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ASPECTS OF THE POPULATION DYNAMICS OF THE CALANOID 

COPEPOD, DIAPTCMUS CLAVIPES SCHACHT

INTRODUCTION

The C ladocera and Copepoda have long been reco g n ized  as th e  most 

im p o rtan t prim ary  consumers in  a q u a t ic  env ironm ents, w ith  th e  form er more 

im p o rtan t in  f re s h  w a te r , th e  l a t t e r ,  in  s a l t  w a te r (Pennak, 1953). L i t t l e  

i s  known, how ever, about th e  p o p u la tio n  dynamics o f th e se  groups (Armitage 

and D avis, 1967). S e v e ra l env ironm enta l p aram eters  have been s tu d ie d  in  

an a ttem p t to  d e term ine  th e  more im p o rtan t f a c to r s  a f f e c t in g  zooplankton 

p o p u la tio n s . T em perature was found to  a f f e c t  p o p u la tio n  numbers in  th re e  

sp e c ie s  o f cyc lopo id  copepods by Andrews (1953). Edmondson ^  a l .  (1962) 

found a p o s i t iv e  r e l a t io n s h ip  betw een th e  abundance o f p h y to p lan k to n  and 

th e  r a t e  o f re p ro d u c tio n  in  copepods, w ith  a bloom o f  a lg a e  b e ing  follow ed 

c lo s e ly  by in c re a se d  re p ro d u c t iv e  a c t i v i t y  in  th e  copepods. An in v e rse  

c o r r e la t io n  betw een p h y to p lan k to n  and zooplankton was found by Anderson 

e t  a l . (1955) in  two la k e s  in  W ashington. They su g g ested  th a t  t h i s  

r e s u l te d  from th e  zooplank ton  e f f e c t iv e ly  checking th e  r i s e  o f th e  p hy to 

p lan k to n  numbers th rough  g ra z in g  a c t i v i t i e s .  T h e ir  f in d in g s  concur w ith  

th o se  o f Harvey e t  a l .  (1935) and Hardy (1936).

S ev era l in v e s t ig a t io n s  have suggested  th a t  te m p e ra tu re  a f f e c t s  

th e  u l t im a te  s iz e  a z o o p la n k te r  a t t a i n s  w ith  th o se  an im als  develop ing  in
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c o ld e r  w a te rs  a t t a in in g  la rg e r  s iz e s  th an  th o se  anim als develop ing  in  

warmer w a te rs . Coker (1934), however, r e p o r te d  th a t  a lthough  te m p era tu re  

and a sh o rtag e  o f food re ta rd e d  th e  developm ent o f th re e  sp e c ie s  o f 

C yclops; C. v e m a l i s , C. s e r r u la t u s , and v i r i d i s , food had no a f f e c t  

on th e  s iz e  o f th e  in d iv id u a ls  o f th e  v a r io u s  s ta g e s . Green (1966) found 

th a t  th e  low numbers o f eggs produced by s e v e ra l  sp e c ie s  o f C ladocera  in  

th e  summer w ere caused by a s in g le  dom inant f a c to r ,  te m p era tu re , th e  

s iz e  o f th e  a d u l ts  b e ing  in v e rse ly  c o r r e la te d  w ith  th e  developm ental 

te m p era tu re . Egg p ro d u c tio n  in  Cyclops s tre n u u s  s tre n u u s  was found to  

fo llo w  a s im i la r  p a t te r n  (Elgmork, 1959), w h ile  Smyly (1968, 1970) encoun t

ered  s im i la r  r e s u l t s  in  Diaptomus g r a c i l i s  and A canthocyclops v i r i d i s , 

r e s p e c t iv e ly .  R avera and T o n o lli (1956) a ls o  found a c o r r e l a t io n  betw een 

body s iz e  and th e  number o f eggs p e r  c lu tc h  in  A rctodiaptom us b a c i l l i f e r  

and A canthodiaptom us d e n tr ic o rn u s . They f u r th e r  c o r re la te d  t h i s  body s iz e  

and egg r e la t io n s h ip  to  th e  e x te n t o f  w a te r  renew al in  m ountain la k e s .  The 

la rg e r  organism s w ere more fecund , and th e re fo r e  th e i r  chances o f su c c e ss 

fu l  re p ro d u c tio n  in  th e  lak e  were enhanced on a s t r i c t l y  a r i th m e t ic  b a s i s .  

An in v e rs e  c o r r e la t io n  between te m p e ra tu re  and body s iz e  in  copepods 

w ith  th e  d ec reased  s iz e  r e s u l t in g  in  few er eggs p e r  c lu tc h  was found in  

Diaptomus g r a c i l i s  by Chapman (1969). McLaren (1965) s tu d ie d  th e  r e l a t i 

onsh ips  betw een tem p era tu re  and egg s i z e ,  body s iz e ,  developm ent r a t e ,  and 

fe c u n d ity  in  P seudocalanus. In  a study  o f th e  e f f e c t s  o f te m p era tu re  on 

growth o f zoop lank ton  (McLaren, 1963), h e  concluded th a t  a lth o u g h  d e v e l

opment tim e i s  a fu n c tio n  o f te m p e ra tu re , a sh o rtag e  o f  food may r e ta r d  

th e  r a t e  o f developm ent.
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A lthough s ig n i f i c a n t  c o r r e la t io n s  between re p ro d u c tio n  and 

te m p era tu re , food, o r th e  s iz e  o f th e  a d u lt  organism s were found by the  

p rev io u s  in v e s t ig a to r s ,  th e se  c o r r e la t io n s  do n o t .  In  them selves, show a 

cause and e f f e c t  r e la t io n s h ip .  A m ajor purpose o f th e  c u r re n t  In v e s tig a tio n  

was to  determ ine i f  tem p era tu re  does, in  f a c t ,  a f f e c t  th e  number o f eggs 

produced by Diaptomus c la v ip e s .

L ife  T able Approach to  P o p u la tio n  Dynamics

Mbch o f th e  p rev io u s  work in  fre sh w a te r ecology h as  been a t  th e  

community le v e l ,  sam pling and id e n t i f y in g  th e  v a r io u s  organism s p re se n t 

and a tte m p tin g  to  draw c o n c lu s io n s  concern ing  th e i r  in t e r a c t io n s  and 

r e la t io n s h ip s  in  th e  community o r  ecosystem  ( e .g . ,  Hazelwood and P a rk e r, 

1961).

A nother approach , how ever, i s  to  le a m  as much as p o s s ib le  

about th e  p o p u la tio n  ecology o f a s in g le  (o r a few) very  im p o rtan t sp e c ie s , 

and th e n , armed w ith  t h i s  know ledge, ana lyze  th e  i n t e r r e l a t i o n s  o f th i s  

( th e s e )  sp e c ie s  to  th e  e n t i r e  community. Ify re se a rc h  u t i l i z e s  t h i s  ap

proach in  a study  o f  th e  dynam ics o f  a p o p u la tio n  o f  th e  ca la n o id  copepod, 

Diaptomus c la v ip e s  S chach t, in  a sm all pond. The p r e s e n ta t io n  o f popula

t io n  d a ta  in  th e  form o f l i f e  ta b le s  (Deevey, 1947) le n d s  i t s e l f  w ell to  

t h i s  approach . In  t h i s  p hase  o f  ray re se a rc h  th e  d u ra tio n  o f  th e  v a rio u s  

l i f e  s ta g e s  was de term ined , th u s  p e rm itt in g  th e  c o n s tru c tio n  and compar

iso n  o f  l i f e  ta b le s  and s u rv iv o rs h ip  curves fo r  th e  g e n e ra tio n s  o ccu rrin g  

in  a p o p u la tio n  o f D. c la v ip e s  d u rin g  a s in g le  re p ro d u c tiv e  y e a r . 

Comparisons between s u rv iv o rsh ip  cu rves developed from f i e l d  and la b o r 

a to ry  d a ta  a re  made in  o rd e r  to  determ ine th e  s ta g e s  in  th e  l i f e  cyc le  

o f th e  f i e l d  p o p u la tio n  in  which m o r ta l i ty  r a te s  do n o t p a r a l l e l  those  

o b ta in ed  in  th e  la b o ra to ry , and, th e re fo re ,  deserve  f u r th e r  in v e s t ig a t io n .



4

A l i f e  ta b le  summarizes th e  v i t a l  s t a t i s t i c s  f o r  every  s ta g e  

o r age in te r v a l  o f a p o p u la tio n . These s t a t i s t i c s  in c lu d e , fo r  each 

in t e r v a l ,  th e  number su rv iv in g  a t  th e  o n se t ( l ^ j ,  th e  number dying (d%), 

th e  m o r ta l i ty  r a t e  (q%), th e  mean number a l iv e  (1% ), th e  t o t a l  l i f e  

expectancy  fo r  th e  rem aining an im als (T ^ ), and th e  mean l i f e  expectancy  

(e^J (A llee  e t  a l . ,  1949). L i f e  ta b le s  a r e  of f u r th e r  u s e fu ln e s s  in  th a t  

d a ta  from th e  v a r io u s  columns may be  p re se n te d  g ra p h ic a lly  to  p e rm it 

com parison o f param eters  o f d i f f e r e n t  p o p u la tio n s . An example o f th e  u se  

o f th e  l i f e  ta b le  approach to  p o p u la tio n  s tu d ie s  i s  th e  r e p o r t  o f  M orris  

and M ille r  (1954), who determ ined th e  weak p o in ts  o f ,  and th e  e n v iro n 

m ental f a c to r s  having  th e  g r e a t e s t  e f f e c t  upon, th e  l i f e  c y c le  o f th e  

sp ruce  budworm.

Two b a s ic  ty p es  o f l i f e  ta b le s  a r e  reco g n ized . A h o r iz o n ta l  

ta b le  i s  formed when a la rg e  co h o rt i s  fo llow ed through l i f e ,  w ith  d ea th s  

be ing  reco rd ed  as they  o ccu r. A v e r t i c a l  l i f e  ta b le  i s  produced by 

d e term in ing  th e  number o f organism s o f  th e  v a rio u s  ages p re s e n t  on a 

g iven  d a te ,  o r  in  a g iven  c o l le c t io n ,  and c o n s tru c tin g  a ta b le  from 

th e se  d a ta .  For th e  l a t t e r  ty p e  one m ust assume th a t  b i r t h  and d ea th  

r a te s  rem ain equal and th a t  th e  p o p u la tio n  i s  s ta b le .  In  a c tu a l  p r a c t i c e ,  

e c o lo g ic a l d a ta  fo r  l i f e  ta b le s  a re  d e r iv e d  in  one o f th re e  ways: ( 1 )

o b se rv a tio n  o r  d e te rm in a tio n  o f  th e  age a t  death  ( e .g . ,  M urie, 1944); (2) 

fo llo w in g  th e  s u rv iv a l o f a la rg e  c o h o rt a t  f a i r l y  c lo se  i n t e r v a l s  ( e . g . ,  

Edmondson, 1945); and (3) d e te rm in in g  th e  age s t r u c tu r e  in  a  sam ple and 

eq u a tin g  sh rin k ag e  between age c la s s e s  a t  a p o in t in  tim e w ith  s u rv iv o r 

sh ip  ( e . g . ,  K o rtlan d , 1942). Only th e  second d e r iv a tio n  i s  co n s id e re d  

s t a t i s t i c a l l y  a c c e p ta b le  (Deevey, 1947).
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Deevey (1947) has  reco g n ized  th r e e  g e n e ra l ty p es  o f  cu rves when 

s u rv iv a l (1^) i s  p lo t te d  a g a in s t  tim e on sem ilog p ap e r. A d iag o n a l curve 

i s  found when a c o n s ta n t m o r ta l i ty  o ccu rs  i n  each s ta g e : th e  p r o b a b i l i ty  

o f d ea th  being  independant o f age and no in d iv id u a l  l iv in g  long enough 

to  d ie  o f  o ld  ag e . T his type o f  s u rv iv o rs h ip  curve i s  ty p ic a l  o f  a d u lt 

b i rd s  and f i s h .  A second type  o f s u rv iv o rs h ip  curve r e s u l t s  when th e re  

i s  l i t t l e  e a r ly  m o r ta l i ty  and most o f  th e  a d u l t  organism s d ie  more o r 

le s s  s im u lta n e o u sly . I t  i s  r e f e r r e d  to  as  a n e g a tiv e ly  skewed o r p h y sio 

lo g ic a l  curve and i s  c h a r a c t e r i s t i c  o f many la b o ra to ry  p o p u la tio n s . The 

f i n a l  form o f s u rv iv o rs h ip  cu rv e , th e  p o s i t iv e ly  skewed cu rv e , r e s u l t s  

when th e re  i s  heavy e a r ly  m o r ta l i ty  fo llow ed  by r e l a t i v e l y  long  s u rv iv a l 

of th e  few rem ain ing  organism s.

P e a r l  and D oering (1923), in  a com parison o f  th e  m o r ta l i ty  r a t e s  

o f v a r io u s  organism s to  th a t  o f man, c o n s tru c te d  a s u rv iv o rs h ip  curve fo r  

th e  r o t i f e r .  P ro a le s  d e c ip e n s , based  on d a ta  p u b lish e d  by Noyes (1922). 

A lthough Frank e t  a l .  (1957) used  t h i s  approach in  an a ly z in g  la b o ra to ry  

p o p u la tio n s  o f  Daphnia p u le x , few subsequen t in v e s t ig a t io n s  on zooplankton 

have u t i l i z e d  t h i s  v a lu a b le  approach in  th e  s tudy  o f p o p u la tio n s .

Edmondson (1945) was a b le  to  fo llo w  th e  dynamics o f p o p u la tio n s  of 

s e s s i l e  r o t i f e r s  th rough th e  u se  o f d i f f e r e n t  co lo red  dyes. He d e te r 

mined th e  dea th  r a t e s  o f th e  v a r io u s  age c la s s e s  by th e  d e c re a se  in  th e  

number o f organism s o f a p a r t i c u l a r  c o lo r  (age) in  th e  co lony . S lobodkin 

(1954) s tu d ie d  th e  p o p u la tio n  dynam ics o f  Daphnia o b tu sa  in  th e  la b o ra to ry . 

By fo llo w in g  p o p u la tio n s  grown a t  v a r io u s  food , te m p era tu re , l i g h t ,  and 

d e n s ity  l e v e l s ,  h e  c o n s tru c te d  l i f e  t a b le s  fo r  th e  a n im a ls ' grown a t  th e  

d i f f e r e n t  le v e ls  o f  th e  v a r io u s  p a ra m e te rs . He concluded th a t  th e  amount 

o f food was th e  most im p o rtan t f a c to r  in  de te rm in in g  p o p u la tio n  s iz e .
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Comita (1956) in  a f i e l d  s tudy  o f  th e  c a la n o id  copepod, L im nocal- 

anus jo h a n se n i, e s tim a ted  th e  d u ra tio n s  o f  th e  in s t a r s  by th e  tim e in t e r v a l s  

betw een peaks in  abundance o f su c c e ss iv e  s ta g e s .  He was unab le  to  d e term ine  

egg p ro d u c tio n  in  t h i s  p o p u la tio n , how ever, s in c e  th e  eggs a re  n o t c a r r ie d  

by th e  fem ale o f t h i s  sp e c ie s  b u t a re  dropped a f t e r  p ro d u c tio n . With no 

census o f  egg p ro d u c tio n  h e  was a ls o  u n ab le  to  c a lc u la te  th e  h a tc h in g  

success in  t h i s  p o p u la tio n . Comita and A nderson (1959) and Chapman (1969) 

u sed  s im i la r  approaches to  determ ine  th e  d u ra tio n s  o f th e  v a r io u s  s ta g e s  

o f copepods. H all (1964) in  h i s  p ap e r on Daphnia g a le a ta  mendotae i n t e 

g ra te d  th e  la b o ra to ry  and f i e l d  approaches to  p o p u la tio n  s tu d ie s .  Having 

determ ined  th e  development tim es in  th e  la b o ra to ry  and th e  number o f  eggs 

produced in  th e  f i e l d ,  he  p re d ic te d  th e  s iz e  o f  th e  f i e l d  p o p u la tio n  u s in g  

th e  e x p o n e n tia l growth fo rm ula. Comparing th e  a c tu a l  p o p u la tio n  s iz e  to  

th e  p red u c ted  s iz e ,  he determ ined  th a t  p re d a t io n  during  th e  summer m onths, 

r a th e r  th a n  d ecreased  re p ro d u c tio n , had caused th e  observed  d ec re a se  in  

t o t a l  p o p u la tio n  s iz e .

R eproduction

A second concern  o f  t h i s  s tudy  was an a n a ly s is  o f  re p ro d u c tio n .

In  any p o p u la tio n , th e  change in  th e  number o f  organism s i s  th e  r e s u l t  

o f  fo u r  f a c to r s ;  im m igra tion , e m ig ra tio n , b i r t h ,  and d ea th . S ince  th e  

pond in  v h ich  th i s  p o p u la tio n  r e s id e s  i s  n o t  connected  to  any o th e r  body 

o f w a te r  im m igration  and e m ig ra tio n  a re  n e g l ig ib l e .  Edmondson (1960) u ses  

a s  h i s  re p ro d u c t iv e  index th e  r a t i o  o f eggs to  an im als in  a p o p u la tio n  o f 

r o t i f e r s  (crude b i r t h  r a t e ) . A s im ila r  te ch n iq u e  was used  by E l s t e r  (1964) 

in  h i s  s tudy  o f Eudiaptomus g r a c i l i s . S in ce  th e  a d u lt  o f  D. c la v ip e s  i s
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e a s i ly  d is t in g u is h e d  from th e  im mature s ta g e s  (Ewers, 1930; Kamal and 

A rm itage, 1967), i t  was p o s s ib le  to  de term ine  th e  r a t i o  o f eggs to  a d u l ts .  

The s p e c i f i c  b i r t h  r a t e s  (m^) (A llee  e t  , 1949) w ere c a lc u la te d  and 

compared f o r  th e  v a r io u s  seaso n s , and s e v e ra l env ironm enta l param eters  

were s tu d ie d  in  an a ttem p t to  d e te rm in e  th e  u n d e rly in g  c o n tro ls  o f 

re p ro d u c tio n  in  t h i s  p o p u la tio n .

H e te ro g e n e ity  o f D is t r ib u t io n  

I t  i s  w idely  acknowledged th a t  clum ping o ccu rs  in  p o p u la tio n s  

of v a r io u s  s p e c ie s  o f zooplank ton  in  m arine  and la r g e r  fre sh w a te r  e n v i r 

onm ents, w ith  th e  e x te n t  and deg ree  o f clum ping d i r e c t ly  a f f e c t in g  th e  

r e l i a b i l i t y  o f  th e  d a ta  c o l le c te d .  Cushing and Tungate (1963) s tu d ie d  

p a tc h in e s s  in  Calanus in  th e  N orth Sea. Hardy (1936, 1955) d esc rib ed  

th e  uneven d i s t r i b u t i o n  o f  o cean ic  p la n k to n . C a ss ie , in  a s e r ie s  o f 

p ap e rs  (1959a, 1959b, 1960, and 1963), d is c u s se d  th e  m ic ro d is tr ib u t io n  

o f m arine p la n k to n  and f a c to r s  cau sin g  th e s e  d i s t r i b u t i o n a l  p a t te r n s .  

L i t t l e  e f f o r t  h a s  been  expended, how ever, in  d e te rm in in g  w hether s im ila r  

phenomena o ccu r in  sm a lle r  b o d ie s  o f  w a te r .

S e v e ra l in v e s t ig a to r s  have u t i l i z e d  F i s h e r 's  c o e f f i c ie n t  o f
rt A —

d is p e rs io n  (S /X, where S i s  th e  v a r ia n c e  and X i s  th e  mean s iz e  o f th e  

p o p u la tio n )  to  study  h e te ro g e n e ity  o f  d is p e r s io n  in  a p o p u la tio n . Any 

d e p a r tu re  o f  t h i s  r a t i o  from u n i ty  i s  a m easure o f  d is p e r s io n .  R icker 

(1937) examined th e  v a r i a b i l i t y  o f  d i s t r i b u t io n  o f  f re sh w a te r  p lan k to n  

in  C u ltu s  L ake, B r i t i s h  Columbia and found Cyclops clumped, Daphnia 

un ifo rm ly  d i s t r i b u te d ,  and E p isch u ra  and Bosmina randomly d i s t r i b u te d .  

Comita and Comita (1956) s tu d ie d  th e  v e r t i c a l  d i s t r i b u t i o n  p a t te r n s  o f



8

v a rio u s  s ta g e s  o f  th e  ca la n o id  copepod, Diaptomus s i c i l o i d e s . They found 

each s ta g e  excep t n a u p liu s  I I  clumped. Tash e t  (1966), in  a study 

on th e  o ccu rren ce  and d i s t r i b u t io n  o f  C ladocera and Copepoda in  Lewis 

and C lark  Lake, South D akota, found ap p aren t d if f e r e n c e s  in  th e  r e l a t i v e  

abundance o f  v a r io u s  sp e c ie s  between l i t t o r a l  and lim n e tic  a re a s .  Wiebe 

and H olland (1968) s tu d ie d  th e  e f f e c t s  o f p la n k to n  p a tc h in e s s  on th e  

ca tch es  in  re p e a te d  n e t tow s. Wiebe (1970, 1971) determ ined  th e  e f f e c t s  

o f p a tc h in e s s  on sam pling in  m arine system s and u t i l i z e d  a computer model 

in  d e term in ing  i t s  e f f e c t s  on sam pling e r r o r .

Gehrs (1967), in  a study o f  th e  r e l a t i v e  abundance o f C ladocera 

and Copepoda in  a Kansas pond, found th a t  a t  l e a s t  50% o f each o f  th e  

te n  sp e c ie s  c o l le c te d  was o b ta in ed  a t  one o f th e  s ix  s ta t io n s  sam pled, 

w ith  th e  d i f f e r e n t  sp e c ie s  be ing  c o n ce n tra te d  a t  d i f f e r e n t  s t a t io n s .  In  

a study  designed  p r im a r ily  to  determ ine  v e r t i c a l  m ig ra tio n  p a t te r n s  of 

th e  v a r io u s  s ta g e s  o f th e  c a lan o id  copepod Diaptomus le p to p e s , Healy (1967) 

no ted  th a t  a lth o u g h  h o r iz o n ta l  clumping appeared  to  o ccu r, th e  d a ta  d id  

n o t com plete ly  support such a c o n c lu sio n . P a r r  (1967) concluded th a t  most 

sp e c ie s  o f C ladocera , Copepoda, and R o ta to r ia  o c c u rr in g  in  F ish  Lake,

U tah, w ere ty p ic a l ly  l i t t o r a l  o r  l im n e tic  r a th e r  th an  b o th , v ^ i l e  S tra sk ra b a  

(1965), in  a s tudy  o f  th e  p ro d u c t iv i ty  o f l i t t o r a l  re g io n s  o f p o o ls  and 

ponds, found in c re a se d  numbers o f  zooplankton  in  l i t t o r a l  as compared to  

lim n e tic  re g io n s . T his r e s u l te d  from a c o n c e n tra tio n  o f  copepods in  th e se  

a re a s  r a th e r  than  from a c o n c e n tra tio n  o f  c la d o c e ra n s . Quade (1970) 

c o r r e la te d  th e  o ccu rrence  o f  c lad o ceran  s p e c ie s ,  p r im a r ily  ch y d o rid s , 

w ith  sp e c ie s  o f  ro o ted  a q u a t ic s .
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To make a c c u ra te  ex tlm a tes  concern ing  p o p u la tio n  numbers i t  i s  

o f va lu e  to  d e term ine  th e  d i s t r i b u t io n a l  p a t te r n  e x h ib ite d  by th e  popu

la t io n  being  s tu d ie d . An im portan t pu rpose  o f th e  p re s e n t  work was to  

determ ine th e  in t e r n a l  d i s t r i b u t io n a l  p a t te r n  o f th e  D. c la v ip e s  p o p u la tio n  

and to  in v e s t ig a te  th e  causes o f  th e  observed  p a t te r n .



METHODS AND MATERIALS

The s tudy  pond i s  lo c a te d  in  Township 9N, Range 3W, S ec tio n  11 

o f  C leveland County, Oklahoma. I t  i s  ap p ro x im ate ly  13.1 km SSE o f Norman, 

Oklahoma. I t  i s  a man-made impoundment r e c e iv in g  ru n o ff  from th e  s u r 

rounding  p r a i r i e  a t  i t s  e a s t  and southw est m a rg in s . There a re  no f is h  

in  th e  pond. The morphometry o f th e  pond (Appendix I )  was determ ined 

fo llo w in g  p ro ced u res  o u tl in e d  by Welch (1 948 ). Pennak (1957) suggested  

th a t  i f  one w ants a r e l i a b l e  e s tim a te  o f  s p e c ie s  com position and r e l a t i v e  

abundance o f each sp e c ie s  in  an a q u a tic  environm ent sampling from top 

to  bottom  i s  im p e ra tiv e . The same re a so n in g  a p p l ie s  when determ in ing  th e  

a b s o lu te  numbers o f  a g iven  s p e c ie s .  In  th e  p re s e n t  study  sam pling was 

done by means o f  a s e m i-p lia b le ,  6 .5  cm d ia m e te r , wire-em bedded p o ly e th y 

le n e  tu b in g , s u i t a b le  c a l ib r a te d  fo r  depth  m easurem ents. A rope was a t 

tached  to  one end o f  th e  tu b e . T h is end was low ered p e rp e n d ic u la r  to  th e  

su rfa c e  u n t i l  i t  reach ed  th e  bottom  o f th e  pond. A f te r  a t ta c h in g  a #20 

p la n k to n  n e t  over th e  o p p o s it ie  end o f  th e  tu b e , th e  lowered end was 

r a is e d  in  a s im ila r  manner to  th a t  d e sc r ib e d  by Pennak (1962), the reby  

causin g  a v e r t i c a l  column o f w a te r to  be f i l t e r e d  through th e  p lan k to n  n e t .

A lthough sam pling was c a r r ie d  o u t from May, 1970 u n t i l  O ctober, 

1971, only d a ta  from 19 February  th rough 29 O ctober, 1971 a re  considered  

in  t h i s  p a p e r. These d a te s  encompass th e  p e r io d  o f  th e  y e a r  during  which 

su c c e s s fu l re p ro d u c tio n  o ccu rred  in  t h i s  p o p u la tio n . On 19 February

10
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alm ost th e  e n t i r e  p o p u la tio n  was in  th e  a d u l t  s ta g e  and re p ro d u c tiv e

a c t i v i t y  had begun, a s  ev idenced  by th e  h igh  number o f fem ales ca rry in g

eggs. By th e  te rm in a tio n  d a te ,  29 O ctober, a lthough  th e  tem p era tu re  was

s t i l l  w e ll w ith in  th e  ran g e  n ece ssa ry  fo r  su c c e s s fu l re p ro d u c tio n  (approx- 
0 o

im a te ly  10 C to  30 C ), su c c e s s fu l rep ro d u c tio n  was g r e a t ly  c u r ta i le d .  

T h is  was ev idenced  by th e  f a c t  th a t  only low numbers o f im m ature copepodid 

an im als were c o l le c te d  on th e  l a s t  th re e  d a te s .  C o lle c t io n s  w ere taken 

every  o th e r  day from 19 F eb ruary  to  20 A p r il ,  and every  two weeks from 

24 A p ril u n t i l  th e  te rm in a tio n  o f th e  s tu d y . The in te n s iv e  c o l le c t io n  

p e r io d  was in s t i g a te d  to  determ ine  th e  d u ra tio n  o f th e  i n s t a r s  (Comita,

1956) and to  a llo w  th e  developm ent o f a h o r iz o n ta l  l i f e  t a b le  (Deevey,

1947) fo r  th e  f i r s t  g e n e ra tio n .

In  a n a ly z in g  re p ro d u c tio n  i t  was th e  i n t e n t  o f t h i s  s tu d y , no t 

only  to  fo llo w  and d e s c r ib e  th e  v a r io u s  re p ro d u c tiv e  p a ra m e te rs , b u t a lso  

to  r e l a t e  v a r ia t io n s  in  th e s e  p aram eters  to  te m p era tu re  and food . Thus, 

a t  th e  same tim e th a t  sam ples o f an im als were c o l le c te d ,  th e  v e r t i c a l  

tem p era tu re  p r o f i l e  o f th e  w a te r  was determ ined . T em perature read in g s  

w ere taken  a t  0 .5  m dep th  in t e r v a l s  from su rfa c e  to  bo ttom  in  th e  open 

w a te r reg io n  w ith  a W hitney U nderw ater T herm isto r.

C h lo rophy ll a c o n c e n tra tio n s  were used  as  an index  o f  food a v a i l 

a b i l i t y .  W ater fo r  c h lo ro p h y ll  a d e te rm in a tio n s  was g a th e re d  a t  two 

week in te r v a ls  a t  th e  same tim e an im als w ere c o l le c te d .  F iv e  hundred 

m i l l i l i t e r s  o f w a te r  was c o l le c te d  from bo th  th e  s u r fa c e  and bottom  of 

th e  open w ater re g io n  o f  th e  pond through u se  o f a Kemmerer w a te r  sam pler. 

The two samples w ere com bined, th e  w a te r was re tu rn e d  to  th e  la b o ra to ry , 

and c h lo ro p h y ll a d e te rm in a tio n s  w ere made fo llo w in g  a m o d if ic a tio n  o f th e
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p ro ced u res  o u t l in e d  by Small (1961). A f te r  shaking th e  w a te r  sam ple to  

mix i t  tho ro u g h ly  two 200 o r 300 ml subsam ples w ere poured in to  s e p a ra te  

300 ml b e a k e rs . Which o f th e se  two amounts was used was determ ined  by th e  

tu r b id i ty  o f th e  w a te r - h ig h  tu r b i d i ty ,  a 200 ml subsam ple; low t u r b i d i ty ,  

a 300 ml sub sam ple. Each o f  th e  sub sam ples was p assed  through a membrane 

f i l t e r  a p p a ra tu s  u s in g  a 0 .8  m icron (average p o re  s iz e )  f i l t e r  to  concen

t r a t e  th e  p h y to p lan k to n . The f i l t e r  was then  removed from th e  a p p a ra tu s , 

p laced  in  a 50 ml t e s t  tu b e , and th e  t e s t  tu b e  was capped. A d u p lic a te  

p rocedu re  was fo llow ed  u s in g  tap  w a te r r a th e r  than  pond w a te r  in  o rd e r  to  

p ro v id e  a c o n t ro l .  Ten m i l l i l i t e r s  o f  90% ace to n e  w ere added to  each t e s t  

tu b e . The tu b e s  were then  capped and p laced  in  a c o n s ta n t tem p era tu re  

w ater b a th  (21° C) fo r  30 m in u tes . A f te r  15 m inu tes th e  tu b es  w ere l i g h t 

ly  shaken to  a id  m ixing o f th e  m a te r ia ls .  When th e  30 m inu te  in c u b a tio n  

p e r io d  was o v e r , th e  tubes  w ere removed from th e  w a te r  b a th ,  th e  d is so lv e d  

m a te r ia ls  w ere t r a n s f e r r e d  to  c e n tr i fu g e  tu b e s , and th e s e  were c e n tr ifu g e d  

a t  h ig h  speed f o r  1 m inute. The su p e m a te  was then  t r a n s f e r r e d  to  a cuv

e t t e ,  and , u s in g  th e  tap  w a te r e x t r a c t  to  zero  th e  s p e c tro c o lo r im e te r  

(B & L S p e c tro n ic  2 0 ), th e  p e rc e n t absorbance o f th e  two e x t r a c t s  a t  a 

w avelength  o f  665 m illim ic ro n s  was determ ined . The average  o f  two re a d in g s  

was reco rd ed  a s  a m easure o f  th e  c h lo ro p h y ll a p re s e n t .

F ie ld  Data

To d e term ine  th e  d is p e rs io n  p a t te r n  o f  th e  p o p u la tio n  i t  was 

n e c e ssa ry  to  o b ta in  d a ta  a p p ro p r ia te  f o r  s t a t i s t i c a l  t e s t i n g .  During 

th e  p re lim in a ry  p e r io d  o f sam pling i t  was ap p aren t th a t  most in d iv id u a ls  

o f t h i s  s p e c ie s  w ere lo c a te d  in  open w a te r r a th e r  th an  w here ro o te d
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a q u a tic s  w ere grow ing. F or t h i s  reason  th e  pond was d iv id ed  h o r iz o n ta lly  

in to  two re g io n s  o r  s t r a t a ,  th e  a re a  where ro o te d  a q u a t ic s  came w ith in  

40 cm o f th e  s u rfa c e  and th e  open w ate r a r e a .  E ig h t sam ples were taken  

from each re g io n  on each d a te  w ith  th e  s i t e s  sampled s e le c te d  by means 

o f  a random numbers t a b le .  The number o f a d u l ts  (copepodid VI) p e r  l i t e r  

in  each sample was determ ined  by d iv id in g  th e  t o t a l  number o f a d u l ts  by 

th e  number o f  l i t e r s  sam pled.

The number o f a d u l t  and copepodid V in d iv id u a ls  o f  each sex , th e  

number of fem ales c a r ry in g  eggs, and th e  numbers o f  th e  o th e r  copepod ite  

s ta g e s  were determ ined  by com plete census o f each sam ple. The numbers 

o f th e  v a r io u s  n a u p l ia r  s ta g e s  w ere determ ined a f t e r  com bining th e  samples 

from each s tra tu m  in to  two groups. Each pooled  sam ple was then  d iv id ed  

s e v e ra l tim es th rough  u se  o f  a p lan k to n  s p l i t t e r ,  and th e  n a u p l i i  in  one 

o f th e  r e s u l t in g  subsam ples w ere counted . The mean number o f eggs p e r 

c lu tc h  was determ ined  a t  th e  same tim e. The number o f  s p l i t s  n ecessa ry  

was determ ined  in  r e l a t i o n  to  th e  t o t a l  number o f  an im als counted in  each 

reg io n  and was chosen to  in s u re  th e  census o f  a t  l e a s t  20 c lu tc h e s . The 

amount o f  tim e an in d iv id u a l  spends in  n a u p l ia r  s ta g e s  I  to  I I I  i s  r e l a 

t i v e ly  sm all (a p p a re n tly  l e s s  th an  24 h o u r s ) ,  and, f o r  t h i s  reason  th e se  

s ta g e s  w ere uncommon in  th e  sam ples, and so they  w ere lumped fo r  coun ting .

L abora to ry  Data

Animals w ere c u l tu re d  in  100 ml b eak e rs  each c o n ta in in g  80 ml 

o f  pond w a te r which had been f i l t e r e d  tw ice  th rough  #20  b o l t in g  c lo th .

The b eak e rs  w ere k e p t in  a c o n s ta n t tem p era tu re  chamber a t  21° C and 

under a d a i ly  c y c le  o f  12 hou rs  o f l i g h t  and 12 h o u rs  o f d ark . The 

an im als w ere fed  0 .1  ml o f  an aqueous m ix tu re  o f  t r o u t  food and d r ie d
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a l f a l f a ,  tw ice w eekly. The m ix tu re  was p repared  by combining 10 g of 

commercial t r o u t  food , 0 .5  g o f  d r ie d  a l f a l f a ,  and 250 ml o f d i s t i l l e d  

w ater in  a Waring b le n d e r . T h is  was run a t  h igh  speed fo r  5 m inutes 

a f t e r  which th e  m a te r ia l  was s tr a in e d  through #20 b o l t in g  c lo th .  An 

a d d itio n a l 50 ml o f w a te r was added to  th e  b le n d e r to  wash ou t a l l  m a te r ia l ,  

and t h i s  wash w ate r was then  s t r a in e d  and added to  th e  250 ml o f m a te r ia l 

a lre ad y  p rep a red . The f i l t r a t e  was p laced  in  a capped f la s k  and s to re d  in  

a r e f r ig e r a to r  u n t i l  u sed . I f  t h i s  food s o lu tio n  was n o t used w ith in  two 

weeks i t  was d isca rd e d  and a new m ix tu re  p rep a red . To i n i t i a t e  an e x p e r i

m ent, a s in g le  p a i r  o f a d u l t  an im als (one male and one fem ale) was added 

to  each b eak e r. The an im als to  be used were taken  from a s to ck  c u ltu re  

re a re d  a t  th e  same tem p era tu re  and l i g h t  as used in  th e  experim ent and 

c o n s is tin g  o f in d iv id u a ls  a t  l e a s t  one g e n e ra tio n  removed from the  f i e l d .

Two q u e s tio n s  p e r ta in in g  to  th e  e f f e c t  o f ro o te d  a q u a tic s  on 

D. c la v ip e s  were s tu d ie d  in  th e  la b o ra to ry . The f i r s t  q u e s tio n  concerns 

th e  a b i l i t y  o f th e  a d u l ts  to  su rv iv e  when they  a re  fo rced  to  l iv e  in  an 

environm ent in  which Potam ogeton s p . , a "narrow  le a fe d  s p e c ie s"  (F a s s e t t ,

1957), i s  allow ed to  f l o a t  f r e e .  Two s e ts  o f ten  r e p l i c a t e s  each were 

used in  t h i s  s tudy . One s e t  o f b eak ers  had Potamogeton sp. f lo a t in g  

f r e e ly  in  th e  w a te r , w h ile  th e  o th e r  s e t had no Potam ogeton sp . added.

To in s u re  th a t  th e  r e s u l t s  o b ta in ed  were due to  th e  v e g e ta tio n  r a th e r  

than  to  p e rip h y to n , th e  Potamogeton sp , was soaked fo r  15 m inutes in  tap  

w ater and then  fo r  15 m in u tes  in  d i s t i l l e d  w a te r . The v e g e ta tio n  was 

then  washed w ith  f a s t  flow ing  ta p  w ater fo r  5 m inu tes a f t e r  which i t  was 

p laced  in  a c o n ta in e r  o f  double f i l t e r e d  pond w ate r u n t i l  i t  was used .

A fte r  fo u r days, du ring  vdilch tim e th e  b eak ers  were censused d a ily  fo r  

m o r ta l i ty ,  th e  experim ent was te rm in a ted .
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The second q u e s tio n  s tu d ie d  in  th e  la b o ra to ry  concerns th e  

e f f e c t  o f h ig h e r  a q u a t ic s  on re p ro d u c tio n . The fem ale o f  D, c la v ip e s  

g e n e ra lly  c a r r i e s  h e r  eggs in  a sac  on th e  u n d e rs id e  o f  th e  l a s t  body 

re g io n , o r  urosom e, u n t i l  they  h a tc h  in to  n a u p l i i .  H ardin  (1972) found 

th a t  te m p era tu re  a f f e c t s  th e  le n g th  o f  tim e th e  eggs a re  c a r r ie d  by th e  

fem ale o f  t h i s  s p e c ie s .  My experim ent was designed  to  determ ine i f  

roo ted  a q u a t ic s  a f f e c t  th e  le n g th  o f  tim e eggs a re  c a r r ie d  by fem ales 

and w hether any e f f e c t  found i s  p h y s ic a l o r chem ica l. F iv e  s e ts  o f  ten  

r e p l i c a t e s  each w ere used  in  th e  stu d y . One s e t  o f  b eak e rs  had p ie c e s  o f 

Potamogeton sp. r e s t r i c t e d  to  a sm all reg io n  w ith  n y lo n  n e t t in g  (weed r e s 

t r i c t e d )  w h ile  in  a second s e t  on ly  ny lon  n e t t in g  was added. A th i r d  

group o f  c o n ta in e rs  had f i f t e e n  p ie c e s  o f p o ly e th y le n e  tu b in g  o f approx

im ate ly  th e  same c r o s s - s e c t io n a l  d iam ete r as th e  Potam ogeton sp . suspended 

v e r t i c a l l y  and randomly in  each c o n ta in e r .  Suspension o f th e  p o ly e th y le n e  

tub ing  in  th e  c o n ta in e rs  was accom plished by f a s te n in g  a s e c tio n  o f  ny lon  

n e t t in g  o v er th e  to p  o f  th e  b eak e r to  a c t  as  a g u id e  f o r  th e  s e c tio n s  of 

tu b in g . The p o ly e th y le n e  tu b in g  was soaked in  d i s t i l l e d  w a te r fo r  96 hours 

p r io r  to  th e  o n se t o f  th e  experim en t. A fo u r th  s e t  o f  b eak e rs  a lso  in c lu d ed  

p o ly e th y le n e  tu b in g , b u t i t  was r e s t r i c t e d  to  th e  p e r im e te r  o f  th e  b eak e r. 

The f i n a l  s e t  o f  b e a k e rs ,  th e  c o n t ro ls ,  had n o th in g  added.

In  an a ttem p t to  keep c o n d itio n s  c o n s ta n t ,  an im als  w ere t r a n s 

fe r re d  to  a c le a n  b eak e r c o n ta in in g  f re s h  w a te r  w eekly . At t h i s  tim e 

young w ere removed and d is c a rd e d . The b eak e rs  w ere checked a t  24 h r  

in t e r v a ls  f o r  an im als c a r ry in g  eggs and f o r  n a u p l i i .  Checking fo r  

n a u p l i i  was n e c e ssa ry  to  in s u re  th a t  a  c lu tc h  was n o t produced and 

hatched  d u rin g  th e  p ro ceed in g  24 h r  p e r io d .



RESULTS AND DISCUSSION 

H e te ro g e n e ity  o f  D is t r ib u t io n  

F ie ld  Data

At th e  o n se t o f  th e  study th e  c o n c e n tra t io n s  o f a d u l ts  in  th e  

two re g io n s  showed o n ly  m inor d i f f e r e n c e s ,  w ith  h ig h e r  c o n c e n tra tio n s  o f 

a d u l ts  in  open w a te r  on one d a te  and in  th e  re g io n  o f  ro o ted  a q u a t ic s  on 

th e  n e x t (F ig u re  1 ) .  S ta r t in g  w ith  6 A p r i l ,  how ever, a d e f in i t e  p a t te r n ,  

w ith  h ig h e r  c o n c e n tra tio n s  o f a d u l ts  in  th e  open w a te r  reg io n  th an  in  th e  

re g io n  o f  ro o te d  a q u a t ic s ,  began (F ig u re  2 ) .  T h is  p a t te r n  p re v a ile d  

u n t i l  21 O ctober. The c o n c e n tra tio n s  o f  a d u l t s  ranged from 0 .00  p e r 

l i t e r  in  th e  a re a  o f  ro o te d  a q u a tic s  on 25 June to  approx im ately  18 p e r  

l i t e r  in  th e  open w a te r  re g io n  on 23 J u ly .

To d e te rm in e  w hether a s ig n i f i c a n t  d i f f e r e n c e  in  th e  c o n c e n tra 

t io n s  o f  a d u l ts  in  th e  two re g io n s  e x is te d  on th e  d i f f e r e n t  d a te s ,  th e  

S tu d e n t 's  ' t '  t e s t  was employed. A d e te c ta b le  d if f e r e n c e  was found on 

on ly  f iv e  o f  tw e n ty - th re e  d a te s ,  23 F eb ru a ry , 9 , 17, and 25 March, and 

2 A p r i l ,  p r io r  to  6 A p r il  (F ig u re  1) b u t from 6 A p r i l  u n t i l  20 A ugust, a 

s ig n i f i c a n t  d i f f e r e n c e  (P = 0 .0 5 ) betw een means was found on a l l  b u t 

th re e  o f tw e n ty -fo u r  d a te s  (F ig u re  2 ) . T h is  o n se t o f  r e l a t i v e ly  c o n t in 

uous s t r a t i f i c a t i o n  c o in c id e s  w ith  two o b s e rv a tio n s ,  an in c re a se d  r a t e  

o f growth o f ro o te d  a q u a t ic s  and an a d d i t io n  to  th e  p o p u la tio n  o f new

16



F ig u re  1. Mean numbers o f a d u l ts  p e r l i t e r  in  th e  two re g io n s  of 
th e  pond from 19 February  to  4 A p r i l ,  1971. E nlarged  
a ra b le  num erals show th o se  d a te s  when th e re  w ere d e te c t 
a b le  d if f e re n c e s  (P = 0 .0 5 ) betw een c o n c e n tra tio n s  o f 
a d u l ts  in  th e  two reg io n s
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F ig u re  2. Mean numbers o f  a d u l ts  p e r  l i t e r  in  th e  two re g io n s  o f 
th e  pond from 6 A p r il  to  29 O ctober, 1971. E n larged  
a ra b le  num erals show th o se  d a te s  when th e re  w ere d e te c t 
a b le  d if fe re n c e s  (P = 0 .0 5 ) between c o n c e n tra tio n s  o f 
a d u l ts  in  th e  two re g io n s . The v e r t i c a l  d o tte d  l i n e  
between 18 A p ril and 24 A p ril  shows a change in  s c a le  
from two day to  app rox im ate ly  fo u rte e n  day in t e r v a l s .
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a d u l t s  which developed  from  th e  c u r re n t y e a r 's  re p ro d u c tiv e  a c t i v i t y  

(se e  RESULTS AND DISCUSSION: l i f e  T able Approach to  P o p u la tio n  Dynamics,

page 3 2 ) .

More ev idence  o f  d i f f e r e n t i a l  d i s t r i b u t io n  betw een th e  two 

a re a s  o f th e  pond was o b ta in e d  when th e  p ro p o r tio n  o f  th e  t o t a l  w ater 

volume in  th e  open w a te r re g io n  and th e  f r a c t io n  o f an im als  c o l le c te d  in  

open w a te r  a re  b o th  graphed  a g a in s t  tim e (F ig u re  3 ) .  I f  th e  an im als a re  

n o t c o n c e n tra tin g  in  one o f  th e  a re a s  o f th e  pond, th e  p r o b a b i l i ty  o f one 

p ro p o r tio n  being  la r g e r  th a n  th e  o th e r  on any g iven  drfte i s  0 .5 .  However, 

i f  th e  an im als a r e  c o n c e n tra tin g  in  one o f  th e  a r e a s ,  one o f  th e  p ro p o r tio n s  

w i l l  be c o n s is te n t ly  l a r g e r  than  th e  o th e r .  The d a ta  w ere p laced  in to  

two o f  th re e  g roups on th e  b a s is  o f  th e  tim e o f y e a r they  were g a th e red .

The g roup ings in c lu d e  t o t a l  sam pling p e rio d  (19 F ebruary  to  29 O c to b e r), 

e a r ly  sp rin g  (19 F ebruary  to  4 A p r i l ) ,  and spring-sum m er (6 A p ril to  29 

O c to b e r). The e a r ly  A p r il  d a te  was chosen a s  th e  d iv id in g  tim e because 

o f  th e  in c re a se d  r a t e  o f  growth observed in  th e  ro o ted  a q u a t ic s  from th a t  

d a te  on and th e  a d d i t io n  o f  new a d u l ts  to  th e  p o p u la tio n  beg inn ing  th en .

In  approx im ate ly  75% o f th e  c o l le c t io n s  d u rin g  e a r ly  sp r in g  and 88% o f th e  

c o l le c t io n s  d u ring  th e  spring-sum m er p e r io d  th e  p ro p o r tio n  o f th e  t o t a l  

a d u l t  p o p u la tio n  lo c a te d  in  th e  open w ate r re g io n  was g r e a te r  th an  th e  

p ro p o r tio n  o f th e  t o t a l  w a te r  volume lo c a te d  in  t h i s  re g io n . These 

v a lu e s  a re  q u i te  d i f f e r e n t  from expected  and a re  f u r th e r  ev idence  th a t  

th e  a d u l t  p o p u la tio n  i s  n o t evenly  d is t r ib u te d  between th e  two re g io n s .

A lthough th e  S tu d e n t 's  ' t '  t e s t  showed a d e te c ta b le  d if fe re n c e  

in  th e  c o n c e n tra tio n s  o f  a d u l t s  in  th e  two re g io n s  o f  th e  pond during  

most o f  th e  spring-sum m er p e r io d , i t  d id  n o t show a s im i la r  p a t te r n  d u rin g



F ig u re  3 . P ro p o rtio n  o f  t o t a l  w a te r volume o f  th e  pond which was
in  th e  open w a te r a re a  and p ro p o r tio n  o f th e  t o t a l  number 
o f  a d u l ts  id iich  w ere c o l le c te d  in  th e  open w ate r re g io n  on 
each c o l le c t in g  d a te .  The v e r t i c a l  d o tte d  l i n e  between 20 
A p ril and 24 A p ril shows a change in  s c a le  from two day to  
approx im ate ly  fo u r te e n  day in t e r v a l s .
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th e  e a r ly  sp rin g  p e r io d . One method of t e s t in g  th e  d a ta  o b ta in ed  d u rin g  

t h i s  p e r io d  i s  to  run  an t e s t  on th e  two groups, th e  mean number o f  

a d u l ts  p e r  l i t e r  in  th e  open w ate r re g io n  as compared to  th e  mean number 

o f a d u l t s  p e r  l i t e r  in  th e  a rea  in  which ro o ted  a q u a tic s  w ere found 

(T able 1 ) . The v a lu e  i s  s ig n i f i c a n t  a t  th e  0 .05 le v e l  and in d ic a te s  

t h a t  a d if f e r e n c e  in  th e  c o n c e n tra tio n s  o f  a d u l ts  a lso  p re v a ile d  in  th e  

e a r ly  sp r in g  p e r io d . These d a ta  p lu s  th e  d if f e re n c e  between means 

(F ig u re s  1 and 2 ) , show s ig n i f i c a n t  v a r ia t io n  in  th e  c o n c e n tra tio n s  o f 

a d u l ts  in  th e  two reg io n s  o f  th e  pond th roughou t th e  c o l le c t in g  p e r io d . 

In  th e  e a r ly  sp rin g  i t  i s  dem onstrated  fo r  th e  e n t i r e  p e rio d  w h ile  in  

th e  spring-sum m er p e rio d  i t  i s  shown by th e  deg ree  o f d if fe re n c e  between 

th e  means on s p e c if ic  sam pling d a te s .  I t  a p p e a rs , th e re fo re ,  t h a t  a 

s ig n i f i c a n t ,  somewhat co n tin u o u s , s t r a t i f i c a t i o n  o f th e  p o p u la tio n  i s  

found d u rin g  th e  p e r io d  o f a c t iv e  grow th o f  th e  ro o ted  a q u a t ic s .  D uring 

th e  rem ainder o f  th e  y e a r ,  a lthough  s t r a t i f i c a t i o n  can be d e te c te d , i t  

i s  p e r io d ic  and n o t to  th e  same deg ree  a s  in  th e  summer.

L abora to ry  D ata

F ie ld  d a ta  rev ea led  h e te ro g e n e ity  o f  d i s t r i b u t io n  p re v a i l in g  

th roughou t th e  c o l le c t in g  p e r io d  and app ea rin g  to  be c o r re la te d  w ith  

th e  grow th o f h ig h e r  a q u a t ic s .  L ab o ra to ry  experim ent showed th a t  th e se  

d if f e r e n c e s  in  c o n c e n tra tio n s  w ere, i n  f a c t ,  a r e s u l t  o f th e  ro o te d  

a q u a t ic s .

In  th e  experim ent 18 of 20 an im a ls , fo rced  to  l i v e  in  e n v iro n 

ments in  which Potamogeton sp . was a llow ed  to  f l o a t  f r e e ,  d ied  w ith in  

96 h o u rs ; \d iereas o f  20 c o n tro l an im als 1 d ied  in  a com parable in t e r v a l .



T a b le  1 . Ânova t a b l e  on th e  d i f f e r e n c e  betw een th e  mean number 
o f  a d u l t s  p e r  l i t e r  in  th e  open w a te r  re g io n  and th e  
r e g io n  in  \d iich  ro o te d  a q u a t ic s  w ere found d u r in g  th e  
e a r ly  s p r in g  (19 F e b ru a ry  to  4 A p r i l ,  1971).

S ource  o f  v a r i a t i o n d f DD MS Fs

Among re g io n s 1 2.2751 2.2751
*

7 .1454

W ith in  r e g io n s 14.0138 0 .3184

T o ta l 45 16.2889

* D —

r o

P = 0 .0 5 .
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These d a ta  c le a r ly  d em o n stra te  th a t  a d u l t  D. c la v ip e s  a re  u n ab le  to  

su rv iv e  when fo rced  to  l i v e  in  p ro x im ity  to  Potam ogeton s p ..

Comparison o f  th e  mean c lu tc h  c a rry in g  tim es fo r  fem ales in  th e  

s im u la ted  weed and w eed -free  environm ents re v e a le d  th a t  th o se  an im als  in  

s im u la ted  weeds c a r r ie d  t h e i r  eggs alm ost tw ice  as  long as  d id  th e  an im als 

in  w eed -free  env ironm en ts, 4 .0 0  days and 2 .22  days, r e s p e c t iv e ly  (T ab le 2 ) . 

As a check on th e se  r e s u l t s ,  th e  environm ents o f th e  anim als w ere re v e rs e d ; 

w ith  th o se  an im als p re v io u s ly  in  s im u la ted  weed environm ents now in  weed- 

f r e e  environm ents and th o se  an im als p re v io u s ly  in  w eed -free  environm ents 

now in  s im u la ted  weed en v iro n m en ts . A f te r  th e  environm ents w ere sw itch ed , 

th e  mean c lu tc h  c a rry in g  tim es  w ere 3.71 days in  th e  s im u la ted  weed e n v i r 

onment and 1.86 days in  th e  w eed -free  environm ent (Table 3 ) ,  ag a in  

alm ost tw ice  a s  long in  th e  s im u la ted  weed as  in  th e  w eed -free  e n v iro n 

m ents. In  b o th  ca se s  th e  r e s u l t s  w ere h ig h ly  s ig n i f i c a n t  (P -  0 .01 ) 

when th e  S tu d e n t 's  ' t '  t e s t  was employed. Comparison o f th e  mean c lu tc h  

c a rry in g  tim es fo r  fem ales in  th e  w eed -free  environm ents and th e  e n v iro n 

ments hav ing  p o ly e th y le n e  tu b in g  around th e  p e r im e te r  o f th e  b e a k e rs  

(T able 2) showed l i t t l e  d i f f e r e n c e  between th e  two. T h is in d ic a te s  th a t  

th e  d if f e r e n c e  betw een th e  av erage  c lu tc h  c a rry in g  tim e fo r  an im als  in  

s im u la ted  weed environm ents and th a t  f o r  an im als in  w eed -free  e n v iro n 

m ents i s  n o t due to  some chem ical found in  th e  p o ly e th y len e  tu b in g .

These d a ta  show th a t  s im u la te d  weeds in c re a s e  th e  le n g th  o f tim e eggs 

a re  c a r r ie d  by th e  fem a les . The cause o r  causes o f  th i s  developm ental 

r e ta r d a t io n  and th e  pathway by which i t  i s  im plem ented a re  n o t known 

and d ese rv e  f u r th e r  in v e s t ig a t io n .
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T ab le  2 . Means (Y) and s ta n d a rd  e r r o r s  (S—) f o r  th e  tim es eggs w ere 
c a r r ie d  by fem ales in  s im u la ted  weed env ironm ents, weed 
f r e e  env ironm en ts , and environm ents in  w hich th e  s im ulated  
weed was r e le g a te d  to  th e  p e r im e te r  o f  th e  b eak e r.

Environm ent n Y
( in  days)

P

Sim ulated weed 18 4 .00 0 .52
f o . o i

Weed f r e e 18 2 .22 0 .2 2

Sim ulated  weed
re le g a te d  to  th e  
p e r im e te r  o f th e  
b eaker

18 2.01 0.25
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T ab le  3 . Means (Y) and s tan d a rd  e r r o r s  (S^) f o r  th e  tim es eggs were 
c a r r ie d  by fem ales in  s im u la ted  weed environm ents and weed 
f r e e  environm ents a f t e r  th e  environm ents o f  th e  an im als 
w ere re v e rse d .

Environm ent n Y
( in  days)

s? P

S im ulated  weed 7 3.71 0.42
± 0 .0 1

Weed f r e e 7 1.86 0 .14
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Â com parison o f  th e  mean c lu tc h  c a rry in g  tim es fo r  an im als k ep t 

in  r e s t r i c t e d  Potam ogeton sp . environm ents and ny lon  n e t t in g  environm ents 

(T able 4 )  re v e a le d  no d e te c ta b le  d if f e r e n c e .

F ie ld  d a ta  re v e a le d  a he te ro g en eo u s d i s t r i b u t io n  o f  D. c la v ip e s  

d u ring  th e  e n t i r e  study  p e r io d  a p p a re n tly  r e la te d  to  th e  occu rren ce  o f 

ro o te d  v e g e ta t io n . L abo ra to ry  d a ta  showed th a t  th e  e f f e c t  o f ro o ted  

a q u a t ic s ,  in  cases  where th e  v e g e ta t io n  i s  n o t so th ic k  th a t  th e  o rgan

isms a re  sim ply k i l l e d ,  r e ta r d a t io n  o f  developm ent and hence a d ecrease  

in  re p ro d u c tiv e  r a t e  o c c u rre d . A pparen tly  th e  ro o te d  a q u a t ic s  a re  an 

e f f e c t iv e  f a c to r  in  d e te rm in in g  th e  re g io n s  o f  a body o f  w ate r in  which 

t h i s  sp e c ie s  can l i v e  and rep ro d u ce .

In  th e  p a s t ,  in v e s t ig a t io n s  o f  zooplank ton  in  sm all b o d ie s  o f 

w a te r commonly u t i l i z e d  one o r  two tows o f  a p la n k to n  n e t  to  determ ine 

sp e c ie s  com position  and abundance. To acc ep t such d a ta  as a c c u ra te , 

one m ust assume e i th e r  th a t  th e  pond i s  a  homogeneous environm ent w ith  

a l l  sp e c ie s  randomly o r  u n ifo rm ly  d is t r ib u te d  o r  th a t  th e  sam pling method 

ad eq u a te ly  c u ts  a c ro ss  a l l  th e  h a b i t a t s  p re s e n t  in  th e  pond. The d a ta  

from th e  c u r re n t  s tudy  d em onstra te  th a t  th e  f i r s t  assum ption  i s  no t 

n e c e s s a r i ly  c o r r e c t ,  a t  l e a s t  i f  m acrophytes a re  p re s e n t  n e a r  th e  s u rfa c e .

I f  one i s  to  o b ta in  m ean ingfu l d a ta ,  even in  r e l a t i v e  term s, 

an adequa te  method o f sam pling must be  u n d ertak en . I f  one w ishes to  

o b ta in  d a ta  on th e  sp e c ie s  com position  in  sm all b o d ie s  o f w ate r hav ing  

a re a s  o f ro o te d  a q u a t ic s  and a re a s  o f  open w a te r , w ith o u t u n d ertak in g  a 

d e ta i le d  sam pling p ro ced u re , sam pling should be du rin g  p e r io d s  when 

ro o te d  a q u a tic s  a re  a t  a minimum.
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T able 4 . Means (Y) and s tan d a rd  e r r o r s  (S—) f o r  th e  tim es eggs w ere 
c a r r ie d  by fem ales in  environm ents in  which Potamogeton sp . 
was r e s t r i c t e d  to  a sm all re g io n  by nylon  n e t t in g  and in  
ny lon  n e t t in g  env ironm ents.

Environment n Y
(in  days)

Sÿ P

Weed r e s t r i c t e d 6 2.66 1.09
1 0 .9 0

Nylon n e t t in g 6 3.00 0.45
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L ife  T ab le  Approach to  P o p u la tio n  Dynamics 

During F eb ru ary  and e a r ly  March, 1971, ' f a l s e  s t a r t s '  in  th e  

p o p u la tio n  developm ent o ccu rred  during  p e r io d s  o f  r e l a t i v e l y  warm w eather 

(su rfa c e  w a te r  te m p e ra tu re  betw een 6°  and 9° C ). The eggs h a tch ed  and 

th e  n a u p l i i  developed u n t i l  n a u p liu s  IV where developm ent ceased  and 

th e  in d iv id u a ls  e v e n tu a lly  d ie d . Data from th e se  in d iv id u a ls  w ere n o t 

used in  d e te rm in in g  th e  d u ra tio n s  o f th e  v a r io u s  i n s t a r s .  S ince  only  

a d u l ts  and a few e a r ly  n a u p l i i  were found a t  th e  s t a r t  o f t h i s  in v e s t ig a t io n  

th e  d u ra tio n s  o f  th e  v a r io u s  i n s t a r s  w ere determ ined  by ta k in g  th e  le n g th  

o f tim e between th e  f i r s t  o b se rv a tio n  o f  s u c c e s s iv e  i n s t a r s  in  th e  popu

la t io n .  T h is p ro ced u re  cou ld  n o t be used  in  e s t im a tin g  th e  d u ra tio n  o f 

th e  a d u lt  i n s t a r ,  how ever, s in c e  a t  no tim e w ere a d u l ts  ab sen t from th e  

p o p u la tio n . In s te a d ,  th e  d u ra tio n  o f th e  copepodid  VI s ta g e  was determ ined  

by m easuring th e  le n g th  o f  tim e between low numbers o f a d u l ts  in  th e  

p o p u la tio n . T hese low er i n f l e c t i o n  p o in ts  in  a d u l t  numbers w ere assumed 

to  fo llow  la rg e  m o r ta l i ty  in  t h i s  i n s t a r  g roup . A low p o in t  in  th e  number 

o f a d u l ts  o ccu rred  on 18 A p r i l ,  1971, w ith  a s im i la r  low p o in t  o c c u rr in g  

on 28 May, 1971 (F ig u re  4 ) .  The p e r io d  o f tim e between th e se  two d a te s ,

40 days, was tak en  as  an e s tim a te  o f th e  d u ra tio n  o f  CVI. T h is compares 

c lo se ly  w ith  t h a t  o f  38.65 days fo r  th e  same sp e c ie s  in  th e  la b o ra to ry  

a t  21° C (H ard in , 1972). The mean w a te r te m p era tu re  i n  th e  f i e l d  during  

th i s  p e r io d  was ap p ro x im ate ly  15° C. The v a lu e  o f  th e  mean tem p era tu re  

in  th i s  c o n te x t i s  d e b a te a b le , how ever, s in c e  v e r t i c a l  m ig ra tio n  o f  th e  

organism s and th e  d iu rn a l  tem p era tu re  p a t te r n s  a t  th e  v a r io u s  w a te r  

dep ths would e n a b le  th e  organism s to  l i v e  in  a v a r ie ty  o f  tem p era tu re  

s i tu a t io n s .  The e x a c t c o r r e la t io n  o f  i n s t a r  d u ra tio n s  w ith  tem p era tu re



F ig u re  4 . S iz e  o f  th e  a d u l t  p o p u la tio n  on each c o l le c t in g  d a te .
The v e r t i c a l  d o tte d  l i n e  betw een 18 A p ril and 24 A p ril 
shows a change in  s c a le  from two day to  approx im ately  
fo u r te e n  day in t e r v a l s .
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i s  f u r th e r  com plica ted  by food , s in c e  bo th  q u a n t i ty  and q u a l i ty  o f 

food a p p a re n tly  a f f e c t  th e  developm ental r a t e s  o f  copepods (Coker, 1934; 

Smyly, 1970).

T ab le  5 shows th e  d u ra tio n s  o f  th e  v a r io u s  i n s t a r s  as determ ined 

in  th e  f i e l d  and a l s o  a s  computed from a com posite o f la b o ra to ry  d a ta .

The la b o ra to ry  d a ta  f o r  t h i s  sp e c ie s  w ere from Samples (1972) and were 

o b ta ined  a t  a te m p era tu re  range  o f approx im ate ly  20° C to  25° C.

S everal s tu d ie s  have shown an in v e rse  r e la t io n s h ip  between tem peratu re  

and th e  developm ental tim e o f th e  v a r io u s  i n s t a r s ,  fo r  example McLaren 

(1965) found a lo n g e r developm ental tim e in  th e  A rc t ic  c a lan o id  Pseudo- 

ca lanus a t  lower th a n  a t  h ig h e r  te m p era tu re s . A com parison o f th e  f i e l d  

d u ra tio n s  (o b ta in ed  a t  low er tem p era tu res) to  th e  la b o ra to ry  d u ra tio n s  

shows s im i la r  r e s u l t s  in  D. c la v ip e s  w ith  a t o t a l  developm ental tim e to  

CVI o f 28 days in  th e  f i e l d  and 21.46 days in  th e  la b o ra to ry .

L ife  ta b le s  w ere c o n s tru c te d  f o r  th e  f i r s t  g e n e ra tio n  (g^)

(Table 6 ) ,  t o t a l  y e a r  (T able 7 ) ,  and la b o ra to ry  an im als  (Table 9 ) .

Because o f th e  a b i l i t y  o f  th e  an im als to  m ig ra te  v e r t i c a l l y ,  the  depth 

and d iu rn a l d if f e re n c e s  in  pond te m p era tu re , and th e  r e l a t i v e ly  s im ila r  

developm ental tim es  a t  tem p era tu res  s im ila r  to  th o se  found in  th e  pond, 

th e  d u ra tio n s  o f  th e  v a r io u s  i n s ta r s  computed from  a com posite o f th e  

la b o ra to ry  d a ta  w ere used  fo r  a l l  g e n e ra tio n s  ex cep t g^. S ince  th e  

f i e l d  d u ra tio n s  w ere determ ined  from th e  f i r s t  g e n e ra tio n , th e se  same 

d u ra tio n s  w ere used  f o r  develop ing  th e  l i f e  t a b le  o f th e  f i r s t  g e n e ra tio n .

The number o f  in d iv id u a ls  e n te r in g  each o f  th e  v a r io u s  s ta g e s  

fo r  th e  g^ and la b o ra to ry  study  w ere determ ined  by fo llo w in g  th e  s u rv iv a l 

o f a co h o rt o f in d iv id u a ls  a t  c lo se  in t e r v a l s .  T h is  was accom plished by
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T able 5 . D ura tio n s  o f th e  v a r io u s  i n s t a r s  as  determ ined in  th e  
f i e l d  and computed from a com posite of th e  la b o ra to ry  
d a ta  (approx im ate ly  20° to  25 G; Sam ples, 1972).

S tage
F i r s t

D uration
O ccurrence L abora to ry

Egg-N III 2 1.81

NIV 2 1.39

NV 2 1 .20

NVI 2 1 .24

Cl 2 1.47

CXI 2 1.89

C III 6 3.46

CIV 6 4.35

CV 4 4.65

Composite through CV 28 21.46

CVI 40 40.00 (used f i e l d  d u ra tio n
a f t e r  com parison w ith  
H ard in , 1972)

T o ta l l i f e  c y c le 68 days 61.46 days
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com puting th e  lo s s  o f in d iv id u a ls  between th e  v a r io u s  s ta g e s  a t  two day

in t e r v a l s .  In  g j th e  number o f in d iv id u a ls  reac h in g  CVI was e s tim a ted  by

m u ltip ly in g  th e  r a t i o  o f new a d u l ts  to  t o t a l  a d u l ts  by th e  t o t a l  a d u lt

p o p u la tio n  on 31 March, th e  f i r s t  d a te  new a d u l ts  were observed  in  th e

p o p u la tio n . The g^ a d u l ts  were d is t in g u is h e d  from o ld e r  an im als by t h e i r

more opaque appearance and s l i g h t ly  sm a lle r s iz e .  P r io r  to  31 March none

o f th e  a d u l ts  c o l le c te d  w ere opaque. T his opaque appearance was thought

to  r e s u l t  from t h e i r  new carap ace  (fo llo w in g  th e  m olt from  CV to  CVI) n o t

y e t  h av ing  h ardened , n o t y e t  hav ing  become covered w ith  d e b r is ,  o r fo r

some o th e r  undeterm ined re a so n . The t o t a l  number o f in d iv id u a ls  e n te r in g

each i n s t a r  du ring  th e  d i f f e r e n t  g e n e ra tio n s  o r p e r io d s  was determ ined

by u s in g  th e  fo llo w in g  fo rm ula: 
k
^  ^ i .x  l i , x  + 1 “ ^i
* = J 2 D%

w here: 1 r e f e r s  to  th e  number o f  in d iv id u a ls  a l iv e ;

i  r e f e r s  to  th e  i n s t a r  d e s ig n a tio n ;

X r e f e r s  to  th e  c o l le c t io n  d e s ig n a tio n ;

j  r e f e r s  to  th e  f i r s t  c o l le c t io n  p r io r  to  th e  appearance 

o f  i n s t a r  i ;

k r e f e r s  to  th e  c o l le c t io n  fo llo w in g  th e  l a s t  c o l le c t io n  

in  which i n s t a r  i  ap p ea rs ; 

r e f e r s  to  th e  d u ra tio n  o f  i n s t a r  i ;

Wj r e f e r s  to  th e  in t e r v a l  in  days betw een c o l le c t io n

X and c o l le c t io n  x + 1 ;

Nj r e f e r s  to  th e  number o f  in d iv id u a ls  o f  i n s t a r  i  

produced in  th e  in te r v a l  x to  x  + 1 ; and i t  a lso  

r e f e r s  to  th e  number o f in d iv id u a ls  o f  i n s t a r  i  

produced in  a p a r t i c u l a r  g e n e ra tio n .
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T ab le  6 shows th e  l i f e  t a b le  f o r  g^ . The 1^ and columns o f  

t h i s  l i f e  ta b le  re v e a l  over 80% m o r ta l i ty  from egg to  NIV w ith  836.62 

ou t o f every  1000 in d iv id u a ls  e n t e r i n g , ,dying d u ring  t h i s  i n t e r v a l .

Except f o r  th e  a d u l t  i n s t a r  ;A ich^  o f  c o u rse , h a s  a m o r ta l i ty  r a t e  (q^) 

p e r  1000 e n te r in g  t h i s  s ta g e  o f  1000, th e  egg to  NIV in t e r v a l  h as  th e  

h ig h e s t  m o r ta l i ty  r a t e .  The second h ig h e s t  m o r ta l i ty  r a t e  o ccu rs  betw een 

s ta g e s  NVI and Cl w ith  613.87 o u t o f  every  1000 in d iv id u a ls  e n te r in g ,  

dying d u rin g  t h i s  i n t e r v a l .  The C III  to  CIV in t e r v a l  h as  a m o r ta l i ty  

r a t e  o f  422.73 p e r  1000 ( th i r d  h ig h e s t ) .  The ap p a re n t n e g a t iv e  m o r ta l i ty  

r a t e  founds betw een s ta g e s  CV and CVI r e v e a ls  th e  l im i t a t i o n  o f  t h i s  

te c h n iq u e . I t  (n e g a tiv e  m o r ta l i ty )  r e s u l te d  from e i th e r  an o v e re s tim a te  

o f  th e  numbers o f  CVI o r  an u n d e re s tim a te  o f  th e  numbers o f  CV in  t h i s  

g e n e ra tio n . The n e g a t iv e  m o r ta l i ty  r a t e  does su g g e s t, how ever, th a t  

l i t t l e  m o r ta l i ty  o ccu rred  betw een s ta g e s  CV and CVI.

The s h o r te s t  l i f e  expectancy  f o r  gĵ  i s  in  th e  egg to  N III  s ta g e , 

w ith  th e  rem ainder o f  th e  n a u p l ia r  s ta g e s  a ls o  hav ing  low er e^  v a lu e s  

th a n  any o f  th e  co p ep o d ite  s ta g e s  (T ab le  6 ) .  The lo n g e s t l i f e  expectancy  

i n  t h i s  g e n e ra tio n  (32.36 days) i s  found in  th e  CIV, a lth o u g h  in  a l l  

c o p ep o d ite  s ta g e s  ex cep t C II (e^  o f  18.45 days) th e  l i f e  expectancy  i s  

g r e a te r  th a n  20 d ay s . The l i f e  e x p e c ta n c ie s  o f  th e  s ix  copepodid s ta g e s  

c o n t r a s t  w ith  th o se  o f  3 .12  days, 11.97 days, and 9 .1 4  days f o r  egg , NIV, 

and NVI, r e s p e c t iv e ly .

S u rv iv o rsh ip , m o r ta l i ty ,  and lo n g e v ity  r a t e s  f o r  th e  com plete 

s tudy  (T ab le  7) re v e a le d  s im i la r  tre n d s  as  th o se  o f  g^ . The h ig h e s t  

m o r ta l i ty  r a t e ,  881 .40  p e r  1000 in d iv id u a ls  e n te r in g  dying  d u rin g  th e  

i n t e r v a l ,  o c c u rre d  in  th e  egg to  N III  s ta g e . T h is  was fo llow ed  by a



Table 6 . L ife  ta b le  fo r  th e f i r s t  g en era tio n  u s in g  th e  f i r s t  occu rren ce to
determ ine th e  d u ra tion s o f  th e  v a r io u s  s ta g e s .

S tag e Number l i v in g  
a t  b eg in n in g  
o f  age i n t e r v a l

Number dy ing  
in  i n t e r v a l

M o r ta l i ty  r a t e  Mean number 
p e r  1000  a l i v e  a l i v e  
a t  b e g in n in g  
o f  age i n t e r v a l

T o ta l  l i f e  
ex p ec tan cy

Mean l i f e - t i m e  
rem a in in g  f o r  
th o s e  a t t a i n i n g  
age i n t e r v a l

1_ d̂ ^ q.. L^ T e
X X X X X

Egg-N III: 1000 .00 836 .62 836 .62 581 .69 3119.02 3 .1 2

NIV 163.38 17 .22 105.39 154.77 1955.64 11.97

NV UNABLE TO DETERMINE FROM DATA.

NVI 146.16 89 .73 613 .87 101.30 1336.56 9 .1 4

Cl 56 .4 4 1 .05 18.61 55 .92 1133.96 20.09

C II 55 .39 15 .79 285.07 47 .4 9 1 02 2 .1 2 18.45

C II I 3 9 .6 0 16.74 422 .73 31 .58 927 .14 23.41

CIV 2 2 .8 6 0 .5 7 24 .93 22.58 739.76 32 .36

CV 22.29 -3 .1 6 -1 4 1 .6 3 23.87 604.28 27.11

CVI 25 .44 25 .4 4 10 0 0 .0 0 12.72 508 .80 2 0 .0 0

O rig in a l  1^ e q u a ls  10 .454  X 10 .



T able 7 . L ife  ta b le  fo r  th e  conq>lete y ea r  study u s in g  th e com posite lab oratory
data to  determ ine th e  d u ra tion s o f  th e v a r io u s  s ta g e s .

S tag e Number l i v in g  
a t  b eg in n in g  
o f  age  i n t e r v a l

Number dy ing  
in  i n t e r v a l

M o r ta l i ty  r a t e  
p e r  1000  a l i v e  
a t  b eg in n in g  
o f  age i n t e r v a l

Mean number 
a l i v e

T o ta l  l i f e  
ex p ec tan cy

Mean l i f e - t i m e  
rem a in in g  f o r  
th o s e  a t t a in i n g  
age i n t e r v a l

Ix dx 9x Lx ?x ®x

E gg-N III: 1 0 0 0 .00 881 .40 881 .40 559 .30 1691.90 1 .69

NIV 118.60 5 0 .6 2 426 .79 93 .29 679 .57 5 .7 3

NV 67 .98 1 5 .2 4 224.15 60 .36 549 .89 8 .0 9

NVI 5 2 .7 4 24 .76 469 .42 40 .36 477 .46 9 .05

Cl 27 .98 1 .2 2 4 3 .5 4 27.38 427 .41 15.28

C II 26 .77 11 .09 414 .21 2 1 .2 2 387 .17 14.46

C II I 15 .68 0 .8 5 53 .93 15.26 347.06 22.13

CIV 14.83 0 .1 8 11 .80 14.75 294.26 19 .84

CV 14.66 5 .8 8 401.01 11 .72 230 .10 15 .70

CVI 8 .7 8 8 .7 8 1 0 0 0 .0 0 4 .3 9 175.60 2 0 .0 0

%
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m o r ta l i ty  r a t e  o f 469.42 p e r  1000 fo r  th e  NVI to  Cl I n te r v a l .  The 

g r e a te s t  l i f e  expectancy (22 .13  days) was found in  th e  G U I s ta g e .

A lthough l i f e  ex p ec tan c ies  fo r  th e  v a rio u s  s ta g e s  o f th e  com plete 

y e a r 's  d a ta  were n o t as  long a s  th o se  fo r  th e  f i r s t  g e n e ra tio n , they 

fo llow ed  a s im ila r  tre n d  w ith  a l l  th e  copepod ite  s ta g e s  hav ing  longer 

l i f e  e x p ec tan c ie s  than  n a u p l ia r  s ta g e s .  The low est l i f e  expectancy  was 

ag a in  in  th e  egg to  N III s ta g e ,  1 .69 days, w h ile  NIV, NV, and NVI had 

l i f e  e x p ec tan c ie s  o f  5.73 d ay s , 8 .09  days, and 9 .05 day s, r e s p e c t iv e ly .

The low est l i f e  expectancy f o r  copepod ite  s ta g e s  was found in  CXI 

(14.46 days) w ith  each o f  th e  o th e r  copepod ite  i n s t a r s  hav in g  l i f e  

e x p ec tan c ie s  o f g r e a te r  th an  15 days.

The l i f e  ta b le  from th e  f u l l  y e a r  fu rn is h e s  f u r th e r  evidence 

th a t  th e  d u ra tio n  determ ined  f o r  th e  a d u l t  s ta g e  was r e l a t i v e l y  a c c u ra te .

A s u c c e s s fu l p o p u la tio n  hav ing  an annual re p ro d u c tiv e  p e r io d ,  w ith  no 

em ig ra tio n  and im m igra tion , and whose numbers a re  in  p a r t  determ ined 

by th e  c y c le  o f  a v a i la b le  food , should have app rox im ate ly  th e  same 

number o f  organism s a l iv e  a t  th e  beg inn ing  o f  th e  re p ro d u c t iv e  p e rio d  

in  one y e a r  as  th e  n e x t ,  p ro v id ed  th a t  th e  a v a i la b le  environm ent rem ains 

th e  same. The i n t r i n s i c  r a t e  o f  n a tu r a l  in c re a s e  (B irch , 1948), o r ' r ' ,  

f o r  such a p o p u la tio n  would b e  expected  to  approach 0 f o r  th e  com plete 

y e a r .  When ' r ' was c a lc u la te d  from th e  f u l l  y e a r 's  d a ta  u s in g  a 40 day 

d u ra tio n  f o r  th e  a d u l t  s ta g e  and th e  average m^ (number o f  e g g s /a d u lt/d a y )  

v a lu e s  f o r  th e  y e a r  (F ig u re  8 ) ,  i t  came ou t to  be -0 .0 3  (T ab le  8 ) ,  s u r 

p r i s in g ly  c lo se  to  0 in  view  o f th e  l im i ta t io n s  o f  th e  method employed.

M orris and M ille r  (1954) chose th e  s ta g e s  in  th e  l i f e  cy c le  o f 

th e  sp ru ce  budworm \dien i t  cou ld  most e a s i ly  be d es tro y ed  by determ in ing
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T ab le  8 . C a lc u la t io n  o f  th e  I n t r i n s i c  r a t e  o f  n a tu ra l  in c re a s e  
( r )  u s in g  th e  a d u l t  su rv iv o rsh ip  from th e  f u l l  y e a r  
s tu d y , a 40 day d u ra tio n  f o r  th e  a d u l t  s ta g e , and th e  
average  m^ v a lu e  f o r  th e  y e a r .

S tage D u ra tio n 1„  m
*  X l x * x x l y M x

Egg 0 -1 .8 1 1.00000  0 0 .00

CV 21.46

CVI 25.46 0.00878 2.78339 0.02443 0.62980

I I 29.46 I I  I I I t 0.71970

I I 33.46 I I  I I I I 0.81742

I I 37.46 I I  I I I I 0.91514

I I 41.46 I I  I I I I 1.01286

I I 45.46 I I  I I I I 1.11058

I I 49.46 I I  I I I I 1.20830

II 53.46 I I  I I I I 1.30602

II 57.46 I I  I I I I 1.40374

I I 61.46 I I  I I I I 1.50146
T o ta l 0.24430 10.61720

T (g e n e ra tio n  tim e) = 39.45968

(n e t re p ro d u c tiv e  r a t e )  

r  = -  0.03572

= 0 .24430; In  = -1 .4094
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th e  s ta g e s  w here th e  g r e a te s t  m o r ta l i ty  r a t e s  o ccu rred . In  a com parison 

o f th e  l i f e  ta b le s  developed from th e  f i e l d  d a ta  (gj  ̂ and f u l l  y e a r ;

T ab les 6 and 7) two s ta g e s  have s im i la r ly  h ig h  m o r ta l i ty  r a t e s .  The 

h ig h e s t  m o r ta l i ty  r a t e  i s  found in  th e  egg to  N III  s ta g e  w ith  g r e a te r  

th an  80% o f  th e  an im als dying in  t h i s  in t e r v a l  in  each group. A second 

h ig h  m o r ta l i ty  r a t e ,  a lm ost 47%, a lth o u g h  much le s s  than  in  th e  egg to  

N III  s ta g e , o ccu rs  in  NVI. T h is i s  n o t  unexpected  in  view  o f  th e  d r a s t i c  

m orpho log ical changes o c c u rr in g  in  th e  in d iv id u a l  between t h i s  s ta g e  and 

C l. In  c o n t r a s t  to  s u rv iv a l  o f app ro x im ate ly  11% in  eg g s, once Cl i s  

a t ta in e d  th e  p r o b a b i l i ty  o f  su rv iv in g  to  m a tu r ity  approaches 50%. T h is  

d if f e r e n c e  in  s u rv iv o rs h ip  between th e  egg, n a u p l ia r ,  and copepod ite  

s ta g e s  i s  f u r th e r  dem onstra ted  by th e  l i f e  e x p ec tan c ie s  o f th e  v a r io u s  

i n s t a r s ,  th e  c o p ep o d ite  s ta g e s  hav ing  la r g e r  e^  v a lu e s  than  any o f  th e  

younger s ta g e s .

The l i f e  ta b le  p rep a red  from  la b o ra to ry  d a ta  (T able 9) shows 

th a t  th e  m o r ta l i ty  r a t e s  o f  th e  egg to  N II I  s ta g e  and th e  NVI s ta g e  

a re  alm ost i d e n t i c a l ,  w ith  281.51 and 284,58 d ea th s  p e r  1000 in d iv id u a ls ,  

r e s p e c t iv e ly .  The m o r ta l i ty  r a t e s  o f  th e  egg to  N III s ta g e  and a l l  

n a u p l ia r  s ta g e s  a re  h ig h e r  th an  f o r  any co p ep o d ite  s ta g e  ex cep t CV. The 

mean l i f e  e x p e c ta n c ie s  fo r  th e  d i f f e r e n t  co p ep o d ite  s ta g e s  a r e  h ig h e r  

th an  th o se  f o r  e i t h e r  th e  egg to  N III  o r  any o f th e  n a u p l ia r  s ta g e s ,  

w ith  v a lu e s  ran g in g  from 20.00 days f o r  th e  CVI i n s t a r  to  24.19 days 

f o r  Cl and 24.58 days f o r  C I I I .  The l i f e  e x p ec tan c ie s  fo r  th e  n a u p l ia r  

s ta g e s  and th e  egg to  N III  s ta g e  ranged  from a low o f  12.92 days fo r  

th e  egg to  N III  s ta g e  to  18.37 days f o r  th e  NVI in s t a r .



T ab le  9 . L if e  t a b le  f o r  la b o ra to r y  an im a ls  u s in g  com plete  d a ta  from  a l l  a n im a ls  a t  
a l l  te m p e ra tu re s .

S tag e Number l i v in g  
a t  b e g in n in g  
o f  age i n t e r v a l

Number dy ing  
in  i n t e r v a l

M o r ta l i ty  r a t e  Mean number 
p e r  1000  a l i v e  a l i v e  
a t  b e g in n in g  
o f  ag e  i n t e r v a l

T o ta l  l i f e  
ex p ec tan cy

Mean l i f e - t i m e  
rem a in in g  fo r  
th o s e  a t t a i n i n g  
ag e  i n t e r v a l

1% dx 4x Lx ?x ®x

E gg-N III 1 0 0 0 .0 0 281.51 281.51 859 .29 12917.72 12 .92

NIV 718.49 115.55 160.82 660.71 11362.49 15 .81

NV 602 .94 71 .43 118.47 567.23 10444.11 17 .32

NVI 531.51 151.26 284.58 455.88 9763.43 18.37

Cl 380 .25 18 .91 4 9 .7 2 370 .80 9198.14 24 .19

C II r361 .34 35 .71 9 8 .8 4 343 .49 8653.06 23.95

C II I 325.63 27 .31 83 .87 311 .97 8003.87 24 .58

CIV 298.32 18.91 63 .38 288.87 6924.45 23 .21

CV 279.41 5 4 .6 2 195.49 252.10 5667.87 20 .29

CVI 224.79 224.79 1 0 0 0 .0 0 112.39 4495 .60 2 0 .0 0

O rig in a l Ijj e q u a ls  1 .302 X 10^.

wva
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Comparison o f th e  th re e  l i f e  t a b le s  re v e a ls  se v e ra l i n t e r e s t in g  

p o in t s .  A lthough a s im i la r  tre n d  in  th e  m o r ta l i ty  r a te s  of an im als i s  

seen in  th e  th re e  ta b le s  w ith  egg to  N III  and NVI having th e  h ig h e s t  

m o r t a l i t i e s ,  th e  ta b le  d e riv e d  from la b o ra to ry  d a ta  re v e a ls  alm ost th e  

same m o r ta l i ty  r a t e s  in  th e  egg to  N III  and NVI s ta g e s ; w hereas, in  th e  

f i e l d  d eriv e d  ta b le s ,  m o r ta l i ty  i s  f a r  g r e a te r  in  th e  egg to  N III  s ta g e  

th an  in  th e  NVI s ta g e .

A nother d if f e r e n c e  between la b o ra to ry  and f i e l d  d eriv ed  m o r ta l i ty  

i s  in  d eg ree . A pproxim ately 28% o f th e  eggs p e r ish e d  in  th e  la b o ra to ry  

w h ile  over 84% o f a l l  th e  eggs produced in  th e  f i e l d  and alm ost 84% o f 

th e  eggs produced by th e  o v e rw in te rin g  fem ales f a i l e d  to  develop to  NVI.

P lo ts  o f 1^ cu rves  fo r  th e  f i r s t  g e n e ra tio n , la b o ra to ry  popu

l a t i o n ,  and com plete y e a r 's  d a ta  a llow s v is u a l  comparison o f s u rv iv o rsh ip  

f o r  th e  th re e  groups (F ig u re  5 ) .  A d e f i n i t e  s im i la r i ty  in  form e x i s t s  

among th e  th re e  cu rv es  w ith  th e  g r e a te s t  s u rv iv a l  o ccu rrin g  in  th e  

la b o ra to ry  p o p u la tio n . I f  th e  su rv iv o rsh ip  cu rve o f  th e  la b o ra to ry  popur 

l a t io n  i s  co n s id e red  to  show th e  s u rv iv a l  f o r  th e  v a rio u s  s ta g e s  w ith o u t 

th e  e f f e c t s  o f a n a tu r a l  environm ent, th en  th e  d if fe re n c e s  betw een th i s  

cu rve  and th e  two f i e l d  d e riv e d  cu rves can be  con sid ered  as rough i n d i 

c a t io n s  of th e  e f f e c t s  o f env ironm enta l f a c to r s .

The forms o f  th e  th r e e  s u rv iv o rsh ip  cu rves range from a n e a r  

d ia g o n a l cu rve fo r  th e  immature s ta g e s  o f  th e  la b o ra to ry  an im als (d ea th  

o c c u rr in g  independant o f  age) to  th e  p o s i t iv e ly  skewed curve f o r  th e  

i n s t a r s  o f  th e  two f i e l d  p o p u la tio n s  (h igh  e a r ly  m o r ta l i ty ) .  I t  ap p ea rs  

t h a t  a n e g a t iv e ly  skewed cu rve  c h a r a c te r iz e s  th e  a d u l t  s ta g e  o f  each



F ig u re  5 . S u rv iv o rsh ip  cu rves fo r  th e  f i r s t  g e n e ra tio n  (g^), 
la b o ra to ry  p o p u la tio n , and com plete y e a r 's  s tu d y .
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group w ith  th o se  an im als reach in g  adu lthood  su rv iv in g  u n t i l  they d ie  

o f o ld  age. T h is  fo llo w s ^ e n :

1 ) i t  i s  assumed th a t  th e  sharp  d e c l in e s  in  a d u l t  p o p u la tio n  

on 18 A p ril and 28 May r e s u l t e d  from a more o r  le s s  synch

ronous dea th  o f  a la rg e  segment o f  th e  a d u l t  p o p u la tio n ;

2 ) i t  i s  r e c a l le d  th a t  th e  ' r '  v a lu e  f o r  th e  e n t i r e  y e a r  was 

c lo se  to  th e  expected  0 f o r  a 40 day d u ra tio n  o f a d u lt  

i n s t a r  (Table 9 ) ;

3) th e  c lo se  agreem ent w ith  la b o ra to ry  d a ta  fo r  th e  same sp e c ie s

(H ard in , 1972) i s  c o n s id e re d .

A summation o f th e  d u ra tio n  p e r io d s  o f  th e  v a r io u s  s ta g e s  g iv e s  

th e  le n g th  o f tim e th a t  a p a r t i c u la r  g e n e ra tio n  su rv iv e d . Assuming th a t  

th e  d e c l in e  o f  a d u l ts  on 28 May in d ic a te s  th e  m id p o in t o f  th e  CVI d u ra tio n  

fo r  th e  second g e n e ra tio n  ( i t  would a ls o  be  th e  l a s t  day o f  o ccu rrence  fo r  

g ^ ) ,  i t  was p o s s ib le  to  determ ine  th e  d a te s  d u rin g  which th e  gg a d u l ts  

w ere l i v in g .  S u b tra c tin g  th e  developm ental tim e from egg to  CVI from 

th e  t o t a l  g e n e ra tio n  tim e p ro v id ed  th e  d a te  when th e  f i r s t  g^ eggs w ere 

produced . A s im i la r  c a lc u la t io n  determ ined  th e  l a s t  p o s s ib le  d a te  an 

egg could  be  produced and s t i l l  develop  in to  what would be considered  

a gg a d u l t .  T h is  p rocedu re  i s  i l l u s t r a t e d  in  F ig u re  6 . A summation 

of th e  eggs produced in  t h i s  p e r io d  was tak en  as  an e s tim a te  of th e  

number o f eggs e n te r in g  g^. E s tim a te s  o f  th e  numbers o f  th e  v a rio u s  

i n s t a r s  w ere determ ined  in  l i k e  manner (u s in g  form ula on page 3 6 ).

U sing th e  f i n a l  d a te s  o f  th e  v a r io u s  s ta g e s  f o r  a p a r t i c u l a r  g e n e ra tio n  

as  s t a r t i n g  p o in t s ,  subsequent g e n e ra tio n s  could  b e  fo llow ed .



F ig u re  6 . G rap h ica l model o f  th e  method used  in  d e te rm in in g  th e
f i r s t  and l a s t  d a te s  th a t  an anim al could  e n te r  each o f 
th e  v a r io u s  s ta g e s  (egg to  CV) and s t i l l  m atu re  in  tim e 
to  be co n sid e re d  a member o f th e  second g e n e ra tio n  (g g ).
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The numbers o f  th e  d i f f e r e n t  in s t a r s  o f fo u r su c c e ss iv e  

g e n e ra tio n s  (§2 th rough gg) w ere c a lc u la te d  a cc o rd in g ly . Because o f 

th e  in c re a sed  p o s s i b i l i t y  o f e r r o r  r e s u l t in g  from sam pling a t  fo u rte e n  

day in te r v a ls  th e  l i f e  ta b le s  f o r  g e n e ra tio n s  two through f iv e  a re  n o t 

p re se n te d  h e re  b u t a re  in c lu d ed  in  Appendix I I .  Of i n t e r e s t ,  how ever, 

i s  th e  f a c t  th a t  \dien th e  r a t e  o f  s u rv iv a l  from egg to  NIV and CVI fo r  th e  

f iv e  g e n e ra tio n s  a re  p lo t te d  on sem ilog paper (F igure  7) s im i la r  s lo p es  

a re  found in  a l l  c a se s  w ith  a  d e c re a s in g  r a t e  of su rv iv a l from  g^ to  gg.

I t  appears th a t  a somevhat c o n s ta n t m o r ta l i ty  r a t e  i s  found in  a l l  

g e n e ra tio n s  once th e  NIV s ta g e  h as  been a t ta in e d .

L ife  ta b le s  and c e r t a in  cu rves th a t  can be c o n s tru c te d  from them 

a re  v a lu a b le  a id s  in  d e te rm in in g  g e n e ra l c h a r a c te r i s t i c s  o f anim al popu

l a t i o n s .  They a lso  a id  th e  in v e s t ig a to r  in  determ in ing  th o se  s ta g e s  o f 

th e  l i f e  c y c le  which have th e  h ig h e s t  m o r ta l i ty  r a t e s .  T h is i s  o f v a lu e  

to  th e  in d iv id u a l  s tu d y in g  p e s t  sp e c ie s  in  th a t  he can , through u se  o f 

t h i s  approach , d e term ine  th e  weak p o in ts  o f th e  l i f e  c y c le ; and he can 

c o n c e n tra te  on in c re a s in g  th e  m o r ta l i ty  r a t e s  in  th e se  s ta g e s .  I f  one i s  

in te r e s te d  in  s tu d y in g  th e  p o p u la tio n  dynamics o r  p ro d u c t iv i ty  o f  a sp e c ie s  

o f  an im al, th e  use  o f  1^  cu rves g iv e s  th e  in fo rm atio n  n e c e ssa ry  in  d e te r 

m ining where to  c o n c e n tra te  and what to  s tu d y . In  D. c la v ip e s  i t  i s  

ap p aren t th a t  th e  cause  o f  m o r ta l i ty  (\Aiat) i s  o f im portance p r im a r ily  

du ring  th e  egg to  N III  in t e r v a l  (\d iere) w ith  th e  p o s s ib le  in c u s io n  o f 

th e  m etam orphosis from NVI to  C l. M o r ta l i ty  i s  o f l i t t l e  consequence 

in  th e  a d u l t  i n s t a r  s in c e  a p p a re n tly  a p h y s io lo g ic a l 1^  cu rve i s  found 

in  t h i s  s ta g e . C onsequently  a t t e n t io n  should be focused on th o se  f a c to r s  

\d iich  may a f f e c t  th e  re p ro d u c tiv e  r a t e .



F ig u re  7 . R ate o f  s u rv iv a l  from egg to  NIV and CVI f o r  th e  f iv e  
g e n e ra tio n s  enco u n te red  in  th e  1971 re p ro d u c tiv e  y e a r .



1 0 0 0

1 0 0

o o o

flC
l ü
Q.

(0
a
O
>
>
flC

co

10

1
o g g  4

N
t

C

STAGE



461

R eproduction

A n aly s is  o f th e  s u rv iv o rs h ip  curves re v e a le d  th re e  p o in ts  o f 

th e  l i f e  c y c le  r e q u ir in g  f u r th e r  c o n s id e ra tio n , egg p ro d u c tio n , th e  s u r v i 

v o rsh ip  o f  th e  egg to  N I I I ,  and su rv iv o rsh ip  from  NVI to  th e  Cl s ta g e . 

Edmondson (1960) used  a s  h i s  re p ro d u c tiv e  index  th e  r a t i o  o f  eggs to  

an im als  in  th e  p o p u la tio n  (c ru d e  b i r t h  r a t e ) .  S in ce  th e  eggs a re  c a r r ie d  

by th e  fem ale and th e  a d u l ts  a re  e a s i ly  d is t in g u is h e d  from th e  immature 

co p ep o d ite  s ta g e s  (Kamal and A rm itage, 1967) in  t h i s  s p e c ie s ,  i t  was 

p o s s ib le  to  determ ine th e  r a t i o  o f  eggs to  a d u l t s .  In  th e  p rev io u s  s e c tio n  

th e  developm ent tim e from  egg to  N III was shown. Because th e  developm ent 

tim e v a r ie s  on ly  s l i g h t l y  w ith  tem pera tu re  (H ard in , 1972) excep t n e a r  

th e  low er l im i t  fo r  re p ro d u c t io n , a two day d u ra tio n  fo r  th e  egg s ta g e  has 

been used to  compute th e  s p e c i f i c  b i r t h  r a t e s .  By d iv id in g  th e  t o t a l  

number o f  eggs by th e  p ro d u c t o f  th e  t o t a l  a d u l t  p o p u la tio n  and th e  

d u ra tio n  o f th e  egg s ta g e ,  a s p e c if ic  b i r t h  r a t e ,  o r  m^ v a lu e , can be 

c a lc u la te d  fo r  any d a te .

An average o f  2 .78  eggs p e r  a d u l t  p e r  day was produced during  

th e  e n t i r e  study p e r io d  (F ig u re  8 ) .  During th e  f i r s t  th re e  c o l le c t in g  

d a te s ,  Wien th e  te m p era tu re  was w e ll below th e  low er l im i t s  fo r  re p ro d 

u c t iv e  a c t i v i t y ,  a s  determ ined  in  th e  la b o ra to ry ,  th e  m^ v a lu e s  w ere below 

th e  y e a r ly  w eighted mean. S ta r t in g  w ith  27 F eb ruary  and co n tin u in g  u n t i l  

27 M arch, th e  m^ v a lu e s  ro s e ,  peaking a t  9 .3 5 . A f te r  th i s  d a te  th e  m^ 

v a lu e s  s te a d i ly  d ec reased  b u t  rem ained above th e  mean u n t i l  10 A p r i l .

From th i s  d a te  u n t i l  th e  c u lm in a tio n  o f  th e  s tu d y , th e  m^ v a lu es  ro s e  

above th e  mean only  d u rin g  th e  p e rio d  o f  9 J u ly  to  6 A ugust, 1971.



F ig u re  8 . S p e c if ic  b i r t h  r a t e s  (m^) a s  c a lc u la te d  fo r  each c o l le c t in g  
d a te  and th e  w eighted  mean m^ v a lu e  (2 .78 ) fo r  th e  e n t i r e  
re p ro d u c tiv e  y e a r .  The v e r t i c a l  d o tte d  l i n e  between 18 
A p ril and 24 A p ril shows a  change in  s c a le  from two day 
to  approx im ate ly  fo u r te e n  day in t e r v a l s .
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A lthough th e  mean w a te r tem p era tu re  (F ig u re  12) ro se  d u rin g  th e  p e rio d  

from 27 March u n t i l  3 Septem ber, re a c h in g  th e  optimum te m p era tu re  fo r  

re p ro d u c tio n  o f t h i s  sp e c ie s  o f  21° C (H ard in , 1972) on 28 May, th e  m^ 

v a lu e s  d id  n o t fo llo w  a s im i la r  p a t te r n  (F ig u re  8 ) .

To determ ine w hether th e  ap p a re n t d if f e re n c e s  in  m^ v a lu es  

d u rin g  th e  v a r io u s  p e r io d s  o f  th e  y e a r  w ere s t a t i s t i c a l l y  d i f f e r e n t ,  

th e  d a ta  w ere d iv id ed  in to  fo u r  g roups by season . These seasons a re  th e  

p e r io d s  o f  th e  y e a r  when th e  re p ro d u c in g  anim als reached  ad u lth o o d . The 

f i r s t  season  o f t h i s  study  i s  c a l le d  w in te r  and in c lu d e s  d a ta  from th e  

o n se t o f  th e  s tu d y , 19 F eb ru ary , u n t i l  31 March, \dien th e  f i r s t  new 

in d iv id u a ls  reached m a tu r i ty .  The sp r in g  group o f  organism s a re  th o se  

c o l le c te d  between 31 March and 28 May. T h is  l a t t e r  d a te  was p re v io u s ly  

d e sc r ib e d  as  th e  f i n a l  d ie - o f f  d a te  fo r  th e  f i r s t  g e n e ra tio n . Summer 

season  i s  28 May u n t i l  30 Septem ber w h ile  th e  f a l l  season  ru n s  from 30 

Septem ber u n t i l  29 O ctober. The f a l l  season  was c h a ra c te r iz e d  by 

d e c re a s in g  te m p e ra tu re s , a lth o u g h  th ey  w ere w e ll above th e  low er l im i t  

f o r  re p ro d u c tio n .

A n a ly s is  o f  v a r ia n c e  o f  th e  fo u r g roups (T able 10) showed a 

s ig n i f i c a n t  d if fe re n c e  among means o f  th e  v a r io u s  seaso n s . To determ ine 

which p a i r s  o f seasons w ere s ig n i f i c a n t l y  d i f f e r e n t ,  a  Student-Kewman- 

K euls t e s t  (SNK) was u sed . The SNK t e s t  i s  an a p o s t e r i o r i  t e s t  in  which 

th e  means a re  ranked from s m a lle s t  to  l a r g e s t .  T e s tin g  b eg in s  by compar- 

in g e  th e  most extrem e p a i r s  and p ro ceed s s te p -w ise  to  th e  m ost s im ila r  

p a i r s  so long  as a d e te c ta b le  d i f f e r e n c e  betw een each p a i r  i s  found.

The low est mean m^ v a lu e  was th a t  fo r  th e  f a l l  season  fo llow ed  in  in c re a s 

in g  o rd e r  by th e  summer, s p r in g ,  and th en  w in te r  means (T ab le  11 ).



T a b le  10. Anova t a b l e  on th e  d i f f e r e n c e  betw een  th e  v a lu e s  o f  
th e  v a r io u s  s e a so n s .

Source o f  v a r i a t i o n d f SS MS Fs

Among se a so n s 3 109.6651 36 .5534 8.7624*

W ith in  sea so n s « 175.3545 4 .1701

T o ta l 45 285.0196 -

* P < 0 .0 1
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T able  11 . A p o s t e r i o r i  conq>arison o f  th e  se a so n a l v a lu es  
u s in g  th e  Student-Newman-K euls t e s t .

F a l l Summer Spring W inter

Y 0.4472 2.5779 3 .0 3 .6 5.3306

n 3 9 14 21
2

S

Ÿ n

0.2583 2.7774 5.3713 5.3967

F 0.4472 3

Su 2.5779 9 2.1307*

Sp 3 .0316 14 2.5844* 0.4537

W 5.3306 21 4.8834* 2.7527* 2.2990* —

* P = 0 .05



F ig u re  9 . P ro p o r tio n  o f  a d u l t  fem ales c a rry in g  eggs on each c o l 
le c t in g  d a te .  The v e r t i c a l  d o tte d  l i n e  betw een 18 A p ril 
and 24 A p r il  shows a change in  s c a le  from two day to  
ap p ro x im ate ly  fo u rte e n  day i n t e r v a l s .
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T a b le  12. Anova t a b l e  on th e  d i f f e r e n c e  betw een  th e  p e rc e n ta g e  
o f  fem a le s  c a r ry in g  eggs d u r in g  th e  v a r io u s  s e a so n s .

Source  o f  v a r i a t i o n d f SS MS Fs

Among seaso n s 3 74.1164 24.7054 2.3181*

W ith in  seaso n s 458.2621 10.6572

T o ta l 45 532,3785

* P < 0 . 10

KJlW



F ig u re  10. R a tio  o f  m ales to  fem ales in  th e  a d u l t  p o p u la tio n  on
each c o l le c t in g  d a te .  The v e r t i c a l  d o tte d  l i n e  between 
18 A p ril and 24 A p r il  shows a change in  s c a le  from two 
day to  app rox im ate ly  fo u r te e n  day i n t e r v a l s .
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low (F ig u re  4) th e  r a t i o  o f m ales to  fem ales was s ig n i f i c a n t ly  above th e  

y e a r ly  av erag e  o f  1.28 ( te s te d  by a m o d if ic a tio n  o f  th e  S tu d e n t 's  ' t ' 

t e s t  d es ig n ed  to  t e s t  th e  d if f e r e n c e  betw een a s in g le  o b se rv a tio n  and 

th e  mean o f  a g roup; Sokal and R o h lf, 1969). P re v io u s ly  i t  was in d ic a te d  

th a t  th e s e  d a te s  w ere taken  a s  th e  d ie - o f f  d a te s  fo r  th e  p rev io u s  

g e n e ra tio n s  (w in te r and %-y, r e s p e c t iv e ly ) .

An a n a ly s is  o f v a r ia n c e  perform ed on th e  v a lu es  fo r  th e  r a t i o s  

o f m ales to  fem ales during  th e  fo u r seasons (T able 13) re v e a le d  a s i g n i 

f ic a n t  d i f f e r e n c e  among seaso n s . However, when an SNK t e s t  was ru n  on 

on th e s e  d a ta  (T able 1 4 ), th e  only  seaso n a l d if f e re n c e s  d e te c ta b le  w ere 

between th e  f a l l  mean and th o se  fo r  each o f  th e  rem ain ing  th re e  se a so n s . 

S ince th e  r a t i o  o f  m ales to  fem ales in  th e  f a l l  would have no b e a r in g  on 

th e  m^ v a lu e s  o b ta in ed  d u ring  th e  p rece d in g  re p ro d u c tiv e  y e a r , th e  r a t i o  

o f  m ales to  fem ales was assumed to  be  u n im portan t in  d e term in ing  th e  

m^ v a lu e s  o b ta in e d  in  t h i s  s tu d y .

The f i n a l  f a c to r  s tu d ie d  was th e  mean number o f eggs p e r  c lu tc h  

(F ig u re  1 1 ) , A n a ly s is  o f v a r ia n c e  showed a s ig n i f i c a n t  d if f e r e n c e  among 

means o f  th e  fo u r seasons (T able 1 5 ). The low est mean number o f  eggs 

p e r  c lu tc h  (15 .25) o ccu rred  in  th e  summer p e r io d  and was fo llow ed  in  

ascend ing  o rd e r  by th e  means f o r  f a l l ,  s p r in g , and w in te r  (Table 1 6 ).

The mean v a lu e  f o r  w in te r  was tw ice  th a t  o f  summer w ith  30.53 eggs p e r  

c lu tc h  o c c u rr in g . A d e te c ta b le  d if f e r e n c e  o ccu rred  between th e  p a i r s  o f 

means f o r  a l l  seasons excep t summer and f a l l  (T able 16). The mean number 

o f  eggs p e r  c lu tc h  appears to  be th e  most im p o rtan t o f . t h e  th re e  f a c to r s  

s tu d ie d  in  de term in ing  th e  m^ v a lu e s .



T ab le  13. Anova t a b l e  on th e  d i f f e r e n c e  betw een th e  r a t i o  o f  
m ales to  fem a les  d u rin g  th e  v a r io u s  s e a so n s .

S ource o f  v a r i a t i o n d f S3 MS F
s

Among seaso n s 3 8 .2 7 8 4 2.7594 28.8037*

W ith in  seaso n s 4 .0268 0.0958

T o ta l 45 12.3052

*  P < 0 . 0 1

LnO'



F ig u re  11. Mean number o f  eggs p e r  c lu tc h  on each c o l le c t in g  d a te .
The v e r t i c a l  d o tte d  l i n e  between 18 A p ril and 24 A p ril 
shows a change in  s c a le  from two day to  approx im ate ly  
fo u r te e n  day in t e r v a l s .
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T able 14. A p o s t e r i o r i  com parison o f  th e  seaso n a l means o f 
th e  r a t i o s  o f m ales to  fem ales u s in g  th e  S tuden t- 
Newman-Keuls t e s t .

Summer W inter Spring F a l l

Y 0.9278 0.9938 1.2436 2.7367

n 9 21 14 3

S2

Ÿ n

0.0654 0.0779 0.1489 0.0901

Su 0.9278 9

W 0.9938 21 0.2515

Sp 1.2436 14 0.3248 0.2178

F 2.7367 3 0.5583* 0.4692*
*

0.4016 —

* P = 0.05



T a b le  15. Anova t a b l e  on th e  d i f f e r e n c e  betw een th e  mean number 
o f  eggs p e r  c lu tc h  d u rin g  th e  v a r io u s  s e a so n s .

S ource  o f  v a r i a t i o n d f SS MS Fs

Among seaso n s 3 1779.9860 593.3286 8 .7990

W ith in  seaso n s « 2899.5354 67 .4310

T o ta l 46 4679.5214
Ln
vO

P < 0 .01
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T able  16. A p o s t e r i o r i  com parison o f th e  sea so n a l mean num
b e r  o f  eggs p e r  c lu tc h  u s in g  th e  Student-Newman- 
K euls t e s t .

Summer F a l l S pring W inter

Y 15.25 15.33 24.43 30.53

n 9 3 14 21

S2

Ÿ n

23.68 225.33 69.30 67.93

Su 15.25 9

F 15.33 3 7.5610

Sp 24.43 14 5.8300*
*

7.2155

w 30.53 21 5.9875* 8.4225* 3.9130* —

* P = 0.05
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C o r re la t io n  c o e f f i c ie n t s  w ere c a lc u la te d  betw een th e  mean number 

o f eggs p e r  c lu tc h  and each o f th re e  f a c to r s :  c h lo ro p h y ll a c o n te n t o f th e

a lg a e ; tem p era tu re  o f  th e  w a te r ; and d e n s ity  o f a d u l ts  (T able 1 7 ). C hloro

p h y ll co n te n t h a s  been taken  as  a q u a n t i ta t iv e  m easure o f  th e  t o t a l  food 

a v a i la b le  f o r  g raz in g  in  s e v e ra l s tu d ie s  ( e .g . ,  H a ll ,  1964). In  a p re d a to r-  

p rey  (D. c la v ip e s -a lg a e )  food r e l a t i o n  an in v e rse  c o r r e l a t io n  would be 

expected  \dien th e  d e n s ity  o f th e  p re d a to r  in c re a se d  to  th e  le v e l  w here th e  

p rey  were h a rv e s te d  f a s t e r  th an  they  could  rep roduce . On th e  o th e r  hand, 

a p o s i t iv e  c o r r e l a t i o n  would be  expected  Wien th e  p rey  was n o t l im ite d  

by th e  p r e d a to r ,  b u t r a th e r  th e  re p ro d u c tiv e  in te n s i ty  o f th e  p re d a to r  

was determ ined  by th e  amount o f p rey  a v a i la b le .  A lthough an in s ig n i f i c a n t  

c o r r e la t io n  was found betw een th e  mean number o f eggs p e r  c lu tc h  and 

ch lo ro p h y ll c o n te n t d u ring  th e  f u l l  s tudy  p e r io d , a n a ly s is  o f  d a ta  d u ring  

th e  e a r ly  sp r in g  season  (19 F ebruary  to  31 March) showed a h ig h ly  s ig n i 

f ic a n t  p o s i t i v e  c o r r e la t io n  w h ile  a s im ila r  a n a ly s is  fo r  th e  d a ta  from th e  

rem ainder o f th e  y e a r  re v e a le d  a s ig n i f i c a n t  in v e rs e  c o r r e l a t i o n .  Appar

e n t ly ,  q u a n t i ty  o f food was n o t a l im i t in g  f a c to r  du ring  th e  e a r ly  sp r in g  

season , w hereas i t  may have been du ring  th e  rem ainder o f  th e  y e a r .

Food q u a l i ty  ( e . g . , s p e c ie s  o f  a lg a e ) p re s e n t would be im p o rtan t 

in  de te rm in in g  th e  v a lu e  o f c h lo ro p h y ll as  an in d ic a to r  o f a v a i la b le  food. 

In  th e  sp r in g  o f th e  y e a r  f ilam en to u s  S p lrogyra  and c o lo n ia l  Vo1vox w ere 

th e  dominant sp e c ie s  n u m e ric a lly , w h ile  in  th e  summer A nkestrodesm us and 

Scenedesmus w ere th e  dominant a lg a l  g en e ra . I f  th e  f ilam en to u s  and 

c o lo n ia l a lg a e  w ere o f  such s iz e  th a t  th e  f i l t e r - f e e d i n g  d lap tom lds 

could n o t in g e s t  them , they  would be  o f no food v a lu e  to  th e s e  an im a ls—  

even though th e  q u a n tity  o f  food (c h lo ro p h y ll c o n te n t)  would be  h ig h .



m

T a b le  17. C o r r e la t io n  c o e f f i c i e n t s  e x i s t in g  betw een  th e  mean number o f  
eggs p e r  c lu tc h  and c h lo ro p h y l l  c o n te n t ,  te m p e ra tu re , and 
d e n s i ty  o f  a d u l t s  d u rin g  th e  s tu d y  y e a r .

P a ram e te r n C o r r e la t io n  C o e f f ic ie n t P

C h lo ro p h y ll 18 -0 .3 6 5 0 n o n s ig n i f .

T em pera tu re 47 -0 .6 0 0 3 < 0 .0 1

A d u lt d e n s i t i e s 47 -0 .4 1 7 6 < 0 .0 1

oKJ
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A second problem  r e l a t i n g  to  food was su g g ested  by th e  la b o ra to ry  

study  w here i t  appeared  th a t  m a te r ia ls  such as d e t r i t u s  and p r o t i s t s  m ight 

b e  so u rces  o f  food . S ince th e  a c tu a l  food source  o f D. c la v ip e s  i s  no t 

known, p la c in g  to o  g r e a t  a v a lu e  on c h lo ro p h y ll c o n te n t a lo n e  i s  tenuous.

S e v e ra l in v e s t ig a to r s ,  in c lu d in g  Comita and Anderson (1959) and 

Chapman (1969) have suggested  th a t  th e  mean number o f  eggs p e r  c lu tc h  

in  copepods i s  c o r r e la te d  to  th e  s iz e  o f  th e  fem ale . They f u r th e r  s t a t e  

th a t ,  s in c e  th e  s iz e  a fem ale a t t a i n s  i s  in v e rs e ly  c o r r e la te d  to  th e  

te m p era tu re  a t  \d iich  she d ev e lo p s, te m p era tu re  i s  an im p o rtan t f a c to r  

in  d e te rm in in g  th e  mean number o f eggs p e r  c lu tc h .  In  th e  c u r re n t  study 

a  s ig n i f i c a n t  c o r r e l a t i o n  betw een te m p era tu re  and mean number o f eggs 

p e r  c lu tc h  was a ls o  found.

F ig u re  12 shows th e  mean te m p era tu re s  and th e  ran g es on th e  v a r io u s  

d a te s  o f  t h i s  s tu d y . At th e  o n se t o f  th e  s tudy  th e  te m p era tu re  was below 

th e  low er l i m i t  f o r  s u c c e s s fu l re p ro d u c tio n  as  determ ined  in  th e  la b o ra to ry  

(H ard in , 1972 ). The te m p era tu re  s te a d i ly  in c re a s e d , how ever, u n t i l  18 

A ugust when th e  y e a r ly  maximum o f 27° C was reach ed . A f te r  t h i s  d a te  th e  

te m p era tu re  s te a d i ly  d ec re a se d  u n t i l  th e  te rm in a tio n  o f  th e  s tu d y . When 

a n a ly s is  o f  v a r ia n c e  was run  on th e  s e a so n a lly  grouped d a te ,  a s ig n i f i c a n t  

d if f e r e n c e  among th e  se a so n a l means was found (T able 1 8 ). The low est temp

e r a tu r e s  w ere found du rin g  th e  w in te r  season  w ith  a mean v a lu e  o f  7 .02° C; 

w h ile  th e  summer p e r io d  had a mean o f  24 .91° C, th e  h ig h e s t  se a so n a l a v e r

age (T ab le  1 9 ) . A s ig n i f i c a n t  d i f f e r e n c e  betw een th e  p a i r s  o f means fo r  

a l l  seasons e x ce p t sp r in g  and f a l l  was found. A lthough th e  r e la t io n s h ip  

observed  betw een te m p era tu re  and mean number o f  eggs p e r  c lu tc h  ag re e s  

w ith  th e  f in d in g s  o f  Chapman (1969) and Comita and A nderson (1959), th e



F ig u re  12. Mean tem p era tu re  and range on each c o l le c t in g  d a te .
The v e r t i c a l  d o tte d  l i n e  betw een 18 A p ril and 24 A p r il  
shows a change in  s c a le  from two day to  approx im ate ly  
fo u r te e n  day in t e r v a l s .



21. _

14

V «I

IftfC



T ab le  18. Anova t a b l e  on th e  d i f f e r e n c e  betw een th e  te m p e ra tu re s  
o f  th e  v a r io u s  se a s o n s .

S ource  o f  v a r i a t i o n d f SS MS Fs

Among seaso n s 3 2144.3380 714.7793 73.2738*

W ith in  sea so n s 419.4612 9.7549

T o ta l 46 2563.7992

cys
Ln

* P < 0 .01
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T able 19. A p o s te r i o r i  com parison o f th e  mean te m p era tu res  
o f  th e  d i f f e r e n t  seasons u s in g  th e  S tu d en t- 
Newman-Keuls t e s t .

W inter S pring F a l l Summer

Y 7.02 15.42 17.17 24.91

n 21 14 3 9

7.79 15.78 0.04 7.30

Ÿ n

W 7 .02 21

Sp 15.42 14 3.0544*

F 17.17 3 6.5830* 5.6224

Su 24.91 9 4.6882* 4.5567* 5.9002* —

* P = 0 .05
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d a ta  do n o t ,  in  th em se lv es , show a cau se  and e f f e c t  r e l a t io n s h ip ,  H ardin 

(1972), in  a study  on th e  r e l a t io n s h ip  between te m p era tu re  and th e  mean 

number o f  eggs p e r  c lu tc h  in  D. c la v ip e s  in  th e  la b o ra to ry  found th e  

d egree  o f  d if f e re n c e  betw een th e  developm ental te m p era tu re  and th e  incub 

a t io n  te m p era tu re  to  be more im p o rtan t in  d e te rm in in g  th e  mean number o f  

eggs p e r  c lu tc h  th an  was th e  in c u b a tio n  tem p era tu re  a lo n e . The tem pera

tu r e s  h e  used  w ere 14® C, 21° C, 27° C, and 31° C. He found th e  h ig h e s t  

mean number o f  eggs p e r  c lu tc h  p roduced  by an im als in c u b a ted  a t  th e  same 

tem p era tu re  a t  which th ey  w ere r e a r e d ,  w ith  th e  e x c e p tio n  o f  31° C, n e a r  

th e  maximum therm al l i m i t  f o r  re p ro d u c tio n . When h e  compared th e  mean 

number o f  eggs p e r  c lu tc h  a t  th e  v a r io u s  te m p e ra tu re s , u s in g  only  d a ta  

from an im als in c u b a ted  a t  th e  same te m p era tu re  a t  which they  developed , 

no s ig n i f i c a n t  d if f e r e n c e  was found among th e  means f o r  th e  v a r io u s  temp

e r a tu r e s ,  e x c e p t, a g a in , a t  31® C w here th e  mean number o f  eggs p e r  c lu tc h  

was low er. H is f in d in g s  su g g es t t h a t  some f a c to r  o th e r  th a n  te m p era tu re  

a lo n e  i s  c o n t ro l l in g  th e  number o f  eggs p e r  c lu tc h  i n  th e  f i e l d .

The f i n a l  f a c to r  s tu d ie d  in  r e l a t i o n  to  egg p ro d u c tio n  was 

a d u l t  d e n s ity  (F ig u re  1 3 ). Only th e  d e n s i t i e s  in  th e  open w a te r  were 

c o n s id e re d . C o n cen tra tio n s  o f  a d u l ts  ranged from l e s s  th an  0 .5  to  

g r e a t e r  th an  17 a d u l ts  p e r  l i t e r  d u rin g  th e  re p ro d u c t iv e  y e a r ,  th e  

h ig h e r  v a lu e s  l a t e r  in  th e  y e a r .  A d e c re a se  in  c o n c e n tra t io n s  p re s e n t 

on th e  l a s t  th re e  c o l le c t in g  d a te s  co in c id ed  w ith  a m ajor d ie - o f f  in  

t o t a l  a d u l ts  (F ig u re  4 ) .  A lthough th e  c o n c e n tra tio n  o f  a d u l t s  had a 

3 0 - fo ld  range d u rin g  th e  s tudy  p e r io d ,  th e  t o t a l  number o f  a d u l ts  d id  n o t 

f lu c t u a te  to  t h i s  e x te n t .  The g r e a te r  v a r ia t io n  in  c o n c e n tra tio n  than  

in  p o p u la tio n  r e s u l te d  p r im a r ily  from th e  d e c re a se  in  open w a te r  volume 

due to  th e  encroachm ent o f  ro o te d  a q u a t ic s .



F ig u re  13. Mean number o f  a d u l ts  p e r  l i t e r  in  th e  open w a te r re g io n
on each c o l le c t in g  d a te .  The v e r t i c a l  d o tte d  l i n e  between 
18 A p r il  and 24 A p r il  shows a change in  s c a le  from two 
day to  app rox im ate ly  fo u r te e n  day in t e r v a l s .
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As w ith  te m p era tu re  an in v e rse  c o r r e l a t io n  was found between 

d e n s ity  and th e  mean number o f  eggs p e r  c lu tc h .  R e s u lts  o f a n a ly s is  

of v a ria n ce  (T able 20) re v e a le d  a s ig n i f i c a n t  d i f f e r e n c e  among th e  mean 

d e n s i t ie s  o f a d u l t s  o f th e  v a r io u s  seasons. Seasonal mean d e n s i t ie s  

ranged from 0 .6 4  a d u l ts  p e r  l i t e r  in  f a l l  to  7 .98  a d u l ts  p e r  l i t e r  d u rin g  

th e  summer p e r io d  w ith  1 .40 a d u l ts  p e r  l i t e r  and 2 .90  a d u l ts  p e r  l i t e r  

in  the w in te r  and sp rin g  seaso n s , r e s p e c t iv e ly  (T able 2 1 ). The only 

s ig n if ic a n t  d if f e re n c e s  between seasonal mean d e n s i t i e s  occu rred  between 

summer and each o f  th e  rem ain ing  seasons (T ab le  21).

In  a la b o ra to ry  in v e s t ig a t io n  we w ere un ab le  to  g e n e ra te  s e l f -  

su s ta in in g  c u l tu r e s  a t  c o n c e n tra tio n s  g r e a te r  th an  10 to  15 a d u l ts  p e r  

l i t e r .  A lthough c o n c e n tra tio n s  s l ig h t ly  exceed ing  t h i s  were found in  

th e  pond, th ey  a ls o  w ere o f  sh o r t d u ra tio n .

The p lo t  o f  c lu tc h  s iz e  and d e n s ity  (F ig u re  14) shows a wide 

range o f c lu tc h  s iz e s  \dien d e n s i t ie s  w ere below  3 a d u l ts  p e r  l i t e r ,  

thereby  in d ic a t in g  l i t t l e  e f f e c t  o f  d e n s i t ie s  a t  th e se  le v e ls .  When 

th e  d en s ity  i s  g r e a te r  th an  3 a d u l ts  p e r  l i t e r ,  how ever, i t  appears 

th a t  an in v e rs e  r e la t io n s h ip  between th e  mean number o f  eggs p e r  c lu tc h  

and th e  a d u l t  d e n s ity  p r e v a i l s .

In  T ab le  22 th e  seaso n a l m^ v a lu e s ,  mean numbers o f eggs p e r 

c lu tc h , mean d e n s i t i e s  o f  a d u l t s ,  and mean te m p era tu re s  a re  ranked from 

low est to  h ig h e s t .  When th e se  d a ta  w ere p lo t te d  from low est to  h ig h e s t  

(F igure  1 5 ), th e  ran k in g s  o f  m^ v a lu es  and mean eggs p e r  c lu tc h  were 

th e  same, showing ag a in  th e  r e la t io n s h ip  betw een th e  two. A lthough a t  

f i r s t  i t  ap p ea rs  th a t  d e n s ity  and th e  mean numbe* o f eggs p e r  c lu tc h  do 

n o t f lu c tu a te  to g e th e r ,  c lo s e r  in t e r p r e ta t io n  re v e a ls  a v ery  c lo se



T ab le  20. Anova t a b l e  on th e  d i f f e r e n c e  betw een th e  mean d e n s i t i e s  
o f  a d u l t s  d u rin g  th e  v a r io u s  s e a so n s .

S ource  o f  v a r i a t i o n d f SS MS f s

Among sea so n s 3 293.5048 97.8349 18.3266*

W ith in  seaso n s 224.2141 5 .3384

T o ta l 45 517.7189

* P < 0 .0 1



T able 20. Anova ta b le  on th e  d if fe r e n c e  betw een th e  mean d e n s i t ie s
o f  a d u lts  during th e  v a r io u s  sea so n s .

S ource o f  v a r i a t i o n d f SS MS Fs

Among sea so n s 3 293.5048 97.8349 18.3266*

W ith in  sea so n s 224.2141 5 .3384

T o ta l 45 517.7189

* P < 0 .01

o
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T able 21. A p o s t e r i o r i  com parison o f  th e  d e n s i t i e s  o f a d u l ts  
d u rin g  th e  d i f f e r e n t  season  u s in g  th e  S tu d en t- 
Newman-Keuls t e s t .

F a l l W inter Spring Summer

Y 0 .64 1 .40 2.90 7.98

n 3 21 14 9

Ÿ n

0.43 0 .2 4 3 .67 21.50

F 0 .64 3

W 1.40 21 2.4911

Sp 2.90 14 3.0896 1.3925

Su 7.98 9 3.5657* 1.9347*
*

1.7243

* P = 0.05



F ig u re  14. Mean c lu tc h  s iz e  p lo t te d  a g a in s t  d e n s ity  o f  a d u l ts .
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F ig u re  15. R ankings o f  th e  seaso n a l m v a lu e s ,  mean number o f  eggs 
p e r  c lu tc h ,  mean d e n s ity  o f  a d u l t s ,  and mean tem p era tu re  
p lo t t e d  by season .
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T ab le  22. Ranking o f  th e  v a r io u s  p a ram ete rs  from sm a lle s t 
to  l a r g e s t .

Param eter
1

Rank

2 3 4

Y eggs p e r  
c lu tc h F a l l Summer Spring W inter

Y d e n s ity  
o f  a d u l ts F a l l W in ter Spring Summer

Y tem p era tu re W inter S pring F a l l Summer

Y v a lu e s F a l l Summer Spring W inter
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r e la t io n s h ip .  In  t h i s  s tudy  th e  d e n s ity  a t  which an organism  developed 

would b e  t h a t  o f  th e  p reced in g  seaso n . Using th i s  approach and u t i l i z 

ing  th e  a d u l t  d e n s ity  o f  th e  f a l l  o f  1970, an ex ac t in v e rs e  r e la t io n s h ip  

between d e n s i t i e s  and mean eggs p e r  c lu tc h  i s  seen.

In  t h i s  s tudy  i t  was found th a t  th e  m ajor f a c to r  a f f e c t in g  th e  

re p ro d u c t iv e  r a t e  was th e  mean number o f eggs p e r  c lu tc h  d u rin g  th e  

v a r io u s  seaso n s . S ev era l in v e s t ig a to r s  have c o r r e la te d  th e  number o f  

eggs p e r  c lu tc h  w ith  th e  s iz e  o f  th e  fem ale; th e  s iz e  be ing  in v e rs e ly  

c o r r e la te d  w ith  w ate r te m p era tu re  d u rin g  developm ent. O ther in v e s t ig a to r s  

have found a  c o r r e la t io n  betw een th e  number o f  eggs p e r  c lu tc h  and food. 

S im ila r  c o r r e la t io n s  e x is te d  betw een bo th  tem p era tu re  and food and the  

mean number o f  eggs p e r  c lu tc h  in  t h i s  p o p u la tio n . The u se  o f  th e  la b o r

a to ry  d a ta  o f  H ardin (1972) d em o n stra te s  th a t  th e  o ccu rren ce  o f  a s ig n i 

f ic a n t  c o r r e la t io n  does n o t n e c e s s a r i ly  in d ic a te  a cause  and e f f e c t  

r e la t io n s h ip .  I n te r p r e ta t io n  o f  th e s e  d a ta  su g g e s t, how ever, th a t  th e  

d e n s ity  o f  a d u l ts  may be th e  r e g u la t in g  mechanism f o r  d e te rm in in g  th e  

number o f  eggs p e r  c lu tc h  produced by th e  fem ales . S e le c tio n  fo r  a 

s e l f - r e g u la t i n g  mechanism would b e  expected  in  a  s p e c ie s  whose environm ent 

i s  l im ite d  and whose in d iv id u a l  members a re  un ab le  to  m ig ra te .



SUMMARY

The dynamics o f  a p o p u la tio n  o f  Diaptomus c la v ip e s  Schacht were 

analyzed  by c o n s tru c tin g  l i f e  ta b le s  fo r  th e  v a r io u s  g e n e ra tio n s . Col

le c t io n s  w ere taken  every o th e r  day from 19 February  u n t i l  20 A p r il ,  

and every  fo u rte e n  days from 24 A p ril u n t i l  29 O ctober, 1971. T his 

p e r io d  o f tim e in c lu d ed  one com plete re p ro d u c tiv e  y e a r .  The pond 

was d iv id e d  in to  two h o r iz o n ta l  re g io n s , on th e  b a s is  o f  th e  o ccu rrence  

o f ro o te d  a q u a t ic s ,  and e ig h t  sam ples w ere taken  from each re g io n  on 

each c o l le c t in g  d a te .

The a d u l t  p o p u la tio n  was found to  be unevenly d i s t r i b u te d  in  

th e  pond w ith  g r e a te r  c o n c e n tra tio n s  o ccu rrin g  in  th e  open w ater reg io n s  

than  in  a re a s  in  which ro o te d  a q u a t ic s  grew c lo se  to  th e  s u r fa c e . Analy

s i s  o f  la b o ra to ry  d a ta  re v e a le d  th a t  when ro o te d  a q u a t ic s  w ere dense th e  

a d u lt  an im als w ere unab le  to  su rv iv e . S im ulated  weeds caused a r e t a r d 

a t io n  in  th e  developm ental r a t e  o f  th e  egg to  th e  n a u p l ia r  I I I  s ta g e  and 

hence a d e c re a se  in  re p ro d u c tio n .

D ura tio n s  o f  th e  v a r io u s  i n s t a r  s ta g e s  was determ ined  through 

d a ta  o b ta in ed  during  an in te n s iv e  c o l le c t io n  p e r io d  and through a n a ly s is  

o f la b o ra to ry  d a ta . L ife  ta b le s  and s u rv iv o rsh ip  cu rves c o n s tru c te d  fo r  

th e  v a r io u s  g e n e ra tio n s  re v e a le d  th e  h ig h e s t m o r ta l i ty  r a t e s  fo r  each 

g e n e ra tio n  occu rred  in  th e  egg to  N III  s ta g e . The second h ig h e s t  m o rta l

i t y  r a t e  was found in  th e  NVI to  Cl s ta g e . The g r e a te s t  s u rv iv a l  occurred
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in  th e  la b o ra to ry  p o p u la tio n . A p h y s io lo g ic a l  su rv iv o rsh ip  cu rve  

c h a ra c te r iz e d  th e  a d u lts  o f each g e n e ra tio n  in  th e  f i e l d  p o p u la tio n  

and th e  la b o ra to ry  p o p u la tio n .

R eproduction  in  th e  p o p u la tio n  v as  analyzed  by de te rm in in g  

th e  s p e c i f i c  b i r t h  r a te s  fo r  a d u l ts  in  th e  v a r io u s  seaso n s. A n a ly s is  

o f th r e e  f a c t o r s ;  m ale to  fem ale r a t i o ,  p e rc e n t o f fem ales c a r ry in g  

eg g s , and th e  mean number o f eggs p e r  c lu tc h ,  rev ea led  th a t  th e  mean 

number o f  eggs p e r  c lu tc h  was th e  most im p o rtan t f a c to r  in  d e te rm in in g  

th e  s p e c i f i c  b i r t h  r a t e s .

C h lo rophy ll a ( fo o d ) , te m p e ra tu re , and a d u lt  d e n s i t i e s  were 

s tu d ie d  to  e v a lu a te  t h e i r  e f f e c t s  on c lu tc h  s iz e .  Although s ig n i f i c a n t  

c o r r e la t io n s  betw een th e  mean number o f  eggs p e r  c lu tc h ,  and b o th  temp

e r a tu r e  and a d u l t  d e n s i t i e s ,  e x is te d ,  a n a ly s is  o f f i e l d  and la b o ra to ry  

d a ta  su g g e s ts  th a t  d e n s ity  may be th e  r e g u la t in g  f a c to r  in  c o n t ro l l in g  

c lu tc h  s iz e ,  and hence re p ro d u c tio n , as  long  as  th e  tem p era tu re  i s  

w ith in  th e  range  n ece ssa ry  f o r  re p ro d u c tio n  in  t h i s  p o p u la tio n .
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APPENDIX I

A ll m easurem ents p e r ta in in g  to  th e  morphometry o f  th e  pond 

w ere determ ined  fo llo w in g  p ro ced u res  o u tl in e d  by Welch (1948). These 

in c lu d e  c o n s tru c t io n  o f  th e  inorphom etric map (Appendix I - l ) ,  de term in 

a t io n  o f th e  s u r fa c e  a re a  and volume fo r  each depth  s tra tu m  (Appendix 1 -2 ) , 

and th e  d e te rm in a tio n  o f su rfa c e  a re a  (Appendix 1 -3) and volume (Append

ix  1 -4) o f  each re g io n  o f  th e  pond on each c o l le c t in g  d a te . The two 

re g io n s  o f  th e  pond a re  d esc rib e d  in  METHODS AND MATERIALS. On each 

c o l le c t in g  d a te  th e  dep th  o f  th e  pond and th e  depth  o f  th e  w a te r a t  th e  

ju n c tio n  o f  th e  open w ate r re g io n  and th e  a re a  o f ro o te d  a q u a t ic s  was 

m easured. By s u b tr a c t in g  th e  dep th  o f  th e  w ate r a t  th e  ju n c tio n  o f the  

two re g io n s  from th e  t o t a l  depth  o f  th e  pond th e  a p p ro p r ia te  dim ensions 

o f th e  open w a te r  a re a  could  be c a lc u la te d .
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Appendix I - l .  M orphom etric map o f th e  pond showing depth co n tou rs  
in  c e n tim e te rs . The s c a le  o f th e  map i s  1:200.
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Appendix 1 -2 . S u rface  a re a  and volume o f th e  v a r io u s  depth s t r a t a  
o f th e  pond.

Depth s tra tu m  
(cm)

S urface  a re a  
(cm )

Volume
( 1)

0 -  68 9 ,536 ,250 981,996

- 88 7,247,250 413,116

-108 5 ,689 ,500 284,058

-128 3 ,898 ,000 188,746

-148 2,827 ,750 121,774

-168 2,162 ,000 72,025

-228 1,683 ,500 33,670
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Appendix 16  . Number o f  q u ad ra ts  in  each re g io n  of th e  pond and 
in  th e  t o t a l  pond on each c o l le c t in g  d a te . The 
s u r fa c e  a re a  can be computed by m u ltip ly in g  th e  
number o f  q u ad ra ts  by 45 .54  cm .

D ate Open w a te r  
re g io n

Rooted a q u a t ic  
reg io n

T o ta l pond

11-1971
19 86,965 86,965 173,931
21 92,508 92,508 185,016
23 91,769 91,769 183,538
25 94,355 94,355 188,711
27 94,355 94,355 188,711

III-1 9 7 1
1 93,247 93,247 186,494
3 93,247 93,247 186,494
5 90,660 90,660 181,321
7 90,660 90,660 181,321
9 89,921 89,921 179,843

11 89,921 89,921 179,843
13 89,921 89,921 179,843
15 89,182 89,182 179,364
17 89,182 89,182 179,364
19 89,182 89,182 179,364
21 88,813 88,813 177,626
23 87,867 87,867 175,734
25 86,962 86,962 173,925
27 86,585 86,585 173,171
29 86,208 86,208 172,417
31 85,857 85,857 171,714

IV-1971
2 115,099 55,107 170,206
4 109,198 59,551 168,749
6 99,363 67,878 167,241
8 95,429 71,108 166,538

10 91,495 73,534 165,030
12 81,409 81,409 162,819
14 73,746 86,862 160,608
16 70,092 90,516 160,608
18 55,973 104,634 160,608
20 54,088 109,494 163,573
24 55,728 105,633 161,362

V-1971
4 45,234 119,042 164,277

18 48,936 111,671 160,608
28 47,474 113,133 160,608

VI-1971
11 79,719 105,261 184,981
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A ppendix I -  3. Number o f  q u a d ra ts  in  each reg io n  o f  th e  pond and 
in  th e  t o t a l  pond on each c o l le c t in g  d a te . The 
su rfa c e  a re a  can be computed by m u ltip ly in g  th e  
number o f  q u a d ra ts  by 45 .54  cm (c o n tin u e d ) .

D ate Open w ater 
reg io n

Rooted a q u a tic  
re g io n

T o ta l pond

VI-1971
25 106,575 84,335 190,910

V II -1971
9 39,594 141,718 181,312

23 30,806 141,211 172,417
V III-1971

6 18,483 150,265 168,749
20 16,019 146,700 162,819

IX-1971
3 16,019 145,343 161,362

17 18,360 143,002 161,362
30 18;360 144,459 162,819

X-1971
14 18,360 144,459 162,819
21 12,800 157,406 170,206
29 7,344 162,862 170,206
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Appendix 1 -4 . Volume in  l i t e r s  o f  each region  o f  the pond and
in  the t o t a l  pond on each c o l le c t in g  d a te .

Date Open w ater 
reg io n

Rooted a q u a tic  
reg io n

T o ta l pond

11-1971
19 429,690 150,739 580,429
21 504,605 201,313 705,919
23 496,246 192,942 689,188
25 532,242 215,506 747,748
27 532,242 215,506 747,748

X II-1971
1 485,087 237,562 722,649
3 485,087 237,562 722,649
5 477,640 186,448 664,089
7 477,640 186,448 664,089
9 469,500 177,857 647,358

11 469,500 177,857 647,358
13 469,500 177,857 647,358
15 457,366 173,261 630,627
17 457,366 173,261 630,627
19 457,366 173,261 630,627
21 451,349 170,910 622,259
23 438,341 167,187 605,528
25 429,676 150,753 580,429
27 423,790 148,277 572,067
29 417,938 145,760 563,699
31 412,247 143,089 555,336

IV-1971
2 469,895 68,705 538,600
4 444,849 77,020 521,869
6 425,731 79,407 505,138
8 408,138 88,632 496,770

10 390,545 89,494 480,039
12 358,480 96,459 454,940
14 332,976 105,233 438,209
16 320,128 109,718 429,847
18 284,478 145,369 499,847
20 281,736 181,572 463,308
24 285,380 152,829 438,209

V-1971
4 230,704 240,972 471,677

18 257,514 172,332 429,847
28 247,147 182,699 429,847

VI-1971
11 462,438 243,481 705,919
25 593,881 178,966 772,847
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Appendix i - 4 .  Volume in  l i t e r s  o f  each region  o f  the pond and
in  the to ta l  pond on each c o l le c t in g  date (continued).

Date Open w ate r 
re g io n

Rooted a q u a tic  
re g io n

T o ta l pond

VII-1971
9 266,846 397,243 664,089

23 207,631 356,067 563,699
V III-1971

6 137,205 384,664 521,869
20 115,993 338,947 454,940

IX-1971
3 114,534 323.675 438,209

17 127,927 310,282 438,209
30 129,599 325,341 454,940

X-1971
14 129,599 325,341 454,940
21 102 ,011 436,589 538,600
29 61,873 476,726 538,600
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Appendix I I - 1. L ife  ta b le  fo r  th e second generation  using the compo
s i t e  laboratory data to  determine the various stage
durations.

Stage Number l iv in g  
a t  beg inn ing  
o f  age in te r v a l

Number dying 
in  in t e r v a l

M o rta l ity  r a t e  
p e r  1000 a l iv e  
a t  beg inn ing  o f  
age in t e r v a l

I x d x 4 x

Egg-N III 1000.00 887.29 887.29

NIV 112.71 1 0 .22 90.68

NV 102.49 15.08 147.14

NVI 87.41 14.95 171.03

Cl 72.46 5 .37 74.11

CII 67.09 29.91 445.82

G U I 37.18 -8 .2 3 -221.36

CIV 45.41 1 .90 41 .84

CV 43.51 30 .92 710.64

CVI 12.59 12.59 1000.00
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Appendix 11-2 . L ife  ta b le  fo r  the th ird  generation  using the compo
s i t e  laboratory data to  determine the various stage
d u ration s.

S tage Number l iv in g  
a t  b eg in n in g  
o f  age i n t e r v a l

Number dying 
in  in t e r v a l

M o r ta l i ty  r a t e  
p e r  1000 a l iv e  
a t  beg inn ing  of 
age in te r v a l

Ix 4% 4x

E gg-N III 1000 .00 925.13 925.13

NIV 74.87 0 .8 6 11.49

NV 74.01 44.60 602.62

NVI 29.41 -3 .6 5 -124.11

Cl 33 .06 2.60 78.64

CII 30.46 8 .26 271.18

C III 2 2 .2 0 0.26 11.71

CIV 21.94 2 .39 108.93

CV 19.55 7.38 377.49

CVI 12.17 12.17 1000.00
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Appendix I I - 3 . L ife  ta b le  fo r  th e fourth generation using the compo
s i t e  laboratory data to  determine the variou s stage
durations.

Stage Number l iv in g  
a t  beg inn ing  
o f  age in t e r v a l

Number dying 
in  in t e r v a l

M o r ta l i ty  r a t e  
p e r  1000 a l iv e  
a t  beg in n in g  o f  
ajge in t e r v a l

1 d
X X

Egg-N III 1000 .00 945.70 945.70

NIV 54.30 9.42 173.48

NV 44.88 13.90 309.71

NVI 30.98 25.06 808.91

Cl 5.92 1.28 216.22

CII 4 .64 1.36 293.10

C III 3 .28 0 .49 149.39

CIV 2.79 -2 .4 1 -863,80

CV 5 .20 •2.07 -398.08

CVI 7.27 7 .27 1000.00
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Appendix I I -4 .  L ife  ta b le  for  the f i f t h  generation  usin g  the compo
s i t e  laboratory data to  determ ine th e  various stage

S tage

d u ra tio n s .

Number l iv in g  
a t  beg inn ing  
o f  age in t e r v a l

Number dying 
in  In te rv a l

M o r ta l i ty  r a t e  
p e r  1000 a l iv e  
a t  beg inn ing  o f 
age in te r v a l

I x d x 4 x

E gg-N III 1000 .00 970.23 970.23

NIV 29.77 1.26 42.32

NV 28.51 10.48 367.59

NVI 18.03 11.58 642.26

Cl 6 .45 -6 .15 -953.49

C II 12.60 6.28 498.41

C III 6 .32 2.61 412.97

CIV 3.71 -0 .9 4 -253.37

CV 4.65 -0 .19 -40 .86

CVI 4 .84 4 .84 1000.00
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Appendix I I I - l .  T o ta l number o f  a d u l ts  (CVI) in  each re g io n  o f th e  
pond and in  th e  t o t a l  pond on each c o l le c t in g  d a te . 
The t o t a l  number was determ ined  by m u ltip ly in g  th e  
Y (mean) number o f a d u l ts  p e r  q u a d ra t in  each re g io n  
by th e  t o t a l  number o f  q u a d ra ts  in  th a t  re g io n  and 
summing th e  p ro d u c ts  f o r  each d a te .

D ate Open w ate r 
reg io n

Rooted a q u a t ic s  
reg io n

T o ta l pond

IX-1971
19 1,052,454 263,113 1,315,568
21 300,651 346,905 647,556
23 1,295,112 127,198 1,422,556
25 1,086,969 312,214 1,399,183
27 778,387 247,668 1,026,056

III-1 9 7 1
1 648,656 342,018 990,675
3 1,130,623 256,430 1 ,387,053
5 1,002,468 554,306 1,556,775
7 813,768 754,800 1,568,568
9 1,002,860 146,122 1,168 ,982

11 809,295 281,005 1 ,090 ,301
13 1,067,820 438,368 1,506,189
15 1,047,897 379,026 1 ,426 ,924
17 1,696,500 70,687 1,767,187
19 1,189,906 294,531 1,484,437
21 1,121,267 199,829 1,321 ,096
23 735,888 801,789 1,537,678
25 1,521,848 76,092 1,597 ,940
27 1,114,793 454,575 1,569 ,369
29 366,308 1,009,878 1 ,376 ,264
31 1,083,947 139,517 1,223,465

IV-1971
2 1,251,705 13,887 1,265,593
4 668,839 89,326 758,166
6 1,068,160 161,210 1,229,371
8 1,526,877 26,665 1 ,553 ,543

10 1 ,749,859 32,682 1 ,782 ,542
12 1,641,783 54,006 1,695 ,789
14 1,908,190 21,715 1,929,906
16 1,690,980 101,830 1,792,811
18 643,697 104,634 748,332
20 1,886,343 41,056 1,927 ,399
24 1 ,497,714 26,408 1 ,524 ,122

V-1971
4 2 ,572,700 178,565 2 ,751 ,264

18 911,433 781,697 1 ,693 ,130
28 344,186 14,141 358,327
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Appendix I I I - l .  T o ta l number o f  a d u l ts  (CVI) in  each re g io n  o f th e  
pond and in  th e  t o t a l  pond on each c o l le c t in g  d a te ,  
^ e  t o t a l  number was determ ined by m u ltip ly in g  th e  
Y (mean) number o f  a d u l ts  p e r  q u a d ra t in  each re g io n  
by th e  t o t a l  number o f  q u a d ra ts  in  th a t  re g io n  and 
summing th e  p ro d u c ts  f o r  each d a te ,  (c o n tin u e d ) .

Date Open w a te r . 
re g io n

Rooted a q u a tic s  
re g io n

T o ta l pond

VI-1971
11 1,813,607 118,418 1 ,932 ,025
25 4,782 ,553 0 4 ,782 ,553

V II-1971
9 1,994,547 106,288 2 ,100 ,835

23 4 ,1 81 ,914 388,330 4 ,5 7 0 ,2 4 4
V III-1971

6 1 ,827 ,506 957,939 2 ,785 ,445
20 1 ,521 ,805 1 ,173 ,600 2 ,695 ,405

IX-1971
3 1 ,085,287 2 ,579 ,838 3 ,665 ,125

17 940,950 858,012 1 ,798 ,962
30 348,840 1 ,137 ,614 1 ,486 ,454

X-1971
14 218,025 415,319 633,344
21 17,600 255,784 273,384
29 25,704 346,081 371,785
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Appendix I I I - 2. T o ta l number o f co p ep o d ite  f iv e  (CV) In  each reg io n  
o f  th e  pond and in  th e  t o t a l  pond on each c o l le c t in g  
d a te ^  The t o t a l  number was determ ined  by m u ltip ly in g  
th e  Y (mean) number o f  CV p e r  q u ad ra t in  each 
re g io n  by th e  t o t a l  number o f  q u a d ra ts  in  th a t  re g io n  
and summing th e  p ro d u c ts  f o r  each d a te .

Date Open w ate r 
re g io n

Rooted a q u a t ic s  
re g io n

T o ta l pond

11-1971
19 0 . 0 0
21 0 0 0
23 0 0 0
25 0 0 0
27 0 0 0

IXI-1971
1 0 0 0
3 0 0 0

....... 5 0 0 0
7 0 0 0
9 0 0 0

11 0 0 0
13 0 0 0
15 0 0 0
17 0 0 0
21 0 0 0
23 0 0 0
25 0 0 0
27 0 0 0
29 21,552 49,262 70,814
31 233,041 71,547 304,588

IV -1971
2 776,921 41,331 818,251
4 286,646 126,546 413,192
6 633,444 263,028 894,472
8 966,227 8,889 975,116

10 972,144 9,192 981,336
12 1 ,037 ,973 30,529 1,068,502
14 719,028 0 719,028
16 718,448 33,944 752,391
18 279,868 13,079 292,948
20 635,542 0 635,542

V-1971
4 327,948 89,282 417,230

18 183,512 125,630 309,143
28 89,015 0 89,015

VI-1971
11 1 ,863 ,449 26,315 1,889,764
25 1 ,372 ,163 21,083 1,393,247



100

Appendix I I I - 2 .  T o ta l number o f  co p ep o d ite  f iv e  (CV) in  each re g io n  
o f th e  pond and in  th e  t o t a l  pond on each c o l le c t in g  
d a te ^  The t o t a l  number was determ ined by m u ltip ly in g  
th e  Y (mean) number o f  CV p e r  q u ad ra t in  each 
reg io n  by th e  t o t a l  number o f q u ad ra ts  in  th a t  re g io n  
and summing th e  p ro d u c ts  fo r  each d a te , (c o n tin u e d ) ,

D ate Open w ater 
re g io n

Rooted a q u a tic s  
re g io n

T o ta l pond

V II-1971
9 148,478 0 148,478

23 396,630 40,345 436,976
V III-1971

6 221,805 93,916 315,721
20 104,125 55,012 159,137

IX-1971
3 68,081 218,014 286,096

17 119,341 53,625 172,967
30 6,845 144,459 151,344

X-1971
14 44,589 72,229 116,818
21 8 ,0 0 0 196,758 204,758
29 11,934 81,431 93,365
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Appendix I I I - 3. T o ta l nianber of co pepod ite  fo u r  (CIV) in  each reg ion  
o f  th e  pond and in  th e  t o t a l  pond on each c o l le c t in g  
d a te ^  The t o t a l  number v as  determ ined  by m u ltip ly in g  
th e  Y (mean) number o f  CIV p e r  q u ad ra t in  each reg io n  
by th e  t o t a l  number o f  q u a d ra ts  in  th a t  reg io n  and 
summing th e  p ro d u c ts  f o r  each d a te .

D ate Open w a te r  
re g io n

Rooted a q u a t ic s  
re g io n

T o ta l pnnd

11-1971
19 0 0 0
21 0 0 0
23 0 0 0
25 0 0 0
27 0 0 0

I I I -1 9 7 1
1 0 0 0
3 0 0 0
5 0 0 0
7 0 0 0
9 0 0 0

11 0 0 0
13 0 0 0
15 0 0 0
17 0 0 0
19 0 0 0
21 0 0 0
23 0 21,967 21,967
25 239,148 0 239,148
27 507,146 284,496 791,642
29 290,955 2,142,909 2,433,864
31 723,654 85,857 809,511

IV-1971
2
4 327,596 141,434 469,029
6 621,023 398,784 1,019,808
8 858,869 8,889 867,757

10 823,463 0 823,463
12 783,568 10,176 793,744
14 516,226 0 516,226
16 464,363 0 464,363
18 118,944 26,159 145,103
20 610,429 13,686 624,115

V-1971
4 197,900 74,401 272,301

18 336,439 348,974 685,414
28 41,540 0 41,540

VI-1971
11 2,072 ,713 78,946 2,151,659
25 785,996 0 785,996
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Appendix I I I -3 . T o ta l number o f  copepod ite  fo u r (CIV) in  each re g io n  
o f  th e  pond and in  th e  t o t a l  pond on each c o l le c t in g  
d a te ^  The t o t a l  number was determ ined by m u ltip ly in g  
th e  Y (mean) number o f  CIV p e r qu ad ra t in  each re g io n  
by th e  t o t a l  number o f  q u ad ra ts  in  th a t  re g io n  and 
summing th e  p ro d u c ts  fo r  each d a te ,  (c o n tin u e d ) .

Date Open w ater 
re g io n

Rooted a q u a tic s  
reg io n

T o ta l pond

V II-1971
9 287,058 17,714 304,773

23 134,777 0 134,777
V III-1971

6 93,499 56,349 151,848
20 50,060 48,899 98,959

IX-1971
3 40,048 124,579 164,627

17 58,140 115,285 173,426
30 0 41,273 41,273

X-1971
14 34,425 126,402 160,827
21 5,485 118,054 123,540
29 4,590 .61 ,073 65,663
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Appendix I I I -4 . T o ta l number o f  co p ep o d ite  th re e  (C III )  in  each reg io n  
o f th e  pond and in  th e  t o t a l  pond on each c o l le c t in g  
d a te ^  The t o t a l  number was determ ined  by m u ltip ly in g  
th e  Y (mean) number o f  C III  p e r  q u a d ra t in  each 
re g io n  by th e  t o t a l  number o f  q u a d ra ts  in  th a t  reg io n  
and summing th e  p ro d u c ts  f o r  each d a te .

Date Open w a te r  
re g io n

Rooted a q u a t ic s  
re g io n

T o ta l pond

11-1971
19 0 0 0
21 0 0 0
23 0 0 0
25 0 0 0
27 0 0 0

III-1 9 7 1
1 0 0 0
3 0 0 0
5 0 0 0
7 0 0 0
9 0 0 0

11 0 0 0
13 0 0 0
15 0 0 0
17 44,591 11,148 55,739
19 66,887 11,148 78,035
21 388,558 25,375 413,933
23 285,572 329,502 615,074
25 793,535 32,611 826,146
27 655,578 556,623 1 , 212,201
29 420,269 1,490,183 1,910 ,452
31 1 ,018 ,021 157,405 1,175,426

IV-1971
2
4 368,545 37,219 405,764
6 285,671 93,333 379,003
8 846,940 8,889 855,828

10 651,909 0 651,909
12 651,909 0 651,909
14 221,240 0 221,240
16 245,324 0 245,324
18 174,918 39,238 214,156
20 517,706 0 517,706

V-1971
4 175,282 59,521 234,804

18 220,214 348,974 569,189
28 47 ,474 28,283 75,758

VI-1971
11 1 ,265 ,551 39,473 1 ,305 ,024
25 586,167 0 586,167
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Appendix I I I - 4 .  T o ta l number o f  co p ep o d ite  th re e  (C III)  in  each re g io n  
o f th e  pond and in  th e  t o t a l  pond on each c o l le c t in g  
date_^ The t o t a l  number was determ ined by m u ltip ly in g  
th e  Y (mean) number o f  C I I I  p e r  qu ad ra t in  each 
reg io n  by th e  t o t a l  number o f q u ad ra ts  in  th a t  re g io n  
and summing th e  p ro d u c ts  f o r  each d a te , (c o n tin u e d ) .

Date Open w ate r 
re g io n

Rooted a q u a tic s  
re g io n

T o ta l pond

V II-1971
9 296,957 0 296,957

23 84,717 20,172 104,889
V III-1971

6 33,886 0 33,886
20 40,048 146,700 186,748

IX-1971
3 26,031 207,632 233,634

17 67,320 35,750 103,071
30 24,480 168,535 193,015

X-1971
14 36,720 180,574 217,294
21 7,314 0 7 ,314
29 7,344 61,073 68,417



Appendix I I I - 5 .
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T o ta l number o f  copepod ite  two ( I I )  in  each re g io n  
o f  th e  pond and in  th e  t o t a l  pond on each c o l le c t in g  
d a te ^  The t o t a l  number was determ ined  by m u ltip ly in g  
th e  Y (mean) number o f  CII p e r  q u ad ra t in  each reg io n  
by th e  t o t a l  number o f q u ad ra ts  in  th a t  reg io n  and 
summing th e  p ro d u c ts  fo r  each d a te .

Date Open w ater 
re g io n

Rooted a q u a tic s  
re g io n

T o ta l pond

11-1971
19 0 0 0
21 0 0 0
23 0 0 0
25 0 0 0
27 0 0 0

I I I -1 9 7 1
1 0 0 0
3 0 0 0
5 0 0 0
7 0 0 0
9 0 0 0

11 0 0 0
13 0 0 0
15 38,221 0 38,221
17 568,540 11,148 579,688
19 925,271 78,035 1,003,306
21 810,421 253,752 1,064,173
23 263,602 219,668 483,270
25 293,499 43,481 336,981
27 606,101 272,126 878,228
29 495,702 886,721 1,382 ,422
31 331,163 85,857 417,021

IV-1971
2 1,107,831 158,434 1,266,265
4 709,790 44,663 754,454
6 335,353 25,454 360,807
8 477,149 8,889 486,038

10 194,429 9,192 203,621
12 325,639 10,176 335,815
14 73,747 0 73,747
16 330,434 12,930 343,366
18 188,911 254,113 443,024
20 664,518 13,686 678,204

V-1971
4 378,837 0 378,837

18 250,800 265,220 516,021
28 : 23,737 0 23,737

VI-1971
11 1,145,971 78,946 1,224,917
25 306,405 10,541 316,947
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Appendix I I I -5 . T o ta l number o f  copepod ite  two (11) in  each re g io n  
o f th e  pond and in  th e  t o t a l  pond on each c o l le c t in g  
d a te ^  The t o t a l  number was determ ined by m u ltip ly in g  
th e  Y (mean) number o f C ll p e r q u ad ra t in  each reg io n  
by th e  t o t a l  number o f  q u ad ra ts  in  th a t  re g io n  and 
summing th e  p ro d u c ts  fo r  each d a te ,  (c o n tin u e d ) .

Date Open w ater 
reg io n

Rooted a q u a tic s  
reg io n

T o ta l pond

V ll-1971
9 113,833 0 113,833

23 83,616 0 83,616
VIII-1971

6 43,128 0 43,128
20 64,077 122,249 186,326

IX-1971
3 12,114 62,289 74,304

17 39,780 71,501 111,281
30 104,041 385,224 489,265

X-1971
14 32,130 18,057 50,187
21 3,657 59,027 62,684
29 1,836 0 1,836
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Appendix I I I -6 . T o ta l number o f co p ep o d ite  one ( I )  In  each reg io n  
o f  th e  pond and in  th e  to a l  pond on each c o l le c t in g  
d a te ^  The t o t a l  number, was determ ined  by m u ltip ly in g  
th e  Y (mean) number o f Cl p e r  q u ad ra t in  each re g io n  
by th e  t o t a l  number o f  q u a d ra ts  in  th a t  reg io n  and 
summing th e  p ro d u c ts  fo r  each d a te .

Date Open w ate r 
re g io n

Rooted a q u a t ic s  
re g io n

T o ta l pond

11-1971
19 0 0 0
21 0 0 0
23 0 0 0
25 0 0 0
27 0 0 0

IXI-1971
1 0 0 0
3 0 0 0
5 0 0 0
7 0 0 0
9 0 0 0

11 0 0 0
13 67,441 11,240 78,682
15 535,097 55,739 590,836
17 624,279 78,035 702,314
19 590,836 122,626 713,462
21 588,388 177,626 766,014
23 637,038 208,685 845,723
25 271,759 10,870 282,629
27 284,496 86,586 371,082
29 775,881 812,827 1,588,708
31 760,449 57,238 817,687

IV-1971
2 776,921 110,215 887,136
4 696,141 7,444 703,584
6 273,250 25,454 298,705
8 262,432 17,777 280,209

10 194,429 0 194,429
12 437,577 10,176 447,753
14 92,183 10,858 103,041
16 480,634 38,793 519,426
18 118,944 134,530 253,474
20 494,525 0 494,525

V-1971
4 390,145 0 390,145

18 220,214 181,466 401,681
28 41,540 0 41,540

VI-1971
11 966,601 26,315 992,917
25 213,151 0 213,151
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Appendix I I I - 6 . T o ta l number o f  co p ep o d ite  one ( I )  In  each re g io n
o f th e  pond and in  th e  t o t a l  pond on each c o l le c t in g  
d a te^  The t o t a l  number was determ ined by m u ltip ly in g  
th e  Y (mean) number o f  Cl p e r  q uad ra t In  each  re g io n  
by th e  t o t a l  number o f  q u ad ra ts  In  th a t  re g io n  and 
summing th e  p ro d u c ts  f o r  each d a te , (c o n tin u e d ) .

Date Open w ate r 
re g io n

Rooted a q u a t ic s  
re g io n

T o ta l pond

VII-1971
9 79,188 0 79,188

23 88,017 0 88,017
V III-1971

6 80,096 18,783 98,879
20 74,089 48,899 122,988

IX-1971
3 30,036 0 30,036

17 30,600 17,875 48,475
30 146,882 24,075 170,957

X-1971
14 16,065 0 16,065
21 3,657 19,675 23,332
29 0 0 0
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T o ta l numbers o f  n a u p l ia r  s ix  (NVI), n a u p l ia r  f iv e  (NV), 
n a u p l ia r  fo u r  (NIV), and n a u p l ia r  one through th re e  
(N I-N III) on each c o l le c t in g  d a te .

Date NVI NV NIV N I-N III

11-1971
19 0 86,965 347,862 1,739,310
21 0 1 ,017 ,589 740,065 1,942,671
23 367,076 367,076 367,076 458,845
25 0 94,355 471,778 1,604,046
27 0 377,422 1,037,912 3,868 ,582

m - 1 9 7 1
1 0 466,236 932,473 2,237,935
3 93,247 93,247 279,741 2,331,182
5 0 0 45,330 158,656
7 0 0 45,330 1,613,761
9 44,960 112,402 629,452 1,528,670

11 449,609 359,687 1,079,061 4,586,009
13 1,528 ,669 809,295 1,618 ,592 5,754 ,992

. 15 989,139 - 899,217 2,967,418 6 ,834,053
17 1,978 ,278 1 ,348 ,826 1,618,591 4 ,316 ,244
19 1 ,162 ,982 629,452 989,139 3,417,026
21 1,592,451 921,945 2 ,346 ,770 3,687 ,782
23 615,071 527,203 1,581,611 3,778 ,294
25 869,627 347,851 1,304,441 2,608,883
27 346,343 865,858 1,125,616 2,510,990
29 862,089 1 ,206 ,925 1,120,716 2,327,642
31 772,713 858,570 772,713 2,232,282

IV-1971 • - f
2 680,827 1,191^447 1 ,872 '275 2 ,638 '206
4 506,248 590,623 928,122 2,278,118
6 83,620 250,862 668,967 2,675,871
8 416,346 333,076 416,346 1,332,307

10 330,061 330,061 247,546 1 ,072,700
12 407,049 569,869 488,459 2,605,115
14 240,912 562,130 401,521 1,124,260
16 0 160,608 562,130 562,130
18 401,521 240,912 240,912 , 481', 825
20 490,720 245,360 81,786 817,867

V-1971
4 523,302 320,205 465,211 887,493

18 321,217 160,608 321,217 883,347
28 0 0 80,304 160,608

VI-1971
11 647,433 1 ,109 ,886 1,387,358 1,757 ,320
25 190,910 0 95,455 286,366
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Appendix I I I -7 .  T ota l numbers o f  naupliar s ix  (NVI), naupliar f iv e  (NV),
n au p liar four (NIV), and nau p liar  one through three
(N I-N III) on each c o l le c t in g  d ate , (continued)

D ate NVI NV NIV N I-N III

V II-1971
9 0 362,625 271,968 815,906

23 517,253 258,626 603,462 2,069,015
V III-1971

6 421,873 337,499 590,623 1,181,246
20 569,869 651,278 895,508 3 ,419 ,214

IX-1971
3 242,043 161,362 80,695 806,812

17 0 0 0 0
X-1971

14 0 81,409 162,819 407,049
21 0 0 0 170,206
29 0 0 85,103 0



I l l

Appendix I I I - 8 .  T o ta l number o f  eggs in  th e  pond on each c o l le c t in g  
d a te .  The to tal_num ber o f eggs was determ ined by 
m u ltip ly in g  th e  Y (mean) number o f  eggs p e r  a d u l t  
by th e  t o t a l  number o f a d u l ts  In  th e  p o p u la tio n  
on each d a te .

Date Number o f eggs 
(X 103)

Date Number o f  eggs 
(X 103)

11-1971 VI-1971
19 7,631 11 7,162
21 1 ,359 25 27,339
23 6,561 VII-1971
25 6 ,955 9 11,845
27 9,892 23 29,489

m -1 9 7 1 V III-1971
1 10,385 6 17,844
3 17,134 20 9,560
5 15,646 IX-1971
7 10,454 3 21,832
9 11,060 17 11,689

11 8,295 30 5,310
13 16,186 X-1971
15 18,687 14 433
17 15,644 21 0
19 19,048 29 744
21 20,557
23 16,277
25 23,890
27 35,243
29 18,793
31 18,602

IV-1971
2 19,444
4 10,565
6 12,650
8 16,674

10 11,849
12 4,753
14 2,570
16 2,229
18 3,416
20 5,905
24 6,028

V-1971
4 11 ,220

18 4,505
28 1,511


