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INTRODUCTION

P a s t  and P re s e n t  Aims*

Few q u a n t i t a t iv e  s tu d ie s  have been c a r r ie d  o u t on th e  bottom  

fauna  o f  th e  u p p e r Columbia R iv e r . Robeck (1954) re p o r te d  q u a n t i t a t iv e  

d a ta  from  th e  Columbia R iv e r and i t s  t r i b u t a r i e s  n e a r  H anford , Washing

to n .  Brunson (1956) to o k  q u a n t i t a t iv e  bottom  sam ples from th e  B i t t e r 

ro o t R iv e r and i t s  t r i b u t a r i e s ,  th e  B lack fo o t R iv e r , and Rock Creek 

d u rin g  December 1955*

The o r i g in a l  aim s o f  t h i s  s tu d y  on th e  B i t t e r r o o t  R iv er were to  

ta k e  q u a n t i t a t iv e  bottom  sam ples th ro u g h o u t a tw elve-m onth  p e r io d ,  and 

to  de te rm ine  p o p u la tio n  d e n s i t i e s  o f  a l l  m ajo r groups o f  o rg an ism s, A 

tim e l i m i t  became e v id e n t ,  (a s  many o th e r  w orkers have n o te d ) ,  i n  th e  

s o r t in g  and co u n tin g  o f  th e  o rg an ism s. As a  r e s u l t ,  d a ta  a re  a v a i la b le  

f o r  a  p e r io d  o f  n in e  months o n ly ; and q u a n t i t a t iv e  r e s u l t s  have been de

te rm in ed  o n ly  f o r  s o e c i f i c  in s e c t  groups and organism s c o l le c te d  from  

c r o s s - s e c t io n a l  sam p les.

Because th e r e  was l im i te d  tim e  to  com plete th e  o v e r-a m b itio u s  

p r o je c t  by a  d e a d lin e , em phasis was p la c e d  on th e  s tu d y  o f  s e le c te d  spe

c ie s .  Two g en era  o f  th e  fa m ily  L ep idostom atidae  a re  d e s c r ib e d , T h e lio -  

psyche and L epidostom a. A ccording  to  U singer (1956) th e  fo rm er o ccu rs  

in  th e  e a s te rn  U n ited  S t a t e s ,  and th e  l a t t e r  i s  found w id esp read  i n  Canada 

and th e  e n t i r e  U n ited  S t a t e s .  The genus Lepidostom a o c c u rre d  i n  la r g e  

numbers th ro u g h o u t th e  s tu d y  a r e a ,  and c o n s id e ra b le  in fo rm a tio n  has been 

o b ta in e d  i n  t h i s  work on p o p u la tio n  numbers and s iz e s  o f  t h i s  genus 

th ro u g h o u t th e  n ine-m onth  sam pling  p e r io d .

—1—
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Two g enera  o f  th e  fa m ily  P te ro n a rc id a e  a re  re c o g n iz e d , P te ro n a rc y s  

and P t e r o n a r c e l la . P te ro n a rc y s  c a l i f o r n i c a  and P te r o n a r c e l la  b a d ia  were 

found i n  th e  q u a n t i t a t iv e  c o l l e c t io n s .  P te ro n a rc y s  c a l i f o r n i c a  was a b se n t 

from low er s t a t i o n s ,  and p r e s e n t  i n  th e  rem ain ing  a r e a s ,  w hereas P te ro 

n a r c e l l a  b a d ia  o c c u rre d  th ro u g h o u t th e  s tu d y  a re a .  The d a ta  on q u a n ti 

t a t i v e  c r o s s - s e c t io n a l  sam ples from  th e  low er B i t t e r r o o t  R iv e r and u p p e r 

E as t Fork o f  th e  B i t t e r r o o t  R iv er show o th e r  a q u a t ic  form s which a re  

c h a r a c t e r i s t i c  o f  s tre a m s .

Review o f  Im p o rtan t L i t e r a t u r e .

Large numbers o f  s q u a re - fo o t  sam ples a re  needed to  o b ta in  av erag es  

o f  a v a i la b le  bottom  fo o d , because  o f  th e  v a r i a b i l i t y  i n  th e  amounts o f  

food from  p la c e  to  p la c e  w ith in  a stream  (Needham, 1934)» Needham (1927) 

and P a te  (1934) show t h a t  s i l t  and mud ty p e  bottom  a re  m ost p ro d u c tiv e  

in  bottom  food p e r  u n i t  a r e a ,  fo llo w ed  by ru b b le , g ra v e l ,  sand , h a rd p an , 

and b ed rock . L ife  i n  th e  more s lu g g is h  p a r t s  o f  a  r i v e r  was n o t as  e v i 

d en t a s  in  r i f f l e s  (C oker, 19 5 4 ). U sin g er (1956) a ls o  w ro te  t h a t ,  i n  

g e n e ra l ,  r i f f l e s  were more p ro d u c tiv e  th a n  p o o ls .  L as to c h k in  ( l9 4 5 )a  

how ever, in d ic a te d  t h a t  biom ass was g r e a te r  i n  p o o l re g io n s  th a n  i n  r i f 

f l e s .

Wide d i f f e r e n c e s  o c cu r i n  b o th  s e a s o n a l and y e a r ly  abundance o f  

stream  bottom  organ ism s (M acio lek , 1951). Needham (1934) in d ic a te d  t h a t ,  

i n  g e n e ra l ,  warm stream s produced  more bottom  foods th a n  c o ld  o n es . A ll  

o f  th e  above d is c u s s io n  p o in ts  ou t th e  v a r i a b i l i t y  i n  th e  amount o f  s tre a m  

fau n a  from  p la c e  to  p la c e  w ith in  a  s tre am , tim e  o f  y e a r ,  and ty p e  o f 

s tre am . (Many o th e r  ch em ica l, p h y s ic a l ,  and b io lo g ic a l  f a c to r s  a f f e c t  

th e  s tre am  fa u n a , some o f  w hich a re  c o n s id e re d  i n  th e  p re s e n t  s tu d y ) .
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I n  th e  p a s t ,  s tream  su rv ey s  em phasized th e  s ta n d in g  crop o f  bottom  

fauna* S tream  p r o d u c t iv i ty  shou ld  be d e te rm ined  i n  term s o f  tu rn o v e r  

r a th e r  th a n  th e  s ta n d in g  crop  ( I d e ,  1942)* Hayne (1956) in d ic a te d  t h a t  

th e  t r u e  p r o d u c t iv i ty  o f  th e  biom ass was th e  im p o rta n t a s p e c t ,  r a th e r  

th a n  th e  s iz e  o f  th e  s ta n d in g  c ro p . From th e  l a t t e r  w ork, i t  was con

c luded  t h a t  f i s h  p re d a t io n  reduced  th e  s ta n d in g  crop o f  f i s h  food o rgan

ism s, b u t th e  p ro d u c tio n  r a t e  was in c re a s e d .

R o u n se fe ll (1953) in d ic a te d  t h a t  i n  a  s tre am  su rv ey , q u a n t i t a t iv e  

bottom  sam ples re q u ire d  a g r e a t  d e a l  o f  tim e , and t h a t  th e  o b se rv e r  shou ld  

e s tim a te  th e  p r o d u c t iv i ty  on th e  b a s is  o f  ( l )  v e ry  r i c h ,  (2 )  av erag e  in  

r ic h n e s s ,  o r  (3 ) poor i n  fo o d . T his p ro ced u re  has been fo llo w ed  by many 

w orkers i n  th e  f i e l d .  Robeck (1954) found th e  Columbia R iv e r n e a r  Han

fo rd ,.  W ashington, ranged  from  average  t o  r i c h  i n  f i s h  food o rgan ism s, 

w ith  l a r g e r  numbers and w e ig h ts  o c c u rr in g  i n  th e  t r i b u t a r i e s  s tu d ie d .

O th e r p e r t i n a n t  b ib l io g ra p h ic  r e fe re n c e s  a re  r e f e r r e d  to  i n  th e  

body o f  th e  t h e s i s .

The B i t t e r r o o t  R iv e r System .

The B i t t e r r o o t  R iv e r  i n  w e s te rn  Montana i s  a  p a r t  o f  th e  Columbia 

R iv er system . The Columbia R iv e r b a s in  covers  259>000 sq u are  m ile s ,  o f  

which 220,000 a re  i n  th e  U n ited  S ta te s  (Robeck, 1954)# The B i t t e r r o o t  

R iv er flow s th ro u g h  R a v a l l i  and M issou la  C oun ties b e fo re  jo in in g  th e  

C lark  Fork R iv e r  abou t f iv e  m ile s  w est o f  M isso u la , The E a s t Fork and 

th e  West Fork o f  th e  B i t t e r r o o t  R iv e r  a re  th e  two p rim ary  t r i b u t a r i e s  

w hich form  th e  m ain B i t t e r r o o t  R iv e r  and a re  perm anent ty p e  s tre a m s .

The headw aters o f  th e  B i t t e r r o o t  R iv er d ra in a g e  a re  lo c a te d  i n  

h ig h  g r a n i te  m ountains o f  o v e r 10 ,000  f e e t  i n  e le v a t io n  on th e  w est s id e
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( B i t t e r r o o t  M o u n ta in s), and s m a lle r ,  more tim b ered  m ountains o f  abou t 

8 ,000  f e e t  o r  more on th e  e a s t  s id e  o f  th e  r i v e r  (S a p p h ire s ) ,  Snow f i e l d s  

rem ain  on th e  h ig h e r  peaks th ro u g h o u t th e  y e a r ,  and many o f  th e  sm a ll 

h ig h  m ountain  la k e s  a re  f ro z e n  o v e r e ig h t  to  n in e  months o f  th e  y e a r .

These l a k e s ,  sn o w fie ld s , and sp r in g s  a re  th e  w a te r  so u rc e  f o r  th e  s tre a m s .

L ogging, ra n c h in g , and farm ing  a re  th e  m ajo r i n d u s t r i e s  i n  th e  

v a l le y ,  w ith  ran c h in g  i n  th e  h ig h e r  e le v a t io n s  and farm ing  i n  th e  v a l le y  

p ro p e r . The B i t t e r r o o t  R iv e r i s  g e n e ra l ly  f r e e  from p o l lu t io n ,  A few 

sm a ll m ines a re  lo c a te d  on some o f  i t s  t r i b u t a r i e s ,  b u t i t  i s  b e lie v e d  

t h a t  th e s e  have l i t t l e ,  i f  any , e f f e c t  on th e  s tre am  fa u n a . The s tream  

flow s c le a r l y  th ro u g h o u t th e  y e a r ,  ex cep t d u rin g  s p r in g  ru n o f f ,  and a f t e r  

heavy show ers. The B i t t e r r o o t  R iv e r  i s  n o t a  s t a b le  r i v e r — i t  i s  con

t i n u a l l y  changing i t s  c o u rse , which i s  c h a r a c t e r i s t i c  f o r  most flow ing  

s tre am s.

Numerous t r i b u t a r i e s  empty in to  th e  B i t t e r r o o t  th ro u g h o u t i t s  

c o u rse . These s tream s a re  p r im a r i ly  h ig h  m ountain  ty p e  t o r r e n t i a l  s tre a m s , 

w h ile  a  few, such as Camp Creek and Cameron Creek on th e  E a s t F o rk , a re  

m eandering ty p e s .

No la rg e  dams a re  found on th e  E as t Fork o r  th e  main B i t t e r r o o t  

R iv e r , b u t th e  West Fork Dam s to r e s  a  la r g e  su p p ly  o f  w a te r  which form s 

P a in te d  Rocks L ake. Also many sm a ll dams a re  lo c a te d  on th e  m ain r i v e r  

and i t s  t r i b u t a r i e s  to  d iv e r t  i r r i g a t i o n  w a te rs  in to  d i tc h e s  and c a n a ls .  

These dams b lo ck  any u p stream  m ig ra tio n s  o f  f i s h  th ro u g h o u t th e  y e a r .

A ll  o f  th e  w a te r  i s  d iv e r te d  from  some o f  th e  sm a ll s tream s f o r  i r r i g a 

t i o n  d u rin g  th e  summer, d e s tro y in g  h a b i t a t s  and organism s a lo n g  th e  

s tre am -b ed .

Most o f  th e  la n d  on th e  h ead w aters  o f  th e  B i t t e r r o o t  R iv e r  and
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i t s  t r i b u t a r i e s  i s  c o n t r o l le d  by th e  U. S . F o re s t  S e rv ic e , An e x te n s iv e  

c o n tr o l  p r o j e c t  a g a in s t  th e  sp ru ce  budworm was lau n ch ed  on th e  E a s t Fork 

and W est Fork o f  th e  B i t t e r r o o t  by th e  U, S, F o re s t  S e rv ic e  e a r ly  i n  th e  

summer o f  1955* A e r ia l  sp ra y in g  was employed i n  th e  c o n tro l  work u s in g  

one pound o f  DDT i n  one g a llo n  o f  f u e l  o i l  p e r  a c re  (P a rk , 1956). To 

check p o s s ib le  e f f e c t s  o f  sp ra y in g , Brunson (1956) made a  rec o n n a isan c e  

o f  th e  bottom  fau n a  o f  th e  B i t t e r r o o t  R iv e r  and th e  E a s t Fork o f  th e  

B i t t e r r o o t  R iv e r . D r. O liv e r  B, Cope, U, 3 , F ish  and W ild l if e  S e rv ic e ,  

rev iew ed Dr. Brunson* s r e p o r t ,  and s t a t e d  t h a t  he b e lie v e d  t h a t  numbers 

o f  bottom  organ ism s p r e s e n t ,  in d ic a te d  t h a t  DDT sp ra y  had l i t t l e ,  i f  any , 

e f f e c t  on th e s e  form s i n  th e  B i t t e r r o o t  d ra in a g e .

In  g e n e r a l ,  th e  w eath e r o v e r th e  B i t t e r r o o t  i s  m ild . The p r e v a i l 

in g  flow  o f  a i r  a l o f t  i s  from  th e  w e s t. This a i r  p a s s in g  o v e r th e  B i t t e r 

ro o t  Range lo s e s  much o f  i t s  m o is tu re  on th e  w e s te rn  s lo p e s  o f  th e s e  moun

t a i n s  in  Idaho . As a r e s u l t ,  th e  B i t t e r r o o t  V a lle y  re c e iv e s  a p p ro x im ate ly  

12 to  15 in c h e s  o f p r e c i p i t a t i o n  a n n u a lly . A lthough th e s e  v a r io u s  f a c to r s  

— i r r i g a t i o n ,  r a i n f a l l ,  lo g g in g , ra n c h in g , dams, e t c , — o b v io u s ly  p la y  a  

r o le  i n  th e  g e n e ra l e co lo g y  o f  a q u a t ic  i n s e c t s ,  l i t t l e ,  i f  any, i n f o r 

m ation  i s  a v a i la b le  on th e  e f f e c t s  by th e s e  o r  any one o f  th e s e  f a c t o r s .

I t  i s  n o t th e  aim o f  t h i s  p a p e r  to  show t h e i r  e f f e c t s ,  b u t r a t h e r  to  g iv e  

a p ic tu r e  o f  th e  c o n d it io n s  u n d e r which th e s e  p o p u la tio n s  were s tu d ie d .



MATERIALS AND METHODS

P h y s ic a l  C o n d itio n s .

W ater, ground , and a i r  te m p e ra tu re s  were ta k e n  a t  a l l  s t a t i o n s  

th ro u g h o u t th e  s tu d y  p e r io d .  Inasmuch a s  s tream  te m p e ra tu re s  te n d  to  

be un ifo rm  a t  a l l  d e p th s , fo llo w  a i r  te m p e ra tu re s  more c lo s e ly  th a n  la k e s ,  

and a re  more un ifo rm  i n  sm a ll s tream s th a n  la rg e  ones (W elch, 1952), th e  

w a te r  te m p e ra tu re  was ta k e n  by subm erging th e  therm om eter fo u r  to  f iv e  

in ch e s  below th e  s u r f a c e  o v er th e  a re a  b e in g  sam pled. Ground tem pera

tu r e s  were ta k e n  th r e e  f e e t  from  th e  w a te rs  edge, th r e e  in ch e s  u n d er th e  

ground s u r f a c e .  A ir  te m p e ra tu re s  w ere rec o rd ed  a lo n g  w ith  ground and 

w a te r  te m p e ra tu re s ;  and th e  tim e o f  day a t  which te m p e ra tu re s  w ere ta k e n  

was n o te d . The U. S . W eather Bureau m a in ta in s  a w ea th e r s t a t i o n  a t  S u la , 

ap p ro x im a te ly  300 f e e t  from  c o l l e c t in g  s t a t i o n  6: t h e i r  w ea th e r d a ta

were u sed  i n  t h i s  s tu d y .

The g e n e ra l  w a te r l e v e l  th ro u g h o u t th e  s tu d y  was re c o rd ed  by 

m easuring  th e  d is ta n c e  from th e  w a te rs  edge to  th e  h ig h  w a te r  m arks on 

th e  stream  banks, p la c in g  marks on th e  cement p i e r s  o f  b r id g e s ,  an d , i n  

th e  up p er E as t Fork o f  th e  B i t t e r r o o t ,  by s tream  d e p th .

The average  c u r re n t  v e lo c i ty  was c a lc u la te d  a t  each s t a t i o n  

th ro u g h o u t th e  s tu d y  p e r io d  by th e  f l o a t  m ethod. T h is method employs 

th e  tim e  r e q u ire d  f o r  a f l o a t in g  o b je c t  to  t r a v e l  a known d is ta n c e .

S ince  s tream  s u r fa c e  v e lo c i ty  i s  g e n e r a l ly  g r e a te r  th a n  th e  average  v e lo 

c i t y ,  U sin g e r (1956) found i t  was n e c e s sa ry  to  d iv id e  s u r fa c e  speeds by 

1 .0 5  f o r  ch an n e ls  l e s s  th a n  two f e e t  d eep , and by 1 .3 3  f o r  ch an n e ls  10 

o r  more f e e t  i n  d ep th  to  g e t  th e  av erag e  channel sp eed . A ttem pts were

—6—
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made a t  s t a t i o n  s i t e s  to  g e t  th e  c u r r e n t  v e lo c i ty  from  th e  same s e c t io n  

o f  s tre am  from  one p e r io d  to  a n o th e r .  Welch (1952) in d ic a te d  c u r re n t  

v e lo c i ty  was reduced  a t  and n e a r  th e  s u r fa c e  because  o f  s u r fa c e  t e n s io n ,  

and d im in ish e d  n e a r  th e  bottom  and s id e s  o f  th e  channe l because  o f  f r i c 

t i o n .

S e v e ra l c la s s ifd ^ c a tio n s  o f  s tream  bottom  ty p e s  have been p r e s e n t 

ed i n  th e  l i t e r a t u r e .  D avis (1938) c l a s s i f i e d  s tream  beds in to  th e  f o l 

low ing ty p e s :

Bedrock— s o l i d ,  immovable s t r a t a .
Hardpan—h a rd  d e p o s i ts  o f  c la y .
C lay—s o i l  composed l a r g e ly  o f  hydrous aluminum s i l i c a t e .
S i l t — f in e  e a r th ly  sed im ent c a r r ie d  and d e p o s ite d  by w a te r .
Muck— c o n s i s t s  p r i n c i p a l l y  o f  f i n e ,  p a r t i a l l y  decomposed o rg a n ic  

m a te r ia l .
D e t r i tu s — composed o f  broken  o rg a n ic  s u b s ta n c e s , and u s u a l ly  found 

on th e  s u r f a c e  o f  muck.
Sand—f i n e l y  ground rock  p a r t i c l e s  to  o n e -e ig h th  in c h  i n  d ia m e te r .
F ine  g ra v e l—o n e -e ig h th  in c h  to  abou t o n e -h a lf  in c h  i n  d ia m e te r .
C oarse g ra v e l— o n e -h a lf  in c h , to  s to n e s  th r e e  in c h e s  in  d ia m e te r .
Rubble— sto n e s  from  th r e e  to  12 in c h e s  i n  d ia m e te r .
Sm all b o u ld e rs — sto n e s  12 to  24 in c h e s .
Large b o u ld e rs— s to n e s  o v e r 24 in c h e s  i n  d ia m e te r .

Welch (1948) u sed  W entworth*s c l a s s i f i c a t i o n  based  upon s iz e  o f  p a r t i c l e s ;  

c la y  l e s s  th a n  0 .004  mm. i n  d ia m e te r , s i l t  from  0 .004  to  0 .062  mm., e t c . ,  

up t o  b o u ld e rs  256 mm. i n  d ia m e te r  o r  m ore. In  t h i s  s tu d y , bottom  ty p e s  

were based  on th e  fo rm er c l a s s i f i c a t i o n  i n  a g e n e ra l  m anner. F ine  g ra v e l  

and c o a rse  g ra v e l  were commonly term ed  g ra v e l ;  ru b b le ,  which c o n s i s t s  o f  

s to n e s  th r e e  to  12 in c h e s  i n  d ia m e te r , was c l a s s i f i e d  a s  to  s iz e  o f  s to n e s  

in  th e  sam pling  a r e a ,  r a th e r  th a n  be in g  term ed ru b b le . The m a jo r i ty  o f  

sam ples c o l le c te d  were from  more th a n  one bottom  ty p e ,  such a s  sand and 

g r a v e l ,  g ra v e l  to  s to n e s  s i x  in c h e s  i n  d ia m e te r , sand to  g ra v e l  to  s to n e s  

s ix  in c h e s  i n  d ia m e te r , e t c .



SanQjling* -Ô-

A ll q u a n t i t a t iv e  bottom  sam ples were ta k e n  w ith  th e  S u rb e r  s q u a re -  

fo o t  sam p ler ( P la te  l ) ,  o r i g i n a l l y  d e s c r ib e d  by S u rb e r (1936)• T his samp

l e r  can be u sed  by one p e rso n , b u t when i n  s w if t  c u r r e n ts  i t  i s  a d v is a b le  

to  have two p eo p le  p r e s e n t ,  one to  h o ld  th e  sam p le r, and th e  o th e r  to  

s t i r  th e  sam pling  a re a .

The S u rb e r sam pler l im i te d  th e  d e p th s  a t  which q u a n t i t a t iv e  sam ples 

cou ld  be ta k e n . A ll sam ples were ta k e n  from  a m inim al d ep th  o f  two i n 

c h es , to  a  maximal d ep th  o f  22 in c h e s .  The m a jo r i ty  o f  th e  sam ples, how

e v e r , were ta k e n  a t  d e p th s  s ix  to  12 in c h e s .  D is ta n c e s  from  sho re  a t  

which bottom  sam ples w ere c o l le c te d  were u s u a l ly  dependent upon th e  s tream  

dep th  and c u r r e n t  v e lo c i ty .  Many sam p les, d u rin g  th e  h ig h  w a te r  p e r io d ,  

were tak en  one to  th r e e  f e e t  from  sh o re , because  o f  in c re a s e d  d ep th  a t  

g r e a te r  d is ta n c e s  from sh o re , h igh  c u r r e n t  v e lo c i ty  away from  sh o re , o r  

b o th . D uring th e  low flow  p e r io d ,  on th e  o th e r  hand , sam ples were ta k e n  

a t  g r e a te r  d is ta n c e s  from  sh o re  to  reach  a re a s  o f  v e lo c i ty  s u f f i c i e n t  to  

t r a i l  th e  n e t  beh ind  th e  sam pler and to  rea ch  d e p th s  w hich would g ive  

com parative  sam p les. C ro s s - s e c t io n a l  sam ples had to  be ta k e n  d u rin g  low 

w a te r .

Many comments a re  p re s e n te d  i n  th e  l i t e r a t u r e  co n ce rn in g  th e  

e f f e c t iv e n e s s  and r e l i a b i l i t y  o f  th e  S u rb e r s q u a re - fo o t  bottom  sam p le r.

One o f  th e  comments on t h i s  sam p ler was p re s e n te d  by U sin g er (1956) who 

s t a t e s :  ’’U n fo r tu n a te ly , most su rv ey s  o f s tream -b o tto m  organism s have

been made w ith  th e  S u rb e r  S quare-F oo t Sam pler. A lthough t h i s  i s  un

d o u b ted ly  th e  most p r a c t i c a l  sam pler th u s  f a r  d e v ise d  f o r  sh a llo w  r i f f l e s ,  

Needham and U sin g e r (1955) show t h a t  i t  does n o t g iv e  s t a t i s t i c a l l y  s ig 

n i f i c a n t  d a ta  f o r  t o t a l  w e ig h ts  and numbers o f  o rg an ism s , even i n  a 

s in g le  r e l a t i v e l y  u n ifo rm  r i f f l e .  I t  was found t h a t  194 and 73 sam p les.
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P la te  1

a#

Sam pling w ith  th e  S u rb er S quare-F oo t Sam pler
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r e s p e c t i v e l y ,  w ould  be r e q u i r e d  t o  g iv e  r e l i a b l e  f i g u r e s  a t  th e  95 p e r  

c e n t  l e v e l  o f  s ig n i f i c a n c e *  Hence a l l  e x i s t i n g  d a ta  on s tre a m -b o tto m  

o rg a n ism s  a r e  s t a t i s t i c a l l y  in a d e q u a te ,  b u t  i t  i s  t h e  b e s t  we have and 

may be th e  b e s t  t h a t  can  be o b ta in e d  b e c a u se  o f  th e  ex trem e  v a r i a b i l i t y  

o f  s tr e a m  h a b i t a t s * ”

One o f  th e  p ro b lem s o f  t h e  S u rb e r  s a m p le r  i s  t h a t  o f  o rg an ism s  

b e in g  w ashed a ro u n d  th e  ed g es  o f  t h e  s a m p le r , o r  o f  l a r g e r  o rg a n is m s , 

su ch  a s  c r a y f i s h ,  c o t t i d s ,  and some o f  t h e  l a r g e  nymphs o f  P te r o n a r c y s , 

swimming o u t o f  t h e  sa m p lin g  a rea*  T h is  f a c t o r  was n o te d  th ro u g h o u t th e  

s tu d y  when nymphs and c o t t i d s  swam o r  d r i f t e d  o u t o f  t h e  sa m p lin g  a r e a .  

U s in g e r  (1 9 5 6 ) r e p o r t e d  o rg an ism s d r i f t i n g  a ro u n d  th e  edge o f  t h e  samp

l e r  from  th e  sa m p lin g  a re a *  H ess (1941) d e s c r ib e d  a  c i r c u l a r  s q u a r e - f o o t  

s a m p le r , d e s ig n e d  t o  c o r r e c t  t h i s  p ro b lem . A s c r e e n  c y l in d e r  18 in c h e s  

h ig h  was p la c e d  on th e  S u rb e r  ty p e  sa m p le r  t o  p re v e n t  th e  e sc a p e  o f  l a r g e r  

o rg an ism s  from  th e  sa m p lin g  a r e a  and t o  keep  r o l l i n g  r o c k s ,  i c e ,  and  

o t h e r  d e b r i s  from  g o in g  i n t o  th e  n e t .  A n o th e r a d v a n ta g e  o f  t h e  Hess 

c i r c u l a r  s a m p le r  i s  t h a t  i t  ceui be tu rn e d  i n t o  th e  b o tto m , th u s  no o rg a n 

ism s a r e  l o s t  from  u n d e r  th e  sam pler*  S la c k  (1 9 5 5 ) u se d  t h e  s q u a r e - f o o t  

S u rb e r  s a m p le r  and  e n c lo s e d  t h e  f r o n t  and  s id e s  w ith  o n e - s i x te e n t h  in c h  

mesh b ro n z e  sc ree n *

Numerous o t h e r  q u a n t i t a t i v e  s a m p le rs  h a v e  b e en  d e s c r ib e d  i n  th e  

l i t e r a t u r e *  A l la n  (1 9 5 2 ) d e v e lo p e d  a  h a n d -o p e ra te d  g ra b  f o r  sa m p lin g  

s tre a m  b o tto m  ty p e s  o f  s m a ll  g r a v e l ,  s a n d , s i l t ,  c l a y ,  mud, and  p l a n t  

beds*  When t h i s  ty p e  sa m p le r  i s  u se d  on  s to n y  b o tto m s , th e  l a r g e  s to n e s  

and  c o a r s e  g r a v e l  wedge i n  th e  t e e t h  and p r e v e n t  t h e  jaw s from  c lo s in g .

W ild in g  ( 1940 ) d e s c r ib e d  a  sa m p le r  d e v e lo p e d  t o  t a k e  s q u a r e - f o o t  

b o tto m  sam p le s  from  la k e  m a rg in s ,  weed b e d s , and  s t r e a m  bottom s*  I t
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c o n s i s t s  o f  two s e p a r a t e  b r a s s  c y l i n d e r s .  The o u t e r  b r a s s  c y l in d e r  i s  

sunk  t h r e e  t o  f o u r  in c h e s  i n  th e  s tr e a m  b o tto m , th e  e n c lo s e d  a r e a  s t i r r e d  

u p , th e n  th e  i n n e r  c y l i n d e r  i s  p lu n g e d  i n t o  th e  l a r g e  c y l i n d e r .  By c l o s 

in g  a  v a lv e  on t h e  i n n e r  c y l i n d e r ,  t h e  o rg an ism s a r e  c o l l e c t e d  w i t h in .  

U s in g e r  (1 9 5 6 ) d e v e lo p e d  a  d r a g - ty p e  sa m p le r  w h ich  i s  n o t  l i m i t e d  t o  

d e p th ,  b u t  f a i l s  t o  w ork on a l l  b o tto m  ty p e s .

R e g a rd le s s  o f  th e  c o n t r o v e r s i a l  d i s c u s s io n  c o n s id e r in g  th e  a c 

c u ra c y  o f  b o tto m  s a m p le r s ,  t h e  S u r f e r  s a m p le r  was u s e d .  Not o n ly  i s  

t h i s  t h e  s ta n d a r d  ty p e  u s e d ,  b u t  i t  w as t h e  o n ly  one a v a i l a b l e .  F u r th e r 

more t h e  a u th o r  h a s ,  i n  a  p e r io d  o f  12 m o n th s , made a  c r i t i c a l  enough 

s tu d y  t o  r e c o g n iz e  t h a t  no one s q u a r e - f o o t  i s  e x a c t ly  l i k e  th e  o t h e r ,  

t h e r e f o r e  g r e a t  v a r i a t i o n s  s h o u ld  be e x p e c te d  i n  th e  sam ples c o l l e c t e d .  

F o r t h i s  r e a s o n  s p e c i a l  c a r e  was ta k e n  i n  s e l e c t i n g  s i m i l a r  p la c e s  i n  

each  s t a t i o n  a r e a  u se d  to  check  t h e  s a m p le r .

Both th e  Eckman and t h e  P e te r s o n  d re d g e  w ere  u se d  i n  th e  s tu d y  

to  g e t  b o tto m  sam n les  from  t h e  d eep  a r e a s  w hich  c o u ld  n o t  be sam pled  

w ith  t h e  S u rb e r  s a m p le r . N e i th e r  o f  t h e s e  sa m p le rs  was e f f e c t i v e  i n  th e  

c h a r a c t e r i s t i c a l l y  s to n y  b o tto m  o f  th e  B i t t e r r o o t  R iv e r .  W eig h ts  w ere  

p la c e d  on th e  P e te r s o n  d red g e  to  g iv e  i t  an  a p p ro x im a te  w e ig h t o f  80 

p o u n d s . Even t h i s  p ro v ed  t o  be i n e f f e c t i v e  f o r  q u a n t i t a t i v e  s a m p lin g . 

S to n e s  w ere c au g h t b e tw een  t h e  jaw s o f  t h e  s a m p le r , a l lo w in g  m a t e r i a l  

t o  be r e l e a s e d  from  th e  sam p le . Some q u a l i t a t i v e  d a ta  w ere c o l l e c t e d ,  

how ever, from  th e  deep  a r e a s  o f  th e  r i v e r  a t  s t a t i o n  1 . A h ighw ay  b r id g e  

a c r o s s  th e  r i v e r  a t  t h i s  s t a t i o n  a llo w e d  sam p les t o  be t a k e n  i n  th e  d eep  

a r e a s  u n d e r  t h e  b r id g e .  Had th e  P e te r s o n  d re d g e  fu n c t io n e d  e f f e c t i v e l y  

on  t h i s  s to n y  b o tto m , i t  w ould have  b e en  p o s s ib l e  to  ta k e  q u a n t i t a t i v e  

c r o s s - s e c t i o n a l  sam p le s  a t  a l l  d e p th s  by  t h i s  m eth o d .
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Q u a l i t a t i v e  d a ta  w ere  ta k e n  th ro u g h o u t  t h e  s tu d y  on  b o th  th e  

im m ature  and  a d u l t  f o m s .  A l l  o rg an ism s c o l l e c t e d  from  A p r i l  t o  Decem

b e r  w ere  s o r t e d  from  t h e  d e b r i s .  Q u a l i t a t i v e  sam p les  w ere  ta k e n  from  

a r e a s  o f  th e  s tr e a m  w hich  c o u ld  n o t be sam pled  q u a n t i t a t i v e l y  w ith  th e  

S u rb e r  s a m p le r . F in e -m esh  s c r e e n s  w ere u se d  to  sam ple  s t i l l  a r e a s  a lo n g  

th e  edges o f  t h e  s t r e a m . Inasm uch a s  th e  s q u a r e - f o o t  S u rb e r  s a m p le r  i s  

l i m i t e d  to  th e  s i z e  o f  s to n e s  w h ich  can  be sa m p le d , q u a l i t a t i v e  c o l l e c 

t i o n s  w ere  ta k e n  from  u n d e r  l a r g e  b o u ld e r s .  T h is  m ethod was u se d  t o  

c o l l e c t  t h e  m a tu re  nymphs o f  P te ro n a r c y s  c a l i f o r n i c a  j u s t  p r i o r  t o  emer

g e n c e . A d u lts  w ere  c o l l e c t e d  w henever o b s e rv e d  on th e  s t a t i o n  s i t e s .

On s e v e r a l  o c c a s io n s  th ro u g h o u t  th e  s tu d y ,  a d u l t s  w e re  c o l l e c t e d  from  

u n d e r  s to n e s  and d e b r i s  a lo n g  th e  s h o r e ,  S q u a r e - f o o t  a r e a s  o f  t h e  sh o re  

w ere p ic k e d  o v e r  c a r e f u l l y  and  a l l  a d u l t s  w ere c o l l e c t e d .  The i n s e c t  

n e t  was u s e d  d u r in g  t h e  summer and  sw e e p -n e t sam p les o f  t h e  a d u l t s  w ere 

ta k e n  from  th e  s t a t i o n  a r e a s .

Q u a l i t a t i v e  sam p les o f  f i s h  w ere  ta k e n  a t  s t a t i o n  2 by  th e  m eans 

o f  sh o c k in g , A r th u r  W hitney , b i o l o g i s t  f o r  th e  M ontana F is h  and  Game 

D epartm en t c o n t r ib u te d  t im e  and sh o c k in g  equ ipm en t f o r  c o l l e c t i o n  o f  

t h e s e  sa m p le s . F is h  c o l l e c t i o n s  w ere  l i m i t e d ,  ho w ev er, t o  th e  s h a l lo w e r  

a r e a s  o f  th e  s tre a m  a c c e s s i b l e  w ith  c h e s t - h ig h  w a d e rs . R h in ic h th y s  

c a t a r a c t a e  and C o t tu s  c o g n a tu s  w ere  c o l l e c t e d  o c c a s io n a l ly  i n  th e  s q u a r e -  

f o o t  b o tto m  sa m p le s . U s u a l ly  th e s e  form s swam o u t  o f  th e  sa m p lin g  a r e a ,  

b u t  i f  sam p les w ere  ta k e n  i n  a  f a s t  c u r r e n t  a r e a ,  t h e s e  f i s h  w ere  sw ept 

i n t o  t h e  n e t*

P la n s  f o r  t a k i n g  some o f  th e  f i s h  sam p les  p e r i o d i c a l l y  th ro u g h 

o u t  th e  y e a r  c o u ld  n o t  be c a r r i e d  o u t  b e c a u se  o f  l a c k  o f  a v a i l a b i l i t y  

o f  sh o c k in g  eq u ip m en t.
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C o l le c t in g  P e r io d s .

C o l le c t in g  t r i p s  i n t o  th e  s tu d y  a r e a  u s u a l l y  r e q u i r e d  two f u l l  

d ay s  t o  g e t  sam p le s  from  th e  s i x  s t a t i o n s .  On May 5 th e  r i v e r  l e v e l  

was so h ig h  t h a t  o n ly  s t a t i o n  1 was sam p led . On A ugust 20 a l l  s i x  s t a 

t i o n s  w ere sam pled  i n  one d a y . S t a t i o n s  1 , 2 , and  3 w ere  u s u a l l y  sam pled  

one day  and  s t a t i o n s  4 ,  5» and  6 th e  fo l lo w in g  d a y . The d a te s  c o l l e c t e d  

w ere  u s u a l l y  on  S a tu rd a y s  and S u n d a y s . T h is  had  i t s  a d v a n ta g e s  b e c a u se  

m ore f is h e rm e n  a p p e a re d  on  th e  s tre a m  w eek en d s, and  i t  was n o te d  i f  any  

f is h e rm e n  w ere  c o l l e c t i n g  b o tto m  o rg a n ism s  ( f o r  f i s h  b a i t )  from  th e  s t a 

t i o n  a r e a s .  S p e c ie s  o f  P l e c o p te r a  nymphs a re  u se d  f o r  f i s h  b a i t  i n  t h i s  

s t r e a m , and t h i s  was a  f a c t o r  c o n s id e re d  when t h e  sa m p lin g  s t a t i o n s  w ere  

s e l e c t e d .

T ab le  I  shows th e  c o l l e c t i n g  d a te s  th ro u g h o u t  t h e  s tu d y  p e r io d  

from  A p r i l  th ro u g h  D ecem ber.

TABLE I

COLLECTION DATES AND TOTAL NUMBER 
SQUARE-FOOT BOTTOM SAI4PLES

D ate S t a t i o n s
T o ta l
B ottom
S am ples

D ate S t a t i o n s
T o ta l
B ottom
Sam ples

A pr. 1 1 -2 -3 32 Aug. 20 1—2—3—4—5—6 36
A pr. 2 4 -5 -6 19 S e p t • 8 1 -2 -3 18
A pr. 28 1 -2 -3 8 S e p t . 9 4 -5 -6 14
A pr. 29 4 -5 -6 7 O c t. 4 3 -5 -6 12
May 5 1 8 O c t. 5 1 -2 13
Ju n e  11 1 -2 -3 21 Nov. 2 1 -2 8
Ju n e  12 4—5—6 18 Nov. 3 3 -5 -6 10
Ju n e  28 1 -2 15 Nov. 11 7 5
Ju n e  29 3—4—5—6 19 D ec. 4 1 17
J u l y  14 3—4“ 5—6 19 D ec. 14 1 -2 -3 12
J u l y  15 1 -2 14 D ec. 15 5 -6 9
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C o l l e c t i o n s .

A l l  sam p les c o l l e c t e d  w ere p la c e d  i n  p i n t  j a r s  c o n ta in in g  70 p e r  

c e n t  a lc o h o l  and some g ly c e r in e .  The b o tto m  sam p le s  u s u a l ly  c o n ta in e d  

a  l a r g e  am ount o f  d e t r i t u s ,  a lg a e ,  and  in o r g a n ic  m a t e r i a l  a lo n g  w ith  th e  

b o tto m  o rg a n is m s . T h is  m a t e r i a l  p r e s e n t  i n  th e  sam p les c r e a te d  a  t im e -  

consum ing p ro b lem  i n  s e p a r a t in g  th e  b o tto m  fa u n a . Many w o rk e rs  s e p a r a te  

th e  o rg a n ism s  from  th e  o th e r  m a t e r i a l  i n  p an s im m e d ia te ly  a f t e r  c o l l e c t 

in g  th e  sa m p le s  b e c a u se  t h e  l i v e  o rg an ism s can  be d e te c t e d  m ore e a s i l y  

th a n  th e  p r e s e r v e d  o n e s . T h is  p ro c e d u re  was im p o s s ib le  i n  th e  p r e s e n t  

s tu d y  b e c a u se  o f  th e  t im e  n e c e s s a r y  t o  sam ple  t h e  s i x  s t a t i o n s .  A f te r  

th e  sam p les w ere  p la c e d  i n  a lc o h o l ,  th e y  w ere  l a b e le d  and  ta k e n  back  t o  

th e  l a b o r a to r y  f o r  s o r t i n g .  A l l  a d u l t s  c o l l e c t e d  w ere  p r e s e rv e d  i n  a lc o 

h o l ,  a s  w ere  t h e  im m ature  form s •

S o r t in g  i n  t h e  l a b o r a to r y  was done i n  l a r g e ,  w h ite -e n a m e l p a n s .

O nly  p o r t i o n s  o f  a  sam ple  w ere  p la c e d  i n  a  p an  a t  one t im e .  A g r e a t  

amount o f  tim e  was in v o lv e d  i n  s o r t i n g  t h e s e  sam p les— th e  maximum tim e  

f o r  an y  one b o tto m  sam ple  was 16 h o u r s .  A f te r  t h e  o rg an ism s  w ere  s o r t e d  

th e y  w ere  i d e n t i f i e d .  C l a s s i f i c a t i o n  o f  th e s e  im m ature  and  m a tu re  a q u a t i c  

o rg an ism s  was u s u a l ly  t o  f a m i l i e s ,  i n  some c a s e s  g e n e ra  and s p e c i e s ,  and  

i n  o t h e r s  t o  o r d e r s ,  c l a s s e s  o r  even  p h y la .  S e v e ra l  t e x t s  o r  k ey s w ere  

u se d  t o  c l a s s i f y  t h e s e  o rg a n is m s , o f  w h ich  U s in g e r  (1956 ) and  P ennak  (1 9 5 3 ) 

w ere  u s e d  m ost f r e q u e n t l y .  A l l  o rg a n ism s  w ere n o t  c o u n te d  f o r  t h e  p r e 

s e n t  s tu d y ,  b u t  w e re  i d e n t i f i e d  and  s o r t e d  f o r  l a t e r  c o u n ts .  A l l  o rg a n 

ism s ta k e n  i n  th e  c r o s s - s e c t i o n a l  sam p le s  w ere  c o u n te d , a s  w ere  a l l  o f  

th e  L e p id o s to m a tid a e  and  P t e r o n a r c id a e .

V olum e, w e ig h t ,  and l e n g th  m easu rem en ts w ere ta k e n  f o r  a l l  re p  r e -
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s e n t a t i v e s  o f  t h e  f a u n i l ie s  L e p id o s to m a tid a e  and P t e r o n a r c id a e .  T o ta l  

volum e m easu rem en ts  f o r  r e p r e s e n t a t i v e s  i n  t h e  sam ple  w ere  r e c o rd e d  t o  

th e  n e a r e s t  o n e - t e n th  c u b ic  c e n t im e te r .  B oth i n d i v i d u a l  and t o t a l  w e ig h ts  

w ere ta k e n  f o r  o rg a n ism s  i n  t h e  sam ple  t o  th e  n e a r e s t  o n e - t e n th  m i l l ig r a m . 

A t o r s i o n  ty p e  b a la n c e  was u se d  f o r  r e c o r d in g  w e ig h ts .  A l l  w e ig h ts  w ere 

w e t-w e ig h t m ea su re m e n ts , i . e . ;  th e  o rg a n ism s  from  a lc o h o l  w ere p la c e d  

on f i l t e r  p a p e r  f o r  one m in u te , th e n  rem oved from  th e  p a p e r  and  w e ig h ed . 

L eng th  m easu rem en ts w e re  made u n d e r  t h e  b in o c u la r  d i s s e c t i n g  sco p e  t o  

t h e  n e a r e s t  o n e - t e n th  m i l l im e te r .  A l l  l e n g th s  r e c o rd e d  w ere t o t a l  body 

l e n g t h s ,  e x c lu d in g  th e  a n te n n a e  and  c e r c i .

A l l  f i s h  c o l l e c t e d  w ere  m easu red  f o r  t o t a l  l e n g th  and s ta n d a r d  

l e n g t h ,  and  w ere  w e ighed  and i d e n t i f i e d .  S tom achs from  21 f i s h  w ere  

c o l l e c t e d  and  p r e s e r v e d  f o r  a  l a t e r  d e te r m in a t io n  o f  f i s h - f o o d  fo ra g e  

r a t i o .  A l l  th e s e  f i s h  w e re  c o l l e c t e d  by  S h o ck in g .



STUDY AREA

D e s c r ip t io n  o f  S t a t i o n s .

S ix  sa m p lin g  s t a t i o n s  w ere  l o c a te d  a lo n g  a  65 m ile  s t r e t c h  o f  t h e  

m ain  B i t t e r r o o t  R iv e r  an d  th e  E a s t  F o rk  o f  th e  B i t t e r r o o t  ( F ig .  l ) .  T hese 

s t a t i o n s  w ere  s e l e c t e d  on  a r e a s  l a r g e  enough t o  w i th s ta n d  r e p e a te d  samp

l i n g  th ro u g h o u t  a  tw e lv e -m o n th  p e r io d .  An a t te m p t was made t o  l o c a t e  t h e  

s t a t i o n s  away from  a r e a s  w h ich  w ere  u se d  by f is h e rm e n  f o r  o b ta in in g  P l e -  

c o p te r a  f o r  f i s h  b a i t .  When th e s e  p e o p le  c o l l e c t  f i s h  b a i t ,  t h e y  t u r n  

o v e r  s to n e s  and  s t i r  g r e a t  p o r t io n s  o f  b o tto m  i n  sh a llo w  r i f f l e s ,  w hich  

a c t io n  w ould be  a  h a z a rd  f o r  s tu d y in g  q u a n t i t a t i v e  b o tto m  sa m p le s . Ac— 

c e s s a b i l i t y  was a l s o  a  f a c t o r  f o r  c h o o s in g  s t a t i o n  s i t e s ;  t h e r e f o r e  a l l  

s t a t i o n s  w ere  l o c a te d  n e a r  a  ro a d . B ecause th e  S u rb e r  sa m p le r  i s  l i m i t e d  

to  d e p th  and ty p e  o f  b o tto m , s t a t i o n s  had  t o  be s e l e c t e d  i n  p la c e s  w hich  

c o n ta in e d  r i f f l e s  and sh a llo w  a r e a s .  The s t a t i o n s  w h ich  w ere f i n a l l y  

s e l e c t e d  w ere  num bered 1 t o  6 i n  p r o g r e s s io n ,  i . e . :  1 was l o c a te d  on t h e

lo w e r  B i t t e r r o o t ,  6 on th e  E a s t  F o rk  o f  t h e  B i t t e r r o o t .

S t a t i o n  1 ( P l a t e  2) a t  F lo re n c e  C ro s s in g  (T3ÔN, R20W, S12) con

s i s t e d  o f  300 y a rd s  o f  s tre a m  below  th e  F lo re n c e  h ighw ay b r id g e  on th e  

w e st s id e  o f  th e  r i v e r .  A l l  q u a n t i t a t i v e  sam p les w ere ta k e n  on  th e  w e s t 

s id e  o f  t h e  r i v e r .  A t th e  n o r th  end o f  th e  s t a t i o n  a r e a ,  t h e  r i v e r  f lo w s  

w e s t .  At t h i s  b e n d , w i th in  s t a t i o n  1 , t h e  c r o s s - s e c t i o n a l  sam p le s  w ere  

t a k e n .  The b o tto m  ty p e  a t  t h i s  s t a t i o n  was composed o f  s a n d , f i n e  g r a v e l ,  

and  s to n e s  up t o  n in e  in c h e s  i n  d ia m e te r .  The a r e a s  c lo s e  t o  s h o re  con

s i s t e d  p r i m a r i l y  o f  g r a v e l ,  w h ereas  th o s e  a r e a s  f a r t h e r  o u t  i n  t h e  r i v e r  

w ere com posed p r i m a r i l y  o f  san d  and s to n e s  up t o  n in e  in c h e s  i n  d ia m e te r .
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The la n d  c o n tig u o u s  w i th  t h e  s tre a m  i s  t y p i c a l  o f  t h e  lo w e r  B i t t e r r o o t  

r i v e r  b o tto m , p o n d e ro s a  p in e  and  c o tto n w o o d s b e in g  t h e  dom inan t v e g e ta 

t i o n .  A g r i c u l t u r a l  l a n d  i s  fo u n d  200 t o  300 y a rd s  b e h in d  t h i s  t im b e re d  

a r e a  on  b o th  s id e s  o f  th e  r i v e r .



— X ô ”

F ig u re  1 .  Map o f  th e  B i t t e r r o o t  R iv e r  D ra in a g e . O n ly  t h e  m a jo r  t r i b u 

t a r i e s  a r e  l o c a t e d .  The sa m p lin g  s t a t i o n s  a r e  i n d i c a t e d  by- 

h eav y  d o t s .
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S t a t i o n  1 E ig h tm ile  C reek

B ass C reek

S t a t i o n  2

B ear C reek

F re d  B u rr  C reek

e H am ilto n

S k a lk ah o  C reek
S t a t i o n  3

S le e p in g  C h ild  C reek

6 M ile s

S c a le

T in  Cup C reek
Rye C reek

C h a f f in  C reek
S t a t i o n  4

y  S t a t i o n  5
W est F o rk  o f  t h e  ^
B i t t e r r o o t  R iv e r  S p r in g e  %

C reek

E a s t  Fork  o f  th e  
B i t t e r r o o t  R iv e r

S t a t i o n  6
Camp C reek
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P l a t e  2

S t a t i o n  1 ,  D u rin g  H igh W ate r, May 1956

■ V i

Station 1, December 1956
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s t a t i o n  2 ( P l a t e  3 )  a t  B e ll  C ro s s in g  (T36N, R20W, S I? )  c o n s i s t e d  

o f  400  y a rd s  o f  s tre a m  below  t h e  B e l l  C ro s s in g  B rid g e . A l l  q u a n t i t a t i v e  

sa m p le s  w ere  c o l l e c t e d  from  th e  w e st s id e  o f  th e  r i v e r .  The b o tto m  a t  

t h i s  s t a t i o n  was com posed o f  s a n d , g r a v e l ,  and  s to n e s  up t o  e ig h t  in c h e s  

i n  d ia m e te r .  T h ree  h ig h  w a te r  c h a n n e ls  w ere  p r e s e n t  i n  th e  m ain  bed  o f  

th e  r i v e r  a t  t h e  w e st s i d e .  D u rin g  low  w a te r  th e  t h r e e  c h a n n e ls  w ere 

d ry  e x c e p t  f o r  a  b a y - l i k e  a r e a  a t  th e  m outh o f  th e  l a r g e s t  c h a n n e l. T h is 

b a y - l ik e  a r e a  w as s i m i l a r  to  a  te m p o ra ry  pond i n  many a s p e c t s .  S u r fa c e  

c u r r e n t s  w ere  d e te c te d  i n  t h i s  b a y , a l th o u g h  th e  w a te r  d i d n ' t  f lo w  th ro u g h . 

When sa m p lin g  i n  A p r i l  and D ecem ber, muck and  d e t r i t a l  m a t e r i a l  was fo und  

c o v e r in g  t h e  sa n d , g r a v e l ,  and  s to n e s  i n  t h i s  b a y . A f t e r  h ig h  flo w  p e r 

io d ,  ho w ev er, t h i s  muck and  d e t r i t a l  m a t e r i a l  was f lu s h e d  o u t .  A d jo in in g  

th e  s t r e a m , s c a t t e r e d  p o n d e ro sa  p in e  and co ttonw oods w ere t h e  dom inan t 

v e g e t a t i o n .  Meadow la n d s  and  p a s t u r e s  e m a rg in a te d  th e  t im b e re d  a r e a .

S t a t i o n  3 ( P l a t e  3 ) was l o c a te d  o n e - h a l f  m ile  below  th e  m outh 

o f  S le e p in g  C h ild  C reek  (T33N, R21W, S 2 4 ) . Sam ples w ere  c o l l e c t e d  from  

t h e  e a s t  sh o re  o f  th e  r i v e r .  The b o tto m  ty p e  o f  t h i s  a r e a  was s a n d , g r a v e l ,  

and  s to n e s  up to  10 in c h e s  i n  d ia m e te r .  T here  i s  a  d iv e r s io n  dam a c r o s s  

t h e  r i v e r  b e tw een  t h i s  s t a t i o n  s i t e  and th e  m outh o f  S le e p in g  C h ild  C reek . 

T h is  dam d o e s  n o t  s t o r e  o r  b a c k -u p  any  w a te r ,  i t  m e re ly  d i v e r t s  a  l a r g e  

head  o f  w a te r  i n to  an  i r r i g a t i o n  c a n a l .  D u rin g  h ig h  w a te r ,  sam p les  had  

t o  be ta k e n  up among t h e  w illo w s  (w h ich  a r e  shown i n  P l a t e  3 on th e  l e f t  

s i d e  o f  s t a t i o n  3 ) b e c a u se  o f  th e  d e p th  and  h ig h  v e l o c i t y  o f  t h e  s t r e a m . 

P o n d e ro sa  p in e  and  co tto n w o o d s a r e  th e  dom inan t t r e e s  a lo n g  th e  r i v e r  

b a n k s . P a s tu r e  la n d s  a r e  fo u n d  on  th e  w e st s i d e  o f  th e  r i v e r  a t  t h i s  

s t a t i o n ,  and  r o l l i n g  h i l l s  c o v e re d  w ith  sa g e  b ru sh  and  r a b b i t  b ru s h  a r e  

fo u n d  on  th e  e a s t  s i d e  o f  th e  r i v e r .  Numerous warm w a te r  s p r in g s  se e p
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i n t o  t h e  r i v e r  above t h i s  s t a t i o n ,  a c c o u n tin g  f o r  s l i g h t l y  h ig h e r  a v e ra g e  

t e m p e ra tu re s  th a n  s t a t i o n  2 .

S t a t i o n  k  was l o c a te d  im m e d ia te ly  above  th e  C onner b r id g e  (T30N, 

R20W, S7) 300  y a rd s  below  th e  C onner s to r e *  T h is  s t a t i o n  was l o c a te d  on 

th e  E a s t  F o rk  o f  th e  B i t t e r r o o t  R iv e r  a b o u t t h r e e - f o u r t h s  o f  a  m ile  from  

th e  m outh o f  th e  E a s t  F o rk  C anyon, and  o n e - h a l f  m ile  above th e  j u n c t i o n  

o f  t h e  E a s t  F o rk  and th e  W est F o rk  o f  t h e  B i t t e r r o o t  R iver*  The moun

t a i n s  c lo s e  i n  above t h i s  s t a t i o n  and fo rm  th e  E a s t  F o rk  Canyon. P o n d e r

o s a  p in e  an d  c o tto n w o o d s a re  t h e  dom inant v e g e t a t i o n  a t  t h i s  s t a t i o n  s i t e  

w ith  s m a ll  a g r i c u l t u r a l  f i e l d s  a lo n g  b o th  s id e s  o f  th e  r iv e r *  U n t i l  t h e  

l a t t e r  p a r t  o f  S e p tem b er, t h i s  s t a t i o n  was sam pled  q u a n t i t a t i v e l y  a s  w ere  

th e  o t h e r  f i v e  s t a t i o n s .  I n  l a t e  S e p tem b er, th e  r i v e r  ( in c lu d in g  s t a t i o n  

4 ) was s t r a ig h t e n e d  o u t by a  b u l l - d o z e r .  The e f f e c t s  o f  t h i s  work a r e  

shown on P l a t e  4 .  From A p r i l  t o  S e p tem b er, th e  s tre a m  b o tto m  was g r a v e l  

t o  ro c k s  e ig h t  in c h e s  i n  d ia m e te r*  H igh w a te r  d u r in g  May w ashed o u t a  

l a r g e  p o r t i o n  o f  th e  sa m p lin g  a r e a  o f  t h i s  s t a t i o n ,  and  t h i s  s p r in g  w ash

o u t  was th e  r e a s o n  f o r  s t r a i g h t e n i n g  th e  r i v e r .  The s tre a m  b o tto m  a f t e r  

t h e  r i v e r  h ad  b een  s t r a ig h t e n e d  was a  m ass o f  v e ry  lo o s e  s h i f t i n g  g r a v e l  

and c ru s h e d  g r a n i t e  s to n e s*  A tte m p ts  t o  c o l l e c t  q u a n t i t a t i v e  sam p les r e 

s u l t e d  i n  a  n e t  f u l l  o f  t h i s  in o r g a n ic  m a t e r i a l  w ith  no b o tto m  o rg a n ism s  

p re s e n t*  I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  sam p les ta k e n  i n  M arch 1957 , s i x  

m onths a f t e r  t h i s  s t r e a m  h ad  b een  s t r a ig h t e n e d ,  c o n ta in e d  v e ry  few  a q u a t ic  

o rg a n is m s , e i t h e r  q u a n t i t a t i v e l y  o r  q u a l i t a t i v e l y .  The b o tto m  ty p e  a t  

t h i s  t im e  was s t i l l  a  m ass o f  lo o s e  s h i f t i n g  g r a v e l  and  c ru s h e d  g r a n i t e  

r o c k s .

S t a t i o n  5 ( P l a t e  4 ) was l o c a te d  i n  t h e  E a s t  F o rk  Canyon a t  t h e  

m outh o f  Warm S p r in g s  C reek  (T29N, R20W, S i ) ,  o n e - h a l f  m ile  below  th e
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t u r n - o f f  t o  M ed ic in e  Hot S p r in g s .  P o n d e ro sa  p in e ,  co tto n w o o d s and w i l 

low s a r e  t h e  dom in an t v e g e t a t i o n  a t  t h i s  s i t e .  The s tr e a m  bo tto m  above 

th e  m outh o f  Warm S p r in g s  C reek  c o n s i s t e d  o f  g r a v e l  t o  s to n e s  e ig h t  i n 

ch es i n  d ia m e te r .  S an d , g r a v e l ,  and  s to n e s  t o  10 in c h e s  i n  d ia m e te r  

w ere  fo u n d  im m e d ia te ly  below  th e  m outh o f  th e  c r e e k .  The c u r r e n t  v e lo 

c i t y  th ro u g h o u t  th e  canyon a r e a  was v e ry  h ig h ,  e s p e c i a l l y  d u r in g  h ig h  

w a te r .  L a rg e  b o u ld e r s  u se d  f o r  r i p - r a p  a lo n g  t h e  h ighw ay  w ere found  

a lo n g  t h e  s tre a m  e d g e . D u rin g  t h e  h ig h  w a te r  p e r io d ,  th e  w a te r  l e v e l  

was up i n t o  t h e s e  l a r g e  b o u ld e r s ,  m aking i t  im p o s s ib le  to  g e t  q u a n t i t a 

t i v e  sam p le s  from  t h i s  a r e a .  Sam ples w ere  ta k e n  a t  t h i s  t im e ,  ho w ev er, 

b o th  below  th e  m outh o f  t h e  c re e k  and  i n  t h e  a r e a  above th e  m outh o f  th e  

c re e k  away from  t h e  h ighw ay .

S t a t i o n  6 ( P l a t e  5) was lo c a te d  a b o u t 200 y a rd s  above th e  S u la  

s t o r e  (T29N, R19W, S 1 7 ) , w hich  i s  im m e d ia te ly  above th e  e n t r a n c e  to  th e  

E a s t  F o rk  Canyon. The E a s t  Fork  R iv e r  i n  t h i s  a r e a  i s  a m ean d erin g  

s t r e a m , a l th o u g h  th e  s t a t i o n  i t s e l f  i s  i n  a  r i f f l e  a r e a .  W illow s and c o t 

tonw oods a r e  th e  dom inan t v e g e t a t i o n  a lo n g  t h i s  s e c t i o n  o f  s t r e a m , w i th  

p o n d e ro sa  p in e  and  D ouglas f i r  r e s t r i c t e d  to  th e  h i l l s  away from  th e  r i v e r .  

The la n d  th ro u g h  w hich t h e  r i v e r  m eanders c o n s i s t s  p r i m a r i l y  o f  meadow 

la n d s .  The s tr e a m  b o tto m  i s  com posed o f  s a n d , g r a v e l ,  and  s to n e s  t o  10 

in c h e s  i n  d ia m e te r .

C r o s s - s e c t i o n a l  sa m p le s  w ere c o l l e c t e d  o n e - h a l f  m ile  above s t a 

t i o n  6 ,  and  th e  sa m p lin g  a r e a  was te rm e d  s t a t i o n  7 ( P l a t e  5)* T h is  s t a 

t i o n  was l o c a t e d  a b o u t 200 y a rd s  above t h e  o ld  S u la  P o s t  O f f ic e  b r id g e .

The s t r e a m  was s i m i l a r  t o  t h a t  o f  s t a t i o n  6 , a  m ea n d erin g  ty p e  th ro u g h  

meadow l a n d ,  w ith  w il lo w s  and co tto n w o o d s a lo n g  th e  b a n k s . The b o tto m  

ty p e  was g r a v e l  and  s to n e s  a s  l a r g e  a s  e ig h t  in c h e s  i n  d ia m e te r .
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TABLE I I

DISTANCES AND ELEVATIONS OF SAMPLING STATIONS

S t a t i o n
No,

App ro x im a t e 
E le v a t io n  

i n  F e e t
L en g th  i n  

M ile s

A pprox im ate  E le v a t io n  
Drop i n  F e e t  

p e r  M ile

1 3200 From M isso u la 20 From S t a t i o n  2 7*1
2 3300 From S t a t i o n  1 14 From S t a t i o n  3 2 1 ,1
3 3700 From S t a t i o n  2 19 From S t a t i o n  4 I S , 8
4 4000 From S t a t i o n  3 16 From S t a t i o n  5 1 5 .4
5 4200 From S t a t i o n  4 13 From S t a t i o n  6 33*3
6 4300 From S t a t i o n  5 3

1100 F e e t D if f e r e n c e S tu d y  A rea s= 65 A verage Drop i n  F e e t
i n  E le v a t io n  S t a t i o n M ile s  o f p e r  M ile  i n  t h e  65

1 and  S t a t i o n  6 , S tre a m , M ile s  l 6 , 9 .

E le v a t io n s  and  d i s t a n c e s  a r e  a p p ro x im a te  m easu rem en ts ta k e n  from  

a  U. S . F o r e s t  S e r v ic e  map o f  th e  B i t t e r r o o t  V a l le y ,  E le v a t io n s  f o r  s t a 

t i o n s  w ere  b a se d  on bench  m arks and map c o n to u rs  n e a r  th e  s i t e s ,  w h ile  

d i s t a n c e s  w ere  m easu red  be tw een  s t a t i o n s  and c a l c u l a t e d  from  th e  s c a l e  

u s e d .  The d i f f e r e n c e s  i n  e l e v a t i o n  betw een  t h e  two ex trem e s t a t i o n s  i s  

a p p ro x im a te ly  1100 f e e t .  Based on th e s e  m easu rem en ts , th e  a v e ra g e  d ro p  

i n  f e e t  p e r  m ile  o v e r  th e  65 m ile s  o f  s tre a m  s tu d ie d  i s  1 6 ,9 ,  The m axi

mum d ro p  i n  f e e t  p e r  m i le  was 33*3 b e tw een  s t a t i o n  6 and s t a t i o n  5> w hich  

was i n  t h e  E a s t  F o rk  C anyon, The minimum, w hich  was 7#1 f e e t  p e r  m i le ,  

was b e tw een  s t a t i o n  2 and s t a t i o n  1 ,

C l im a to lo g ic a l  D a ta— T e m p e ra tu re s ,

W a te r , g ro u n d , and  a i r  te m p e ra tu re s  w ere  re c o rd e d  a t  each  c o l l e c t 

in g  p o i n t .  T em p era tu re  c u rv e s  f o r  each  s t a t i o n  w ere  p l o t t e d .  R ead ings 

f o r  s t a t i o n  4 te r m in a te d  S ep tem b er 9 a lo n g  w ith  sa m p lin g . T em p era tu re s
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f o r  t h e  re m a in in g  f i v e  s t a t i o n s  w ere  p l o t t e d  from  A p r i l  1 t o  J a n u a ry  12 

( F ig s .  2 t o  By A ppendix  T a b le s  XVII t o  X X III ) .

T e m p e ra tu re s  fro m  s t a t i o n  1 a t  F lo re n c e  and  s t a t i o n  6 a t  S u la  

show a  co m p a riso n  o f  a  l a r g e  m ean d erin g  r i v e r  to  a  s m a ll  m ea n d erin g  s tre a m  

a t  a  h ig h e r  e l e v a t i o n .  W ater te m p e ra tu re  a t  S t a t i o n  1 a v e ra g e d  $ 1 .6 ^  F* 

from  A o r i l  t o  J a n u a ry  a s  com pared t o  45*1^ F . f o r  s t a t i o n  6 . The m axi

mum w a te r  te m p e ra tu re  r e c o rd e d  f o r  s t a t i o n  1 was 6 7 .0 °  F . on J u l y  15; 

t h e  minimum was 3 6 .0 °  F* on  J a n u a ry  1 2 . On th e  o t h e r  h an d , 6 4 .0 °  F . on 

A ugust 20 was th e  maximum f o r  s t a t i o n  6 and 3 2 .0 °  F . on December 15 was 

t h e  minimum.

S m a ll s tre a m s  w i th  l i t t l e  c o v e r  u s u a l l y  show g r e a t e r  te m p e ra tu re  

f l u c t u a t i o n s ,  b o th  s e a s o n a l  and  d a i l y ,  th a n  do l a r g e r  s tre a m s  (Needham,

1 9 3 8 ) . D a i ly  f l u c t u a t i o n s  i n  w a te r  te m p e ra tu re  w ere n o t  r e c o rd e d  i n  t h i s  

s tu d y ;  i n s t e a d ,  te m p e ra tu re s  w ere  ta k e n  o n ly  a t  one tim e  d u r in g  th e  day  

a t  e a c h  s t a t i o n .  The y e a r l y  d i f f e r e n c e  be tw een  ex trem e  w a te r  te m p e ra tu re s  

a t  S u la  ( s t a t i o n  6 ) ,  w here  th e  s tr e a m  i s  s m a l l ,  was 3 2 .0 °  F . , com pared t o  

a  3 1 .0 °  F . d i f f e r e n c e  a t  F lo re n c e  ( s t a t i o n  l ) .  A d i f f e r e n c e  o f  3 5 .0 °  F . 

was fo u n d  a t  s t a t i o n  3 .  An e x p la n a t io n  f o r  t h i s  g r e a t e r  d i f f e r e n c e  a t  

s t a t i o n  3 m ig h t be th e  l a r g e  num ber o f  warm w a te r  s p r in g s  d r a in in g  i n t o  

t h e  r i v e r  above t h i s  s t a t i o n .  The maximum w a te r  te m p e ra tu re  f o r  t h i s  s t a 

t i o n  d u r in g  t h e  summer w as 6 9 .0 °  F . , w h ich  was 5 .0 °  F . h ig h e r  th a n  th e  

maximum te m p e r a tu re s  f o r  s t a t i o n s  2 and  4> and 2 .0 ^  F . h ig h e r  th a n  s t a t i o n  

1 .  The minimum w a te r  te m p e ra tu re  r e c o rd e d  f o r  s t a t i o n  3 was 3 4 .0 °  F . , w here

a s  a l l  o t h e r  s t a t i o n s  w ere  3 2 .0 °  F . , e x c e p t  s t a t i o n  1 w hich  was 3 6 .0 °  F . 

T em p era tu re  v a r i a t i o n s  w i t h in  a  s tr e a m  a r e  p r i n c i p a l l y  t h e  r e s u l t s  o f  d e p th ,  

c u r r e n t  v e l o c i t y ,  b o tto m  m a t e r i a l s ,  t r i b u t a r y  w a te r s ,  s u n l ig h t  o r  s h a d in g ,  

and  tim e  o f  d ay  (W elch , 1 9 5 2 ) .
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W ater t e m p e r a tu r e  i s  im p o r ta n t  f o r  th e  g row th  of a q u a t i c  i n s e c t s .

The optim um  te m p e ra tu re  f o r  d ev e lo p m en t o f  s tre a m  i n s e c t s  i s  b e tw een  6 5 -0 °  F , 

75»0 F . d u r in g  th e  summer (Needham, 193Ô ). The " a v e ra g e "  w a te r  tem p

e r a t u r e s  ( F ig ,  2) f o r  t h e  s i x  s t a t i o n s  d u r in g  th e  summer ( J u l y ,  A u g u st, 

and  S e p te m b e r) , w ere  6 3 .7 °  F . ,  6 1 .5 °  F . , 6 6 .0 °  F . , 6 0 .3 °  F . , 5 6 .0 °  F . ,  and  

56 . 3°  F . f o r  s t a t i o n s  1 th ro u g h  6 i n  t h a t  o r d e r .  S t a t i o n  3 i s  th e  o n ly  

one i n  w h ich  a v e ra g e  summer w a te r  te m p e ra tu re s  re a c h  th e  ran g e  w hich  Need

ham ( 1 9 3 8 ) s e t s  f o r  o p t im a l  d e v e lo p m e n t.
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F ig u re  2 . W ater te m p e ra tu re s  f o r  S t a t i o n s  1 t o  6 (A v e rag e  and  Minimum 

te m p e ra tu re  n o t  r e c o rd e d  f o r  s t a t i o n  4 )  A p r i l ,  1956  th ro u g h  

J a n u a ry ,  1957*
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Figure 3. Temperature Curve - Station,
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Figure 4# Temperature Curve - Station 2,
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Figure 5. Temperature Curve - Station 3.
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Figure 6. Temperature Curve - Station 4<
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Figure 7* Temperature Curve - Station 5*
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Figure 8. Temperature Curve - Station 6.
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G en era l W ater L e v e l.

The m ain B i t t e r r o o t  R iv er a t  s t a t i o n s  1 , 2 , and 3 was f ro z e n  o v e r 

th ro u g h o u t m ost o f  M arch, 1956, and was c l e a r  o f  ic e  when th e  A p r i l  1 

sam ples w ere ta k e n . The A p r il  1 l e v e l  r e p re s e n ts  th e  flow  o f  th e  r i v e r  

a f t e r  th e  s o r in g  i c e  b re a k -u p . S p rin g  ru n o ff  began i n  A p r il  and by th e  

28 th  ( a t  w hich tim e  sam ples w ere ta k e n )  th e  r i v e r  was flo w in g  a t  th e  h ig h  

w a te r  b an k s. On May sam ples were ta k e n  a t  s t a t i o n  1 , b u t th e  w a te r  

l e v e l  was so h ig h  t h a t  c o l l e c t io n s  were n o t ta k e n  from th e  o th e r  s t a t i o n s .  

A lo n g  g ra v e l  b a r  i n  t h e  r i v e r  a t  s t a t i o n  1 en ab led  bottom  sam pling  to  be 

c a r r i e d  o u t th ro u g h o u t th e  h ig h  w a te r  p e r io d ,  excep t d u rin g  th e  l a t t e r  

p a r t  o f  May when th e  r i v e r  went o v e r  i t s  banks. On June 12 th e  r i v e r  was

a g a in  f lo w in g  w i th in  i t s  b an k s, b u t was s t i l l  as  h igh  as when sam ples were

tak e n  on A p r i l  28.

The r i v e r  l e v e l  co n tin u ed  to  d rop  a f t e r  June 28 th ro u g h o u t th e  

summer m onths. The lo w e s t l e v e l ,  a s  in d ic a te d  i n  F ig . 9> appeared  be

tw een A ugust 20 and Septem ber 8 . When c o l le c t io n s  w ere made on O ctober 

5 , i t  was n o ted  t h a t  th e  w a te r  l e v e l  had come up s in c e  Septem ber. This

l e v e l ,  shown i n  F ig . 9 , was th e  same a s  d u rin g  November. This h ig h e r

l e v e l  f o r  O c to b er and November, a s  compared to  August and Septem ber, 

p ro b a b ly  was th e  r e s u l t  o f  reduced  i r r i g a t i o n  on th e  su rro u n d in g  v a l le y  

farm s d u r in g  t h i s  f a l l  p e r io d .  S e v e ra l  sm a ll dams lo c a te d  a t  i n t e r v a l s  

a lo n g  th e  r i v e r  a r e  u sed  to  tu r n  w a te r  from  th e  r i v e r  in to  c an a ls  and 

d i tc h e s  u sed  f o r  i r r i g a t i o n .  V ery l i t t l e  w a te r  i s  ta k e n  out o f  th e  r i v e r  

above s t a t i o n  5 , and th e  w a te r  l e v e l  a t  th e  up p er s t a t i o n s  co n tin u ed  to  

d rop  th ro u g h  November. The w a te r  l e v e l  a t  th e  th r e e  low er s t a t i o n s ,  on 

December 14 , had r i s e n  c o n s id e ra b ly  because  o f heavy r a in s  p rec ed in g  

t h a t  d a te .
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The E a s t  Fork ( s t a t i o n s  ky 5,  and 6) was f r e e  o f  i c e  on A p r il  2 , 

when c o l l e c t io n s  w ere made. By A p r i l  29, th e  w a te r  l e v e l  had r i s e n  to  

th e  h ig h  w a te r  b an k s. D uring May, th e  r i v e r  ro se  above i t s  h igh  w a te r 

banks and  d id  c o n s id e ra b le  damage to  s t a t i o n  s i t e s .  On June 12 , th e  w a te r  

l e v e l  had  dropped  to  ab o u t th e  A p r i l  29 l e v e l .  Most o f  th e  p e m a n e n t b o t

tom th ro u g h o u t s t a t i o n  4 was d e s tro y e d  by h ig h  w a te r .  High w a te r  a ls o  

damaged s t a t i o n  6 by w ashing  o u t a  r i f f l e  u sed  f o r  sam pling a t  th e  low er 

end o f  th e  a re a .  The w a te r  l e v e l  on June 29 had dropped  to  abou t th e  

A p r il  1 l e v e l .  A ll  re c o rd in g s  a f t e r  June 29 in d ic a te d  a s te a d y  d e c re a se  

i n  w a te r  l e v e l  th ro u g h o u t th e  summer and f a l l  m onths. The l e v e l  on Nov

ember 3 was th e  lo w e s t o f  any re c o rd e d . Shore ic e  ex tended  in to  th e  r i v e r  

from  b o th  s id e s ,  and th e  ground was covered  w ith  snow. The r i v e r  had 

r i s e n  s l i g h t l y ,  on December 15 , and sho re  ic e  ex tended  out from  bo th  s h o re s . 

The ground around  th e  s t a t i o n  was covered  w ith  snow as on November 3 .

The f lo o d  p e r io d s  o f  th e  B i t t e r r o o t  R iv e r o ccu r d u rin g  May and 

June ( F ig s ,  9 and 1 0 ) . M o ffe tt (1936) found , in  the South W illow Creek 

s tu d ie s  i n  U tah , t h a t  th e  p e r io d  o f  re c o v e ry  o f  a q u a t ic  i n s e c t s  from  th e  

s ta n d p o in t  o f  num bers, volum e, and w eigh t p e r  u n i t  a re a  a f t e r  a f lo o d  was 

t h r e e  m onths. He concluded  t h a t  f lo o d s  reduce  th e  p r o d u c t iv i ty  o f  s tre a m s . 

O th e r w orkers have found th e  d e tr im e n ta l  e f f e c t s  o f  f lo o d s  on a q u a tic  popu

l a t i o n s .  Coker (1954) in d ic a te d  f lo o d in g  as one o f  th e  g r e a t e s t  o c c a s io n a l  

h a z a rd s  to  s tre a m  a n im a ls . B riggs (194#) found t h a t  th e  p ro d u c tio n  o f  

bottom  fau n a  was lo w e st d u rin g  th e  p e r io d s  o f  h ig h ly  f lu c tu a t in g  w a te r  

and d u r in g  p e r io d s  o f  lo w e s t te m p e ra tu re .

Low w a te r  p e r io d s  i n  th e  B i t t e r r o o t  R iv e r o c c u rre d  d u rin g  th e  

l a t t e r  p a r t  o f  A ugust and th e  e a r ly  p a r t  o f  Septem ber f o r  th e  m ain r i v e r  

s t a t i o n s ,  and d u r in g  November f o r  th e  E a s t Fork s t a t i o n s .  The r a te  o f
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f lo w  f o r  s t a t i o n  7 (o n e -h a l f  m ile  above s t a t i o n  6) on November 11 was 

10Ô CH. f t .  p e r  s e c .  a s  compared to  106l  cu . f t .  p e r  s e c .  f o r  s t a t i o n  1 

on December 4# D uring  t h i s  low w a te r  (f lo w ) p e r io d  th e  p ro d u c tio n  o f  

bo ttom  fau n a  was red u c e d , b u t n o t a s  o u ts ta n d in g  a re d u c tio n  a s  was n o t

i c e d  d u r in g  p e r io d s  o f  f lo o d .  Low w a te r  causes th e  d e s t r u c t io n  o f  some 

o rgan ism s by exposu re  o f  " h a b i tu a l  a re a s "  (B rig g s , 1948). Dunham (1938) 

n o te d  m ig ra tio n s  o f  bo ttom  fau n a  up on to  sand b a rs  d u rin g  a  r i s e  i n  th e  

w a te r  l e v e l ,  and down from  th e  sand b a rs  a s  th e  w a te r  l e v e l  rec ed e d .

D uring th e  p r e s e n t  s tu d y , o rgan ism s were c o l le c te d  from  bottom  a re a s  

which had  been exposed a  few days e a r l i e r .  These forms cou ld  have mig

r a t e d  i n to  th e s e  a r e a s ,  o r  may have been d is p la c e d  from f a r t h e r  up

s tre am  by th e  r i s i n g  w a te r  l e v e l .

W in te r c o n d i t io n s .

W in te r c o n d it io n s  i n  th e  B i t t e r r o o t  a re  t y p i c a l  o f  m ountainous 

r e g io n s .  S u rfa c e  o r  s h e e t  i c e ,  f r a z i l ,  and anchor i c e  a re  th e  th r e e  

ty p e s  o f  i c e  t h a t  may ap p ea r i n  s tre a m s . F r a z i l  i c e  o ccu rs  as clumps 

a t  th e  w a te r  s u r f a c e  o r  a s  a  s ta tio n a i* y , s lu s h y  mass a t  a l l  d e p th s .

Anchor i c e  form s o v er th e  immovable s tream  o b je c ts  on th e  s tream  bed 

d u r in g  n ig h t ,  u n d e r c l e a r  s k i e s ,  i n  open w a te r , and when w a te r  tem pera

tu r e s  a re  s l i g h t l y  below  32*0° F . The amount o f  einchor ic e  form ed i s  

dependen t on th e  dep th  o f  th e  s tre a m , tu rb u le n c e ,  and r a t e  o f  h e a t r a d ia 

t i o n  from  th e  w a te r  (M acio lek , 1 9 5 1 ). Anchor i c e  i s  most commonly found 

i n  sh a llo w  ra p id  w a te r ,  from  s ix  to  24 in c h e s  deep . The mean th ic k n e s s  

o f  t h i s  i c e  i s  abou t two in c h e s ,  ran g in g  up to  seven  in ch e s  i n  th e  f a s t 

e s t  w a te r  (B enson, 1 9 5 5 ). Anchor i c e  and s u r fa c e  o r  sh e e t  ic e  were ob

se rv e d  d u r in g  th e  p re s e n t  s tu d y , b u t no f r a z i l  i c e  was rec o g n ize d  as such .
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V a rio u s  comments on th e  e f f e c t s  o f  i c e  c o n d it io n s  on th e  s tream  

bottom  fa u n a  have been p re s e n te d  i n  th e  l i t e r a t u r e .  M aciolek (1951) 

found s u b s u rfa c e  i c e  to  cause  f lu c tu a t io n s  i n  th e  v e lo c i ty  and volume o f  

w a te r : low a t  n ig h t— o f te n  le a v in g  sm a ll s id e  ch an n e ls  d ry ; h ig h  i n  th e

m orning— s c o u r in g  and w ashing  lo o se  d e b r i s  and bottom  fa u n a , Needham 

( 1930 ) c la im ed  t h a t  i c e ,  b e in g  pushed downstream  by th e  c u r r e n t ,  gouges 

o u t and d e s t ro y s  s tream  bo ttom  o rgan ism s. Needham (1938) n o ted  th e  a b ra s 

iv e  a c t io n  o f  ancho r i c e  b re a k in g  lo o se  from  th e  bottom , w hich a c t io n  

d e s tro y e d  bo ttom  organism s* Benson (1 9 5 5 ), u s in g  th e  S u rb e r sam p le r, 

to o k  q u a n t i t a t i v e  sam ples o f  th e  anchor i c e  and found an average  o f  10 

organ ism s p e r  s q u a r e - f o o t ,  a lo n g  w ith  san d , g ra v e l ,  and o rg a n ic  d e b r i s .  

Q u a l i t a t iv e  sam ples o f  f l o a t in g  ancho r ic e  re v e a le d  a s im i la r  c o n d it io n  

re g a rd in g  o rgan ism s and m a te r i a l s .  Brown (1 9 5 3 ), who worked on th e  West 

G a l l a t i n  R iv e r  i n  M ontana, ob se rv ed  a q u a tic  organism s i n  th e  s lu s h  ( f l o a t 

in g  an ch o r i c e ) ,  bu t no s to n e s  were o bserved  i n  t h i s  f l o a t in g  anchor i c e  

a s  have been o b se rv ed  by o th e r  w o rk e rs . Brown concluded t h a t  ancho r ic e  

had l i t t l e  o r  no e f f e c t  on th e  numbers o f  bottom  o rgan ism s. Brown (1956) 

in d ic a te d  t h a t  anchor i c e  d o e s n 't  o c cu r u n d e r s u r fa c e  ic e  excep t a t  i t s  

o u te r  edge . When s u r f a c e  i c e  f r e e z e s  s o l i d ly  to  th e  bottom , a l l  o rgan

ism s a re  k i l l e d .  Brown ( i b i d . )  a ls o  n o ted  t h a t  no f r e e  w a te r  was a sso c 

i a t e d  w ith  th e  s h e e t  i c e  a s  i t  was w ith  th e  ancho r i c e .
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Figure 9* General water level - Stations 1, 2, and 3«



—49-

W ater l e v e l

High w a te r  
banks

A p r il  1 s t  
sp r in g  l e v e l

F a l l  “  low  
w a te r  l e v e l



-50-

Figure 10. General water level - Stations 4, 5, and 6,
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A verage C u rre n t V e l o c i t i e s .

The re c o rd in g s  w hich were made o f  th e  average  c u rre n t v e lo c i ty  . 

f o r  each  s t a t i o n  th ro u g h o u t th e  s tu d y  p e r io d  a re  shown i n  F ig . 11 and in  

T able  XXIV i n  th e  Appendix. N otab le  d is c re p a n c ie s  a re  d is c u s se d  below .

The a v e ra g e  c u r re n t  v e lo c i ty  had d e c rea se d  a t  s t a t i o n  1 by May 5, 

a t  w hich tim e  th e  w a te r  l e v e l  r a i s e d  above th e  h ig h  w a te r  banks and f lo o d 

ed th e  su rro u n d in g  a r e a .  By June 12 , th e  w a te r  l e v e l  was back w ith in  th e  

h ig h  w a te r  banks a g a in ,  and th e  av erag e  c u rre n t  v e lo c i ty  in c re a s e d . As 

th e  w a te r  l e v e l  c o n tin u e d  t o  d rop  a f t e r  June 12 , th e  average  c u r re n t  

v e lo c i t y  d ropped  a l s o .  I n  th e  upper s t a t i o n s ,  re c o rd in g s  were no t made 

d u r in g  th e  peak o f h ig h  w a te r  i n  May. Because th e  r i v e r  channel i s  con

f in e d  to  a  much n a rro w er a re a  th ro u g h  th e  canyon, i t  i s  assumed th a t  th e  

v e lo c i t y  o f  th e  c u r r e n t  in c r e a s e d ,  r a th e r  th a n  d e c re a se d  d u rin g  t h i s  p e r 

io d  ( B e r n o u l l i 's  th e o re m ). The damage caused by h igh  w a te r  a t  th e  t h r e e  

u p p e r s t a t i o n s  was c o n fin e d  to  th e  r i v e r  channel and banks r a th e r  th a n  th e  

su rro u n d in g  a r e a .

The in c r e a s e  i n  c u r r e n t  v e lo c i ty  shown on th e  graph (F ig . 11) f o r  

s t a t i o n  3 d u rin g  th e  l a s t  o f  June and m iddle  o f  J u ly  was because of th e  

a re a  o f  r i v e r  m easured . High w a te r  from A p r il  28 to  June 11 made i t  im

p o s s ib le  to  m easure th e  open p a r t  o f  the  r i v e r .  M easurem ents had to  be 

ta k e n  a lo n g  th e  r i v e r  edge, w hich was n o t a  com parative  m easure o f  th e  

av e rag e  c u r r e n t  v e lo c i t y .  When th e  r i v e r  l e v e l  d ropped , th e  l a s t  o f  Ju n e , 

i t  was a g a in  p o s s ib le  to  make re c o rd in g s  i n  th e  same a re a  a s  f o r  A p r il  1 . 

A l l  a v e ra g e  c u r r e n t  v e l o c i t i e s  a f t e r  June 29 were from  th e  open r i v e r .

A verage c u r r e n t  v e l o c i t i e s  w ere h ig h  from A p r i l  th rough  J u ly  a t  

s t a t i o n  4> w ith  th e  h ig h e s t  on June 12 a t  5»2 f t . / s e c .  C u rren t v e lo c i t i e s
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f o r  s t a t i o n s  5 and 6 a ls o  were h ig h e s t  on June 12, w ith  h ig h  m easure

m ents o f  5 .1  and 4*5 f t . / s e c .  r e s p e c t iv e ly .  Coker (1954) in d ic a te d  th e  

v e lo c i t y  o f  flow  i s  a f f e c t e d  by d is c h a rg e , s lo p e , fo rm -ra t io  (p ro p o r tio n  

o f  d e p th  to  w id th ) ,  lo a d  ( t u r b i d i t y  r e t a r d s  f lo w ) , and te m p e ra tu re  (warm 

w a te r  b e in g  more f l u i d  th a n  co ld  w a te r ) .  In c re a se d  c u r r e n t  v e lo c i t i e s  

a t  th e  u p p e r  s t a t i o n s  a re  p rom inen t because  o f  th e  narrow  w id th  o f th e  

s tre am  th ro u g h  th e  E a s t Fork Canyon, and th e  s lo p e — o r  d rop  in  e le v a t io n  

in  f e e t  p e r  m ile .

W ater c u r r e n ts  in f lu e n c e  th e  m orphology o f  s tream  form s and th e  

q u a n t i ty  o f  o rg a n ic  p ro d u c tio n  p e r  u n i t  a re a  (R u t tn e r ,  1953). Needham 

( 1927 ) found 4 .6  tim es  a s  much bottom  food i n  th e  r a p id  w a te r  bottom s as 

compared to  th e  p o o l b o tto m s. Needham (1934) p o in te d  o u t t h a t  sh a llo w , 

s w if t  r i f f l e s  p roduce  more food  th a n  d eep , s w if t  r i f f l e s .  S tream s o f  

l e s s  th a n  s e v e n - fe e t  i n  w id th  p roduce  much more food p e r  u n i t  a re a  th a n  

th o se  w id e r  th a n  seven  f e e t ;  b u t ta k in g  in to  c o n s id e ra tio n  th e  t o t a l  a re a s  

o f  sm a ll  and la r g e  s tre a m s , th e  l a r g e r  s tream s produce f a r  g r e a te r  amounts 

o f  food  (Needham, 1 9 3 4 ), L a s to c h k in  (1945) concluded t h a t  deep a re a s  o f  

r i v e r s  have h ig h e r  biom ass p r o d u c t iv i ty  th a n  th e  sh a llo w s .
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F ig u re  1 1 . A verage c u r r e n t  v e l o c i t y  i n  f t . / s e c .  f o r  e a c h  s t a t i o n *
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f t . / s e c .

Id



QUALITATIVE STUDY

Q u a l i t a t iv e  d a ta  w ere ta k e n  on a l l  form s c o l le c te d  i n  th e  s tream  

bo ttom  sam ples th ro u g h o u t th e  s tu d y  p e r io d . T ab les  I I I  and IV in d ic a te  

l i t t l e  d i f f e r e n c e s ,  q u a l i t a t i v e l y ,  betw een bottom  fauna  o f  th e  E as t Fork 

o f  th e  B i t t e r r o o t  and th e  m ain B i t t e r r o o t  R iv e r . As much in fo rm a tio n  a s  

p o s s ib le  was ta k e n  on th e  a d u l t  fo rm s, r e s u l t s  o f  which a re  shown i n  T able  

V, The fo llo w in g  d is c u s s io n  concerns th e s e  groups o f  o rg an ism s.

P le c o p te r a ,

Nymphs o f  th e  fa m ily  C h lo ro p e r lid a e  were c o l le c te d  th ro u g h o u t th e  

n ine-m on th  s tu d y  p e r io d  from  th e  up p er and low er s t a t i o n s .  A du lts o f  

t h i s  fa m ily  were c o l le c te d  June 12 and June 29. Nymphs o f  th e  fa m ily  

Nem ouridae w ere p r e s e n t  d u rin g  th e  e a r ly  sp r in g  sam pling  (A p r i l  and May), 

b u t  d id  n o t a p p ea r i n  th e  E as t Fork  c o l le c t io n s  u n t i l  August and i n  th e  

m ain r i v e r  sam ples u n t i l  November. The a d u l t s  o f  t h i s  fa m ily  were c o l

l e c t e d  A p r i l  1 and 2 from  under ro ck s as f a r  a s  75 f e e t  from sh o re . At 

s t a t i o n  1 on A p r i l  1 , 19 a d u l t s  w ere c o l le c te d  from  two s q u a r e - f e e t  o f  

sh o re  exam ined. At s t a t i o n  2 on th e  same d a te ,  s q u a re - fo o t  sho re  sam p les , 

which w ere ta k e n  15 to  35 f e e t  from  sh o re , averaged  th r e e  a d u l t s  p e r  

s q u a r e - f o o t .  S q u a re -fo o t sh o re  sam ples a t  s t a t i o n  5 r e s u l te d  i n  o n ly  

th r e e  a d u l t s  f o r  a  t o t a l  o f  30 s q u a r e - f e e t  o f  sh o re  exam ined.

Nymphs o f  th e  fa m ily  P e r lo d id a e  o c cu rred  in  sam ples th ro u g h o u t 

th e  s tu d y  p e r io d .  A d u lts  o f t h i s  f a m ily  were c o l le c te d  on June 29 and 

J u ly  14 .

Nymphs o f  th e  fa m ily  P e r l id a e  o c c u rre d  a t  d i f f e r e n t  tim e s  th ro u g h -
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o u t th e  s tu d y  u e r io d ,  and when p r e s e n t  i n  sam p les , were u s u a l ly  i n  v e ry  

sm a ll num bers. The m a jo r i ty  o f  th e s e  nymphs were c o l le c te d  d u rin g  th e  

e a r ly  s o r in g  (A p r i l )  sam p lin g , and th e  e a r ly  f a l l  (A ugust, Septem ber, 

and O c to b e r) .  No a d u l t s  o f  t h i s  fa m ily  were c o l l e c te d .  In  h i s  r e p o r t ,  

B runson (1956) s t r e s s e d  th e  f a c t  t h a t  nymphs o f  th e  fa m ily  P e r l id a e  were 

co n sp icu o u s by t h e i r  ab sen ce ; w hereas p r e v io u s ly ,  b o th  Brunson and th e  

a u th o r  had  c o l l e c te d  th e s e  nymphs i n  l a r g e  num bers. T his d e c re a se  cou ld  

have r e s u l t e d  from  th e  DDT sp ra y  (u sed  on th e  sp ru ce  budworm) d u rin g  

th e  e a r l y  summer o f  1956.

Nymphs o f  th e  fa m ily  P te ro n a rc id a e  were c o l le c te d  th ro u g h o u t 

th e  s tu d y  p e r io d .  A d u lts  o f  P te r o n a r c e l la  b a d ia  were c o l le c te d  a lo n g  

th e  m ain r i v e r  ( s t a t i o n s  1 and 3) o n ly  on 'tw o  o c c a s io n s  th ro u g h o u t th e  

s tu d y ; June 28 and J u ly  14 .

R ic k e r  (1943) found  P te ro n a rc y s  p r in c e p s  o c c u rr in g  in  co ld  c re e k s  

and r i v e r s  and P . c a l i f o r n i c a  o c c u rr in g  i n  warm r i v e r s ,  w ith  no o v e rla p  

o f  h a b i t a t  o c c u r r in g  betw een th e  two s p e c ie s .  The B i t t e r r o o t  R iv e r and 

th e  E a s t  Fork o f th e  B i t t e r r o o t  R iv e r  a re  m o d e ra te ly  co ld  s tre a m s , a v e r

ag in g  4 5 .1 ^  F . i n  th e  u p p e r s t a t i o n s  and $1.6^ F. i n  th e  low er s t a t i o n s  

from  A p r i l  th ro u g h  December (F ig . 2 ) .  No P . p r in c e p s  o c cu rred  in  th e  

s tu d y  a r e a .

P . c a l i f o r n i c a  w ere n o t c o l le c te d  from  s t a t io n s  1 and 2 bu t 

o c c u rre d  i n  a l l  th e  rem a in in g  s t a t i o n s .  The a u th o r  concludes t h i s  ab

sen ce  was caused  by th e  ty p e  o f  bo ttom , i . e . :  th e  s to n e s  were d e e p ly

imbedded i n  s i l t .  On June 11 a t  s t a t i o n  3^ th e  h a tc h  had been com pleted , 

and no a d u l t s  co u ld  be fo u n d . The w a te r  te m p e ra tu re  a t  s t a t i o n  3 on t h i s  

d a te  was 5 5 .0 °  F . On June 12 a t  s t a t i o n  4 ( l6  m ile s  above s t a t i o n  3 on 

th e  E a s t F o rk ) , a d u l t s  o f  P . c a l i f o r n i c a  w ere o b se rv ed  o v e r th e  a re a .
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No m atu re  nymphs w ere o b se rv ed  i n  th e  sh a llo w  w a te r  n e a r  sh o re . The 

w a te r  te m p e ra tu re  a t  t h i s  s i t e  was 53*0^ F , On June 12 a t  s t a t i o n  5 

(13 m ile s  above s t a t i o n  4) th e s e  form s were j u s t  b eg in n in g  to  em erge.

L arge num bers o f  m atu re  nymphs had craw led  i n  c lo s e  to  s h o re , a round  

th e  b ig  r i p - r a p  ro ck s  o r  b o u ld e r s .  H andfu ls o f  th e s e  nymphs could  be 

c o l l e c t e d  from  th e  edges o f  th e s e  ro c k s . Some o f th e  nymphs w ere j u s t  

b e g in n in g  t o  em erge. They w ere o b se rv ed  and c o l le c te d  i n  v a r io u s  s ta g e s  

o f  e c d y s is .  These fo rm s, w hich w ere b eg in n in g  to  em erge, had craw led  

from  th e  w a te r ,  up on to  th e  edges o f  th e  b o u ld e rs , sm a ll sh ru b s , stem s 

o f  w eeds, e t c .  Some o f  th e  form s had emerged as a d u l t s  and t h e i r  w ings 

w ere n o t  f u l l y  expanded . The dorsum o f  th e  th o ra x  on o th e r  m ature nymphs 

was s p l i t t i n g ,  p r e p a r a to r y  to  emergence o f  th e  a d u l t  s ta g e .  The w a te r  

te m p e ra tu re  a t  t h i s  tim e  was 51 #0° F. At s t a t i o n  6 (3 m ile s  above s t a 

t i o n  5) on th e  same d a t e ,  no m ature nymphs, e x u v ia e , o r  a d u l t s ,  were ob

se rv e d  n e a r  s h o re , th u s  in d ic a t in g  t h a t  emergence had no t s t a r t e d  a t  t h i s  

u p p er s i t e .  The w a te r  te m p e ra tu re  was 4 8 .0 ^  F . On June 29 , a d u l ts  were 

o b se rv ed  o n ly  a t  s t a t i o n  6 . No m ature  nymphs w ere c o l le c te d  o r  o b se rv ed  

a lo n g  th e  s h o re , i n d ic a t in g  t h a t  em ergence had ta k e n  p la c e  p r i o r  to  t h i s  

d a te .  The w a te r  te m p e ra tu re  a t  t h i s  s t a t i o n  was 54*0^ F . on June 29.

The d i s t r i b u t i o n  o f  P . c a l i f o r n i c a  p r e s e n ts  an i n t e r e s t i n g  p ro 

blem  and th e  em ergence o f  th e  a d u l t s  o f  t h i s  s p e c ie s  in  th e  B i t t e r r o o t  

r i v e r s  i s  th e  m ost n o t ic e a b le  and p r e d ic ta b le  h a tc h  o f  any o f  th e  s tream  

fau n a  i n  th e  a r e a .  T h is  em ergence p a t t e r n  on th e  B i t t e r r o o t  b e g in s  a t  

th e  lo w e r p a r t s  o f  th e  s tre a m , and s t e a d i ly  p ro g re s s e s  up th e  r i v e r .

N e a rly  a  m o n th 's  d i f f e r e n c e  e x i s t s  betw een th e  em ergence i n  th e  lo w er 

re a c h e s  a s  compared to  th e  u p p e r s e c t io n s  o f  th e  s tream .

D uring  June when th e  w a te r  te m p e ra tu re  reach ed  5 1 .0 °  F . , emergence
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o f  th e  a d u l t s  was o b se rv e d . No m ature  nymphs had m ig ra te d  on to  sh o re  

when w a te r  te m p e ra tu re s  w ere below 50 .0^  F . ,  and no m ature  nymphs were 

o b se rv ed  a lo n g  sh o re  a f t e r  th e  w a te r  te m p e ra tu re  had reached  53«0® F. 

o r  m ore. Thus i t  i s  n o ted  t h a t  te m p e ra tu re  i s  a  c r i t i c a l  f a c t o r  i n  th e  

em ergence o f  P . c a l i f o r n i c a .

E phem erop tera .

A ll  t h r e e  f a m i l ie s  (E phem eridae, B ae tid ae  and H ep tag en iid ae ) 

w ere c o l l e c te d  from  th e  s tu d y  a r e a .  Pennak (1947) found E phem eroptera 

nymphs on a l l  fo u r  bottom  ty p e s  s tu d ie d  ( ru b b le ,  b ed rock , g r a v e l ,  and 

s a n d ) , and w ere m ost abundant i n  th e  ru b b le  ty p e , where th e y  averaged  

450 p e r  sq u a re  m e te r . Rubble ty p e  bottom  i s  c h a r a c t e r i s t i c  o f  th e  B it

t e r r o o t  R iv e r  and th e  E a s t F o rk , and la r g e  numbers o f  m ayflies were c o l

l e c te d  i n  sam ples th ro u g h o u t th e  s tu d y  p e r io d .  Id e  (1935) found an i n 

c re a s e  i n  number o f  s p e c ie s  o f  m ayfüies from  th e  so u rce  o f  th e  s tream  

dow nstream , w hich f a c t  co u ld  be c o r r e l a t e d  w ith  te m p e ra tu re s .  He con

c lu d ed  t h a t  w a te r  te m p e ra tu re  l i m i t s  th e  d i s t r i b u t i o n  o f  mayf%G^ a lo n g  

w ith  o th e r  f a c t o r s  such a s  r a t e  o f  w a te r  f lo w , bottom  ty p e ,  and v e g e ta 

t i o n .

In  th e  p re s e n t  s tu d y , i t  was n o t ic e d  th a t  g r e a t e r  numbers o f  

m ay fly  nymphs w ere c o l l e c t e d ,  p e r  u n i t  a r e a ,  from th e  E as t Fork o f  th e  

B i t t e r r o o t  th a n  from  th e  m ain B i t t e r r o o t  R iv e r . Brunson (1 9 5 6 ), l ik e w is e ,  

found h ig h e r  num bers o f  m ayfly  nymphs p e r  u n i t  a re a  i n  th e  E as t Fork as 

compared t o  th e  m ain B i t t e r r o o t  R iv e r .

Nymphs o f  th e  fa m ily  B a e tid a e  o c c u rre d  i n  la r g e  numbers th ro u g h 

o u t th e  s tu d y  p e r io d ,  i n  b o th  th e  u p p e r and lo w er s t a t i o n s .  The sub-im agos 

and a d u l t s  o f  t h i s  fa m ily  w ere c o l le c te d  from  June 28 to  Septem ber 9*
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A d u lts  o f  t h i s  f a m ily  u s u a l ly  o c c u rre d  i n  la r g e  numbers when o b se rv ed

on th e  a r e a s .  On June 29 a t  s t a t i o n  6 th e s e  form s were em erging i n

la r g e  num bers. The bottom  sam ples c o n ta in e d  many shed exuv iae  and m atu re  

nymphs i n  v a r io u s  s ta g e s  o f  em ergence to  th e  sub-im ago f o m . The th o ra x  

had s p l i t  le n g th w is e , and  th e  w ings o f  th e  sub-im ago were hanging  from 

th e  ex u v iae  on some fo rm s.

Nymphs o f  th e  f a m ily  H e p tag e n iid ae  a ls o  o c cu rred  th ro u g h o u t th e  

s tu d y  p e r io d ,  b u t d id  n o t o c cu r i n  such  h ig h  numbers as d id  th e  nymphs 

o f  th e  fa m ily  B a e tid a e . Sub-im agos and a d u l t s  o f  th e  fa m ily  H ep tag en iid ae  

w ere c o l l e c t e d  on A p r i l  28 , May 5 , June 28 , and O ctober 5.

Nymphs o f  th e  fa m ily  Eohem eridae were c o l le c te d  from  August 20

th ro u g h  O c to b er 5* These nymphs cou ld  not be c l a s s i f i e d  t o  genus by use  

o f  any  a v a i la b l e  k e y s , and  w i l l  be s e n t  to  an  a u th o r i ty  f o r  c l a s s i f i c a t i o n ,  

The m ost o u ts ta n d in g  c h a r a c t e r i s t i c  was th e  l a r g e ,  f l a t  m an d ib u lar tu s k s ,  

t y p i c a l  o f  th e  f a m ily  E phem eridae. Only one a d u lt  o f  t h i s  fa m ily  was 

c o l l e c t e d ,  t h a t  was a t  s t a t i o n  1 on O ctober 20.

T r ic h o p te ra .

The fa m ily  L e p id o s to m a tid a e , o c c u rre d  in  la r g e  numbers th ro u g h o u t 

th e  s tu d y  p e r io d .  Only one g en u s, L ep idostom a. o c c u rs  in  th e  w e s te rn  

U n ited  S ta te s  (U s in g e r , 1 9 5 6 ). R e p re s e n ta t iv e s  o f  th e  genus Lepidostom a 

w i l l  be s e n t  to  an  a u th o r i ty  f o r  i d e n t i f i c a t i o n  t o  s p e c ie s .  Ross (1944) 

in d ic a te d  t h a t  r a r e l y  a re  many s p e c ie s  o f  t h i s  genus found o c c u rr in g  t o 

g e th e r  i n  th e  same l o c a l i t y .  D ata c o l le c te d  on t h i s  genus show a s i g n i 

f i c a n t  d i f f e r e n c e  betw een th e  s iz e s  o f  some o f  th e  la r v a e  c o l le c te d .

T his d i f f e r e n c e  c o u ld  be d i f f e r e n t  s p e c ie s  in v o lv e d , o r as B e tten  (1936) 

found— some s p e c ie s  may have one brood a y e a r  i n  one l o c a l i t y ,  and two
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i n  a n o th e r ,  th u s  d i f f e r e n t  l a r v a l  s ta g e s  may be c o l le c te d  a t  th e  same 

t im e . L epido  stom a pupae w ere c o l le c te d  th e  l a s t  o f  June and th e  m iddle 

o f  J u ly .  A d u lts  o f  t h i s  genus w ere c o l le c te d  th e  m iddle o f  J u ly .

The o th e r  f a m i l ie s  o f T r ic h o p te ra  w hich o c c u rre d  i n  th e  sam ples 

w ere H ydropsych idae , M olan idae, R y a c o p h ilid a e , L im n ep h ilid ae , B rach y cen t- 

r i d a e ,  and H y d ro p t i l id a e .  L arvae o f  th e  H ydropsychidae were c o l le c te d  

th ro u g h o u t th e  s tu d y  p e r io d .  L arvae o f  fa m ily  M olanidae were c o l le c te d  

on o n ly  two o c c a s io n s , A pril^  28 from th e  low er s t a t i o n s ,  and August 20 

from  th e  u p p e r s t a t i o n s .  R y aco p h ilid ae  la rv a e  were common th ro u g h o u t 

most o f  t h e  sam pling  p e r io d  i n  bo th  th e  u p p e r and low er s t a t i o n s .  Limne

p h i l id a e  l a r v a e ,  on th e  o th e r  hand , were c o l le c te d  from  June 29 th ro u g h  

December 14 i n  th e  lo w er s t a t i o n s ,  b u t ap p ea red  o n ly  i n  sam ples from  th e  

u p p e r s t a t i o n s  d u r in g  A ugust and Septem ber, L arvae  o f  th e  fa m ily  B rachy- 

c e n tr id a e  w ere p r e s e n t  i n  th e  A p r il  1 sam ples from  th e  low er s t a t i o n s ,  

b u t w ere a b se n t th ro u g h  May and Ju n e , a p p e a rin g  a g a in  from  J u ly  14 th ro u g h  

December. These la r v a e  w ere c o l le c te d  from  th e  upper s t a t i o n s  o n ly  d u rin g  

O c to b er and November. L arvae  o f  th e  fa m ily  H y d ro p tilid a e  w ere c o l le c te d  

from  Septem ber 8 th ro u g h  December from  th e  low er s t a t i o n s ,  and none were 

c o l l e c te d  from  th e  u p p e r s t a t i o n s .  A dult T r ic h o p te ra  were c o l le c te d  from  

s t a t i o n  s i t e s  on A p r i l  1 , May 5 , June 28 , J u ly  14> and August 20.

D ip te ra .

F ive  f a m i l i e s  o f t h i s  o rd e r  were c o l le c te d  from  sam pling  a re a s  

th ro u g h o u t th e  s tu d y  p e r io d .  L arvae and pupae of th e  fa m ily  T end iped idae  

w ere v e ry  common i n  th e  sam p les , and  appeared  a t  a l l  tim es of th e  y e a r .

One o f  th e  m ost i n t e r e s t i n g  la r v a e  o f  t h i s  f a m ily , i s  t h a t  which o ccu rs  

i n  N ostoc p a rm e l io id e s . T his l a r v a  was c a l le d  to  th e  a u th o r 's  a t t e n t i o n
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b y  W il l ia m  V in y a rd  who i s  s tu d y in g  t h i s  m id g e-N o s to c  r e l a t i o n s h i p .  Ap

p a r e n t l y ,  a t  l e a s t  o n e  a n d  so m e tim es tw o m id g es o c c u r  i n  e a c h  N o sto c  

p a r m e l io id e s  c o lo n y . T hese  a l g a l  c o lo n ie s  w ere  o b s e rv e d  and  c o l l e c t e d  

o n ly  o n  th e  E a s t  F o rk  o f  t h e  B i t t e r r o o t  R iv e r ,  and o c c u r r e d  o n ly  on g r a n i t e  

s to n e s #  A d u l ts  o f  t h e  f a m i ly  T e n d ip e d id a e  w ere  c o l l e c t e d  o r  o b s e rv e d  

th r o u g h o u t  t h e  s tu d y  p e r i o d ,  e x c e p t  d u r in g  t h e  p e r i o d  o f  h ig h  w a te r  f lo w  

i n  May a n d  J u n e .

S im u lid a e  l a r v a e  w e re  c o l l e c t e d  i r r e g u l a r l y  an d  i n  s m a l l  num bers 

th r o u g h o u t  t h e  s a m p lin g  p e r io d #  Many fo rm s a r e  c h a r a c t e r i s t i c  o f  s w i f t  

s t r e a m s ,  a l th o u g h  r e p r e s e n t a t i v e s  o f  t h i s  f a m i ly  a p p e a re d  o n ly  d u r in g  

Ju n e  an d  S e p te m b e r  sa m p le s  fro m  t h e  u p p e r  s t a t i o n s  and  w ere  common i n  t h e  

lo w e r  s t a t i o n s  th r o u g h o u t  t h e  s t u d y  p e r i o d .  A d u lts  w ere  c o l l e c t e d  on  

A p r i l  28  an d  d u r in g  J u l y ,  A u g u st and  S e p te m b e r . L a rv a e  o f  t h e  f a m i ly  

T ip u l id a e  w ere  common i n  sa m p le s  th r o u g h o u t  t h e  s tu d y  p e r i o d .  A d u lt 

T ip u l id s  w ere  c o l l e c t e d  from  May th ro u g h  J u l y  on  t h e  s t a t i o n  a r e a s .  L a r

v a e  o f  t h e  f a m i ly  E p h y d r ld a e  w ere  c o l l e c t e d  A p r i l  2 and d u r in g  November 

an d  D ecem ber f ro m  t h e  u p p e r  s t a t i o n s *  T hese l a r v a e  w ere  c o l l e c t e d  i n  

b o tto m  s a m p le s  fro m  t h e  lo w e r  s t a t i o n s  d u r in g  D ecem ber. O th e r  a d u l t  

D i p t e r a ,  n o t  i d e n t i f i e d ,  w e re  c o l l e c t e d  on  t h e  s t a t i o n  a r e a s  d u r in g  J u l y ,  

A u g u s t, a n d  S e p te m b e r .

C o le o p te ra #

L a rv a e  an d  a d u l t s  o f  t h e  f a m i ly  E lm id ae  w e re  t h e  m ost common c o l -  

e o p te r a n s  c o l l e c t e d  d u r in g  t h e  s t u d i e s .  T hese  fo rm s a p p e a re d  d u r in g  a l l  

c o l l e c t i n g  p e r i o d s  a t  t h e  lo w e r  s t a t i o n s ,  an d  fro m  th e  m a j o r i t y  o f  th o s e  

o f  t h e  u p p e r  s t a t i o n s #  T h ese  o rg a n is m s  w ere  m ore a b u n d a n t i n  t h e  fo rm e r  

a r e a s  t h a n  t h e  l a t t e r .  O th e r  f a m i l i e s  o f  C o le o p te r a  c o l l e c t e d  w ere
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H y d r o p h i l id a e ,  H a l i p l i d a e ,  D y t i s c id a e  a n d  C h ry so m e lid a e . A d u lt and  l a r v a l  

s t a g e s  o f  t h e s e  f a m i l i e s  w ere  p r e s e n t  i n  o n ly  a  few  o f  th e  b o tto m  s a m p le s , 

a p p e a r in g  m o st commonly d u r in g  t h e  summer m o n th s . One ty p e  o f  C o le o p te r a  

l a r v a  w as c o l l e c t e d  th r o u g h o u t  t h e  s tu d y  w h ic h  c o u ld  n o t  be i d e n t i f i e d  t o  

f a m i ly .

H e m ip te ra .

Two f a m i l i e s  o f  a q u a t i c  H e m ip te ra  w ere  c o l l e c t e d  from  t h e  s t a t i o n  

a r e a s .  N o to n e c t id a e  w ere  c o l l e c t e d  o n ly  on A p r i l  1 fro m  a  s m a ll  b a ck 

w a te r  a t  s t a t i o n  1 .  L a rg e  num bers o f  t h e  f a m i ly  C o r ix id a e  w e re  c o l l e c t e d  

i n  b o tto m  sa m o le s  and o b s e rv e d  fro m  J u l y  th ro u g h  O c to b e r  a t  th e  lo w e r  

s t a t i o n s .  T hese  fo rm s w e re  o b s e rv e d  i n  s c h o o l - l i k e  g ro u p s  swimming n e a r  

s h o re  i n  t h e  s h a l lo w , s lo w  w a t e r .  They w ere  c o l l e c t e d  from  th e  u p p e r  s t a 

t i o n s  on  t h e  E a s t  F o rk  o n ly  on  November 1 1 , from  a  s m a l l  eddy  a lo n g  t h e  

s t r e a m  e d g e .

T e r r e s t r i a l  I n s e c t s .

Many fo rm s o f  t e r r e s t r i a l  i n s e c t s  w h ich  f a l l  i n t o  t h e  w a te r  and  

d r i f t  i n t o  t h e  n e t  d u r in g  s a m p lin g  w ere  c o l l e c t e d .  S i m i l a r l y  when sw eep

in g  o v e r  t h e  s t r e a m  b a n k s  and  t h e  r i v e r  w i th  t h e  sw eep n e t  f o r  a q u a t i c  

a d u l t s ,  m any t e r r i s t r i a l  i n s e c t s  w ere  c o l l e c t e d .  The m a j o r i t y  o f  t h e s e  

fo rm s c o l l e c t e d  i n  t h e  b o tto m  sa m p le s  w ere  o f t h e  o r d e r  H ym enop te ra , o f  

w h ic h  t h e  f a m i ly  F o rm ic id a e  o c c u r r e d  m o st f r e q u e n t l y .  T hese  t e r r e s t r i a l  

fo rm s  f a l l i n g  i n t o  t h e  w a te r  a r e  u s u a l l y  te rm e d  " d r i f t  f o o d " .  D r i f t  f o o d , 

h o w e v e r , c o n s i s t s  o f  m ore t h a n  j u s t  t e r r e s t r i a l  i n s e c t s .  S la c k  (1 9 5 5 ) 

fo u n d  t h a t  d r i f t  fo o d  was h i g h e r  i n  t h e  f o r e s t  c o v e re d  a r e a s ,  w i th  b ru s h  

c o v e r e d ,  s e m i-e x p o s e d ,  and e x p o se d  a r e a s  f o l lo w in g  i n  d e c r e a s in g  a m o u n ts .
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Needham  (1 9 3 8 )  fo u n d  t h a t  a d u l t  t e r r e s t r i a l  i n s e c t s  com posed 9 3 .0 2  p e r  

c e n t  o f  th e  d r i f t  fo o d  and t h a t  6 .9 8  p e r  c e n t  w ere  a q u a t i c  i n s e c t s .  Num

e ro u s  p a p e r s  h a v e  b e e n  p u b l i s h e d  on  f i s h  fo o d  h a b i t s  i n  r e g a r d  t o  t e r r e s 

t r i a l  an d  a q u a t i c  i n s e c t s .  Needham (1 9 2 7 ) fo u n d  t h a t  83 p e r  c e n t  o f  t h e  

f i s h  fo o d  fro m  t r o u t  s to m a c h s  s t u d i e d  w as a q u a t i c  i n  o r i g i n  and  th e  re m a in 

in g  17  p e r  c e n t  w as t e r r e s t r i a l  i n  o r i g i n .  D im ick  and Mote (1 9 3 4 )  c o n c lu d e d  

t h a t  t e r r e s t r i a l  i n s e c t s  w ere  p ro m in e n t i n  th e  d i e t  o f  O regon  t r o u t  d u r in g  

th e  s p r i n g ,  sum m er, and  f a l l  m o n th s , and t h a t  a q u a t i c  i n s e c t s  fo rm ed  th e  

b u lk  o f  t h e  fo o d  th r o u g h o u t  a l l  s e a s o n s  o f  t h e  y e a r .  M oro fsky  (1 9 4 0 ) 

and  L a g l e r  (1 9 5 2 )  i n d i c a t e d  t h a t  a q u a t i c  i n s e c t s  a r e  th e  m ost im p o r ta n t  

n a t u r a l  f i s h  fo o d  f o r  t r o u t ,  and  t h a t  t e r r e s t r i a l  i n s e c t s  f a l l i n g  i n t o  t h e  

w a te r  a l s o  c o n s t i t u t e  a  c o n s id e r a b le  s o u r c e .

H y d raca  r i n a .

O n ly  a  few  w a te r  m i te s  w ere  c o l l e c t e d  i n  t h e  b o tto m  sam p le s  d u r in g  

t h e  s tu d y .  T hese  fo rm s a p p e a re d  p r i m a r i l y  from  Ju n e  to  O c to b e r  i n  t h e  

s a m p le s ,  b u t  a  few  w ere  c o l l e c t e d  fro m  t h e  u p p e r  s t a t i o n s  on  November 

11  a n d  D ecem ber 15•

D ecap o d a .

One c r a y f i s h  ( A s ta c u s  t r o w b r i d g i ) o f  t h e  f a m i ly  A s ta c id a e  was 

c o l l e c t e d  f ro m  s t a t i o n  1 on  O c to b e r  5* C r a y f i s h  a r e  q u i t e  common i n  t h e  

lo w e r  B i t t e r r o o t  R iv e r  a n d  s i d e  c h a n n e ls  below  S t e v e n s v i l l e .  T hese fo rm s 

c an  be c o l l e c t e d  q u a n t i t a t i v e l y  from  t h o s e  a r e a s  o f  t h e  s t r e a m  w here  l a r g e  

b o u ld e r s  o r  o t h e r  m a t e r i a l  w h ich  c o n s t i t u t e  c o v e r  c an  be fo u n d .
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A m phipoda.

One G^nunarus sn. was collected from station  4 on September 9«

The w a t e r  th r o u g h o u t  t h i s  s e c t i o n  o f  t h e  r i v e r  i s  v e ry  r a p i d ;  h o w e v e r, 

a  p ond  i s  l o c a t e d  a b o u t  o n e - h a l f  m i le  above t h i s  s t a t i o p  and  i s  c o n n e c te d

t o  th e  r i v e r .  I t  i s  p r o b a b le  t h a t  t h i s  am phipod d r i f t e d  i n t o  t h e  r i v e r

fro m  t h i s  pond*

N em atoda.

Many n e m a to d e s  w e re  c o l l e c t e d  i n  t h e  b o tto m  s a m p le s , b u t  b e c a u se

o f  th e  m esh s i z e ,  o b v io u s ly  many w ere  l o s t  from  t h e  sa m p le . I t  i s  i n t e r 

e s t i n g  t o  n o te  t h a t  n e m a to d e s  p a r a s i t i z e d  a lm o s t  e v e ry  g ro u p  o f  a q u a t i c  

i n s e c t s  c o l l e c t e d .  Some o f  t h e  sp e c im e n s  o f  H y d ro p sy c h id a e  w ere  h e a v i l y  

p a r a s i t i z e d  by  nem atodes*  M a y f l ie s  w ere  a l s o  p a r a s i t i z e d  f r e q u e n t l y  by  

t h e  n e m a to d e s .

A n n e l id a .

S m a ll a n n e l i d s  o c c u r r e d  i n  l a r g e  num bers th r o u g h o u t  th e  sa m p lin g  

p e r i o d .  As n o te d  i n  T a b le s  I I I  and  IV , t h e  L u m b r ic u l id a e  w ere  s e p a r a t e d  

fro m  t h e  s m a l l  a n n e l id s *  L u m b r ic u l id a e  w e re  fo u n d  i n  t h e  b o tto m  sa m p le s  

o n ly  d u r in g  S e p te m b e r  and  Novem ber fro m  t h e  u p p e r  s t a t i o n s  and  d u r in g  

D ecem ber f o r  b o th  a re a s *

P l a t y h e l m i n t h e s .

T r i c l a d i d a  w ere  c o l l e c t e d  f r e q u e n t l y  fro m  b o th  t h e  u p p e r  and lo w e r  

s t a t i o n  a r e a s .  S e v e r a l  o f  t h e s e  w ere  c o l l e c t e d  d u r in g  Ju n e  and  J u l y  a t  

t h e  t im e  t h e  w a te r  l e v e l  was d ro p p in g ,  b u t  l a r g e r  num bers o c c u r r e d  i n  th e  

b o tto m  sa m p le s  fro m  t h e  u p p e r  s t a t i o n s  d u r in g  Novem ber and D ecem ber.
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G a s tro p o d a ,

S n a i l s  a p p e a re d  o c c a s i o n a l l y  i n  t h e  sa m p le s  from  th e  u p p e r  s t a t i o n s  

w i th  g r e a t e r  num bers b e in g  c o l l e c t e d  d u r in g  November and  D ecem ber, The 

g en u s P h y s e l l a  o c c u r r e d  m o st f r e q u e n t l y ;  h o w e v e r, Lymnaea was p r e s e n t  

a l s o ,

P e le c y p o d a ,

F r e s h  w a te r  u n io n id s  (M a r g a r i ta n a  m a r g a r i t i f e r a ) o c c u r  th r o u g h 

o u t  t h e  B i t t e r r o o t  R iv e r  an d  E a s t  F o rk  o f  t h e  B i t t e r r o o t  R iv e r ;  h o w ev er, 

none w ere  c o l l e c t e d  fro m  th e  s t a t i o n  a r e a s .  H ie f i n g e r n a i l  c lam s (S p h a e r -  

i i d a e )  w ere  t a k e n  i n  b o tto m  sa m p le s  a t  i n t e r v a l s  from  t h e  u p p e r  s t a t i o n s ,

A q u a l i t a t i v e  c o l l e c t i o n  o f  b o tto m  fa u n a  fro m  a  s m a l l  b a c k w a te r  p o o l  a t  

s t a t i o n  7 r e s u l t e d  i n  l a r g e  num bers o f  t h e s e  c la m s ,

P i s c e s ,

S m a ll f i s h  w e re  o f t e n  c o l l e c t e d  i n  th e  b o tto m  sa m p le s , L ongnose 

d a c e  CR h in ic h th y s  c a t a r a c t a e ) and  s l im y  s c u l p i n  ( C o t tu s  c o g n a tu s ) w ere  

t h e  s p e c i e s  m o st f r e q u e n t l y  c o l l e c t e d .  The m o u n ta in  w h i t e f i s h  ( C oregonus 

w i l l i a m s o n i ) an d  s p e c i e s  o f  s u c k e r s  ( C a to s to m u s s p , ) w ere  a l s o  p r e s e n t  

i n  t h e  b o tto m  s a m p le s .  The f o l lo w in g  i s  a  q u a l i t a t i v e  l i s t  o f  f i s h  o c c u r 

r i n g  i n  t h e  B i t t e r r o o t  R iv e r  a n d  E a s t  F o rk  o f  t h e  B i t t e r r o o t  R iv e r ,
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^S alm o  t r u t t a — -  -  -  - -  - -  - -  -  -b ro w n  t r o u t  
*S alm o g a r d n e r i -  - - - - - - - - -  - r a in b o w  t r o u t

Salm o c l a r k i -  - - - - - - - - - -  - c u t t h r o a t  t r o u t
"N̂ Coregonus w i l l i a m s o n i  - - - - - -  -m o u n ta in  w h i t e f i s h

S a l v e l i n u s  f o n t i n a l i s  - - - - - -  - b ro o k  t r o u t
S a l v e l i n u s  a l p i n u s — — — — — — - -  —D o lly  V ard en

^ C a to s to m u s  m a c r o c h e i lu s  — — — — — —l a r g e s c a l e  s u c k e r
•̂ a t o s t o m u s  c a to s to m u s  — — — — — — —lo n g n o s e  s u c k e r
* R h in ic h th y s  c a t a r a c t a e -  - - - - -  - lo n g n o s e  d a ce
•̂ R ic h a r d s o n iu s  b a i t e a t u s  - - - - -  - r e d s i d e  s h i n e r
* P ty c h o c h e i lu s  o re g o n e n s e — — — — -  —n o r th e r n  sq u a w fish  
-M'C o t tu s  CO g n a t  u s  -  - -  - -  - -  - -  - s l i m y  s c u lp in  

M y lo c h e i lu s  c a u rin u m — - - - - - -  -p earnou th  chub

^ C o l l e c t e d  fro m  s t a t i o n  2 on  A ugust 3 b y  s h o c k in g .

P la n k to n .

C l a s s i f i c a t i o n  o f  p la n k to n  i n  t h e  B i t t e r r o o t  R iv e r  was n o t  con

s i d e r e d  i n  t h e  p r e s e n t  s t u d y .  Im poundm en ts , abandoned  m e a n d e rs , and b a ck 

w a te r  a r e a s  a lo n g  s t r e a m s  a r e  t h e  b r e e d in g  g ro u n d s  f o r  s t r e a m  p la n k to n  

(B lum , 1 9 5 6 ) .  I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  a  Copepod was c o l l e c t e d  fro m  

s t a t i o n  4  on  S e p te m b e r  9 i n  t h e  b o tto m  s a m p le s ,  w h e ra s  one w ould  e x p e c t  

sp e c im e n s  t o  go th r o u g h  t h e  m esh . I t  i s  q u i t e  p o s s i b l e  t h a t  t h i s  o rg a n ism  

came fro m  t h e  b a c k w a te r  a r e a  o n e - h a l f  m ile  above  t h i s  s t a t i o n .  C h a n d le r  

( 1 9 3 7 ) ,  s tu d y in g  t h e  f a t e  o f  l a k e  p la n k to n  i n  s t r e a m s ,  fo u n d  t h a t  l a k e  

p la n k to n  u n d e rg o e s  a  q u a n t i t a t i v e  d e c r e a s e  a s  i t  f lo w s  d o w n stream .

S tre a m  v e g e t a t i o n ,  d e b r i s ,  a n d  s e d im e n ta t io n  a r e  im p o r ta n t  f a c t o r s  w h ich  

d e c r e a s e  t h e  am ount o f  l a k e  p l a n k to n  i n  a  s t r e a m .

A lg a e .

S w if t  ro c k y  s t r e a m s  a r e  u s u a l l y  l i m i t e d  i n  h i g h e r  p l a n t s ,  b u t  a lg a e  

may o c c u r  i n  l a r g e  num bers ( C o k e r, 1 9 5 4 ) .  H y d ru ru s  f o e t i d u s  (C h ry so p h y -  

c e a e )  an d  N o s to c  p a r m e l io id e s  ( C y an o p h y ceae ) w ere  fo u n d  o n ly  i n  a r e a s  o f
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r a t  h e r  s t r o n g  c u r r e n t s  on  t h e  E a s t  F o rk  o f  th e  B i t t e r r o o t  R iv e r .  T hese 

tw o  s p e c i e s  a r e  r e a d i l y  r e c o g n iz e d  i n  th e  f i e l d .  I n  g e n e r a l ,  m embers o f  

C h ry so o h y c a e  ( y e l lo w  g r e e n s ) ,  V a u c h e r ia  s p . (C h lo ro p h y c e a e ) , and  M elosi r a  

s p .  ( B a c i l l a r io p h y c e a e )  w e re  p re d o m in a n t i n  t h e  w i n t e r  c o l l e c t i o n s .  One 

e x c e p t io n  w as a  b loom  o f  X a n th o p h y ce ae  (y e llo w  g re e n )  and B a c i l l a r io p h y c e a e  

( d ia to m s )  w h ich  w as l i m i t e d  t o  a  r a t h e r  s m a ll  a r e a  a lo n g  t h e  s h o re  a t  

s t a t i o n  1  on  F e b r u a r y  9 ,  1 9 5 7 . T h is  bloom  c o n s i s t e d  p r i m a r i l y  o f  T r ib o — 

nema s p . . and  M elos i r a  s o . O th e r  a lg a e  p r e s e n t  i n  t h i s  b loom  w ere  T a b e l-  

l a r i a  s p . ( B a c i l l a r i o p h y c e a e ) ,  U l o t h r ix  s p . .  T e t r a e d r o n  s p . . Scenedesm us 

s p .  . A n k is tro d e sm u s  s p .  . a n d  S t  a u r a  s tru m  s p .  (C h lo ro p h y c e a e ) .  A lgae  a r e  

im p o r ta n t  i n  s t r e a m  p r o d u c t i v i t y  b o th  fro m  t h e  s t a n d p o in t  o f  p r im a ry  p r o 

d u c t io n  a n d  a s  a  h a b i t a t ,  when fo rm in g  t a n g le d  m a ts ,  f o r  many o f  t h e  s m a l l e r  

a q u a t i c  a n im a ls  (V in y a rd ,  p e r s o n a l  c o m m u n ic a tio n ) . I t  i s  u n f o r t u n a t e  t h a t  

so l i t t l e  w ork h a s  b e e n  do n e  on  su ch  a lg a l - a n i m a l  r e l a t i o n s h i p s .  T h e re  

a r e  i n d i c a t i o n s  t h a t  a lg a e  may be o f  f u r t h e r  im p o r ta n c e  when o c c u r r in g  a s  

e p i z o o t i c s  o n  a n im a ls  (V in y a rd ,  1955)#
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table I I I

QUALITATIVE LIST OF ORGANISMS FROM STREAM BOTTOM SAMPLES 
STATIONS 1 ,  2 ,  AND 3 ,  APRIL THROUGH DECEMBER

QUALtTIVE L 1ST A p r . M a y J u n e
29

J u l y A u g . S e p t . O c t . Nov. D e c .
I 28 5 11 28 14 15 20 8 4 5 20 2 3 4 14

C h l o r o p e r l i d a e * * * * * * * * * * * * * *
Ne m o u r i d a e * * * * * * *
P e r l o d i d a e * * * * * * * * * * * * * * *
P e r l  1 DAE * * * * * *
P t e r o n a r c i d a e * * * * * * * * * * *
E p h e m e r i d a e * * *
B a e t i d a e * * * * * * * * * * * * * * * * *
H e p t a g e n i i d a e * * ♦ * * * * * * * * * * * * * *
H y d r o p s y c h i d a e * * * * * * * * * * * * * * *
M o l a n i d a e *
RHYACOPHIL1 DAE * * * * * * ♦ ♦
LIMNEPHILIDAE * * * * * * * * * *
Br a c h y c e n t r i d a e * * * * * * *■ * *
H y d r o p t i l i d a e * * * * * *
L e p i d o s t o m a t i d a e * * * * * * * * * * * * * *
T e n d i p e d i d a e * * * * * * * * * * * * * * * * *
SIMULIDAE * * * * * * * * *
T 1 PUL 1 DAE * * * * * * * * * * * * * * * * *
E p h y d r i d a e * *
E l m i d a e * * * * * * * * * * * * * * * *
H y d r o p h i l i d a e * * *
M a l i PLIDAE * *
D y t i s c i d a e * * *
C o l e o p t e r a  (m i s c .) * * * * *
A e s c h n i d a e *
C o e n a g r i g n i d a e
N o t o n e c t i d a e *
C o r i x i d a e * * * *
T e r r e s t r i a l  In s e c t s * *
H y d r a c a r i n a * * * *
A s t a c i d a e  (De c a p o d a ) *
N e m a t o d e s * * * * * *
A n n e l i d a * * * * * * * * * * * * * * * *
L u m b r i c u l i d a e ♦
T r i c l a d i d a * *
f  ISH * * * * * * *
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TABLE IV
QUALITATIVE LIST OF ORGANISMS FROM STREAM BOTTOM SAMPLES 

STATIONS U , 5 , and 6, APRIL THROUGH DECEMBER

Qualitative List Apr* 
2 29

June 
12 29

July Aug. 
14 20

Sept*
9

Oct*
4

Nov* 
3 11

Dec.
15

Chloroperlidae * * * -K- * it it it it it it
Nemouridae * ■ÎÎ- it it it
Perlodidae * •K- it it it it it it
Perlidae * -ÏÎ- it it it
Pt eronarcidae * -K- -w- it it it it it it
Ephemeridae it
Baetidae * -ÎÎ- * * ■it it it it it it it
Heptageniidae * a- * it it it it it it
Hydrop sychidae -a- 4Î- * it it it
Molanidae ■Jt
Rhyacophilidae ■it- -K- ■ît it it it it
Limnephilidae it it
Brachycentridae it it
Lepido stomatidae -a- * it it it it it it
Tendipedidae ■K- -X- -K- * it it it it it it
Simulidae * it
Tipulidae •M- * ■it it it it it it
Ephydridae -K- it it
BUjnidae -a- * it it it it
Haliplidae it
Dytiscidae * it
Coleoptera (misc.) *

Corixidae it
Terrestrial Insects •K- it it
Hydracarina * i t it it
Amphipoda it
Nematodes * * it
Annelida * ■jt- -ÏÎ- •ît- •it it it it it it it
Lumbri culidae it it it
Tricladida -K- •ît ■it it it it
Gastropoda * -it it it it it
Sphaeriidae * * it it
Fish it
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TABLE V

QUALITATIVE LIST OF AQUATIC INSECT ADULTS 
COLLECTED OR OBSERVED AT SAMPLING AREAS 

APRIL THROUGH DECEMBER

Qu a l i t a t i v e L ist A p r , Ma y June Ju l y Au g , S ep t . Oc t . Nov, D e c ,
1 2 28 29 5 II 12 28 29 u 15 20 8 9 4 5 20 2 3 11 4 14 15

PTERONARCYS CALIFORNICA * *
Pt e r o n a r c e l l a b a d I a *
N e m o u r i d a e * *
Ch l OROPERLIDAE * *
PERLODIDAE * *
Pl e c o p t e r a (o b s e r v e d ) * *
E p h e m e r i d a e *
BAETIDAE * * * * * *
He p t a g e n i i d a e * * * *
E p h e m e r o p t e r a (o b s e r v e d ) * *
Le p i d o s t o m a s p . *
Ot h e r Tr i c h o p t e r a * * * * * *
Te n d i p e d i d a e * * * * * * * * * * * * *
SIMULIDAE * * * * *
1 1 PULIDAE * * * * *
D iptera (m i s c .) * * *
Co l e o p t e r a (m i s c .) * * * * * * * * * * * * *
L i b e l l u l i d a e *



CROSS-SECTIONAL STUDY

S t a t i o n  7*

A ll  sam p les th ro u g h o u t t h i s  s tu d y  w ere ta k e n  from  a re a s  n e a r  th e  

sh o re  i n  o r d e r  to  have  a  s i m i l a r i t y  o f  d e p th , bo ttom  ty p e ,  and c u r r e n t  

v e l o c i t y .  However, c r o s s - s e c t i o n a l  s tu d ie s  w ere c a r r i e d  o u t on b o th  th e  

E a s t  F o rk  and  th e  m ain  B i t t e r r o o t  R iv e r  to  show th e  r e l a t i o n s h i p  o f  th e  

o rg an ism s r e p r e s e n te d  i n  th e  sam p les to  th e  t o t a l  p o p u la t io n .

C r o s s - s e c t io n a l  sam ples w ere ta k e n  a t  s t a t i o n  7 (o n e -h a l f  m ile  

above s t a t i o n  6) on November 1 1 , and a  p r o f i l e  (F ig .  12) was made o f  th e  

r i v e r  a t  t h a t  p o i n t .  The w id th  o f  th e  s tre a m  sam pled was 48 f e e t ,  and th e  

a v e ra g e  c u r r e n t  v e l o c i t y  was 3*4 f e e t  p e r  seco n d . F iv e  s q u a re - fo o t  bo ttom  

sam ples w ere  c o l l e c t e d  a t  d i s t a n c e s  o f  3 , 1 3  ̂ 18 , 30 , and 45 f e e t  from  th e  

s o u th  s h o re .  W ater d e p th s  a t  th e s e  sam pling  s p o ts  w ere 12 , 12 , l 6 ,  1 1 , 

and 8 in c h e s  deep  r e s p e c t iv e ly .  The bo tto m  ty p e  c o n s is te d  o f  g ra v e l  and 

s to n e s  o f  s i x  to  e ig h t  in c h e s  i n  d ia m e te r .  I n  s tre a m s  18 to  20 f e e t  i n  

w id th , Needham (1927) and P a te  (1934) found  a d e c re a s e  i n  p r o d u c t iv i t y  

a t  th e  c e n t e r ,  and an  in c r e a s e  on b o th  s id e s  o f  th e  c e n t e r .  Denham (1938) 

i n d ic a t e d  a  c o r r e l a t i o n  betw een  bo ttom  ty p e  and bo ttom  o rgan ism s b o th  

q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  i n  t y p i c a l  c r o s s - s e c t io n s  o f  a  r i v e r .

The bo tto m  ty p e  i s  u s u a l ly  d ep en d en t upon th e  v e lo c i t y  o f  th e  w a te r  im

m e d ia te ly  above i t .  R e s u l ts  from  th e  c r o s s - s e c t i o n a l  sam ples a t  s t a t i o n  

7 a r e  com parab le  t o  th o s e  o f  Needham and P a te  d is c u s s e d  above, i . e . ,  a  

d e c re a s e  i n  num bers o f  o rg an ism s n e a r  th e  c e n t e r  o f  th e  s tre am  ( T able  V I, 

F ig .  1 4 ) .

T hese d a ta  show a  d e c r e a s e  i n  num bers o f  o rgan ism s p e r  u n i t  a re a
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a s  t h e  d e p th  and  d i s t a n c e  from  sh o re  in c re a s e s *  The s q u a r e - f o o t  sam ple 

ta k e n  a t  d e n th  l 6  in c h e s  ( l 8  f e e t  from  th e  so u th  sh o re )  p roduced  o n ly  

28 o rg an ism s  p e r  s q u a r e - f o o t ,  compared to  80 p e r  s q u a r e - f o o t  f o r  th e  

sam ple (30  f e e t  from  th e  so u th  s h o re ,  18 f e e t  from  th e  n o r th  sh o re )  a t  

d e p th  11 in c h e s .

The o r d e r  P le c o p te r a  was r e p r e s e n te d  i n  th e s e  c r o s s - s e c t i o n a l  

sam p les by t h e  f a m i l i e s  P e r lo d id a e ,  C h lo ro p e r l id a e ,  and th e  P te r o n a r c id a e ,  

w hich  in c lu d e d  P te ro n a rc y s  c a l i f o m i c a  and P t e r o n a r c e l l a  b a d ia * P te r o -  

n a rc y s  c a l i f o r n i c a  o c c u r re d  i n  a l l  f i v e  sam ples a c ro s s  th e  s tre a m , w h ile  

P t e r o n a r c e l l a  b a d ia  was p r e s e n t  o n ly  i n  th o s e  sam ples up to  13 f e e t  from  

sh o re  and  d e p th s  12 in c h e s  and  l e s s .  Nymphs o f  B a e tid a e  and H e p ta g e n iid a e  

(E p h em ero p te ra ) w ere c o l l e c t e d  from  a l l  sam p ling  a re a s  a c ro s s  th e  stream # 

The f a m ily  B a e tid a e  r e p r e s e n te d  th e  h ig h e s t  num bers i n  th e  u n i t  a re a s  

sam p led . T hree  f a m i l i e s  o f  th e  o rd e r  D ip te ra  w ere p r e s e n t .  E phydridae  

w ere th e  m ost common and o c c u r re d  i n  a l l  th e  sa m p le s , fo llo w ed  by  th e  

f a m i l i e s  T ip u l id a e  and T e n d ip e d id a e , w hich w ere  p r e s e n t  o n ly  i n  th e  f i r s t  

sam ple  ta k e n  a t  d e p th  12 in c h e s ,  t h r e e  f e e t  from  th e  so u th  s h o re .  The 

o r d e r  T r ic h o p te r a  was r e p r e s e n te d  by th e  f a m i l i e s  R h y a c o p h ilid a e , Brachy

c e n t r id a e ,  and th e  L e p id o s to m a tid a e . T r ic h o p te ra  l a r v a e  o c c u rre d  o n ly  i n  

th o s e  sa m p lin g  a r e a s  o f  d e p th  12 in c h e s  o r  l e s s .  L arge num bers o f  A n n e lid a  

o c c u r re d  i n  a l l  sam p lin g  a r e a s  a c r o s s  th e  s tre a m . H y d ra c a r in a , T r ic la d id a ,  

and G a stro p o d a  o c c u r re d  i n  t h e  sam p lin g  a r e a s  c lo s e  to  s h o re .

S t a t i o n  1 .

C r o s s - s e c t io n a l  sam ples w ere  ta k e n  a t  th e  lo w e r end o f  s t a t i o n  1 

on Decem ber and a  p r o f i l e  ( F ig .  13 ) was a l s o  made o f  th e  r i v e r  a t  t h a t  

p o i n t .  The w id th  o f th e  s tre a m  sam pled  was 400 f e e t ,  and th e  a v e ra g e
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F ig u r e  1 2 .  S tre a m  p r o f i l e .  S t a t i o n  7 ,  N ovem ber 1 1 ,  1956 ,

F ig u r e  1 3 . S tre a m  p r o f i l e .  S t a t i o n  1 ,  D ecem b er 4^ 1 9 5 6 .
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Figure 14# Cross-sectional samples from Station 7, November 11,
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ta ble  VI

BOTTOM ORGANISMS PER SQUARE-FOOT, CROSS SECTION AT 
STATION 7 ,  SULA BASIN, NOVEMBER 1 1 , 1956 
WIDTH OF STREAM =  48  FEET AT THIS STATION

D is ta n c e  From  S o u th
S h o re  i n  F e e t 3 13  ̂ 18 30 45
D ep th  i n  I n c h e s 12 12 17 11 8
B o ttom  T y p e (G ra v e l
t o  S t o n e s ) ( I n c h e s
i n  D ia m e te r ) 6 8 8 6 6
P e r l o d id a e 3 2 1 1 5
C h lo r o p e r l id a e 1
P t e r o n a r c id a e (1 0 ) (9 ) (2 ) (3 ) (5 )

P t e r o n a r c e l l a
b a d ia 5 1 2
P te r o n a r c y s
c a l i f o r n i c a 5 8 2 3 3

T o ta l  P l e c o p t e r a 13 11 4 4 10
B a e t id a e 193 126 12 31 88
H e p ta g e n i id a e 11 13 1 13 11

T o t a l  E p h e m e ro p te ra 204 139 13 44 99
T e n d ip  e d id a e 1
T ip u l i d a e 3
E p h y d r id a e 4 4 5 1 17

T o t a l  D ip t e r a 8 4 5 1 17
R h y a c o p h i l id a e 1
B r a c h y c e n t r id a e 1
L e p id o s to m a t id a e 3 1 1

T o ta l  T r i c h o p te r a 4 1 2
A n n e lid a 12 11 6 30 Ô9
H y d r a c a r in a 2 1
T r i c l a d i d a 1
G a s tro p o d a 1

T o ta l s 244 166 28 80 218
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c u r r e n t  v e l o c i t y  was 3 .1  f e e t  p e r  seco n d . The bo ttom  ty p e  a c r o s s  th e  

s tre a m  c o n s i s te d  o f  g r a v e l  t o  s to n e s  t h r e e  t o  e ig h t  in c h e s  i n  d ia m e te r ,

A t o t a l  o f  17 s q u a r e - f o o t  bo ttom  sam ples was c o l l e c t e d ;  one sam ple was 

ta k e n  t h r e e  f e e t  from  e i t h e r  s h o re , and th e  o th e r  15 sam ples w ere sp aced  

e v e ry  25 f e e t  a c r o s s  th e  s tre a m . I n  g e n e r a l ,  q u a n t i t a t i v e  r e s u l t s  w ere 

s i m i l a r  t o  th o s e  a t  s t a t i o n  7 i n  re g a rd  to  d i s ta n c e  from  sh o re  and d e p th s .  

Numbers o f  o rg an ism s p e r  u n i t  a r e a  w ere s m a lle r  i n  th e  c e n te r  o f  th e  

s tre a m , and  i n  th e  d e e p e r  s e c t io n s  o f  th e  s tre a m .

The f a m i l i e s  o f  th e  o r d e r  P le c o p te r a  w hich w ere c o l l e c te d  from  

th e s e  c r o s s - s e c t i o n a l  sam ples in c lu d e d  P e r lo d id a e ,  C h lo ro p e r l id a e , 

N em ouridae, and  P te r o n a r c id a e  ( P t e r o n a r c e l l a  b a d ia ) (F ig ,  15 , T ab le  V I I ) ,  

The f a m i l i e s  B a e tid a e  and H e p ta g e n iid a e  (E phem erop tera ) o c c u rre d  i n  a l l  

sam p les  a c r o s s  th e  s t r e a m . Four f a m i l i e s  o f  th e  o r d e r  D ip te ra  w ere p r e 

s e n t ,  The T en d ip ed id a e  o c c u r re d  i n  l a r g e  num bers, e s p e c i a l l y  n e a r  th e  

s h o r e s .  O th e r  f a m i l i e s  o f  D ip te r a  o c c u r r in g  i n  th e  sam ples w ere S im u lid a e , 

T ip u l id a e ,  and  E p h y d rid a e , S ix  f a m i l ie s  o f  t h e  o rd e r  T r ic h o p te ra  o c c u rre d  

i n  th e  sam p les  w ith  a t  l e a s t  one fa m ily  r e p r e s e n te d  i n  each o f  th e  samp

l i n g  a r e a s .  The f a m i l i e s  o f  T r ic h o p te ra  p r e s e n t  w ere H y d ro p t i l id a e ,  

E h y a c o p h il id a e , H y d ro p sy ch id ae , B ra c h y c e n tr id a e , L im n e p h ilid a e , and 

L e p id o s to m a tid a e , E lm idaen  (C o le o p te ra )  l a r v a e  and a d u l t s  o c c u rre d  i n  

th e  sam p les  a c r o s s  th e  s t r e a m . Two C o le o p te ra n  la r v a e  w ere c o l le c te d  

from  one sam ple w hich  c o u ld  n o t be i d e n t i f i e d ,  and w ere l i s t e d  a s  unknown 

C o le o p te ra n  l a r v a e .  The f i r s t  sam p le , c o l l e c t e d  t h r e e  f e e t  from  th e  e a s t  

s h o re  a t  d e p th  f o u r  in c h e s ,  c o n ta in e d  v e ry  l a r g e  num bers o f  A n n e lid a  w hich 

w ere so s m a ll  th e y  w ashed th ro u g h  th e  f i n e  mesh n e t ,  and many w ere l o s t .  

T here  w ere  so many i n  t h i s  sam p le , t h a t  no a tte m p t was made to  co u n t them . 

I t  was t h e  o n ly  s q u a r e - f o o t  sam ple d u r in g  th e  e n t i r e  s tu d y  i n  w hich such
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h ig h  num bers o f  th e s e  o rg an ism s w ere e n c o u n te re d  p e r  u n i t  a r e a .  One 

nymph o f  th e  f a m ily  C o e n ag rio n id a e  (O donata) was c o l l e c t e d  from  th e  sam ple 

t a k e n  175 f e e t  from  th e  e a s t  sh o re  a t  d e p th  15 in ch es*  T hree nem atodes 

w ere  ta k e n  from  t h i s  same u n i t  a r e a ,  and  one from  th e  sam ple 225 f e e t  from  

sh o re  a t  d e p th  13 in c h e s .
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Figure 1 5. Cross-sectional samples from Station 1, December 4*
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TABLE V II

BOTTOM ORGANISMS PER SQUARE-FOOT, CROSS SECTION 
STATION 1 AT FLORENCE, DECEMBER k~, 1956 

STREAM WIDTH =  400 FEET

D i s t a n c e Fr o m  E a s t
'

Sh o r e  in Fe e t 3 23 50 75 100 125 150 175 200 225 250 275 500 325 350 375 397
D e p t h  in In c h e s 4 6 9 9 10 11 12 15 19 18 17 19 20 22 20 16 5
Bo t t o m  T y p e ;
(Gr a v e l  t o  S t o n e s )
(In c h e s  in D i a m e t e r ) 4 5 5 5 6 6 6 6 8 4 4 4 3 3 4 5 6

P e r l o d i d a e 2 1 14 2 6 4 1 2 1 1 26
Ch l o r o p e r l i d a e 6 2 3 2 11
Ne m o u r i d a e 4 3 1 5 1 1 1 1 3 9 1 5 19 64
Pt e r o n a r c i d a e 2 4

T o t a l  P l e c o p t e r a 12 5 4 19 7 7 5 1 2 3 2 9 1 6 20 105
Ba e t i d a e 30 108 13 26 34 45 33 1 3 4 12 14 5 8 44 567
H e p t a g e n i i d a e 1 1 33 lO 4 1 1 2 3 10 8 1 19 36 35

To t a l  E p h e m e r o p t e r a 31 109 13 59 44 49 34 1 1 5 7 22 22 6 27 80 602
T e n d i p e d i d a e 207 91 102 41 14 14 6 3 2 12 2 4 2 2 1 6 175
SiMUL IOAE 1 1 1 1 1 1 1 2 3
T i p u l i d a e 1 5 2 2 1 2 1 2 3 1 1 2 4 2 5
E p h y d r i d a e 1 1 1 3 1 2

T o t a l D i p t e r a 209 97 104 44 15 i6 10 4 4 14 5 5 6 4 7 12 183
H y d r o p t i l i d a e 11 .19 4 17 9 4 3
RHYACOPH1L 1 DAE 1 1 4 2 4 2 1 2 9 6 2 3
Hy d r o p s y c h i d a e 8 25 20 22 1 1 5 3 13 6 9 7 2 22
Br a c h y c e n t r i d a e 1
LIMNEPHILIDAE 1 3
L e p i d o s t o m a t i d a e 1 44 4 13 11 1 6 1 3 9 31

T o t a l  T r i c h o p t e r a 1 56 24 29 56 34 30 1 6 8 12 13 12 9 12 15 59
E l m i d a e  l a r v a e 11 4 3 5 2 1 1 1 3 10
El m i d a e  a d u l t s 1
C o l e o p t e r a  (m i s c .) 2

T o t a l  C o l e o p t e r a 13 4 3 5 2 1 1 1 3 11
An n e l i d a * 24 34 5 2 20 1 5 4 2 1 3 10 14
Od o n a t a 1
N e m a t o d e s 3 1

To t a l 253 304 183 159 129 to6 lOl 11 18 35 27 42 52 21 55 140 974

*N ot  c o u n t e d .



QUANTITATIVE STUDIES ON PTERONARCYS CALIFORNICA

S t a t i o n  3*

S t a t i o n  3 i s  th e  f a r t h e s t  d o w n riv er i n  w hich P . c a l i f o r n i c a  has 

been  c o l l e c t e d  th ro u g h o u t t h i s  study* Nymphs w ere p r e s e n t  i n  o n ly  two 

sa m p le s , i n d i c a t i n g  e i t h e r  a  s m a ll  p o p u la t io n  o r ,  more l i k e l y ,  a l im i 

t a t i o n  o f  sam p ling  b e ca u se  o f th e  la r g e  s i z e  o f  th e  s tre a m . The f i r s t  

i n d i c a t i o n  (e x u v ia e )  o f  P . c a l i f o r n i c a  a t  t h i s  s i t e  was on June 11 . At 

t h i s  t im e  th e  w a te r  l e v e l  was a t  th e  h ig h  w a te r  b an k s , s im i l a r  to  th e  

l a s t  o f  A p r i l .  The w a te r  te m p e ra tu re  was 55*0® F . , g round te m p e ra tu re  

6 9 . 0°  F . , and a i r  te m p e ra tu re  71*0^ F . a t  $: 00 p .m . Shed ex u v iae  o f  nynçjhs 

w ere fo u n d  th ro u g h o u t th e  a r e a  on ro c k s , b ra n c h e s , e t c . ,  and a lo n g  th e  

w a te rs  ed g e , th u s  i n d ic a t i n g  th e  r e c e n t  em ergence o f  t h i s  s p e c ie s .  No 

a d u l t s  o r  nynmhs w ere o b se rv e d  i n  t h i s  a r e a ,  and no nymphs w ere c o l l e c te d  

i n  t h e  bo tto m  s a n g le s  a t  t h i s  d a te*

On June 2 9 , th e  w a te r  l e v e l  was d ro p p in g  b u t was s t i l l  s l i g h t l y  

h ig h e r  th a n  th e  A p r i l  1 s t  le v e l. Bottom sam ples w ere ta k e n  one t o  th r e e  

f e e t  from  sh o re  a s  w ere p re v io u s  sa m p le s , b u t t h i s  new a re a  p r e v io u s ly  

was d ry  g ro u n d . A t o t a l  o f  f i v e  s q u a r e - f e e t  was sam pled from  d e p th  s i x  

t o  tw e lv e  in c h e s  r e s u l t i n g  i n  .8  nymphs p e r  s q u a r e - f o o t .  The mean le n g th  

o f  t h e s e  nymphs was 3 «3 mm. w ith  a  maximum of 3*5 mm., and a minimum o f  

3 .0  mm.

On J u ly  1 4 ,  th e  w a te r  l e v e l  had d ropped  below th e  A p r i l  1 s t  l e v e l ,  

th u s  e n a b l in g  sam p lin g  a t  g r e a t e r  d i s ta n c e s  from  s h o re . S ix  s q u a re - fo o t  

bo tto m  sam p les w ere ta k e n  a t  d e p th s  s i x  to  tw e lv e  in c h e s ,  and two to  e ig h t  

f e e t  from  s h o re .  No nymphs w ere p r e s e n t  i n  th e s e  sam p les,

— 8 4 "
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Figure l6. Station 3 - Length-grovrbh curve - Pteronarcys californica*
(Numbers of specimens measured in parenthesis)
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On A ugust 2 0 , th e  w a te r  l e v e l  was v e ry  low , th e  s i x  in c h  d e p th  

b e in g  75 f e e t  from  th e  h ig h  w a te r  l i n e .  S ix  bo ttom  sam ples w ere  ta k e n  

a t  d e p th s  s i x  to  tw e lv e  in c h e s ,  and  75 t o  100 f e e t  from  th e  h ig h  w a te r  

b a n k s . One nymph was r e p re s e n te d  i n  th e  th r e e  ( o f  th e  s i x  t o t a l )  s q u a re -  

f o o t  sam p les from  th e  s i x  in c h  d e p th , 75 f e e t  from  th e  h ig h  w a te r  bank* 

The le n g th  o f  t h i s  nymph was 8 .6  mm. and i t  w eighed 3 .8  mg. I f  t h i s  one 

o rg an ism  r e p r e s e n ts  a  mean l e n g th ,  th e  le n g th -g ro w th  in c re a s e d  from  3*5 

mm. to  8 .6  mm. from  June  29 t o  A ugust 20 . No nymphs were c o l l e c te d  in  

th e  o u t e r  t h r e e  sam ples a t  d e p th  tw e lv e  In c h e s , 100 f e e t  from  th e  h ig h  

w a te r  b a n k s .

A f te r  A ugust 20 , no nymphs w ere found i n  t h e  bo ttom  sam p le s . 

C o l le c t io n s  w ere  made u n d e r optimum sam pling  c o n d it io n s  a t  d e p th s  s i x  to  

tw e lv e  in c h e s ,  and from  40 to  115 f e e t  from  s h o re . Bottom ty p e s  sam pled 

w ere g r a v e l  t o  ro c k s  e ig h t  t o  t e n  in c h e s  i n  d ia m e te r .

S t a t i o n  4*

S t a t i o n  4  was one o f  th e  m ost p ro d u c tiv e  a re a s  f o r  P . c a l i f o r n i c a . 

A l l  b o tto m  sam ples from  A p r i l  th ro u g h  Septem ber c o n ta in e d  nymphs which 

ra n g e d  i n  number from  .5  t o  1 0 .5  nymphs p e r  s q u a r e - f o o t ,  and in  w e ig h t 

from  3 .1  mg. p e r  s q u a re - fo o t  t o  1324*8 mg. p e r  s q u a re - fo o t .  Two sam ples 

c o n ta in e d  v e ry  sm a ll  nymphs t h a t  w ere n o t  w eighed.

F our s q u a r e - f o o t  bo ttom  sam ples w ere  ta k e n  on A p r i l  2 , a t  d e p th s  

s i x  to  tw e lv e  in c h e s .  I n  t h e  t o t a l  o f  23 nymphs, th e  av e rag e  was 5*75 

p e r  s q u a r e - f o o t .  The mean l e n g th  o f  th e s e  nymphs was 2 0 .7  mm., w ith  a 

maximum o f  4 0 .8  mm. and  a minimum o f 7 .5  mm. I f  th e  fo llo w in g  p e r io d s  

c o u ld  have  been  r e p r e s e n te d  by a s  l a r g e  a number a s  th e s e  A p r i l  2 sam p le s , 

i t  w ould  have  been  p o s s ib le  t o  p l o t  age g ro u p s . I t  was d i f f i c u l t  t o  ta k e
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sam p les  on  A p r i l  29 b e c a u se  o f  th e  r i s e  i n  w a te r  l e v e l  and  v e lo c i ty  o f  th e  

c u r r e n t ;  and o n ly  one specim en  o c c u rre d  i n  t h e  sam ple* I t  m easured  2 2 .0  

mm. i n  le n g th  and w eighed  1 5 2 .0  mg.

On June  1 2 , th e  w a te r  l e v e l  was v e ry  h ig h  b u t c l e a r .  F lood 

w a te r s  d u r in g  th e  p re c e d in g  two weeks had  washed o u t m ost o f  th e  s t a t i o n  

a r e a .  However, a b o u t 40 y a rd s  o f  u n d is tu rb e d  bottom  rem ained a t  t h i s  

s t a t i o n  s i t e  on t h i s  d a t e .  A du lt P te ro n a rc y s  w ere o b se rv ed  on th e  a r e a ,  

b u t no m atu re  nymphs w ere  o b se rv ed  i n  t h e  sh a llo w  w a te r  a lo n g  th e  r i v e r  

ed g e . The w a te r  te m p e ra tu re  was 53 .0^  F . ,  g round te m p e ra tu re  68.0® F . ,  

and  a i r  te m p e ra tu re  72.0® F . a t  3 :0 0  p .m . Four s q u a re - fo o t  bo ttom  sam ples 

w ere ta k e n  a t  d e p th s  s i x  to  tw e lv e  in c h e s ,  two t o  s ix  f e e t  from  s h o re .

One nymph 2 1 .8  mm. lo n g , and th r e e  v e ry  sm a ll nymphs a v e ra g in g  2 .9  mm. 

w ere ta k e n . T hese t h r e e  s m a ll  nymphs a re  o f  a d i f f e r e n t  age c la s s  th a n  

th o s e  c o l l e c t e d  d u r in g  A p r i l .  Hence th e s e  can  be p l o t t e d  a s  such  on th e  

g rap h  ( F ig .  1 7 ) .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e s e  v e ry  young nymphs 

w ere f i r s t  o b se rv e d  a t  th e  t im e  o f  th e  em ergence o f  th e  a d u l t s .  These 

t h r e e  s m a ll  nymphs c o u ld  n o t be w eighed  on th e  t o r s i o n  b a la n c e . Maximum 

le n g th  was 3*0 mm., and th e  minimum le n g th  2 .8  mm.

T hree  s q u a re - fo o t  sam ples w ere  ta k e n  on June 29* Two nymphs 

w ere c o l l e c t e d :  one l a r g e  nymph, 39*1 mm. i n  le n g th ;  and one sm all

nymph, 3*7 mm. An in c r e a s e  i n  s iz e  i s  in d ic a te d  i n  th e  le n g th  o f th e  

l a t t e r  nymph o v e r  th e  mean le n g th  o f  2 .9  mm. o f  th o s e  c o l le c te d  June  12 .

Nymphs i n  th e  t h r e e  s q u a r e - f o o t  bo ttom  sam p les, ta k e n  J u ly  14 , 

showed a  s te a d y  t r e n d  i n  t h e  g ro w th - s e r ie s  o f  th e s e  young nymphs. Col

l e c t e d  i n  th e s e  sam p les w ere 11 nymphs, w ith  a mean le n g th  of 4*2 mm.,  

maxi mum le n g th  o f  5*2 mm., and  minimum le n g th  o f 3 .0  mm. These 11 o rg an 

ism s w eighed  1 1 .6  mg. and a v e ra g e d  .8 6  mg One nymph, m easu rin g  3*3 mm.,
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was i n  th e  p ro c e s s  o f  e c d y s is  when c o l l e c t e d .  An ex u v ia  a ls o  w hich 

m easured  3 .8  mm. was found  i n  th e  sam p les .

On A ugust 20 , s i x  sam ples w ere c o l l e c t e d ,  th r e e  a t  d e p th  s ix  i n 

ch es  ( f o u r  t o  s i x  f e e t  from  sh o re )  and th r e e  a t  d e p th s  tw e lv e  in c h e s  ( s i x  

t o  e ig h t  f e e t  from  s h o r e ) .  Seven sm a ll nymphs w ere c o l l e c te d  i n  th e s e  

sa m p le s : f o u r  i n  th e  s i x  in c h  d e p th  sam ples and th r e e  i n  th e  tw e lv e  in c h

d e p th  sa m p le s . The mean le n g th  was 5*5 mm., maximum le n g th  6 .1  mm,, and 

minimum le n g th  5*0 mm. The a v e ra g e  w e ig h t was 2 .7  m g,, w hich was a 

m arked in c r e a s e  ( a s  w ere  th e  le n g th  m easurem ents) o v e r th o s e  ta k e n  i n  

J u ly .

F o u r s q u a r e - f o o t  bo tto m  sam ples w ere ta k e n  Septem ber 9 a t  d ep th  

s i x  t o  tw e lv e  in c h e s  and f o u r  to  tw e lv e  f e e t  from  sh o re . The w a te r  l e v e l  

was th e  lo w e s t  t o  d a te  o f  t h i s  s e r i e s  o f  c o l l e c t i o n s .  The s tre a m  bottom  

was v e ry  h e a v i ly  co v ered  w ith  a lg a e .  The problem  o f  backw ashing o r  

d r i f t i n g  o f  o rg an ism s o u t o f  th e  sam ples was f i r s t  n o ted  d u r in g  th e  tim e  

th e s e  sam p les  w ere ta k e n .  Two la r g e  P te ro n a rc y s  nymphs w ere ob serv ed  

d r i f t i n g  o u t o f  th e  s q u a r e - f o o t  a r e a .  T h is backw ashing  o c c u rre d  o n ly  

a t  th e  tw e lv e  in c h  d e p th .

A t o t a l  o f  34 P te ro n a rc y s  nymphs w ere c o l l e c te d  i n  th e s e  f o u r  

sa m p le s . S ix  l a r g e  nymphs av e rag e d  3 0 ,7  mm. i n  l e n g th ,  and 28 sm a ll 

nymphs a v e ra g e d  7 .6  mm. One o f  th e  l a r g e  nymphs (m easu rin g  2 3 .7  mm. and 

w e ig h in g  1 8 9 .2  mg. ) and se v en  of th e  s m a ll  ones (w ith  a  mean le n g th  of

7 .2  mm. and  a v e ra g in g  4 .3  mg. ) came from  th e  two s q u a re - fo o t  bottom  

sam p les w h ich  w ere ta k e n  a t  t h e  s i x  in c h  d e p th  and  f o u r  t o  e ig h t  f e e t  

from  s h o re .  The re m a in in g  f i v e  l a r g e  nymphs and 21 sm a ll  ones came from  

th e  two s q u a r e - f o o t  sam ples a t  th e  tw e lv e  in c h  d e p th  and 10 to  12 f e e t  

from  s h o r e .  These l a t t e r  nymphs w ere o f  l a r g e r  s i z e  b o th  i n  le n g th  and
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w e ig h t a s  com pared t o  th o s e  nymphs a t  th e  s i x  in c h  d e p th . The la r g e  

nymphs a t  th e  12 in c h  d e p th  a v e rag e d  3 2 .1  mm., w ith  a maximum le n g th  o f  

44*1 mm. and a  minimum le n g th  o f  2 7 ,8  mm. The av e rag e  w e ig h t was 4 3 5 ,2  

mg. I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  4 4 .1  mm. nymph w eighed 9 3 1 ,3  mg. 

The sm a ll  nynrohs from  t h i s  d ep th  had  a  mean le n g th  o f  7 .7  mm., maximum 

o f  1 0 .6  mm., minimum o f  4 .2  mm., and av erag ed  6 .0  mg. i n  w e ig h t.

Som etim e betw een  S eptem ber 9 and O c to b er 6 , a  b u l l - d o z e r  moved 

i n to  t h e  s t a t i o n  a re a  and dozed o u t th e  r i v e r  channe l to  e l im in a te  sh o re  

o r  bank w a sh in g . T h is a c t io n  d e s tro y e d  th e  perm anent bottom  ty p e  and 

made i t  u s e l e s s  t o  c o n tin u e  sam pling  i n  t h i s  a r e a .  A ttem pts were made 

t o  sam ple th e  a r e a  l a t e r ,  b u t th e  m ass o f  l o o s e - s h i f t i n g  c ru sh ed  ro ck  

on th e  s tre a m  bo tto m  made th e  r e s u l t s  n e g l i g i b l e .

S t a t i o n  5 ,

On A p r i l  2 , e ig h t  sam ples w ere ta k e n  a t  d e p th s  s ix  to  tw e lv e  

in c h e s ,  f o u r  t o  t e n  f e e t  from  s h o re .  No nymphs w ere found i n  any o f  th e  

sa m p le s . The w a te r  l e v e l  was low , a lth o u g h  th e  a v e rag e  v e lo c i ty  o f  th e  

c u r r e n t  was 4 ,6  f e e t  p e r  se c o n d . On A p r i l  29 , sam ples had to  be ta k e n  

two f e e t  from  sh o re  b ecau se  o f h ig h  w a te r ;  No nymphs w ere found  i n  th e s e  

sa m p le s .

The w a te r  l e v e l ,  on Ju n e  1 2 , was s t i l l  v e ry  h ig h , th u s  p r o h ib i t in g  

sam p lin g  from  any  a re a s  e x c e p t a lo n g  th e  s h o re .  P te ro n a rc y s  were j u s t  

b e g in n in g  to  em erge a t  t h i s  s t a t i o n .  The w a te r  te m p e ra tu re  was 51 ,0^  F . , 

g round  te m p e ra tu re  65,0® F . , and a i r  te m p e ra tu re  69,0® F . The a v e rag e  

v e l o c i t y  o f  th e  c u r r e n t  was 5 ,1  f e e t  p e r  second . The m atu re  nymphs w ere 

o b se rv e d  c ra w lin g  i n  c lo s e  to  sh o re  a round  th e  l a r g e  ro c k s . A q u a l i t a t i v e  

c o l l e c t i o n  was made a t  t h i s  t im e  o f  th e  m atu re  nymphs and new ly emerged
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F ig u re  17• S t a t i o n  4  -  L e n g th -g ro w th  c u rv e  -  P te r o n a r c y s  c a l i f o m i c a .

(Numbers of specimens measured in parenthesis)
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ad u ltrS . O nly  a  few a d u l t s  w ere o b se rv ed  a s  compared to  m n y  m atu re  nymphs 

a lo n g  s h o r e .  T h is  d i f f e r e n c e  i n  number o b v io u s ly  i n d ic a t e s  th e  b e g in 

n in g  o f  em ergence a t  t h i s  s t a t i o n  a r e a .

Ten sanç)les w ere ta k e n  i n  th e  s t a t i o n  a r e a .  Because of th e  h ig h  

w a te r  l e v e l  and th e  f a c t  t h a t  th e  m atu re  nymphs w ere c ra w lin g  from  w a te r  

24 t o  36 in c h e s  deep d i r e c t l y  o n to  th e  l a r g e  sh o re  ro c k s , i t  was im p o ss ib le  

t o  g e t  q u a n t i t a t i v e  sam ples o f  t h i s  h a tc h .  The sh a llo w e r  a r e a s ,  two to  

10 in c h e s  d e e p , a lo n g  th e  w a te rs  edge p roduced  no m atu re  nymphs, b u t 11 

s m a l le r  (y o u n g e r)  nymphs w ere c o l l e c t e d .  These 11 w ere c o l le c te d  i n  th e  

10 sam p le s ; s i x  o f  th e  nymphs w ere l a r g e r  th a n  th e  o th e r  f i v e .  The l a r g e r  

nymphs a v e ra g e d  2 1 .6  mm. (w ith  a  maximum le n g th  o f 25*6 mm. and minimum 

o f  15*0  mm.) and had  an  a v e rag e  w e ig h t o f  140*6 mg. The f iv e  sm a ll  nymphs 

had  a  mean le n g th  o f  3*0 mm. w ith  a  maximum o f 3*6 mm. and a minimum o f

2 .6  mm#

The w a te r  l e v e l  on June  29 was low enough to  g e t  sam ples away 

from  s h o r e .  S ix  sam ples w ere ta k e n :  th r e e  above th e  mouth o f  Warm

S p r in g s  C reek , a t  d e p th  s i x  to  12 in c h e s  and 40 f e e t  from  s h o re , and 

th r e e  below  th e  m outh o f th e  c re ek  a t  th e  same d ep th  two t o  th r e e  f e e t  

from  s h o r e .  No P te ro n a rc y s  nymphs were p r e s e n t  in  th e  sam ples ta k e n  below  

th e  m outh o f  Warm S p rin g s  C reek ; how ever, two sm a ll  nymphs w ere p r e s e n t  

i n  t h e  t h r e e  sam ples ta k e n  above th e  mouth and 40 f e e t  from  sh o re .

These nymphs m easured  3*0 and 3*6 ram. No n a tu r e  nymphs o r  a d u l t s  w ere 

o b se rv e d  on th e  s t a t i o n  a r e a .

Sam ples c o l l e c t e d  J u ly  14 below  th e  mouth o f Warm S p rin g s  C reek , 

c lo s e  t o  s h o re ,  c o n ta in e d  no nymphs. The th r e e  sam ples ta k e n  above th e  

m outh o f  th e  c re e k ,  10 to  30  f e e t  from  s h o r e ,  a t  d e p th s  o f  s i x  to  12 

in c h e s ,  c o n ta in e d  sev en  P te ro n a rc y s  nymphs. Two o f  th e s e  w ere o f  th e
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l a r g e r  s i z e  (m ea su rin g  33*0 mm. and 2 6 .9  mm.) and av e rag e d  3 0 0 .0  mg. i n  

w e igh t*  The f i v e  s m a l le r  nymphs a v e ra g e d  4*2 mm, i n  l e n g th  (w ith  a m axi

mum o f  4 .9  mm., minimum o f  3 .9  mm.) and a v e rag e d  .7  mg. i n  w e ig h t.  The 

w a te r  l e v e l  was lo w e r th a n  on June 29 , b u t  was n o t a s  low as on A ugust 

20* The a v e ra g e  c u r r e n t  v e lo c i t y  was 4 .0  f e e t  p e r  second  th u s  p e rm i t t in g  

b e t t e r  c o n d i t io n s  f o r  sam p lin g  th a n  p r e v io u s ly .

The sa m p le s , w hich w ere ta k e n  on A ugust 20 c lo s e  to  sh o re  and 

below  th e  m outh o f  Warm S p r in g s , c o n ta in e d  no nymphs. Three sam ples 

w ere ta k e n  above th e  m outh o f  th e  c re ek  and 20 to  30 f e e t  from  s h o re .

These c o n ta in e d  one l a r g e  nymph, m easu rin g  3 2 .4  mm. i n  le n g th  and w eigh ing

3 8 0 .2  m g ., and sev en  s m a ll  nymphs. The sm a ll nymphs had a mean le n g th  

o f  7*5 mm. w ith  a  maximum o f  9 .0  mm., minimum o f  6 .0  mm., and a v erag e  o f

4 .6  mg* i n  w e ig h t.  The s u r f a c e s  o f  th e  ro ck s  th ro u g h o u t th e  s t a t i o n  

a re a  w ere c o v e re d  w ith  a lg a e .  The w a te r  te m p e ra tu re  was 62.0® F . , 

ground  te m p e ra tu re  7 3 .0 °  F . , a i r  te m p e ra tu re  7 8 .0 °  F . ; and th e  av erag e  

c u r r e n t  v e l o c i t y  was 3 .1  f e e t  p e r  seco n d .

F o u r sam ples w ere c o l l e c t e d  Septem ber 9 : two below th e  mouth

o f  th e  c re e k  c lo s e  to  s h o re ,  and two above th e  m outh, 10 t o  30  f e e t  from  

sh o re*  No P te ro n a rc y s  w ere p r e s e n t  i n  any  o f  th e  bottom  sam p les. The 

ro ck s  on th e  r i v e r  b o tto m , a s  n o te d  d u r in g  August sam p les, were co v ered  

w ith  a lg a e .  A two and  o n e -h a l f  pound rainbow  t r o u t ,  caugh t from th e  

s t a t i o n  a re a  by a  f ish e rm a n  d u r in g  th e  sam pling  p e r io d ,  was opened and 

th e  stom ach  c o n te n ts  exam ined. The stom ach was a  s o l i d  mat o f  a lg a e ,  

and no a q u a t ic  i n s e c t s  o r  o th e r  o rgan ism s w ere o b se rv ed  i n  th e  c o n te n ts .

F o u r bo ttom  sam ples w ere ta k e n  on O c to b er 4 , a t  d e p th s  s ix  to  

12 in c h e s ,  10 to  30 f e e t  from  s h o re . E ig h t  sm a ll  P te ro n a rc y s  were c o l

l e c t e d  i n  th e s e  f o u r  sam ples* S ix  o f  th e  nymphs came from  th e  sam ples



-95-
two to  s i x  in c h e s  deep and 10 to  15 f e e t  from  s h o re , and two from  12

in c h e s  deep  and 30 f e e t  from  shore*  The mean le n g th  o f  th e s e  form s was

9 .9  mm., w i th  a  maximum le n g th  o f 12*9 mm., minimum le n g th  o f  7 .4  mm., 

and an  a v e ra g e  w e ig h t o f  1 2 .0  mg. The s tre a m  bottom  was covered  w ith  

a lg a e  s i m i l a r  t o  th e  two p re v io u s  c o l l e c t i o n s .

On November 3> th e  ground around  t h i s  s t a t i o n  a re a  was snow

c o v e re d , and  sh o re  i c e  ex ten d ed  o u t  from  bo th  s id e s  o f  th e  r i v e r .  The

w a te r  te m p e ra tu re  was 3 2 .0 ^  F , , ground te m p e ra tu re  3 2 .0 °  F . , and a i r  

te m p e ra tu re  3 0 .0 °  F . The a v e rag e  v e lo c i t y  o f  th e  c u r r e n t  was 2 .8  f e e t  

p e r  se c o n d . The f r e e z in g  w a te r  te m p e ra tu re  made sam p ling  d i f f i c u l t ,  

b ecau se  t h e  a c t io n  o f  th e  n e t  i n  th e  w a te r  caused  i c e  t o  form i n  th e  

n e t .  S e v e ra l  a t te m p ts  w ere made to  g e t  bottom  sam ples (b ecau se  so much 

i c e  form ed i n  th e  n e t ) .  Two sam p les w ere c o l l e c te d  above th e  mouth o f  

Warm S p r in g s  C reek; one from  e ig h t  f e e t  from  sh o re  a t  a  d e p th  o f  s ix  

in c h e s  and th e  o t h e r  30 f e e t  from  sh o re  from  a d e p th  o f  12 in c h e s .

From th e s e  tw o sa m p le s , fo u r  nymphs w ere c o l le c te d ;  two from  th e  s ix  

in c h  d e p th  and  two from  th e  12 in c h  d e p th . The mean le n g th  o f  th e s e  

nymphs was 1 1 .3  nim., w ith  a  maximum o f  1 3 .8  mm., minimum o f  9 .9  mm., 

and i n  w e ig h t a v e rag e d  2 0 .2  mg.

On December 15 , sh o re  i c e  ex ten d ed  o u t i n to  th e  r i v e r ,  ex ce p t 

f o r  a  s m a ll  c h an n e l o f  open w a te r  s i x  f e e t  from  s h o re . Two sam ples 

w ere c o l l e c t e d  from  t h i s  c h a n n e l a t  th e  s i x  in c h  d e p th ,  and two from  

th e  12 in c h  d e p th  o f f  th e  edge o f  th e  i c e  30 f e e t  from  s h o re . S ix  sm a ll 

P te ro n a rc y s  nymphs w ere  ta k e n  from  th e s e  sam ples; f i v e  from  s ix  f e e t  from  

sh o re  ( s i x  in c h e s  d e e p ) , and  one from  30  f e e t  from  sh o re  (12 in c h e s  d e e p ) . 

The a v e ra g e  le n g th  o f  th e s e  nymphs was 9 .6  mm., w ith  a  maximum o f  1 5 .1  

mm., niTn-imnm o f  6 . 8  mm., and had an a v e ra g e  w e ig h t o f  3 0 .1  mg.
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I t  w i l l  be n o te d  t h a t  th e  sm a ll  nymphs s t e a d i l y  in c r e a s e d  i n  

l e n g th  and w e ig h t from  one sam p ling  p e r io d  to  t h e  n e x t ,  e x ce p t f o r  th e  

mean le n g th  o f  t h e  December forms* The d e c re a se  i n  mean le n g th  o f  th e  

Decem ber nymphs was n o t accom panied by a  d e c re a s e  i n  t h e i r  w e ig h t. The 

a v e ra g e  w e ig h t o f  each  nymph c o l l e c t e d  d u r in g  November was 2 0 .2  m g., 

w h ile  t h e  a v e ra g e  w e ig h t o f  December nymphs in c re a s e d  to  3 0 .1  mg. The 

g a in  i n  a v e ra g e  w e ig h t from  O c to b er t o  November was Ô.2 m g., and  th e  

g a in  i n  a v e ra g e  w e ig h t from  November to  December was 9*9 mg. Thus w eigh t 

g a in s  w ere com parab le  even  th o u g h  t h e  December mean le n g th  d e c re a s e d .

S t a t i o n  6 .

Seven sam oles w ere c o l l e c t e d  a t  t h i s  s t a t i o n  on A p r i l  2 , a t  

d e p th s  s i x  t o  12 in c h e s ,  10 t o  30 f e e t  from  s h o re . The s tre am  bottom

was c o v e re d  w ith  a lg a e  th ro u g h o u t th e  s t a t i o n  s i t e .  The w a te r  tem pera

t u r e  was 3 8 .0 ^  F . S e v e n te en  nymphs were c o l l e c t e d ,  a v e ra g in g  2 .4  nymphs 

p e r  s q u a r e - f o o t .  The t o t a l  w e ig h t was 3942 .6  m g., o r  an av e rag e  o f  563 .2  

mg. p e r  s q u a r e - f o o t .  The mean le n g th  o f  th e  nymphs was 2 3 .4  mm., w ith  a  

maximum o f  3 0 .9  mm., minimum o f  1 7 .0  mm., and th e  w e ig h t av erag ed  231.9  

mg.

The w a te r  l e v e l  on A p r i l  29 was h ig h  w ith  in c re a s e d  v e lo c i t y ,  

th e r e b y  l i m i t i n g  th e  sam p lin g  a r e a .  Three sam ples w ere ta k e n  a t  th e  

n in e  in c h  d e p th .  F iv e  nymphs w ere c o l l e c t e d ,  a v e ra g in g  2 9 .2  mm. i n  

l e n g t h ,  w ith  a  maximum o f  3 8 .9  mm., minimum o f  2 3 .0  mm., and had an  a v e r 

age  w e ig h t o f  2 8 9 .5  mg.

On Ju n e  12 , p a r t  o f  th e  s t a t i o n  w as washed out where some o f  th e  

p re c e d in g  sam ples w ere ta k e n .  The w a te r  te m p e ra tu re  was 4 8 .0 °  F . The

f o u r  sam ples c o l l e c t e d  w ere from  th e  20 in c h  d e p th , fo u r  t o  12 f e e t  from
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F ig u re  18 . S t a t i o n  5 -  L e n g th -g ro w th  c u rv e ,  P t e r o n a r c y s  c a l i f o r n i c a .

(Numbers of specimens measured in parenthesis)
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s h o re  • No nymphs w ere p r e s e n t  i n  th e  sam p les. No m atu re  nymphs o r  

a d u l t s  c o u ld  be se e n  a lo n g  t h e  s tre a m .

The w a te r  l e v e l  on June  29 was down to  a  l e v e l  s im i l a r  to  t h a t  

o f  A p r i l  2 ,  th u s  e n a b l in g  sam pling  a t  g r e a t e r  d is ta n c e s  from  sh o re . F iv e  

sam p les w ere c o l l e c t e d  a t  th e  12 in c h  d e p th , f o u r  t o  10 f e e t  from  sh o re .

No P te ro n a rc y s  nymphs w ere  c o l l e c t e d  i n  th e  bo ttom  sam p les. A d u lts  w ere 

found  on t h e  s m a ll  s h ru b s ,  t r e e s ,  and g ro u n d , and w ere o b se rv ed  f l y in g  

th ro u g h o u t t h e  s t a t i o n  a r e a .  A c o l l e c t i o n  o f  th e s e  a d u l t s  was made 

th ro u g h o u t th e  s t a t i o n  a r e a  f o r  a  q u a l i t a t i v e  s tu d y . The mean le n g th  o f  

th e  a d u l t  m ales was 33*13 mm., b u t i n s u f f i c i e n t  numbers o f  a d u l t  fem ales 

w ere c o l l e c t e d  to  d e te rm in e  th e  mean le n g th .  O b se rv a tio n s  w ere made 

a lo n g  th e  s tre a m  edge to  s e e  i f  any  m atu re  nymphs w ere s t i l l  p r e s e n t .

No m a tu re  nymphs w ere o b se rv e d  a lo n g  th e  s tre a m  edge. The w a te r tem p era 

t u r e  was 54*0° F .

S ix  sam ples w ere  ta k e n  on J u ly  14 a t  d e p th s  s i x  to  12 in c h e s ,  s i x  

to  20 f e e t  from  s h o re . E leven  nymphs w ere c o l le c te d :  fo u r  o f  th e  l a r g e r

s i z e ,  and  se v e n  o f  th e  sm a ll nymphs. The fo u r  l a r g e r  nymphs had a  mean 

le n g th  o f  2 7 .4  mm., maximum le n g th  o f  3 2 .1  mm., minimum le n g th  o f  2 3 .1  mm., 

and an  a v e ra g e  w e ig h t o f  193*7 mg. The sev en  young nymphs a v erag ed  3*7 mm. 

i n  l e n g th ,  w ith  a  maximum o f  5*1 mm., minimum o f  3*0 mm., and 0 .7  mg. i n  

w e ig h t.  The s tre a m  bo ttom  th ro u g h o u t th e  a r e a  was co v ered  w ith  a lg a e .

The w a te r  te m p e ra tu re  was 54*0^ F ,

On A ugust 20 , th e  w a te r  te m p e ra tu re  was 64*0° F . , and th e  s tre a m  

b o tto m  th ro u g h o u t th e  s t a t i o n  a r e a  was co v ered  w ith  a lg a e .  S ix  sam ples 

w ere  ta k e n  a t  d e p th s  s i x  to  12 in c h e s ,  10 to  40 f e e t  from  s h o re . Three 

l a r g e  nymphs and one sm a ll  nymph w ere c o l l e c t e d  i n  th e s e  s i x  sam p les .

The l a r g e r  nymphs a v e rag e d  29*8 mm. i n  l e n g th ,  w ith  a  maximum of 3 9 .1  mm..
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minimum o f  2 2 .3  mm., and av e rag e d  3 2 7 .6  mg. i n  w e ig h t. The sm a ll nymph 

m easu red  6 .4  mm. and w eighed 2 .8  mg.

On Septem ber 9 , s i x  sam ples w ere ta k e n  a t  d ep th s  s i x  to  12 in c h e s ,  

e ig h t  t o  35 f e e t  from  s h o re .  One la r g e  nymph was washed around  th e  n e t  

and c o n s e q u e n tly  l o s t .  Two o th e r  l a r g e  nymphs w ere c o l l e c te d  i n  th e  s i x  

sam p les: one m easured  4 3 .1  mm., and w eighed 8 4 3 .6  m g.; and th e  o th e r  was

2 5 .4  mm. i n  le n g th  and  w eighed 220 .6  mg.

On O c to b e r 4^ f o u r  sam ples w ere ta k e n  and two sm a ll nymphs w ere 

c o l l e c t e d .  The mean le n g th  o f  th e s e  nymphs was 6 .1  mm., w ith  a  maximum 

o f  6 .6  mm., minimum o f  5 .5  mm., and a v erag ed  0 .7  mg. i n  w e ig h t. The 

w a te r  te m p e ra tu re  was 46.0® F .

On November 3> th e  w a te r  te m p e ra tu re  was 34.0® F . and th e  w a te r  

l e v e l  a t  t h i s  s t a t i o n  was th e  lo w e s t o f  any re c o rd e d  d u r in g  th e  s tu d y . 

Shore i c e  e x te n d e d  o u t i n to  t h e  r i v e r  from  b o th  s i d e s .  Four sam ples were 

c o l l e c t e d  a t  d e p th s  s i x  to  12 in c h e s ,  10 to  20 f e e t  from  s h o re . No 

P te ro n a rc y s  nymphs w ere  c o l l e c t e d .

On December 15> th e  w a te r  te m p e ra tu re  was 32.0® F . and sh o re  i c e  

e x te n d e d  o u t i n t o  th e  r i v e r  from  b o th  s id e s .  The r i v e r  l e v e l  a t  t h i s  

s t a t i o n  was up s l i g h t l y  b ecau se  o f  heavy r a in s  p re v io u s ly .  F iv e  sam ples 

w ere c o l l e c t e d  a t  d e p th s  s i x  to  12 in c h e s ,  15 to  30 f e e t  from sh o re .

One nymph was c o l l e c t e d ,  m easured  3 4 .2  mm., and w eighed 521.7  mg.

G r e a te s t  t o t a l  num bers (T ab le  IX) o f  P . c a l i f o m i c a  nymphs were 

c o l l e c t e d  a t  s t a t i o n  4 th a n  any o f  th e  o th e r  s t a t i o n s .  S t a t i o n  7 (F ig . 

2 0 ) ,  how ever, r e s u l t e d  i n  t h e  h ig h e s t  num bers o f  nymphs p e r  u n i t  a re a — 

i . e . :  t h e  f i v e  s q u a r e - f o o t  c r o s s - s e c t io n a l  bottom  sam ples on November

11 r e s u l t e d  i n  4 .2 0  nymphs p e r  s q u a r e - f o o t .  T h is i s  th e  h ig h e s t  n o ted  

f o r  any  c o l l e c t i o n  th ro u g h o u t th e  y e a r  ( F ig .  2 1 ) . The a v e rag e  number o f
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th e s e  nymphs c o l l e c t e d  from  s t a t i o n s  3 to  7 (none i n  1 and 2)^ b ased  on 

179 s q u a r e - f o o t  sam ples from  A p r i l  to  December, was 1*09 p e r  s q u a re - fo o t  

(T a b le  IX ), C la s se n  (1931) in d ic a te d  t h a t  i n  P te ro n a rc y s  th r e e  y e a rs  a r e  

r e q u i r e d  t o  com plete  a  g e n e r a t io n ,  R ic k e r  (1943) in d ic a te d  a th r e e - y e a r  

c y c le  f o r  P te ro n a rc y s  p r in c e p s , based  on th r e e  d i s t i n c t  s i z e s  o f  nymphs:

( l )  th e  m atu re  nymphs w ith  w e l l  d ev e lo p ed  wing p a d s , (2 ) s l i g h t l y  s m a lle r  

nymphs w ith  much s m a l le r  w ing p a d s , and (3 )  th o s e  l e s s  th a n  h a l f  o f  th e  

le n g th  o f  th e  m atu re  o n e s .

T hese d a ta  on P te ro n a rc y s  c a l i f o r n i c a , i n  th e  B i t t e r r o o t  R iv e r , 

show a  t h r e e - y e a r  c y c le ,  and i n d ic a t e  a  p o s s ib le  f o u r -y e a r  c y c le .  The 

v e ry  s m a ll  nymphs p r e s e n t  i n  th e  sam p les can be s e p a ra te d  from  th o s e  o ld e r  

nymphs a s  shown on th e  le n g th -g ro w th  cu rve  (Fig* 17) f o r  s t a t i o n  4 . The 

a d u l t s  w ere p r e s e n t  a t  s t a t i o n  4 on June 12, Bottom sam ples a t  t h i s  

tim e  from  th e  same s t a t i o n  r e s u l t e d  i n  th e  c o l l e c t i o n  o f  th r e e  v e ry  sm a ll 

nym phs, a v e ra g in g  2 .9  mm, i n  l e n g th ,  and a ls o  a  nymph 2 1 ,8  mm. S ince  

th e s e  v e ry  sm a ll  ( 2 ,9  mm,) nymphs w ere c o l l e c te d  a t  th e  tim e o f  em ergence 

o f  th e  a d u l t s ,  i t  i s  assum ed t h a t  th e s e  form s a re  one y e a r  o ld .  Thus 

a  t h r e e - y e a r  c y c le  i s  shown.

D ata  s u p p o r t in g  a  f o u r - y e a r  c y c le  a re  in c o n c lu s iv e  because  o f  th e  

sm a ll  num bers o f  nynçjhs c o l l e c t e d .  B u t, a s  th e  le n g th -g ro w th  g raphs f o r  

s t a t i o n s  4 , 5> and 6 show ( F ig s ,  17 , 18 , and 1 9 ) ,  th e r e  i s  th e  p o s s i b i l i t y  

o f  two age  g roups o f  nymphs in v o lv e d  i n  th e  l a r g e r  s i z e  g roup . D uring  

A ugust a t  s t a t i o n  6 , f o r  exam ple , a sm a ll  nymph 6 ,4  mm. was r e p re s e n te d — 

a lo n g  w ith  nymphs 2 2 .3  mm., 2 7 .9  mm., and 3 9 .1  mm. T h is 3 9 .1  mm, nymph 

shows c o n s id e r a b le  more developm ent th a n  th e  s m a lle r  nymphs (2 2 .3  and

2 7 .9  mm.): th e  wing pads a re  more d ev e lo p ed  th a n  a re  th o s e  o f  th e  s m a l le r

nym phs, a lth o u g h  n o t a s  d e f in e d  as a re  th o s e  o f  m atu re  nymphs i n  th e  s p r in g
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j u s t  p r i o r  t o  em ergence* Septem ber nymphs from  s t a t i o n s  4 3-nd 6 a ls o  

i n d i c a t e  th e  p o s s i b i l i t i e s  o f  a f o u r - y e a r  c y c le  i n  t h i s  s p e c ie s .  G re a te r  

num bers w i l l  have t o  be c o l l e c t e d ,  how ever, to  d e te rm in e  th e  l i f e  c y c le  

f o r  t h i s  s p e c ie s  from  t h i s  a r e a .
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F ig u re  1 9 . S t a t i o n  6 -  L e n g th -g ro w th  c u rv e  -  P te r o n a r c y s  c a l i f o r n i c a .

(Numbers o f  sp e c im en s  m ea su re d  i n  p a r e n t h e s i s )
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F ig u re  20* P te ro n a r c y s  c a l i f o m i c a  p e r  s q u a r e - f o o t  a t  c o l l e c t i n g

stations.
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F ig u re  21 . P te r o n a r c y s  c a l i f o r n i c a  p e r  s q u a r e - f o o t  a t  m o n th ly  

c o l l e c t i o n s .
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TABLE V I I I

PTERONARCYS CALIFORNICA FROM COLLECTIONS 
APRIL THROUGH DECEMBER

*Avg. Number
C o l le c t io n Number o f  Number o f P . c a l i f o r n i c a S ta t io n s

D a tes P . c a l i f o r n i c a  Sam ples p e r  S q u are-F o o t Sampled

A pr. 1 , 2 40 24 1 .6 7 3 ,4 ,5 ,6
A pr. 2 8 ,2 9 6 10 .6 0 3 ,4 ,5 ,6  ,
June  1 1 ,1 2 15 23 •65 3 ,4 ,5 ,6
June  2 8 ,2 9 8 19 •42 3 ,4 ,5 ,6
J u ly  1 4 ,1 5 29 19 1 .5 3 3 ,4 ,5 ,6
Aug. 20 20 24 • 83 3 ,4 ,5 ,6
S e p t .  8 , 9 36 20 1 .8 0 3 ,4 ,5 ,6
O c t. 4 ,  5 10 12 • 83 3 ,5 ,6
Nov. 2 , 3 4 10 .4 0 3 ,5 ,6
Nov. 11 21 5 4^20 7
Dec. 1 4 ,1 5 7 13 • 54 3 ,5 ,6

T o ta l 196 179

*Mean f o r  a l l  s t a t i o n s  = 1 .0 9  p e r  s q u a re - fo o t

TABLE IX

PTERONARCYS CALIFORNICA FROM COLLECTING STATIONS
APRIL THROUGH DECEMBER

• '̂Avg, Number
S t a t i o n Number o f Number o f  P . 1c a l i f o r n i c a
Number P . c a l i f o m i c a Sam ples p e r  S q u a re -fo o t

3 5 48 .10
4 82 26 3 .1 5
5 46 51 •90
6 42 49 .86
7 21 5 4 .2 0

T o ta l 196 179

*Mean for all stations = 1*09 per square-foot



QUANTITATIVE STUDIES ON PTERONARCELLA BADIA

P t e r o n a r c e l l a  b a d ia  o c c u rre d  i n  sam ples th ro u g h o u t th e  s tu d y  

a r e a .  L a rg e r  num bers o f  th e s e  nymphs w ere found  i n  th e  lo w er s t a t i o n s - -  

w ith  a  maximum o f  13«67 nymphs p e r  s q u a r e - f o o t ,  ta k e n  August 20 a t  s t a 

t i o n  2 . The maximum num ber o f  nymphs f o r  any  sam ple from  th e  up p er 

s t a t i o n s  was 5*0 p e r  s q u a r e - f o o t ,  ta k e n  November 11 a t  s t a t i o n  ?•

G raphs ( F ig s .  22 and 23) i l l u s t r a t e  le n g th -g ro w th  and  mean w e ig h ts  o f  

th e s e  nymphs r e s p e c t iv e ly .  T here  was a  s i g n i f i c a n t  d i f f e r e n c e  i n  s iz e  

(F ig s .  22 and 24) be tw een  nymphs o f  t h i s  s p e c ie s  o c c u r r in g  i n  th e  m ain 

B i t t e r r o o t  R iv e r  and th o s e  c o l l e c te d  from  th e  E a s t Fork o f  th e  B i t t e r 

r o o t .  No s i g n i f i c a n t  d i f f e r e n c e  co u ld  be fo u n d , how ever, betw een nymphs 

o c c u r r in g  w i th in  th e  m ain B i t t e r r o o t ,  o r  betw een th o s e  o c c u r r in g  i n  th e  

E a s t  F o rk .

I t  i s  n o te d  t h a t  nymphs, -.from A p r i l  to  December, from  th e  lo w er 

s t a t i o n s  w ere c o n s id e ra b ly  s m a lle r  i n  b o th  le n g th  and w eigh t d u rin g  

th e  summer and e a r l y  f a l l  (F ig .  2 $ ) . But w ith  th e  o n se t  o f  w in te r ,  th e  

lo w e r s t a t i o n  nymphs in c r e a s e d  r a p i d l y  i n  s i z e ,  an d , by December, c lo s e ly  

ap p ro ach ed  t h e  s i z e  o f  th e  nymphs from  th e  u p p e r s t a t i o n s .  The w a te r  

te m p e ra tu re  p ro b a b ly  i s  a  f a c t o r ,  b ecau se  te m p e ra tu re s  i n  th e  u p p e r s t a 

t i o n s  d ro p p ed  o f f  r a p id ly  from  S ep tem ber o n , w hereas i n  th e  low er s t a t i o n s  

a  more g ra d u a l  d rop  was n o te d .  Nymphs c o l l e c te d  from  th e  lo w er s t a t i o n s  

d u r in g  Decem ber, w ere a lm o s t a s  l a r g e  a s  th o se  nymphs c o l le c te d  i n  th e  

same s t a t i o n s  i n  A p r i l ,  But nymphs c o l l e c te d  from  th e  u p p er s t a t i o n s  

d u r in g  D ecem ber, w ere l a r g e r  i n  b o th  w e ig h t and  le n g th  th a n  th o se  c o l

l e c t e d  th e  p re v io u s  A p r i l  from  th e  lo w e r a r e a s .  These d a ta  in d ic a te

- 1 1 0 -



—X U —

t h a t  d u r in g  Jan u ary ^  F e b ru a ry , and M arch, when th e  w a te r  te m p e ra tu re  

i s  n e a r  3 2 .0 °  F . ,  th e  r a t e  o f  grow th i n  t h i s  s p e c ie s  i s  v e ry  slow , and 

p o s s ib ly  t h a t  t h e r e  i s  a  l o s s  o f  w e ig h t d u r in g  th e  w in te r  m onths.

On A p r i l  1 , 10 nymphs w ere c o l l e c te d  from  s t a t i o n s  1 and 2 .

These nymphs a v e ra g e d  1 3 .0  mm. i n  l e n g th ,  w ith  a  maximum o f 1 7 .5  mm., 

and a  m inim um  o f  9 .3  mm. The mean w eigh t o f  th e s e  nymphs was 5 3 .2  mg. 

V a r ia t io n s  i n  w e ig h t t o  le n g th  c o r r e l a t i o n  w ere n o t ic e d  from  some o f  

th e s e  nymphs: one specim en m easured  1 6 .9  mm. and w eighed 1 0 1 .4  mg.

com pared to  a n o th e r  w hich m easured  1 7 .5  mm. and w eighed 8 1 .0  mg. Only 

one nymph o f  t h i s  s p e c ie s  was c o l le c te d  on A p r i l  28 and 29 . T his nymph 

was ta k e n  a t  s t a t i o n  3 and m easured  1 8 .5  mm. and w eighed 1 0 0 .8  mg. No 

nymphs w ere  c o l l e c t e d  d u r in g  May o r  Ju n e .

On June  28 , f o u r  fem ale  im agos o f  t h i s  s p e c ie s  were c o l le c te d  

a t  s t a t i o n  1 . These fem a le s  a v e rag e d  1 8 .0  mm. i n  l e n g th ,  w ith  a  maximum 

o f  1 9 .5  mm., and minimum o f  1 6 .2  mm. The w a te r  te m p e ra tu re  on June 28 

was 6 1 .0 °  F .

On J u ly  14> a n o th e r  a d u l t  fem ale  m easu ring  1 7 .1  mm. and an a d u l t  

m ale m ea su rin g  1 5 .0  mm. w ere c o l l e c t e d  a t  s t a t i o n  3 . No o th e r  P . b a d ia  

a d u l t s  w ere  c o l l e c t e d  d u r in g  th e  s tu d y  p e r io d .  At t h i s  t im e , when 

th e s e  two a d u l t s  w ere ta k e n , f o u r  v e ry  sm a ll nymphs were c o l le c te d  a t  

s t a t i o n  3 . T hese nymphs a v e ra g e d  3 .0  mm. i n  l e n g th ,  w ith  a  maximum o f  

3 .4  mm., minimum o f  2 .6  mm., and had a mean w eigh t o f  0 .4  mg. On August 

20 , 44 nymphs w ere c o l l e c t e d  from  s t a t i o n s  2 and 3# These nymphs averaged

4 .8  mm. i n  le n g th  w hich  was an  in c r e a s e  o f  1 .8  mm. o v e r  t h e  mean le n g th  

o f  th e  J u ly  15 nymphs. The maximum le n g th  o f  th e s e  August nymphs was 

7 .2  mm., minimum le n g th  3 .5  mm., and av e rag e d  1 .9  mg. i n  w e ig h t.

On Septem ber 8 , 19 nymphs w ere c o l l e c te d  from  s t a t i o n s  1 and 2 ,
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and two nymphs from  s t a t i o n  5* S t a t i s t i c a l l y ,  th e r e  was a s i g n i f i c a n t  

d i f f e r e n c e  i n  s i z e ,  found betw een th e s e  lo w er s t a t i o n  nymphs, and th e  

s t a t i o n  5 nymphs. The nymphs from  s t a t i o n s  1 and 2 a v e rag e d  mm. i n  

l e n g th  (w ith  a  maximum o f  7 .2  mm, and m in imum o f  4 .0  m m.), i n  c o n tr a s t  

to  th o s e  nymphs from  s t a t i o n  5 w hich a v e rag e d  1 0 ,1  mm, (maximum o f  1 1 .2  

mm., and  minimum o f  9 .0  m m .). The mean w e ig h t o f  th e  lo w er s t a t i o n  

nymphs was 3 .1  mg. i n  c o n t r a s t  to  1 0 .9  mg, from  s t a t i o n  5.

Sam ples c o l l e c t e d  d u r in g  O c to b er r e v e a le d  12 nymphs from  s t a t i o n  

2 . The s i z e  o f  th e s e  nymphs c o n tin u e d  to  show a s te a d y  in c r e a s e  i n  

l e n g th  and w e ig h t;  th e  mean le n g th  was 7 .S  mm, (maximum of 1 0 .3  mm., 

minimum o f  6 .1  mm.) and a v e ra g e d  7.Ô mg. i n  w e ig h t. On November 2 , 30 

nymphs w ere c o l l e c t e d  from  f o u r  sam ples a t  s t a t i o n  2 . The mean w e ig h t 

o f  t h e s e  nymphs more th a n  d o u b led  from  O c to b er t o  November— i . e . :  th e

a v e ra g e  w e ig h t was l 6 . 8  mg. i n  November a s  compared t o  7.Ô mg, i n  O c to b er. 

The mean le n g th  o f th e s e  November nymphs was 9*0 mm., an in c r e a s e  o f

2 .0  mm. o v e r  t h e  O c to b e r nymphs, w ith  a  maximum o f 1 2 .5  mm., and a m in i

mum o f  7 .0  mm.

On November 1 1 , c r o s s - s e c t i o n a l  sam ples were ta k e n  a t  s t a t i o n  

7 . E ig h t P . b a d ia  nymphs were c o l l e c t e d  from  sam ples and av erag ed  11 ,3  

mm. I n  le n g th  (w ith  a  maximum o f 1 4 .6  mm., minimum o f  8 .2  mm,), and 3 2 .2  

mg, i n  w e ig h t.  I t  i s  n o te d  t h a t  th e s e  nymphs were found o n ly  i n  sam ples 

ta k e n  from  th r e e  t o  13 f e e t  from  s h o re ,  a t  d e p th s  e ig h t  to  12 in c h e s .

On December 4> c r o s s - s e c t i o n a l  sam ples w ere ta k e n  a t  s t a t i o n  1 ,

S ix  P . b a d ia  nymphs w ere c o l l e c t e d  from  th e s e  sam ples; two a t  d e p th  n in e  

in c h e s  75 f e e t  from  s h o re , and fo u r  a t  d e p th  f i v e  in c h e s  two f e e t  from  

s h o r e .  The mean w e ig h t o f  th e s e  nymphs more th a n  d o u b led  th e  mean w e ig h t 

o f  November nymphs from  th e s e  lo w e r  s t a t i o n s .  The mean w eigh t o f  December
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nymphs was 4 4 .7  mg. a s  com pared to  1 6 .8  mg. i n  November. The av erag e  

l e n g th  in c r e a s e d  from  9 .8  mm. i n  November to  1 3 .6  mm. i n  December.

On December 1$ , f o u r  nymphs w ere c o l l e c te d  from s t a t i o n s  5 and 

6 . The mean l e n g th  o f  th e s e  nymphs was 1 4 .7  mm. (w ith  a maximum o f  l 6 .3  

mm., minimum o f  1 2 .9  m m .), and av erag ed  6 2 .1  mg. i n  w e ig h t. An in c r e a s e  

i n  w e ig h t o f  2 9 .9  mg. was n o te d  from  th e  November 11 to  December 1$ 

nymphs i n  th e  u p p e r  s t a t i o n s ,  w ith  a  3 .4  mm. in c r e a s e  i n  l e n g th .

G r e a te r  num bers o f  nymphs o f  P te r o n a r c e l la  b a d ia  were c o l le c te d  

from  s t a t i o n  2 th a n  any  o f  th e  o th e r  s t a t i o n s  (F ig .  26 , T able X ). The 

a v e ra g e  num ber o c c u r r in g  i n  th e  q u a n t i t a t i v e  sam ples th ro u g h o u t th e  n in e  

m onth s tu d y  p e r io d  from  a l l  s t a t i o n s  was 0 .4 2  nymphs p e r  s q u a re - fo o t .  

S t a t i o n  2 a v e ra g e d  1 .6 4  nymphs p e r  s q u a r e - f o o t ,  w ith  s t a t i o n  7 fo llo w in g  

w ith  1 .6 0  nymphs p e r  s q u a r e - f o o t .  S ta t io n  4 p roduced  no nymphs o f  t h i s  

s p e c ie s  i n  t h e  26 s q u a r e - f o o t  bo ttom  sam ples c o l l e c te d .  S ta t io n s  5 and 

6 a v e ra g e d  o n ly  0 .0 6  nymphs p e r  s q u a re - fo o t  f o r  51 and 49 s q u a re - fo o t  

sam ples r e s p e c t iv e ly  from  each  s t a t i o n .

G re a te r  num bers o f  th e s e  nymphs p e r  u n i t  a re a  were c o l le c te d  

d u r in g  November th a n  any  o f  th e  o th e r  p e r io d s  ( F ig .  27g T able X I) .

W eigh ts p e r  u n i t  a r e a  (T ab le  X II)  w ere a ls o  h ig h e s t  d u r in g  November.

I t  i s  n o te d  t h a t  h ig h  num bers o f  nymphs p e r  u n i t  a re a  o c c u rre d  a t  s t a t i o n  

2 and s t a t i o n  7 , w ith  s m a ll  num bers r e p r e s e n te d  from  th e  o th e r  s t a t i o n s  

(T a b le  X ).

These d a ta  on  F t e r o n a r c e l l a  b a d ia . i n  th e  B i t t e r r o o t  R iv e r , i n d i 

c a te  a  o n e -y e a r  c y c le .  Summaries f o r  t h i s  s p e c ie s  can be found  i n  T ab les 

X, X I, and  X II .
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F ig u re  2 2 . L e n g th -g ro w th  P t e r o n a r c e l l a  b a d i a . C om paring  nymphs from

s t a t i o n s  1 , 2 ,  and  3 t o  s t a t i o n s  6 ,  a n d  7 .

L =  Low er s t a t i o n s  ( l ,  2 ,  a n d  3 )
U =  U pper s t a t i o n s  ( 5 ,  6 ,  and  7 )

(Numbers o f  sp e c im en s  m e a su re d  i n  p a r e n t h e s i s )
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F ig u re  2 3 . A verage w e ig h ts  o f  P t e r o n a r c e l l a  b a d i a . C om paring  nymphs

from  s t a t i o n s  1 ,  2 , and  3 t o  s t a t i o n s  5» 6 ,  an d  7 .

L — Low er s t a t i o n s  ( l ,  2 ,  a n d  3 )
U Z  U pper s t a t i o n s  ( 5 ,  6 ,  and  7 )
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F ig u re  24* P t e r o n a r c e l l a  b a d ia  -  Mean w e ig h ts  and  l e n g t h s  p l o t t e d  on

lo g a r i th m ic  s c a l e .

L =  Lower s t a t i o n s  ( l ,  2 , and  3 )
U =s U pper s t a t i o n s  ( 5 ,  6 ,  a n d  7 )
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Figure 25- Pteronarcella badia - Weight-length relationships,
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Figure 26. Pteronarcella badia per square-foot at collecting stations,



-123-

i
I
(O

feP.
P

2.0

1.6

8o

4

0
62

S ta t io n s



— X 2 Z f —

F ig u re  27 . P t e r o n a r c e l l a  b a d ia  p e r  s q u a r e - f o o t  a t  m o n th ly  c o l l e c t i o n s ,
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TABLE X

PTERONARCELLA BADIA FROM COLLECTING STATIONS 
APRIL THROUGH DECEMBER

■**Avg. Number
S t a t i o n Number o f Number o f  P . b a d ia  P e r
Number P • b a d ia Sam ples S q u are -F o o t

1 14 91 .15
2 105 64 1 .6 4
3 7 48 .15
4 0 26 0 .
5 3 51 • 06
6 3 49 .06
7 8 5 1 .6 0

T o ta l 140 334

*Mean f o r  a l l  s t a t i o n s  =  .4 2  p e r s q u a r e - f o o t .

TABLE XI

PTERONARCELLA BADIA FROM COLLECTIONS
APRIL THROUGH DECEMBER

*Avg. Number
C o l le c t io n Number o f Number o f P . b a d ia  P e r S ta t io n s

D a tes P . b a d ia Sam ples S q u are -F o o t Sampled

A pr. 1 , 2 10 51 .2 0 1 ,2 ,3 ,4 ,5 ,6
A pr. 2 8 ,2 9 1 15 .0 7 1 ,2 ,3 ,4 ,5 ,6
May 5 0 8 0 . 1
June  1 1 ,1 2 0 39 0 . 1 ,2 ,3 ,4 ,5 ,6
June  2 8 ,2 9 0 34 ' 0 . 1 ,2 ,3 ,4 ,5 ,6
J u ly  1 4 ,1 5 4 33 .1 2 1 ,2 ,3 ,4 ,5 ,6
Aug. 20 44 36 1 .2 2 1 ,2 ,3 ,4 ,5 ,6
S e p t ,  8 , 9 21 32 .6 6 1 ,2 ,3 ,4 ,5 ,6
O c t. 4 ,  5 12 25 .4 8 1 ,2 ,3 ,5 ,6
Nov. 2 , 3 30 18 1 .6 7 1 ,2 ,3 ,5 ,6
Nov. 11 8 5 1 .6 0 7
D ec. 4 6 17 .3 5 1
D ec, 14^15 4 21 .1 9 1 ,2 ,3 ,5 ,6

T o ta l 140 334

*Mean f o r  a l l  c o l l e c t io n s  =  ,4 2  p e r  s q u a re - fo o t ,



TABLE n i

PTERONARCELLA BADIA FROM 334 SQUARE-FOOT BOTTOM SAMPLES 
APRIL THROUGH DECEMBER

Avg. Wt. Max. Min. Avg.
Collection Total Weight of Number Length Length Length Standard Standard

Dates Collected Mg./Sq.Ft. Nymphs Measured (ram. ) (mm. ) (mm. ) Deviation Error

Apr. 1, 2 10 10.4 53.2 10 17.5 9.3 13.0 2.69 .85
Apr. 28,29 1 6.7 100.8 1 18,5
May 5 0 0 0 0
June 11,12 0 0 0 0
June 28,29 0 0 0 0
July 14,15 4 .1 .4 4 3.4 2.6 3.0 .28 .14
Aug. 20 44 2.3 1.9 18 7.2 3.5 4.8 .99 .24
Sept. 8, 9 21 2.6 3.9 21 11.2 4.0 6.2 1.54 .34
Oct. 4, 5 12 3.8 7.8 12 10.3 6.1 7.8 1.11 .32
Nov. 2, 3 30 28.0 16.8 30 12.5 7.0 9.8 1,48 .27
Nov. 11 8 51.5 32.2 8 14.6 8.2 11.3 1.26 .63
Dec. 4 6 15.8 44.7 6 16.4 9.2 13.6 2.25 •79.
Dec. 14,15 4 11.8 62.1 4 16,3 12.9 14.7 2.55 1.04

?



QUANTITATIVE STUDIES ON LEPIDOSTOMA

The fo l lo w in g  q u a n t i t a t i v e  s tu d y  o f th e  genus L epidostom a i s  based  

on  a  t o t a l  o f  1 8 ,1 9 8  l a r v a e ,  c o l l e c te d  from  334 s q u a re - fo o t  bo ttom  sam ples 

o v e r  a  p e r io d  o f  n in e  m onths— A p r i l  th ro u g h  December. The le n g th -g ro w th  

h i s t o r y  o f t h i s  o rg an ism  i s  sum m arized i n  F ig . 28 , b u t w i l l  be p re s e n te d  

c h r o n o lo g ic a l ly .

On A p r i l  1 and 2 , 51 sam ples were ta k e n  from  th e  s i x  s t a t i o n  s i t e s ,  

and 571 l a r v a e  w ere c o l l e c te d  a v e ra g in g  1 1 .2 0  p e r  s q u a r e - f o o t .  From th e  

s i x  s t a t i o n s  sam pled a t  t h i s  t im e , L epido stom a ap p ea red  o n ly  i n  s t a t i o n s  

1 ,  2 ,  and 3* The mean le n g th  o f  th e s e  organ ism s was 3 .9 3  mm. (w ith  a  m axi

mum o f  6 .0  mm., and minimum o f  2 .0  mm.), and th e  mean w eigh t was 2 .3  mg.

On A p r i l  28 and 29 , 15 bo ttom  sam ples w ere ta k e n .  From th e s e  

sa m p le s , 788 la r v a e  were c o l l e c t e d ,  a v e ra g in g  52.53 p e r  s q u a r e - f o o t .

S t a t i o n  3 p ro d u ced  th e  h ig h e s t  num bers o f  L epidostom a th ro u g h o u t th e  samp

l i n g  p e r io d ,  f o r  exam ple; o f  th e  788 c o l l e c te d  a t  t h i s  tim e  (A p r i l  28 

and 2 9 ) ,  760  w ere from  s t a t i o n  3* The mean le n g th  o f  th e s e  form s in c r e a s 

ed t o  4*46  mm. from  3*93 mm. on A p r i l  1 and 2 and had a  maximum o f  6 .0  

mm., minimum o f  2 .3  mm.,  and mean w e ig h t o f  2 .8  mg.

On May 5> e ig h t  sam ples w ere ta k e n  a t  s t a t i o n  1 . The w a te r  l e v e l  

was so h ig h  a t  t h i s  tim e  t h a t  no o th e r  s t a t i o n s  w ere sam pled . The sam ples 

from  s t a t i o n  1  w ere a t  d e p th s  3 t o  18 in c h e s ,  a l l  o f  w hich w ere on bottom  

w hich  was exposed  o r  above th e  w a te r  l i n e  a t  th e  t im e  th e  A p r i l  sam ples 

w ere  t a k e n . .  No L epidostom a w ere found  i n  th e s e  sam p le s .

On June  11 and 1 2 , 39 sam ples r e v e a le d  0 .9 7  L epidostom a p e r  s q u a re -  

f o o t .  These f i g u r e s  show a  c o n s id e ra b le  d ro p  i n  numbers compared t o  th o s e

—128—
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b e fo re  th e  h ig h  w a te r  p e r io d .  The mean le n g th  o f  th e s e  form s was 6 .4 4  

ram., w ith  a  maximum le n g th  o f S.O mm., minimum o f  4*0 mm., and an  a v e r 

age  w e ig h t o f  8 .5  mg.

On June  28 and 29> 34 sam ples r e s u l te d  i n  1 .0 3  L epidostom a la rv a e  

p e r  s q u a r e - f o o t ,  and  5 .7 1  L epidostom a pupae p e r  s q u a r e - f o o t .  The la rv a e  

a v e ra g e d  6 .1 1  mm. i n  le n g th  w ith  a maximum o f  7*2 mm., and minimum o f

5 .0  ram. These len g th -m e a su rem e n ts  were s m a lle r  th a n  th o s e  o f  June 11 and 

12 i n d i c a t i n g  a  p o s s ib l e  wash o f  o rgan ism s dow nstream . The mean w eigh t o f  

th e s e  l a r v a e  a l s o  was s n a l l e r ,  7 .8  mg. a s  compared to  8 .5  mg. f o r  th o se

o f  th e  p re v io u s  c o l l e c t i o n .  The pupae from  th e s e  sam ples av erag ed  6 .0 0  

mm. i n  l e n g t h ,  w ith  a  maximum o f  6 .9  mm., minimum o f  4*7 mm., and had a 

mean w e ig h t o f  1 0 .2  mg. These p u p a l len g th -m easu rem en ts  were s m a lle r  

th a n  w ere l a r v a l  m easurem ents o f  t h e  same c o l l e c t i o n ,  b u t th e  mean w e ig h t 

o f  th e  pupae  was g r e a t e r  th a n  f o r  th e  l a r v a e .

T h i r ty - th r e e  sa m p le s , ta k e n  J u ly  14 and 1 5 , re v e a le d  0 .5 8  pupae 

p e r  s q u a r e - f o o t .  These pupae a v erag ed  5*88 ram. in  le n g th ,  w ith  a m axi

mum o f  6 .2  mm., minimum o f  5 .0  mm., and had a  mean w e ig h t o f  9*68 mg.

Three v e ry  s m a ll  l a r v a e  w ere c o l l e c t e d  from  th e s e  sam ples a lo n g  w ith  th e  

p u p a e . T hese l a r v a e  had  a  mean le n g th  o f  1 .9 3  mm., w ith  a maximijum o f

2 .0  mm., and a  minimum o f  1 .8  mm. A du lt L epidostom a w ere c o l le c te d  i n  

th e  sweep n e t  sam p les a t  t h i s  t im e , th u s  d e te rm in in g  th e  p e r io d  o f  emer

gence f o r  t h i s  g ro u p .

On A ugust 20 , 36 bo tto m  s a n p le s  r e s u l t e d  i n  4 3 .6 1  Lepidostom a 

l a r v a e  p e r  s q u a r e - f o o t .  These la r v a e  av e rag e d  1 .4 5  ram, i n  le n g th ,  w ith  

a  maximum o f  2*1 mm., minimum o f  1 .0  mm., and had a mean w eig h t o f  0 .2 6  

mg. These l a r v a e  av e rag e d  s m a l le r  i n  le n g th  a s  compared to  th o s e  sm a ll 

l a r v a e  c o l l e c t e d  J u ly  14 and 1 5 . I t  was n o te d  th ro u g h o u t th e  f a l l  and
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w in te r  sa m p lin g , t h a t  a few la r v a e  i n  each c o l l e c t i o n  w ere c o n s id e ra b ly  

l a r g e r  th a n  th e  m ain group* But so few o f  th e s e  l a r g e r  l a r v a e  w ere c o l 

l e c t e d  t h a t  i t  was im p o s s ib le  to  n o te  a  s i g n i f i c a n t  d i f f e r e n c e .  The 

t h r e e  l a r v a e  c o l l e c t e d  i n  J u ly  sam ples w ere p r e s e n t  a t  th e  same tim e  o f  

th e  pupae  and a d u l t s ,  w hereas th e  l a r g e r  number o f  sm a ll la rv a e  ap p ea red  

i n  t h e  A ugust 20 sa m p le s , a t  w hich tim e  no pupae o r  a d u l t s  w ere o b se rv e d .

Sam ples c o l l e c t e d  Septem ber 8 and 9 re v e a le d  6 ,3 6 8  Lepidostom a 

l a r v a e  i n  32  s q u a r e - f o o t  sam p les , a v e ra g in g  199*00 la rv a e  p e r  s q u a re -  

f o o t .  The mean le n g th  o f  th e s e  la r v a e  was 1.9& mm., w ith  a  maximum o f

2 .9  mm., minimum o f  1 .3  mm., and a v e rag e d  0 .4 6  mg. i n  w e ig h t. These 

m easurem ents w ere  an in c r e a s e  o v e r th e  August 20 m easurem ents, b u t ,  com

p a re d  to  th o s e  l a r v a e  ta k e n  J u ly  14 and 15 , an  in c r e a s e  o f  o n ly  0*05 mm. 

i n  mean le n g th  was n o te d . These Septem ber sam ples were th e  f i n a l  ones 

ta k e n  from  s t a t i o n  4 .  L epidostom a a t  s t a t i o n  4 ,  on Septem ber 9 j av erag ed  

295*25  p e r  s q u a r e - f o o t ,  com pared to  a  maximum o f  550.83 p e r  s q u a re - fo o t  

a t  s t a t i o n  3> and a  minimum o f  0 .2 5  p e r  s q u a re - fo o t  a t  s t a t i o n  5*

T w e n ty -fiv e  sam ples w ere ta k e n  O c to b er 4 and 5 from  th e  rem ain

in g  f i v e  s t a t i o n s  ( s t a t i o n  4 had been  b u ll-d o z e d )  r e s u l t i n g  i n  248.92  

L ep idostom a la r v a e  p e r  s q u a r e - f o o t .  F our sam ples c o l l e c te d  from s t a t i o n  

3 a t  t h i s  t im e  r e v e a le d  1284*5 L epidostom a p e r  s q u a r e - f o o t ,  w hich was 

th e  maximum number re c o rd e d  p e r  s q u a re - fo o t  f o r  t h i s  genus from  any o f  

th e  c o l l e c t i o n s .  These O c to b er l a r v a e  a v e rag e d  2 .7 5  mm. i n  l e n g th ,  w ith  

a  maximum o f  4*4 mm., minimum o f  1 .8  mm., and av erag ed  0 .6 9  mg. i n  w e ig h t.

Bottom  sam ples w ere c o l l e c t e d  November 2 and 3 from  s t a t i o n s  1 ,

2 , 3 f 5 9 and  6 , and November 1 1 , sam ples w ere ta k e n  a t  s t a t i o n  7*

E ig h te e n  sam p les ( November 2 and 3 ) r e v e a le d  103 .6 7  L epidostom a p e r  

s q u a r e - f o o t ,  and f i v e  c r o s s - s e c t i o n a l  sam ples a t  s t a t i o n  7 on November
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11 r e s u l t e d  i n  1 .0 0  L epidostom a l a r v a e  p e r  s q u a r e - f o o t .  The mean 

le n g th  o f  a l l  th e s e  November la r v a e  was 3*13 nun., w ith  a  maximum le n g th  

o f  3*6 mm,, minimum o f  1 ,8  mm,,  and av erag ed  1 ,0 5  mg, i n  w e ig h t. The 

in c r e a s e  i n  mean l e n g th  o f  th e  la r v a e  was l e s s  betw een O ctober and Nov

em ber th a n  betw een  th e  Septem ber and O c to b er fo rm s. The a v e ra g e  w e ig h t, 

how ever, in c r e a s e d  a t  a  g r e a t e r  r a t e .

T h i r ty - e ig h t  sam ples were ta k e n  d u r in g  December. S even teen  

c r o s s - s e c t i o n a l  sam ples w ere  c o l l e c te d  a t  s t a t i o n  1 on December 4> r e s u l t 

in g  i n  7*29 L ep idostom a p e r  s q u a re - fo o t ;  and 21 sam ples w ere c o l le c te d  

from  s t a t i o n s  1 , 2 , 3» 5,  and 6 on December 14 and 1 5 , a v e ra g in g  28 .43  

l a r v a e  p e r  s q u a r e - f o o t .  The mean le n g th  o f  a l l  th e s e  December la r v a e  

was 3*19 mm,, w ith  a  maximum of 5*7 mm,, minimum o f 1 ,7  mm,, and av e rag ed  

1 ,5 0  mg, i n  w e ig h t .  T his mean leng th -m easu rem en t was o n ly  0 ,0 6  mm, more 

th a n  f o r  November l a r v a e — i n d ic a t i n g  a s m a lle r  in c re a s e  i n  le n g th -m e a su re 

m en ts a s  com pared to  p re v io u s  r e c o rd in g s .  The mean w e ig h ts , how ever, con

t in u e d  t o  i n c r e a s e  a t  a  s te a d y  r a t e  a s  shown on th e  lo g a r i th m ic  w eigh t 

and  l e n g th  g rap h  ( F ig ,  29)* The le n g th -w e ig h t r e l a t i o n s h ip  i s  shown i n  

F ig .  3 0 ,

More L ep idostom a l a r v a e  o c c u rre d  th ro u g h o u t th e  s tu d y  p e r io d  i n  

s t a t i o n  3 th a n  th e  t o t a l  o f a l l  o th e r  s t a t i o n s  (T ab le  X I I I ) ,  The mean 

num ber o f  th e s e  l a r v a e  a t  t h i s  s t a t i o n  th ro u g h o u t th e  n in e  month s tu d y  

p e r io d  was 254*35 p e r  s q u a r e - f o o t .  S ta t io n s  2 and 4 , below and above 

s t a t i o n  3 ,  w ere  6 2 ,1 9  and 58*69 p e r  s q u a r e - f o o t  r e s p e c t iv e ly .  S ta t io n s  

1 ,  5 , and 6 c o n tin u e d  t o  d e c re a s e  i n  number a s  th e  d is ta n c e  from  s t a t i o n  

3 in c r e a s e d .  I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  t h i s  fo rm  o c c u rre d  th ro u g h 

o u t  th e  s e c t io n  o f th e  s tre a m  s tu d ie d  and t h a t  one a re a  ( s t a t i o n  3 ) r e 

s u l t e d  i n  such  h ig h  num bers p e r  u n i t  a re a  (F ig ,  3 1 , T able XIV ), The
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h l ^ e s t  number p e r  u n i t  a r e a  o f  th e s e  la rv a e  o c c u rre d  d u rin g  th e  l a t e  

summer and f a l l  (A ugust th ro u g h  November), w ith  th e  peak  b e in g  i n  O ct

o b e r  ( F ig .  3 2 ) .  Needham (1939) found  t h a t  h ig h  numbers o f  o rgan ism s 

p e r  u n i t  a r e a  a r e  n o t  n e c e s s a r i l y  c o r r e l a t e d  w ith  h ig h  w e ig h ts  o e r  u n i t  

a r e a .  D uring  O c to b e r , when maximum numbers o f  la r v a e  p e r  u n i t  a r e a  oc

c u r r e d  ( 2 4 8 .9 2  p e r  s q u a r e - f o o t  f o r  a l l  s t a t i o n s ) ,  th e  w e ig h t was 171*5 

mg. p e r  s q u a r e - f o o t .  Sam ples c o l l e c te d  th e  l a s t  o f A p r i l  r e s u l t e d  i n  

o n ly  52 .53  l a r v a e  p e r  s q u a r e - f o o t ,  b u t th e  w e ig h t o f  la rv a e  p e r  s q u a re -  

f o o t  was 1 4 8 .7  mg. (T ab le  X 7). The d i f f e r e n c e  was i n  th e  av e rag e  

w e ig h t o f  th e  l a r v a e :  O c to b er la r v a e  had a mean w e ig h t o f  O.69  m g .,

com pared t o  2 .8  mg. f o r  th e  la r v a e  c o l le c te d  d u r in g  th e  l a s t  o f  A p r i l .

These d a ta  on L ep idostom a. i n  th e  B i t t e r r o o t  R iv e r , in d ic a te  

a  o n e -y e a r  l i f e  c y c le .  A summary o f  Lepidostom a o c c u rs  i n  T ab les X I I I ,  

XIV, and  XV.
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F ig u r e  2 8 . L e p id o s to m a  -  M ean l e n g t h - g r o w t h ,

(N um bers o f  s p e c im e n s  m e a s u re d  i n  p a r e n t h e s i s )
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Figure 2 9 . Lepido stoma — Logarithmic weights and lengths*
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Figure 3 0. Lepidostoma - Length-weight relationships, April to December,
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ta ble  X I I I

LEPIDOSTOMA FROM COLLECTING STATIONS 
APRIL THROUGH DECEMBER

S t a t i o n
Number

Number o f  
L eo id o s to m a

- *A vg. Number 
Number o f  L ep id o sto m a  

Sam ples P e r  S q u a re —F oot

1 407 91 4 .4 7
2 3 ,9 8 0 64 6 2 .1 9
3 1 2 ,2 0 9 48 2 5 4 .3 5
4 1 ,5 2 6 26 58 .69
5 36 51 .7 1
6 35 49 .7 1
7 5 5 1 .0 0

T o ta l 1 8 ,1 9 8 334

*Mean f o r  a l l  s t a t i o n s  =  5 4 .4 8 p e r  s q u a r e - f o o t .

TABLE XIV

LEPIDOSTOMA. FROM COLLECTIONS
APRIL THROUGH DECEMBER

*A vg. Number
C o l l e c t i o n Number o f  Number o f L ep id o sto m a S t a t i o n s

D a te s L ep id o sto m a Sam ples P e r  S q u a re -F o o t Sam pled

A p r . 1 ,  2 571 51 1 1 .2 0 I j2 j3 j4 j t5 f l6
A p r. 2 8 ,2 9 788 15 5 2 .5 3 If2 ,3 g 4 g  5 j6
May 5 0 8 0 . 1
Ju n e  1 1 ,1 2 38 39 • 97 1 , 2 , 3 , 4 , 5 , 6
Ju n e  2 8 ,2 9 35 34 1 .0 3 1 , 2 , 3 , 4 , 5 , 6
J u l y  3A ,13 3 33 .0 9 1 , 2 , 3 , 4 , 5 , 6
Aug. 20 1 ,5 7 0 36 4 3 .6 1 1 , 2 , 3 , 4 , 5 , 6
S e p t .  8 ,  9 6 ,3 6 8 32 1 9 9 .0 0 1 , 2 , 3 , 4 , 5 , 6
O c t .  4 ,  5 6 ,2 2 3 25 2 4 8 .9 2 1 , 2 , 3 , 5 , 6
Nov. 2 ,  3 1 ,8 6 6 18 1 0 3 .6 7 1 ,2 , 3 , 5 , 6
Nov. 11 5 5 1 .0 0 7
D ec. 4 124 17 7 .2 9 1
D ec. 1 4 ,1 5 607 21 2 8 .4 3 1 ,2 , 3 , 5 , 6

T o ta l 1 8 ,1 9 8 334

*Mean for all collections =  54.48 per square-foot.
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Figure 31. Lepidostoma per square-foot at collecting stations,
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Figure 3 2. Lepidostoma per square-foot at monthly collections,
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TABLE XV

LEPIDOSTOHA from 334 SQUARE-FOOT BOTTOM SAMPLES 
APRIL THROUGH DECEMBER

Collection
Dates

Total
Collected

Weight
ffe./Sq.Ft,

Avg. Wt.
of

Larvae
Number

Measured

Max.
Length
(mm.)

Min.
Length

(mm.)

Avg.
Length
(mm.)

Standard
Deviation

Standard
Error

Apr, 1, 2 571 26.1 2.3 112 6.0 2.0 3.93 .65 .06
Apr, 28,29 788 148.7 2.8 53 6.0 2.3 4.46 .89 .12
June 11,12 38 8.2 8.5 33 8.0 4.0 6.44 .78 .14
June 28,29 35 8.0 7.8 28 7.2 5.0 6.11 .55 .10

*194 *58.0 *10.2 *51 *6.9 *4.7 *6.00 *.46 *.06
July 14,15 3 3 2.0 1.8 1.93 .10 .18

*19 *5.6 *9.7 *10 *6.2 *5.0 *5.88 *.40 *.13
Aug, 20 1570 11.4 .3 80 2.1 1.0 1.45 .31 .03
Sept,, 8, 9 6368 91.7 .5 86 2.9 1.3 1.98 .36 .04
Oct, 4, 5 6223 171.5 .7 108 4.4 1.8 2.75 .50 .05
Nov, 2,3,11 1871 85.2 1.1 113 5.6 1.8 3.13 .62 .06
Dec. 4,14,15 731 29.5 1.5 149 5.7 1.7 3.19 .61 .05

*Lepido stoma pupae,



SUMKART

1* The o r i g i n a l  p l a n  t o  make a  y e a r - r o u n d  s tu d y  o f  t h e  p o p u la t io n  

o f  i n s e c t s  i n  t h e  B i t t e r r o o t  R iv e r  was m o d if ie d  i n t o  a  s t a t i s t i c a l  a n a ly 

s i s  o f  t h r e e  s p e c i e s  o f  a q u a t i c  i n s e c t s .  D a ta  w ere  s e c u re d  from  s i x  s e l 

e c t e d  s t a t i o n s  on  t h e  m ain  B i t t e r r o o t  R iv e r  and t h e  E a s t  Fork  o f  t h e  B i t 

t e r r o o t  R iv e r .

2 .  T e m p e ra tu re s ,  c u r r e n t  v e l o c i t i e s ,  w a te r  l e v e l s ,  and  i c e  c o n d i

t i o n s  a r e  g iv e n  f o r  t h e  s i x  s t a t i o n s .

3 .  I n  q u a n t i t a t i v e  c r o s s - s e c t i o n a l  sam p le s  o f  s t a t i o n s  1 and 7 , 

d i f f e r e n c e s  w e re  g iv e n  a s  show n.

4 .  Q u a n t i t a t i v e  d a t a  f o r  a l l  a q u a t i c  i n s e c t s  f o r  a l l  s t a t i o n s  w ere 

g iv e n  f o r  A p r i l  1 an d  2 ,  1 9 5 6 .

5* A n a ly s i s  o f  d a t a  f o r  P te r o n a r c y s  c a l i f o r n i c a  showed th e  fo l lo w 

in g :

a .  S t a t i o n  3 was t h e  lo w e r  a l t i t u d i n a l  l i m i t  o f  t h i s  s p e c i e s .

b .  T h is  s p e c i e s  em erged a t  w a te r  te m p e ra tu re  o f  51^ F.

c .  P . c a l i f o r n i c a  p r o b a b ly  h a s  a  f o u r - y e a r  l i f e  c y c le .

d .  P o p u la t io n  d e n s i t i e s  v a r i e d  from  0 .1 0  nymphs p e r  s q u a re -  

f o o t  a t  s t a t i o n  3 ,  t o  4 .2 0  a t  s t a t i o n  7 .

6 .  A n a ly s is  o f  d a t a  f o r  P t e r o n a r c e l l a  b a d ia  showed t h e  fo l lo w in g :

a .  P e r io d  o f  em erg en ce  was from  t h e  l a t t e r  p a r t  o f  Ju n e  t o  

t h e  m id d le  o f  J u l y .

b .  A o n e - y e a r  l i f e  sp a n  i s  i n d i c a t e d .

c .  A s i g n i f i c a n t  d i f f e r e n c e  i n  s i z e  o c c u r r e d  b e tw een  nymphs 

fro m  th e  u p p e r  and  lo w e r  s t a t i o n s ;  a  d i f f e r e n t  g row th  r a t e
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w as -found  b e tw e e n  nymphs o f  t h e s e  tw o a r e a s ,

d .  P o p u la t i o n  d e n s i t i e s  v a r i e d  fro m  O.O6 nymphs p e r  s q u a re -  

f o o t  a t  s t a t i o n s  5 an d  6 ,  t o  I .6 4  a t  s t a t i o n  2 .

? •  A n a ly s is  o f  d a t a  f o r  L ep id o s to m a  s p . showed th e  fo l lo w in g :

a .  P u p a t io n  and  em ergence  o c c u r  d u r in g  t h e  l a t t e r  p a r t  o f  

Ju n e  an d  m id d le  o f  J u l y .

b .  A o n e - y e a r  c y c le  i s  e v id e n t .

c .  S t a t i o n  3 was th e  optim um  h a b i t a t  f o r  t h i s  g e n u s , show

in g  254*35  l a r v a e  p e r  s q u a r e - f o o t .

d .  A s i g n i f i c a n t  d i f f e r e n c e  i n  s i z e  o c c u r re d  i n  t h i s  g e n u s .
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table  XVI

ANNUAL CLIMATOLOGICAL SUMMART, U. S . WEATHER BUREAU 
STATION 24 7964  1 ,  SULA, MONTANA, 1956

Temp e r a t u r e  s ° F . P r e c i p i t a t i o n

D a te
Mean
Max.

Mean
M in. Mean T o ta l

G r e a te s t
D a i ly
Amount D ate

In c h e s
Snow D ate

J a n u a r y 3 4 .1 8 .5 2 1 .3 .7 7 .3 4 16 1 3 .3 16
F e b ru a ry 3 3 .8 5 .9 1 9 .9 .4 2 .1 7 13 5 .5 15
M arch 4 5 .4 1 4 .4 2 9 .9 1 .2 8 .2 5 2 2 .5 14
A p r i l 5 7 .3 2 7 .9 4 2 .6 1 .1 8 .5 4 17 T
May 6 6 .2 3 5 .5 5 0 .9 1 .8 9 .3 6 T
Ju n e 7 4 .3 4 0 .1 5 7 .2 2 .6 2 1 .0 0 16 .0
J u l y 8 2 .6 4 7 .2 6 4 .9 2 .0 8 .7 6 2 .0
A ugust 7 7 .4 4 1 .8 5 9 .6 1 .4 7 .4 6 27 .0
S e p te m b e r 7 5 .2 3 5 .6 5 5 .4 .4 5 .1 7 27 .0
O c to b e r 5 6 .4 2 6 .1 4 1 .3 1 .5 2 .3 4 26
Novem ber 4 0 .6 1 6 .0 2 8 .3 .5 6 .2 3 17
D ecem ber 3 4 .5 1 6 .1 2 5 .3 1 .2 9 .6 0 10 6 .0 5

A nnua l 5 6 .5 2 6 .3 4 1 .4 1 5 .5 3

The above  t a b l e  i s  an  a n n u a l  c l i m a t o l o g i c a l  summary f o r  1956 

from  t h e  U. S . W ea th e r  B u reau  s t a t i o n  a t  S u la .  The a n n u a l mean m axi

mum te m p e r a tu r e  w as 5 6 .5 ^  F , ,  mean minimum o f  2 6 .3 °  F . , and  th e  a n n u a l  

m ean te m p e r a tu r e  was 4 1 .4 °  F . The t o t a l  p r e c i p i t a t i o n  f o r  1956 a t  S u la  

was 15*53  i n c h e s .
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ta ble  XVII

TEMPERATURES: STATION 1 ,  APRIL THROUGH JANUARY

D a te

Time
o f

Day
W ate r
Temp,

Ground
Temp.

A ir
Temp.

A p r, 1 ,1 9 5 6 1 0 :3 5 39 ° F . 35  ° F . 31  °F .
A p r. 2 8 ,1 9 5 6 1 0 :0 0 44 49 48
May 5 ,1 9 5 6 1 0 :4 5 50 52
Ju n e 1 1 ,1 9 5 6 1 0 :4 5 54 66 62
Jim e 2 8 ,1 9 5 6 1 3 :0 0 61 84 88
J u l y 1 5 ,1 9 5 6 1 5 :0 0 67 80 79
Aug. 2 0 ,1 9 5 6 0 9 :0 0 62 60 62
S e p t . 8 ,1 9 5 6 1 0 :0 0 62 63 68
O c t. 5 ,1 9 5 6 1 6 :3 0 56 57 63
Nov. 2 ,1 9 5 6 1 4 :0 0 45 44 43
D ec. 1 4 ,1 9 5 6 1 3 :3 0 42 40 42
J a n . 1 2 ,1 9 5 7 0 9 :0 0 36 F ro z en 31

TABLE X V III

TEMPERATURES; STATION 2 , APRIL THROUGH JANUARY

Time
o f W ate r Ground A ir

D a te Day Temp, Temp. Temp.

A p r. 1 ,1 9 5 6 1 4 :0 0 39 ° F . 35 ° F . 37 ®F.
A p r. 2 8 ,1 9 5 6 1 2 :3 0 44 52 51
Ju n e 1 1 ,1 9 5 6 1 4 :0 0 56 68 68
Ju n e 2 8 ,1 9 5 6 1 6 :3 0 64 81 81
J u l y 1 5 ,1 9 5 6 1 0 :0 0 60 72 68
Aug. 3 ,1 9 5 6 1 1 :0 0 63 67 64
Aug. 2 0 ,1 9 5 6 1 0 :2 5 62 70 74
S e p t . 8 ,1 9 5 6 1 2 :0 0 61 74 76
O c t . 5 ,1 9 5 6 1 4 :0 0 57 62 71
Nov. 2 ,1 9 5 6 1 6 :0 0 43 39 43
D ec. 1 4 ,1 9 5 6 1 5 :0 0 38 38 41
J a n . 1 2 ,1 9 5 7 1 1 :0 0 32 F ro z e n 36
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ta ble  XIX

TEMPERATURES: STATION 3 ,  APRIL THROUGH JANUARY

D ate

Time
o f

Day
W ater
Temp.

Ground
Temp.

A ir
Temp.

A p r. 1 ,1 9 5 6 1 6 :3 0 39 ®F. 35 "^F. 41  ^F .
A p r. 2 8 ,1 9 5 6 14: 50 42 50 54
Ju n e 1 1 ,1 9 5 6 17: 00 55 69 71
Ju n e 2 9 ,1 9 5 6 0 9 :0 0 53 53 62
J u l y 1 4 ,1 9 5 6 1 4 :0 0 63 79 81
Aug. 2 0 ,1 9 5 6 12: 00 69 68 76
S e p t . 8 ,1 9 5 6 14: 00 66 58 75
O c t . 4 ,1 9 5 6 1 5 :0 0 46 44 65
Nov. 3 ,1 9 5 6 1 5 :0 0 41 37 35
D ec. 1 4 ,1 9 5 6 1 6 :3 0 36 37 39
J a n . 1 2 ,1 9 5 7 1 2 :3 0 34 F ro z e n 42

TABLE XX

TEMPERATURES: STATION 4 , APRIL THROUGH SEPTEMBER

Time
o f W ater Ground A ir

D a te Day Temp. Temp. Temp.

A p r. 2 ,1 9 5 6 1 5 :0 0 42  ° F . 41  ®F. 39 ° F .
A pr. 2 9 ,1 9 5 6 1 6 :0 0 43 48 48
Ju n e 1 2 ,1 9 5 6 1 5 :0 0 53 68 72
Ju n e 2 9 ,1 9 5 6 1 5 :0 0 60 74 75
J u l y 1 4 ,1 9 5 6 1 2 :0 0 60 84 80
Aug. 2 0 ,1 9 5 6 1 3 :1 0 64 66 78
S e p t . 9 ,1 9 5 6 1 2 :4 5 57 68 78
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ta ble  XXI

TEMPERATURES: STATION 5 , APRIL THROUGH JANUARY

D a te

Time
o f

Day
W ater
Temp.

Ground
Temp.

A ir
Temp.

Apr* 2 ,1 9 5 6 1 4 :0 0 39 42 ° F . 39 ° F .
Apr* 2 9 ,1 9 5 6 1 5 :3 0 41 46 56
Jtin e 1 2 ,1 9 5 6 1 2 :0 0 51 65 69
Ju n e 2 9 ,1 9 5 6 1 3 :0 0 56 70 74
J u l y 1 4 ,1 9 5 6 1 1 :0 0 54 74 79
Aug. 2 0 ,1 9 5 6 1 4 :0 0 62 73 78
S e p t . 9 ,1 9 5 6 1 1 :4 5 52 63 71
O c t. 4 ,1 9 5 6 1 2 :1 5 45 44 64
Nov. 3 ,1 9 5 6 1 2 :3 0 32 F ro z en 30
D ec. 1 5 ,1 9 5 6 1 2 :0 0 32 F ro z e n 36
J a n . 1 2 ,1 9 5 7 1 4 :0 0 32 F ro z e n 38

TABLE X X ll

TEMPERATURES: STATION 6 ,  APRIL THROUGH JANUARY

Time
o f W a te r Ground A ir

D a te Day Temp. Temp. Temp.

A p r. 2 ,1 9 5 6 1 2 :0 0 3Ô ° F . 39 °F 42 ^F .
A p r. 2 9 ,1 9 5 6 14 : 00 43 55 54
Ju n e 1 2 ,1 9 5 6 1 0 :3 0 48 66 64
Ju n e 2 9 ,1 9 5 6 1 1 :3 0 54 62 62
J u l y 1 4 ,1 9 5 6 0 9 :0 0 54 65 75
Aug. 2 0 ,1 9 5 6 1 5 :0 0 64 75 77
S e p t . 9 ,1 9 5 6 1 0 :3 0 51 58 65
O c t . 4 ,1 9 5 6 1 1 :0 0 46 46 61
Nov. 3 ,1 9 5 6 1 1 :0 0 34 F ro z e n 28
D ec. 1 5 ,1 9 5 6 1 0 :0 0 32 F ro z e n 35
J a n . 1 2 ,1 9 5 7 1 5 :0 0 32 F ro z e n 38
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ta ble  X X III

WATER TEMPERATURES FOR STATIONS 1 TO 6 , APRIL THROUGH JANUARY 
(STATION 4 ,  APRIL THROUGH SEMPTEMBER)

1 2 3 4 5 6

Max* W a te r  Temp *  67.0*^F 6 4 .0 ° F 6 9 .0 °F * 6 4 .0 * F . 62*0°F* 64 .0°F*
”Avg.” W a te r  Temp • 5 1 .6 5 1 .6 4 9 .5 5 4 .1 4 5 .1 4 5 .1
Min* W ate r  Temp * 36*0 32*0 3 4 .0 4 2 .0 3 2 .0 32*0

TABLE XXIV

AVERAGE CURRENT VELOCITIES IN FEET :PER SECOND FOR EACH STATION

D ate 1 2 3 4 5 6

Apr* 1 2 .5 3 .0 2 .5
A p r. 2 4 .6 4 .6 2 .4
Apr* 28 3 .7 4 .0 2 .8
Apr* 29 4 .4
May 5 1*8
Ju n e 11 3 .1 2*8 2 .6
Ju n e 12 5 .2 5 .1 4 .5
Ju n e 28 2 .4 2*2
Ju n e 29 4 .4 4 .1 4 .6 4 .2
J u l y 14 4 .1 3 .6 4 .0 3 .0
J u l y 15 1 .9 2*6
Aug* 20 •4 .5 1 .9 1 .2 3 .1 2 .2
S e p t,* 8 1*0 .4 1 .9
S e p t . 9 1*0 3 .3 2 .2
O ct* 4 1 .9 3 .1 1*8
Oct* 5 1 .0 1 .7
Nov* 2 1 .0 1 .5
Nov* 3 2*4 2*8 1*6
Nov. 11 * * 3 .4
D ec, 4 * 3 .1
Dec* 14 1 .7 1 .6 3 .4
D ec. 15 4 .4 2 ,0
J a n . 12 1*0 1 .0 2*7 3 .1 2*3

^ M e asu re d  a t  lo w e r  end  o f  s t a t i o n  s i t e  when c r o s s - s e c t i o n a l  sam p les  w ere  
ta k e n *

c o rd e d  a t  s t a t i o n  7 ,  o n e - h a l f  m i le  above  s t a t i o n  6 when c r o s s - s e c t i o n  
sa m p le s  w ere  ta k e n *
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table  XX7

AVERAGE NUMBER OF BOTTOM ORGANISMS PER SQUARE-FOOT 
OCCURRING IN STATIONS 1 TO 6 ,  APRIL 1 AND 2 , 1956 

(BASED ON 51 SQUARE-FOOT BOTTOM SAMPLES)

B ottom  F auna  
C o l l e c t e d 1 2 3 4 5 6

P l e c o p t e r a  
C hlo ro p  e r l i d a e  
N em ouridae 
P e r l i d a e  
P e r lo d id a e

1 0 .0 7 1 5 .6 2 3 .8 0 7 .5 0 7 .2 5 2 .8 6

E p h e m e ro p te ra
B a e t id a e
H e p ta g e n iid a e

2 9 .6 4 6 0 .0 8 3 3 .4 0 6 3 7 .2 5 82 .63 3 8 4 .0 0

D ip te r a  
T en d ip  e d id a e  
T ip u l id a e  
S im u lid a e  
E p h y d r id a e

4 .6 4 2 3 .8 5 9 .4 0 4 8 .7 5 1 0 .1 3 3 5 .86

C o le o p te r a  
E lm id ae  l a r v a e  
and  a d u l t s  and  
Unknown C o le o p -  
t e r a n  l a r v a e

0 .5 0 0 .5 4 0 .4 0 0 .2 5 0 .1 3 0 .

T r ic h o p te r a  
L e p id o s to ra a t id a e  
B ra c h y c e n tr id a e  
H y d ro p sy c h id a e  
R h y a c o p h il id a e

1 .6 4 3 2 .5 4 2 8 .2 0 0 . 0 .2 5 0 .

A n n e lid a 2 .0 0 0 .1 5 1 0 .6 0 4 .0 0 8 .8 8 1 5 .0 0
G a s tro p o d a 0 . 0 . 0 . 1 .0 0 0 . 0 .
F i s h

R h in ic h th y s
c a t a r a c t a e

0 .0 7 0 . 0 . 0 . 0 . 0 .
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