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OBJECTIVES 

S p e c i f i c  O b j e c t i v e s  were: 

1. Determine t h e  food h a b i t s  of immature m a y f l i e s  
i n  n o r t h e r n  Idaho w a t e r s .  

2 .  Study t h e  e f f e c t s  of t h e  p h y s i c a l  and b i o t i c  
environment on t h e  d i s t r i b u t i o n  and abundance 
of m a y f l i e s .  



ABSTRACT 

The food h a b i t s  and ecol.ogy were s t u d i e d  f o r  31 s p e c i e s  of may- 

f l y  nymphs from t h e  S t .  Maries River  i n  Idaho ,  du r ing  1967 and 1968. 

Mayfly nymphs were b a s i c a l l y  h e r b i v o r e s ,  f e e d i n g  on v a r i a b l e  amounts 

o f  d e t r i t u s ,  d:iatoms and f i l amentous  a l g a e ;  i n s e c t s  were o c c a s i o n a l l y  

consumed. The f eed ing  h a b i t s  depended l a r g e l y  on t h e  m i c r o h a b i t a t  of 

t h e  nymph, e . g .  r i f f l e  s p e c i e s  g e n e r a l l y  f e d  more on f i l amen tous  a l g a e  

and dia toms wh i l e  poo l - i nhab i t i ng  nymphs f e d  l a r g e l y  on d e t r i t u s .  

D i f f e r e n t  age c:lasses o f  nymphs u s u a l l y  f e d  on t h e  same r e l a t i v e  com- 

p o s i t i o n  of food. Nymphs of many mayfly s p e c i e s  demonstra ted s i m i l a r  

m i c r o h a b i t a t  a f f i n i t i e s ,  a l t hough  t h e  mac rohab i t a t s  were o f t e n  d i s -  

s i m i l a r .  Bottom type  and c u r r e n t  speed  were impor tan t  f a c t o r s  l i m i t i n g  

mayfly d i s t r i b u t i o n .  A dendrogram was used t o  c o r r e l a t e  s t a t i o n  

s i m i l a r i t i e s  b i o t i c a l l y ;  s e v e r a l  d i v e r s e  h a b i t a t s  suppor ted  t h e  same 

s p e c i e s .  

Brusven, M. A. and G i l p i n ,  B. R.  

"Aquatic Environment and Food Hab i t s  of Mayflies1'  

Techn i ca l  Completion Report  P r o j e c t  A-022-IDA 

June ,  1969 

Key Words: "mayf l i es ,  s t r e a m s ,  *food h a b i t s ,  *ecology, 
behav io r ,  d i s t r i b u t i o n  



INTRODUCTION 

Mayfl ies  a r e  an important  group of a q u a t i c  i n s e c t s  which 

have a  wide d i s t r i b u t i o n  and h igh  a d a p t a b i l i t y .  U n t i l  r e c e n t l y  

t he  food h a b i t s  and ecology of many s p e c i e s  have been l a r g e l y  

unknown. 

The o rde r  Ephemeroptera is  composed of approximately  

2,000 de sc r i bed  s p e c i e s  i n  t h e  world wi th  l e s s  than 20% of t h e  

nymphs known (Edmunds and Allen,  1966) . The l a c k  of s u f f i c i e n t  

taxonomic keys ha s  l i m i t e d  e c o l o g i c a l  s t u d i e s  f o r  many s p e c i e s  

and p a r t i c u l a r l y  t h e  nymphs. 

I n  man's cont inued s e a r c h  f o r  knowledge, he  must seek  

deeper  i n t o  t h e  many s u b t l e  e c o l o g i c a l  r e l a t i o n s h i p s  t o  under- 

s t a n d  t h e  a q u a t i c  ecosystem, The nymphs of may f l i e s  occupy an 

important  p l a c e  i n  t h e  food cha in s  of a q u a t i c  communities. T h e i r  

e c o l o g i c a l  n i che  i s  p r i m a r i l y  t h a t  of t r ans forming  p l a n t  t i s s u e  

i n t o  animal.  They thus  p lay  an important  r o l e  i n  t h e  a q u a t i c  

ecosystem by b r i dg ing  t h e  gap between prlmary and secondary 

produc t ion .  

Th is  s t udy  on t h e  food h a b i t s  and ecology of mayfly nymphs 

w i l l  c o n t r i b u t e  fundamental  knowledge t o  a  b e t t e r  unders tand ing  

of food cha in s ,  environment a 1  requirements ,  m ic~oeco logy  and 

behav ior ,  p o l l u t i o n a l  r e l a t i o n s h i p s  and t o  a  b a s i c  b i o l o g i c a l  

unders tand ing  of t h i s  important  aquac ic  i n s e c t  group. 



REVIEW OF LITERATURE 

The food h a b i t s  and ecology of mayfly nymphs have been 

r a t h e r  p o o r l y  documented i n  en tomolog ica l  l i t e r a t u r e .  Much of t h e  

e a r l y  work d e a l t  w i t h  t h e  l i f e  h i s t o r y  and taxonomy of t h e  a d u l t s .  

S e v e r a l  taxonomic r e f e r e n c e s  on a d u l t  and nymphal m a y f l i e s  

b e a r  s p e c i a l  mention.  Day (196 3 )  and Berner  (1959) c o n t r i b u t e d  

v a l u a b l e  keys t o  North American mayfly nymphs. Edmunds (1954),  

Edmunds and A l l e n  (195'71, Edmunds e t  a l ,  (1963) and A l l e n  and 

Edmunds (1961) c o n t r i b u t e d  e x t e n s i v e l y  t o  t h e  taxonomy and ecology 

of mayfly nymphs. Through t h e  e f f o r t s  of G. F. Edmunds and h i s  

s t u d e n t s  a t  t h e  U n i v e r s i t y  of Utah, v a l a a b l e  taxonomic and 

b i o l o g i c a l  c o n t r i b u t i o n s  have been made f o r  wes te rn  m a y f l i e s .  

S .  L. J e n s e n  (1966) r e c e n t l y  completed a  voluminous work o n  t h e  

m a y f l i e s  of Idaho,  p r o v i d i n g  i n v a l u a b l e  i n f o r m a t i o n  on t h e i r  

taxonomy and eco logy .  

E c o l o g i c a l  c o n t r i b u t i o n s  were made by s e v e r a l  workers  i n  

t h e  e a r l y  1900 ' s .  Morgan (1913) conducted s t u d i e s  on nymphal 

ecology and s t r u c t u r e .  Clemens (19i3)  r e p o r t e d  on nymphal ecology 

and food h a b i t s  of H e p t a ~ e n i a .  I n  l a t e r  s t u d i e s ,  Clemens (1915, 

1917) d e s c r i b e d  t h e  e c o l o g i c a l  requirements  of S iph lonurus  and 

C h i r o t e n e t e s  . 
Researchers  of t h e  1920 ' s  and 1 9 3 0 ' s  were l a r g e l y  concerned 

w i t h  t h e  p h y s i c a l  r equ i rements  of m a y f l i e s .  Needham (1920) gave a  

g e n e r a l  d e s c r i p t i o n  and b r i e f  ecology of Rhi throgena mimus Eaton.  
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Dodds and Hisaw (1924) r e f l e c t e d  on t h e  behav ior  and morphological  

a d a p t a t i o n s  of mayfly nymphs i n  r e l a t i o n  t o  t h e i r  m ic rohab i t a t .  

Neave (1930) r e p o r t e d  on t h e  mig ra t i ons  of B l a s tu ru s  cupidus Say i n  

s e l e c t e d  h a b i t a t s .  Hora (1930) i n d i c a t e d  c u r r e n t  speed was an 

impor tan t  l i m i t i n g  f a c t o r  on nymphal d i s t r i b u t i o n .  L a t e r ,  I d e  

(1935) demonstrated t h e  e f f e c t  of t empera ture  on nymphal d i s t r i b u -  

t i o n  i n  a  s t ream.  S t u d i e s  on t h e  b io logy  of mayf l i es  by 

J. G .  Needham, J .  R. Traver  and Yin Chi Hsu (1935) summarized much 

of t h e  e a r l y  knowledge on North American mayf l i e s  and provided a  

b a s i s  f o r  many of t h e  l a t e r  s t u d i e s .  

During t h e  1940 's  and e a r l y  1950 ' s  mayfly s t u d i e s  were s t i l l  

l a r g e l y  taxonomic-ecological ,  b u t  w i th  i n c r e a s e d  emphasis on may- 

f l i e s  i n  r e l a t i o n  t o  t h e  a l t e r e d  environment.  Linduska (1942) 

i n d i c a t e d  t h a t  t h e  bottom type  of s t reams  i s  an impor tan t  f a c t o r  

i n f l u e n c i n g  t h e  l o c a l  d i s t r i b u t i o n  of mayfly nymphs. Berner  (1950) 

recognized t h a t  t h e  mayfly popu l a t i ons  of a  r eg ion  were i n t i m a t e l y  

r e l a t e d  t o  t h e  a q u a t i c  cond i t i ons  of t h a t  reg ion .  By t h e  e a r l y  

1950 ' s  Ephemeroptera, T r i chop t e r a  and P l e c o p t e r a  were be ing  con- 

s i d e r e d  a s  p o s s i b l e  p o l l u t i o n  i n d i c a t o r s .  Gaufin and Tarzwel l  

(1952) i n d i c a t e d  t h a t  i n  e v a l u a t i n g  a q u a t i c  organisms a s  i n d i c a t o r s  

of p o l l u t i o n ,  c a u t i o n  must be  used t o  e v a l u a t e  a l l  environmental  

f a c t o r s .  

Mayfly r e s e a r c h e r s  of t h e  l a t e  1950 ' s  and 1960 ' s  c o n t r i b u t e d  

a d d i t i o n a l l y  t o  t h e  ecology of mayfly nymphs. Most impor t an t  of 

which a r e  Lyman (1956),  Edmunds and Al len  (1957, 1966) ,  Berner  



(1957) ,  F reml ing  (1960,  1964) ,  Edmunds (1960) , Leonard  (1965) ,  

Leonard and Leonard  (1962) ,  Chapman and Demory (1963) ,  Hughes 

(1966a,  1966b) and Swanson (1967) .  



MATE RIALS AND METHODS 

A.  Drainage System 

This  s tudy  was conducted on t he  S t .  Maries River ,  an a r t e r y  

of t he  Spokane River Basin which i s  one of t h e  impor tan t  d ra inage  

systems i n  n o r t h e r n  Idaho ( ~ i g .  1 ) .  The S t .  Maries River  has  a  

d ra inage  a r e a  of about  437 square  mi les  and an average s t ream d i s -  

charge of 520 cub i c  f t  . / s e c .  (Trav is  e t  a l . ,  1964).  The S t .  Maries 

River  has  i t s  o r i g i n  from two fo rks ,  t h e  Middle Fork and West Fork 

which a r e  con f luen t  n e a r  C la rk i a ,  Idaho. The r i v e r  meanders nor th-  

west  along a  narrow v a l l e y  f l o o r  and i s  c o n f l u e n t  w i th  t h e  S t .  Joe  

River  a t  t h e  c i t y  of S t .  Maries,  Idaho. Drainage wate rs  subse-  

quen t ly  flow i n t o  Coeur d lAlene  Lake which i n  t u r n  i s  dra ined  v i a  

t h e  Spokane River t o  t h e  n o r t h .  

The con i f e rous  f o r e s t  f o r  t h e  S t .  Maries River d ra inage  i s  

b a s i c a l l y  a  Thuj a-Tsuga-Pachis t ima a s s o c i a t i o n  (Daubenmire, 1952) . 
The geology of t h e  Middle and West Forks of t h e  S t .  Maries 

River i s  t h e  Pre-Cambrian b e l t  s e r i e s .  The middle and lower S t .  

Maries,  from C l a r k i a  downstream, grade  i n t o  t e r t i a r y  Columbia River 

b a s a l t  (Ross and F o r r e s t e r ,  1959) . 
The S t .  Maries River  has  s e v e r a l  d e f i n a b l e  sources  of 

p o l l u t i o n  which a r e  p r i m a r i l y  r e s t r i c t e d  t o  t h e  middle and lower 

reg ions  of t h e  r i v e r .  The m u n i c i p a l i t i e s  of C l a r k i a ,  Fernwood and 

Santa ,  Idaho,  r e l e a s e  raw sewage e f f l u e n t  i n t o  t he  r i v e r .  Organic 
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enr ichment  i s  evidenced by i n c r e a s e d  abundance of a l g a e  and 

d e t r i t u s .  P a s t u r e  runof f  and sawmi l l  w a s t e s  a l s o  c o n t r i b u t e  minor 

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

The S t .  Maries River  v a l l e y  is  p r i n c i p a l l y  an a g r i c u l t u r a l  

a r e a ;  farming,  r anch ing  and lumbering p r o v i d e  t h e  major economy. 

To s t u d y  more e f f e c t i v e l y  t h e  food h a b i t s  and eco logy  of t h e  

m a y f l i e s ,  t h e  S t .  Maries River  was d i v i d e d  i n t o  f o u r  r e g i o n s  : 1) 

t h e  West Fork of t h e  S t .  Maries,  2 )  t h e  Middle Fork o f  t h e  S t .  

Maries ,  3) t h e  middle S t .  Maries and 4 )  t h e  lower  S t .  Maries 

( F i g .  1 )  

West Fork -- 
The headwaters  o f  t h e  West Fork o r i g i n a t e  i n  low u n d u l a t i n g  

mountains approximately  s i x  m i l e s  sou thwes t  of C l a r k i a ;  t h e  West 

Fork j o i n s  t h e  Middle Fork n e a r  C l a r k i a .  The a d j o i n i n g  mountains 

a r e  covered p r i m a r i l y  w i t h  Lodge-pole p i n e  ( P i n u s  c o n t o r t a  Dougl . ) ,  

Douglas f i r  (Pseudotsuga m e n z i e s i i  ( P o i r . )  B r i t t . )  and Western r e d  

c e d a r  (Thu-ja p l i c a t a  D .  Don.). Marginal  s t r e a m  v e g e t a t i o n  c o n s i s t s  

p r i m a r i l y  of Alder  (Alnus s p  .) , p a r t i c u l a r l y  a long  t h e  headwate rs ,  

Nut-grass (Cyperus s p . ) ,  Sedge (Carex s p . ) ,  Bu t te rcup  (Ranunculus 

s p . )  and Bluegrass  (m s p  .) . Stream v e l o c i t i e s  va ry  from 0 .5  f t  ./ 

s e c .  a t  t h e  headwaters  t o  1 .3  f t . / s e c .  n e a r  t h e  c o n f l u e n c e .  The 

bottom type  of t h e  r i f f l e s  i s  p r i n c i p a l l y  pebb le  and s m a l l  c o b b l e .  

Stream d e p t h s  range from 4 t o  1 0  i n c h e s  i n  r i f f l e s  w i t h  i n t e r v e n i n g  

p o o l s  a p p r e c i a b l y  d e e p e r  ( F i g .  2 A ,  B ) .  



Middle Fork 

The Middle Fork o r i g i n a t e s  i n  moderate ly  rugged r e l i e f  

approximately  seven mi l e s  s o u t h e a s t  of C l a rk i a .  The ad jo in ing  

s l o p e s  a r e  covered p r i m a r i l y  w i t h  Douglas f i r  (Pseudotsuga 

menz i e s i i )  , Engelmannls sp ruce  ( P i c e a  engelmanni (Par ry)  Engelm.) , 

Western red  cedar  (Thu-i a  ~ l i c a t a )  , Western hemlock (Tsuga 

h e t e r o p h y l l a  (Raf.)  S a r g . ) ,  Western w h i t e  p i n e  (Pinus  mont ico la  

Dougl.) and Grand f i r  (Abies g r a n d i s  L i n d l . ) .  Marginal s t r e am 

v e g e t a t i o n  c o n s i s t s  of Alder  (Alnus sp  .) , Dogwood (Cornus sp  .) , 

Twin-berry (Lonicera  sp  .) , Fa l s e  h e l l e b o r e  (Veratrum 

ca l i f o rn i cum Dur.) and Lady f e r n  (Athyrium f i l i x f o e m i n a  (L.) 

Roth . ) .  The bottom types  of t h e  r i f f l e s  a r e  s m a l l  and l a r g e  cobble  

i n  dep ths  of 6 t o  1 8  i n c h e s ;  i n t e r v e n i n g  pools  range t o  t h r e e  f e e t  

deep. Cons iderab le  d e a d f a l l  i s  found i n  o r  spanning t h e  r i v e r  a t  

t h e  headwaters  r eg ion .  Stream v e l o c i t i e s  vary  from 0 .2  f t . / s e c .  a t  

t h e  headwaters t o  3 . 9  f t  . / s e c .  i n  t h e  f a s t e r  r i f f l e s  (F ig .  2C-F) . 

Middle St. Maries 

This  p o r t i o n  of  t h e  r i v e r  occurs  i n  a  broad v a l l e y  between 

t h e  conf luence of t he  Middle and West Forks n e a r  C l a r k i a  and t h e  

s l a ckwa te r s  above t he  c i t y  of S t .  Maries.  The s i z e  and c h a r a c t e r  

of t h i s  p o r t i o n  of t h e  r i v e r  changes markedly w i t h  t h e  a d d i t i o n  of 

wate rs  from numerous t r i b u t a r i e s .  The ad jo in ing  s l o p e s  a r e  covered 

p r i m a r i l y  w i th  Lodge-pole p i n e  (P inus  con to r t a )  , Ponderosa p i n e  

(Pinus  ponderosa  Dougl . ) , Western wh i t e  p i n e  (P inus  mont ico la )  and 

Subalpine f i r  (Abies l a s i o c a r p a  (Hook .) Nut t  .) . Marginal s t r e am 
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vege t a t i on  c o n s i s t s  of Alder (Alnus s p  .) , Willow ( S a l i x  sp  .) , Black 

cottonwood ( ~ o p u l u s  t r i c h o c a r p a  T .  & G . ) ,  H o r s e t a i l  (Equisetum 

sp  .) , Snowberry (Symphoricarpos s p  .) and S t ing ing  n e t t l e  ( ~ r t i c a  

sp.)  . R i f f l e  depths  range from 6 t o  36 inches  wi th  i n t e rven ing  

pools  up t o  48 inches .  Current  v e l o c i t i e s  range from 0.5 f t . / s e c .  

i n  t h e  slow-flowing pools  t o  3 . 7  f t  . / s ee .  i n  t h e  f a s t e r  r i f f l e s .  

The bottom types of the  r i f f l e s  a r e  p r i n c i p a l l y  l a r g e  cobble wi th  

i nc reased  abundance of boulders  i n  t h e  lower p o r t i o n s  ( F i g .  3G, H) . 
Lower S t .  Maries -- 

This  reg ion  i s  represen ted  by s lackwaters  and ex tends  from 

approximately s i x  mi l e s  southwest of t he  c i t y  of S t .  Maries t o  t h e  

confluence of the  S t .  Joe  River .  No r i f f l e s  o r  t u r b u l e n t  waters  

occur i n  t h i s  s e c t i o n .  The v a l l e y  i s  q u i t e  broad w i t h  much marshy 

a r e a  ad j acen t  t o  t he  r i v e r .  The ad j o in ing  mountains a r e  covered 

p r i m a r i l y  wi th  Lodge-pole p ine  (Pinus con to r t a )  , Ponderosa p ine  

(Pinus ponderosa) and Western wh i t e  p ine  (Pinus monticola) . 
Marginal s t ream v e g e t a t i o n  c o n s i s t s  p r imar i l y  of Alder (Alnus s p . ) ,  

Black cottonwood (Populus t r i choca rpa )  and s e v e r a l  g r a s s e s .  The 

bottom i s  of a sil t-mud type wi th  an abundance of decaying p l a n t  

mat te r .  Channel depths  range from 9 t o  12 f e e t .  

Twenty-eight sampling s t a t i o n s  were e s t a b l i s h e d  along t h e  

S t .  Maries River  and t r i b u t a r i e s ,  f o u r  on the  West Fork, 1 3  on t h e  

Middle Fork, 11 on t h e  middle S t .  Maries and two on t h e  lower S t .  

Maries (Fig.  1). S t a t i o n  d e s c r i p t i o n  and morphometrics a r e  g iven  

on Table 4. 





Figure 2. Stream h a b i t a t s  of t h e  S t .  Maries River .  A. Headwater 
pool ,  s t a t i o n  1; B. Slow r i f f l e ,  s t a t i o n  4;  C. Head- 
wa te r  r i f f l e ,  s t a t i o n  7; D.  Pool,  s t a t i o n  5 ;  E .  Slow 
r i f f l e ,  s t a t i o n  9;  F. Moderate r i f f l e ,  s t a t i o n  10; 
G. Fas t  r i f f l e ,  s t a t i o n  18; H. Moderate r i f f l e ,  
s t a t i o n  24. 



B. C o l l e c t i n g  Procedures  and Techniques 

Mayfly nymphs were c o l l e c t e d  us ing  a q u a t i c  s c r e e n s ,  hand 

n e t s ,  d r i f t  n e t s ,  Eckman dredge,  modified Hess bottom sampler and 

by hand p i ck ing  (F ig .  3B, D) . Hand p i ck ing  and t h e  a q u a t i c  s c r e e n  

(26" x  36", 12 mesh copper  s c r een ing  w i t h  wood handles )  were used 

most e x t e n s i v e l y  f o r  c o l l e c t i n g  mayf l i e s  i n  sha l low r i f f l e s  and 

p o o l s .  The s c r e e n  was he ld  i n  t h e  c u r r e n t  wh i l e  upstream rocks  

were loosened and t u rned .  Dislodged i n s e c t s  c o l l e c t i n g  on t h e  

s c r e e n  were removed and s t o r e d  i n  three-dram v i a l s ,  p a r t i a l l y  

f i l l e d  w i t h  70% a l c o h o l .  The modified squa re  f o o t  Hess bottom 

sampler was used f o r  q u a n t i t a t i v e  enumerat ions  of mayfly popula- 

t i o n s .  Where t h e  r i v e r  channe l  was t oo  deep f o r  s c r e e n s  and n e t s ,  

a  6" x  6" Eckman dredge was used.  

Algae were c o l l e c t e d  from t h e  S t .  Maries River  dur ing  t h e  

months of June ,  J u l y  and August, 1967 f o r  t h e  purpose of e s t a b -  

l i s h i n g  a  check l i s t  f o r  subsequent  food h a b i t s  s t u d i e s  (G i lp in  

e t  a l . ,  i n  p r e s s ) .  The f r e e - f l o a t i n g  a lgae  were c o l l e c t e d  u s ing  a  

s t anda rd  diatoms n e t ;  f o r ceps  and s c r a p i n g  were used f o r  c o l l e c t i n g  

t h e  a t t a c h e d  forms. Samples were placed i n  l o o s e l y  capped t h r e e -  

dram v i a l s ,  p a r t i a l l y  f i l l e d  w i t h  wa t e r  and t empora r i l y  s t o r e d  i n  

an i l l u m i n a t e d  r e f r i g e r a t o r  a t  approximately  5' C .  Taxonomic 

r e f e r e n c e s  by Smith (1950) ,  P r e sco t  t (1951) and Flowers (unpub- 

l i s h e d )  se rved  a s  t h e  b a s i s  f o r  i d e n t i f i c a t i o n  of t h e  a lgae .  



C . O b s e r v a t i o n a l  Methods 

I n  o r d e r  t o  s t u d y  t h e  microecology and b e h a v i o r  of mayfly 

nymphs i n  t h e i r  n a t u r a l  environment,  a  t r i a n g u l a r  o b s e r v a t i o n  

chamber, 20" on t h e  s i d e s  by 10" deep w i t h  a  P l e x i g l a s  bottom, was 

c o n s t r u c t e d  ( F i g .  3C). S t e e l  s t a k e s  were i n s e r t e d  through t h e  eye- 

le ts  a t  each  c o r n e r  t o  f a c i l i t a t e  s t a t i o n a r y  emplacement. One 

c o r n e r  of t h e  chamber was p o i n t e d  upstream t o  g i v e  g r e a t e r  s t a b i l i -  

t y  a g a i n s t  t h e  c u r r e n t  and t o  reduce t u r b u l e n c e .  Rocks were l i f t e d  

o r  moved benea th  t h e  chamber i n  o r d e r  t o  expose nymphs and observe  

t h e i r  r e s p o n s e s .  A d i v i n g  mask and s n o r k e l  were a l s o  used t o  

f a c i l i t a t e  o b s e r v a t i o n  purposes .  

Labora to ry  o b s e r v a t i o n s  were a l s o  made u t i l i z i n g  an a r t i f i -  

c i a l  s t r eam,  56" long ,  8" wide,  and 5" deep,  made of 318" P l e x i g l a s  

( F i g .  3A). A s e r i e s  of bottom types  were e s t a b l i s h e d  i n  d iv ided  

s e c t i o n s  of t h e  a r t i f i c i a l  s t r e a m  t o  s i m u l a t e  a  v a r i e t y  of s t r e a m  

m i c r o h a b i t a t  c o n d i t i o n s .  Mayfly a c t i v i t i e s  were observed from 

above and through t h e  t r a n s p a r e n t  s i d e s  of t h e  s t ream.  

D .  Stomach Ana lys i s  

The food h a b i t s  of mayfly nymphs were determined by stomach 

a n a l y s i s .  With t h e  a i d  of a  b i n o c u l a r  microscope t h e  d i g e s t i v e  

t r a c t ,  p r i n c i p a l l y  t h e  mid-gut, was removed ( F i g .  3 E ,  F) . A 

temporary s l i d e  was made of t h e  g u t  c o n t e n t s  by t e a s i n g  t h e  m a t e r i -  

a l  from t h e  lumen, mixing i t  w i t h  a  drop of w a t e r  and cover ing  w i t h  



A. Aquatic Stream 

C .  Observation Chamber 

E .  Ephemerella hecuba 

B .  Modified Drift Net 

D .  Modified Hess Sampler 

F. Ephemerella hecuba, 
dissected 

Figure 3.  Collecting apparatus and dissection techniques. 
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a  cover  g l a s s .  The i nges t ed  m a t e r i a l  was examined and i d e n t i f i e d  

w i th  t h e  a i d  of a  compound microscope f i t t e d  w i t h  an ocu l a r  g r i d  

and a  v a r i a b l e  co lo r - i l l umina to r  base.  

Mayfly nymphs were c l a s s i f i e d  i n t o  t h r e e  age-c lasses ;  food 

h a b i t s  a n a l y s i s  were r e s t r i c t e d  t o  the  l a t t e r  two age-classes  be- 

cause t h e  s m a l l  s i z e  made d i s s e c t i o n s  of age-class  one nymphs 

d i f f i c u l t .  Age-classes were d i f f e r e n t i a t e d  p r i m a r i l y  on t h e  b a s i s  

of wing development. Nymphs w i t h  l i t t l e  o r  no wing development 

were c l a s s i f i e d  a s  age-class  one, nymphs wi th  wing pads moderately 

developed a s  age-class  two, and nymphs w i th  wing pads f u l l y  o r  

n e a r l y  f u l l y  developed as age-class  t h r e e .  D i f f e r e n t i a t i o n  of 

nymphal age-classes  p rov ides  an oppor tun i ty  f o r  s tudy  of compara- 

t i v e  food h a b i t s  dur ing nymphal development. 

I nges t ed  m a t e r i a l  was d iv ided  i n t o  s i x  g e n e r a l  c a t e g o r i e s :  

1 )  diatoms and desmids, 2)  f i lamentous a lgae ,  3) u n i d e n t i f i a b l e  

a lgae ,  4) h ighe r  p l a n t s ,  5) a r th ropods  and 6) d e t r i t u s .  The l a t t e r  

r e f e r s  t o  o rgan ic  and i no rgan i c  d e b r i s .  Algae were i d e n t i f i e d  t o  

genus and a r th ropods  t o  o rde r  where p o s s i b l e .  I n  t h e  p r e s e n t a t i o n  

of  r e s u l t s ,  u n i d e n t i f i e d  and i d e n t i f i e d  a lgae ,  e x c l u s i v e  of diatoms 

and desmids, a r e  expressed c o l l e c t i v e l y  a s  a  common percen tage .  

I n  a d d i t i o n  t o  q u a l i t a t i v e  a n a l y s i s ,  a  q u a n t i t a t i v e  a n a l y s i s  

of t h e  i nges t ed  m a t e r i a l  was made. Q u a n t i t a t i v e  innumerat ion of 

t he  stomach c o n t e n t s  was eva lua t ed  on a r e l a t i v e  percen tage  b a s i s ,  

w i t h  t h e  t o t a l  composition i n  each stomach r e p r e s e n t i n g  100%. The 

use of an o c u l a r  g r i d  f a c i l i t a t e d  q u a n t i t a t i v e  e v a l u a t i o n  of t h e  

stomach con t en t s .  



Food h a b i t s  d a t a  was recorded on Fo r t r an  coding forms and 

t r a n s f e r r e d  t o  punched ca rd s  f o r  machine p roce s s ing .  

E.  Stream Measurements 

The l e n g t h  and width of t h e  s t a t i o n s  were measured by 

"s tepp ing  o f f "  t h e  d e s i r e d  d i s t a n c e s .  Where r i v e r  dep ths  were t o o  

g r e a t  d i s t a n c e s  were e s t ima t ed .  The r e l a t h e  dimensions of t h e  

s t a t i o n s  were v a r i a b l e ,  each r e f l e c t i n g ,  a s  much a s  p o s s i b l e ,  a  

homogenous h a b i t a t .  

Bottom type  c l a s s i f i c a t i o n  used i n  t h i s  s tudy  (Table  1)  

r e p r e s e n t s  a  mod i f i c a t i on  of Wentworth's c l a s s i f i c a t i o n  of s e d i -  

ments based on p a r t i c l e  s i z e  (Welch, 1948).  The d e s c r i p t i o n  of 

t he  bottom types  was determined v i s u a l l y .  The ca tegory  of s e d i -  

ments t h a t  b e s t  r e f l e c t e d  t h e  c o n d i t i o n  of t h e  s t a t i o n  was used.  

It i s  acknowledged t h a t  f o r  any s t a t i o n  s e v e r a l  sediment c a t e g o r i e s  

a r e  p r e s e n t  b u t  many a r e  of minor importance.  

A Midget Cur ren t  ~ e t e r '  was used t o  record c u r r e n t  speed.  

Current  r e ad ings  were taken a t  t h r e e  t o  s i x  p o i n t s ,  equa l l y  spaced ,  

a c r o s s  each s t a t i o n  s e v e r a l  t imes du r ing  t h e  summers o f  1967 and 

1968. Readings were t aken  approximately  two i nches  below t h e  

s u r f a c e  of t h e  wa t e r .  

Stream tempera tures  were recorded u s ing  a  s t anda rd  

' ~ e u ~ o l d  and S tevens  In s t rumen t s ,  I nc .  , P o r t l a n d ,  Ore. 
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Cent igrade thermometer. Temperatures were taken from t h e  main 

channel  of t h e  s t r e am wherever p o s s i b l e .  

Water chemis t ry  was performed f o r  t o t a l  ha rdnes s ,  pH, d i s -  

1 so lved  oxygen and t u r b i d i t y  u s ing  a Hach f i e l d  t e s t i n g  k i t  . Water 

chemis t ry  ana ly se s  were made i n  August, 1967 and Apr i l  and June 

1968. 

' ~ a c h  Chemical Co., Ames, Iowa. 



Table  1. Modified Wentworth 's  sediment  c l a s s i f i c a t i o n .  

1. Bedrock: sedimented rock masses 

2 .  Boulder :  10" o r  l a r g e r  (256 mm) 

3 .  Large Cobble: 5-10" (126-256 mm) 

4. Smal l  Cobble: 2 1/2-5" (64-126 mm) 

5. Pebble:  1/4-2 1/2"  (4-64 mm) 

6.  Gravel :  (1-4 mm) 

7.  Sand: (0.062-1 mm) 

8. S i l t :  (0.004-0.062 mm) 

9.  Clay: ( l e s s  t h a n  0.004 mm) 

10 .  Ooze: p a r t i c u l a t e  o r g a n i c  m a t e r i a l  



RESULTS 

A.  I n t r o d u c t i o n  

The food h a b i t s ,  ecology,  behavior  and d i s t r i b u t i o n  of 31 

s p e c i e s  of mayf l i es  from t h e  S t .  Maries River  were s t u d i e d ;  two 

of which r ep re sen t ed  s p e c i e s  complexes. A check l i s t  of t h e  

s p e c i e s  i s  given i n  Table 6  ( s e e  Appendix). Spec ies  de t e rmina t i ons  

were n o t  made f o r  nymphs of Ameletus, Cent rop t i lum and Cinygmula 

because t h e  taxonomy has  no t  been f u l l y  r e so lved .  Jensen (1966) 

s t u d i e d  t h e  mayf l i es  of Idaho and prepared  keys f o r  a d u l t s  and 

nymphs of most s p e c i e s .  Th is  r e f e r e n c e  was used a s  t h e  b a s i s  f o r  

i d e n t i f i c a t i o n  of may f l i e s  i n  t h i s  s t u d y .  Confi rmat ion of q u e s t i o w  

a b l e  m a t e r i a l  was made by Jensen .  The macro and microecology were 

s t u d i e d  w i th  emphasis on p h y s i c a l  f a c t o r s  a s  bottom type ,  c u r r e n t  

speed and s i l t a t i o n .  Behavior i n  r e l a t i o n  t o  t h e  microenvironment 

was a l s o  s t u d i e d .  

B .  Food Habi t s  and Ecology 

The food h a b i t s  and ecology of mayfly nymphs of t h e  S t .  

Maries River  were s t u d i e d .  Food h a b i t s  and e c o l o g i c a l  r e l a t i o ~  

s h i p s  a r e  impor tan t  i n  unders tand ing  t h e  a q u a t i c  ecosystem. 

In fo rma t ion  was ob ta ined  r ega rd ing  food types  and amounts i n g e s t e d ,  

food types  i nges t ed  i n  r e l a t i o n  t o  m ic rohab i t a t s  and t h e  mu l t i -  

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



behavior  of mayfly nymphs. 

Food h a b i t s  a r e  recorded f o r  a l l  mayfly nymphs excep t  

Rhi throgena s o l i t a r i a ,  a s p e c i e s  r a r e l y  c o l l e c t e d  (Table  2 ) .  

Ana lys i s  of a minimum of t e n  specimens of a s p e c i e s  was cons ider -  

ed nece s sa ry  t o  e s t a b l i s h  food h a b i t s  t r e n d s .  Food h a b i t s  of t h e  

fo l lowing  s p e c i e s  were determined (Table  2 ) ,  bu t  a r e  n o t  d i scussed  

i n  t h i s  s e c t i o n  because of i n s u f f i c i e n t  numbers: Epeorus g r and i s ,  

Ephemerella co lo r adens i s ,  Ephemerella edmundsi, Ephemerella 

h y s t r i x ,  Ephemerella s p i n i f e r a ,  Ephemerella t e r e s a ,  Heptagenia  

s o l i t a r i a ,  P a r a l e p t o p h l e b i a  d e b i l i s ,  Parameletus  columbiae,  

Rhi throgena robus t a ,  S iph lonurus  o c c i d e n t a l i s  and Tr icory thodes  

minutus . 

Genus Arneletus Eaton 

Food Hab i t s  - 
Ameletus nymphs f ed  p r i m a r i l y  on d e t r i t u s  and dia toms.  

D e t r i t u s  r ep r e sen t ed  59.9%, diatoms and desmids 31.6%, f i l amentous  

a l g a e  7.9% and h i g h e r  p l a n t s  0 .6% of t he  m a t e r i a l  i nges t ed  (Fig .  4 4  

Table 2 ) .  Nymphs occu r r i ng  on o r  around rocks  i n  slow wate rs  a long 

s t r e am margins f ed  a lmost  e x c l u s i v e l y  on dia tom and d e t r i t a l  

accumulat ions  on rock s u r f  a ce s .  I n g e s t e d  m a t e r i a l  ranged from 

60-85% d e t r i t u s  f o r  nymphs occur r ing  i n  moderate ly  s f  l t e d  poo l  and 

r i f f l e  h a b i t a t s .  Nymphs l i v i n g  i n  more s i l t - f r e e  h a b i t a t s  f e d  on a 

h ighe r  pe r cen t age  of diatoms. Filamentous a l g a e  were consumed 

r e g u l a r l y ,  b u t  i n  r e l a t i v e l y  s m a l l  amounts. The r e l a t i v e  
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composi t ion of t h e  food i n g e s t e d  was s i m i l a r  f o r  age-class two and 

t h r e e  nymphs. 

Ecology & Behavior 

Nymphs of Ameletus were c o l l e c t e d  from 16 of t h e  2 8  s t a t i o n s  

on t h e  S t  . Maries River  (Table  3)  . Nymphs, we r e  u s u a l l y  found i n  

moderate ly  s i l t e d  r i f f l e s  and pools  w i t h  bottom types  va ry ing  from 

pebble  t o  l a r g e  cobble ;  o c c a s i o n a l l y  they were found along s t r e am 

margins among submerged v e g e t a t i o n .  Ameletus was t h e  only mayfly 

c o l l e c t e d  from both s l a ckwa te r  s t a t i o n s ,  2 7  and 28 .  Here, they 

were observed c l i n g i n g  t o  submerged b ru sh ,  l ogs  and p i l i n g s  i n  t h e  

r i v e r .  

Ameletus a r e  round-bodied nymphs commonly found i n  slow t o  

moderate r i f f l e s  and poo l s  and o r i e n t a t i n g  upstream on t h e  t o p s  and 

s i d e s  of rocks .  Nymphs were a l s o  observed c l i n g i n g  t o  sand and 

s m a l l  pebbles  i n  sha l l ow  r i f f l e s  . Occas iona l ly  nymphs were found 

o r i e n t a t i n g  downstream on t h e  bottoms of l i g h t l y  sedimented rocks .  

Ameletus nymphs a r e  e x c e l l e n t  swimmers, swimming w i t h  

d a r t i n g  speed and manuve rab i l i t y  unexceeded by most of t he  mayf l i es  

i n  t h e  s t u d y .  Nymphs were observed swimming upstream w i t h  r e l a t i v e  

e a s e  i n  c u r r e n t s  l e s s  t han  0.5 f t . / s e c . ;  h o r i z o n t a l  movements were 

a l s o  observed.  Quick d o r s o v e n t r a l  f l e x i o n s  of t h e  abdomen 

p r o p e l l e d  t h e  nymphs through t h e  wate r .  The d i s t a n c e  t r a v e l e d  de- 

pended on t h e  degree  of d i s t u rbance ,  c u r r e n t  speed and n a t u r e  of 

t h e  bottom. The nymphs mainta ined swimming p o s t u r e  when d i s p l a c e d .  

Age-class t h r e e  nymphs were most abundant from e a r l y  June t o  
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mid-July i n  t h e  S t .  Maries River .  Subimagos were c o l l e c t e d  i n  

e a r l y  A p r i l  from t h e  s l a ckwa te r s  of t h e  S t .  Maries River .  Jensen  

(1966) r epo r t ed  a d u l t  emergence from A p r i l  t o  e a r l y  August. 

B a e t i s  b icauda tus  Dodds 

Food Hab i t s  - 
The nymphs of g. bicauda tus  f e d  p r i m a r i l y  on d e t r i t u s  and 

dia toms w i t h  t r a c e  amounts of f i l amen tous  a l g a e  and h i g h e r  p l a n t s .  

D e t r i t u s  r ep r e sen t ed  57.4%, diatoms and desmids 34.2%, f i l amen tous  

a l g a e  6.6% and h i g h e r  p l a n t s  1.8% of t h e  m a t e r i a l  i nges t ed  

(F ig .  4B, Table 2 ) .  The nymphs i n h a b i t  t h e  t ops  and s i d e s  of rocks  

which a r e  g e n e r a l l y  covered w i t h  diatoms and o t h e r  a l g a e .  The 

nymph's m a x i l l a  i s  modif ied i n  t h e  form of a  b rush  which is  used t o  

sweep t h e  d e t r i t u s  and diatoms from t h e  s u b s t r a t e .  L i t t l e  food 

p r e f e r e n c e  d i v e r s i t y  was no ted  among t h e  s t a t i o n s  suppo r t i ng  B. 

bicauda tus .  There were no s i g n i f i c a n t  d i f f e r e n c e s  i n  food p r e f e r -  

ences  between age-class  two and t h r e e  nymphs. 

Ecology Behavior 

Nymphs of g. b i cauda tu s  were c o l l e c t e d  from 16 of  t h e  28 

s t a t i o n s  on t h e  S t .  Maries River  (Table  3 ) .  Nymphs commonly 

occurred i n  r e l a t i v e l y  s i l t - f r e e ,  moderate t o  f a s t  cobble  r i f f l e s .  

Larges t  popu l a t i ons  occur red  i n  r e l a t i v e l y  s i l t - f  ree h a b i t a t s ,  

a l though  some nymphs were taken i n  moderate ly  s i l t e d  r i f f l e s .  B. 

b i cauda tu s  nymphs were never  c o l l e c t e d  n e a r  t h e  sewage o u t l e t  a t  

San ta ;  however, B. t r i c a u d a t u s ,  a  c l o s e l y  r e l a t e d  s p e c i e s ,  occur red  
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t h e r e .  The macrohabi ta t  of - B .  b icauda tus  was g e n e r a l l y  s i m i l a r  t o  

t h a t  of g. t r i c a u d a t u s  nymphs. I t  was sugges ted  by Dodds and Hisaw 

(1924) t h a t  - B. b i c auda tu s ,  because of i t s  l i n e a r  body and stream- 

l i n e d  shape,  r ep r e sen t ed  one of t he  few mayfly nymphs t h a t  i s  a l -  

most p e r f e c t l y  adapted t o  f a s t  c u r r e n t s ,  r ang ing  up t o  10 f t . / s e c .  

O r i e n t a t i o n  of B. b i cauda tu s  nymphs was u s u a l l y  upstream on 

t h e  t ops  of rocks ;  a  few i n d i v i d u a l s  were observed on t h e  bottom of 

sha l lowly  imbedded rocks .  When d i s t u r b e d  from t h e  f r o n t ,  nymphs 

would de t ach  and d a r t  t h r e e  t o  s i x  i n c h e s  downstream and e s t a b l i s h  

a  new p o s i t i o n ;  d i s t u r b a n c e  from behind u s u a l l y  e l i c i t e d  slow f o r -  

ward movement. Nymphs of - B.  b i c auda tu s  g e n e r a l l y  demonstrated 

g r e a t e r  swimming a b i l i t i e s  than B. t r i c a u d a t u s .  

Age-class t h r e e  nymphs occur red  p r i m a r i l y  from e a r l y  June t o  

mid-July i n  t h e  S t .  Maries River .  Jensen  (1966) r epo r t ed  emergence 

from l a t e  June t o  e a r l y  October.  

B a e t i s  pa rvus  Dodds 

Food Hab i t s  - 
Nymphs of - B .  parvus f ed  p r i m a r i l y  on d e t r i t u s ,  d ia toms and 

desmids. D e t r i t u s  r ep r e sen t ed  53.4%, diatoms and desmids 33.8%, 

f i l amentous  a l g a e  7.5% and h i g h e r  p l a n t s  5.3% of t he  m a t e r i a l  in- 

ge s t ed  ( F i g .  4C, Table 2) . As w i t h  s e v e r a l  mayfly nymphs f i l amen t -  

ous a l g a e  was n o t  an impor t an t  c o n s t i t u e n t  i n  t h e i r  d i e t .  The 

r e l a t i v e  composi t ion of t h e  i n g e s t e d  m a t e r i a l  was s i m i l a r  t o  t h a t  

of B a e t i s  t r i c a u d a t u s .  Food p r e f e r ence  d i v e r s i t y  of - B. pa rvus ,  
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among d i f f e r e n t  h a b i t a t s ,  was imposs ib le  t o  e v a l u a t e  because t h i s  

i n s e c t  had l i m i t e d  d i s t r i b u t i o n  . 
Ecology &Behav io r  

B. pa rvus  was one of t he  more uncommon mayf l i e s  of t h e  S t .  - 

Maries River ,  being c o l l e c t e d  from only s t a t i o n  23, a s i l t y  cobble  

r i f f l e  (Table  3 ) .  J ensen  (1966) i n d i c a t e d  t h a t  t h e  nymphs of t h i s  

s p e c i e s  occur  most commonly i n  warmer r i v e r s  and s t r e ams .  Because 

of i t s  r a r e n e s s ,  m ic roeco log i ca l  and b e h a v i o r a l  i n fo rma t ion  were 

no t  ob t a ined .  

Age-class t h r e e  nymphs were c o l l e c t e d  du r ing  March i n  t h e  

S t  . Maries River .  J ensen  (1966) r epo r t ed  emergence from l a t e  June 

t o  l a t e  September. 

B a e t i s  t r i c a u d a t u s  Dodds 

Food Hab i t s  - 
Nymphs of 2. t r i c a u d a t u s  were p r i m a r i l y  d e  t r i  tus-diatom 

f e e d e r s .  D e t r i t u s  r ep r e sen t ed  52.3%, diatoms and desmids 34.3%, 

f i l amen tous  a l g a e  11% and h i g h e r  p l a n t s  2.4% of t h e  m a t e r i a l  i n -  

ge s t ed  (F ig .  4D, Table  2 ) .  Nymphs were found p r i m a r i l y  on t h e  t o p s  

and s i d e s  of small and l a r g e  rocks  i n  w e l l  a e r a t e d  r i f f l e s ,  f eed ing  

on d e t r i t u s  and dia toms c o l l e c t i n g  o r  growing i n  t h e  p o r o s i t i e s  of 

t h e  rocks .  L i t t l e  food p r e f e r e n c e  d i v e r s i t y  was found among t he  

s t a t i o n s  suppo r t i ng  B. t r i c a u d a t u s .  Nymphs i n h a b i t i n g  s i l t y  poo ls  

had s i m i l a r  f e ed ing  h a b i t s  t o  t hose  i n h a b i t i n g  r e l a t i v e l y  s i l t - f r e e  

r i f f l e s .  Filamentous a l g a e  were consumed r e g u l a r l y  b u t  r ep r e sen t ed  
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on ly  a  s m a l l  percen tage  of t he  t o t a l  m a t e r i a l  i nges t ed .  Age-class 

two nymphs had a  s l i g h t l y  h i g h e r  composition of diatoms than  d i d  

age-class  t h r e e  nymphs; 37% and 33% of t h e  m a t e r i a l s  i nges t ed  were 

diatoms r e s p e c t i v e l y .  Q u a l i t a t i v e l y  t he  food i nges t ed  was s i m i l a r  

f o r  both age-c lasses  . 
Ecology Behavior 

B .  t r i c a u d a t u s  nymphs were widely d i s t r i b u t e d  i n  t h e  S t .  - 

Maries River ,  be ing  found i n  24 of t h e  28 s t a t i o n s  (Table 3 ) .  They 

occurred i n  a  v a r i e t y  of w e l l  a e r a t ed  h a b i t a t s .  Bottom types  

ranged from s m a l l  cobble  t o  bou lde r ,  o f t e n  w i th  l i g h t  t o  moderate 

accumulations of s i l t .  Exclusion from f o u r  s tudy  s t a t i o n s ,  10,14, 

27 and 28, might be  expla ined  on t h e  b a s i s  of s e v e r a l  e c o l o g i c a l  

f a c t o r s .  S t a t i o n s  27 and 28 were l o c a t e d  i n  t h e  s lackwaters  where 

channel  dep ths  ranged from 9-12 f e e t  and where t h e  bottom was 

p r i n c i p a l l y  s i l t  and mud wi th  cons ide rab l e  o rgan i c  accumulations.  

These two s t a t i o n s  supported a  very low mayfly popu la t i on  i n  

gene ra l .  S t a t i o n  10 was a cascading white-water r i f f l e ,  no t i ceab ly  

shaded by i n f r i n g i n g  c o n i f e r s  and wi th  a  bottom type  of l a r g e ,  

p l a t e - l i k e  rocks.  The combination of t h e s e  f a c t o r s  i s  be l ieved  t o  

have r e s t r i c t e d  t h i s  s p e c i e s  i n  t h i s  h a b i t a t .  S t a t i o n  14 i s  be- 

l i e v e d  t o  be  a  f avo rab l e  h a b i t a t  f o r  t h i s  nymph s i n c e  i t  mani fes t s  

many of t h e  p h y s i c a l  f e a t u r e s  of o t h e r  s t a t i o n s  suppor t i ng  t h e  

s p e c i e s .  I t s  absence from t h i s  s t a t i o n  was probably due t o  

sampling . 
B.  t r i c a u d a t u s  i s  a  small, round-bodied nymph moderately - 
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adapted f o r  swimming. Nymphs were t y p i c a l l y  o r i e n t a t e d  i n  an up- 

s t r e am d i r e c t i o n  e i t h e r  on t h e  s i d e s  o r  more commonly on t ops  of 

rocks .  Occas iona l ly ,  nymphs were found on t h e  downstream s i d e  of 

rocks  i n  t h e  microeddies .  I n  a d d i t i o n  t o  c e n t e r  channel  d i s t r i -  

bu t i on ,  nymphs were sometimes c o l l e c t e d  n e a r  t h e  margins of t he  

s t r e am where s i l t  and d e b r i s  accumulated.  A few nymphs were ob- 

se rved  c rawl ing  over  g r a v e l  and pebbles  i n  t h e  s lower  r i f f l e s ;  

movement w a s  g e n e r a l l y  upstream. On a few occas ions ,  nymphs were 

observed c l i n g i n g  t o  P r a s i o l a  s h e e t s ,  a green a l g a ,  and feed ing  on 

t h e  e p i p h y t i c  dia tom s t u b b l e  and d e t r i t a l  accumulat ions .  

I n  s w i f t  wa t e r ,  3.0-3.9 f t . / s e c . ,  nymphs were observed 

c l i n g i n g  t enac ious ly  t o  t h e  rocks  and b r ac ing  themselves a g a i n s t  

t h e  c u r r e n t  w i t h  wide-spread l e g s .  The abdomen was observed t o  

swing f r e e l y  w i t h  t h e  t u rbu l ence  of t h e  c u r r e n t .  I f  d i s t u r b e d  from 

t h e  f r o n t ,  B. t r i c a u d a t u s  would d a r t  backwards, t a i l  f i r s t ,  ca tch-  

i n g  ho ld  on rocks  s e v e r a l  i nches  downstream from i t s  o r i g i n a l  

p o s i t i o n .  When d i s t u r b e d  from behind t h e  nymphs crawled s lowly  up- 

s t ream.  

B. t r i c a u d a t u s  i s  a multibrooded s p e c i e s  having s e v e r a l  age- - 
c l a s s e s  r ep r e sen t ed  a t  any given t ime.  Edmunds (1952) ,  a s  r epo r t ed  

by Jensen  (1966),  r ecorded  a d u l t s  be ing  c o l l e c t e d  dur ing  every  

month excep t  January .  He r epo r t ed  t h a t  a t  lower e l e v a t i o n s  they 

emerge du r ing  a l l  s e a sons .  



Genus Cent rop t i lum Eaton 

Food Hab i t s  - 
Only 13  specimens of Centropt i lum were analyzed f o r  food 

h a b i t s .  A l l  t h e  nymphs examined were t aken  from s t a t i o n  16, a 

backwater poo l  on Merry Creek which supported a  moderate p o p u l a t i o n  

Only a  few specimens were c o l l e c t e d  from o t h e r  s t a t i o n s .  The 

m a t e r i a l  i n g e s t e d  c o n s i s t e d  of d e t r i t u s  58.1%, diatoms and desmids 

30%, f i l amentous  a lgae  10.1% and h i g h e r  p l a n t s  1.8% ( F i g .  4E, 

Table 2 ) .  

Nymphs were observed c l i n g i n g  t o  submerged v e g e t a t i o n ,  p r i -  

mar i ly  f i l amentous  a l g a e ,  and f eed ing  on t he  s u r f a c e  of t he  f i l a -  

ments and o c c a s i o n a l l y  on t he  f i l a m e n t s  themselves.  The r e l a t i v e  

composi t ion of t he  food i nges t ed  was approximately  t h e  same f o r  

age-c lass  two and t h r e e  nymphs. 

Ecolopy - and Behavior 

Cent rop t i lum was an uncommon mayfly,  found i n  only f o u r  of 

t he  28  s t a t i o n s  on t h e  S t .  Maries River  (Table 3 ) .  Of t he  f o u r  

s t a t i o n s ,  s t a t i o n  1 6 ,  a backwater poo l ,  was t h e  only s t a t i o n  

where t h e  nymphs were c o l l e c t e d  more t han  once du r ing  t he  s t udy .  

Nymphs of Centropt i lum occu r r i ng  h e r e  were observed c l i n g i n g  t o  

dense mats of Sp i rogy ra  and O s c i l l a t o r i a  f i l a m e n t s .  This  was a 

l e n t i c  h a b i t a t  w i t h  a  mud bottom and having a  r i c h  growth of a l g a e .  

A few specimens were found l i v i n g  on t h e  bottom of l a r g e  porous  

l a v a  bou lde r s  a t  s t a t i o n  25; no r e g u l a r  o r i e n t a t i o n  p a t t e r n  was 

d i s c e r n a b l e  i n  r e l a t i o n  t o  t h e  c u r r e n t .  
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Age-class t h r e e  nymphs occur red  p r i m a r i l y  dur ing  mid-June t o  

l a t e  J u l y  i n  t he  S t .  Maries River .  Jensen (1966) repor ted  emer- 

gence from June t o  August. 

Genus Ciny gmula McDunnough 

Food Hab i t s  - 
Nymphs of Cinygmula f ed  p r i m a r i l y  on d e t r i t u s  and dia toms.  

D e t r i t u s  r ep r e sen t ed  57%, dia toms and desmids 32.9%, f i l amentous  

a l g a e  7.4% and h i g h e r  p l a n t s  2.7% of t h e  m a t e r i a l  i n g e s t e d  

( F i g .  4F, Tab le  2) . 
Some food p r e f e r e n c e  d i v e r s i t y  was no ted  among t h e  s t a t i o n s  

suppo r t i ng  Cinygmula. Nymphs occu r r i ng  i n  s t a t i o n s  w i t h  a  more 

s i l t - f r e e  bottom g e n e r a l l y  f e d  on a  g r e a t e r  pe rcen tage  of f i lamen-  

tous  a l g a e  and diatoms. I n  s t a t i o n s  8  and 15 ,  nymphs fed  on 5-10% 

f i l amentous  a lgae  a s  O s c i l l a t o r i a ,  U l o t h r i x  and Chaetophora. The 

r e l a t i v e  composi t ion of t h e  m a t e r i a l  i n g e s t e d  va r i ed  w i t h  t h e  

m i c r o h a b i t a t  of t h e  nymphs. S t a t i o n s  a s  4, 10 and 1 8  supported 

nymphs feed ing  on a s  much a s  75% d e t r i t u s ;  t he  percen tage  of 

d e t r i t u s  i n g e s t e d  i n  s t a t i o n s  8 and 15  averaged 54%. The r e l a t i v e  

compos i t ion  of t h e  food i nges t ed  was approximately  t h e  same f o r  

nymphs of age-class  two and t h r e e .  

Ecology & Behavior 

Cinygmula was one of t h e  most abundant and wide-spread may- 

f l i e s  i n  t h e  S t .  Maries River ,  occu r r i ng  i n  a l l  b u t  f o u r  of t h e  28 

s t a t i o n s  (Table  3) . Nymphs showed a  wide range of a d a p t a b i l i t y  
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occu r r i ng  i n  slow g r a v e l  r i f f l e s  t o  f a s t  r i f f l e s  w i t h  bou lde r  o r  

cobble  bottoms and o f t e n  moderate ly  s i l t e d .  La rges t  popu l a t i ons  

occur red  i n  moderate t o  f a s t ,  cobble  r i f f l e s .  The absence of 

Cinygmula was expected from s t a t i o n s  16, 27 and 28 because of t h e  

mud and s i l t  bottoms and a g e n e r a l  l a c k  of coa r s e  sediments  and 

rocks .  The bottom type of  s t a t i o n  25 was p r i n c i p a l l y  l a v a  boulders  

c o n t a i n i n g  numerous p o r o s i t i e s ;  nymphs of Cinggmula were most 

abundant and commonly found on smooth su r f aced  rocks .  

C i n y ~ m u l a  i s  a medium s i z e d  nymph adap ted  f o r  qu ick  maneu- 

v e r a b i l i t y  over  rocks  and d e b r i s .  Nymphs were t y p i c a l l y  found 

c l i n g i n g  t o  t h e  t ops  and s i d e s  of rocks  and o r i e n t a t i n g  upstream; 

o c c a s i o n a l l y  t hey  were found c rawl ing  i n  clumps of F o n t i n a l i s .  

S e v e r a l  nymphs were observed o r i e n t a t i n g  downstream on t h e  bottoms 

of l i g h t l y  s i l t e d  rocks .  

Age-class t h r e e  nymphs occur red  abundant ly  from e a r l y  March 

t o  mid-July i n  t h e  S t .  Maries River .  Jensen (1966) r epo r t ed  t h a t  

s e v e r a l  s p e c i e s  may occur  i n  t h e  s t a t e ,  w i t h  v a r i a b l e  emergence 

t imes .  

Epeorus ( I r o n )  a l b e r t a e  (McDunnough) 

Food Hab i t s  - 
Nymphs of E. a l b e r t a e  a r e  p r i m a r i l y  d e t r i t u s - d i a t o m  f e e d e r s .  

D e t r i t u s  r ep r e sen t ed  52.7%, diatoms and desmids 31.9%, f i l amentous  

a l g a e  14.2%, h i g h e r  p l a n t s  0.6% and a r t h ropods  0 .6% of t he  t o t a l  

food m a t e r i a l  i n g e s t e d  (F ig .  4G,  Table 2 ) .  Filamentous a l g a e  were 
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an  important  c o n s t i t u e n t  i n  t h e  d i e t  of t h i s  s p e c i e s .  The nymphs 

were u s u a l l y  found c l i n g i n g  t o  t he  t ops  and s i d e s  of s i l t  and 

d e t r i t a l  covered rocks  which o f t e n  had a  growth of f i l amentous  

a l g a e .  Age-class two and t h r e e  nymphs showed l i t t l e  d i v e r s i t y  i n  

t h e i r  f e ed ing  h a b i t s .  

Ecology and Behavior 

E .  a l b e r t a e  occur red  i n  14 of  the  28 s t a t i o n s  on t h e  S t .  - 
Maries River  (Table 3 ) .  The s p e c i e s  occurred p r i m a r i l y  on t he  West 

Fork and t h e  middle S t .  Maries.  I t  is  s i g n i f i c a n t  t o  no t e  t h a t  E. 

a l b e r t a e  was g e n e r a l l y  ab sen t  o r  occurred i n  s p a r s e  numbers on t he  

Middle Fork, even though s e v e r a l  of t h e  s t a t i o n s  were s u p e r f i c i a l l y  

s i m i l a r  t o  t h o s e  of t h e  West Fork and middle S t .  Maries .  Water 

t empera tures  averaged 4-5' c o o l e r  on t he  Middle Fork which may, i n  

p a r t ,  e x p l a i n  i t s  absence.  g. longimanus, a  c l o s e l y  r e l a t e d  

s p e c i e s ,  was found abundant ly  throughout  t h e  r i v e r  wh i l e  E. 

a l b e r t a e  was g e n e r a l l y  r e s t r i c t e d  t o  t h e  warmer r e g i o n s .  Nymphs of 

E .  longimanus and 5. a l b e r t a e  were o f t e n  found occupying s i m i l a r  - 

mic rohab i t a t s  on t h e  West Fork and t h e  middle S t .  Maries River .  

Nymphs of E. a l b e r t a e  u s u a l l y  i n h a b i t a t e d  t h e  s lower  cur- 

r e n t s  a long  t he  margins of t he  s t ream.  They o f t e n  occurred on t h e  

t ops  and s i d e s  of rocks  and o r i e n t a t e d  p e r p e n d i c u l a r l y  t o  t he  cur- 

r e n t .  I n  f a s t e r  r i f f l e s ,  a s  i n  s t a t i o n  10 ,  nymphs were commonly 

found on t h e  bottoms of rocks  and o r i e n t a t e d  i n  a  downstream 

d i r e c t i o n .  I n  t h e  poo l s  of 2.5 t o  3 f e e t  deep ,  nymphs were 

g e n e r a l l y  observed on t h e  tops  of rocks  and were v a r i o u s l y  



o r i e n t a t e d  t o  t h e  c u r r e n t .  

Age-class t h r e e  nymphs of E. a l b e r t a e  occurred p r i m a r i l y  

from e a r l y  J u l y  t o  mid-August i n  t h e  S t .  Maries River .  Jensen 

(1966) r epo r t ed  emergence i n  J u l y  and August. 

Epeorus ( I r on )  longimanus (Eat  on) 

Food Hab i t s  

Nymphs of E. longimanus f e d  p r i m a r i l y  on d e t r i t u s  and d ia -  

toms. D e t r i t u s  r ep r e sen t ed  61.1%, dia toms and desmids 31.4%, 

f i l amentous  a l g a e  6.8% and h i g h e r  p l a n t s  0.7% of t h e  m a t e r i a l  in- 

ges ted  (F ig .  4H, Table  2 ) .  Chapman and Demory (1963) r epo r t ed  

t h e i r  d i e t  t o  c o n s i s t  l a r g e l y  of dia toms and o rgan i c  d e b r i s .  In- 

c r e a s e d  u t i l i z a t i o n  of f i l amentous  a l g a e  was noted from s t a t i o n s  

where i t  grew abundant ly .  Age-class t h r e e  nymphs f e d  on approxi-  

mately  10% more d e t r i t u s  than nymphs of age-class two. 

Ecolopy Behavior 

E.  longimanus r ep re sen t ed  one of t h e  more widely  d i s t r i -  - 

buted mayfly s p e c i e s ,  be ing  found i n  22 of t h e  28 s t a t i o n s  on t h e  

S t .  Maries River  (Table  3 ) .  It  i s  w e l l  adapted t o  a v a r i e t y  of 

h a b i t a t s  ranging from fas t -cobble  r i f f l e s  t o  moderate-flowing, 

rocky poo l s .  According t o  Edmunds (1957), E. longimanus is  found 

i n  moderate ly  f a s t  s t reams  a t  e l e v a t i o n s  between 5,000 and 10,000 

f e e t .  A l l  E. longimanus nymphs c o l l e c t e d  from t h e  S t .  Maries 

River  were a t  e l e v a t i o n s  below 5,000 f e e t .  H a b i t a t s  l e a s t  pre-  

f e r r e d  by E. longimanus were s low pebble  r i f f l e s ,  backwater poo ls  
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and deep s l a c k w a t e r s .  Also,  E. longimanus was never  c o l l e c t e d  n e a r  

t h e  sewage e f f l u e n t  a t  San t a ,  Idaho.  

E .  longimanus was one of  t h e  more a g i l e  nymphs c o l l e c t e d .  - 
I t  was t y p i c a l l y  found o r i e n t a t i n g  upstream on tops  of rocks  and 

downstream on t h e  bottoms of rocks .  Upstream o r i e n t a t i o n  on tops  

of rocks  p robab ly  a ided  fo r ag ing  on diatoms and d e t r i t a l  m a t e r i a l  

depos i ted  over  t h e  rocks .  When t h e  rocks  were r o t a t e d ,  E. 

longimanus a l s o  r o t a t e d ,  main ta in ing  i t s  upstream d i r e c t i o n .  On 

t he  unders ide  o f  rocks ,  l a r g e s t  numbers were no t ed  n e a r  t h e  down- 

s t r e am s i d e  where l a r g e r  d e t r i t a l  accumulat ions  were depos i t ed  i n  

microeddies  . This  perhaps  provided a  more r e a d i l y  a v a i l a b l e  sou rce  

of food.  When d i s t u r b e d ,  nymphs of E. longimanus would r e t r e a t  t o  

o t h e r  rocks  and s eek  s e c l u s i o n .  

Age-class t h r e e  nymphs occur red  p r i m a r i l y  throughout  most of 

August i n  t h e  S t .  Maries River .  Jensen (1966) r epo r t ed  emergence 

from l a t e  June t o  e a r l y  September. 

Epeorus ( I r o n o p s i s )  g r a n d i s  (McDunnough) 

Food Hab i t s  - 
Food h a b i t s  were n o t  summarized f o r  5. p r a n d i s  because of 

i n s u f f i c i e n t  m a t e r i a l .  

Ecology & Behavior 

E .  p r a n d i s  was an uncommon mayfly occu r r i ng  i n  on ly  f o u r  of - 
t h e  28  s t a t i o n s  on t h e  S t .  Maries River ,  a l l  of which were l o c a t e d  

on t h e  lower  h a l f  of t h e  Middle Fork (Table  3 ) .  Cold, f a s t - f l owing  



r i f f l e s  w i t h  bottom types  of l a r g e  and s m a l l  cobble  were t h e  

p r i n c i p a l  h a b i t a t s .  

Most of t h e  nymphs c o l l e c t e d  were on t h e  bottom of rocks  ; a  

few were observed c l i n g i n g  t o  t h e  s i d e s  of rocks  and i n  c l o s e  

p rox imi ty  t o  a l g a e  f i l a m e n t s .  No p a r t i c u l a r  o r i e n t a t i o n  p a t t e r n  

was no ted  i n  r e s p e c t  t o  s t r e am c u r r e n t s .  

Age-class t h r e e  nymphs occurred p r i m a r i l y  from e a r l y  June t o  

mid-July i n  t h e  S t  . Maries River .  Jensen  (1966) r epo r t ed  emergence 

from June t o  August. 

Ephemerella (Drune l la )  c o l o r a d e n s i s  Dodds 

Food Hab i t s  - 
Food h a b i t s  were n o t  summarized f o r  E. co lo r adens i s  because 

of i n s u f f i c i e n t  m a t e r i a l .  

Ecology Behavior 

E. c o l o r a d e n s i s  nymphs were c o l l e c t e d  from t e n  of t he  28 - 
s t a t i o n s  on t h e  S t .  Maries River ,  n i n e  of which occurred on t h e  

Middle Fork (Table  3 ) .  The c o o l e r  wa t e r s  of t h e  Middle Fork may 

have been a  f a c t o r  i n  t h e i r  d i s t r i b u t i o n .  

The p r i n c i p a l  h a b i t a t  of t h e  nymphs was r e l a t i v e l y  s i l t -  

f r e e ,  cobble  r i f f l e s .  They were observed o r i e n t a t i n g  upstream on 

t h e  t o p s  and s i d e s  of rocks  i n  moderate f lowing r i f f l e s  and o f t e n  

on t h e  unders ide  of rocks  i n  f a s t e r  w a t e r s ;  t h e i r  o r i e n t a t i o n  was 

p r i m a r i l y  upstream. They responded s lowly and s l u g g i s h l y  when 

d i s t u r b e d .  The i r  da rk  c o l o r a t i o n  makes them d i f f i c u l t  t o  see when 
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l i v i n g  on d a r k e r  rocks  and may s e r v e  a s  a p r o t e c t i v e  a d a p t a t i o n  

from p r e d a t o r s .  

Age-class t h r e e  nymphs occur red  p r i m a r i l y  from e a r l y  J u l y  t o  

mid-August i n  t h e  S t .  Maries River .  Emergence was r epo r t ed  by 

Al len  and Edmunds (1962) a s  l a t e  a s  September and e a r l y  October.  

Ephemerella (Drunel la)  doddsi  Needham 

Food Hab i t s  
-. 

Nymphs of E. doddsi  f e d  p r i m a r i l y  on d e t r i t u s  and fi lamen- 

tous  a l g a e .  D e t r i t u s  r ep r e sen t ed  45.2% of t h e  m a t e r i a l  i n g e s t e d ,  

d ia toms and p l a n t s  1.0% ( F i g .  41, Table 2 ) .  Filamentous a l g a e  was 

an impor tan t  c o n s t i t u e n t  i n  t h e  d i e t  of t h i s  s p e c i e s .  This may be 

accounted f o r  i n  p a r t ,  by t h e  f a c t  t h a t  t h e  nymphs g e n e r a l l y  i n -  

hab i t ed  w e l l  a e r a t e d  r i f f l e s  having moderate growths of a l gae .  Be- 

cause t h e  nymphs g e n e r a l l y  demonstrated a low t o l e r a n c e  t o  b r i g h t  

l i g h t ,  i t  i s  surmised t h a t  they f ed  on a l g a e  covered rocks  a f t e r  

emerging from s e c l u s i o n  dur ing  t h e  shaded o r  dark  hours  of t h e  day .  

The i n g e s t i o n  of a r t h ropods  is be l i eved  t o  be t h e  r e s u l t  of random 

fo r ag ing  a c t i v i t i e s  r a t h e r  than  d i r e c t  p r e d a t i o n .  L i t t l e  food 

p r e f e r e n c e  d i v e r s i t y  was found among t he  s t a t i o n s  suppo r t i ng  t h e  

nymphs. Age-class two and t h r e e  nymphs fed on approximately  t h e  

same r e l a t i v e  composi t ion of food. 

Ecology and Behavior 

Nymphs of E. dodds i  were c o l l e c t e d  from 14 of t h e  28 

s t a t i o n s .  T h e i r  d i s t r i b u t i o n  was l i m i t e d  t o  t h e  Middle Fork and 
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middle S t .  Maries ,  r each ing  g r e a t e s t  development i n  t h e  Middle Fork 

(Table  3 ) .  La rge s t  popu l a t i ons  occurred i n  moderate t o  f a s t -  

f lowing ,  s i l t - f r e e  r i f f l e s .  R i f f l e  bottom types  were g e n e r a l l y  of 

sma l l  and l a r g e  cobble ,  b u t  o c c a s i o n a l l y  pebble  and g r a v e l .  

E. dodds i  nymphs a r e  morphological ly  adapted t o  moderate t o  - 

s w i f t  wa t e r  h a b i t a t s  by v i r t u e  of t h e i r  broad f r o n t a l  s h e l f ,  

contoured body and v e n t r a l  adhes ive  d i s c .  Most nymphs were found 

t o  i n h a b i t  t h e  unders ide  o f  rocks  i n  s u n l i t  a r e a s  and t h e  t o p s  and 

s i d e s  of rocks  i n  shaded a r e a s .  O r i e n t a t i o n  on t h e  bottom of rocks  

was g e n e r a l l y  i r r e g u l a r  whi le  upstream o r i e n t a t i o n  was common on 

tops  of r ocks .  The i r  a b i l i t y  t o  c l i n g  t o  rocks  i s  g r e a t l y  enhanced 

by t he  l a r g e  v e n t r a l  d i s c .  The i r  movements were g e n e r a l l y  s l u g g i s h  

when d i s t u r b e d  . 
Age-class t h r e e  nymphs occurred p r i m a r i l y  from e a r l y  June t o  

mid-July i n  t h e  S t .  Maries River .  Jensen (1966) r epo r t ed  emergence 

from mid-June t o  mid-August. 

Ephemerella (Cauda te l l a )  edmundsi Al len  

Food Hab i t s  - 
Food h a b i t s  were n o t  summarized f o r  E. edmundsi because of 

i n s u f f i c i e n t  m a t e r i a l .  

Ecology & Behavior 

E. edmundsi nymphs were c o l l e c t e d  from f o u r  of t he  2 8  - 

s t a t i o n s  on t he  S t .  Maries River ,  a l l  of which were ad j acen t  t o  one 

ano the r  and l o c a t e d  i n  t h e  upper Middle Fork (Table  3 ) .  Nymphs 



were g e n e r a l l y  found i n  pebble  and cobble  r i f f l e s  of slow t o  

moderate c u r r e n t s  and hav ing  an abundant growth of  moss and a l g a e .  

F o n t i n a l i s ,  a coa r s e  moss, and P r a s i o l a ,  a s h e e t - l i k e  a l g a  a f fo rded  

e x c e l l e n t  h a b i t a t s  f o r & .  edmundsi nymphs. Most of t h e  nymphs were 

observed l i v i n g  on F o n t i n a l i s  and /or  P r a s i o l a  and o r i e n t a t i n g  up- 

s t ream.  A few nymphs were observed feed ing  on P r a s i o l a .  

Occas iona l ly ,  E. edmundsi nymphs were found on t h e  tops  and s i d e s  

of rocks .  

Age-class t h r e e  nymphs occurred p r i m a r i l y  from e a r l y  June t o  

mid-July i n  t h e  S t .  Maries River .  

Ephemerella (Drune l la )  f l a v i l i n e a  McDunnough 

Food Hab i t s  - 
The nymphs of E. f l a v i l i n e a  fed p r i m a r i l y  on d e t r i t u s ,  

d ia toms and f i l amentous  a lgae .  D e t r i t u s  r ep r e sen t ed  56.3%, dia toms 

and desmids 24.4%, f i l amentous  a l g a e  16.8%, h i g h e r  p l a n t s  0.3% and 

a r t h ropods  2.2% of t h e  m a t e r i a l  i nges t ed  (F ig .  45, Table  2 ) .  

Fi lamentous  a l g a e  were an impor tan t  c o n s t i t u e n t  i n  t h e  d i e t  of t h i s  

s p e c i e s .  I n  s t a t i o n s  19 ,  20 and 23, 4-9% of t h e i r  d i e t  was o t h e r  

may f l i e s .  The r e l a t i v e  composi t ion of t h e  food i nges t ed  was 

approximately  t h e  same f o r  age-class two and t h r e e  nymphs; s l i g h t  

changes i n  composi t ion were no ted  among d i f f e r e n t  s t a t i o n s ,  how- 

e v e r .  

Ecolopy & Behavior 

E .  f l a v i l i n e a  was a widely  d i s t r i b u t e d  s p e c i e s  occu r r i ng  i n  - 
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22 of t h e  28 s t a t i o n s  on t he  S t .  Maries River .  E. f l a v i l i n e a  

nymphs were c o l l e c t e d  from a v a r i e t y  of h a b i t a t s ,  r ang ing  from 

s i l t y  poo l s  t o  bou lder  r i f f l e s .  No specimens were c o l l e c t e d  n e a r  

t h e  S a n t a  sewage e f f l u e n t ,  s t a t i o n  26, o r  t h e  two s l a ckwa te r  

s t a t i o n s ,  27 and 28 (Table  3 ) .  

E. f l a v i l i n e a  i s  a medium s i z e d  nymph c l o s e l y  r e l a t e d  t o  E. - 

c o l o r a d e n s i s .  Both s p e c i e s  were o f t e n  found i n  s i m i l a r  h a b i t a t s ;  

however, E. f l a v i l i n e a  extended i n t o  t h e  warmer s e c t i o n s  of t h e  

r i v e r  wh i l e  E. c o l o r a d e n s i s  f requen ted  t h e  c o l d e r  Middle Fork.  E. 

f l a v i l i n e a  was most commonly found i n  moderate t o  f a s t  r i f f l e s  w i t h  

bottom types  of s m a l l  and l a r g e  cobble .  Nymphs were u s u a l l y  

observed o r i e n t a t i n g  upstream on t h e  tops  and s i d e s  of rocks .  

Occas iona l ly  E. f l a v i l i n e a  nymphs were found on t h e  bottoms of 

s m a l l  cobble  rocks  and u s u a l l y  o r i e n t a t e d  downstream. 

Age-class t h r e e  nymphs occur red  p r i m a r i l y  from e a r l y  June t o  

mid-July i n  t h e  S t .  Maries River .  Jensen (1966) repor ted  emergence 

i n  l a t e  J u l y  and August . 

Ephemerella (Drune l la )  g r a n d i s  Eaton 

Food Hab i t s  - 
Nymphs of E. g r a n d i s  f ed  p r i m a r i l y  on d e t r i t u s ,  diatoms and 

f i l amentous  a l g a e .  D e t r i t u s  r ep r e sen t ed  50.3%, diatoms and desmids 

27.4%, f i l amentous  a l g a e  15.2%, a r th ropods  4.8% and h i g h e r  p l a n t s  

2.3% of t h e  m a t e r i a l  i n g e s t e d  (F ig .  4K, Table  2 ) .  Arthropods were 

o c c a s i o n a l l y  i n g e s t e d ;  i t  i s  be l i eved  t h a t  t h i s  was n o t  t h e  r e s u l t  



of p r e d a t o r y  t endenc i e s .  L i t t l e  food p r e f e r ence  d i v e r s i t y  was 

found among the  s t a t i o n s  suppo r t i ng  t h e  s p e c i e s .  Age-class two and 

t h r e e  nymphs f e d  on approximately  t h e  same r e l a t i v e  composi t ion of 

food . 
Ecology Behavior 

E. g r a n d i s  was a  wide ly  d i s t r i b u t e d  s p e c i e s  occu r r i ng  i n  23 - 
of t h e  28 s t a t i o n s  on t he  S t .  Maries River .  The on ly  h a b i t a t s  n o t  

f requen ted  by t h i s  s p e c i e s  were t h e  poo l s  of s t a t i o n s  3  and 16 ,  t h e  

sewage e f f l u e n t  of s t a t i o n  26 and t h e  s l a ckwa te r s  (Table  3 ) .  E. 
g r a n d i s  nymphs g e n e r a l l y  showed a f f i n i t i e s  f o r  h a b i t a t s  con t a in ing  

p r o t e c t i v e  cover  a s  d e a d - f a l l ,  o rgan i c  d e b r i s ,  F o n t i n a l i s  clumps 

and/or  moderate t o  heavy a l g a l  growths.  Many of t h e  nymphs were 

observed l i v i n g  i n  F o n t i n a l i s  clumps o r  c l i n g i n g  t o  f i l a m e n t s  of 

a l g a e  and o t h e r  submerged v e g e t a t i o n .  A few nymphs were observed 

c l i n g i n g  t o  t h e  t o p s  o r  s i d e s  of rocks ;  occa s iona l l y  they were 

found on t h e  unde r s ide  of rocks  and l ogs .  The comparat ively  l a r g e  

nymphs of E. g r a n d i s  were slow and methodica l  i n  t h e i r  movements. 

They have an e x c e p t i o n a l  a b i l i t y  t o  concea l  themselves i n  s t r e am 

d e b r i s  and v e g e t a t i o n .  The da rk  c o l o r a t i o n  and d o r s a l  s p i n a t i o n  

of t h i s  nymph i s  an impor tan t  morphological  a d a p t a t i o n  p rov id ing  

e x c e l l e n t  p r o t e c t i v e  camouflage.  

Age-class t h r e e  nymphs occurred p r i m a r i l y  from e a r l y  March 

t o  mid- J u l y .  A l l en  and Edmunds (1962) , a s  r epo r t ed  by Jensen 

(1966 ) ,  recorded emergence from e a r l y  June t o  e a r l y  J u l y .  



Ephemerella (Timpanoga) hecuba (Eaton) 

Food Hab i t s  

Nymphs of E. hecuba fed p r i m a r i l y  on d e t r i t u s ,  diatoms and 

f i l amentous  a lgae .  D e t r i t u s  represen ted  44 .I%, diatoms and desmids 

38.9%, f i l amentous  a l g a e  15 ,8%,  h i g h e r  p l a n t s  0.6% and a r th ropods  

0.6% ( F i g .  4L, Table  2 ) .  Filamentous a l g a e  were an impor tan t  con- 

s t i t u e n t  i n  t h e  d i e t  of t h i s  s p e c i e s .  Although t h e  m i c r o h a b i t a t s  

of E. hecuba g e n e r a l l y  had l a r g e  amounts of d e t r i t a l  m a t t e r ,  t h e  

amount i n g e s t e d  was r e l a t i v e l y  low when compared t o  nymphs of 

Cinygmula and P a r a l e p t o p h l e b i a  which occupied s i m i l a r  microhabi-  

t a t s .  L i t t l e  food p r e f e r e n c e  d i v e r s i t y  was found among t h e  

s t a t i o n s  suppo r t i ng  t h e  nymphs. Age-class two and t h r e e  nymphs fed 

on approximately  t h e  same r e l a t i v e  composi t ion of food. 

Ecology Behavior 

E . hecuba occurred i n  12 of t h e  28 s t a t i o n s  on t h e  S t .  - 

Maries River  (Table  3 ) .  The nymphs t y p i c a l l y  i n h a b i t e d  t he  under- 

s i d e  of rocks  i n  moderate t o  l i g h t l y  s i l t e d  r i f f l e s  and pools ;  

occa s iona l l y  nymphs w e r e  observed c l i n g i n g  t o  t h e  tops  of rocks .  

O r i e n t a t i o n  was i r r e g u l a r  i n  bo th  c a s e s .  E. hecuba i s  a wel l -  

camouflaged, pubescent  nymph which u s u a l l y  has  l a r g e  amounts of 

s i l t  cover ing  i t s  body. 

Mature nymphs of E. hecuba a r e  l a r g e  and d o r s o v e n t r a l l y  

f l a t t e n e d ;  when d i s t u r b e d  they r a i s e  t h e i r  abdomens a s  a s o r t  of 

de f ens ive  mechanism r a t h e r  than r e t r e a t i n g .  I f  t h e  nymph d i s -  

lodges  from i t s  s u b s t r a t e ,  i t  d r i f t s  downstream whi le  f l e x i n g  i t s  
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abdomen r e g u l a r l y .  Downstream d isp lacement  i s  u s u a l l y  s e v e r a l  f e e t  

from i t s  o r i g i n a l  p o s i t i o n .  

Age-class t h r e e  nymphs occurred p r i m a r i l y  from e a r l y  J u l y  t o  

mid-Augus t i n  t h e  S t  . Maries River .  Jensen (1966) repor ted  t h a t  

l i t t l e  i s  known about  t h e  b io logy  of t h e  a d u l t s .  

Ephemerella (Cauda te l l a )  hys t r i x  Traver  

Food Hab i t s  

Food h a b i t s  were no t  summarized f o r  E. h y s t r i x  because of 

i n s u f f i c i e n t  m a t e r i a l .  

Ecology Behavior 

E. h y s t r i x  was a r e l a t i v e l y  uncommon mayfly occu r r i ng  i n  - 

e i g h t  of t h e  2 8  s t a t i o n s  on t h e  S t .  Maries River ,  a l l  of  which were 

l o c a t e d  on t h e  Middle Fork (Table  3 ) .  Nymphs were u s u a l l y  found i n  

moderate t o  f a s t  r i f f l e s  c l i n g i n g  t o  submerged v e g e t a t i o n  of 

P r a s i o l a  and F o n t i n a l i s .  The v e g e t a t i v e  microenvironments of t h e  

nymphs a f fo rded  good concealment from p r e d a t o r s .  Occas iona l ly  

nymphs were observed c l i n g i n g  on t h e  downstream s i d e s  of l a r g e  

cobble  o r  c rawl ing  s lowly  among t h e  f i n e r  sediments  of t h e  s t r e a m  

bottom. O r i e n t a t i o n  t o  t h e  s t r e am c u r r e n t  w a s  u s u a l l y  i r r e g u l a r .  

Age-class t h r e e  nymphs occur red  p r i m a r i l y  from e a r l y  June 

t o  mid-July i n  t h e  S t .  Maries River .  Jensen (1966) r epo r t ed  emer- 

gence i n  la te  June and e a r l y  J u l y .  



Ephemerella ( E ~ h e m e r e l l a )  ine rmis  Eaton and 
E . (Ephemerella) i n f  requens McDunnough - 1 

Food Hab i t s  - 
E. i ne rmi s  and E. i n f r equens  nymphs fed  p r i m a r i l y  on d e t r i -  - 

t u s ,  d ia toms and f i l amentous  a lgae .  D e t r i t u s  r ep r e sen t ed  60.1% of 

t h e  m a t e r i a l  i n g e s t e d ,  d ia toms and desmids 24.5%, f i l amentous  a l g a e  

12.2%, h i g h e r  p l a n t s  2.6% and a r th ropods  0.6% (F ig .  4M, Table  2 ) .  

Fi lamentous  a l g a e  was an important  c o n s t i t u e n t  i n  t he  d i e t  of t h e s e  

s p e c i e s .  Food p r e f e r ence  d i v e r s i t y  was v a r i a b l e  among t h e  

s t a t i o n s .  Fi lamentous  a l g a e  was moderate ly  consumed i n  most r i f f l e  

h a b i t a t s ;  h i g h e r  p l a n t s  and a r th ropods  were f r e q u e n t l y  i nges t ed  i n  

t h e  pool  s t a t i o n s .  Age-class two and t h r e e  nymphs fed on approxi-  

mate ly  t h e  same r e l a t i v e  composi t ion of food. 

Ecolopy Behavior 

E .  ine rmis  and E. i n f r equens  nymphs occurred i n  25 of t h e  28 - 

s t a t i o n s  on t h e  S t .  Maries River .  The nymphs were found i n  a wide 

v a r i e t y  of h a b i t a t s  rang ing  from h e a v i l y  s i l t e d  poo l s  t o  f a s t  flow- 

i n g ,  bou lder  r i f f l e s  (Table  3 ) .  Nymphs were commonly observed 

l i v i n g  on t h e  tops  and s i d e s  of submerged l o g s  and rocks  i n  slow t o  

moderate r i f f l e s ;  r i f f l e  h a b i t a t s  supported t h e  l a r g e s t  popula- 

t i o n s .  Occas iona l ly  nymphs were found c l i n g i n g  t o  F o n t i n a l i s  

'E. ine rmis  and E. i n f r equens  a r e  cons idered  t o g e t h e r  i n  
t h i s  s t u d y  because of t h e  i n a b i l i t y  t o  s a t i s f a c t o r i l y  s e p a r a t e  t h e  
nymphs taxonomical ly .  Jensen  (1966) i n d i c a t e d  bo th  s p e c i e s  may 
occur  i n  t h e  same h a b i t a t s .  
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clumps o r  o t h e r  submerged v e g e t a t i o n .  O r i e n t a t i o n  of t h e  nymphs t o  

t h e  c u r r e n t  was g e n e r a l l y  i r r e g u l a r .  

Age-class two and t h r e e  nymphs occurred p r i m a r i l y  from e a r l y  

June t o  J u l y  i n  t h e  S t .  Maries River .  Jensen (1966) r epo r t ed  - E .  

i n e rmi s  may be multibrooded as t h e  a d u l t s  have been c o l l e c t e d  from 

l a t e  May t o  e a r l y  September. 

Ephemerella ( A t t e n u a t e l l a )  m a r g a r i t a  Needham 

Food Hab i t s  - 
E .  m a r g a r i t a  nymphs fed p r i m a r i l y  on d e t r i t u s ,  d ia toms and - 

f i l amentous  a l g a e .  D e t r i t u s  r ep r e sen t ed  54.5% of t h e  m a t e r i a l  i n -  

g e s t e d ,  d ia toms and desmids 25%, f i l amentous  a l g a e  20.2% and h i g h e r  

p l a n t s  0.3% (F ig .  4N, Table  2 ) .  Filamentous a l g a e  were u t i l i z e d  t o  

a much g r e a t e r  e x t e n t  by E. marga r i t a  nymphs than by many of t h e  

s p e c i e s  s t u d i e d  . On s e v e r a l  occas ions  nymphs were observed f eed ing  

on t h e  s t u b b l e - l i k e  a l g a e  growing on s u r f a c e s  of rocks .  Feeding 

was done w i t h  t h e  mandibles and max i l l a e  whi le  t h e  head was moved 

w i t h  a forward t o  back motion.  L i t t l e  food p r e f e r ence  d i v e r s i t y  

was found among t h e  s t a t i o n s  suppo r t i ng  t h e  nymphs. Age-class two 

and t h r e e  nymphs f e d  on about  t h e  same r e l a t i v e  composit ion of  food. 

Ecology 4 Behavior 

Nymphs of E. m a r g a r i t a  occurred i n  n i n e  of t he  28 s t a t i o n s  

on t h e  S t .  Maries River ,  s i x  of which were l o c a t e d  on t h e  middle 

S t .  Maries (Table  3 ) .  Nymphs u s u a l l y  occur red  a long  t h e  margins of 

slow, moderate ly  s i l t e d ,  cobble  r i f f l e s  and i n  c l o s e  p rox imi ty  t o  



a l g a e  o r  o t h e r  submerged v e g e t a t i o n .  Occas iona l ly ,  they were found 

i n  sha l low poo l s  on t h e  bottom of s i l t e d  rocks .  The i r  o r i e n t a t i o n  

was g e n e r a l l y  upstream on tops  of rocks .  I f  d i s t u r b e d ,  t he  nymphs 

would qu i ck ly  d i s l o d g e  and d r i f t  s e v e r a l  i nches  downstream be fo re  

r e a t t a c h i n g  t o  a s u i t a b l e  s u b s t r a t e .  

Age-class t h r e e  nymphs occur red  p r i m a r i l y  du r ing  August i n  

t h e  S t .  Maries River .  Al len  and Edmunds (1961) r epo r t ed  E. 

m a r ~ , a r i t a  a d u l t s  occu r r i ng  from J u l y  t o  l a t e  August i n  Idaho.  

Ephemerella (Drune l la )  s p i n i f e r a  Needham 

Food Hab i t s  

Food h a b i t s  were n o t  summarized f o r  E. s p i n i f e r a  because of 

i n s u f f i c i e n t  m a t e r i a l .  

Ecology g& Behavior 

E. s p i n i f e r a  was a r e l a t i v e l y  uncommon may£ l y  occu r r i ng  i n  - 

n i n e  of t h e  28 s t a t i o n s  on t h e  S t .  Maries River ,  most of which were 

l o c a t e d  on t h e  Middle Fork (Table  3 ) .  Nymphs u s u a l l y  occurred 

a long  t h e  s t r e am margins of moderate t o  f a s t  cobble  r i f f l e s .  

Nymphs were commonly observed c l i n g i n g  t o  submerged v e g e t a t i o n  a s  

F o n t i n a l i s ,  bu t  o c c a s i o n a l l y  were found under  l a r g e  rocks .  

O r i e n t a t i o n  i n  r e l a t i o n  t o  s t r e am c u r r e n t  was g e n e r a l l y  i r r e g u l a r .  

E. s p i n i f e r a  i s  a sp iny  nymph, b lend ing  w e l l  w i t h  i t s  - 

microenvironment.  The d o r s a l  s p i n a t i o n  of t h e  nymph p rov ide s  an 

e x c e l l e n t  s u r f a c e  f o r  t h e  accumulat ion of s i l t  and a l g a e  which 

makes i t  less conspicuous t o  p r e d a t o r s  and makes i t  appear  a s  p a r t  
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of t h e  s u b s t r a t e .  

Age-c l a s s  t h r e e  nymphs occur red  p r i m a r i l y  from e a r l y  June t o  

mid-August i n  t h e  S t .  Maries River.  Jensen (1966) recorded emer- 

gence from l a t e  J u l y  t o  e a r l y  September. 

Ephemerella ( S e r r a t e l l a )  t e r e s a  Traver  

Food Hab i t s  - 
Food h a b i t s  were n o t  summarized f o r  E. t e r e s a  because of i n -  

s u f f i c i e n t  m a t e r i a l .  

E c o l o ~  Behavior 

E. t e r e s a  was an uncommon mayfly o c c u r r i n g  i n  only f i v e  of - 

t h e  28 s t a t i o n s  on t h e  S t .  Maries River ,  most of which were l o c a t e d  

on t h e  middle  S t .  Maries (Table  3 ) .  Nymphs u s u a l l y  occurred i n  

moderate f lowing,  l i g h t  t o  moderate ly  s i l t e d  cobble  r i f f l e s ;  

occa s iona l l y  nymphs were found i n  f a s t e r  r i f f l e s .  E. t e r e s a  nymphs 

g e n e r a l l y  i n h a b i t a t e d  t h e  c e n t r a l  channel  of moderate f lowing 

r i f f l e s  and t h e  margins of f a s t e r  r i f f l e s .  Nymphs were commonly 

observed c l i n g i n g  t o  t h e  tops  and s i d e s  of r ocks ;  o r i e n t a t i o n  t o  

t h e  s t r e am c u r r e n t  was u s u a l l y  upstream. 

Age-class two and t h r e e  nymphs occurred p r i m a r i l y  dur ing  

mid-July i n  t h e  S t .  Maries River  and would sugges t  a l a t e  summer o r  

e a r l y  f a l l  emergence. Jensen (1966) r epo r t ed  t h e  b io logy  of t h e  

a d u l t s  i s  unknown. 



Ephemerella ( S e r r a t e l l a )  t i b i a l i s  (McDunnough) 

Food Habi t s  - 
E. t i b i a l i s  nymphs fed p r i m a r i l y  on d e t r i t u s ,  diatoms and - 

f i l amentous  a lgae .  D e t r i t u s  r ep re sen t ed  54.7%, diatoms and desmids 

29.1%, f i l amentous  a l g a e  14%, h ighe r  p l a n t s  1.5% and a r th ropods  

0 .7% of t h e  m a t e r i a l  i nges t ed  (F ig .  40, Table 2) . Filamentous 

a l g a e  w a s  an impor tan t  c o n s t i t u e n t  i n  t h e  d i e t  of t h i s  s p e c i e s .  

Food p re f e r ence  d i v e r s i t y  va r i ed  among t h e  s t a t i o n s  suppor t i ng  E. 

t i b i a l i s  nymphs. Nymphs from d i f f e r e n t  h a b i t a t s  were gene ra l l y  

q u i t e  v e r s a t i l e  i n  t h e i r  feed ing  h a b i t s ,  u t i l i z i n g  a  v a r i e t y  of 

f i l amentous  a l g a e  and va r i ed  amounts of d e t r i t u s  and diatoms. 

Nymphs g e n e r a l l y  fed  on f i l amentous  a l g a e  t o  a  h ighe r  degree i n  

s t a t i o n s  suppor t i ng  an abundance of i t .  Age-class two and t h r e e  

nymphs fed on approximately t h e  same r e l a t i v e  composition of food. 

Ecology & Behavior 

E . t i b i a l i s  was one of t h e  most widespread mayfly s p e c i e s ,  - 

occur r ing  i n  25 of t h e  28 s t a t i o n s  on t h e  S t .  Maries River .  I t  

was no t  recorded f o r  s t a t i o n s  16, 27 and 28 (Table  3 ) .  I ts  n e a r  

u n i v e r s a l  occur rence  would i n d i c a t e  a  wide range of a d a p t a b i l i t y .  

Slow t o  moderate f lowing,  cobble r i f f l e s  w i t h  l i t t l e  o r  no 

s i l t a t i o n  suppor ted  l a r g e s t  popula t ions .  Jensen (1966) repor ted  

t h i s  s p e c i e s  occu r r i ng  i n  most moderately flowing s t reams  and a t  

a l l  e l e v a t i o n s  i n  Idaho. 

E. t i b i a l i s  were commonly found c l i n g i n g  t o  t h e  t ops  and - 

s i d e s  of rocks w i th  upstream o r i e n t a t i o n .  Seve ra l  nymphs were 



found on  t h e  unders ides  of rocks .  Occas iona l ly  nymphs were 

observed c l i n g i n g  o r  c rawl ing  among P r a s i o l a  and F o n t i n a l i s ;  

f o r ag ing  probably took p l a c e  on t h e  p l a n t s '  s u r f a c e s .  When 

pos i t i oned  on t h e  downstream s i d e  of r ocks ,  nymphs were observed 

performing a  "pumping" a c t i o n ,  moving t h e i r  body up and down i n  

push-up f a sh ion ,  an a c t i v i t y  which probably i nc r ea sed  t h e  wa t e r  

f low around t h e  g i l l s .  

Age-class t h r e e  nymphs occurred p r i m a r i l y  from e a r l y  June 

t o  mid-August i n  t h e  S t .  Maries River .  Jensen  (1966) repor ted  

emergence from e a r l y  June  t o  mid-September. 

Hep t agen ia  c r i d d l e i  McDunnough 

Food Hab i t s  - 
H.  c r i d d l e i  nymphs f ed  p r i m a r i l y  on d e t r i t u s ,  d ia toms and - 

f i l amentous  a l g a e .  D e t r i t u s  r ep r e sen t ed  44.5%, diatoms and desmids 

42.4%, f i l amentous  a l g a e  12.9% and h i g h e r  p l a n t s  0.2% of t h e  

m a t e r i a l  i n g e s t e d  (F ig .  4P, Table 2 ) .  I n  h a b i t a t s  having heavy 

a l g a l  growths as i n  s t a t i o n s  3, 22, 23 and 25, g r e a t e r  amounts of 

f i l amentous  a l g a e  were i n g e s t e d  . H a b i t a t s  having less f  ilamen- 

tous  a l g a e  and more d e t r i t u s  suppor ted  nymphs feed ing  more ex- 

t e n s i v e l y  on t h e  l a t t e r .  Age-class two and t h r e e  nymphs fed  on 

approximately  t h e  same r e l a t i v e  composi t ion of food. 

Ecology Behavior 

H.  c r i d d l e i  nymphs occurred i n  12 of t h e  28 s t a t i o n s  on t h e  - 

S t .  Maries River ,  e i g h t  of which were l o c a t e d  on t h e  middle S t .  
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Maries (Table  3) . Nymphs were u s u a l l y  found i n  moderate ly  f lowing ,  

cobble  r i f f l e s  w i t h  l i g h t  t o  moderate s i l t a t i o n .  Nymphs of K. 

c r i d d l e i  were g e n e r a l l y  observed on t he  tops  and downstream s i d e s  

of rocks ;  t h e i r  o r i e n t a t i o n  was g e n e r a l l y  i r r e g u l a r .  Ex t ens ive  

growths of a l g a e  were u s u a l l y  p r e s e n t  on t h e  i n h a b i t a t e d  rocks .  A 

few nymphs were found on t he  unde r s ide  of rocks  i n  moderate ly  

s i l t e d  poo l s  wi th  cobble  bottoms. 

H.  c r i d d l e i  a r e  d o r s o v e n t r a l l y  f l a t t e n e d  nymphs which have - 
unique m o b i l i t y  i n  slow c u r r e n t s .  Nymphs were capab le  of swimming 

from rock t o  rock u s ing  a g l i d i n g  motion; up and down f l ex ions  of 

t h e  abdomen and forward t o  back movements of t he  l e g s  he lp  p r o p e l  

t h e  nymphs. 

Age-class t h r e e  nymphs occurred p r i m a r i l y  from e a r l y  J u l y  t o  

mid-August i n  t h e  S t .  Maries River .  Jensen (1966) r epo r t ed  emer- 

gence from mid- June t o  l a t e  September. 

Hep t agen i a  s o l i t a r i a  McDunnough 

Food Hab i t s  - 
Food h a b i t s  were no t  summarized f o r  H. s o l i t a r i a  because of 

i n s u f f i c i e n t  m a t e r i a l .  

Ecology & Behavior 

H. s o l i t a r i a  was an uncommon mayfly,  occu r r i ng  i n  only two - 

of t h e  2 8  s t a t i o n s  on t h e  S t .  Maries River ,  s t a t i o n s  19  and 22 

(Table  3).  The p r i n c i p a l  h a b i t a t  of t h e  nymphs was moderate ly  

s i l t e d ,  cobble  poo l s  o r  runs .  The nymphs were u s u a l l y  found i n  t h e  
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c e n t e r  channe l  of t h e  poo l s ,  b u t  occa s iona l l y  a long t h e  margins.  

Most of t h e  nymphs i n h a b i t e d  t h e  unders ide  of moderate ly  s i l t e d  

cobble ;  less f r e q u e n t l y ,  nymphs were observed c l i n g i n g  t o  t h e  t ops  

of rocks .  O r i e n t a t i o n  of t h e  nymphs i n  r e l a t i o n  t o  t h e  s t ream cur- 

r e n t  was g e n e r a l l y  i r r e g u l a r .  R e l a t i v e l y  few mic roeco log i ca l  and 

b e h a v i o r a l  obse rva t i ons  were made because of l i m i t e d  d i s t r i b u t i o n  

and low popu l a t i ons .  

Age-class t h r e e  nymphs occurred p r i m a r i l y  du r ing  e a r l y  June 

i n  t h e  S t .  Maries River .  Jensen  (1966) r epo r t ed  emergence from 

June t o  September . 

P a r a l e p t o p h l e b i a  b i co rnu t  a  (McDunnough) 

Food Hab i t s  - 
P.  b i c o r n u t a  nymphs f ed  p r i m a r i l y  on d e t r i t u s  and dia toms.  - 

D e t r i t u s  r ep r e sen t ed  66.3% of t h e  m a t e r i a l  i n g e s t e d ,  diatoms and 

desmids 27.4%, f i l amentous  a l g a e  5.9% and h ighe r  p l a n t s  0.4% 

(F ig .  44, Tab le  2 ) .  Large amounts of s i l t ,  numerous dia toms and 

d e t r i t u s  were g e n e r a l l y  p r e s e n t  i n  t h e i r  m i c r o h a b i t a t .  Filamentous 

a l g a e  were n o t  a n  impor tan t  c o n s t i t u e n t  i n  t h e  d i e t  of t h i s  

s p e c i e s .  L i t t l e  f e ed ing  d i v e r s i t y  was found among t h e  s t a t i o n s  

suppo r t i ng  t h e  nymphs. R e l a t i v e  composi t ion of t h e  food i nges t ed  

was approximately  t h e  same f o r  age-c lass  two and t h r e e  nymphs. 

Ecology - and Behavior 

P.  b i c o r n u t a  nymphs occurred i n  f i v e  of t h e  28 s t a t i o n s  on - 

t h e  S t  . Maries River  (Table  3) . Nymphs were u s u a l l y  found i n  



warmer, slow-f lowing cobble r i f f l e s  w i t h  moderate t o  heavy 

s i l t a t i o n .  La rges t  popu l a t i ons  occur red  a t  s t a t i o n  26 which was 

heav i l y  p o l l u t e d  w i th  sewage e f f l u e n t .  

P .  b i c o r n u t a  was g e n e r a l l y  found on t h e  bottoms of l a r g e  - 

cobble  rocks  p a r t i a l l y  covered w i th  b i o d e t r i t a l  accumulat ions .  

O r i e n t a t i o n  was g e n e r a l l y  i r r e g u l a r  i n  r e l a t i o n  t o  s t r e am c u r r e n t s .  

Nymphs showed moderate a g i l i t y  when d i s t u rbed  b u t  u s u a l l y  con£ ined  

t h e i r  movements t o  a  s i n g l e  rock.  

Age-c l a s s  t h r e e  nymphs occur red  p r i m a r i l y  du r ing  August i n  

t h e  S t .  Maries River .  Jensen  (1966) r epo r t ed  emergence from mid- 

September t o  mid-October. 

P a r a l e p  t o p h l e b i a  d e b i l i s  (Walker) 

Food Hab i t s  - 
Food h a b i t s  were no t  summarized f o r  - P.  d e b i l i s  because of 

i n s u f f i c i e n t  m a t e r i a l .  

Ecolopy Behavior 

P .  d e b i l i s  was an uncommon mayfly,  occu r r i ng  i n  f i v e  of t h e  - 

2 8  s t a t i o n s  on t h e  S t .  Maries River ,  t h r e e  of which were l o c a t e d  on 

t h e  middle S t .  Maries (Table 3 ) .  The nymphs occurred p r i m a r i l y  i n  

warmer, moderate f lowing cobble  r i f f l e s  w i th  moderate t o  heavy 

s i l t a t i o n .  Nymphs of P. d e b i l i s  were u s u a l l y  found on t h e  under- 

s i d e  of rocks ,  b u t  occa s iona l l y  on t he  tops  and s i d e s  of r ocks .  

P .  d e b i l i s  nymphs were occa s iona l l y  observed i n h a b i t i n g  t h e  - 

same mic rohab i t a t  a s  P. b i co rnu t a .  Both s p e c i e s  appeared t o  have 



s i m i l a r  p h y s i c a l  requirements ;  n e i t h e r  s p e c i e s  was c o l l e c t e d  from 

t h e  Middle Fork. 

Age-class t h r e e  nymphs occurred p r i m a r i l y  du r ing  August i n  

t h e  S t .  Maries River .  Jensen  (1966) r epo r t ed  emergence from l a t e  

August t o  l a t e  October.  

1 
P a r a l e p t o p h l e b i a  he t e ronea  (McDunnough) and P. memorial is  (Eaton) 

Food Hab i t s  - 
P .  he t e ronea  and P. memorialis  nymphs fed  p r i m a r i l y  on - 

d e t r i t u s  and d ia toms .  D e t r i t u s  r ep r e sen t ed  65.4%, dia toms and 

desmids 25.2%, f i l amentous  a l g a e  5.3% and h i g h e r  p l a n t s  4.1% of t h e  

m a t e r i a l  i n g e s t e d  ( F i g .  4 R ,  Table  2 ) .  I n  s t a t i o n s  w i th  d e a d - f a l l  

o r  w i t h  abundant over-hanging v e g e t a t i o n ,  nymphs f e d  on g r e a t e r  

amounts of h ighe r  p l a n t s .  Age-class two and t h r e e  nymphs f ed  on 

approximately  t h e  same r e l a t i v e  composi t ion of food . 
Ecology Behavior 

P .  h e t e ronea  and P. memorialis  nymphs occurred i n  13  of t he  - 
28 s t a t i o n s  on t h e  S t .  Maries River  (Table  3 ) .  Nymphs were u s u a l l y  

found i n  slow t o  moderate f lowing cobble  r i f f l e s  w i t h  moderate 

s i l t a t i o n .  Nymphs of P. he t e ronea  and P .  memorial is  were g e n e r a l l y  

observed c l i n g i n g  t o  t h e  t o p s  and s i d e s  of rocks ;  o r i e n t a t i o n  t o  

t h e  stream c u r r e n t  w a s  u s u a l l y  upstream. 

'P. he t e ronea  and P. memorialis  a r e  cons idered  t o g e t h e r  i n  
t h i s  s t u d y  because of t h e  i n a b i l i t y  t o  s a t i s f a c t o r i l y  s e p a r a t e  t h e  
nymphs taxonomica l ly .  
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Age-class t h r e e  nymphs occurred p r i m a r i l y  from e a r l y  March 

t o  mid-June i n  t he  S t .  Maries River .  Jensen (1966) r epo r t ed  emer- 

gence of bo th  s p e c i e s  from e a r l y  June t o  e a r l y  August. 

Parameletus  columbiae McDunnough 

Food Hab i t s  - 
Food h a b i t s  were no t  summarized f o r  P. columbiae because o f  

i n s u f f i c i e n t  m a t e r i a l .  

Ecology & Behavior 

P .  columbiae was an uncommon mayfly,  occu r r i ng  i n  f i v e  of - 

t h e  28 s t a t i o n s  on t h e  S t .  Maries River ;  one of which was l o c a t e d  

i n  t h e  s l a ckwa te r s  (Table  3 ) .  Nymphs occur red  p r i m a r i l y  i n  t h e  

s lower ,  moderate t o  h e a v i l y  s i l t e d ,  cobble  r i f f l e s  and pools .  Most 

of t h e  nymphs were observed c l i n g i n g  t o  t h e  tops  and s i d e s  of rocks  

and o r i e n t a t i n g  upstream. Nymphs found i n  t h e  s l a ckwa te r  a r e a s  

were c l i n g i n g  t o  submerged brush,  l o g s  and p i l i n g s  i n  t h e  r i v e r  and 

were found i n  coex i s t ence  w i t h  Ameletus nymphs, however, t h e  l a t t e r  

were more abundant.  

Like Ameletus, 11. columbiae a r e  round-bodied nymphs, b u t  

e x h i b i t e d  l e s s  m o b i l i t y  and maneuverab i l i ty  than  Ameletus nymphs. 

Age-class t h r e e  nymphs of P. columbiae occurred p r i m a r i l y  

from e a r l y  June t o  mid-July i n  t h e  S t .  Maries River .  Nymphs were 

c o l l e c t e d  only dur ing  e a r l y  March i n  t he  s l a ckwa te r s .  Edmunds 

(19571, a s  r e p o r t e d  by Jensen  (1966) ,  i n d i c a t e d  nymphal l i f e  i s  

completed w i t h i n  16 t o  22 days o r  less. Female imagos d e p o s i t  t h e  
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eggs d u r i n g  mid-June; h a t c h i n g  occurs  s h o r t l y  a f t e r  t h e  snow melts 

t h e  f o l l o w i n g  May. 

Rhi th ropena  h a g e n i  Eaton - 

Food H a b i t s  

R. hagen i  nymphs fed  p r i m a r i l y  on d e t r i t u s ,  diatoms and - 
f i l a m e n t o u s  a l g a e .  D e t r i t u s  r e p r e s e n t e d  54.5% of t h e  m a t e r i a l  in-  

g e s t e d ,  d ia toms and desmids 37.5%, f i l a m e n t o u s  a l g a e  7.8% and 

h i g h e r  p l a n t s  0.2% ( F i g .  45, Table 2 ) .  L i t t l e  food p r e f e r e n c e  

d i v e r s i t y  was found among t h e  s t a t i o n s  s u p p o r t i n g  t h e  nymphs. The 

r e l a t i v e  composi t ion of t h e  food i n g e s t e d  was approximately  t h e  

same f o r  age-c lass  two and t h r e e  nymphs. 

Ecology & Behavior  

R. hagen i  was a wide ly  d i s t r i b u t e d  mayfly ,  o c c u r r i n g  i n  17  - 

of t h e  28  s t a t i o n s  on t h e  S t .  Maries River  (Tab le  3 ) .  Nymphs 

occur red  p r i m a r i l y  i n  slow t o  moderate-flowing, l i g h t l y - s i l t e d ,  

cobb le  r i f f l e s  and o c c a s i o n a l l y  i n  sha l low p o o l s .  Nymphs of g. 

hagen i  were g e n e r a l l y  found c l i n g i n g  t o  t h e  u n d e r s i d e s  of rocks .  

Age-class t h r e e  nymphs occur red  p r i m a r i l y  from mid-March t o  

mid-June i n  t h e  S t .  Maries River .  Jensen  (1966) r e p o r t e d  emer- 

gence from mid-June t o  August . 

Rhi th rogena  robus  t a  Dodds 

Food H a b i t s  - 
Food h a b i t s  were no t  summarized f o r  g. r o b u s t a  because  of 

i n s u f f i c i e n t  m a t e r i a l .  
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Ecology Behavior 

R .  r o b u s t a  was a  r e l a t i v e l y  uncommon mayfly,  occu r r i ng  i n  - 

seven of t h e  28 s t a t i o n s  on t h e  S t .  Maries River ,  f i v e  of which 

were l o c a t e d  on t h e  Middle Fork (Table  3 ) .  The nymphs occurred 

p r i m a r i l y  i n  r e l a t i v e l y  s i l t - f r e e  moderate t o  f a s t  cobble  r i f f l e s .  

The popu l a t i on  of R. r o b u s t a  was c o n s i s t a n t l y  low i n  a l l  h a b i t a t s .  

R. r o b u s t a  nymphs were u s u a l l y  found on t h e  bottoms of rocks  i n  t h e  - 

f a s t e r  c u r r e n t s  of t h e  r i v e r .  Occas iona l ly ,  nymphs were observed 

on t h e  t ops  and s i d e s  of rocks  o r i e n t a t e d  upstream. 

Age-class t h r e e  nymphs occur red  p r i m a r i l y  from e a r l y  March 

t o  e a r l y  June i n  t h e  S t .  Maries River .  Jensen  (1966) r epo r t ed  t h a t  

l i t t l e  i s  known about t he  b io logy  of t h e  a d u l t s .  

S iph lonurus  o c c i d e n t a l i s  Eaton 

Food Hab i t s  - 
Food h a b i t s  were n o t  summarized f o r  2. o c c i d e n t a l i s  because 

of i n s u f f i c i e n t  m a t e r i a l .  

Ecology - and Behavior 

S .  o c c i d e n t a l i s  w a s  one of t he  most uncommon mayf l i e s ,  - 

occu r r i ng  on ly  i n  s t a t i o n  21, a  slow-flowing cobble  r i f f l e  (Table  

3 ) .  A few l a t e  i n s t a r  nymphs were c o l l e c t e d  from a n  overflow pool  

a d j a c e n t  t o  s t a t i o n  25 d u r i n g  e a r l y  June.  Nymphs were g e n e r a l l y  

observed c l i n g i n g  t o  F o n t i n a l i s  a long  t h e  s t r e a m  margins.  

Occas iona l ly  nymphs were observed c l i n g i n g  t o  t h e  t o p s  of moderate 

t o  h e a v i l y  s i l t e d  rocks .  Edmunds (1960) r epo r t ed  f r e s h  wate r  
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l akes ,  pools  and slow moving, s i l t e d  streams a s  h a b i t a t s  of 2. 

o c c i d e n t a l i s .  

Age-class t h ree  nymphs occurred from June t o  e a r l y  August i n  

t he  S t .  Maries River .  Jensen (1966) repor ted  emergence from mid- 

May t o  mid-October. 

Tricorythodes minutus Traver 

Food Habi t s  - 
Food h a b i t s  were not  summarized f o r  T. minutus because of 

i n s u f f i c i e n t  m a t e r i a l .  

Ecology and Behavior 

T. minutus was an uncommon mayfly, occur r ing  i n  only th ree  - 

of t he  28 s t a t i o n s  on t h e  S t .  Maries River (Table 3 ) .  S t a t i o n  4,  

a  slow flowing cobble r i f f l e ,  supported the  l a r g e s t  popula t ion .  

Nymphs of T. minutus were gene ra l ly  found c l ing ing  t o  the  tops and 

s i d e s  of rocks, occas iona l ly  t o  submerged vege ta t ion  along s tream 

margins. Because of t h e i r  smal l  s i z e  and l i m i t e d  d i s t r i b u t i o n ,  few 

behaviora l  observa t ions  were made. 

Age-class t h r e e  nymphs occurred p r imar i ly  from e a r l y  Ju ly  t o  

mid-August i n  the  S t .  Maries River.  Jensen (1966) repor ted  emer- 

gence from mid-August t o  e a r l y  October. 



E x p l a n a t i o n  o f  F igure  4 .  

A. Arneletus s p .  
D e t r i t u s :  59.9% 
Diatoms and Desmids: 31.6% 
Fi lamentous  a l g a e  : 3.6% 
U n i d e n t i f i a b l e  a l g a e  : 4.3% 
Higher  p l a n t s :  0.6% 

B. B a e t i s  b icauda tus  
D e t r i t u s :  57.4% 
Diatoms and Desmids: 34.2% 
Fi lamentous  a l g a e :  0.8% 
U n i d e n t i f i a b l e  a l g a e  : 5.8% 
Higher  p l a n t s :  1.8% 

G .  Epeorus a l b e r t a e  
D e t r i t u s :  52.7% 
Diatoms and Desmids : 31.9% 
Fi lamentous  a l g a e :  5 .3% 
U n i d e n t i f i a b l e  a l g a e :  8.9% 
Higher p l a n t s :  0.6% 
Arthropods : 0.6% 

H. Epeorus longimanus 
D e t r i t u s :  6 1  .l% 
Diatoms and Desmids: 31.4% 
Fi lamentous  a l g a e  : 0 .8% 
U n i d e n t i f i a b l e  a l g a e  : 6.0% 
Higher  p l a n t s :  0.7% 

C .  B a e t i s  p a r v u s  
D e t r i t u s :  53.4% I. Ephemerel la  d o d d s i  
Diatoms and Desmids: 33.9% D e t r i t u s :  45.2% 
Fi lamentous  a l g a e :  2.2% 
U n i d e n t i f i a b l e  a l g a e :  5.2% 
Higher  p l a n t s :  5.3% 

D .  B a e t i s  t r i c a u d a t u s  
D e t r i t u s :  52.3% 
Diatoms and Desmids: 34.3% 
Fi lamentous  a l g a e  : 4.2% 
U n i d e n t i f i a b l e  a l g a e  : 6.8% 
Higher  p l a n t s :  2.4% 

E .  Cen t rop t i lum s p .  
D e t r i t u s :  58.1% 
Diatoms and Desmids : 30 .O% 
Fi lamentous  a l g a e :  1.3% 
U n i d e n t i f i a b l e  a l g a e  : 8.8% 
Higher  p l a n t s :  1.8% 

Diatoms and Desmids: 29.8% 
Fi lamentous  a l g a e  : 15.2% 
U n i d e n t i f i a b l e  a l g a e :  6.6% 
Higher  p l a n t s :  1.0% 
Arthropods:  2.2% 

Ephemerel la  f l a v i l i n e a  
D e t r i t u s :  56.3% 
Diatoms and Desmids: 24.4% 
Fi lamentous  a l g a e :  8.6% 
U n i d e n t i f i a b l e  a lgae :  8.2% 
Higher  p l a n t s :  0.3% 
Arthropods : 2.2% 

K .  Ephemerel la  g r a n d i s  
D e t r i t u s  : 50.3% 
Diatoms and Desmids: 27.4% 
Fi lamentous  a l g a e  : 8.9% 

F. Cinygmula s p  . U n i d e n t i f i a b l e  a l g a e :  6.3% 
D e t r i t u s :  57.0% Higher  p l a n t s  : 2.3% 
Diatoms and Desmids: 32.9% Arthropods : 4.8% 
Fi lamentous  a l g a e :  2.7% 
U n i d e n t i f i a b l e  a lgae :  4.7% 
Higher  p l a n t s  : 2.7% 



Explana t ion  of Figure  4. (Continued) 

L. Ephemerella hecuba 
D e t r i t u s  : 44 .l% 
Diatoms and Desmids: 38.9% 
Filamentous a lgae :  7.9% 
U n i d e n t i f i a b l e  a lgae :  7.9% 
Higher p l a n t s :  0.6% 
Arthropods: 0.6% 

M. Ephemerella inermis  
and E. i n f  requens 

D e t r i t u s  : 60.1% 
Diatoms and Desmids: 24.5% 
Filamentous a lgae :  5.5% 
U n i d e n t i f i a b l e  a lgae :  6.7% 
Higher p l a n t s :  2.6% 
Arthropods : 0.6% 

N .  Ephemerella marga r i t a  
D e t r i t u s :  54.5% 
Diatoms and Desmids : 25.0% 
Filamentous a lgae :  12.5% 
U n i d e n t i f i a b l e  a lgae :  7.7% 
Higher p l a n t s :  0.3% 

0. Ephemerella t i b i a l i s  
D e t r i t u s :  54.7% 

P. Heptagenia c r i d d l e i  
D e t r i t u s :  44.5% 
Diatoms and Desmids: 42.4% 
Filamentous a lgae :  2.6% 
U n i d e n t i f i a b l e  a lgae :  10.3% 
Higher p l a n t s :  0.2% 

Q .  Pa r a l ep toph leb i a  b i co rnu t a  
D e t r i t u s  : 66.3% 
Diatoms and Desmids: 27.4% 
Filamentous a lgae:  0.2% 
Un iden t i f i ab l e  a lgae :  5.7% 
Higher p l a n t s :  0.4% 

R .  Pa ra l ep toph leb i a  he t e ronea  
and g. memorialis 

D e t r i t u s  : 65.4% 
Diatoms and Desmids: 25.2% 
Filamentous a l g a e  : 0.5% 
Un iden t i f i ab l e  a lgae :  4.8% 
Higher p l a n t s :  4.1% 

S . Rhithronena hageni  
D e t r i t u s :  54.5% 
Diatoms and Desmids: 37.5% 
Filamentous a lgae:  1.8% - 

Diatoms and Desmids: 29.1% U n i d e n t i f i a b l e  a lgae :  6 .O% 
Filamentous a lgae :  4.0% Higher p l a n t s :  0.2% 
U n i d e n t i f i a b l e  a lgae :  1 0  .O% 
Higher p l a n t s :  1.5% 
Arthropods : 0.7% 



Figure  4. Food composi t ion of p r i n c i p a l  mayfly nymphs of t h e  
S t .  Maries River .  

1) D e t r i t u s  ..-.;:: :........ .."' 1-7 U n i d e n t i f i a b l e  a l g a e  

K w  Diatoms and Desmids Higher p l a n t s  

I..'.] Filamentous  a l g a e  Arthropods 







C. Mayfly D i s t r i b u t i o n  

Table 3 r e f l e c t s  i n  a  composite manner a  check l i s t  of may- 

f l y  s p e c i e s ,  t h e i r  d i s t r i b u t i o n  and s u b s t r a t e  r e l a t i o n s h i p s  f o r  t h e  

28 s t a t i o n s  on t h e  S t .  Maries River.  Some s p e c i e s  had a  wide 

d i s t r i b u t i o n ,  being found i n  a  v a r i e t y  of h a b i t a t s ,  wh i l e  o t h e r s  

w e r e  more r e s t r i c t i v e  and found i n  only a  few h a b i t a t s .  Table  3 

a l s o  r e f l e c t s  t h e  h e t e r o g e n e i t y  of t h e  mayfly popu l a t i on  f o r  t h e  

d i f f e r e n t  s t a t i o n s .  

D.  S t a t i o n  Morphometrics 

I n  o r d e r  t o  r e l a t e  t h e  p h y s i c a l  f e a t u r e s  of t he  s t r e am w i t h  

t h e  d i s t r i b u t i o n ,  microecology and behav ior  of mayfly nymphs, a  

morphometric a n a l y s i s  was made of t h e  28 s t a t i o n s  (Table  4) .  The 

s t a t i o n s  were analyzed f o r  s i z e ,  s t r e am c h a r a c t e r  ( i . e .  poo l ,  

r i f f l e ,  e t c . )  , bot tom type ,  s t r e am d e p t h  and c u r r e n t  speed.  The 

s t r e am measurements r e p r e s e n t  average c o n d i t i o n s  f o r  t h e  months of 

May through August 1967 and 1968. 

E . Dendrogram 

Snea ths '  method of c l u s t e r i n g  by s i n g l e  l i nkage ,  a s  out-  

l i n e d  by Sokal  and Sneath (1963) f o r  e s t a b l i s h i n g  taxonomic r e l a -  

t i o n s h i p s ,  was used i n  de s ign ing  t h e  dendrogram. Analogous methods 

and v a r i a t i o n s  of t h i s  method have been used by p l a n t  e c o l o g i s t s  
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DISCUSSION 

A .  General  

Mayf l ies  r e p r e s e n t  a  t r u l y  a q u a t i c  o rde r ,  w i th  n e a r l y  t h e i r  

e n t i r e  l i f e  s p e n t  i n  wa t e r .  They occupy an impor tan t  n i che  i n  t h e  

a q u a t i c  environment s e r v i n g  a s  food f o r  f i s h e s  and o t h e r  a q u a t i c  

an imals .  Mayfly nymphs a r e  p r i n c i p a l l y  pr imary consumers, t r a n s -  

forming p l a n t  t i s s u e  i n t o  animal .  They f u l f i l l  t h e  requ i rements  

of a  b a s i c  h e r b i v o r e  f e ed ing  p r i m a r i l y  on d e t r i t u s ,  diatoms and 

a l g a e  ; some nymphs, however, may be omnivorous o r  even ca rn ivo rous .  

The d e l i c a t e  nymphs a r e  p r a c t i c a l l y  d e f e n s e l e s s  a g a i n s t  t h e i r  many 

a q u a t i c  p r e d a t o r s ;  p r o t e c t i v e  c o l o r a t i o n  and /or  wi thdrawal  t o  

c r a c k s  and c r e v i c e s  of rocks  s e r v e  a s  t h e i r  p r i n c i p l e  means of 

e s cape ,  

Most mayfly nymphs l i v e  from one t o  two y e a r s .  The number 

of mol t s  du r ing  nymphal l i f e  i s  unknown f o r  most s p e c i e s ;  however, 

i t  i s  e s t ima t ed  between 20 and 30. A t  t h e  l a s t  nymphal mo l t ,  a  

subimago s t a g e  emerges from t h e  wate r ;  a  s t a g e  very  s i m i l a r  t o  t h e  

a d u l t  a l though  no t  s e x u a l l y  mature ,  The f i n a l  molt  produces  t h e  

imago, a  f u l l y  mature a d u l t .  The imagos l i v e  o n l y  a  few days ,  

dur ing  which tfme mating and o v i p o s i t f o n  occur .  The a d u l t s  do n o t  

f e ed .  Afuer a  s h o r t  i n c u b a t i o n  pe r i od  t he  eggs ha t ch  and the  f i r s t  

i n s t a r  nymph emerges. 
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(Will iams and Lambert, 1959; Harberd,  1960; O r l o c i ,  1967 and Webb 

e t  a l . ,  1967) . 
I n  a d d i t i o n  t o  a  p u r e l y  p h y s i c a l  e v a l u a t i o n  of t h e  s t a t i o n s ,  

i t  was be l i eved  impor tan t  t o  e v a l u a t e  and compare s t a t i o n s  b io -  

l o g i c a l l y .  To do t h i s ,  a  dendrogram was designed ( F i g .  5 )  t o  re- 

f l e c t  s i m i l a r i t i e s  and d i s s i m i l a r i t i e s  based on t h e  p resence  o r  

absence of d i f f e r e n t  a l g a e  and mayf l i e s  among t h e  s t a t i o n s .  

S t a t i o n s  hav ing  a common b i o t a  of a l g a e  and mayf l i e s  would r e f l e c t  

s i m i l a r i t i e s  by a common c l u s t e r i n g  of pe r cen t age  r e l a t i o n s h i p s .  

The c r i t e r i o n  f o r  admiss ion of a s t a t i o n  t o  a  c l u s t e r  i s  based on 

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

By lower ing  t h e  pe r cen t age  f o r  admiss ion,  more s t a t i o n s  could be  

admit ted t o  t h e  c l u s t e r  w i t h  t h e  r e s u l t i n g  r e l a t i o n s h i p s  becoming 

more obscure .  

S t a t i o n  c l u s t e r s  ( a ,  b ,  c ,  d  and e )  above s i m i l a r i t y  v a l u e  

,855 were s e l e c t e d  f o r  a n a l y s i s  and d i s c u s s i o n .  Other l e v e l s  o r  

va lue s  could have been s e l e c t e d ;  however, based upon t h e  r e s u l t a n t  

c l u s t e r i n g ,  t h i s  l e v e l  was be l i eved  t o  be most meaningful .  

F. Water Chemistry 

Chemical a n a l y s i s  of t h e  S t .  Maries River  w a s  performed f o r  

t o t a l  ha rdness  (ppm caC03), hydrogen i o n  c o n c e n t r a t i o n  (PH), d i s -  

so lved  oxygen and t u r b i d i t y  (Table  5 ) .  Analyses were performed a t  

f i v e  l o c a t i o n s ;  t h e  West Fork, Middle Fork,  upper  middle S t .  
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M a r i e s ,  lower  middle  S t .  Mar ies  and t h e  s l a c k w a t e r s .  Samples were  

t a k e n  i n  August ,  1967,  and A p r i l  and June  i n  1968.  A n a l y s i s  of  t h e  

s l a c k w a t e r s  was t a k e n  on ly  d u r i n g  August ,  1968.  
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Table 4. (Continued) S t a t i o n  Morphometrics. 

Middle Fork ( con t  .) 

7 I 3x12 I Moderate r i f f l e  

8 

Small  cobble;  
l i t t l e  o r  no 1 6-10 1 2.0 f t . / s e c .  

9 

10 

11 

3x5 

12 

1 3  

1 4  

3x9 

3x20 

2x10 

Fas t  r i f f l e  

5x14 

4x8 

10x16 

Slow r i f f l e  

Moderate r i f f l e  

Fas t  r i f f l e  

s i l t a t i o n  
Small  cobble;  
l i t t l e  o r  no 

Pool  

Fas t  r i f f l e  

Fas t  r i f f l e  

s i l t a t i o n  
Pebble-gravel ;  
l i g h t l y  s i l t e d  
Large cobble;  
l i t t l e  o r  no 
s i l t a t i o n  
Large cobble  ; 
l i t t l e  o r  no 

10-12 

Grave l ,  l i g h t l y  
s i l t e d  
Boulder;  l i t t l e  
o r  no  s i l t a t i o n  
Small  cobble ;  
l i t t l e  o r  no 

2.4  f t . / s e c .  

8-10 

10 -12 

10 -14 

0 .8  f t . / s e c .  

1 .5  f t . / s e c .  

3 .9  f t . / s e c .  

14x16 

8-10 

1.4  f t . / s e c .  

2 .3  f t . / s e c .  

2 .3  f t . / s e c .  



B. Food H a b i t s  

The composi t ion of t h e  i n g e s t e d  food f o r  most of t h e  mayfly 

nymphs was l a r g e l y  determined by t h e  type  of food a v a i l a b l e  i n  

t h e i r  microenvironment.  Jones  (1949) r e p o r t e d  t h a t  most he rb ivo-  

rous  m a y f l i e s  fed on a l g a e  i f  abundant ,  and i f  not, would feed on 

some s t a n d b y  f o o d ,  He no ted  t h a t  Ephemerel la  fed  on U l o t h r i x  when 

i t  was p l e n t i f u l ,  b u t  tu rned  t o  F o n t i n a l i s  when a l g a e  were s c a r c e .  

Nymphs of t h e  S t .  Maries River  u t i l i z e d  t h r e e  pr imary food t y p e s ,  

d e t r i t u s ,  d ia toms and f i l a m e n t o u s  a l g a e .  Spr ing  and summer nymphs 

u s u a l l y  f e d  on h i g h e r  amounts of a l g a e ,  which bloom p r i m a r i l y  

d u r f n g  t h e s e  p e r i o d s ,  L a t e  summer and f a l l  nymphs depend more on 

d e t r i t u s .  Chapman and Demory (1963) r e p o r t e d  t h a t  t h e  food h a b i t s  

change s e a s o n a l l y .  To a  degree  t h i s  was t r u e  f o r  some of t h e  

s p e c i e s  s t u d i e d  i n  t h e  S t ,  Maries River ,  a l though  based on pheno- 

l o g i c a l  changes d u r i n g  t h e  s p r i n g  and summer, s e v e r a l  s p e c i e s  a s  

B a e t i s  b i c a u d a t u s ,  B a e t i s  t r i c a u d a t u s  and P a r a l e p t o p h l e b i a  

b i c o r n u t a  were r e l a t i v e l y  c o n s i s t e n t  i n  t h e i r  f e e d i n g  h a b i t s .  

The t y p e  of  food a v a i l a b l e  i n  a  l o t i c  environment i s  i n -  

f l u e n c e d  by t h e  dep th  of t h e  s t r e a m ,  c u r r e n t  speed ,  bottom t y p e  

and v a r i o u s  o t h e r  s u b t l e  p h y s i c a l  f a c t o r s  t o  which t h e  nymphs a r e  

b i o l o g i c a l l y  and p h y s i c a l l y  a t t u n e d .  I f  a l g a e  a r e  adapted and grow 

i n  a  p a r t i c u l a r  m i c r o h a b i t a t ,  they  a r e  u s u a l l y  fed  upon by t h e  

h e r b i v o r o u s  nymphs of t h a t  m i c r o h a b l t a t ,  F a s t  c u r r e n c s  i n  t h e  

c e n t e r  channe l s  of s t a t i o n s  8 and 10 (Tab le  4) suppor ted  v a r i o u s  



a lgae  a s  d ia toms ,  desmids and Nostoc wh i l e  U l o t h r i x  and Sp i rogy ra  

occur red  predominately  a long t he  margins.  Slower r i f f l e s  a s  

s t a t i o n s  10,  20 and 24 (Table  4) commonly supported U l o t h r i x ,  

O s c i l l a t o r i a  and Oedogonium. Mayfl ies  occu r r i ng  i n  t h e s e  s t a t i o n s  

o r  m i c r o h a b i t a t s  w i t h i n  t h e s e  s t a t i o n s  fed  on t h e s e  a l g a e ;  however, 

d e t r i t u s  a lmost  u n i v e r s a l l y  r ep r e sen t ed  t h e  p r i n c i p a l  m a t e r i a l  i n  

t h e  g u t ,  

Mayfly nymphs of t he  S t .  Maries River  were a lmost  t o t a l l y  

he rb ivo rous ,  w i th  d e t r i t u s ,  t h e  p a r t i c u l a t e  o rgan i c  and i no rgan i c  

s t r e am d e b r i s ,  be ing  most commonly u t i l i z e d .  The lowes t  average 

pe r cen t age  of d e t r i t u s  w a s  i nges t ed  by Ephemerella hecuba and 

Heptagenia  c r i d d l e i  (F ig .  4 L ,  P ,  Table 2 ) .  Both nymphs occupied 

moderate t o  h e a v i l y  s i l t e d  h a b i t a t s  and both i n g e s t e d  a  h i g h e r  

percen tage  of  diatoms and f i l amentous  a lgae  than o t h e r  nymphs 

occupying t h e  same o r  s i m i l a r  m i c r o h a b i t a t s  . Cinygmula and 

P a r a l e p t o p h l e b i a  nymphs i n h a b i t e d  t h e  same o r  s i m i l a r  h a b i t a t s  a s  

E ,  hecuba and 11. c r i d d l e i  (Table  3) ; however, bo th  nymphs i n g e s t e d  - 

d e t r i t u s  at an average of 10% h i g h e r  than  t h e  l a t t e r  s p e c i e s .  

Nymphs of P a r a l e p t o p h l e b i a  i n g e s t e d  t h e  h i g h e s t  pe rcen tage  of 

d e t r i t u s ,  65-66% (F ig .  44, R, Table 2 ) .  I t  was apparen t  i n  many 

ca se s  the  food h a b i t s  were v a r i a b l e  among nymphs of d i f f e r e n t  

s p e c i e s  occupying t he  same o r  s i m i l a r  h a b i t a t s .  

The genus B a e t i s  i s  o f t e n  a  common and abundant mayfly i n  

moderate t o  f a s t  cobble  r i f f l e s  (Table  3) . B. b i cauda tu s  i s  con- 

s i d e r e d  by  Nie l son  (1950) t o  be one of t h e  b e t t e r  adapted mayf l i e s  
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t o  f a s t  c u r r e n t .  Nymphs f e d  l a r g e l y  on d e t r i t u s  and d ia toms  (91%) 

even though t h e  environment  appeared t o  b e  r e l a t i v e l y  d e t r i t a l  f r e e  

( F i g .  4B, T a b l e  2 ) .  B. t r i c a u d a t u s ,  a  c l o s e l y  r e l a t e d  s p e c i e s ,  f e d  

on approx imate ly  86% d e t r i t u s  and d ia toms  and occupied a  w i d e r  

r a n g e  of h a b i t a t s .  The l a t t e r  s p e c i e s  f e d  on approx imate ly  10% 

f i l a m e n t o u s  a l g a e .  Ameletus had similar f e e d i n g  h a b i t s  as B a e t i s  

b u t  g e n e r a l l y  occupied s l o w e r  r i f f l e s  and p o o l s  (Tab le  3 ) .  N i e l s o n  

(1950) r e p o r t e d  t h a t  t h e  round-bodied nymphs a s  B a e t i s  and Ameletus 

have mouth p a r t s  m o r p h o l o g i c a l l y  a d a p t e d  f o r  f e e d i n g  on rock- 

s u r f a c e  accumula t ions .  The sweeping a c t i o n  of  t h e  comb-like 

m a x i l l a e ,  b r u s h e s  d e t r i t u s  and d ia toms  f rom t h e  r o c k s  i n t o  t h e  

mouth. O r i e n t a t i o n  of nymphs o f  b o t h  s p e c i e s  was u s u a l l y  ups t ream,  

t h u s  p e r m i t t i n g  t h e  c u r r e n t s  t o  augment t h e  e f f e c t i v e n e s s  of t h e  

maxi1 l a e  . 
Nymphs as Epeorus  a l b e r t a e ,  Ephemere l l a  d o d d s i ,  E. 

f l a v i l i n e a ,  E. g r a n d i s ,  E. hecuba,  E. i n e r m i s ,  E. i n f r e q u e n s  and E. 

t i b i a l i s  i n g e s t e d  t r a c e  amounts o f  a r t h r o p o d s ,  p r i n c i p a l l y  o t h e r  

i n s e c t s  (Tab le  2 ) .  The p e r c e n t a g e s  were c o n s i s t e n t l y  s m a l l  and d i d  

n o t  r e p r e s e n t  a major  p a r t  of t h e  d i e t ;  i n g e s t i o n  was p r o b a b l y  

a c c i d e n t a l .  None of  t h e  s p e c i e s  s t u d i e d  c o n s i s t e n t l y  f e d  on 

a r t h r o p o d s .  

The food h a b i t s  were r e f l e c t e d  p r i m a r i l y  f o r  a g e - c l a s s  two 

and t h r e e  nymphs because  of t h e  g r e a t e r  ease i n  d i s s e c t i o n .  Most 

s p e c i e s  ana lyzed  i n d i c a t e d  t h a t  food h a b i t s  were e s s e n t i a l l y  t h e  

same f o r  b o t h  a g e - c l a s s e s .  However, a g e - c l a s s  t h r e e  nymphs of 
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Epeorus longimanus and Heptagenia  c r i d d l e i  fed more on d e t r i t u s  (up 

t o  10%) than age-class  two nymphs. Th i s  may be p a r t l y  exp la ined  by 

t h e i r  l i f e  c y c l e s ;  age-c lass  t h r e e  nymphs of t h e s e  genera  were 

abundant dur ing  l a t e  summer when d e t r i t u s  was more abundant.  

C .  Ecology and Behavior 

I n  a d d i t i o n  t o  b i o l o g i c a l  f a c t o r s ,  many p h y s i c a l  f a c t o r s  in-, 

f l uence  t h e  d i s t r i b u t i o n  of mayfly nymphs. Hora (1930) r epo r t ed  

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

speed.  L a t e r ,  I de ,  (1935) concluded t h a t  t h e  g e n e r a l  d i s t r i b u t i o n  

of may f l i e s  i s  l i m i t e d  p r i m a r i l y  by temperature  d i f f e r e n c e s  b u t  

l o c a l  d i s t r i b u t i o n  may be a f f e c t e d  by o t h e r  p h y s i c a l  and b i o l o g i c a l  

f a c t o r s .  Linduska (1942) repor ted  t h a t  t h e  bottom type  was perhaps  

t h e  most impor tan t  f a c t o r  i n f l u e n c i n g  d i s t r i b u t i o n .  He concluded 

t h a t  s i n c e  t h e  n a t u r e  of t h e  bottom c a n  s o  profoundly a f f e c t  t he  

c u r r e n t  speed ,  t h e  c u r r e n t  speed a s  such,  would be  of secondary 

importance i n  d i s t r i b u t i o n .  He a l s o  noted t h a t  an i r r e g u l a r  s t r e am 

bottom a f f o r d s  many p l a c e s  of g r e a t l y  reduced v e l o c i t y  s o  t h a t  even 

where s u r f a c e  v e l o c i t y  i s  f a s t ,  s p e c i e s  seemingly n o t  morpho- 

l o g i c a l l y  adapted t o  an a r e a  may i n h a b i t  such s i t u a t i o n s .  Based on 

f i n d i n g s  from t h i s  s t udy  i t  i s  be l ieved  t h a t  a  combination of 

f a c t o r s  and no t  a  s i n g l e  f a c t o r  i n f l u e n c e s  d i s t r i b u t i o n .  I t  i s  

probab le  t h a t  many o t h e r  p h y s i c a l  f a c t o r s  a r e  a l s o  involved t o  a  

l e s s e r  o r  g r e a t e r  degree  such  a s  l i g h t ,  s t r e am s i z e ,  s i l t a t i o n  and 
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w a t e r  chemis t ry  a long  w i t h  b i o t i c  f a c t o r s  a s  food a v a i l a b i l i t y  and 

i n t r a  and i n t e r s p e c i f i c  r e l a t i o n s h i p s .  

Nymphal morphology and s t r e a m  m i c r o h a b i t a t ,  most i m p o r t a n t  

of which i n c l u d e s  s t r e a m  c u r r e n t  and s u b s t r a t e ,  g r e a t l y  i n f  luenced 

nymphal b e h a v i o r  and o r i e n t a t i o n .  Round-bodied nymphs a s  Ameletus 

and B a e t i s  were commonly found on t h e  t o p s  of rocks  i n  moderate 

r i f f l e s  and o r i e n t a t i n g  upstream. These nymphs o f f e r e d  l i t t l e  

r e s i s t a n c e  t o  t h e  p a s s i n g  c u r r e n t s .  When i n h a b i t i n g  t h e  s lower  

r i f f l e s  and p o o l s ,  t h e  nymphs were observed swimming from rock t o  

rock ,  p r i m a r i l y  downstream. D o r s o v e n t r a l l y  f l a t t e n e d  nymphs a s  

Cinygmula and Epeorus ,  were g e n e r a l l y  observed c l i n g i n g  t o  t h e  

s i d e s  and bottoms of rocks  where s t r e a m  v e l o c i t i e s  were moderate 

t o  f a s t .  I n  s lower  r i f f l e s  they  were observed on t o p s  of rocks .  

O r i e n t a t i o n  was g e n e r a l l y  i r r e g u l a r  i n  b o t h  c a s e s .  I t  i s  i n t e r -  

e s t i n g  t o  n o t e  t h a t  t h e  food h a b i t s  of round and f l a t -bod ied  

nymphs i n  t h e  S t .  Maries River  v a r i e d  l i t t l e  i n  composi t ion of 

d e t r i t u s  and dia toms.  F l a t  -bodied nymphs fed on s l i g h t l y  h i g h e r  

amounts of f i l amentous  a l g a e  and h i g h e r  p l a n t s .  Arthropods were 

n o t  recorded a s  being i n g e s t e d  by any of t h e  round-bodied forms a s  

Ameletus, B a e t i s  and Cent rop t i lum (Table  2 ) .  

Although p o l l u t i o n  was n o t  a  p r i n c i p a l  p o i n t  of c o n s i d e r a -  

t i o n  i n  t h i s  s t u d y ,  t h e  sewage e f f l u e n t  c o n t r i b u t e d  by s e v e r a l  

s m a l l  communities seemed t o  w a r r e n t  s t u d y .  S t a t i o n  26 was a  

sewage e f f l u e n t  p o o l  n e a r  S a n t a ,  Idaho and was e s t a b l i s h e d  t o  r e -  

f l e c t  mayf ly -po l lu t ion  r e l a t i o n s h i p s .  The s t r e a m  bottom of t h i s  
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s t a t i o n  c o n s i s t e d  of l a r g e  cobb le ,  h e a v i l y  covered w i t h  b i o d e t r i t u s ;  

w a t e r  d e p t h s  ranged from one t o  t h r e e  f e e t .  S e v e r a l  s p e c i e s  

occur red  a t  t h i s  s t a t i o n  (Table  3) , however, only  t h r e e  s p e c i e s ,  

P a r a l e p t o p h l e b i a  b i c o r n u t a ,  P. h e t e r o n e a  and - P.  memoria l is  had con- 

s i s t e n t l y  h i g h  p o p u l a t i o n s .  Human sewage had l i t t l e  e f f e c t  upon 

t h e s e  m a y f l i e s .  The g r e a t e s t  l i m i t i n g  f a c t o r  appeared t o  be  t h e  

g r o s s  a l t e r a t i o n  of t h e  bot tom w i t h  d e t r i t u s .  Water chemis t ry  

a n a l y s i s  f o r  t h a t  s t a t i o n  (Table  5) and o t h e r  s t a t i o n s  was n o t  

a p p r e c i a b l y  d i f f e r e n t  . 
Many mayfly nymphs i n  t h e  S t .  Maries River  had a  wide 

d i s t r i b u t i o n  w h i l e  o t h e r s  were more r e s t r i c t i v e  (Tab le  3) . Nymphs 

a s  B a e t i s  t r i c a u d a t u s ,  Cinygmula, Epeorus longimanus,  Ephemerel la  

f  l a v i l i n e a ,  Ephemerel la  g r a n d i s ,  Ephemerella i n e r m i s  , Ephemerella 

i n f r e q u e n s  and Ephemerel la  t i b i a l i s  r e f l e c t e d  t h e  former  c o n d i t i o n ,  

a l t h o u g h  p o p u l a t i o n  numbers were v a r i a b l e .  B a e t i s  t r i c a u d a t u s  , 

a l t h o u g h  hav ing  a  wide d i s t r i b u t i o n ,  reached i t s  g r e a t e s t  develop- 

ment i n  t h e  c o l d e r ,  u n s i l t e d  r i f f l e s  of t h e  Middle Fork.  Many of 

t h e  s p e c i e s  were more s p e c i f i c  i n  t h e i r  m i c r o h a b i t a t  s e l e c t i o n .  

Epeorus g r a n d i s  occur red  o n l y  i n  t h e  c o l d  u n s i l t e d  r i f f l e s  of t h e  

Middle Fork a s  d i d  Ephemerel la  edmundsi. Nymphs a s  

P a r a l e p t o p h l e b i a  b i c o r n u t a  and Heptagen ia  s o l i t a r i a  p r e f e r r e d  t h e  

slow s i l t y  r i f f l e s  and p o o l s  of t h e  middle S t .  Maries .  The d i s t r i -  

b u t i o n  of t h e  nymphs i n d i c a t e d  t h a t  d e t r i t a l  accumulat ions  and t h e  

g e n e r a l  bot tom t y p e s  are impor tan t  p h y s i c a l  f a c t o r s  of t h e i r  micro- 

e n v i  ronrnen t . 



7  5  

La rges t  popu l a t i ons  of mayf l y  nymphs g e n e r a l l y  occurred i n  

moderately-£ lowing, cobble  r i f f l e s  , r e l a t i v e l y  f r e e  of d e t r i t a l  

accumulat ions .  Ephemerella t i b i a l i s  and Cinygmula u s u a l l y  repre -  

s e n t e d  t h e  l a r g e s t  popu l a t i ons  i n  t h i s  type of h a b i t a t ;  they  were 

a l s o  t h e  most widely  d i s t r i b u t e d  mayfly nymphs of t h e  r i v e r .  

I n  a d d i t i o n  t o  t h e  p h y s i c a l  i n t e r r e l a t i o n s h i p s  of s t a t i o n  

h a b i t a t s  w i t h  may f l i e s  (Table  4 ) ,  b i o t i c  r e l a t i o n s h i p s  were r e -  

f l e c t e d  w i th  t h e  a i d  of a  dendrogram (F ig .  5 ) .  The dendrogram rep- 

r e s e n t s  s t a t i o n  s i m i l a r i t i e s  based on t h e  p resence  o r  absence of 

may f l i e s  and a l g a e .  An a r b i t r a r y  l i n e ,  having a  s i m i l a r i t y  va lue  

of .855, was e s t a b l i s h e d  t o  s e p a r a t e  t he  more h i g h l y  c o r r e l a t e d  

w i t h  t h e  l e s s  c o r r e l a t e d  s t a t i o n s .  S t a t i o n s  c o r r e l a t e d  below t h i s  

va lue  r e f l e c t  d i v e r g e n t  s i m i l a r i t i e s .  By us ing  a d d i t i o n a l  b i o t i c  

o r  a b i o t i c  f a c t o r s ,  t h e  degrees  of s i m i l a r i t y  among s t a t i o n s  may 

tend t o  be r e i n f o r c e d  o r  p o s s i b l y  changed. 

S e v e r a l  s t a t i o n s  were h i g h l y  c o r r e l a t e d  w i th  one ano the r  s o  

a s  t o  form c l u s t e r s  on t h e  dendrogram. These s t a t i o n s  were 14 and 

15 ( c l u s t e r  a ) ,  8  and 11 ( c l u s t e r  b ) ,  6 ,  7, 12 and 13  ( c l u s t e r  c ) ,  

3,  2  and 25 ( c l u s t e r  d) and 27 and 28 ( c l u s t e r  e ) .  

S t a t i o n s  i n  c l u s t e r s  a ,  b y  c  and e  were l o c a t e d  i n  c l o s e  

p rox imi ty  t o  one ano the r  a long  t he  r i v e r ,  a  f a c t o r  which may con- 

t r i b u t e  t o  t h e i r  h igh  degree  of c o r r e l a t i o n .  S t a t i o n s  14 and 15 of 

c l u s t e r  a  had r e l a t i v e l y  s i m i l a r  p h y s i c a l  and chemical c h a r a c t e r i s -  

t i c s  a l though  t h e  bottom types  were d i f f e r e n t ;  s t a t i o n  14 had sma l l  

cobble  wh i l e  s t a t i o n  15 had l a r g e  cobble .  S t a t i o r s  8  and 11 of 
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c l u s t e r  b  d i f f e r  on t h e  same b a s i s .  S t a t i o n s  6  and 7  of c l u s t e r  c  

were s m a l l  cobble  r i f f l e s  wh i l e  s t a t i o n  12 was a  g r a v e l  r i f f l e .  

S t a t i o n  13  of t h i s  c l u s t e r  was a  bou lder  r i f f l e  and r ep re sen t ed  a  

more v a r i e d  h a b i t a t .  S t a t i o n s  27 and 28 of c l u s t e r  e  were bo th  

s l a ckwa te r  s t a t i o n s  w i t h  abou t  t h e  same p h y s i c a l  and chemical 

c h a r a c t e r i s t i c s .  I t  should be no ted  t h a t  i n s e c t  d r i f t  i s  a  common 

phenomenon i n  s t reams  (Waters,  1966) caus ing  t r a n s i e n t  popu l a t i ons  

t o  sometimes occur  i n  h a b i t a t s  which may n o t  be op t imal .  It i s  

conce ivab le  t h a t  t h i s  c o n d i t i o n  could change o r  a f f e c t  t h e  s t a t i o n  

c o r r e l a t i o n s .  

S t a t i o n s  2, 3  and 25 ( c l u s t e r  d) were a l s o  h i g h l y  co r r e l a t ed ,  

however, r e l a t i v e  l o c a t i o n ,  bottom types  and c u r r e n t  speeds  were 

n o t i c e a b l y  d i f f e r e n t .  The h igh  c o r r e l a t i o n s  of s t a t i o n s  2  and 3, a  

s m a l l  cobble  r i f f l e  and s i l t - g r a v e l  poo l  r e s p e c t i v e l y ,  may be ex- 

p l a i n e d  by t h e i r  c l o s e  p rox imi ty  (200 yds . )  t o  one ano the r .  The 

c o r r e l a t i o n  of s t a t i o n  25, a  bou lder  r i f f l e ,  w i th  s t a t i o n s  2  and 3  

appea r s  unique.  The c o r r e l a t i o n  of t h e s e  t h r e e  s t a t i o n s  d e m o n s t r e  

t ed  t h a t  g r o s s l y  d i f f e r e n t  appear ing  h a b i t a t s  may through s u b t l e  

means p rov ide  many of t h e  same o r  s i m i l a r  m ic rohab i t a t  r equ i rements  

a s  t o  suppo r t  s i m i l a r  popu l a t i ons  of may f l i e s  and a lgae .  

A few s t a t i o n s  showed l i t t l e  c o r r e l a t i o n  w i th  o t h e r  s t a t i o n s ,  

e .g .  s t a t i o n  1, a  pebble-gravel  r i f f l e  r ep r e sen t ed  t h e  most un- 

c o r r e l a t e d  of  a l l  28 s t a t i o n s  having a  s i m i l a r i t y  va lue  of ,727. 

This  s t a t i o n  was somewhat i s o l a t e d  from t h e  o t h e r  s t a t i o n s ,  be ing  

l o c a t e d  approximately  f o u r  m i l e s  upstream from s t a t i o n  2 .  The 
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remoteness of t h e  s t a t i o n  and t h e  f a c t  t h a t  i t  is unique i n  be ing  a  

headwaters s t a t i o n  on t h e  West Fork may i n  p a r t  e x p l a i n  i t s  d i s -  

s i m i l a r i t y  w i t h  o t h e r  s t a t i o n s .  S t a t i o n  17 a l s o  had a  lower 

c o r r e l a t i o n  va lue  ( .772) than  most s t a t i o n s .  This  s t a t i o n  was a  

s m a l l  cobble  r i f f l e  l oca t ed  on Merry Creek, a  t r i b u t a r y  of t h e  S t .  

Maries River .  I ts p h y s i c a l  c h a r a c t e r s  were q u i t e  s i m i l a r  t o  s eve r -  

a l  r i f f l e  s t a t i o n s  on t h e  S t .  Maries River ,  a s  2 ,  6 ,  7, 8, 14 and 

18. S t a t i o n  17 appa ren t l y  possessed  s u b t l e  b i o t i c ,  p h y s i c a l  o r  

chemical d i f f e r e n c e s  from o t h e r  s t a t i o n s .  S t a t i o n  23, a  l a r g e  

cobble  r i f f l e  w i t h  moderate s i l t a t i o n ,  a l s o  had a  low c o r r e l a t i o n  

va lue  ( .  757) w i t h  o t h e r  s t a t i o n s .  S t a t i o n  23 was l oca t ed  a d j a c e n t  

t o  a  sawmil l  which may have a l t e r e d  t h e  wa t e r  chemis t ry  

s u f f i c i e n t l y  s o  a s  t o  change t h e  popu l a t i on  composi t ion of  may- 

f l i e s  and a l g a e .  I n  s i m i l a r  manner, s t a t i o n  4 ,  a  l i g h t l y - s i l t e d ,  

small-cobble r i f f l e ,  was no t  h i g h l y  c o r r e l a t e d  w i t h  o t h e r  r i f f l e s  

a s  would be  expec ted  based upon g e n e r a l  appearance.  Th i s  s t a t i o n  

con ta ined  t h e  most homogenous bottom type of a l l  t h e  s t a t i o n s .  

The bottom was uniformly sma l l  cobble  w i th  s i z e s  rang ing  from 

2 112-5"; no l a r g e  cobble  o r  bou lders  were p r e s e n t  a s  i n  many o t h e r  

r i f f l e s .  Th is  may have been a  c o n t r i b u t i n g  f a c t o r  t o  i t s  low 

c o r r e l a t i o n ;  o t h e r  f a c t o r s  a s  wa t e r  chemis t ry ,  s i l t a t i o n  and cur- 

r e n t  speed were s i m i l a r  t o  s e v e r a l  o t h e r  s t a t i o n s .  

The dendrogram provided a  u s e f u l  t o o l  i n  comparing s t a t i o n  

h a b i t a t s  on t h e  S t .  Maries River .  It demonstra tes  t h a t  many 

h a b i t a t s  which a r e  morphometr ical ly  d i s s i m i l a r  i n  r e s p e c t  t o  bottom 
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type ,  c u r r e n t  speed ,  w a t e r  d e p t h s ,  t empera ture ,  e t c .  , may i n  

r e a l i t y  man i f e s t  many s i m i l a r  m ic rohab i t a t s  r e s p o n s i b l e  f o r  t h e  

p resence  o r  absence of s p e c i e s .  I n  t h e  f u t u r e ,  i t  is  be l i eved  t h a t  

by comparing h a b i t a t s  through numerical  a n a l y s i s  of b i o t i c  and 

a b i o t i c  f a c t o r s  a t  t h e  mic rohab i t a t  l e v e l ,  a  more d e f i n i t i v e  under- 

s t a n d i n g  of t h e  r e l a t i o n s h i p s  of a q u a t i c  i n s e c t s  w i t h  t h e i r  

environment w i l l  be ob t a ined .  

D . Water Chemistry 

T o t a l  ha rdness  (ppm CaC03) was r e l a t i v e l y  c o n s i s t e n t  f o r  t h e  

two Forks and t h e  upper middle S t .  Maries. S t a t i o n  26, a sewage 

e f f l u e n t  h a b i t a t ,  v a r i e d  from 10 t o  30 ppm CaC03. Dissolved oxygen 

ranged from 8  t o  11 ppm throughout  t h e  r i v e r .  Hydrogen i o n  concen- 

t r a t i o n  (pH) i n  t h e  r i v e r  was r e l a t i v e l y  c o n s i s t e n t  f o r  samples 

t aken  d u r i n g  A p r i l  and August; June samples were s l i g h t l y  lower,  

ranging from 7.0 t o  7.7. Tu rb id i t y  (J .T.U. ' s )  of t h e  r i v e r  was 

z e r o  excep t  nea r  s t a t i o n  26 and t h e  s l a ckwa te r  which was recorded 

a s  15.  

The wa t e r  chemis t ry  of t h e  S t .  Maries River  was r e l a t i v e l y  

c o n s i s t e n t  th roughout  t h e  r i v e r .  It is be l i eved  t h a t  d i f f e r e n c e s  

i n  t h e  f o u r  chemical  c h a r a c t e r s  of t h e  wa t e r  were no t  s u f f i c i e n t l y  

s i g n i f i c a n t  t o  i n f l u e n c e  t h e  d i s t r i b u t i o n  of mayf l i es .  
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The food h a b i t s  and eco logy  of  12 genera  and 31 s p e c i e s  of 

m a y f l i e s  from t h e  S t .  Maries River  were s t u d i e d .  

Nymphs of t h e  S t .  Maries River  were b a s i c a l l y  h e r b i v o r o u s ,  

f e e d i n g  l a r g e l y  on d e t r i t u s ,  d ia toms and f i l amentous  a l g a e .  Food 

h a b i t s  f o r  most s p e c i e s  v a r i e d  l i t t l e  from h a b i t a t  t o  h a b i t a t .  

Age-class two and t h r e e  nymphs u s u a l l y  had s i m i l a r  f e e d i n g  h a b i t s .  

The d i s t r i b u t i o n  of mayfly nymphs of t h e  S t .  Maries River  

was v a r i e d .  S p e c i e s  a s  Cinygmula and Ephemerel la  t i b i a l i s  had a  

wide d i s t r i b u t i o n ,  a d a p t i n g  t o  a  v a r i e t y  of h a b i t a t s ;  o t h e r  s p e c i e s  

a s  Epeorus g r a n d i s ,  Centrop t i l u m  and Hep t a g e n i a  s o l i t  a r i a  had 

l i m i t e d  d i s t r i b u t i o n .  The m i c r o h a b i t a t s  l a r g e l y  determined mayfly 

d i s  t r i b u t i o n  . 
D i f f e r e n t  mayfly s p e c i e s  g e n e r a l l y  had d i f f e r e n t  env i ron-  

mental  r equ i rements .  Nymphs a s  P a r a l e p t o p h l e b i a  b i c o r n u t a ,  P. 

he te ronea  and g. memoria l is  had s t r o n g  a f  f i n i t i e s  t o  d e t r i t u s ,  

w h i l e  nymphs as Epeorus g r a n d i s  and Ephemerel la  edmundsi were found 

i n  more d e t r i t a l - f r e e  h a b i t a t s .  

I n  a d d i t i o n  t o  b i o t i c  f a c t o r s ,  s e v e r a l  p h y s i c a l  f a c t o r s  of 

t h e  environment i n f l u e n c e d  mayfly d i s t r i b u t i o n  on t h e  S t .  Maries 

River ,  most impor tan t  of which a r e  b e l i e v e d  t o  be bottom t y p e  and 

c u r r e n t  speed .  

Moderately-flowing, l i g h t l y - s i l t e d ,  cobb le  r i f f l e s  

suppor ted  t h e  l a r g e s t  p o p u l a t i o n s  of mayfly nymphs. 
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The dendrogram was used t o  c o r r e l a t e  s t a t i o n  s i m i l a r i t i e s  

b i o t i c a l l y ;  s e v e r a l  d i v e r s e  h a b i t a t s  suppor ted  t h e  same s p e c i e s .  
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Table 6 .  Check l i s t  of t he  mayfly s p e c i e s  of the  S t .  Maries River 

Family SIPHLONURIDAE 

Arneletus Eaton 
Paramele t u s  columbiae McDunnough 
Siphlonurus  o c c i d e n t a l i s  Ea t  on 

Family BAETIDAE 

B a e t i s  b icauda tus  Dodds 
Bae t i s  parvus  Dodds 
Bae t i s  t r i c a u d a t u s  Dodds 
Centropt i lum Eaton 

Family HEPTAGENIIDAE 

Cinygmula McDunnough 
Epeorus ( I ron )  a l b e r t a e  (McDunnough) 
Epeorus ( I ron )  longimanus (Eaton) 
Epeorus ( I ronops i s )  g r a n d i s  (McDunnough) 
Hep t agen i a  c r i d d l e i  McDunnough 
Heptagenia s o l i t a r i a  McDunnough 
Rhi throgena hageni  Ea t  on 
Rhithrogena robus t a  Dodds 

Family LEPTOPHLEBIIDAE 

Pa ra l ep toph leb i a  b i co rnu t a  (McDunnough) 
Pa ra l ep toph leb i a  d e b i l i s  (Walker) 
Pa ra l ep  t o p h l e b i a  he te ronea  (McDunnough) 

and P. memorialis (Eaton) 

Family EPHEMERELLIDAE 

Ephemerella (A- marga r i t a  Needham 
Ephemerella (Caudatella) edmundsi Allen 
Ephemerella (Cauda te l la )  h y s t r i x  Traver  
Ephemerella (Drunel la)  co lo radens i s  Dodds 
Ephemerella (Drune l la )  doddsi  Needham 
Ephemerella (Drune l la )  f l a v i l i n e a  McDunnough 
Ephemerella (Drune l la )  g r and i s  Eaton 
Ephemerella  r run el la) s p i n i f e r a  Needham 
Ephemerella (Ephemerella) inermis  Eaton 

and E. i n f r equens  McDunnough 
Ephemerella ( S e r y a t e l l a )  t e r e s a  Traver  
Ephemerella ( S e r r a t e l l a )  t i b i a l i s  McDunnough 
Ephemerella (Timpanoga) hecuba Eat  on 

Family TRICORYTHIDAE 

Tr icory thodes  minutus Traver  




