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ABSTMCT 

Limne t ic  c r u s t a c e a n s  from f o u r  s u b a l p i n e  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  d u r i n g  t h e  summers of 1966 and 1967. Four methods were used 

t o  t a k e  q u a n t i t a t i v e  v e r t i c a l  p lank ton  samples .  These c o l l e c t i o n s  were 

used f o r  comparison of l a k e s ,  comparison of  sampl ing methods w i t h i n  l akes ,  

and .compar i son  of  sample s i z e s .  

The f o u r  l a k e s  were s i m i l a r  i n  hav ing  a  s imple  s p e c i e s  composi t ion 

and low d e n s i t y  of l i m n e t i c  c r u s t a c e a n s .  For a l l  samples F i s h e r ' s  c o e f f i -  

2 - c i e n t  of d i s p e r s i o n  S  /X was computed and used a s  a  measure of h o r i z o n t a l  

d i s p e r s i o n .  Mean t o t a l  c r u s t a c e a n  d e n s i t y  and d i s p e r s i o n  appeared t o  

approximate  t a x a  d e n s i t y  and d i s p e r s i a n s .  Data f o r  a l l  comparisons were 

based on t h e  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  of  mean t o t a l  c r u s t a c e a n s .  

The meadow l a k e s  had h i g h e r  d e n s i t i e s  of l i m n e t i c  c r u s t a c e a n s  

t h a n  t h e  headwal l  l a k e s ,  1966 and 1967. There was a n  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 r u s t a c e a n  d e n s i t y  

and c o e f f i c i e n t  of d i s p e r s i o n  when sampled by d i f f e r e n t  methods i n  each 

of t h e  f o u r  l a k e s .  S i m i l a r i t i e s  of  t o t a l  c r u s t a c e a n  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  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  l i m n e t i c  r e g i o n s .  R e l i a b i l i t y  of d a t a  was p o s s i b l y  

a f f e c t e d  by smal l  sample s i z e s  and avo idance  behav io r  of c r u s t a c e a n s  t o  

s a m p l e r s .  



INTRODUCTION 

Quantitative investigations of zooplankton communities in mountain 

lakes are difficult because of inadequate sampling apparatus. This prob- 

lem is the direct result of the logistics involved in the transportation 

and use of limited amounts of equipment in remote areas. Sampling is 

usually from a rubber raft with simple plankton traps, tow nets and water 

bottles (Rawson, 1953; Pennak, 1955; Reimers, et a1 1955; Raleigh, 1957; 

Rabe, 1964; and Colborn, 1966). The shallow depths of these waters and 

the instability of rafts usually precludes the use of metered nets or 

other elaborate equipment for large volume sampling. 

The limnetic crustaceans of four similar subalpine lakes were 

studied from July to September during the years 1966 and 1967. Four 

methods were used to sample crustacean plankton. Results are based on 

the comparison of density and dispersion of mean total crustaceans with- 

in and between lakes. This study describes difficulties encountered in 

analyzing zooplankton collected from extreme oligotrophic waters. 



DESCRIPTION OF STUDY AREA 

A .  General  

S i l v e r ,  Gold, T in ,  and Copper Lakes a r e  l o c a t e d  i n  t h e  F ive  

Lakes B u t t e  Area of t h e  B i t t e r r o o t  Mountains (Clea rwate r  N a t i o n a l  F o r e s t )  

a t  e l e v a t i o n s  of  1751 mete r s  t o  1873 mete r s  (F ig .  1). They a r e  38 m i l e s  

sou thwes t  of S u p e r i o r ,  Montana i n  Shoshone County,  Idaho.  F o r e s t  Devel- 

opment Road 338 p a s s e s  w i t h i n  one and a  h a l f  m i l e s  of t h e  l a k e s  which 

a r e  a c c e s s i b l e  by t r a i l .  They a r e  l o c a t e d  w i t h i n  one-ha l f  m i l e  o f  each  

o t h e r  i n  a n  e a s t - f a c i n g  g l a c i a l  v a l l e y  t h a t  forms p a r t  of t h e  headwaters  

of  Meadow Creek.  T h i s  d r a i n s  i n t o  t h e  North Fork of t h e  Clea rwate r  R i v e r .  

The l a k e s  a r e  i n  t h e  montane zone based on e l e v a t i o n ,  l a t i t u d e ,  

i n s o l a t i o n ,  t e m p e r a t u r e ,  p r e c i p i t a t i o n ,  geochemis t ry ,and g e n e r a l  topog- 

raphy (Pennak, 1963). T i n  and Copper Lakes a r e  a p p a r e n t l y  f i l l i n g  i n  

more t h a n  t h e  headwal l  l a k e s  because  t h e y  a r e  f e d  by a  l a r g e r  d r a i n a g e  

a r e a .  S i l v e r  and Gold Lakes appear  t o  have changed l i t t l e  s i n c e  t ime of 

f o r m a t i o n .  

B. Geology 

The p r i n c i p l e  fo rmat ion  of t h e  a r e a  i s  a  h i g h l y  metamorphosed 

rock  t h a t  c o n s i s t s  of  a  low-grade p h y l l i t e - s i l t i t e .  It i s  p a r t  of t h e  

Upper Wal lace  Format ion and i s  inc luded  i n  t h e  Precambrian B e l t  S e r i e s .  

There  i s  ev idence  of  heavy f a u l t i n g  and p o s s i b l e  i n t r u s i o n s  of meta- 
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F i g u r e  1. Topographic s e c t i o n  of s t u d y  a r e a .  



d i a b a s e .  The Laramide Orogeny a p p a r e n t l y  had l i t t l e  e f f e c t  on t h e  

geology o f  t h e  a r e a  s i n c e  t h e  rock  i s  e s s e n t i a l l y  unchanged from i t s  

o r i g i n a l  c o n d i t i o n ,  e x c e p t  f o r  g l a c i a l  m o d i f i c a t i o n  d u r i n g  t h e  

P l e i s t o c e n e  Per iod  (Greenwood, o r a l  communication).  The metamorphic 

rock  o f  t h e  a r e a  a p p e a r s  t o  be more i n e r t  t o  w e a t h e r i n g  t h a n  o t h e r  

igneous  s u b s t r a t e s  commonly found i n  many h igh  mountain l a k e  d r a i n -  

a g e s .  

C .  Morphometry and Hydrography 

The l a k e s  a r e  l o c a t e d  i n  c i r q u e  b a s i n s  on a  s e r i e s  of benches 

(F ig .  2-5).  T i n  and Copper Lakes a r e  i n  meadows on t h e  lowes t  bench 

(1751 m e t e r s )  and a r e  s e p a r a t e d  by a  bedrock s p u r  t h a t  e x t e n d s  up 

between S i l v e r  and Gold Lakes t o  t h e  main headwal l  of t h e  v a l l e y .  

S i l v e r  Lake i s  on t h e  second bench (1800 m e t e r s )  and s o u t h  of t h e  

bedrock s p u r .  Gold Lake i s  n o r t h  on t h e  t h i r d  bench (1873 m e t e r s ) .  

Maximum d e p t h s  of S i l v e r ,  Gold, T i n ,  and Copper Lakes i n  t h a t  

o r d e r  a r e  1 2 . 8 ,  3 . 7 ,  2 . 1 ,  and 3 . 1  m e t e r s .  T o t a l  a r e a s  a r e  3 . 5 ,  1 . 7 ,  

1 .0 ,  and 1 .6  h e c t a r e s  r e s p e c t i v e l y .  Other  morphometric f e a t u r e s  a r e  

l i s t e d  i n  Tab le  1. 

D .  Water Chemistry and S u b s t r a t e  

The chemical  and p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  l a k e s  were 

remarkably  s i m i l a r  f o r  1966 and 1967. The pH v a l u e s  ranged from 6.1  

t o  6 . 9 .  Methyl orange a l k a l i n i t y  was 2-5 mg/ l .  Disso lved  oxygen 











Table  1. Morphometric f e a t u r e s  of S i l v e r ,  Gold, T i n  
and Copper Lakes. 

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

E l e v a t i o n  
Meters  
F e e t  

Area 
H e c t a r e s  
Acres  

Vo 1 ume 
Cubic Meters  
Acre F e e t  

Maximum Depth 
Meters  
F e e t  

Mean Depth 
Meters  
F e e t  

S h o r e l i n e  Length  
Mete r s  
F e e t  

S h o r e l i n e  
Development 

Mean Slope 

Maximum Length  
Meters  
F e e t  

Maximum Width 
Meters  
F e e t  



c o n c e n t r a t i o n s  were above s a t u r a t i o n .  Water t r a n s p a r e n c i e s  i n d i c a t e d  

t h e  bottoms v i s i b l e  a t  a l l  t i m e s .  Sur face  t e m p e r a t u r e s  ranged from 

16  C t o  19  C .  

The s u b s t r a t e s  v a r i e d  from s o f t  o r g a n i c  mud i n  t h e  meadow l a k e s  

(Tin  and Copper Lakes)  t o  bedrock,  t a l u s ,  r u b b l e ,  and g y t t j a  i n  S i l v e r  

and Gold Lakes.  S o i l  samples from T i n  and Copper Lakes had abou t  22% 

o r g a n i c  m a t t e r .  S i l v e r  and Gold Lakes c o n t a i n e d  16%. S i n g l e  pH samples 

from S i l v e r ,  Gold, T i n ,  and Copper Lakes were 5 . 0 ,  5 . 6 ,  5 . 8 ,  and 6 . 1  

r e s p e c t i v e l y .  

E. V e g e t a t i o n  

The f o u r  l a k e s  a r e  i n  t h e  s u b a l p i n e  zone.  The mountain hemlock, 

Tsuga m e r t e n s i a n a  (Bong.) C a r r . ,  and s u b a l p i n e  f i r ,  Abies  l a s i o c a r p a  

(Hook.) N u t t .  a r e  t h e  common c o n i f e r s .  Englemann s p r u c e ,  P i c e a  enge l -  

m a n i i  (Pa r ry )  Engelm. and w h i t e b a r k  p i n e ,  P inus  a l b i c a u l i s  ,Engelm., a r e  

l e s s  abundant (Davis ,  1952) .  The mounta in  hemlock of  t h i s  a r e a  o c c u r s  

where t h e r e  i s  annua l  m o i s t u r e  above 49 i n c h e s  t o  h i g h e r  e l e v a t i o n s  w i t h  

70 i n c h e s  p e r  y e a r  (Habeck, 1967).  The above mentioned s p e c i e s  r e f l e c t  

t h e  d i s t u r b a n c e  caused  by t h e  l a r g e  1910 f i r e s .  

The most  common u n d e r s t o r y  encoun te red  a r e  b e a r g r a s s ,  Xerophyllum 

t e n a x  (Pursh)  N u t t . ,  f o o l ' s  h u c k l e b e r r y ,  Menz ies ia  f e r r u g i n e a  Sm., t r u e  

h u c k l e b e r r y ,  Vaccinium membranaceum Dougl. e x  Hook., S p i r a e a  s p . ,  and 

r o s e  h e a t h e r ,  Phy l lodoce  empe t r i fo rmis  (Sw.) D.  Don. The sedge ,  Carex 

s p . ,  was commonly found i n  t h e  meadows and a l o n g  l a k e  s h o r e s .  



Aquat ic  p l a n t s  were b u r r - r e e d ,  Sparganium a n g u s t i f o l i u m  Michx. 

i n  t h e  s h a l l o w s ,  and t h e  mosses,  Sphagnium s p .  and F o n t i n a l i s  s p . ,  on 

t h e  s h o r e l i n e s .  Bottom v e g e t a t i o n  was t h e  moss, Drapanocladus s p .  

and t h e  q u i l l w o r t ,  I s o e t e s  sp .  Algae commonly observed i n  t h e  p l a n k t o n  

samples were t h e  Chlorophycean,  Xanthidium s p .  and t h e  Dinophycean, 

Cerat ium s p .  

F .  Aqua t i c  Fauna 

Aqua t i c  i n v e r t e b r a t e s  i n c l u d e d  t h e  c l a s s e s  R o t i f e r a ,  Pelecypoda,  

O l i g o c h a e t a ,  C r u s t a c e a ,  and I n s e c t a  (Table 2 ) .  F i s h  p r e s e n t  were r a i n -  

bow t r o u t ,  Salmo p a i r d n e r i  Richardson and c u t t h r o a t  t r o u t ,  Salmo c l a r k i  

R ichardson .  



Table 2. Aquatic invertebrates of the Five Lakes Butte Area. 

Class Rotifera 
Conochilus sp. 
Polyarthra sp. 
Keratella sp. 
Trichotria sp. 

Class Pelecypoda 
Pisidium sp. 

Class Oligochaeta 

Class Crustacea 
Subcdass Copepoda 

Diaptomus lintoni S.A. Forbes 1893 
Cyclops sp. 

Subclass Branchiopoda 
~ a ~ h n i a  rosea Sars 1862 amend. Richard 1896 
Holopedium amazonicum Stingelin 1904 

Class Insecta 
Family Heptageniidae 
Family Baetidae 

Pseudocloeon sp. Klapalek 
Family Libellulidae 

Leucorrhinia hudsonica Selys 1850 
Family Aeshnidae 

Aeshna palmata Hagen 
Family Coenagrionidae 

Enallagma boreale Selys 
Ischnura cervula Selys 

Family Nemouridae 
Nemoura sp. 
Leuctra sp. 

Family Perlodidae 
Lsoperla sp. 

Family Chloroperlidae 
Alloperla sp. 

Family Gerridae 
Family Sialidae 
Family Rhyacophilidae 

Rhyacophilia sp. 
Family Psychomyiidae 
Family Limnephilidae 
Family Dytiscidae 



Table 2. (Continued) Aquatic invertebrates of the 
Five Lakes Butte Area. 

Family Hydrophilidae 
Family Tipulidae 
Family Culicidae 

Subfamily Culicinae 
Subfiamily Chaoborinae 

Chaoborus sp. 
Family Ceratopogonidae 

Alluandomyia sp. 
Family Simuliidae 
Family Chironomidae 
Family Rhagionidae 



METHODS 

A. Zooplankton 

The f o u r  l a k e s  were s t u d i e d  from J u l y  t o  September, 1966-1967. 

Each l a k e  was sampled f o u r  t imes  d u r i n g  t h e  season .  Q u a n t i t a t i v e  

v e r t i c a l  zooplankton c o l l e c t i o n s  were used f o r  comparison of l a k e s ,  

comparison of sampl ing methods w i t h i n  lakes,and.  comparison of sample 

s i z e s .  Samples a r e  r e p r e s e n t e d  by l i m n e t i c  c r u s t a c e a n  c o u n t s .  The 

zooplankton sampling schedu le  i s  p r e s e n t e d  i n  Tab le  3 .  

The c o l l e c t i o n s  used f o r  comparison of l a k e s  i n  1966 were t a k e n  

by t h e  Pennak sample r ,  a  r u b b e r  t u b e  used f o r  v e r t i c a l  column samples .  

(Pennak, 1962).  

The Pennak sampler  and a  Kemmerer w a t e r  b o t t l e  were used f o r  

comparison of methods i n  1966. I n  1967 Van Doren w a t e r  b o t t l e  samples 

were compared t o  t h e  1966 methods. Samples from w a t e r  b o t t l e s  were 

f i l t e r e d  through a  Wisconsin n e t  and p lank ton  bucket  (No. 20 mesh). 

L imnet ic  c r u s t a c e a n s  were p r e s e r v e d  i n  3% f o r m a l i n .  

Zooplankton samples f o r  comparison of sample s i z e s  were c o l -  

l e c t e d  i n  1966 w i t h  t h e  Kemmerer b o t t l e .  The Van Doren b o t t l e  and a  

metered tow n e t  were used i n  1967. The metered tow n e t  was c o n s t r u c t e d  

w i t h  m o d i f i c a t i o n s  from t h e  Hardy p l a n k t o n  sampler  ( M i l l e r ,  1961) .  

It c o n s i s t s  of a  p l a s t i c  c y l i n d e r  equipped w i t h  a  f low m e t e r ,  towing 

buck le  and t h r e e  s t a b i l i z i n g  f i n s .  At tached  t o  t h e  r e a r  i s  a  n e t  and 

p lank ton  bucket  (No. 20 mesh). 



Table 3. Zooplankton sampling schedule. 

TREATMENT METHOD STATION STATION DEPTH STRATA SAMPLE SIZE LAKE YEAR 
NUMBER MAX. DEPTH SAMPLED (Liters) 

(Meters) (Meters) 

Comparison 
of Lakes Pennak 1-4 2.5 

Comparison Pennak 5 (CP) 2.5 
of Metzhods Kemmerer 5 (CP) 2.5 

Van Doren 5(cp) 2.5 

Comparison Kemmerer ~(cP) 12.0 
of Sample Van Doren 6(cp) 12.0 
Sizes Metered ~(cP) 12.0 

Tow Net 

1 0* Four 1966 
Study 
Lakes 

* 
0- 2 i :** Four 1966- 
0- 2 Study 1967 
0- 2 3 o** Lakes 

0- 10 45** Silver 1966- 
0- 10 180** Silver 1967 
0- 10 8 20"~ Silver 

* Vertical column. 
?3* Vertical series. 
x Total of 10 vertical hauls. 

(cp) Chemical and physical data collected with plankton samples. 



The metered tow n e t  was used t o  c o l l e c t  l a r g e  volume samples .  

The volume of  w a t e r  f i l t e r e d  was c a l c u l a t e d  a s  t h e  a r e a  of t h e  sam- 

p l i n g  a p e r t u r e  t imes  t h e  h e i g h t .  The h e i g h t  was t h e  d i s t a n c e  t h e  n e t  

was towed. The volume sampled cou ld  a l s o  be e s t i m a t e d  from mete r  

r e a d i n g s  p rov ided  towing r a t e s  were c o n s t a n t .  The meter  was c a l i b r a t e d  

by towing t h e  n e t  over  a  known d i s t a n c e  t e n  t i m e s .  The t e n  r e a d i n g s  

were t h e n  averaged t o  o b t a i n  " r e v o l u t i o n s  p e r  l i t e r "  v a l u e .  Flow 

r a t e s  ranged from 90 t o  102 r e v o l u t i o n s  pe r  minute  w i t h  1 . 9  t o  3 .4  

l i t e r s  p e r  r e v o l u t i o n s  r e s p e c t i v e l y .  

Zooplankton were i d e n t i f i e d  u s i n g  keys  i n  Ward and Whipple 

(1959) and Pennak (1953).  The e s t i m a t e  of each  sample was based upon 

f o u r  enumera t ions .  Each enumerat ion was i n  a  s e p a r a t e  mount of  a  1 m l  

Sedgewick-Rafter  c o u n t i n g  c e l l  under 60 X m a g n i f i c a t i o n  of  a  compound 

microscope.  A p p r o p r i a t e  c a l c u l a t i o n s  were made t o  de te rmine  t h e  number 

of i n d i v i d u a l s  p e r  l i t e r  (Welch, 1948).  A l l  v a l u e s  were normal ized by 

a  s q u a r e  r o o t  t r a n s f o r m a t i o n  of  t h e  form (Kutkuhn, 1958).  

B .  Aqua t i c  I n v e r t e b r a t e s  

Benthos of  t h e  l a k e s  were sampled w i t h  a  91.4 cm2 Ekman Dredge. 

The samples were s i e v e d  on s h o r e  w i t h  T y l e r  s c r e e n s ,  hand-picked w i t h  

f o r c e p s  and p r e s e r v e d  i n  70% a l c o h o l .  A e r i a l  n e t s  were used t o  o b t a i n  

a d u l t  a q u a t i c  i n s e c t s .  Hand s c r e e n s  were used t o  work t h e  s h o r e l i n e s ,  

seepages ,  i n l e t s  and o u t l e t s  of t h e  f o u r  l a k e s .  Aqua t i c  i n s e c t s  were 

i d e n t i f i e d  u s i n g  keys  i n  Usinger  (1963). 



C. Chemical and Physical 

In 1966 water samples for chemical analysis were collected at 

the surface, midway, and two meters above the bottom with a two liter 

Kemmerer water bottle. Since chemical determinations in 1966 indicated 

similar results at different lakes and depths, water samples in 1967 

were taken only at the surface. Water chemistry methods were as 

follows: dissolved oxygen using the unmodified Winkler method (Welch, 

1948); total alkalinity as methyl orange alkalinity (Needham and Need- 

ham, 1952); and pH using a Hellige color comparator. Soil samples 

2 
were taken at comparable sites in each lake with a 91.4 cm Ekman 

Dredge. These were analyzed by personnel of the Agriculture Biochem- 

istry Department, University of Idaho. 

Water transparency was estimated with a Sechii disc. Temper- 

atures were recorded at one foot intervals with an Allied Electronic 

Thermometer. Surface temperatures were taken with a mercury filled 

glass thermometer. Morphometric and hydrographic features were 

measured as described by Welch (1948). 



RESULTS AND DISCUSSION 

A. Zooplankton Composit ion and Dens i ty  

The f o u r  l a k e s  were similar i n  hav ing  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  of zoop lank ton .  These s i m i l a r i t i e s  a r e  a t t r i b u t e d  t o  

r e g u l a t i n g  and l i m i t i n g  f a c t o r s  of t h e  environment .  The w a t e r s  a r e  

c h a r a c t e r i z e d  by low n u t r i e n t s  and a  s h o r t  growing season .  Primary 

p r o d u c t i o n  i s  a p p a r e n t l y  q u i t e  low i n  such o l i g o t r o p h i c  l a k e s .  

A l l  zoop lank ton  samples were c o n s i d e r e d  a s  l i m n e t i c  o r  c o l l e c t e d  

i n  t h e  open w a t e r .  The l i t t o r a l  a r e a s  of t h e  f o u r  l a k e s  were a lmos t  

devo id  of macrophytes a s  compared w i t h  lowland l a k e s  which may con- 

t a i n  abundant  r o o t e d  a q u a t i c s .  

The p r i n c i p l e  zooplankton were r e p r e s e n t e d  by.two copepods,  

Diaptomus l i n t o n i  and Cyclops s p . ,  and two c l a d o c e r a n s ,  Daphnia r o s e a  

and Holopedium amazonicum. Holopedium amazonicum was on ly  found i n  sam- 

p l e s  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. 

R o t i f e r s  were r e p r e s e n t e d  by Conochi lus  s p .  and P o l y a r t h r a  s p .  

L imne t i c  c r u s t a c e a n s  were t h e  o n l y  zoop lank ton  w i t h  c o u n t s  

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

c o u n t s  was t o o  l a r g e  f o r  use  i n  t h e  "F" t e s t .  Copepods were enumer- 

a t e d  c o l l e c t i v e l y  a s  t o t a l  copepodids  and t o t a l  copepodid n a u p l i i ,  

c l a d o c e r a n s  a s  Daphnia and Holopedium and a l l  c r u s t a c e a n s  a s  t o t a l  

c r u s t a c e a n s .  These c o u n t s  f o r  sampl ing d a t e s  and s e a s n n s  were grouped 

and averaged .  



Data f o r  comparison of  l a k e s  a r e  p r e s e n t e d  i n  o r i g i n a l  and t r a n s -  

formed f i g u r e s  (Table 4 ) .  Most o r i g i n a l  c o u n t s  were between z e r o  and 

t e n .  Theref  o r e ,  t h e  s q u a r e  r o o t  t r a n s f o r m a t i o n  was a p p l i e d  t o  

a l l  d a t a  used f o r  comparisons i n  a n  a t t e m p t  t o  s a t i s f y  t h e  assumpt ion of 

n o r m a l i t y .  T h i s  p e r m i t t e d  t h e  use  of t h e  "F" t e s t  o r  a n a l y s i s  of  v a r i -  

ance .  

S e p a r a t e  a n a l y s e s  of t o t a l  copepod ids ,  t o t a l  copepodid n a u p l i i ,  

Daphnia,  and Holopedium were i m p r a c t i c a l  because  of low d e n s i t y  e s t i m a t e s .  

I assumed t h a t  by combining a l l  c r u s t a c e a n s  ( t o t a l  c r u s t a c e a n s )  and 

t h e r e f o r e  i n c r e a s i n g  c o u n t s  w i t h i n  samples t h a t  d a t a  v a r i a n c e s  cou ld  be 

used i n  "F" t e s t s .  T h i s  assumpt ion 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  of c r u s t a c e a n s .  A l l  d a t a  r e p r e s e n t e d  h o r i z o n t a l  d i s p e r s i o n s .  

The t r ans fo rmed  d a t a  of Tab le  4  a r e  p r e s e n t e d  i n  F i g .  6 .  Crus ta -  

c e a n  compos i t ion  and d e n s i t y  remained about  t h e  same from J u l y  t o  

September,  1966. Taxa means f o r  a l l  sampl ing d a t e s  (season)  appear  t o  

r e p r e s e n t  t h o s e  of  e a c h  sampl ing d a t e .  Taxa c o u n t s  f o r  each  sampl ing 

d a t e  were combined and averaged a s  mean t o t a l  c r u s t a c e a n s .  Taxa f o r  

a l l  sampl ing d a t e s  ( season)  were combined and averaged a s  t o t a l  c r u s t a -  

c e a n s .  It i s  t h e n  assumed t h a t  t o t a l  c r u s t a c e a n s  c a n  be  used a s  d e n i s t y  

e s t i m a t e s  of t a x a .  

B. Comparison of Lakes 

H o r i z o n t a l  d i s p e r s i o n  of  l i m n e t i c  c r u s t a c e a n s  i n  t h e s e  l a k e s  

i s  though t  t o  be  uniform due t o  s i m i l a r  env i ronmenta l  c o n d i t i o n s .  



* 
Table  4. O r i g i n a l  and t rans formed  ( V X )  d a t a  f o r  mean number 

of 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. 

SILVER GOLD TIN COPPER 
LAKE LAKE LAKE LAKE 

Daphnia 0 .2  0 .8  2.0 1 . 5  9 . 0  2.8 10.7  3 . 1  

Holovedium 0.9 1 . 0  0 .6  0 .9  - - - - 

T o t a l  Copepodids 0.7 1 . 0  2.9 1 . 7  1 3 . 1  3.5 6 .9  2.5 

T o t a l  Copepodid 
N a u p l i i  2.3 1 . 6  16 .2  2 .7  5 . 7  1 .9  3.5 1 . 8  

T o t a l  
Crus taceans  1 .0  1.1 5 .4  1 .7  9 .3  2.7 7 . 0  2.5 



T o t a l  copepodid n a u p l i i  

0 T o t a l  copepodids  

0 Holopedium 

El Daphnia 

Mean t o t a l  c r u s t a c e a n  

al 7/15 8/10 8/25 9/10 Season 
a 

SILVER LAKE 

9/10 Season 

GOLD LAKE 

7/15 8/10 I325 9/10 Season 7/15 8/10 8/25 9/10 Season 

TIN LA'KE COPPER LAKE 

F i g u r e  6 .  Comparison of l a k e s ,  1966. 



R i c k e r  (1938) found t h a t  choos ing  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 e g i o n  i s  g e n e r a l l y  s a t i s f a c t o r y  s i n c e  p l a n k t o n  a r e  

r e a s o n a b l y  uniform over  t h e  e n t i r e  o f f s h o r e  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  h a u 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 a n e .  

C a s s i e  (1962) r e l a t e s  t h a t  p l a n k t o n  can  be d i s t r i b u t e d  a s  a  

P o i s s o n  s e r i e s  which may be  d e s c r i b e d  by a  s i n g l e  pa ramete r ,  t h e  mean 
- 
X. The P o i s s o n  model i s  on ly  a s p e c i a l  c a s e  of  t h e  g e n e r a l  b inomia l  

model. T e s t s  f o r  P o i s s o n  a r e  main ly  t e s t s  f o r  randomness. P lank ton  

d i s p e r s i o n s  c a n  be examined on t h e  b a s i s  of  t h e  r e l a t i o n s h i p  between t h e  

v a r i a n c e  and t h e  mean. Comita and Comita (1957) showed t h a t  f o r  uncrowded 

p l a n k t o n  p o p u l a t i o n s  t h i s  produces  t h e  f o l l o w i n g  t h r e e  t y p e s  of d i s t r i -  

b u t i o n s  : 

In f rad i spersed- - - - - - - - - - -  S  2  < 2 (More e v e n l y  spaced t h a n  random) 

- 
Random------------------- s2= X ( P O ~ S S O ~ )  

Superdispersed-- - - - - - - - - -  s2) X (Grouped) 

2  - 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  S  /X i s  used t o  de te rmine  d i s t r i b u -  

2  - t i o n s .  The d e v i a t i o n s  of S  /X from one c o r r e s p o n d s  t o  t h e  t h r e e  t y p e s  

of  d i s p e r s i o n .  Less  t h a n  one i s  equa ted  w i t h  i n f r a d i s p e r s i o n ,  one i s  

random, and g r e a t e r  t h a n  one i s  s u p e r d i s p e r s i o n .  The s i g n i f i c a n c e  of  t h e  

2  - d e v i a t i o n  of s2/: from one c a n  be t e s t e d  by t h e  e q u a t i o n :  x2 = (N-1)s /X,  

where N i s  t h e  number of c o u n t s .  

I n  t h i s  s t u d y  h o r i z o n t a l  d i s t r i b u t i o n s  a r e  c a l c u l a t e d  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 r u s t a c e a n s .  An e s t i m a t e  of  t o t a l  c r u s t a c e a n  d i s p e r s i o n  i s  



n e c e s s a r y  t o  d e t e r m i n e  i f  t h e y  r e p r e s e n t  d i s t r i b u t i o n  of  t h e i r  compo- 

n e n t s .  I f  d i s p e r s i o n s  a r e  s i m i l a r ,  t h e y  may s u p p o r t  t h e  aasumpt ion of  

comparable mean d e n s i t i e s .  

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 o f  l a k e s  d a t a  

(F ig .  6 )  a r e  i n d i c a t e d  i n  Tab le  5. A l l  components and t o t a l  c r u s t a c e a n s  

have h i g h  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  

s u p e r d i s p e r s i o n .  A l l  c r u s t a c e a n s  were i n f r a d i s p e r s e d  excep t  t o t a l  cope- 

podid n a u p l i i  i n  Gold and T i n  Lakes.  The s u p e r d i s p e r s i o n  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  d e n s i t y  on August 25 (F ig .  6 ) .  

Th i s  i n c r e a s e  may have been due t o  c o u n t i n g  e r r o r s  caused by clumping 

d u r i n g  p r e s e r v a t i o n  o r  t o o  r a p i d  growth i n  one of t h e  many developmental  

s t a g e s .  

T o t a l  copepodid n a u p l i i  from T i n  Lake weee s u p e r d i s p e r s e d  w i t h  

t h e  h i g h e s t  d e n s i t y  o c c u r r i n g  on August 10.  Abundance and subsequent  

m a t u r a t i o n  of t h e s e  n a u p l i i  was i n d i c a t e d  by t o t a l  copepodid i n c r e a s e  

on August 25 and September 10.  Comita and Comita (1957) found t h a t  

n a u p l i i  can  be s u p e r d i s p e r s e d  because  developmental  s t a g e s  a r e  of d i f -  

f e r e n t  s i z e s  and c o e x i s t  i n  m i c r o h a b i t a t s  where c o m p e t i t i o n  f o r  food 

i s  l e s s .  I n f r a d i s p e r s i o n  o c c u r s  when s t a g e s  a r e  c o n s i d e r e d  s e p a r a t e l y  

o r  when t h e r e  i s  a  p r e f e r e n c e  f o r  s i m i l a r  g r a z i n g  s p a c e s .  

I n  t h i s  s t u d y ,  f r e q u e n t  o c c u r r e n c e  of  i n f r a d i s p e r s i o n  was due t o  

t h e  ext reme low d e n s i t y  of  c r u s t a c e a n s  and a p p a r e n t  s p a r s e  food supp ly .  

C r u s t a c e a n s  commonly f o r a g e  on nannoplankton ( R u t t n e r ,  1963).  These 

forms a r e  no t  r e p o r t e d  i n  any g r e a t  abundance i n  h igh  l a k e s  (Rabe, 1964).  



Table  5 .  Types of 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 of 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 i d s p e r s i o n .  

DISPERSION 

S i l v e r  L .  

Daphnia 15 0 . 8  0 . 1  0 . 1  1 . 5  ^.995 I 
Holopedium 15  1 .0  0 . 3  0 . 3  4 . 5  -.995 I 
T o t a l  Copepodids 15  1 . 0  0 .1  0 . 1  1 . 5  A. 995 I 
T o t a l  Copepodid 

N a u p l i i  15  1 . 6  0 .4  0 . 3  4.5 ".995 I 
T o t a l  

C r u s t a c e a n s  6 3 1.1 0 . 3  0 . 3  1 6 . 4  ".995 I 

Gold L .  

Daphnia 15  1 . 5  0 . 4  0 . 3  4 . 5  &.995 I 
Holopedium 15  0 . 9  0 . 2  0 . 3  4 . 5  ".995 I 
T o t a l  Copepodids 15 1 .7  0 . 5  0 . 3  4 . 5  ".995 I 
T o t a l  Copepodid 

N a u p l i i  15 2.7 10.0  3 .7  5 6 . 3  h.005 S 
T o t a l  

C r u s t a c e a n s  6 3 1 . 7  3.1 1 . 8  114.7 ".005 S 

T i n  L .  

Daphnia 15 2 . 8  2 .1  0 . 8  12 .0  ~ . 7 5 0  R> I 
T o t a l  Copepodids 15  3.5 2 .0  0 . 6  9 . 0  d.900 I 
T o t a l  Copepodid 

Naup 1 i i 15  1 . 9  2.7 1 . 4  2 1 . 0  +.200 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  *.750 8) I 

Copper L. 

Daphnia 15 3.1 1.5  0 . 5  7 .5  -.750 I 
T o t a l  Copepodids 15  2 .5  1 . 0  0 .4  6 . 0  6 .975  I 
T o t a l  Copepodid 

Naup 1 i i 15  1.8 0.8 0 . 4  6 . 0  -.975 I 
T o t a l  

C r u s t a c e a n s  47 2 . 5  1.1 0 . 4  20.2  ^.995 I 



It i s  t h e n  assumed t h a t  t o t a l  c r u s t a c e a n s  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 s  h e l p  j u s t i f y  a n a l y s e s  based on t o t a l  c r u s t a c e a n  

d e n s i t i e s .  

D e n s i t i e s  o f  mean t o t a l  c r u s t a c e a n s  f o r  t h e  1966 s e a s o n  were 

compared by a n  a n a l y s i s  o f  v a r i a n c e  (Table 6 ) .  R e s u l t s  i n d i c a t e  s i g n i -  

f i c a n t  d i f f e r e n c e s  a t  t h e  .05 and . O 1  p r o b a b i l i t y  l e v e l s .  Highes t  

s t a n d i n g  c r o p s  were i n  T i n  and Copper Lakes.  T h i s  assumpt ion was based 

on a  m u l t i p l e  r ange  t e s t  o f  means (Duncan, 1955) .  The s t a n d i n g  c r o p  i n  

Gold Lake was g r e a t e r  t h a n  i n  S i l v e r  Lake. The s m a l l  d i f f e r e n c e s  of  l a k e s  

was i n  agreement w i t h  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  show t h a t  t h e r e  

a r e  no t e n d e n c i e s  of organisms b e i n g  e x c l u s i v e l y  random o r  s u p e r d i s p e r s e d  

i n d i c a t i v e  of h i g h e r  d e n s i t i e s  su able 5 ) .  

The d i s p e r s i o n  and d e n s i t i e s  of t o t a l  c r u s t a c e a n s  were a l s o  

ana lyzed  f o r  v a r i a t i o n  between l a k e s  and sampl ing d a t e s .  H o r i z o n 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  Tab le  7 ;  i n f r a d i s p e r s i o n  was predominant .  

S u p e r d i s p e r s i o n  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  c o u n t .  T h i s  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  a p p e a r  s u p e r d i s p e r s e d  f o r  t h e  e n t i r e  s e a s o n  (Table 5 ) .  The 

randomness of t o t a l  c r u s t a c e a n s  i n  T i n  Lake on J u l y  15  and September 10  

was a t t r i b u t e d  t o  h i g h  c o u n t s  of Daphnia and t o t a l  copepodids .  

The d e n s i t y  of  t o t a l  c r u s t a c e a n s  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 sampl ing d a t e s .  S i l v e r  and T i n  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 r u s t a c e a n s .  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  



Table  6 .  Comparison of  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.  A n a l y s i s  o f  Var iance  

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

Among Lakes 3 93.8 31.3 18.1** 

Wi th in  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.  Gold L. T i n  L. Copper L .  



Table 7. Types of horizontal dispersion for sampling dates of lakes.* 
I = Infradispersion, R = Random, S = Superdispersion. 

SILVER GOLD TIN COPPER 
LAKE LAKE LAKE LAKE 

JULY 15 

- 
X 1.1 1.4 2.7 2.4 :;,: 0.2 0.4 3.1 0.9 

922 0.2 1.1 0.4 
X 3.0 3.0 16.5 6.0 
P r .  995 r .  995 A. 425 A. 975 
DISPERSION I I R I 

AUG. 10 

- 
X 
2 

1.0 li5 3.0 1.9 
0.2 1.0 1.7 1.0 

::I: 0.2 0.7 0.6 0.5 
X 3.0 10.5 9.0 7.5 
P - .995 -.825 ". 850 ". 950 
DISPERSION I R >  I I I 

AUG. 25 

- 
X2 1.1 2.7 3.0 3.4 

0.4 9.5 1.9 0.4 :;/: 0.3 3.5 0.6 0.1 
X 4.5 5.2 9.0 1.5 
P ^. 995 .990 A. 850 A. 995 
DISPERSION I S I I 

SEPT. 10 
x 3.0 7.5 16.5 9.0 
P fi  .995 950 r .425 ~ . 8 5 0  
DISPERSION I I R I 

- 

* Expressed as mean number of total crustaceans per liter. 



range  t e s t  i n d i c a t e d  t h a t  t o t a l  c r u s t a c e a n s  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  c o u n t s  were h i g h  (Table 8 ) .  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 .  

The m u l t i p l e  r ange  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 o t a l  c r u s t a c e a n  d e n s i t y  

occur red  on August 25 and September 1 0  (Tabae 8 ) .  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 ig .  6 ) .  

The d e n s i t y  of t o t a l  c r u s t a c e a n s  f o r  e a c h  snmpl ing d a 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 of t h e  f o u r  d a t e s ,  a t  l e a s t  one of  

t h e  l a k e s  showed a  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 r u s t a c e a n  d e n s i t y  

( .01  and .05 p r o b a b i l i t y  l e v e l s ) .  T h i s  was conf i rmed by m u l t i p l e  range 

t e s t s  (Table 9 ) .  The t e s t s  s u p p o r t  t h e  e s t i m a t e  of  h i g h e s t  d e n s i t i e s  of 

t o t a l  c r u s t a c e a n s  i n  T i n  and Copper Lakes f o r  1966.  D i f f e r e n c e s  i n  den- 

s i t y  f o r  e a c h  t a x o n  e x p l a i n  v a r i a t i o n s  of l a k e s  (Fig .  6 ) .  

The comparison of l a k e s  was based on d e n s i t i e s  (mean t o t a l  c r u s t a -  

c e a n s  5) 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 ~ W )  of 

l i m n e t i c  c r u s t a c e a n s .  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 b u t e d  when t h e  p o p u l a t i o n  was low and s u p e r d i s p e r s e d  

when t h e  p o p u l a t i o n  was h i g h .  T h i s  was examined by p l o t t i n g  t h e  popu- 

l a t i o n  d a 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  of d i s p e r s i o n  f o r  a l l  develop-  

menta l  s t a g e s  of copepodids .  T h e 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  p o p u l a t i o n  d e n s i t y  and t h e  c o e f f i c i e n t  

of d i s p e r s i o n .  

It a p p e a r s  t h a t  my 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 r u s t a c e a n s  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  



Table 8. Compa~ison of sampling dates for each lake, 
1966. 

GOLD LAKE 

September 10 July 15 August 10 August 25 

COPPER LAKE 

July 10 August 10 August 25 September 10 

2.4 1.9 3.4 3 . 2  

* Expressed as mean number of total crustaceans per 
liter. 



Table 9. Comparison of 3akes for each sampling 
date, 1966.* 

JULY 15 

Silver L.  Gold L. Copper L .  Tin L. 

AUGUST 10 

Silver L. @old L. Copper L. Tin L. 

1.0 1.5 1.9 3.0 

AUGUST 25 

Silver L. Gold L. Copper L. Tin L. 

- -  - - 

SEPTEMBER 10 

Silver L. Gold L. Copper L. Tin L. 

* Expressed as mean number of total crustaceans 
per liter. 



of  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 a n  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 a t i o n  c o e f f i c i e n t  f o r  X and 

2 - 
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 ,  (Fig .  7) .  

C .  Comparison o f  Methods 

Three  p l a n k t o n  c o l l e c t i n g  methods (Pennak, Kemmerer and Van 

Doren) were compared. D e n s i t i e s  of  t o t a l  c r u s t a c e a n s  appeared s i m i l a r  

i n  each l a k e  d u r i n g  1966 and 1967. The h i g h e s t  d e n s i t i e s  of t o t a l  c r u s -  

t a c e a n s  f o r  t h e  two y e a r s  were i n  T i n  and Copper Lakes (Fig.  8 ) .  

The t y p e s  of  h o r i z o n t a l  d i s p e r s i o n  of  t o t a l  c r u s t a c e a n s  were 

c o n s i d e r e d  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  (Table lD) .  S i l v e r  

and Gold Lakes were i n f r a d i s p e r s e d  s u p p o r t i n g  t h e  low d e n s i t y  e s t i m a t e s .  

T i n  and Copper Lakes had e s s e n 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 .  S u p e r d i s p e r s i o n  i n  T i n  Lake had low proba- 

b i l i t i e s  and were c o n s i d e r e d  a s  random. 

An "F" t e s t  f o r  t h r e e  methods i n  T i n  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  .05 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  a t  t h e  .05  p r o b a b i l i t y  l e v e l  f o r  S i l v e r  

and Gold Lakes.  The m u l t i p l e  r ange  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 

e x c e p t  i n  Gold Lake (Table 1 1 ) .  Pennak 's  sampler  e x h i b i t e d  h i g h e r  

c o u n t s  f o r  t a x a ,  b u t  t h e  magnitude of t h e  d i f f e r e n c e s  were no 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 r u s t a c e a n s c o u n t s  were c o l l e c t e d  

by t h e  t h r e e  methods i n  each l a k e .  



Gold Lake, 
August ,  25. 

F i g .  7 .  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  of d i s p e r s i o n  f o r  
sampl ing d a t e s  of l a k e s .  Expressed a s  
mean number of  t o t a l  c r u s t a c e a n s  p e r  
l i t e r .  





Table  10.  Types of 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  l a k e s . "  
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 .  

1966 1966 1967 
KEMMERER PENNAK VAN DOREN 
d . f .  15 d . f .  15 d . f .  15 

- 

3 1 . 0  1 . 2  1 . 0  
SILVER 0.3  0 .2  0 .1  

LAKE s2/X 0.3 0 . 2  0 . 1  
x2 4 . 5  3 . 0  1 . 5  
P - .995 - .995 -. 995 

DISPERSION I I I 

- 
X 1 . 4  1 . 9  1 .3  

GOLD s 0.6 0 .7  0 .3  
LAKE s2/X 0.4 0 .4  0 . 2  

x2 6 .0  6 . 0  3 . 0  
P -.975 ". 975 ".995 

DISPERSION I I I 

- 
X 2.0 2.3 2.7 

TIN s 2 .8  1 . 9  5 . 8  
LAKE s2/X 1 . 4  0 . 8  2 .1  

x2 21.0 1 2 . 0  31.5 
P A . I 5 0  -. 700 '. 008 

DISPERSION S R > I  S  

- 
X 1 .7  2 .0  1 . 9  

COPPER s .2 1 . 7  1 . 2  1 . 6  
LAKE s2/X 1 . 0  0 . 6  0 . 8  

x2 15 .0  9 . 0  12.0 
P /'. 450 " .850 --. 700 

DISPERSION R R )  I R >  I 

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



Table  11. Comparison of sampl ing 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 

1 .0  1 .0  1 . 2  1 . 3  1.4 1 . 9  

* Expressed a s  mean number of  t o t a l  c r u 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  of t o t a l  c rus taceans  c o l l e c t e d  by 

t h e  t h e e  methods i n  four  lakes  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 -  

2 - 
a t i o n  c o e f f i c i e n t  f o r  X and S  /X was found t o  be 0.897, which was s ign i -  

f i c a n t l y  d i f f e r e n t  from ze ro  a t  the  .05 l e v e l  (Fig.  9 ) .  

D.  komparison of Sample S ize  

The r e l a t i o n s h i p  of sample s i z e  t o  dens i ty  and c o e f f i c i e n t  of 

d i spe r s ion  of t o t a l  c rus taceans  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  because l a r g e r  sample s i z e s  could be taken from i t s  

deeper pe l ag ic  a r ea .  The Kemmerer, Van Doren,and a  metered tow n e t  

were used t o  t ake  l a r g e  volume samples from the upper t en  meter s t ratum. 

This  information was compared t o  small  volume samples from shallow depths 

(comparison of methods d a t a  f o r  S i l v e r  Lake, Table 9).  

The d a t a  f o r  d i f f e r e n t  sample s i z e s ,  methods and depths i s  pre- 

sented i n  Table 18. The c o e f f i c i e n t  of d i s p e r s i o n  and d e n s i t y  of 

t o t a l  c rus taceans  remained cons tan t  a s  t he  samphe s i z e  and depth changed. 

An "F" t e s t  of t o t a l  c rus tacean  d e n s i t i e s  i nd ica t ed  no s i g n i f i c a n t  d i f -  

fe rence .  S i m i l a r i t i e s  of t o t a l  c rus tacean  d e n s i t i e s  and d i s p e r s i o n  

e s t ima te s  from d i f f e r e n t  sample volumes was a t t r i b u t e d  t o  the  low 

crus tacean  d e n s i t y  throughout t he  l imne t i c  region of S i l v e r  Lake. 

The low d e n s i t y  of c rus taceans  i n d i c a t e s  t h e  need f o r  l a r g e r  

sample volumes. The necessary sample s i z e  may be approximated by 

c a l c u l a t i n g  t h e  number of r e p l i c a t i o n s  per s t a t i o n  a s  descr ibed  by 



Fig .  9 .  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  of  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 of t o t a l  c r u s t a c e a n s  p e r  l i t e r .  
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S t e e l  and T o r r i e  (1960). ~ 2  i s  a n  e s t i m a t e  o b t a i n e d  from t h e  p r e v i o u s  

2  (to + t1)2s2 
r '- 

8 2  

exper iment ;  8 i s  t h e  s i z e  d i f f e r e n c e  n e c e s s a r y ;  to i s  t h e  t v a l u e  asso-  

c i a t e d  w i t h  Type I1 e r r o r .  The t l  e q u a 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  of  d e t e c t i n g  8 .  

As a n  example,  p r e v i o u s  d a t a  a r e  s e l e c t e d  from two sample s i z e s  of  

t h e  Kemmerer method (Table  10).  The v a r i a n c e  of t h e  two Kemmerer sample 

s i z e s  i s  0 . 4  based on 30 d e g r e e s  of  freedom. I f  a  d i f f e r e n c e  of  0 . 2  

organisms p e r  l i t e r  i s  d e s i r e d  between two s t a t i o n s ,  t h e n  t h e  p r o b a b i l i t y  

of Type I e r r o r  e q u a l s  0.05 and Type I1 e r r o r  0.10.  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 o f  t h e  two s t a t i o n s ,  t h e n  e r r o r  d e g r e e s  of  freedom 

a r e  (2-1) (20-1) o r  38.  The c a l c u l a t e d  r e p l i c a t i o n s  needed a t  each  s t a -  

t i o n  a r e  274.4. I f  t h e  volume o f  each  r e p l i c a t i o n  i s  110 l i t e r s  (average 

of Kemmerer samples ) ,  30 ,184.0  l i t e r s  p e r  s t a t i o n  would be necessa ry  t o  

d e t e c t  a  d i f f e r e n c e  of  0 .2  organisms p e r  l i t e r .  

The h i g h  d e g r e e  of accuracy  r e q u i r e d  i n  t h e  above example (0.2 

organisms p e r  l i t e r )  i s  c o n s i d e r e d  i m p r a c t i c a l  because  of t h e  r e s u l t a n t  

l a r g e  sample s i z e .  The sample s i z e  cou ld  be reduced by o n l y  d e t e c t i n g  

a  d i f f e r e n c e  of 1 organism p e r  l i t e r .  

The c o l l e c t i o n  o f  l a r g e  volumes f o r  comparison of  l i m n e t i c  c r u s -  

t a c e a n s  biomass i n  ext reme o l i g o t r o p h i c  w a t e r s  may be accomplished 

w i t h  r e p l i c a t e  v e r t i c a l  samples which e l i m i n a t e  v a r i a t i o n s  caused by 



v e r t i c a l  d i s t r i b u t i o n s .  R icker  (1938) found t h a t  p l a n k t o n  c o l l e c t e d  

w i t h  v e r t i c a l  h a u l s  were un i fo rmly  d i s t r i b u t e d  i n  t h e  l i m n e t i c  r e g i n n  of  

a  l a k e .  Rawson (1953) s t a t e d  v e r t i c a l  tows took  s u f f i c i e n t  q u a n t i t i e s  

of p l a n k t o n  f o r  conven ien t  d e t e r m i n a t i o n s  of d r y  we igh t ,  a s h  and micro- 

k j e l d a h l  d e t e r m i n a t i o n  of t o t a l  o r g a n i c  n i t r o g e n .  T h e r e f o r e ,  biomass 

e s t i m a t e s  may be c o n s i d e r e d  adequa te  when c o l l e c t e d  from t h e  l i m n e t i c  

r e g i o n  where h o r i z o n t a l  d i s p e r s i o n  i s  e s s e n t i a l l y  random. 

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 r u s t a c e a n s  i s  

a  s imple  tow n e t  w i t h  a  c o a r s e  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 , a n d  a  l a r g e  n e t  s u r f a c e  a r e a .  The tow r a t e s  

might  t h e n  be i n c r e a s e d  w i t h o u t  c a u s i n g  t u r b u l e n c e  i n  f r o n t  of  t h e  n e t  

and avo idance  by c r u s t a c e a n s .  

Low d e n s i t y  e s t i m a t e s  may be due t o  avo idance  behav io r  of  t h e  

c r u s t a c e a n s .  Fleminger  and C l u t t e r  (1965) s t a t e  t h a t  when sample r s  a r e  

preceded by a  towing l i n e ,  c r u s t a c e a n s  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 s u r e  waves which a r e  c r e a t e d  ahead of t h e  moving sample r s .  They 

found t h a t  r e l a t i v e l y  more an imals  were c o l l e c t e d  i n  d e n s e r  popula- 

t i o n s .  T h i s  s u g g e s t s  t h a t  i n t e r i n d i v i d u a l  i n t e r f e r e n c e  may be 

r e s p o n s i b l e  f o r  t h e i r  r e s t r i c t e d  movements. The d e g r e e  o f  avoidance 

i s  most l i k e l y  r e l a t e d  t o  behav io r  and locomotor c a p a b i l i t i e s  cha rac -  

t e r i s t i c  o f  t h e  s p e c i e s .  I n  t h i s  s t u d y ,  avo idance  may have been due 

t o  low c r u s t a c e a n  d e n s i t y  and h i g h  t r a n s p a r e n c y  of t h e  w a t e r  which 

p r o v i d e s  a d d i t i o n a l  space  f o r  movement and i n c r e a s e d  v i s i b i l i t y .  



SUMMARY 

Four s u b a l p i n e  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  d u r i n g  t h e  summers 

of  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 

d e p t h s  from 2 t o  13 m e t e r s .  

L imne t i c  c r u s t a c e a n s  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 den- 

s i t y .  

Mean t o t a l  c r u s t a c e a n  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  appeared t o  

approximate  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 .  

T i n  and Copper Lakes had h i g h e r  d e n s i t i e s  of  l i m n e t i c  c r u s t a c e a n s  

t h a n  S i l v e r  and Gold Lakes,  1966 and 1967. 

There  was a n  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 r u s t a c e a n  d e n s i t y  and c o e f f i c i e n t  of d i s p e r s i o n  i n  t h e  

f o u r  l a k e s .  

There  was a n  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 r u s t a c e a n  d e n s i t y  and c o e f f i c i e n t  of  d i s p e r s i o n  when 

sampled by t h r e e  methods i n  f o u r  l a k e s .  

The s i m i l a r i t i e s  of  t o t a l  c r u s t a c e a n  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  

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 den- 

s i t y  i n  t h e  l i m n e t i c  r e g i o n  of t h e s e  w a t e r s .  

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 dend t fy  

and d i s p e r s i o n  e s t i m a t e s .  

Sampling shou ld  be by r e p e a t e d  v e r t i c a l  h a u l s  w i t h  s imple  tow n e t s .  



10. R e l i a b i l i t y  of samples could have been a f f e c t e d  by crus tacean  avoid-  

ance of samplers.  Avoidance behavior may be high i n  these  waters  wi th  

low plankton d e n s i t y  and high t ransparency.  
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