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ABSTRACT 

S t  anding crop o f  microcrus t aceans  were compared i n  fou r  mountain 
l a k e s  i n  n o r t h e a s t  Idaho. Resul t s  over  two surmners i n d i c a t e d  t h a t  t h e  
lower meadow l akes  had h ighe r  d e n s i t i e s  o f  c rus taceans  t han  t h e  head- 
wall l akes .  These f i n d i n g s  were based on v e r t i c 3 l  planktoq hau l s .  Four 
d i f f e r e n t  f i q l d  methods of c o l l e c t i a n  t o g e t h e r  with vqr ious  s aqp le  s i z e s  
were a l s o  compared. R e l i a b i l i t y  o f  d a t a  was pos s ib ly  a f f e c t e d  by sma l l  
sample s i z e s  and avoidanqe behavior  o f  t h e  c rus t aceans  t o  t h e  sampler$. 
The f o u r  l akes  had a s i m i l a r  s p e c i e s  composition and low d e n s i t y  of 
c rus taceans .  F i s h e r ' s  c o e f f i c i e n t  o f  d i s p e r s i o n  s2/% was computed f o r  
a l l  samples and used a s  a measure ~f h o r i z o n t a l  d i spe r s ion .  Mean t o t a l  
c rus tacean  d e n s i t y  and d i s p e r s i o n  approximated t a x a  d e n s i t y  and d i spe r s ion .  
Tables and graphs a r e  inc luded ,  

RABE, Fred W .  

" L i m n ~ l o g i c a l  S tud ie s  o f  Lent ic  Waters i n  Idaho (A Comparison 
o f  Crustacean Popula t ions  and Sampling Techniques i n  Four Mountain 
Lakes of  Idaho)' '  Rqsearch Technical  Completion Report P r o j e c t  
A-018-IDA February 1969.  
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I N T R O D U C T I O N  

Today t h e r e  a r e  r e l a t i v e l y  few n a t u r a l  bodies  o f  water  t h a t  a r e  no t  

p o l l u t e d  t o  some degree.  Alpine Lakes o f f e r  t h e  b i o l o g i s t  an oppor tun i ty  

t o  i n v e s t i g a t e  community s t r u c t u r e  i n  an undis turbed environment. Basic  

b i o l o g i c a l  d a t a  from such ecosystems may someday be u se fu l  i n  e s t a b l i s h i n g  

b i o t i c  b a s e l i n e s  by which we could eva lua t e  t h e  changes t h a t  man has made 

and w i l l  cont inue t o  make i n  h i s  environment. There a r e  over  one thousand 

high l akes  i n  Idaho a lone ,  however, l i t t l e  is  known of  t h e i r  b a s i c  limnology. 

Q u a n t i t a t i v e  i n v e s t i g a t i o n s  of l i m n e t i c  o r  open water  c rus tacean  popu- 

l a t i o n  i n  high mountain l akes  a r e  u sua l ly  made from a rubber  r a f t  wi th  sma l l  

volume plankton t r a p s ,  two n e t s ,  and waten b ~ t t l e s  (Pennak, 1955; Reimers, 

e t  a l ,  1955: Rabe, 1964; and Sparrow, 1966) ,  The remcteness of  t h e s e  l akes  

makes it d i f f i c u l t  t o  t r a n s p o r t  a s t anda rd  s i z e  boat and motor. Shallow lakes  

preclude t h e  use of  e l a b o r a t e  sampling equipment such a s  t h e  Clark Bumpus 

metered tow n e t  f o r  l a r g e  volume h o r i z o n t a l  hau l s .  Another d i f f i c u l t y  con- 

cerns  t h e  low zooplankton dens i ty  i n  t h e s e  n u t r i e n t  poor waters  where addi- 

t i o n a l  e f f o r t  is  r equ i r ed  t o  ob t a in  a l a r g e  enough sample f o r  s t a t i s t i c a l  

accuracy. 

The o b j e c t i v e s  of  t h i s  s tudy were ( 1 )  t o  compare t h e  ho r i zon ta l  d i s t r i -  

bu t ion  and dens i ty  of  c rus taceans  i n  f o u r  high l a k e s  dur ing  t h e  summer; ( 2 )  

t o  compare f i e l d  sampling techniques of  t h e  zooplankton i n  t h e  l a k e s ;  and 

( 3 )  t o  compare and eva lua t e  sample s i z e  i n  t h e  l a r g e r  l ake .  

The s tudy  a r e a  i s  l o c a t e d  i n  t h e  B i t t e r o o t  Mountains of  Idaho. The 

i s k e s  a r e  s i t u a t e d  i n  c i rque  bas in s  on a s e r i e s  of  benches. Tin and Copper 

lakes  a r e  i n  meadows on t h e  lowest bench (1751 meters )  and a r e  s epa ra t ed  by 

a bedrock s p u r  t h a t  extends up between S i l v e r  and Gold Lakes t o  t h e  main 

headwall  of  t he  v a l l e y .  S i l v e r  Lake i s  on t h e  second bench (1800 meters )  

and south of  t h e  bedrock spu r .  Gold Lake is no r th  on t h e  t h i r d  bench (1873 

meters ) .  Maximum depths  i n  t h e  above o r d e r  a r e  2 .1 ,  3.1, 12 .8 ,  and 3.7 

meters .  T o t a l  a r e a s  a r e  1 . 0 ,  1 .6 ,  3.5 and 1 .7  hec t a r e s  r e s p e c t i v e l y .  

Subs t r a t e s  v a r i e d  from s o f t  o rganic  mud i n  t h e  meadow l akes  t o  bedrock, 

t d u s  , rubb le ,  and g y t t j a  i n  S i l v e r  and Gold Lakes. The chemical and phys i ca l  

c h a r a c t e r i s t i c s  o f  a l l  o f  t h e s e  waters  was much t h e  same dur ing  both summer 

.<lasons.  The pH ranged from 6 . 1  - 6.9. Me thy1 orange a l k a l i n i t y  was 2.5 mg/l. 

Dissolved oxygen concent ra t ions  were above s a t u r a t i o n .  Water t r anspa renc i e s  

i n d i c a t e d  t h e  bottom v i s i b l e  a t  a l l  t imes.  Surface temperatures  ranged from 

16 C t o  19 C. 



METHODS 

The sampling equipment cons i s t ed  o f  a rubber  r e i n f o r c e d  tube  a s  

o r i g i n a l l y  de sc r ibed  by Pennak (19621, two l i t e r  Kemmerer and Van Doren 

wate r  b o t t l e s ,  and a metered tow n e t .  The rubber  t ube  method made it 

p o s s i b l e  t o  c o l l e c t  an e n t i r e  "core" o f  wate r  which was s t r a i n e d  through 

no, 20 mesh b o l t i n g  c l o t h  a t t a c h e d  a t  one end. The metered n e t  was con7 

~ t r u c t e d  a s  a modif ied Hardy sampler ( M i l l e r ,  1961) .  I t  c o n s i s t e d  o f  a 

p l a s t i c  c y l i n d e r  equipped wi th  a flow meter ,  towing buckle ,  s t a b i l i z i n g  

f i n s ,  c o n i c a l  n e t  and plankton bucket .  Samples from t h e  wa te r  b o t t l e s  

were f i l t e r e d  through a Wiscmsin  n e t  and bucket (no. 20 mesh). 

S tanding  crop of l i m n e t i c  c rus taceans  were compared i n  1966 by t h e  use 

of  t h e  sampling t ube .  Each l a k e  was salnpled f o u r  t imes dur ing  t h e  season .  

A comparison of  plankton c o l l e c t i o n  methods i n  1966-67 involved both wate r  

b o t t l e  t ypes  and t h e  rubber  t ube .  T h i r t y  l i t e r s  were drawn from t h e  Van 

Doren and Kemmerer b o t t l e s  and 10 l i t e r s  from t h e  tube.  A metered tow n e t  

(820 1 1 ,  Kemmerer b o t t l e  (45 1 )  and Van Doren sampler  (180 1 )  were used i n  

sample s i z e  comparisons dur ing  1966-67. The l a r g e  volumes provided by t h e  

metered n e t  made it p o s s i b l e  t o  a s s e s s  sample s i z e  d i f f e r e n c e s .  

Sampling s t a t i o n s  were ass igned  a t  random i n  l a k e s  bu t  kep t  uniform a s  

t o  bottom depth and l e v e l  sampled. A l l  samples were r e p l i c a t e d  v e r t i c a l  

s e r i e s  o r  columns. 

Samples were made up t o  50 m l  and f o u r  a l i q u o t s  enumerated. Each 

enumeration was i n  a s e p a r a t e  mount o f  a 1 m l  Sedgewick-Rafter count ing  

c e l l  under 60X magni f ica t ion .  Appropria te  c a l c u l a t i o n s  were made t o  de- 

termine t h e  number o f  i n d i v i d u a l s  p e r  l i t e r .  A l l  va lues  were normalized 

by a square  r o o t  t r ans fo rma t ion  o f  t h e  form d- . 
The u n i t s  used i n  comparisons were d e n s i t i e s  and h o r i z o n t a l  d i spe r s ions  

o f  c ru s t aceans .  The dens i t y  was based os 2 and compared us ing  t h e  "F" t e s t .  

F i s h e r ' s  c o e f f i c i e n t  of d i s p e r s i o n ,  sZ/?, was u t i l i z e d  t o  examine h o r i z o n t a l  
2 

d i s p e r s i o n  where S was t h e  var iance  and 2 was t h e  mean of  t h e  popula t ion .  

Hor izonta l  d i s p e r s i o n s  were examined f o r  homogeneity. 

' ~ i m n e t i c  c ru s t aceans  (open wate r  forp-18) were t h e  only zooplankton wi th  

counts  f i t t i n g  t h e  assumptions of  t h e  "F" t e s t .  The v a r i a t i o n  o f  r o t i f e r  



cqunts  was t o o  l a r g e .  Copepods were enumerated c o l l e c t i v e l y  a s  t o t a l  cope- 

ppdids  and t o t a l  copepodid n a u p l i i ,  ckadocerans a s  Daphnia and Holopedium and 

a l l  c ru s t aceans  as t o t a l  c ru s t aceans .  Sepa ra t e  nF" t e s t  o f  t h e  above groups 

were i m p r a c t i c a l  because o f  low d e n s i t y  e s t i m a t e s .  I t  was assumed t h a t  by 

combining a l l  t h e  c ru s t aceans  and t h e r e f o r e  i n c r c d s i n g  counts  w i th in  samples 

t h a t  d a t a  va r i ance s  could be used i n  "F" t e s t s .  Th is  assumption was j u s t i -  

f i e d  by no t  a s s e s s i n g  n i c h e  requ i rements  o f  t h e  p l a n k t e r s .  

Hor i zon t a l  d i s p e r s i o n  of  c ru s t aceans  i n  t h e s e  l a k e s  w a s  thought  t o  be  

uniform due t o  s i m i l a r  environmental  cond i t i ons .  Ricker  (1938) found t h a t  

choosing a c e n t r a l  s t a t i o n  t o  r e p r e s e n t  t h e  whole p e l a g i c  r eg ion  was gener-  

a l l y  s a t i s f a c t o r y  becausc p lank ton  were reasonably  uniform ove r  t h e  e n t i r e  

o f f sho re  a r e a .  He s t a t e d  t h a t  v e r t i c a l  n e t  hau l s  have a  random d i s t r i b u t i o n  

i n  t h e  h o r i z o n t a l  p l ane .  

Cass ie  (1962) r e l a t e s  t h a t  p lank ton  can be d i s t r i b u t e d  a s  a Poisson s e r i e s  

which may be de sc r i bed  by a s i n g l e  paramete r ,  t h e  mean X. The Poisson model 

is  on ly  a  s p e c i a l  c a se  o f  t h e  gene ra l  b inomial  model. T e s t s  f o r  Poisson a r e  

mainly t e s t s  f o r  randomness. Plankton d i s p e r s i o n s  can be examined on t h e  

b a s i s  o f  t h e  r e l a t i o n s h i p  between t he  va r i ance  and t h e  mean. 

The d e v i a t i o n s  o f  s2/% ( F i s h e r ' s  C o e f f i c i e n t )  from one corresponds t o  

t h r e e  types  o f  d i s p e r s i o n .  Less than  one i s  equa ted  w i th  i n f r a d i s p e r s i o n  

(more even ly  spaced than  random), one i s  random (Po i s son )  and g r e a t e r  t han  one 
2 - is s u p e r d i s p e r s i o n  (grouped) .  The s i g n i f i c a n c e  o f  t h e  d e v i a t i o n  o f  S  / X  from 

2 - 
one can be t e s t e d  by t h e  equa t ion :  x2 = (N-1) S / X ,  where N i s  t he  number of 

counts .  Comita and Comita (1957)  used t h i s  c o e f f i c i e n t  t o  show t h a t  uncrowded 

plqnkton popu l a t i ons  had such d i s t r i b u t i o n s .  

Hor i zon t a l  d i s p e r s i o n s  f o r  Daphnia, Holopedium, t o t a l  copepodids,  t o t a l  

copepodid n a u p l i i  and t o t a l  c ru s t aceans  i n d i c a t e d  h igh  p r o b a b i l i t i e s  f o r  

i n f r a d i s p e r s i o n  and low p r o b a b i l i t i e s  f o r  supe rd i spe r s i on .  An e s t i m a t e  o f  

t o t a l  ' c ru s t acean  d i s p e r s i o n  w a s  necessa ry  t o  determine i f  t hey  r ep re sen t ed  

d i s t r i b u t i o n s  o f  t h e i r  components. I f  d i s p e r s i o n s  were similar, t hey  may 

suppor t  t h e  assumption o f  u s i n g  t o t a l  c ru s t acean  mean d e n s i t i e s  i n  "F" 

t e s t  comparisons.  



ESULTS AND DISCUSSION 

The f o u r  l akes  were s i m i l a r  i n  t h a t  they had a simple spec i e s  s t r u c t u r e  

and low dens i ty  of zooplankton. The p r i n c i p l e  zooplankton were two copepods, 

Diaptomus l i n t o n i ,  S. A .  Forbes 1893 and Cyclops sp. ; and two cladocerans,  

Daphnia ro sea ,  Sars  1862 amend. Richard 1896, and Holopedium amazonicum, 

Stingellin 1904. Holopedium amazonicum was only found i n  samples from S i l v e r  

and Gold Lakes i n  1966 and a l s o  i n  Copper Lake i n  1967. Ro t i f e r s  included 

Conochilus sp .  with occas iona l  observa t ions  of  K e r a t e l l a  sp. and T r i c h o t r i a  sp. 

A. Comparison o f  Lakes 

The dens i ty  and composition of microcrustaceans was s i m i l a r  from J u l y  - 
September, 1966 (F ig .  1 ) .  The mean number of t a x a  f o r  a l l  t h e  sampling da t e s  

appear  t o  r ep re sen t  those  of  each sampling da t e .  I t  was then assumed t h a t  

t o t a l  c rus taceans  can be used a s  dens i ty  e s t ima te s  o f  t h e  t axa .  

The h o r i z o n t a l  d i s t r i b u t i o n s  of t h e  comparison of l akes  d a t a  a r e  i nd i -  

ca ted  i n  Table 1. A l l  components and t o t a l  c rus taceans  have high p r o b a b i l i t i e s  

f o r  i n f r a d i s p e r s i o n  and low p r o b a b i l i t i e s  f o r  superd ispers ion .  A l l  c rustacean6 

were i n f r a d i s p e r s e d  except  t o t a l  copepodid n a u p l i i  i n  Gold and Tin Lakes. The 

superd ispers ion  i n  Gold Lake was a t t r i b u t e d  t o  t o t a l  copepodid n a u p l i i  dens i ty  

on August 25 (F ig .  1 ) .  This i nc rease  may have been due t o  counting e r s o r s  

caused by clumping dur ing  p re se rva t ion  o r  t o o  r a p i d  growth i n  one of t h e  many 

deveJgpmenta1 s t ages .  

To ta l  copepodid n a u p l i i  from Tin Lake were superd ispersed  with t h e  h ighes t  

dens i ty  occu r r ing  on August 10.  Abundance and subsequent maturat ion of  t hese  

p a u p l i i  was i n d i c a t e d  by t o t a l  copepodid inc rease  on August 25 and September 10 ,  

Comfta and Comita (1957) found t h a t  n a u p l i i  can be superd ispersed  because devel- 

opmental s t a g e s  a r e  o f  d i f f e r e n t  s i z e s  and coex i s t  i n  microhabi ta t s  where compe- 

t i t i o n  f o r  food is l e s s .  In f r ad i spe r s ion  occurs  when s t a g e s  a r e  considered sep- 

a r a t e l y  and t h e r e  appears  t o  be a preference  f o r  s i m i l a r  g raz ing  spaces .  

I n  t h i s  s t u d y ,  f r equen t  occurrence of i n f r a d i s p e r s i o n  was due t o  t h e  extreme 

low dens i ty  of c rus taceans .  Zooplankton commonly forage  on nannoplankton which 

were q o t  observed i n  any g r e a t  abundance. The poor product ive  capac i ty  of t h e s e  

lakes  is  apparent ly  due t o  t h e  low q u a n t i t y  of a v a i l a b l e  inorganic  n u t r i e p t s  

which form t h e  b a s i c  m a t e r i a l s  f o r  s t r u c t u r e  and growth of l i v i n g  organisms. In- 
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Tab le  1. Types o f  h o r i z o n t a l  d i s p e r s i o n  f o r  mean number o f  t a x a  and  
t o t a l  c r u s t a c e a n s  p e r  l i t e r ,  1966.  
I = I n f r a d i s p e r s i o n ,  R = Random, S  = S u p e r d i s p e r s i o n  

- 
d , f .  X s2 s 2 / ~  x2 P  DISPERSION 

S i l v e r  L. 

Daphnia 15 0 . 8  0 . 1  0 . 1  1 . 5  ,.995 I 
Holopedium 1 5  1 . 0  0 . 3  0 . 3  4.5 , - ~ . 9 9 5  I 
T o t a l  Copepodids 1 5  1 . 0  0 . 1  0 . 1  1 . 5  fl.995 I 
T.2tal  Copepodi d  

f;a)i; :i  I j 5 1 . 6  0 . 4  0 . 3  4 . 5  p . 9 9 5  I 
,, 
?c,:<-l 

C r u s t a -  32s 6  3 1.1 0 . 3  0 . 3  1 6 . 4  ~ 9 9 5  I 

GOLD i. 

Daphnia 1 5  1 . 5  0 . 4  0 . 3  4 . 5  f i . 9 9 5  I 
fiolopedium 1 5  0 . 9  0 .2  0 . 3  4 .5  /v .995 I 
T o t a l  Copepodids 1 5  1 . 7  0 . 5  0 . 3  4.5 F . 9 9 5  I 
T o t a l  Copepodid 

N a u p l i i  1 5  2 . 7  1 0 . 0  3 .7  56 .3  COO5 S  
T o t a l  

C r u s t  ace  a n s  6  3  1 . 7  3 . 1  1 . 8  1 1 4 , 7  E 0 0 5  S  

T i n  L. 

Daphnia 1 5  2 .8  2 . 1  0 . 8  12 .0  e 7 5 0  R 7 I  
T o t a l  Copepodids 1 5  3 - 5  2  . O  0 .6 9.0 e 9 0 0  I 
T o t a l  Copepodid 

N a u p l i i  1 5  1 . 9  2 .7  1 .4  21.0 r 6 2 0 0  S 
T o t a l  

C r u s t a c e a n s  47 2.7 2 .4  0 . 9  41.8 e 7 5 0  R >I 

Copper L. 

1 5  3 . 1  1 . 5  0 .5  7 .5  F.750 I 
%??opepodids 1 5  2 , 5  1 . 0  0 .4  6.0 P . 9 7 5  I 
T o t a l  Copepodid 

N a u p l i i  1 5  1 . 8  0 . 8  0 0 4  6.0 F.975 I 
T o t a l  

C r u s t a c e a n s  4  7  2 .5  1.1 0 .4  20.2 e 9 9 5  I 



a d d i t i o n ,  t h e  sho r t ened  growing season l i m i t s  p roduc t ion  a t  t h e s e  h ighe r  e l e -  

va t i ons .  I t  i s  t hen  assumed t h a t  t o t a l  c ru s t aceans  were i n f r a d i s p e r s e d .  

S i m i l a r i t i e s  of  d i s p e r s i o n  h e l p  j u s t i f y  ana ly se s  based on t o t a l  c ru s t acean  

q e n s i t i e s .  

The c ru s t acean  d e n s i t y  i n  t h e  l a k e s  was compared by a n a l y s i s  o f  va r i ance  

and r e s u l t s  i n d i c a t e d  a  s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  . 0 1  p r o b a b i l i t y  l e v e l  

(Tab le  2 ) .  The h i g h e s t  s t a n d i n g  c rops  occur red  i n  Copper and Tin Lakes r e s -  

p e c t i v e l y .  S tand ing  c rop  i n  Gold Lake was g r e a t e r  t h a n  lin S i l v e r  Lake. These 

r e s u l t s  were based on a m u l t i p l e  range t e s t  of  means (Duncan, 1955).  The 

s m a l l  d i f f e r e n c e s  were i n  agreement wi th  t h e  d i s p e r s i o n  e s t i m a t e s .  The 

d a t a  shows t h a t  t h e r e  a r e  no t endenc i e s  o f  organisms be ing  e x c l u s i v e l y  random 

o r  supe rd i spe r s ed  which i s  i n d i c a t i v e  o f  h i g h e r  d e n s i t i e s  (Table  1 ) .  There 

was o o t  enough ev idence  t o  i n d i c a t e  why t h e  meadow l a k e s  had t h e  g r e a t e s t  

biomass of zooplankton.  These l a k e s  a r e  l o c a t e d  a t  lower e l e v a t i o n s  and t h e  

s u b s t r a t a  i s  composed o f  a  g r e a t e r  pe rcen tage  of  o r g a n i c  m a t t e r  t han  e x i s t s  

i n  t h e  rocky l a k e s ,  Water c h e m i s t r i e s  however a r e  e s s e n t i a l l y  s i m i l a r  i n  t h e  

f o u r  l a k e s .  

The d i s p e r s i o n  and d e n s i t i e s  o f  t o t a l  c ru s t aceans  were a l s o  analyzed f o r  

v a r i a t i o n  between l a k e s  and sampling d a t e s .  Hor i zon t a l  d i s p e r s i o n s  a r e  p r e -  

s e n t e d  i n  Table  3 ;  i n f r a d i s p e r s i o n  was predominant.  Superd i spers ion  i n  Gold 

Lake on August 25 was caused by a  h igh  t o t a l  copepodid n a u p l i i  count .  Th is  

p a r t i c u l a r  p u l s e  made t o t a l  copepodid n a u p l i i  appear  supe rd i spe r s ed  f o r  t h e  

e n t i r e  season (Table  11,  The randomness of  t o t a l  c ru s t aceans  i n  Tin Lake on 

J u l y  15 and September 10 was a t t r i h u t e d  t o  high counts  o f  Daphnia and t o t a l  

copepodids . 
The d e n s i t y  o f  t o t a l  c ru s t aceans  i n  each l a k e  was t e s t e d  f o r  v a r i a t i o n s  

between sampling d a t e s .  S i l v e r  and Tin Lakes showed no s i g n i f i c a n t  d i f f e r e n c e  

f o r  t o t a l  c ru s t aceans .  Gold Lake showed a  s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  .05 

p r o b a b i l i t y  l e v e l .  The m u l t i p l e  range t e s t  i n d i c a t e d  t h a t  t o t a l  c ru s t aceans  

d e n s i t y  on ly  v a r i e d  on August 25 when t o t a l  copepodid n a u p l i i  counts  were 

h igh  (Table  4 ) .  Copper Lake had a  s i g n i f i c a n t  d i f f e r e n c e  between d a t e s  a t  

t h e  . O 1  p r o b a b i l i t y  l e v e l o  The m u l t i p l e  range t e s t  i n d i c a t e d  t h a t  h i g h e s t  

t c t a l  c ru s t acean  d e n s i t y  occur red  on August 25 and September 10 (Table  4 ) .  

An i n c r e a s e  i n  Daphnia and t o t a l  copepodids seemed t o  cause t h i s  i n c r e a s e  

(F igu re  1 ) .  

The d e n s i t y  o f  t o t a l  c ru s t aceans  f o r  each sampling da t e  was t e s t e d  f o r  . 

v a r i a t i o n s  between l a k e s .  On any o f  t h e  f o u r  d a t e s ,  a t  l e a s t  one o f  t h e  l a k e s  



Table 2 ,, Comparison o f  mean t o t a l  c r u s t a c e a n s  p e r  
l i t e r  i n  t h e  f o u r  l a k e s ,  1966. 

- - - 

A .  Ana lys i s  of  Var iance 

Source of  
V a r i a t i o n  d. f. S.S. M .  S. I t  ~ l f  

Among Lakes 

Within Lakes 220 381.1 1 , 7  

- - - - 

B. Duncan's M u l t i p l e  Range T e s t  

S i l v e r  L. 

1.1 

Gold L. T in  L. Copper L. 

2 .5  2 .7  



Table  3. Types o f  h o r i z o n t a l  d i s p e r s i o n  f o r  sampling d a t e s  o f  l akes .*  
I = I n f r a d i s p e r s i o n ,  R = Random, S = Superd i spers ion .  

----- ---- --- -- 
SILVER GOLD T I N  COPPER 
LAKE LAKE LAKE LAKE 

d . f .  15 15 11 11 

;2 1.1 1.4 2.7 2.4 
0.2 0.4 3.1 0.9 

JULY 15 s:/? 0.2 0.2 1.1 0.4 
X 3.0 3.0 16.5 6.0 
P r-. 995 *. 995 ^. 425 .̂ 975 
DISPERSION I I R I 

- 
2 1.0 1.5 3 .O 1.9 

0.2 1.0 1.7 1.0 
AUG. 10 :;/x 0.2 0.7 0.6 0.5 

X 3.0 10.5 9.0 7.5 
P fi .995 + -825 + .850 +. 950 
DISPERSION I R >  I I I 

- 
2 

1.1 2.7 3.0 3.4 
0.4 9.5 1.9 0.4 

AUG. 25 E:/R 0.3 3.5 0.6 0.1 
X 4.5 5.2 9.0 1.5 
P ". 995 ^. 990 ". 850 ". 995 
DISPERSION I S I I 

- 
X2 

1.3 1.2 3.2 3.2 

S2 - 0.3 0.6 3.5 2.0 
SEPT. 10 s2/x 0.2 0.5 1.1 0.6 

X 3.0 7.5 16.5 9.0 
P '. 995 A. 950 -. 425 /. 850 
DISPERSION I I R I 

f i  Expressed as mean number o f  t o t a l  c ru s t aceans  p e r  l i t e r .  



Table 4. Comparison o f  sampling d a t e s  f o r  each l a k e ,  
1966 .fi 

GOLD LAKE 

September 10 J u l y  15 August 10 August 2 5 

1 . 2  1 .4  1 .5  2.7 

COPPER LAKE 

J u l y  10 August 10 August 2 5 September 10 

Expressed as mean number o f  t o t a l  c r u s t a c e a n s  p e r  
l i t e r .  



showed 9 s i g n i f i c a n t  d i f f e r e n c e  i n  t o t a l  c ru s t acean  d e n s i t y  ( . 0 1  and .05 proba- 

b i l i t y  l e v e l s ) .  Th is  was confirmed by m u l t i p l e  range t e s t s  (Tab le  5 ) .  The t e s t s  

suppor t  t h e  e s t i m a t e  o f  h i g h e s t  d e n s i t i e s  o f  t o t a l  c ru s t aceans  i n  Tin and Copper 

Lakes f o r  1966. D i f f e r ences  i n  d e n s i t y  f o r  each taxon e x p l a i n  v a r i a t i o n s  o f  l a k e s  

( F i g ,  l ) #  

The comparison o f  l a k e s  was based on d e n s i t i e s  (mean t o t a l  c ru s t aceans  
2 - 

and h o r i z o n t a l  d i s t r i b u t i o n s  ( c o e f f i c i e n t  of  d i s p e r s i o n  S  /X) o f  l i m n e t i c  c r u s t -  

aceans .  Comita and Comita (1957) proposed t h a t  t h e i r  d a t a  was randomly d i s t r i -  

bu ted  when t h e  popu l a t i on  was low and supe rd i spe r s ed  when t h e  popula t ion  was high.  

Th is  was examined by p l o t t i n g  t h e  popu l a t i on  d e n s i t y  a g a i n s t  t h e  c o e f f i c i e n t  o f  

( 4 2 ~ ~  ,L L iGr, l.L, .. -.. r a l i  lii.veiapmen.ta1 s t a g e s  o f  copepodids . The i r  r e s u l t s  i n d i c a t e d  

t h a t  t h e r e  may be a  l i n e a r  r e l a t i o n s h i p  between t h e  popu l a t i on  d e n s i t y  and t h e  

c o e f f i c i e n t s  o f  d i s p e r s i o n .  

I t  appears  t h a t  t h e  d a t a  may have been l i k e w i s e  randomly d i s t r i b u t e d .  T o t a l  

c ru s t ace8ns  d e n s i t y  was p l o t t e d  a g a i n s t  i t s  c o e f f i c i e n t  o f  d i s p e r s i o n  f o r  t h e  f o u r  

l a k e s  and t h e r e  was an i n d i c a t i o n  t h a t  a l i n e a r  r e l a t i o n s h i p  e x i s t e d .  The c o r r e l q -  
Z - 

t i o n  c o e f f i c i e n t  f o r  and S  /X was found t o  be 0.6109, which was s i g n i f i c a n t l y  

d i f f e r e n t  from z e r o  a t  t h e  .05 l e v e l ,  (F ig .  2 ) .  

B .  C~mpar i son  o f  Methods 

The Peonak, Kemrnerer and Van Doren p lank ton  samplers  were used t o  compare 

methods of c o l l e c t i o n .  The h i g h e s t  d e n s i t i e s  of t o t a l  c ru s t aceans  f o r  t h e  two 

y e a r s  were i n  Tin and Copper Lakes (F ig .  3 ) .  

The t ypes  o f  h o r i z o n t a l  d i s p e r s i o n  o f  t o t a l  c ru s t aceans  were cons idered  f o r  

t h e  t h r e e  methods i n  t h e  f o u r  l a k e s  (Tab le  6 ) .  S i l v e r  and Gold Lakes were i n f r a -  

d i s p e r s e d  suppo r t i ng  t h e  low d e n s i t y  e s t i m a t e s .  Tin and Copper Lakes had essen-  

t i a l l y  random d i s t r i b u t i o n s  which i n d i c a t e d  h i g h e r  d e n s i t i e s .  Superd i spers ion  

i n  Tin Lake had low p r o b a b i l i t i e s  and were cons idered  a s  random. 

The t h r e e  methods i n  Tin and Copper Lakes i n d i c a t e d  no  s i g n i f i c a n t  d i f f e r e n c e  

a t  t h e  .Q5  p r o b a b i l i t y  l e v e l .  There was a  s i g n i f i c a n t  d i f f e r e n c e  at t h e  .05 prob- 

a b i l i t y  l e v e l  f o r  S i l v e r  and Gold Lakes. A m u l t i p l e  range t e s t  i n d i c a t e d  s i m i l a r i t y  

of methods excep t  i n  Gold Lake (Table  7 ) .  Samples u s i n g  Pennak's r ubbe r  t ube  method 

e x h i b i t e d  h i g h e r  counts  f o r  t a x a ,  b u t  t h e  magnitude o f  t h e  d i f f e r e n c e s  were n o t  con- 

s i d e r e d  s i g n i f i c a n t .  S i m i l a r  t o t a l  c ru s t acean  counts  were c o l l e c t e d  by t h e  t h r e e  

methods i n  each l ake .  



T a b l e  5 .  Comparison o f  l a k e s  f o r  e a c h  s a m p l i n g  
d a t e ,  1966.k 

JULY 1 5  

S i l v e r  L. Gold L. Copper L. T i n  L. 

AUGUST 1 0  

S i l v e r  L. Gold L. Copper L. T in  L. 

AUGUST 25 

S i l v e r  L. Gold L. 

1.1 2 .7  

Copper L. T i n  L. 

3 . 4  3 . 0  

SEPTEMBER 10 

S i l v e r  L. Gold L. 

1 . 3  1 . 2  

Copper L .  T i n  L. 

3 . 2  3.2 fi E x p r e s s e d  as mean number o f  t o t a l  c r u s t a c e a n s  
p e r  l i t e r ,  



0 

Gold Lake, 
August, 25.  

Fig. 2 .  Populat ion d e n s i t i e s  p l o t t e d  a g a i n s t  
F i s h e r ' s  c o e f f i c i e n t  of d i s p e r s i o n  f o r  
sampling d a t e s  o f  l akes .  Expressed a s  
mean number of t o t a l  c rus taceans  p e r  
l i t e r .  



h) d 
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Table  6. Types o f  h o r i z o n t a l  d i s p e r s i o n  f o r  methods i n  lakes.$:  
I = I n f r a d i s p e r s i o n ,  R = Random, S = S u p e r d i s p e r s i o n .  

I 
1966 1966 1967 

KEMMERER PENNAK VAN DOREN 
d . f .  15 d. f .  15 d . f .  15 

- 

t2 1.0 1.2 1.0 
SILVER 0.3 0.2 8.1 

LAKE S:/E 0.3 0.2 0.1 
X 4.5 3.0 1.5 
P 995 A .  995 /. 995 

DISPERSION I I I 

- 
X2 1.4 1.9 1.3 

GOLD 0.6 0.7 0.3 
LAKE : ; /?  0.4 0.4 0.2 

X 6.0 6.0 3.0 
P e 975 -975 -995 

DISPERSION I I I 

- 
X2 

2.0 2.3 2.7 
TIN S2 - 2.8 1.9 5.8 
,LAKE s2/x 0.4 0.4 0.2 

X 21.0 12.0 31.5 
P -. 150 P. 700 P. 008 

DISPERSION S R 7 I  S 

- 
2 

1.7 2.0 1.9 
COPPER 1.7 1.2 1.6 
LAKE :;/? 1.0 0.6 0.8 

X 15.0 9.0 12.0 
P -. 450 + 850 700 

DISPERSION R R > I  R'/ I 

* Expressed as mean number o f  t o t a l  c r u s t a c e a n s  p e r  l i t e r .  



T a b l e  7 .  Comparison o f  s a m p l i n g  methods w i t h i n  - l a k e s ,  1966 and 
1967." 

SILVER LAKE GOLD LAKE 

Van Doren Kemmerer Pennak Van Doren Kemmerer Pennak 

fi Expressed  as mean number o f  t o t a l  c u r s t a c e a n s  p e r  l i t e r .  



The d e n s i t y  and d i s t r i b u t i o n s  o f  t o t a l  c ru s t aceans  c o l l e c t e d  by t h e  t h r e e  

methods i n  f o u r  l a k e s  had a  l i n e a r  r e l a t i o n s h i p .  The c o r r e l a t i o n  c o e f f i c i e n t  
2 - 

f o r  X and S  /X was found t o  be  0.897, which was s i g n i f i c a n t l y  d i f f e r e n t  from 

ze ro  a t  t h e  .05 l e v e l  (F ig .  4 ) .  

C ,  Comparison o f  Sample S i ze  

The r e l a t i o n s h i p  o f  sample s i z e  t o  d e n s i t y  and c o e f f i c i e n t  o f  d i s p e r s i o n  

o f  t o t a l  c ru s t aceans  was examined f o r  v a r i a t i o n .  S i l v e r  Lake was s e l e c t e d  be- 

cause a  l a r g e r  volume cou ld  be  t aken  from i ts  deeper  l i m n e t i c  a r e a .  A metered 

tow n e t  was used t o  c o l l e c t  l a r g e  volumes o f  wate r  from t h e  upper t e n  meter  

straTum. This  in format ion  was compared t o  sma l l  volume Kemmerer and Van Doren 

s a m ~ l e s  from sha l low dep ths  (Tab le  6 ) .  

The d a t a  f o r  d i f f e r e n t  sample s i z e s ,  qe thods  and dep ths  (Tab le  8 )  i n d i c a t e d  

t h a t  t h e  c o e f f i c i e n t  o f  d i s p e r s i o n  and d e n s i t y  o f  t o t a l  c ru s t aceans  remained con- 

s tant  as t h e  sample s i z e  and depth changed. There was no s i g n i f i c a n t  d i f f e r e n c e  

i n  t h e  d e n s i t i e s  o f  t o t a l  c ru s t aceans .  S i m i l a r i t i e s  o f  t o t a l  c ru s t acean  d e n s i t i e s  

and d i s p e r s i o n  e s t i m a t e s  from d i f f e r e n t  sample volumes were a t t r i b u t e d  t o  t h e  low 

c r u s t a c e a n  d e n s i t y  th roughout  t h e  l i m n e t i c  r eg ion  o f  S i l v e r  Lake. 

The low d e n s i t y  o f  c ru s t aceans  i n d i c a t e d  t h e  need f o r  l a r g e r  sample volymes. 

The nece s sa ry  sample s i z e  may be  approximated by c a l c u l a t i n g  t h e  number o f  repJ.1- 

c a t i o n s  p e r  s t a t i o n  as d e s c r i b e d  by S t e e l  and T o r r i e  (1960) .  

2 The r is  t h e  number o f  r e p l i c a t i o n s  p e r  s t a t i o n ;  S is  an e s t i m a t e  ob t a ined  from 

t h e  p r ev ious  exper iment ;  6 i s  t h e  s i z e  d i f f e r e n c e  nece s sa ry ;  to  i s  t h e i t  va lue  
t 

a s s o c i a t e d  wi th  Type I1 e r r o r .  The 1 equa l s  t a b u l a t e d  t f o r  p r o b a b i l i t y  2(1-P) 

where P  i s  t h e  r e q u i r e d  p r o b a b i l i t y  o f  d e t e c t i n g  8 . 
When prev ious  d a t a  were s e l e c t e d  from two sample s i z e s  o f  t h e  Kemmerer method 

(Table  61, t h e  va r i ance  o f  t h e  two Kemmerer sample s i z e s  was 0.4 based on 30 degrees  

o f  freedom. I f  a d i f f e r e n c e  o f  0 . 5  organisms p e r  l i t e r  d e s i r e d  between two s t a t i o n s  

t hen  t h e  p r o b a b i l i t y  o f  Type I e r r o r  e q u a l s  0.05 and Type I1 e r r o r  0.20. I f  20 r e -  

p l i c a t i o n s  a r e  r e q u i r e d  a t  each of t h e  two s t a t i o n s ,  t h e n  e r r o r  degrees  o f  freedom 

a r e  39.2, If t h e  volume of each r e p l i c a t i o n  is  110 l i t e r s  (average  o f  Kemmerer 

samples ) ,  4,312.0 l i t e r s  p e r  s t a t i o n  would be nece s sa ry  t o  d e t e c t  a d i f f e r e n c e  ~f 

0 . 5  organisms p e r  l i t e r .  A d i f f e r e n c e  o f  1 organism p e r  l i t e r  would r e q u i r e  985.6 

l i t e r s  p e r  s t a t i o n .  
-17- 



Fig.  4. P o p u l a t i o n  d e n s i t i e s  p l o t t e d  a g a i n s t  
F i s h e r ' s  c o e f f i c i e n t  o f  d i s p e r s i o n  f o r  
methods i n  l a k e s .  Expressed  a s  mean 
number o f  t o t a l  c r u s t a c e a n s  p e r  l i t e r .  



z 
0 
H 

2 
W 
PI 
cn 
t - l  
a 

PI 

hl 
X 

I X -. 
hl 

(TJ 

N 
cn 

I X  

G 
a 

n 

a, UJ 
4 s  !L 
at' a, 
E at' 
r d w a ,  

UY " 5  

n 
a, UJ 
4 4: !L 
a w a ,  
% .: 2 
c n m - '  

V 

a 
0 
C 
t' 
a, 
r: 



The c o l l e c t i o n  of l a r g e  volumes f o r  comparison of l i m n e t i c  c rus tacean  

d e p s i t i e s  i n  t h e s e  waters  may be considered adequate when taken with r e p l i c a t e  

v e r t i c a l  samples where h o r i z o n t a l  d i spe r s ions  a r e  e s s e n t i a l l y  homogenous. LOW 

d e n s i t y  e s t ima te s  t o  be used i n  "F" t e s t s  might be averaged and converted t o  

number p e r  100 l i t e r s .  

The recommended sampler  f o r  c o l l e c t i n g  l i m n e t i c  c rus taceans  i s  a s imple 

tow n e t  with a coarse  meshed n e t  (No. 14-15),  l a r g e  a p e r t u r e ,  o f f s e t  towing 

b r i d l e ,  and a l a r g e  n e t  s u r f a c e  a r ea .  The tow r a t e s  might then be i nc reased  

w i t h o u ~  causing turbulence  i n  f r o n t  of t h e  n e t  and avoidance by c rus t aceans .  

I t  should  be no ted  t h a t  low d e n s i t y  e s t ima te s  may have been in f luenced  by 

a-mic l? rp?  ' ; l~h; ' - i r - r "  cf t h e  rziustaceans. Fleminger and C l u t t e r  (1965) s t a t e  t h a t  

when s a x p l e r s  a r e  preceded by a towing l i n e ,  c ru s t aceans  may r e a c t  t o  t a c t i l e  

s t i m u l i  o r  p r e s su re  waves which a r e  c r e a t e d  ahead of  t h e  moving samplers .  They 

found t h a t  r e l a t i v e l y  more animals were c o l l e c t e d  i n  denser  popula t ions .  This 

sugges ts  t h a t  i n t e r i n d i v i d u a l  i n t e f e r e n c e  may be r e spons ib l e  f o r  t h e i r  r e s t r i c t e d  

movements, The degree of  avoidance is  most l i k e l y  r e l a t e d  t o  behavior  and loco- 

motor capabiAi t ies  c h a r a c t e r i s t i c  of  t h e  s p e c i e s .  In  t h i s  s tudy ,  avoidance may 

have been due t o  low crus tacean  d e n s i t y  and high t ransparency  of  water  which pro- 

v ides  a d d i t i o n a l  space f o r  movement and inc reased  v i s i b i l i t y .  



SUMMARY 

1, Four suba lp ine  l a k e s  i n  n o r t h e a s t  Idaho were s t u d i e d  du r ing  t h e  summers o f  

1966 and 1967. These l a k e  a r e a s  ranged from 1 .0  t o  3.5 h e c t a r e s  and from 

2 t o  1 3  meters  i n  depth.  

2 ,  Limnet ic  c ru s t aceans  e x h i b i t e d  a s imple  s p e c i e s  s t r u c t u r e  and low d e n s i t y .  

3 btean t o t a l  c ru s t acean  d e n s i ~ y  and h o r i z o n t a l  d i s p e r s i o n  appeared t o  approx- 

imate  t a x a  d e n s i t y  and h o r i z o n t a l  d i s p e r s i o n .  

4, Tin  and Copper Lakes had highen d e n s i t i e s  o f  l i m e t i c  c ru s t aceans  than  

S i l v e r  and Gold Lakes,  1966 and 1967. 

5 ,  There was an i n d i c a t i o n  t h a t  a  p o s i t i v e  l i n e a r  r e l a t i o n s h i p  e x i s t e d  between 

t o t a l  c ru s t acean  d e n s i t y  and c o e f f i c i e n t  o f  d i s p e r s i o n  when sampled by t h r e e  

methods i n  f ou r  l a k e s .  

6 ,  The s i m i l a r i t i e s  o f  t o t a l  c ru s t acean  d e n s i t y  apd d i s p e r s i o n  e s t i m a t e s  from 

d i f f e r e n t  methods and sample s i z e s  was a t t r i b u t e d  t o  t h e  low d e n s i t y  i n  t h e  

l i m n e t l c  reg ion  o f  t h e s e  wate rs .  

7, It i s  recommended t h a t  l a r g e r  sample s i z e s  a r e  needed t o  i n c r e a s e  t h e  accuracy 

of  d e n s i t y  and d i s p e r s i o n  e s t i m a t e s ,  and t h a t  sampling should  be  r e p e a t e d  by 

v e r t i c a l  h a u l s  wi th  s imple  tow n e t s .  

8, R e l i a b i l i t y  of  samples cou ld  have been a f f e c t e d  by c ru s t acean  avoidance o f  

samplers ,  which may be h igh  i n  t h e s e  wate rs  hav ing  low p lank ton  d e n s i t y  and 

h igh  t r an spa rency .  
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