an cl on y e a s t  was the same, the  

anim als wore n o t  r e c e iv in g  eq u a l n u t r i t i o n ,  as in d ic a te d  

by the d i f f é r e n c e  in the average s i z e  and In the number o f  

p a r th e n o g e n e t ic  young produced .

The s to r a g e  product o f  y e a s t  i s  n o t  the same as  o f  the  

oth er  food  organ ism s. f o ly t o m e l la  c o n ta in s  abundant 

s ta r c h  g r a in s  ( D o f le in  19IG, K ater 1 925) . Gonium a l s o  

s t o r e s  s t a r c h ,  the s to r a g e  o f  s ta r c h  and v o l u t i n  b e in g  

c h a r a c t e r i s t i c  o f  the V o lv o c a le s  (P ascher 1 9 2 7 ) .  Y east  

s t o r e s  m ain ly  g ly co g en  (Gwynne-Vauglian and Barnes 1927) .

To co n tin u e  the s tu d y  o f  the  In f lu e n c e  o f  c h lo r o p h y l l  

on haem oglobin  p r o d u c t io n ,  two n e a r ly  r e la t e d  organism s were 

chosen  o f  a p p rox im ate ly  the same s i z e ,  and w ith  an s im i la r  

s to r e d  prod u cts  as p o s s i b l e .  These were tv/q members o f  th e  

order C h lc r o c o c c a le s  and fa m ily  C h lorel l a c e a e , the green  

O hlore11a v u lg a r i s  and P ro to th eca  Z o n f l i , a c o l o u r le s s

member o f  the  same f a m i ly .  The average d iam eters o f  ten  

in d iv id u a l s  o f  Chlore 11a and P ro to th eca  were 7 and 8 m icra  

r e s p e c t i v e l y .

In  Chlore 11a v u lg a r i s  the p ercen ta g e  o f  th e  d*y w e ig h t

of the d i f f e r e n t  su b s ta n c e s  p r e s e n t  i s  Icnown; 1 - ^  i s  f a t ,
*

15-20% i s  s t a r c h ,  w h ile  50-65% o f  r e s e r v e  carbohyd rate  I s  

r e fe r r e d  to  under th e  group h e m l - c e l l u l o s e  ( P e a r s a l l  and 

Loose 1 9 5 7 ) .  P r o to th eca  a l s o  c o n ta in s  s ta r c h  and f a t ,  and 

i s  a c l o s e  p a r a l l e l  to  Chlore 11a (Chodat 1915,' F r i t s c h  1955) 

Both organism s were grown on a g a r ,  from v/hich th e  c e l l s  were
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washed in  f i l t e r e d  lake w a te r , b e fo re  adding t o  the

e ::p e r ime nt a 1 f  Iasi: s #

Pale D. obtusa  was p la c e d  in  Regent i s  Park lake w a te r ,

p r e v io u s ly  f i l t e r e d  througli ITo.l Ihatman f i l t e r  paper. The

w ater was deoxygenated  by n i tr o g e n  to  an oxygen c o n c e n tr a t io n

o f  approxim atel.y  15% a i r  s a t u r a t io n  b e fo r e  u s e . The

experim ent was d iv id e d  in t o  fo u r  s e r i e s .

160 D .ob tu sa  in  o20 c c .  lak e  water )
)

163 " 325 c c .  ) in  4 s e r i e s
)

165 " 330 C O .  " " )

S e r i e s  1) No food added

2) iVith the a d d it io n  of Gonium p e c t o r a le

3) ” " " Chlore l i a  vulp;aris

4) " ” P ro to th eca  Zopfi i .

Gonium p e c t o r a le  was in c lu d ed  in the s e r i e s  to  compare

the r e l a t i v e  food v a lu e  of Gonium and C h l o r e l ia *

The i n i t i a l  and f in a l .  o:cygen c o n c e n tr a t io n s  were 

d eterm in ed . A fte r  6 -7  days th e  Daphnia in  a l l  f l a s k s  were 

exam ined, the  C h lo re l l a - f e d  and P ro to th e c a - f e d  De^hnia  were 

examined on the same day. The r e s u l t s  are summarised in  

Table X.

A f te r  6 d a y s ,  no haem oglobin  was produced In. s ta rv e d  

a n im a ls ,  v ery  few or no p a r th e n o g e n e t ic  young were formed 

and th e re  v/as no in c r e a s e  in  th e  average s i z e  o f  the  

a n im a ls .  Haemoglobin was produced in  a l l  fed  a n im a ls ,  

althou{ÿi d i f f e r e n t  numbers o f  p a r th e n o g e n e t ic  young were 

fcimtd  in  Daplmia fed  on green  and on c o l o u r le s s  fo o d .
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At the same oxygen o one e n tr â t  Ion th ere  i s  no 

d ir fe r e n o e  In tlie anoujit o f  hs-eT-noglobin prodnced oy 

haplm ia fed  on donium and on The d i f f e r e n c e

in the nnrfoer o f p a r th e n o g e n e t ic  yoimg prodnced i s  a l s o  

s l i g h t ,  the  v a lu e  b e in g  h ig h e r  than the average v a lu e  o f  

the ex p er im en ta l  Daphni a  in  n a t u r e . Tlie in c r e a s e  in  the

average s i z e  o f  Daplm ia  fed  on G on Ivan and on Chlore 11a

a l s o  I n d ic a te s  good n u t r i t i o n # . Gonium and C hlore 11a are

th e r e fo r e  e q u a l ly  good as food  organisms f o r  Daplmi a .

. S l i g h t l y  more haem oglobin i s  produced by. the  

anim als fe d  on C hlore 11a than i s  formed by th ose  f e d  on 

the c o lo u r le s s  P r o to th e c a * There i s  a l s o  a b ig  d i f f e r e n c e  

in  the number o f  p a r th e n o g e n e t ic  young p o s s e s s e d  by the  

Da p lm ia  ̂ th o se  f e d  on Chlore 11a co n ta in  iTiore young than  

in  n a t u r e , v /h ile  the Daplmia fed  on P ro to th eca  c o n ta in  v ery  

few p a r th e n o g e n e t ic  young* This d i f f e r e n c e  o f  n u t r i t i o n  i s  

a l s o  em phasised by a c o n s id e r a t io n  o f  th e  average s iz e *  The 

average s i z e  o f  Daphnia fe d  on C h lo r e l la  i s  g r e a te r  than the

average s i z e  of Daphni a  fe d  on P r o to th e c a *

I t  i s  i n t e r e s t i n g  to  compare the  r e s u l t s  ob ta in ed  

on s ta r v e d  Daphnia and th o se  fe d  on P r o to th e c a , when i t  

w i l l :  be seen  th a t  f e e d in g  in  the P ro to th ec a  f l a s k s  must 

have been minimal*

The change in  th e  c o lo u r  of t h e ,g u t  space i s  a l s o  

i n t e r e s t i n g .  In  s ta r v e d  Daphnia, and Daphnia fe d  on 

P r o to th e c a  the gut space l o s t  i t s  c o lo u r  becoming u n ifo rm ly  

p a le ,  w h i le  in  Daplmia fe d  on Gonium or C h lo r e l la  t h e  gut
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space became a brigb.t ye 11 ow 1 sh -g r e o n . The change in  

f a t  c o n te n t  was a l s o  n o te d .  At the b eg in n in g  of the  

o:q]erim ent the Daphnia had no f a t  g lo b u le s .  A f te r  6-7  

days the s ta rv e d  an im als were s t i l l  w ith ou t  v i s i b l e  f a t  

g lo b u l e s ,  but th e  Daphnia fed  on Gonium, C h lo r e l la  and 

P ro to th eca  had common or v ery  common f a t  g l o b u l e s . The 

reason  fo r  the p rod u ction  o f  f a t  r e q u ir e s  i n v e s t i g a t i o n .

Although C h lo r e l la  and P ro to tl ieca are n e a r ly  

r e l a t e d ,  and are s a id  to  c o n ta in  s im i la r  s to r a g e  p r o d u c ts ,

Dapluiia fed  on C h lo r e l la  r e c e iv e  b e t t e r  n u t r i t i o n  as shovm 

by the d i f f e r e n c e  in  the p rod u ction  o f  young. An in c r e a s e  

in  n u tr it io n :  ca u ses  an in c r e a s e  in  haem oglobin s^m th esis  

( s e e  p r e v i o u s ) ,  so i t  i s  p o s s i b l e  th a t  the s l i g l i t  d i f f e r e n c e  

in  haem oglobin  co n ten t  betvfeen C h lo r e l la - f e d  and P r o to th e c a -  

fed  Daphnia may be a r e s u l t  o f  the b e t t e r  n u t r i t i o n  o f  the  

anim als f e d  on C h l o r e l la .

A p a ir  o f  n e a r ly  r e la t e d  organisms i s  th e r e fo r e  

n eed ed , one o f  which c o n ta in s  c h lo r o p h y l l ,  which when fe d  

t o  Daphnia w i l l  cause  th e  p ro d u ctio n  o f eq u a l numbers o f  

p a r th e n o g e n e t ic  young.

Another p a ir  o f  organism s was c h o se n , Chlamydomonas 

i n c i s a  and Polytoma u v e l l a  b o th  members o f  the order V o lv o c a le s  

and fa m ily  Chlamydomonadaceae. Chlamydomonas c o n ta in s  

c h lo r o p h y l l .  Polytoma does n o t  c o n ta in  c h lo r o p h y l l ,  but i s  

a y e l lo w is h  co lo u r  due to  the p resen ce  o f  c a r o te n e  and 

x a n th o p h y l l  (P r in g sheim  and Mainz 1926}»

The s to r a g e  p rod u cts  o f  the tvfo f l a g e l l a t e s  are the
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same* As members of the order V o lv o c a le s  th e y  co n ta in  

s ta r c h  and v o lu t i n  (Pasoher 1 9 2 7 ) .  Although- Polytoma has  

no c h l o r c p l a s t , i t  s t i l l  produces s ta r c h  as w e l l  as 

v o l u t i n  (J lr o v e c  1926, P rin gsheim  1 9 2 7 ) .

In  .order to  compare the haem oglobin p ro d u ctio n  o f  

Daplmia fed  on greon and on n on -green  organ ism s, eq u a l  

q u a n t i t i e s  o f  th e s e  two organism s must be u se d . Measurements 

o f  th e  c e l l s  o f  Chlamydomonas i n c i s a  and Polytoma u v e l l a  

show th a t  the Oh 1 ar.iydomonas s p e c ie s  i s  o f  a la r g e r  average  

s i z e  * Tlie average s i z e  o f  ten  in d iv id u a ls  o f  Gh 1 amyd omon a s 

i n c i s a  and P o ly t oma u v e l l a  was 13 % 11 m icra and 15 x  7 m icra  

r e s p e c t i v e l y .  In  order to  overcome t h i s  d i f f e r e n c e  o f  s i z e ,  

eq u a l q u a n t i t i e s  o f  food  by w eig lit  were added t o  the 

e x p e r im e n ta l  f l a s k s .  The d&y vmiglit o f  a c e r t a in  Imovfn 

number o f  c e l l s  o f  each  o f  the two organism s was found* From 

th e s e  r e s u l t s  i t  i s  p o s s ib l e  to  c a l c u l a t e  the number o f  c e l l s  

to  add t o  Daplmia fe d  on Oh 1 amydomonas and on Polytom a, so  

th a t  th e  Daplmia are r e c e iv in g  e q u a l w e ig h ts  o f  the two 

organism s* T his method, which was used  f o r  both  organ ism s,  

w i l l  be d e sc r ib e d  more f u l l y *

A su sp e n s io n  o f  a l g a l  c e l l s  grovm on agar was madeI k

in  f i l t e r e d  Lake Windermere v /ater . The su sp en s io n  was 

s t r a in e d  through  f i n e  b o l t i n g  s i l k ,  t o  en su re  th a t  no sm a ll  

p a r t i c l e s  o f  agar had been washed from th e  s l o p e s /  and was 

then shaken v /e l l  t o  d i s t r i b u t e  th e  c e l l s  e q u a l ly .  To I c c .  

o f  ' t h i s  su sp en s io n  was added I c c .  o f  10% fo rm a lin  to  

im m ob ilise  th e  a lg a e ,  and 4 c c .  o f  lake w ater t o  d i l u t e  the
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sam ple. The number o f  c e l l s  in  t h i s  d i lu te d  sample v/as 

then found u s in g  a haemacytomet e r . S ta g es  in  the  l i f e  

h i s t o r y  o f  the organism s were p r e s e n t  in  the s u s p e n s io n s ,  

but in  haeniacy tome t e r  c o u n ts ,  d iv id e d  c e l l s  were co n s id ered  

as one in d iv id u e  1 , as thoy were surroundec. by a s in g le  

membrane* From th ese  r e s u l t s  the number of c e l l s  in  a 

c e r t a in  volume o f  the o r i g i n a l  su sp en s io n  can be c a lc u la te d *

The a lg a e  *wero weighted in  c e n t r i f u g e  tu b e s .  These were 
0

d r ie d , a t  102 G* and w eighed to  a c o n s ta n t  w eight* I n to  two 

or th r ee  tubes was p laced  5 c c . o f  the o r i g i n a l  su sp en s io n  o f  

a lg a e .  The tubes were then c e n t r i fu g e d  to  remove th e  lake  

w a te r ,  and the  tu b es  c o n ta in in g  a l g a l  c e l l s  were d r ie d  a t  

102° G u n t i l  rep e a te d  weigjuings were i d e n t i c a l .  The average  

df'y w eig lit  o f  a. Icnown number o f  c e l l s  o f  the two organism s  

can be found from th e s e  r e s u l t s *  The r e s u l t s  are summarised 

in  Table XI.

I t  was found, t h a t  

Weight of Oil lamy demon as ; ' w e ig h t  o f  Polytoma -  5 ;1

In order  to  o b ta in  eq u a l f e e d in g  by w eight  

Volume o f  Gh 1 amyd omon a s % volume o f  Polytoma * 5 ;1  

f o r  su sp en s io n s  o f  th e  tv/o organism s c o n ta in in g  th e  same 

number o f  c e l l s .

Susp en sion  o f th e  organism s were made each day , and 

the  number o f  c e l l s  in  each  su sp en s io n  was found u s in g  a 

haem ocytom eter. The volume o f  each  s o l u t i o n ‘ to  add to  the  

ex p e r im e n ta l  f l a s k s ,  so  t h a t  Daphnia was fed  e q u a l ly  by 

v / e i g h t w a s  th en  c a l c u l a t e d .
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Pale D y obtus a v/as p la ced  in  i t s  c m  w ater  ̂  p r e v io u s ly  

. f i l t e r e d  througli h o . 1 hi i atm an f i l t e r  paper , and deoic^rgenated 

by n i t r o g e n  to  an oxygen c o n c e n tr a t io n  o f ap p rox im ate ly  

a i r  s a tu r a t io n #  Tlie f l a s k s  v/ere assem bled in the  

f o l lo w in g  way,

105 D .o b tu sa  in 210 cc.own w ater )
-  )

3 f la s k s  ) in  2 s e r i e s
o f  110 " 220 GO* " " )
S e r i e s  1) '.Yith th e  a d d it io n  o f  C h 1 amy cl o m on a s i n c i s a

” 2) Polytoma u v e l l a .

Paulin i a v/as fed  d a i l y  as d e sc r ib e d  above. Oxygen

a n a ly s e s  were made every  second day. A fte r  6-7  d a y s ,

o b se r v a t io n s  v/ere made on Daplmia in  a l l  f la s k s *  Daplmia - 

in  v/hich the p a r th e n o g e n e t ic  young were a t the egg s ta g e  

and a t  the eyed - embryo s ta g e  were co n s id e r e d  i . e .  tv/o 

r e s u l t s  wore ob ta in ed  f o r  the Daphnia o f  each f l a s k  where 

p o s s ib le #  The f l a s k s  in  which the  average oxygen  

c o n c e n tr a t io n s  o f  the w ater were com parable, were examined  

on the same day. The r e s u l t s  are ex p re sse d  in  Table X l l ( a )  

and ( b ) .

I t  can be seen  from th e  r e s u l t s  f o r  Daplmia c a r r y in g  

p a r th e n o g e n e t ic  e g g s ,  # ia t  th e r e  i s  no d i f f e r e n c e  in  the  

' haem oglobin  c o n te n t  o f  Daplmia fed  on Gh lamy d omon a s . and on 

PolytOLia a t  the same oxygon c o n c e n tr a t io n .  Tlie average  

egg numbers show th a t  the an im als were r e c e iv in g  comparable  

n u t r i t i o n ,  Daplmia fe d  on Gh lamy d omona s d o 'n o t  have more 

eggs  than th o s e  fed  on fo ly to m a » Average s i s e  r e s u l t s  fo r  

Daplmia fe d  on Gh lamy d omon a s and on Polytoma were the same*.



TABIg X l l

The e f f e c t  o f  c h lo r o p h y l l  on the  haemoglobin, in d ex  o f  
D .ob tu sa  k ep t in  i t s  own w ater f o r  6-7  d a y s . Chlamydomonas 
T n c isa  was used  as food  w ith  c h lo r o p h y l l ,  and Polytoma, . 
u v e l l a  a s  food w ith o u t  c h lo r o p h y l l .

(a) Ti'.e p a r th e n o g e n e t ic  young o f  Daplmia were a t  the  
9 5 c staf^e*

S xp or imon t  N- 0  # 1 2 3 4 5 6 7 3

Pood Ghlamyd omon as . . Polytoma

Oxygen, % a i r  sa t#

2nd day 13 16 18 25 12 20 21 36

4 th  day 5 5 8 17 8 8 23 48

6 th  " 3 2 9 39 7 8 39 60

7 th  " 4 2 7 • 75

Average Oxygen, 
%' a i r  sa t# 6 6 12 27 - 9 12 28 54

Haemoglobin in dex

1 s t  day 27 27 27 27 27 ' 27 27 27

Last " 51 . 49 42 35 54 44 37 28

Number o f  eggs

1 s t  day 2 0 .9 2 0 .9 2 0 .9 2 0 .9 2 0 .9 2 0 .9 2 0 .9 2 0 . 9

L ast " • 6 .5 4 .7 4 .9 4 .8  ■ 6 .2 4 .3 2 .5 3 . 2

S i z e ,  mm# l a s t  day 2 ,0 2 . 1 ' 2 . 1 2 .1 2 .2 2 .2 2 .1 2# 2



TABLId X I1 (co n tin u ed )

b) Daplmia  wore examined in  which the p a r th e n o g e n e t ic  
young were a t  the eyed-embryo s t a g e ,  or in  which the  
embryos had j u s t  been r e l e a s e d .

Experiment No, 2 3 4 5 6 7 8

Pood Ghlamyd omona s Polytoma

Oxygen, % a i r  sa t  

average see  Table 

XI la )

»

6 12 27 ' 9 12 28 54

Haemoglobin in dex

1 s t  day 29 29 29 29 29 29 29

L ast " 59 48 37 57 62 38 29

Number o f  embryos 

1 s t  day 19,8 1 9 .8 1 9 ,8 1 9 .8 1 9 .8
\
3 ,5

1 9 .8 1 9 .8

Last ” 0 2 . 1 1 .7 0 2 ,1 ^ 1 .7

S i z e ,  mm. 
L ast day 2 .0 2 ,0 2 .1 2 .0 2 .1 2 ,0 2 .0

K A few o f  th e  embryos in  the anim als c o n s id er e d  did n o t  
p o s s e s s  e y e s .
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Tliis a l s o  i n d i c a t e s  th a t  the anim als v/cre r e c o iv i n g  

a p p rox iica to ly  eq u a l n u t r i t i o n  *

A s i m i l a r  r e s u l t  was ob ta in ed  f o r  Da'U.m ia  in  which  

the n a r th o iio g en e t ic  %roun.g were a t  th e  e%Ted-embryo stagg^

The amount of haem oglobin produced in Daphnia fed  on 

Ghlamydoiîionas was n o t  g r e a te r  than th a t  produced in  

D.apluiia fe d  on Polytom a* I t  can t h e r e fo r e  be concluded  th a t  

wl'i.on Daphnia i s  r e c e iv in g  eq u a l n u t r i t i o n ,  the p resen ce  o f  

ch .lorop h y ll in the food  does n o t cause  g r e a te r  haem oglobin  

form ation*

The in f lu e n c e  o f  f e e d in g  a l s o  caused  a change in  - 

the c o lo u r  o f  the gut space# The yat space o f  Daphnia 

a t  the b eg in n in g  o f  the experim ent was p a le  y e l l o w is h -  

green  rt! p a le  greon# The yut space became y e l lo w is h -  

green  of b r ig h t  y e l lo w is h -g r e e n  in  Daphnia fe d  on 

Gh 1 amyd omon a s , but i t  became p a le  y e l lo w  or p a le  in  Daplmia 

fed  on Polytom a#

A change a l s o  took  p la c e  in  the f a t  co n ten t  o f  the  

anim als# At th e  b e g in n in g  o f  th e 'e x p e r im e n t  Daplmia w ith  

p a r th e n o g e n e t ic  eggs in  the brood pouch had v er y  o c c a s io n a l  

or few f a t  g l o b u l e s ,  but a f t e r  6 -7  days at low oxygen . 

c o n c e n t r a t io n s ,  Daphnia fe d  on Ghlæiiydomonas had fr e q u e n t  

f a t  -g lo b u le s ,  w hereas Daplmia fed  on Polytoma had no or 

v er y  o c c a s io n a l  f a t  g lob u les* ' À s im i la r  r e s u l t  was o b ta in ed  

' ^or Daphnia in  which th e  p a r th e n o g e n e t ic  young were a t  the  

eyed-em bryo s ta g e *  The number o f  f a t  g lo b u le s  in c r e a s e d  

from v e r y  few  t o  fr e q u e n t  or common in  Ghlar.iydomonas- f e d
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a n im a is ,  w h i le  in  P e I7 1  onia-  f  b cl an im ais th e re  were no or 

v er y  o c c a s io n a l  f a t  g lo b u l e s .  The number o f  su r v iv o r s  

was h ig h ,  and ap prox im ate ly  the same in  the  f l a s k s  o f  the  

two s e r ie s *

I t  can be concluded  from the above f e e d in g  exp erim en ts

th a t  : -

a) N u tr i t io n  i s  e s s e n t i a l  f o r  haem oglobin s .y n th e s is .

b) At low oxygen c o n c e n t r a t io n s , an in c r e a s e  in  the  amount 

of  a l g a l  food  added, ca u ses  an in c r e a s e  in  haem oglobin  

s y n t h e s i s  t o  a •ce r ta in  maximum v a lu e ,  above v/hich a fu r th e r  

in c r e a s e  o f  food  has no e f f e c t .

c)  V/hen Daplmia i s  r e c e iv in g  eq u a l n u t r i t i o n ,  a food  

c o n ta in in g  c h lo r o p h y l l  does n o t  cau se  more haem oglobin  

p rod u ction  than a food n o t  c o n ta in in g  c h lo r o p h y l l ,  a t  the  

sane oxygen c o n c e n tra t io n #

6# THE CORHHLATION BSTvYSEN THE liAaUOGLOBIN CONTENT OP
DAPHNIA PHOM VAdlOUd LOG.-xLITIIia AND CERTAIN EHrflRQIIIÆANTAL 
FACTORS#

Tlie haem oglobin  in d ex  o f  a c e r t a in  p o p u la t io n  o f  

Danhnia may vary  g r e a t l y  d uring  the  y e a r .  Continued f i e l d  

o b s e r v a t io n s  were made o f  s e v e r a l  l o c a l i t i e s  over a p e r io d  

of  t im e ,  and i t  was hoped to  c o r r e la t e  c e r t a i n  en v ironm en ta l

f a c t o r s  w ith  the haem oglobin  in d ex  o f  th e  p o p u la t io n .
\

Tlie oxygen c o n c e n tr a t io n  o f the pond w ater  i s  an 

im portant f a c t o r  in  haem oglobin  s y n t h e s i s ,  but th ere  i s  no 

method by v/hich co n tin u o u s  oxygen r e c o r d in g s  can be o b ta in ed  

in  the  f i e l d .  The oxygen c o n c e n tr a t io n  o f  pond w ater  was 

measured d i r e c t l y  u s in g  the  f i e l d  apparatus d es ig n ed  by
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A h itn ey  ( 1 9 3 3 ) .  R ecord ings were ma do tw ice  during  the  

day, in  the e a r ly  morning and in the e v e n in g ,  when the  

minimum and maximum o iygen  c o n c e n tr a t io n s  were o b ta in e d .

An e s t im a te  o f  - the maximum and minimum oxygen  

c o n c e n tr a t io n s  v/hich are  p o s s i b l e  can be o b ta in ed  i n d i r e c t l y ,  

by e n c lo s in g  the  pond v/ater in  s to p p ered  b o t t l e s  a t  a f i x e d  

tem perature fo r  a c o n s ta n t  p er iod  o f  t im e. Tlie o:cygen 

c o n te n t  o f  the w ater f a l l s  as a r e s u l t  o f  the  r e s p ir a t io n  

o f  the co n ta in e d  organ ism s, such as b a c t e r i a ,  a lg a e  and 

Protozoa* The d i f f e r e n c e  in  oxygen c o n c e n tr a t io n  between  

the i n i t i a l  oxygen c o n ten t  and th e  o^cygen co n ten t  a f t e r  the  

w ater has been e n c lo s e d  f o r  a c e r t a in  le n g th  o f  time i s  Imov/n 

as the oicygen consum ption” o f  the v/ater « When the b o t t l e s  

are  kept in  the dark , t h i s  d i f f e r e n c e  in  oxygen coiic e n t r â t  ion  

g iv e s  a v a lu e  f o r  th e  maximum amount o f  oxygen consumed by 

the r e s p ir a t io n  o f  the organisms p resen t#  I f ,  how ever, th e  

b o t t l e s  are i l lu m in a t e d ,  so th a t  p h o to s y n th e s is  can take  

p la c e ,  the r e s u l t s  o b ta in ed  g iv e  a v a lu e  f o r  the minimum 

amount o f  oxygen consumed, th e  b a la n c e  between th e  amount o f  

oxygen produced during p h o t o s y n t h e s i s ,  and th a t  consumed 

during r e s p ir a t io n #  The (d ifferen ce  between the v a lu e s  o f  

oxygen consum ption ob ta in ed  in  the l i g h t  and in  th e  dark i s  

the amount o f  oxygen produced as a r e s u l t  o f  p h o t o s y n th e s i s .  

Under c o n s ta n t  c o n d i t io n s  o f  tem perature and l i g l i t  the  

amount o f  oxygen produced in  t h i s  way can be u sed  as  an 

e s t im a te  o f  th e  q u a n t i ty  o f  p h y to p lsn k to n  p r e s e n t . i n  the - 

water# Both o f  t h e s e  methods have been u sed  to  determ ine
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the ran re  o f  c o n c e n tr a t io n  p o s s i b l e  in  pond v/ater#

Tlie a l l^ a l in i ty  o f  the Y/ator v/as chosen as another  

f a c t o r  f o r  in v e s t ig a t io n #

a) "rT-TlŜ r;(%x'riSTiT' Cr? jLlTD rciIS:
OCHCfrî TllATIOK Of POIID WATER

].# D ir e c t  Oxy^;on R ecord ings :

The s y r in g e - p ip e t t e  m icro -  Wink 1er method o f  ?ox  and ■ ^

W in g fie ld  (1933) v;hich has been nsed f o r  a l l  e s t im a t io n s

o f  d is s o lv e d  oxygen^ i s  n ot s u i t a b le  f o r  u se  in  the f i e l d ,

A sy r in g e  p i p e t t e  method f o r  the d e term in a tio n  o f  oxygen in

th e  f i e l d  was d e v ise d  by VJhitney ( 1 9 5 8 ) , ,  The apparatus

c o n s i s t s  o f  a sy r in g e  p i p e t t e  v;ith a maximum c a p a c i ty  o f

20 CCS. and a b u r e t te  o f  1 c c .  c a p a c i t y  w ith  a U-shaped

d e l iv e r y  end^ so t h a t  i t  con be a t ta c h e d  to  the  p i p e t t e .

The method i s  m o d if ie d  by the p r e l im in a r y  u se  o f

sodium a s i d e ,  as in  some pond y/aters th e  p resence, o f

n i t r i t e s  ca u se s  an in a cc u ra cy  in  the r e s u l t ,  as e x p la in e d

p r e v i o u s l y .  A kno\m w ater  sample o f  a p p rox im ate ly  lO cc .

Was taken d i r e c t l y  from the pond by means o f  the  s y r in g e .

The w ater  sample v;as alwa^/’s taken in  th e  same p l a c e ,  the

r e g io n  o f  th e  pond b e in g  chosen where Daphnia was p l e n t i f u l .

The sample was taken a t  a f i x e d  d is ta n c e  belov/ th e  su r fa ce*

A gauze was used  over the  end o f  th e  cannula  t o  p rev en t

Daplmia from b e in g  sucked in t o  th e  p i p e t t e  w ith  t)ne pond

vfater . The u s u a l  o:cygen r e a g e n ts  were then added* The

io d in e  s o l u t i o n  in  the p i p e t t e  was t i t r a t e d  d i r e c t l y  ‘

a g a in s t  a standard  sodium th io s u lp h a te  s o lu t io n  in  the

b u r e t t e ,  which was cou p led  t o  th e  end o f  the s y r in g e
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p ip e t t e  ( ï / l i i tn ey  1353) •

A3 low ojcygen c o n c e n tr a t io n  in  duc es  haem oglobin  

j:c)zm%îb3.(3n :L3<13) i t  i s  i)C)ssillclLe tlnai: a c(Di?:'GIjs/biLorL imair

e x i s t  between the oxygon l i m i t s  o f  the pond water and the  

haem oglobin index  o f  the p o p u la t io n .  I t  was co n s id ered  

n e c e s s a r y  to  f in d  the amount of v a r ia t io n  in  o x j q g i i  c o n te n t  

which could  be ob ta in ed  between ponds c o n ta in in g  Daphnia 

w ith  the same haem oglobin in d e x , b e fo re  ex ten d in g  the  

o b ser v a t io n s  to  ponds in  which the haem oglobin in d ic e s  of

Daphnia v a r ied  g r e a t l y ,- 1--̂     ^  ^

Three l o c a l i t i e s  wore t h e r e fo r e  s e l e c t e d  c o n ta in in g  

Daplm ia w ith  approxim ately  the same haemoglobin' in d e x , and 

o b se r v a t io n s  wore made on the Daphnia from each  so u rc e .

Daplinia v/as c o l l e c t e d  from the re g io n  o f  the pond from  

which oxygen sam ples were to  be ta k en . R ecordings o f  

oxygen co n c e n tr a t io n  were made tw ice  during the day, in  the  

e a r ly  morning when the minimum oxygen c o n c e n tr a t io n  was 

o b ta in e d , and in  the l a t e  a ftern o o n  when a maximum oxygen 

c o n c e n tr a t io n  had been reach ed . R e s u lt s  were ob ta in ed  

from the th ree  l o c a l i t i e s  on two days during which the  

we Esther c o n d it io n s  were alm ost i d e n t i c a l ,  the w eather b e in g  

b r ig h t  and sunny during the day, v ery  warm 'in th e  a ftern o o n  

and w ith  s l i g h t  morning m ist  on th e  second day, ' O b serva tion s  

were then rep eated  on Daphnia from the three  l o c a l i t i e s ,  t o  

ensure th a t  the haem oglobin in d ex  had n o t  a l t e r e d  s i g n i f i c a n t l y  

during  th e se  few d ays. The r e s u l t s  are ex p ressed  in  Table X l l l .

The th r e e  h a b i t a t s  chosen v a r ied  in  s e v e r a l  r e s p e c t s .
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Morrlug and ev en in g  d e term iiia t io n s  o f  thd oj/ẑ rgen 
oonee n t r â t ion  o f  th r ee  nond w a te r s . O b servations  wore 
made on Dari ..n ia  talion a t  r.mioom from th e  p o p u la t io n s , 
b efo re  anc a f t e r  the r e c o r d in g s  o f  the oxygen c o n c e n tr a t io n  
were made ,

L o c a l i t y Gig B u t le r Long B u tler . Tank

L o e c ie s D .pul e x D .pule x D, 0  0 tu sa

Haemoglobin in  do K

1 s t  day 52 59 57

7 th 44 49 57

ITunber o f Young

1 s t  day 2 .8 1 8 .9 0 .2

7 th  " 3 .8 0 0 .6

S i z e ,  ram* I

1 s t  day 2 .1 2*4 1 .7  i

7 th  " 2*0 1 .8 1 .6

Oxygen Gone, 
fo a i r  sa t*

4 th  day a*m* 15 0 .0 5 1 .9  .

p.m. 39 35 20

6 th  " a*m« 23 ()* 9 2 .0

p.m. 64 27 36

Time G.M.T. o f  
r e c o r d in g .
4 th  day a.m . 8 *.30 9 .0 1 0 .0

p.m. 4 .1 0 4 .4 0 5 .2 5

6 th  a.m# 8 .0 8 .4 0 9 .2 7

• p.m. 3 .3 3 4 .9 5 .3 5
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such Rs ill the amount o f s u r fa c e  a r e a ,  in  depth and in  

v e g e t a t i o n .  Big B u t le r  i s  a la r g e  pond w ith  no overhanging  

t r e e s  and v er y  c l e a r  water* Long B u t le r  has many 

overhanging t r e e s  which a lm ost co m p le te ly  shade the  w ater  

and the pond has a r i c h  growth o f  phytoplankton* The 

th ir d  l o c a l i t y  th a t  was chosen was a la r g e  c o n c r e te  tro u g h ,  

which had been -antouched f o r  a long  p er io d  o f  t im e ,  and 

co n ta in ed  a f l o u r i s h i n g  p o p u la t io n  o f Daplinia .

A lthough the haem oglobin in dex  o f  Daphnia in  the th ree  

l o c a l i t i e s  d id  n o t  vary  g r e a t l y ,  the r e s u l t s  o b ta in ed  on 

the  same day shov/ q u ite  a v a r i a t io n  in  the maximum an.d 

minimum ozzygen l i m i t s  f o r  the ponds (T able X l l l ) . The 

r e s u l t s  ob ta in ed  f o r  each l o c a l i t y  on two days w ith  

s im i la r  weather c o n d it io n s  are a l s o  v a r ia b le #  The 

a fte r n o o n  maximum o f  oiiygen c o n c e n tr a t io n  in  ponds must be 

reached  a t  d i f f e r e n t  t im e s , depending on the amount o f  shade 

c a s t  on th e  w ater by overhanging t r e e s ,  and th e  q u a n t i ty  o f  

p hytoplankton  in  the w a ter . The morning minimum v a lu e  w i l l  

a l s o  change l e s s  in  a pond w hich does n o t  r e c e iv e  morning sun .  

B efore e x a c t  com parisons can be made, i t  i s  t h e r e f o r e  

n e c e s s a r y  t o  have more fr e q u e n t  r e c o r d in g s  o f  the oxygen  

c o n c e n tr a t io n  o f  the  pond v /a ter , p a r t i c u l a r l y  around the  

m.aximum and minimum v a l u e s . A method i s  needed by means > 

o f  v/hich co n tin u o u s  oxygen r e c o r d in g s  can be made.

2 . ESTIMATION OF TEE CXYGEN C0M3TMPTI0M OF FOITD WATER

( i)  P rev io u s  work

The method o f  e n c lo s in g  a sample o f  w ater in  b lack en ed  

and o rd in a ry  g l a s s  b o t t l e s ,  h as been used  by i n v e s t i g a t o r s
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o f  }!iam.j.e pi-ajikbon, g o  o o u s.in an Gstim ate o f  tlio plankton, 

p r o d u c t iv i t y  in  r e g io n s  where c u r r e n ts  produced v a r i a t io n s  

from day t o  day g r e a te r  than the growth and d ec r e a se  o f  

tho p lankton  a lgao  (Gaarder and Gran 1927 , Gran 1 9 2 7 ) .  Tlie 

p rod uction  o f  phytoplankton  i s  e s t im a te d  q u a n t i t a t i v e l y  by 

e n c lo s in g  n a t u r a l ' s e a  water in  l i g h t  and dark b o t t l e s .  This  

method has a l s o  been employed in  t r o p i c a l  sh a llo w  water  

a rea s  as a gauge o f  the p r o d u c t iv i t y  ( R i le y  1938, 1939 ,  

1 9 4 1 ) .  S im ila r  exper im ents  have been made t o  f in d  the  

com pensation p o in t  u s in g  c u l tu r e s  o f  a s in g le  d iatom ,

M.arshall and-Crr (1928) experim ented  w ith  c u l t u r e s  o f  

C o se in 08 ir a  p o lychorda in  Loch S t r iv e n ,  w h ile  Jenkin (1937) 

u sed  c u l t u r e s  o f  Cosein o d is o u s  e x c e n tr ic u s  in  the E n g l is h  

Channel* A s im i la r  method was used t o  determ ine the 

carbon a s s i m i l a t i o n  o f C h lore11a in  Lake Windermere.

(L o o se , P e a r s a l l  and W i l l i s  1 9 5 4 ) .

The e n c lo su r e  o f  n a tu r a l  w ater in  l i g h t  and dark  

b o t t l e s  has a l s o  been u sed  in  c u l t u r e  e x p er im e n ts ,  in  which  

the p r o d u c t iv i t y  has been e s t im a te d  a f t e r  the a d d it io n  o f  

p hosp h ates  and nitrdLtes (Gaarder and Gran 1927, Gran 1927)*

( i i )  Method;

The ozy’-gen consumption of pond w ater i s  found by 

e n c lo s in g  the  w ater in  g l a s s  b o t t l e s  o f  ap p rox im ate ly  

40 c c .  c a p a c i ty  w ith  s o l i d  groijnd g la s s  s to p p e r s ,  &ome 

o f  the  b o t t l e s  were b lack en ed  on th e  o u ts id e  to  exc lu d e  

l ig h t# '  The b o t t l e s  were m ain ta in ed  in  a th erm osta t  a t  

20^0 f o r  a p e r io d  o f  20 h o u r s .  The tem perature o f  the

th erm o sta t  was k ep t c o n s ta n t  by a m ercu ry -to lu en e  c o n tr o l#
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A b alance  o f  tem perature m aintained  between on

e l e c t r i c a l  h e a t in g  c^rstem, and a c o o l in g  c o i l  o f  lead  

p ip in g  throLigli which a stream  of c o ld  v/ater was a llov/ed  

to  flow* During the summer months the w ater in  the  

c o o l in g  c o i l 'w a s  too  warm to  reduce the tem perature o f  

th e  th erm osta t  to  20^0. Tie w ater was th e r e fo r e  f i r s t  

c o o le d  by p a s s in g  througli a c o i l  of- lea d  tub ing  v/hich  

was subnqr^ed in  w ater surrounded by s o l i d  carbon

d io x id e  *

The pond water to  be examined was c o l l e c t e d  and 

ii'Tiled l a t e l y  f i l t e r e d  througli b o l t i n g  s i l k  to  remove 

organism s above a c e r t a in  s i z e ,  such as la r g e  members 

o f  th e  zoop 1 ankton. C o l l e c t io n s  o f  Daphnia were ma.de 

from the r e g io n  o f the pond from which the w ater  sample  

was o b ta in e d , The water was alv/ays talien from the same 

re g io n  o f  th e  pond, i f  Daplm ia  was p l e n t i f u l  in  th a t reg ion *  

The w ater  v/as th en  allc'wed t o  stand  o v e m i ^ t  in  a c o o l  

p l a c e ,  in  a g la s s  d is h  w ith  a la r g e  s u r fa c e  area  in  

p r o p o r t io n  t o  volum e# This was n e c e s s a r y  as s u f f i c i e n t  

time to  determ ine the oxygen consumption o f  th e  water was 

n o t  a v a i la b le  on the day o f  c o l l e c t i o n *

Pond w aters  vary  g r e a t l y  in  t h e i r  c a p a c i ty  fo r  

removing d i s s o lv e d  oxygen, and most pond v/aters re q u ir e  

d i l u t i o n  b e fo r e  the ozcygen consumption can be found*

There i s  a d i f f e r e n c e  o f  o p in io n  a s  to  the  b e s t  d i l u t i o n  

w ater  to  employ* In  e s t im a t io n s  o f  th e  q u a n t i ty  o f  

organ ic  m atter  in  sewage e f f l u e n t s  many d i lu t io n  w aters  

have been u sed  (Standard  Methods o f  Water A n a ly s is  1946)*
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The n e c e s s a r y  c h a r a c t e r i s t i c s  o f  a d i l u t i o n  w ater are th a t  

i t  sh ou ld  I t s e l f  have a v er y  low oxygen consum ption, and 

th a t  i t  should contain, no c a u s t i c  or harm ful m a te r ia ls #

Surface  lake w ater from Lake Windermere was found t o  be a 

s a t i s f a c t o r y  d i l u t i o n  water# I t  was used  a f t e r  f i l t r a t i o n  

through No# 1 batman f i l t e r  paper, and i t  was found to  have  

a v ery  low oiq^gen consum ption . Some pond w aters r e q u ir e  

c o n s id e r a b le  d i l u t i o h , and the b e s t  d i l u t i o n  t o  employ so  

th a t  the ozzygen con c o n tr a t  ion  does n o t  f a l l  belovf 

a i r  s a tu r a t io n  in  the b o t t l e s  during  20 hours was found by 

ex p er ien ce#  I t  i s  a d v is a b le  to  s e t  up tvro or more d i l u t i o n s  

o f  the  pond w a te r ,  so th a t  the most s a t i s f a c t o r y  d i l u t i o n  can 

be ach ieved# Some pond w aters r e q u ir e  no d i l u t i o n .

The pond w a te r , a f t e r  d i l u t i o n  i f  n e c e s s a r y ,  was a e r a te d  

fo r  h a l f  an hour in  a water bath  a t  20 -  21^0. T his was t o  

ensure th a t  a e r a t io n  was n o t  c a r r ie d  out a t  a tem perature  

below  20^0, as the tem perature change to  20^0 on p la c in g  in  

the th erm o sta t  would cause the e x c e s s  oxygen to  be g iv e n  o f f  

in  the form of sa ia l l  b u b b le s ,  thus c a u s in g  an e r ro r  in  the  

r e s u l t .  The i n i t i a l  ozzygen c o n c e n tr a t io n  was d eterm in ed ,  

and th e  w ater v/as poured g e n t ly  in t o  fo u r  b o t t l e s ,  two o f  

which were b lackened  to  ex c lu d e  the l i g h t .  A f te r  male in  g 

svlTQ th a t  no bubbles  had been trapped around th e  rim o f  th e  

b o t t l e s  the s to p p e r s  were f i x e d  f i r m ly ,  and th e  b o t t l e s  were 

p la c e d  in  the th e rm o sta t  f o r  20 hours# At the end o f  t h i s  

p er io d  the oxygen c o n c e n tr a t io n  o f  th e  w ater in  each b o t t l e  

was determ ined* The b o t t l e s  wore shaken b e fo r e  b e in g  

opened* From t h e s e  r e s u l t s  the  average o ^ g e n  c o n c e n tr a t io n  .
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o f  pond w ater e n c lo se d  In l i ^ i t  and dark b o t t l e s  was 

obtained# Tho lo s e  or ga in  o f  oxygen in  lig lh : .and 

in  darlm ess waa then c a l c u la t e d  in  cc# o f  oxygen per

l i t r e

\71icn e s t im a t io n s  o f  ozyggen consumption were c a r r ie d  

o u t ,  the haem oglobin in d ex  o f  th e  Daphnia o f  the  pond was 

a ls o  doterm ined * 0 th er  o b so r v a t io n s  o f  the number o f

young, s i z e , f a t  c o n t e n t ,  gut co n ten t  and th e  co lo u r  o f  

the gut l iq u id  Y/ere made a t the  same time# The p ercen ta g e  

o f  d i f f e r e n t  s p e c ie s  p r e s e n t  v/as n o te d ,  and a l s o  o th er  

f e a t u r e s  such as the  p erc en ta g e  o f  m a le s , e p h ip p ia l  fem a les  

and p a r a s i t i s e d  i n d i v i d u a l s .

( i i i )  D is c u s s io n  o f  Re s u l t s

The r e s u l t s  o f  th e  oxygen consumption o f  pond w aters  

w ore obta in ed  in  th  e f o i l o w i n g way: -

1) For U n d ilu te d Pond Water or D i lu t io n  ",7ater 

e#g# Windermere d i l u t i o n  water#

I n i t i a l  oxygen c o n c e n tr a t io n  . « 6*49 c c /L

F in a l  average  oxygen c o n c e n tr a t io n  in  l i g h t  » 6*25

" " " in  darkness » 6*20 ' "

Oxygen consum ption in  l i g h t  = { 6 .4 9  - 6 # 2 5 )  = 0 ,2 4

" '* darlm ess = (6«49 -  6 ,2 0 )  « 0* 29

0 :c7 sen  produced by a lg a e  in  w a t a r ^  _ "

2) For D i lu te d  Pond W ater.

e«g* Rat H i l l  pond w ater d i lu t e d  1 in  6 v /ith  the  

above Windermere vfater.

I n i t i a l  o:cygen c o n c e n tr a t io n  o f  d i lu t e d  sample  ̂ 6 .2 9  c.c/L
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P in a l  average oxygen c o n c e n tr a t io n  o f d i lu to d
sample in  l i g h t  -  5 .8 9  c c /L

" " " darlm ess = 5*45 ”

0 zyrgon consumption o f  d i lu t e d  sample in  l i g h t
= (6*29 -  5*89) = C*40

■' " " darlaiess
= (6*29 « 5*45) = 0 .8 4

S in ce  Rat H i l l  Pond water was d i lu t e d  1 in  6 ,

1 l i t r e  u n d ilu te d  pond, w ater p lu s  5 l i t r e s  d i lu t io n , w ater = 

6 l i t r e s  d i lu t e d  pond water  

* * Oxygen consumption o f  u n d i lu te d  pond w ater = ( oxygen

consumption o f  d i lu t e d  pond w ater :: 6 ) -  (oxygen consumption

o f  d i lu t io n  vmter x  5)

i . e *  Oxygen consumption o f  u n d i lu te d  pond w ater in  l i g h t

= ( 0 .4 0  X 6) -  ( 0 .2 4  X 5) = c c /L

Oxygen consumption o f u n d i lu te d  pond w ater in

darlcness = ( 0 ,8 4  x  6) -  ( 0 .2 9  x  5) -  5 .6  c c /L

Oxygen produced by a lg a e  in  water « (3*6 -  1*2) 2 .4  c c /L

The f i n a l  average oxygen c o n c e n tr a t io n  of the

w ater o b ta in ed  bs th e  mean o f  two v a lu es*  The d i f f e r e n c e

between the v a lu e s  o f  the oxygen c o n c e n tr a t io n  o b ta in ed  in

the two b o t t l e s  i s  caused  by the u n a v o id a b le  in c lu s io n  in

the b o t t l e s  o f  s l i g h t l y  d i f f e r e n t  numbers o f  organisms* Tîie

d i f f e r e n c e  between th e  tvfo v a lu e s  i s  n o t  g r e a t .  In

e s t im a t io n s  o f  the oxygen consumption in  th e  dark o f  pond

w aters  from ten  d i f f e r e n t  l o c a l i t i e s ,  the f i n a l  oxygen

c o n c e n tr a t io n s  in  c c .  o f  oxygen p er  l i t r e  in. each  o f  the

two b o t t l e s  w ere , 6*6 and 6 * 6 , 3*3 and 3*2 , 5*5 and 5*5 ,

5 .2  and 5 * 3 , 5 .8  and 5 . 9 ,  6 .4  and 6 . 2 ,  6 , 1  and 6 . 3 ,
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ar.r 5 . 2 ,  5 ,3  and 5 . 3 ,  3 .5  and 3 ,1 ,  TIlG erro r  of the  

nettled i s  t ' .or  of ore gonerall%'' l e s s  t]:an 5^# In o c c a s io n a l  

r e s u l t s  the d i f f e r e n c e  may be as g r e a t  as  1 0 / .

O c ca s io n a l r e s u l t s  o f  oxygen consumption were taken from  

s e v e r a l  ponds and are sumiaarised in  Table XIV. The Daphn ia  

of  th o se  ponds v a r ie d  c o n s id e r a b ly  in  haem oglobin in d ex .  

Guijiparisons can be made between the r e s u l t s  obtaiziod f o r  

the s u  e s p e c ie s  of Do.nlinia, but the r e s u l t s  do n o t show 

any c o r r e la t io n  between the h.a or eg lob  hi in d ex  o f  the  

p o p u la t io n  and the o;r/gon consumption o f  the water# This  

i s  n o t  sn u p r is in g  as the r e s u l t s  o f  the o:>zyg0 n consnmptioji 

of the w ater in d ic a t e  the maximum and minimum oxygen  

c o n c e n tr a t io n s  v/hich are p o s s ib l e  in  the pond owing to  th e  

r e s p ir a t io n  and p h o to sy n th e s is  o f  the sm a ll  p lankton  

organisms p r e s e n t  in  pond ivater. T ie re s u i t s  do n o t  take  

in t o  account the n a tu re  o f  the p one , f o r  exam ple, th e  su r fa c e  

a r e a ,  an.d hence the  amount o f  oirfgen uptake over the s u r f a c e , 

the d ep th , the  amount o f  shade and the r e s p ir a t io n  o f  o ther  

a q u a t ic  organ isa is . Ponds 2 and 3 g iv e n  in  Tabic XIV

c o n ta in  D .p u le x  w ith  in d ic e s  o f  36 and 110 r e s p e c t i v e l y .  The 

r e s u l t s  o f  oxygen consumption are app rox im ately  the  same 

C#9 and C .9 , C.8G and 1 ,0 3  c c ,  o f  oxygen p er  l i t r e  r e s p e c t i v e l y .  

Pond 3 i s  however a much deeper pond, and i t  has a sm a lle r  

su r fa c e  area than pond 2 .  I t  i s  a l s o  shaded by overhanging  

bushes and t r e e s .  Pond 4 r e fe r r e d  t o  in  Table XIV has w ater  

w ith  a h ig h  o:rygen consumption.' I t  i s  a v e r y  sh a llo w  duck 

pond, and has a la r g e  s u r fa c e  a r e a ,  so  th a t  the ozzygen uptalre
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R ecordings of the  haem oglobin  in dex  of b . p u lex  and 
D#Obtu sa  from s e v e r a l  d i f f e r e n t  1o ca 111 io s  an5 the  
oxygen consumption o f  the pond w a te r s # Daplni i a  was 
taken at random.

L o c a l i t y 1 2 3 4 5 G

S p e c ie s  p r e s e n t D .p u le x D .o b tu sa

H a e mo g 10  b in  • in  d ex

Rumber o f  Youn.g 

S i z e ,  mm,,

25 3G l i e

0 ,3  3 ,5  2 ,7  

3 ,2  2 ,2  2.2"

19 53 58

1 .0  1 .4  4 ,0  

1 .4  1 ,5  1 ,8

C:cygen consumption  
c c . / L

In  l i g h t

" darlm ess

5 ,1  0 .9  0 ,9  

5 ,8  0 ,9  1 .1

1 .0  1 ,3  1 3 ,3

1 .1  1 .4  1 8 .7

Op produced by algae- 

cc Op/L 0 ,7  0 0 ,2 0 .1  0 .1  4 ,9
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over the s u r fa c e  mubt bo ver%r larre^, and th e  a c t u a l  oxygen  

c o n c e n tr a t io n  o f  the v/ater would probably  n ev er  f a l l  t o  

th e se  l i m i t s .

I t  i s  im p o ss ib le  th e r e fo r e  to  compare r e s u l t s  o f  the 

oxygon consumption o f  pond w ater taken in  many l o c a l i t i e s ^  

as d i f f e r e n t  f a c t o r s  are in f lu e n c in g  the a c t u a l  oxygen 

V a lu  es  o b t  a in  e d in  th. e p on d  ̂ an d tlau s th  e amo tin t  o f  

haem oglobin p r e s e n t  in  Daplmi a .  I have th e r e fo r e  found  

the oxygon consumption o f  the w ater  of c e r t a in  ponds a t  

r e y i l a r  i n t e r v a l s  over a p er io d  o f  time* The same, or v e r y  

s im i la r  a d d i t io n a l  en v ironm en ta l f a c t o r s  should  t h e o r e t i c a l l y  

in f lu e n c e  each r e s u l t ,  making a comparison o f  the change in  

haem oglobin in d ex  and oiiygen consumption p o s s i b l e .

F ive ponds were c h o se n , and monthly o b se r v a t io n s  were 

made on th e  Daphnia p o p u la t io n ,  the oxygen consumption o f  the 

Tfater b e in g  found at' the same t in e *  U n fo r tu n a te ly ,  owing 

to  the  v e r y  h o t  summer o f  1947 fo u r  o f  the p o p u la t io n s  d ied
I
o u t ,  so th a t  a second pond was chosen a t  a l a t e r  date*

Monthly r e s u l t s  were ob ta in ed  f o r  Rat H i l l  pond c o n ta in in g  

D*magna and o c c a s io n a l ly  D .o b tu sa , and fo r  Big B u t le r  pond 

c o n ta in in g  D .p u le x * The r e s u l t s  are summarised in  T ab les  

XV and XVI r e s p e c t i v e l y .

Wien the r e s u l t s  fo r  Rat H i l l  pond are c o n s id e r e d  

(Table XV F r ig * la )  i t  w i l l  be seen  th a t  th e r e  i s  a c o r r e la t i o n  

between the  haem oglobin in d e x  o f  Daphnia and the oxygen 

consumption o f  the w ater in  darla iess over the  p er io d  June to  

October# I n c r e a s e  in  oxygen consumption is ^ fo l lo w e d  by an



TABLE: :{V

r e c o r d in g s  o f  the change in  the haem oglobin index  
o f  D .nagna and D .o b tu sa  ̂ and th e  o:.q,'-gen consumption ond 
alkalinit% r o f  tiie  w ater o f  Rat K i l l  pond, Chippenham. 
Daplinia was taken a t  random from th e  p o p u la t io n .

Date

n&emoglobln in d ex

Number o f  young 

S i z e ,  mm*.

D .obtusa

Haemoglobin in dex  

Number o f  young 

S i z e ,  mm.,

/a g e  p o p u la t io n

1947 1948
26

6
27
■"7

24
“■8

16 6 9 
10 11

10
12

5 2
1 2

55 55 95 94 77 48 45 45 38 ~

0 .9 26.9 3 .2 5*5 0 11.5 29.3 39.0 0
3*9 5 .4 3 .8 4 .2 3*5 4 .4 5 .4 5*3 3 .3

19 29 55 40

1 .0 8 .6 1 .8 2 1 .2

1 .4 1 .9 1 .4 2*3

6 .5 17.5 0 .0 1 18*3

Oxygen consumption  
cc.O^/L*

In  l i g h t  ,

" darkness

l .C  -3 .9  1 .2  2 .9  2 .2  2*6 3 .9  4*8 3*6 

1 .1  3 .5  3 .8  5.C 2 .5  2 .5  4 .6  4 .9  3 .8

Og produced by
a lg a e  
c c • Og /L  • 0 .1  7.4  2.6 2 .1  0 .3 - 0 .1  0 .7  0*1 0 .2

A l k a l i n i t y  N x  10 54 30 60 72 73 51 33 32 31

Daphnia used  were immature



table XVI

Monthly ro co rd in g s  o f  the change In the haem oglobin index  
o f  D .p u le x  and the ox^rgen consumption and a l k a l i n i t y  o f  the 
w ater o f  Big B u t le r  pond, Chippenham. Dapîmia was taken a t  
raidom from the  p o p u la t io n .

Date
1947 1948..

G 9 10 
.. .10. . . 11 12

5 2
1 2

D .p u le x

Haemoglobin index  

Huriiber o f  Young 

S i z e ,  ram..

44 36 36 38 . # 29 

3 .8  3 .5  4 .0  16 .5  4 .9  

2 .0  2 . 2  2 .0  3 .5  2 .3

0xygen Consumption
CO. 0 p T̂j*

In l i g h t  

" darlaiess

0 .9  3 .8  1 .9  3 .7  

0 .9  3 .5  2 .3  3 .7

C-2 produced by 
a lg a e  cc Og/L. 0 -0-3 0 .4  0

A l l ia l in i t y  H x ID" 43 31 48 35

i , . :  ■



(o)  RRT HI I L  “POND

cu
o

w
o
£

' 4.»

OCT.

J

O<t
«

Q
JtuoA

( 6 )  BIG B U T tE -R . P O N D

40 y

4 /X ç
eîè0
1 :0 
®

î
«

X yo
0

2:

O C X . m 6 V .  T f l N .  F B B -

F I Q .  1. MONTHLY -RECO f i r m e s  or TM̂  H Q lOS/Al /N D £ X  OF D f l P H N /R  4n,& TWjr OXYGjBN 

CONSUrOPTION or th e  P O N D  W A T E R  m  LIG H T  nwD jo. D A R K N E S S  of  P A T  H I L L

porMD corvrfl/niNq D. oiff<;rvH  ̂ a«o CW B /G  " B U T X ^ R  P O N D  coNTrtitv/NCf 2/. p U k ^ K .  1>AT79 F^Om 

tables W MNb X\(. ZZ H«E<VMaQjLDB IN trVOJTX.
oxv<;g-r( "Ptîûuucfer» Bv AiqME.

_____________ «X Y C E T N  C O N S ü M C b  IN  A lC H T *.

'" t. .1 ..



G5

în c r e a so  in  haem oglobin  index^ and c o n v e r se ly  d ecrea se  in  

oxygen consijuiiption i s  fo llo v /ed  by a d ecr ea se  in the amount 

of haem oglobin p r e s e n t .  'Sut in c r e a se d  oxj-gen consnxiption  

of the w ater in  darlaiess in  Ju ly  i s  n o t  c o r r e la te d  

im m ediate ly  v/ith  on in c r e a se d  haem oglobin in d e x . There are  

two p o s s ib le  e x p la n a t io n s .  I t  may be th a t  th e r e  i s  a c e r t a in  

time la g  in  tho e f f e c t  of the lower o^rrgen c o n c e n tr a t io n  in  

the pond, but as the in c r e a se  in  a lg a e ,  b a c t e r ia  and other  

organisms in  the w ater must be a gradu al in c r e a s e ,  the  

low ering  o f  th e  oxygen c o n c e n tr a t io n  in  th e  pond during hours  

of darkness must a l s o  be gradual# I t  would th e r e fo r e  

in f lu e n c e  the haem oglobin co n te n t  o f  Daphn i a ‘at the same t im e ,  

as ex p er im en ta l r e s u l t s  do n o t  support the  id ea  o f  a prolonged  

time la g  in th e  e f f e c t  o f  low o:cygen# The la ck  o f  c o r r e la t io n  

in  Jul%r i s  more probably  due to  the h i ÿ i  oxygen c one en "}:ra t  i  on 

p o s s ib le  during th e  day, as shov/n by the r e s u l t s  o f  the oxygen  

consumption o f  th e  w ater in  l i g h t .  Tliis i s  supported  by the  

f a c t  th a t  in  A ugust, September 'and O ctober, the d i f f e r e n c e  

between the, v a lu e s  o f  oxygen consumption in  l i g h t  and in  

darkness i s  n o t  as g r e a t ,  and a c o r r e la t io n  e x i s t s  between  

the  oxygen consumption in  ̂ darkness and th e  haem oglobin in d e x .  

The range o f  oxygen c o n c e n tr a t io n ,  and n o t  o n ly  th e  minimum 

v a lu e  o f  oicygen reached appears to  be im portant in  d eterm in in g  

th e  amount o f  haem oglobin p r e s e n t .

When the R e s u lt s  o f  November to  February are c o n s id e r e d  

fo r  Rat H i l l  pond t h i s  c o r r e la t i o n  i s  n o t  found. Although, 

the oxygen consumption in c r e a s e d ,  th e r e  was no corresp on d in g

r i s e  in  haem oglobin in d e x . The r e s u l t s  from the second pond
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show th a t  fo r  the months Cctoher to  Fehrnary, a lth ou gh  

the o:yrgen oonsnnptlon  o f  th e  Yfater f lu c t u a t e d  the  

liacr.ioglohln c o n te n t  d id  n o t  change g r e a t l y  (Table XVI 

F i g . l b ) .

The c o r r e la t i o n  between the haem oglobin in d ex  of  

Daphnia and the oxygon consumption of th e  water in  Rat 

H i l l  pond, ex is ted , over a e e r io d  o f  time when the vrcather 

c o n d it io n s  were remarkably un iform , sjid the tem perature  

f a i r l y  high# They wore ob ta in ed  during the  warm summer 

months when th ere  was p r a c t i c a l l y  no r a i n f a l l ,  the  on ly  

im portant change ta k in g  p la c e  in  the ponds was a d ecrea se  

in  the volume o f  the  w ater as a r e s u l t  o f  evap oration #  Tlie 

w eather c o n d it io n s  from November to  February were very  

d i f f e r e n t ,  th e re  was heavy r a i n f a l l  and many stormy p e r io d s ,  

the tem perature was lo w er , and during t h i s  time th ere  was no 

c o r r e la t io n  between th e  haem oglobin in d ex  o f  D a .h n ia  and 

the  oxygen consumption o f  th e  water*

.There a re  two p o s s ib le  e x p la n a t io n s # TIve ojiygen 

co n ten t  o f  the  pond w ater was in f lu e n c e d  d i r e c t l y  by th e s e  

c l im a t ic  f a c t o r s ,  by the a d d it io n  o f  la r g e  amounts o f  a i r -  

sa tu r a te d  r a in  w ater and by wave a c t io n  on th e  su r fa ce  o f  

the pond# The oxygen c o n c e n tr a t io n  was a l s o  in f lu e n c e d  

i n d i r e c t l y  by th e  e f f e c t  o f  tem perature changes on the  

m eta b o lic  r a t e  o f  th e  organism s p r e s e n t  in  th e  water* The 

r e s p ir a t o r y  and p h o to s y n th e t ic  a c t i v i t y  o f  t h e s e  organisms  

was estiiTiated at. the same tem perature o f  20^0* In  w in te r  

when the  tem perature o f  the pond i s  5^0 or l e s s ,  th e
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m eta b o lic  r a t e s  o f  the organ/isms p r e s e n t  w i l l  be 

correspondingl;'' lo w er , so th a t  the  change in oxygen  

cojic e n tr â t  ion t h a t  they  c a u s e ,  and which in f lu e n c e s  the  

h acn o^ lob in  c o n te n t  o f  Daphnia v / i l l  be l e s s  than th a t  

in d ic a te d  by r e s u l t s  o f  th e  o:cygen. consumption o f  th e  

water »

The low tem perature may a l s o  be a c t in g  d i r e c t l y  on 

the m eta b o lic  procès, es of Daphnia , At low tem perature such  

as 5^0 haem oglobin form ation  does n o t  take p la c e  in  Daphnia 

even a t  low o:cygon c o n c e n tr a t io n s  (Table 1}* I t  i s  probable  

th e r e fo r e  th a t  c o n d i t io n s  o f  lovf ox^rgen in  th e  pond would  

cause a sm a lle r  in c r e a s e ,  or no in c r e a s e  in  haem oglobin  

co n cen tra t io n , i f  the  tem perature o f  the pond w ater was too

lO V f. '

Tlio in c r e a s e  in  the o:cygen consumption o f  th e  water of  

Rat H i l l  pond in  December d id  n o t  cause any in c r e a s e  in  the  

haem oglobin in d ex  o f  Daplinia. S im i la r ly  th e  changes in  the  

oxygen consumption o f the w ater o f  Big But 1er pond are n o t  

c o r r e la te d  w it h ^ a l t e r a t io n s  in  the haem oglobin co n ten t  o f  

the  aniraals p resen t*  I t  i s  probable th a t  t h i s  la c k  o f  

c o r r e la t i o n  may be the r e s u l t  o f  th e  g r e a te r  in f lu e n c e  o f  

the w eather on th e  oxygen c o n c e n tr a t io n  o f  th e  pond and 

Daphnia p r e s e n t ,  than in  th e  p rec ed in g  months* The oxygen  

c o n c e n tr a t io n  was p robably  h ig h e r  than the  r e s u l t s  s u g g e s t .

A method i s  needed by which continu ous oxygen r e s u l t s  

can be o b ta in ed  in  th e  f i e l d .

The amount o f oxygen produced by th e  a lg a e  as a r e s u l t  

of  p h o to s y n th e s is  may be used as an in d ic a t io n  o f  the



68

p r o d u c t iv i ty  of the pond water* In Hat H i l l  pond the

in c r e a s e  in  phytoplankton  a s s o c i a t i o n s  p r esen t  in  the water  

in J u ly  i s  connected  w ith  a b ig  in c r e a s e  in the number of  

young in  D#magna, and a corresp on d in g  in c r e a s e  in  the  

number o f  young in  D .o b tu sa . (Table ZY F i g . 2 a ) . The

number o f young in  D .p u lex  from Big B u tler  pond, over a

poriod  o f  f i v e  months i s  c o r r e la t e d  d i r e c t l y  w ith  the

q u a n t i ty  o f  a lg a e  in the  v/ater (Table ]CY1 F ig .2 b )  #

The c o r r e la t io n  i s  n o t  hov/over c o n s t a n t ,  a s  an in c r e a s e  

in  tho number of young in  Daplnnia fi*om Rat H i l l  pond in  

December and January, i s  n o t  c o r r e la t e d  w ith  an abundance o f  

a lg a e  in  the w a te r . This i s  n o t  s u r p r is in g  as  th e  food o f  

Daphnia i s  ob ta in ed  from many s o u r c e s .  These r e s u l t s  do show 

however th a t  p iiytoplankton  organisms are im portant c o n s t i t u e n t s  

o f  the  food  o f  Daphnia, as was found by Pacaud ( 1 9 3 9 ) .

In  order to  study the c o r r e la t io n  betv/een the  haemoglobin  

in d ex  o f  Daphnia and the oxygen c o n c e n tr a t io n  o f th e  pond w a ter ,  

a method i s  needed by means o f  which continuou s r e s u l t s  o f
y

oxygen co n te n t  can be o b ta in ed  in  the f i e l d .

D ir e c t  r e c o r d in g s  were made o f  the morning and even in g  

oxygen c o n c e n tr a t io n s  in  th r e e  l o c a l i t i e s  in  which the  

haem oglobin c o n te n t  o f  Daphnia d id  n o t  d i f f e r  g r e a t ly *  The  ̂

r e s u l t s  were found t o  be v a r i a b l e .  More freq u en t  r e c o r d in g s  

o f  the oxygon co n ten t  o f  the w ater are  th e r e fo r e  n eed ed , t o  

determ ine more - e x a c t l y  the maximum and minimum v a lu e s  o f
*

oxygen c o n c e n tr a t io n  in  the pond.

R e s u lt s  of the  oxygen consumption o f  pond w aters must
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cc ob ta ined  in. the aaze I c c a l i t i e c  over a p eriod  o f  t i n e ,

Tho v a lu e s  ob ta in ed  fo r  the o^qrgon consu nption  o f  a pond 

water over a p er io d  o f  time when w eather c o n d it io n s  were 

f a i r l j  u n ifo r n  su^^^estt t h a t  a d i r e c t  c o r r e la t i o n  e x i s t s  

hetv/Gon the h aen c^ lob iii  c o n te n t  o f Daplinia and th e  ojcygon 

consumption o f  the pond vrater. The  in f lu e n c e  o f  c l im a t i c  

c o n d it io n s  probably  accou n ts  f o r  th e  la c k  o f  c o r r e la t i o n  in. 

the  l a t e r  p a rt  o f  the y e a r ,

b) THE HA1H0G-L031h CCNTEIhT OF DAPhlTiA ADD TIiS ALKALINITY 
OF POHD V/ATSR;

The a l k a l i n i t y  o f  pond water i s  e s t im a te d  by t i t r a t i n g

a Icnov/n volume o f  w ater a g a in s t  d i lu t e  su lp h u r ic  acid^ u s in g

m ethyl orange as an in d i c a t o r .  The end p o in t  i s  determ ined

by comparison w ith  a standard end p o in t  o f  m ethyl oran.ge in

g la s s  d i s t i l l e d  w a te r , sa tu r a te d  w ith  carbon d io x id e .

The haem oglobin in dex  o f  Daphnia and the a l k a l i n i t y  o f

the  pond w ater were found in  many l o c a l i t i e s  (Table ;C3lla) #

Tliese r e s u l t s  show t h a t  when the  haem oglobin in d ex  and

a l k a l i n i t y  are compared in  d i f f e r e n t  ponds, th ere  i s  no 
>

c o r r e la t i o n  between th e  two v a lu es*

Tiie haem oglobin in d ex  o f  Daplmia and th e  a l l i a l i n i t y  

o f  th e  pond ;và.ter were th e r e fo r e  s tu d ie d  ev e ry  month over  

a p er io d  o f  t im e , in  t iiree  l o c a l i t i e s  c o n ta in in g  D»obtusa  

(T able ZVllb) , Tiiese r e s u l t s  show t h a t  a d ecrea se  in  th e  

haem oglobin in d e x  i s  accompanied by a d ecrea se  in  a l k a l i n i t y ,  

a lth o u g h  in  pond 3 the  c o r r e la t i o n  i s  n o t  as c l o s e  as in  

ponds 1 and -2.

R ecord ings o f  a l k a l i n i t y  were made f o r  Rat H i l l  pond



TABLE XV11

The haem oglobin in dex  o f  b a p ln ia from d i f f e r e n t  l o c a l i t i e s ,  
and the a Dca U n i t y  o f  the pond v/ater .

a) O cca s io n a l o b se r v a t io n s  in  s e v e r a l  l o c a l i t i e s .

L o c a l i t y 1 2 3 4 5 6 7

S p e c ie s D. pu le x D. obtusa D,ma--yi.a

Haemoglobin in dex  

A l k a l i n i t y  HxlO“

49

35

40 53 55 68 

45 63 60 9

93 98 

46 29

b) Montljly o b se r v a t io n s  in  th ree  l o c a l i t i e s  c o n ta in in g  

D ,o b tu sa .

L o c a l i t y 1 '2 3

O bservation 1 2  3 1 2  3 1 2 3 4

Haemoglobin
in d ex

A l k a l i n i t y
ITx 104

55 41 41  

6 ,0  5®9 5*5

40 33 31 

4 .5  3 .2  2 .8

86 47 58 77 

. 69 43 95 63
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and Big B u t le r  pond ev ery  month, a t  the  sane time as  

d ete r m in a tio n s  o f  the ocr/gen eon sumption o f  the  pond water  

(ace p rev io u s  T ab les }p/ and T/1) ,

In  Rat H i l l  pond (Table ]C / ,f ig  3a) p a r a l l e l  changes  

occur in  the haem oglobin in d ex  and a l k a l i n i t y ,  over a p er io d  

o f  e ig h t  m onths. In Big B u t ler  pond (Table XVI f ig * 3 b )  

changes in  the h acn og lob in  in dex  and a l k a l i n i t y  are s l i g l s t ,

GO th a t  no c o r r e la t i o n  can be r e c o g n is e d .

■Vnor. the a l k a l i n i t y  and the q u a n t i ty  o f  phytoplankton  

in  th e  wo.tor are c o n s id e r e d  fo r  Rat H i l l  pond (Table  

f i g  3 a ) ,  an. in d i r e c t  c o r r e la t i o n  i s  seen  to  e x i s t  between  

them. An in c r e a s e  in  the q u a n t i ty  o f  a lg a e  p r e s e n t ,  

ca u ses  an in c r e a s e  in  the amount o f  carbon d io x id e  removed 

from the wat e r , and a corresp on d in g  d ecrea se  in  a l e a  U n i t y  

th e r e fo r e  ta k es  p la c e . ’ This in d i r e c t  c o r r e la t io n  d oes n o t  

e x i s t  over the vfinter m onths, in  e i t h e r  Rat H i l l  pond on 

Big B u t le r  pond ( f i g , 3 a  and b) . I t  i s  probable th a t  the  

r e s u l t s  are b e in g  in f lu e n c e d  by c l im a t ic  c o n d i t io n s .  For 

exam ple, heavy r a i n f a l l  over the  p er io d  October-December  

would account f o r  the d ecr ea se  In a D c a l in i t y .

The above r e s u l t s  are d i f f i c u l t  t o  i n t e r p r è t e .  I t  i s  

p o s s ib le  th a t  under c o n s ta n t  en v ironm en ta l c o n d i t i o n s ,  an 

in c r e a s e  in  the oxygen oonsuia.ptio n  o f  the w ater in  darlcness 

would in d ic a t e  .a lo w er in g  o f  th e  minimum 6:cygen c o n c e n tr a t io n  

in  the pond, and hence a h ig tier  haem oglobin c o n te n t  o f  the  

Daplmia p r e s e n t . .  An in c r e a s e  in  th e  oxygen consumption o f  

the w ater in  darkness may be caused  by sn in c r e a s e  in  the

q u a n t i ty  o f  -phytoplankton p resen t#  An in c r e a s e  in  the
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amoijjit o f  phytoplüTikton in  the vmter vmuld cause a d ecrea se  

in  the a llca lin ity^ , b%r the r é n o v a i  o f  carbon d io x id e  used  in  

p h o to s im th e s is .  In  t h i s  way the a l k a l i n i t y  o f  the w ater and 

the haomorjlobin co n ten t  o f  Daplmia would appear to  be d i r e c t h  

c o r r e la t e d ;  and indirectl%r c o r r e la t e d  w ith  tho ar.ioimt o f  

phytoplankton  in  the w ater .

Tho above v a lu e s  are in f lu e n c e d  by c l i n a t i c  c o n d i t io n s  ; 

so  th a t  d e f i n i t e  c o n c lu s io n s  cannot be made.

I t  has been tiouyht th a t  th e r e  i s  a s e a s o n a l  change in  

the haem oglobin c o n te n t  o f  Daplm ia. I t  i s  more c o r r e c t  to  

say  th a t  th e  haem oglobin co n ten t  i s  in f lu e n c e d  by changing  

c l im a t ic  and en v iron m en ta l co n d it io n s^  which may or may n o t  

c o in c id e  w ith  d i f f e r e n t  season s*
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7 .  aTM̂ ARY

1# Pale Dan'inia p la ced  in  a pond water vdiich c o n ta in s  red  

Daplaiia in  n a tu re  do n o t  produce nore haem oglobin than in  

t h e i r  ov/n w a te r , at the  same o:cyjen c o n c e n tr a t io n ,  when 

under eq u a l f e e d in g  c o n d it io n s»

2 . n u t r i t i o n  i s  e s s e n t i a l  fo r  haem oglobin production*  

Starved  anim als do not produce haem oglobin even under 

c o n d it io n s  o f  oxygen la c k .

S. At low oxygen c o n c e n t r a t io n s , an in c r e a s e  in  the amount 

of a l g a l  food added, cau ses  an in c r e a s e  in  haem oglobin  

s y n th e s is  to  a c e r t a in  maximum v a lu e ,  above which g r e a te r  

q u a n t i t i e s  o f  food  have no e f f e c t ,

4 .  Tine p resen ce  o f  c h lo r o p h y l l  in  the food does n o t  cause  

an in c r e a s e  in  haem oglobin  sy n th e s is *  P ale  Daphnia fe d  on 

green organisms and on organism s w ith o u t  c h lo r o p h y l l  such as  

Gonium and y e a s t .  Chlore 11a and P r o to th e c a , Clilaiiiydomonas 

and P oly  t o m  do n o t  produce ’s i g n i f  i c a n t l y  d i f f e r e n t  amounts 

of  haemoglobin* Equal q u a n t i t i e s  by w eig h t  o f  Ohlamydomonas 

and Polytoma were u se d ,

5 ,  D ir e c t  r e co r d in g s  o f  the  oxygen c o n c e n tr a t io n  o f  pond 

w aters  were made in  th e  morning and in  the e v e n in g , in  th ree  

l o c a l i t i e s  in  which th e  haem oglobin c o n te n t  o f  Daphnia d id

n o t  vary  g r e a t l y .  Before e x a c t  com parisons can be made i t  

i s  n e c e s s a r y  to  have more freq u en t  r e c o r d in g s  o f  the oxygen  

co n c e n tr a t io n  o f  the pond w a te r ,  p a r t i c u l a r l y  around the  

maximum and minimum v a lu es*

6 .  R e s u lt s  o f  the oxygen consuraption o f  pond w aters  must
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bo obtained  in  the same l o c a l i t i e s  over a p er iod  of t in e #

A d ir e c t  c o r r e la t io n  was obtained, between the haem oglobin  

in d ex  o f  Daphnia and the oxygen con sumption o f  the pond 

w ater over a p er io d  o f  time when w eather c o n d it io n s  were 

remarkably un iform , Tleo in f lu e n c e  of c l im a t ic  c o n d it io n s  

probably accou n ts  fo r  the la ck  o f c o r r e la t io n  in the  la t e r  

p art o f  the y e a r .

7 e P o s s ib le  c o r r e la t i o n s  between the haem oglobin in d ex  of  

Da'dmia ,  t h e . a l k a l i n i t y  o f  the w ater and the amount of  

phytoplankton  p r e s e n t  in the w ater are d iscu ssed #
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