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ABSTRACT 

This study was conducted to show the effects of sand and coarser 

sediments on the distribution and abundance of insects in Emerald Creek 

and the Middle Fork of the St. Maries River. Stream profile, substrate 

conditions, water chemistry and benthos were measured at seventeen 

permanent stations. Substrate simulation studies were conducted in an 

artificial stream in the laboratory to better define the relationship 

of substrate to five species of aquatic insects. Coarse and fine gravels 

with unimbedded cobble were preferred over fine sands and silt with 

partially or completely imbedded cobble by most insects. Habitats with 

few cobble and large amounts of sand and silt had low species diversities 

and biomass. Abnormal sediment production from rockhounding, dredge 

mining and roadbuilding cause adverse effects on the stream environment 

and insects. 



INTRODUCTION 

I n c r e a s e d  concern  f o r  man's environment h a s  r e s u l t e d  i n  t h e  

i n i t i a t i o n  of numerous s t u d i e s  i n  w a t e r  p o l l u t i o n .  It h a s  been shown by 

s e v e r a l  workers  t h a t  many s p e c i e s  of a q u a t i c  i n v e r t e b r a t e s  p r e f e r  c l e a n ,  

u n s i l t e d  s t reams .  Coarse  and f i n e  g r a v e l  s u b s t r a t e s  w i t h  cobb le  a r e  

g e n e r a l l y  more p r o d u c t i v e  t h a n  s i l t e d  o r  sandy r e a c h e s ,  m a n i f e s t i n g  

h i g h e r  s p e c i e s  d i v e r s i t y  and biomass (Wene and W i c k l i f f ,  1940,  Pennak and 

Van Gerpen, 1947; Mackay and K a l f f ,  1 9 6 9 ) .  For t h i s  r e a s o n  a c t i v i t y  

which i n t r o d u c e s  abnormal amounts of sed iments  i n t o  a  s t r e a m  and a l t e r s  

t h e  n a t u r e  of t h e  streambed h a s  come under i n c r e a s e d  s c r u t i n y  i n  r e c e n t  

y e a r s .  

Because i n s e c t s  a r e  r e p r e s e n t e d  i n  a t  l e a s t  two t r o p h i c  l e v e l s  

of s t ream communities,  h a b i t a t  a l t e r a t i o n s  a d v e r s e l y  a f f e c t i n g  i n s e c t s  

may have f a r  r e a c h i n g  e f f e c t s  on o t h e r  members of t h e  s t ream community. 

For t h i s  r e a s o n ,  any a c t i v i t y ,  i . e . ,  rockhounding,  d redge  mining,  logg ing  

o r  a g r i c u l t u r a l  p r a c t i c e s ,  shou ld  be c a r e f u l l y  examined b e f o r e  abnormal 

amounts of s i l t  and sand a r e  i n t r o d u c e d .  Rockhound and dredge mining 

o p e r a t i o n s  on Emerald Creek i n  t h e  p a s t  have i n t r o d u c e d  l a r g e  amounts of 

t h e s e  sed iments ,  r e s u l t i n g  i n  a  g r e a t l y  lowered i n s e c t  p o p u l a t i o n  i n  

major p o r t i o n s  of t h e  s t ream.  S i n c e  t h e  c e s s a t i o n  of rockhound a c t i v i t i e s  

t h r e e  y e a r s  ago ,  some a r e a s  a r e  f l u s h i n g  and show s i g n s  of r e c o v e r i n g .  

Whether o r  n o t  Emerald Creek,  o r  any s t ream,  c a n  be  r e t u r n e d  t o  a  n e a r  

p r i s t i n e  c o n d i t i o n  once i t  h a s  been p o l l u t e d  w i t h  s i l t  and sand ,  i s  

d i f f i c u l t  t o  p r e d i c t .  More s t u d i e s  a r e  needed t o  d e t e r m i n e  t h e  c a p a b i l i -  

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

a r r e s t e d .  The o b j e c t i v e s  of t h i s  s t u d y  were 1 )  t o  de te rmine  t h e  e f f e c t s  



2 

of substrates on the distribution and abundance of stream insects, and 

2) to determine relative tolerances of principle species to different 

sediments. It is believed the information obtained will be useful in the 

management of watersheds from the standpoint of stream rehabilitation as 

well as maintaining streams in pristine condition. 



REVIEW OF LITERATURE 

Relatively few studies have been conducted on insect-substrate 

relationships; many of these have dealt with individual species rather 

than collective effects on community structure. Percival and Whitehead 

(1929) recognized seven substrate types and found certain species were 

consistently associated with specific substrates. The importance of 

substrates as a basic factor in determining the distribution of benthic 

fauna was emphasized by Tarzwell (1937) and Smith and Moyle (1944). 

One of the first workers to employ actual sediment analysis in 

studying organism-substrate relationships correlated the distribution 

of midge larvae with five substrate particle size ranges (Wene, 1940). 

Linduska (1942) concluded that substrate types played a major role in 

determining the distribution of mayflies in Rattlesnake Creek, Montana. 

The benthic fauna associated with four types of substrates in a Colorado 

trout stream was described by Pennak and Van Gerpen (1947). Scott (1958) 

measured three dimensions of stones associated with caddisflies in the 

River Dean. A "cover fraction factor," which relates the size of stones 

and the portion of a sample covered with stones, has been suggested as 

an index of the density of benthic organisms by Scott and Rushforth (1959) 

and Scott (1960, 1966). The effects of a sand washing plant on stream 

fauna were studied by Bartsch (1960). 

The distribution of bottom fauna in streams in the Tatra Mountains 

of Poland were correlated with varying substrate sizes by Kamler and 

Riedel (1960). Thorup (1966) studied organism-substrate relationships in 

several Danish Streams. Minshall (1968) found that variations in basic 

community types in Morgan's Creek, Kentucky, resulted from an interplay 



of s u b s t r a t e ,  f low,  and t empera tu re .  S i m i l a r  c o n c l u s i o n s  f o r  o t h e r  s t r e a m s  

have been reached by Needham (1930) ,  I d e  (1935) ,  S p r u l e s  (1947),  Berg (1948) 

and o t h e r s .  Dens i ty  was found by Mackay and Kalff  (1969) t o  i n c r e a s e  i n  

t h e  f o l l o w i n g  s u b s t r a t e  s e r i e s :  s a n d ,  g r a v e l ,  s t o n e s ,  l e a v e s  and d e t r i t u s .  

Biomass i n c r e a s e d  i n  t h e  s e r i e s :  g r a v e l ,  d e t r i t u s ,  sand ,  l e a v e s ,  and 

s t o n e s .  The ecology of m a y f l i e s  i n  t h e  S t .  Maries  R i v e r  i n  Idaho was 

s t u d i e d  by G i l p i n  (1970) who found t h e  d i s t r i b u t i o n  of many s p e c i e s  t o  be 

i n f l u e n c e d  by s u b s t r a t e  c o n d i t i o n s .  

S h e l f o r d  (1914) ,  t h e  f i r s t  t o  s t u d y  s u b s t r a t e  p r e f e r e n c e s  i n  t h e  

l a b o r a t o r y ,  found r i f f l e  i n s e c t s  p r e f e r r e d  s t o n e s  and hard  bottoms o v e r  

sand .  R e c e n t l y ,  C u m i n s  (1961, 1964, 1966) and C u m i n s  and Lauff (1969) 

s t u d i e d  t h e  m i c r o d i s t r i b u t i o n  of s e v e r a l  s p e c i e s  of P l e c o p t e r a ,  Coleop te ra  

and T r i c h o p t e r a  i n  t h e  l a b o r a t o r y .  A combinat ion of l a b o r a t o r y  exper i -  

ments and s u b s t r a t e  p a r t i c l e  s i z e  a n a l y s i s  of f i e l d  samples was  u t i l i z e d  

t o  de te rmine  t h e  e f f e c t  of s u b s t r a t e s  on two burrowing m a y f l i e s  by 

E r i k s e n  (1961, 1963a,  1963b, 1964a,  1964b, 1966) .  Madsen (1969) found 

t h e  s t o n e f l y  nymph, Brachyptera  r i s i  (Morton), p r e f e r r e d  l a r g e  s u b s t r a t e  

p a r t i c l e s  over  s m a l l  ones  i n  a n  a r t i f i c i a l  s t r eam.  

S e v e r a l  workers  have i n d i r e c t l y  s t u d i e d  o rgan i sm-subs t ra te  r e l a t i o n -  

s h i p s  by p r o v i d i n g  v a r i o u s  s u b s t r a t e s  f o r  c o l o n i z a t i o n  i n  t h e  n a t u r a l  

environment (Moon, 1940; Wene and W i c k l i f f ,  1940; A l b r e c h t ,  1955; 

C i a n f i c c o n i  and R i a t t i ,  1957; Dendy, 1963; Brewer and Gleason, 1964; 

Coleman and Hynes, 1970) .  



STUDY AREA 

This study was conducted on the East Fork and main stem of Emerald 

Creek and on the Middle Fork of the St. Maries River in northern Idaho 

(Fig. 1). Emerald Creek is extremely silt polluted due to private and 

commercial extraction of garnets. The upper Middle Fork of the St. Maries 

River, similar in physical and chemical characteristics to Emerald Creek 

with the exception of the silt burden, was selected as the control stream. 

Emerald Creek 

The East Fork of Emerald Creek arises in the Clearwater Mountains in 

Latah County and flows northeast through steep terrain until its confluence 

with the West Fork of Emerald Creek where it enters a broad valley. The 

main stem of Emerald Creek joins the St. Maries River five miles northwest 

of Clarkia, Idaho (Fig. 1). The entire stream is characterized by a low 

elevational gradient, dropping approximately 220 ft. in the ten-mile 

section involved in this study. The stream supports numerous riffles, 

runs and intervening pools (Plate 1E-G). The width varies from 11-35 ft; 

average riffle depth is 4-6 in. with pools 2-4 ft. deep during midsummer. 

The current velocity ranges from 1.3-2.3 ft./sec. Average summer 

discharge is 15.6 cu. ft./sec. for the main stem. 

The adjacent coniferous forest is basically a Thuja-Tsuga-Pachistima 

association (~aubenmire, 1952). Marginal vegetation consists of alder 

(Alnus sp.) and various grasses, sedges and forbs. 

The geology of the East Fork is the Pre-Cambrian belt series. The 

stream grades into Columbia River basalt below the confluence of the East 

and West Forks (Ross and Forrester, 1959). 
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The main stem of Emerald Creek, in contrast to the East Fork, has 

heavily sedimented runs and pools. A single high-water flow occurs in 

the spring of each year resulting in massive sediment displacements. As the 

water flow drops, these sediments are deposited in the flatter portions of 

the main stem, creating the heavily sedimented runs and pools. 

The major uses of the drainage are timber, summer grazing, dredge 

mining and rockhounding. Sections of both the East and West Forks have 

been commercially dredged for garnet sand since 1959. Sunshine Mining 

Company acquired mining rights in 1964 and is currently commercially mining 

the area for garnet sand (Riegert, personal communication). The dredge 

site and jig plant are immediately below the confluence of the two forks 

(Plate lC,D). Until 1969 the East Fork of Emerald Creek and several of 

its tributaries were major attractions for rockhounds who came in quest of 

gem-quality garnets. The Forest Service reported 20,000 visits to Emerald 

Creek during the summer of 1968. Digging occurred in the stream beds and 

banks with much of the gravel screened and washed in the streams. 

During the winter of 1968-69 the Forest Service acquired 930 acres 

along the East Fork through a land exchange with the Sunshine Mining Co., 

Milwaukee Land Co. and Potlatch Forests, Inc. The Forest Service then 

closed Emerald Creek, Pee Wee Gulch, No Name Gulch, Garnet Gulch and Trail 

281 to garnet digging. A commercial lease was let on 40 acres of a small 

valley floor along the East Fork two miles above the confluence with the 

West Fork. Digging is prohibited closer than 25 ft. to the creek. A 

settling pond has been built to retain fine sediments before discharge into 

the stream. 



Middle Fork of the St. Maries River ---- 

The upper reach of the Middle Fork of the St. Maries River was used 

as a control. The stream arises on Hemlock Butte about ten miles southeast 

of Clarkia (Fig. 1). The headwaters are near pristine condition and 

relatively similar in size and discharge to the East Fork of Emerald Creek. 

The stream also flows through steep terrain, has a low to moderate 

elevational gradient and supports many riffles, runs and pools. The 

average summer discharge is 11.8 cu. ft./sec. and current velocities 

range from 1.2-1.6 ft./sec. The principle uses of the drainage have been 

summer grazing, logging and recreation. 

The adjacent forest is primarily a Thuja-Tsuga-Pachistima association. 

Marginal vegetation is composed of alder (Alnus sp.), false hellebore 

(Veratrum sp.) and various grasses, sedges and forbs. 

The geology of the Middle Fork is the Pre-Cambrian belt series. It 

lacks the mica-schist underlay which characterizes much of the East Fork of 

Emerald Creek. 

Station Selection and Distribution 

Fourteen stations were established on Emerald Creek and three on the 

Middle Fork of the St. Maries River (Fig. 1). Eight of the stations on 

Emerald Creek were above the confluence of the two forks and six below. 

Most stations were chosen to reflect conditions in riffles and runs which 

are normally the most productive portions of a stream. Two stations 

(stations 7 and 12) were established on Emerald Creek to represent silted 

pool conditions. Stations were distributed to reflect conditions above 

and below silt sources arising from commercial and private garnet removal. 

Station 9 was eliminated in late July, 1969 due to the diversion of the 

stream through the dredge site. 



MATERIALS AND METHODS 

A. Labora tory  Study 

Labora tory  s t u d i e s  s imu la t i ng  f i e l d  s u b s t r a t e  c o n d i t i o n s  were 

conducted i n  an  a r t i f i c i a l  s t ream ( P l a t e  1A). The s t r e am was b u i l t  of 114 i n .  

p l e x i g l a s s  i n  a  sub-oval de s ign ,  63 i n .  l ong ,  20 i n .  wide and 9 i n .  deep. 

Three-inch h igh  p l e x i g l a s s  d i v i d e r s  d iv ided  t h e  s t r e am i n t o  two endzones and 

f o u r  20 i n .  x  1 0  i n .  t e s t  p l o t s  (Fig .  2 ) .  A sp l a shboa rd  w a s  l o c a t e d  a t  t h e  

upper end of each  of t h e  two l i n e a r  channe ls .  Water e n t e r e d  t h e  s t ream a t  

t h e s e  sp lashboards  and c r e a t e d  a  n e a r l y  uniform v e l o c i t y  a c r o s s  t h e  s t ream.  

The wate r  flowed o u t  of t h e  s t r e am through a c i r c u l a r  th ree - inch  o u t l e t  

l o c a t e d  a t  one end of t h e  s t ream.  It then  passed through a  cha r coa l -g l a s s  

wool f i l t e r  i n t o  a  32 g a l l o n  p l a s t i c  c o n t a i n e r  and was r e c i r c u l a t e d .  A 

s c r e e n  was p laced  over  t h e  s t ream o u t l e t  p r even t i ng  t h e  escape  of i n s e c t s .  

The con t inuous  channe l  d e s i g n  of t h e  s t ream al lowed u n i n h i b i t e d  movement of 

t h e  i n s e c t  p o p u l a t i o n  w i t h i n  t h e  s t ream.  Cur ren t  v e l o c i t y  w a s  r e g u l a t e d  by 

two g a t e  v a l v e s  on a 114 horsepower c e n t r i f u g a l  pump w i t h  a  f low c a p a c i t y  

of 30 ga l . /min .  Two r e c t a n g u l a r  s t reams  (56 i n .  x  8 i n .  x  5  i n .  and 54 i n .  

x  1 2  i n .  x  7 i n .  r e s p e c t i v e l y )  were cons t ruc t ed  of p l e x i g l a s s  t o  s e r v e  as 

ho ld ing  a r e a s  f o r  i n s e c t s  t o  be  s t u d i e d .  Screens  were used t o  d i v i d e  t h e  

s t r e ams  i n t o  s e c t i o n s  f o r  s e p a r a t i o n  of i n s e c t  s p e c i e s .  

Water used i n  t h e  a r t i f i c i a l  s t reams  w a s  c o l l e c t e d  i n  t h e  f i e l d  from 

t h e  same s t ream i n s e c t s  were ob ta ined .  Temperature w a s  main ta ined  a t  

approximately  5" C w i t h  a  t h e r m o s t a t i c a l l y  c o n t r o l l e d  314 horsepower r e f r i -  

g e r a t i o n  u n i t .  Evapora t ion  was minimized by cover ing  t h e  s t ream w i t h  two 

m i l ,  c l e a r  po lye thy l ene  s h e e t i n g .  Water v e l o c i t y  was main ta ined  a t  0 .5  f t . / s e c .  



except when fine sand was used as the substrate material, at which time 

velocity was reduced to 0.25 ft./sec. 

Fluorescent lights with an automatic timer were used to create a 

day-night cycle corresponding with natural light conditions. 

The species used in the artificial stream were the stonefly, 

Pteronarcys californica Newport, the mayfly, Ephemerella grandis Eaton, 

the caddisflies, Brachycentrus sp. and Arctopsyche grandis (Banks) and 

the dipteran Atherix variegata Walker. These were chosen because of their 

abundance, size, hardiness and acclimatization to the artificial stream. 

Some - P. californica, E, grandis and - A. variegata were reared to adults, and 

Brachycentrus sp. and Arctopsyche grandis were reared to the pupal stage. 

Arctopsyche grandis was the only species difficult to maintain in the stream 

because of its sensitivity to handling and tendency to collect on the outlet 

screen. 

Specimens were collected in the field with a 26 in. x 36 in., 12-mesh 

hand screen with wooden handles. Insects were removed from the screen and 

transported to the laboratory in one-gallon containers immersed in a 32 

gallon plastic container filled with stream water. Water temperature 

remained relatively constant during transit. Insects not used immediately 

were kept in the holding streams where water, temperature and light condi- 

tions similar to the test stream were maintained. 

Three types of preference experiments, which allowed the test species 

to choose between combinations of various substrates and degrees of cobble 

imbeddedness, were conducted in the artificial stream. Surrounding substrate 

preference tests were conducted for large gravel (1-112 in.), small gravel 

(112-114 in.), coarse sand (114-118 in.) and fine sand (S 1/16 in.). In 



t h e s e  t e s t s  cobb le  (average s i z e  4  112 i n . )  was p r e s e n t  and n o t  imbedded 

i n  t h e  s u b s t r a t e .  The cobble  imbeddedness t e s t s  c o n s i s t e d  of unimbedded 

cobble  and half-imbedded c o b b l e  i n  a s s o c i a t i o n  w i t h  t h e  f o u r  s u b s t r a t e  

c l a s s e s  p r e v i o u s l y  mentioned. Cobble v s .  no-cobble t e s t s  a l lowed i n s e c t s  

t o  choose between t h e  p resence  and absence of cobb le  on each  of t h e  

s u b s t r a t e s .  I n  a l l  t e s t s ,  t h e r e  were s i x  cobb le  i n  each  p l o t .  Each t e s t  

p l o t  had a  1 . 5  i n .  l a y e r  of /I10 commercially graded w h i t e  sand o v e r  which 

t h e  t e s t  s u b s t r a t e  was p l a c e d .  T h i s  sand was used as s u b s t r a t e  i n  t h e  

endzones.  P r e l i m i n a r y  t e s t s  were conducted t o  de te rmine  i f  t h e  i n s e c t s  

d i s t r i b u t e d  themselves  e q u a l l y  among t h e  t e s t  p l o t s  when a l l  p h y s i c a l  

pa ramete rs  were t h e  same. 
b 

I n  t h e  s u b s t r a t e  p r e f e r e n c e  t e s t s  l a r g e  g r a v e l  was p laced  i n  s e c t i o n s  

A  and B a t  one end of t h e  s t r e a m ,  and a d i f f e r e n t  s u b s t r a t e  was p laced  i n  

s e c t i o n s  C and D a t  t h e  o t h e r  end (Fig .  2 ) .  I n  t h e  cobb le  imbeddedness t e s t s  

and cobb le  v s .  no-cobble t e s t s  t h e  s u b s t r a t e  was t h e  same i n  a l l  s e c t i o n s .  

The cobb le  i n  s e c t i o n s  A  and B was n o t  imbedded; c o b b l e  was e i t h e r  imbedded 

o r  a b s e n t  i n  s e c t i o n s  C and D f o r  t h e s e  t e s t s  r e s p e c t i v e l y .  T h i s  format  

was used a f t e r  p r e l i m i n a r y  t e s t s ,  i n  which p h y s i c a l  pa ramete rs  were main ta ined  

c o n s t a n t ,  i n d i c a t e d  no p r e f e r e n c e s  f o r  one s i d e  of t h e  s t ream o r  p r e f e r e n c e s  

f o r  a p l o t  immediate ly  below a sp lashboard  due t o  h i g h e r  l o c a l  t u r b u l e n c e .  

I n s e c t s  were d i s t r i b u t e d  e q u a l l y  among t h e  t e s t  p l o t s  a t  t h e  beginning 

of each  t e s t .  S p e c i e s  were t e s t e d  t o g e t h e r  o r  s e p a r a t e l y  depending upon 

t h e i r  a v a i l a b i l i t y .  The number of i n s e c t s  used i n  each  t e s t  depended upon 

t h e  a v a i l a b i l i t y  of each  s p e c i e s  d u r i n g  t h e  y e a r .  The i n t r o d u c e d  popula- 

t i o n  of P .  c a l i f o r n i c a ,  E. g r a n d i s ,  Arctopsyche g r a n d i s  and A t h e r i x  v a r i e g a t a  

v a r i e d  from 35-65 i n d i v i d u a l s  and t h e  Brachycentrus  s p .  p o p u l a t i o n  from 

80-100 i n d i v i d u a l s .  Each t e s t  l a s t e d  48 hours  encompassing two l i g h t - d a r k  



. O u t l e t  

Sp lashboard  

F i g u r e  2 .  A r t i f i c i a l  s t r e a m  d e s i g n  showing test  s e c t i o n s  (A, B ,  C ,  D )  and 
endzones  . 



p e r i o d s .  A t  t h e  end of t h i s  t ime t h e  f o u r  p l o t s  (A, B, C ,  D) were s c r e e n e d  

o f f  and t h e  i n d i v i d u a l s  i n  each  p l o t  counted.  Dead specimens and t h o s e  

recovered  i n  t h e  two endzones were n o t  r e c o r d e d .  Each t e s t  was r e p l i c a t e d  

t h r e e  t i m e s ,  and a s u b j e c t i v e  minimum of 25 recovered  specimens was con- 

s i d e r e d  n e c e s s a r y  t o  v a l i d a t e  each  r e p l i c a t i o n .  An exper iment  was r e p e a t e d  

i f  t h e  minimum number was n o t  r ecovered .  

I n  a d d i t i o n  t o  r e c o r d i n g  t h e  number of i n s e c t s  i n  each  s t r e a m  

q u a d r a n t ,  t h e  number on cobb le  was a l s o  recorded  and expressed  a s  a p e r c e n t a g e  

of t h e  t o t a l  number of i n s e c t s  i n  each  p l o t .  T h i s  was s t u d i e d  t o  de te rmine  

i f  cobb le  p layed  a more i m p o r t a n t  r o l e  a s  t h e  su r rounding  s u b s t r a t e  d e c r e a s e d  

i n  s i z e .  A l l  r e s u l t s  were ana lyzed  w i t h  t h e  Chi-square t e s t  and a r e  s i g n i -  

f i c a n t  a t  t h e  1% l e v e l .  

B. F i e l d  Study 

I n s e c t  samples and p h y s i c a l  e v a l u a t i o n  of t h e  streambed were t a k e n  

once d u r i n g  each  of t h e  months of June ,  J u l y  and August of 1969 and 1970. 

S t a t i o n s  were permanent ly  marked w i t h  m e t a l  s t a k e s  which a l s o  se rved  a s  

r e f e r e n c e  p o i n t s  f o r  l i n e  t r a n s e c t s .  

F i e l d  C o l l e c t i n g  Techniques 

Bottom samples were t a k e n  w i t h  a modif ied Hess square - foo t  bottom 

sampler  (Waters and Knapp, 1961) .  Samples were t a k e n  below a t r a n s e c t  l i n e  

a t  two t o  t h r e e  f o o t  i n t e r v a l s  a c r o s s  t h e  s t ream.  The number of samples 

p e r  s t a t i o n  v a r i e d  from t h r e e  t o  e i g h t  and was i n f l u e n c e d  by t h e  wid th  

of t h e  s t r e a m  and h e t e r o g e n e i t y  of t h e  s i t e .  C o l l e c t e d  m a t e r i a l  was 

p r e s e r v e d  i n  75% e t h y l  a l c o h o l  u n t i l  s o r t e d  and i d e n t i f i e d .  Taxonomic 

r e f e r e n c e s  by F l i n t  (1960) ,  J e n s e n  (1966) ,  Smith (1968) and Usinger (1968) 

s e r v e d  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 s .  



15 

Station Morphometrics 

The substrate was analyzed at one-foot intervals along the transect 

line using three criteria: 1) size of cobble, 2) imbeddedness of cobble, 

and 3) size of "surrounding substrate." Cobble was considered any rock 

2 112 in. or larger. Imbeddedness was determined on a five-rank scale 

where 1 represented unimbedded cobble and 5 represented cobble completely 

or nearly completely imbedded (Table 1). 

Table 1. Five-rank cobble imbeddedness classification. 

1 - cobble unimbedded 

2 - cobble 114 imbedded 

3 - cobble 112 imbedded 

4 - cobble 314 imbedded 

5 - cobble completely or 
nearly completely 
imbedded 

The "surrounding substrate" was the predominant material around the cobble 

or the material occurring in the absence of cobble. It was visually 

evaluated on a four-rank scale (Table 2). 

Table 2. Four-rank "surrounding substrate" classification. 

1 - 1 in. or larger 

2 - 114 in. to 1 in. 

3 - 1/16 in. to 114 in. 

4 - less than 1/16 in. 

Evaluation of "surrounding substrate" was based on only surface sediments 

and was not intended to elucidate deeper sediments. 



A s t ream p r o f i l e  was ob t a ined  f o r  each s t a t i o n  a t  monthly i n t e r v a l s  

du r ing  t h e  summer by r eco rd ing  dep th s  a t  one-foot  i n t e r v a l s  from a  l e v e l e d  

t r a n s e c t  l i n e ,  Height of t h e  wate r  column was a l s o  determined t o  compute 

s t ream d i s cha rge .  

Average c u r r e n t  v e l o c i t y  ( f t . / s e c . )  was determined w i th  a  Midget 

Cur ren t  ~ e t e r l  from r ead ings  t aken  a t  f i ve - foo t  i n t e r v a l s  a c r o s s  t h e  s t ream 

a t  approximately  t h e  middle  of t h e  wate r  column. 

Water Chemistry - 
Water samples were t aken  a t  t h r e e  s t a t i o n s  on Emerald Creek and one 

on t h e  Middle Fork of t h e  S t .  Maries  River  and ana lyzed  f o r  d i s so lved  

oxygen, pH, t o t a l  ha rdnes s ,  t u r b i d i t y ,  a l k a l i n i t y  and d i s s o l v e d  i r o n  u s ing  

2 
a  Hach f i e l d  t e s t i n g  k i t  . 

' ~ e u ~ o l d  and S tevens  In s t rumen t s ,  I n c . ,  P o r t l a n d ,  Oregon. 

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



RESULTS 

A. Labora tory  Study 

Surrounding S u b s t r a t e  P r e f e r ence  T e s t s  

Most s p e c i e s  p r e f e r r e d  t h e  c o a r s e r  s u b s t r a t e s  and took r e fuge  i n  

i n t e r s t i c e s  and under cobble  (Table  3 ) .  Brachycentrus  s p .  p r e f e r r e d  t h e  

t ops  of cobble  and l a r g e  g r a v e l  p a r t i c l e s  whi le  A the r ix  v a r i e g a t a  l i v e d  

beneath  t h e  sur rounding  s u b s t r a t e  a t  t h e  s and - subs t r a t e  i n t e r f a c e .  

P t e rona rcys  c a l i f o r n i c a  and Arctopsyche g r a n d i s  p r e f e r r e d  l a r g e  g r a v e l  

over  sma l l  g r a v e l  and c o a r s e  and f i n e  sands (F ig .  3 ) .  Ephemerella 

g r a n d i s  and Brachycentrus  s p .  p r e f e r r e d  l a r g e  g r a v e l  over coa r s e  and f i n e  

sands but  made no d i s t i n c t i o n  between t he  l a r g e  and sma l l  g r a v e l s .  No 

p r e f e r e n c e s  were shown among smal l  g r a v e l  and c o a r s e  and f i n e  sands 

except  by P. c a l i f o r n i c a ,  which ci-lose smal l  g r a v e l  and f i n e  sand over  

c o a r s e  sand.  Ather ix  v a r i e g a t a  showed no s u b s t r a t e  p r e f e r ence .  

Cobble Imbeddedness T e s t s  

P t e rona rcys  c a l i f o r n i c a  and Arctopsyche g r a n d i s  p r e f e r r e d  f u l l y  

exposed cobble  over half-imbedded cobble  i n  a s s o c i a t i o n  w i th  a l l  f ou r  

sur rounding  s u b s t r a t e s  (F ig .  4 ) .  Ephernerella g r a n d i s  p r e f e r e r r e d  exposed 

cobble w i th  sur rounding  s u b s t r a t e s  of sma l l  g r a v e l  and coa r se  and f i n e  

sands .  Brachycentrus  s p .  and Ather ix  v a r i e g a t a  p r e f e r r e d  exposed cobble  

t o  half-imbedded cobble  w i th  a  sur rounding  s u b s t r a t e  of f i n e  sand;  however, 

no p r e f e r ences  were i n d i c a t e d  f o r  t h e  two imbeddedness v a l u e s  i n  a s s o c i a t i o n  

w i th  sur rounding  s u b s t r a t e s  of l a r g e  and sma l l  g r a v e l s  and c o a r s e  sand.  

Cobble v s .  No-cobble T e s t s  

P t e rona rcys  c a l i f o r n i c a ,  Ephemerella g r a n d i s  and Arctopsyche g r a n d i s  

p r e f e r r e d  c.obble over no-cobble i n  a s s o c i a t i o n  w i th  t h e  fou r  sur rounding  



Table  3. S u b s t r a t e  p r e f e r e n c e s  of f i v e  s p e c i e s  of a q u a t i c  i n s e c t s  i n  a n  
a r t i f i c i a l  s t r eam.  

S p e c i e s  S u b s t r a t e  P r e f e r e n c e s  

Ephemerop t e r a  
Ephemerella g r a n d i s  

Plecop t e r a  
P t e r o n a r c y s  c a l i f o r n i c a  

Tr ichop  t e r a  
Brachycen t rus  s p .  

Arctopsyche g r a n d i s  

i l i p t e r a  
A t h e r i x  v a r i e g a t a  

c o a r s e r  sed iments ;  s u b s t r a t e s  
w i t h  unimbedded c o b b l e ;  found 
i n  s u b s t r a t e  i n t e r s t i c e s  and 
on u n d e r s i d e s  of cobb le  

l a r g e  g r a v e l  ( s m a l l  g r a v e l  by 
s m a l l  i n d i v i d u a l s ) ;  s u b s t r a t e s  
w i t h  unimbedded cobble ;  found 
mos t ly  i n  i n t e r s t i c e s  under 
cobb le  

l a r g e  g r a v e l ;  s u b s t r a t e s  w i t h  
unimbedded cobble ;  a t t a c h e d  
t o  upper s u r f a c e s  of cobb le  
and l a r g e  g r a v e l  

l a r g e  g r a v e l ;  s u b s t r a t e s  w i t h  
unimbedded cobble ;  found i n  
i n t e r s t i c e s  under cobb le  

no "sur rounding  s u b s t r a t e "  
p r e f e r e n c e s ;  unimbedded 
cobble  i f  i n  f i n e  sand 



P t e r o n a r c y s  c a l i f o r n i c a  - -- -- Brachycen t rus  s p .  

Ephemerella g r a n d i s  Arctopsyche g r a n d i s  - --v 

A t h e r i x  v a r i e g a t a  

F i g u r e  3 .  Average s u b s t r a t e  p r e f e r e n c e s  by f i v e  s p e c i e s  of a q u a t i c . i n s e c t s  
f o r  su r rounding  s u b s t r a t e s  i n  a n  a r t i f i c i a l  s t r e a m .  



P t e r o n a r c y s  c a l i f o r n i c a  ~ r a c h ~ c e n t r u s  s p .  

Ephemere l l a  g r a i l d i s  - --- A r c t o p s y c h e  g ra .nd i s  -- - 

A t h e r i x  v a r i e g a t a  

F i g u r e  1;. Average s u b s t r a t e  p r e f e r e n c e s  by f i v e  s p e c i e s  of  a q u a t i c  i n s e c t s  
f o r  s u b s t r a t e s  w i t h  unimbedded and hal f - imbedded c o b b l e .  V e r t i c a l  l i n e s  
show e x t r e m e s  i n  t h e  e x p e r i m e n t s .  Lg = l a r g e  g r a v e l ;  Sg = small g r a v e l ;  
Cs = c o a r s e  s a n d ;  Fs  = f i n e  s a n d .  i-7 = unimbedded c o b b l e ;  = h a l f -  
imbedded c o b b l e .  

* J k y e r i m e n t s  wii-h f ewer  t h a n  25 i n s e c t s  r e c o v e r e d  i n  a t  least  one  
r e p l i c a t i  on.  



P t e r o n a r c y s  c a l i f o r n i c a  - - ----- B r a c h y c e n t r u s  s p  . -- 

Arc topsyche  g r a n d i s  

A t h e r i x  v a r i e g a t a  --- 

F i g u r e  5 .  Average s u b s t r a t e  p r e f e r e n c e s  by f i v e  s p e c i e s  of  a q u a t i c  i n s e c t s  
f o r  s u b s t r a t e s  w i t h  and w i t h o u t  c o b b l e .  V e r t i c a l  l i n e s  show e x t r e m e s  i n  t h e  
e x p e r i m e n t s .  Lg = l a r g e  g r a v e l ;  Sg = s m a l l  g r a v e l ;  C s  = c o a r s e  s a n d ;  F s  = 

f i n e  s a n d .  = w i t h  c o b b l e ;  @j = w i t h o u t  c o b b l e .  

* Exper iments  w i t h  f ewer  t h a n  25 i n s e c t s  r e c o v e r e d  i n  a t  l e a s t  one  
r e p l i c a t i o n .  



s u b s t r a t e s  (Fig .  5 ) .  Brachycentrus  sp .  p r e f e r r e d  cobble  over  no-cobble i n  

a s s o c i a t i o n  w i th  coa r s e  g r a v e l  and f i n e  sand ;  no p r e f e r e n c e s  were i n d i c a t e d  

between cobble  and no-cobble w i th  i n t e r m e d i a t e  s i z e  m a t e r i a l s  of f i n e  

g r a v e l  and c o a r s e  sand.  A the r ix  v a r i e g a t a  demonstra ted a  h igh  p r e f e r ence  

f o r  exposed cobble  i n  a s s o c i a t i o n  w i th  a  sur rounding  s u b s t r a t e  of f i n e  sand.  

M i c r o d i s t r i b u t i o n  Study 

I n  sur rounding  s u b s t r a t e  p r e f e r ence  t e s t s  a l l  s p e c i e s  excep t  Brachy- 

c e n t r u s  s p .  had a  l a r g e r  p r o p o r t i o n  of t h e i r  popu l a t i on  on cobble  i n  

a s s o c i a t i o n  w i t h  f i n e  sand t han  on cobble  w i th  l a r g e  o r  sma l l  g r a v e l s  

(F ig .  6 ) .  No s i g n i f i c a n t  d i f f e r e n c e  was found between t h e  numbers of 

Brachycentrus  sp .  on cobble  w i th  a  sur rounding  s u b s t r a t e  of smal l  g r a v e l  

o r  w i t h  one of f i n e  sand.  Ather ix  v a r i e g a t a  was t h e  on ly  s p e c i e s  t o  show 

a  h ighe r  p r o p o r t i o n  on cobble  i n  a s s o c i a t i o n  w i th  f i n e  sand t han  on cobble  

w i t h  a  sur rounding  s u b s t r a t e  of c o a r s e  sand.  Ephemerella g r a n d i s ,  Brachy- 

c e n t r u s  s p .  and Arctopsyche g r a n d i s  had more i n s e c t s  on cobble  w i th  a  

sur rounding  s u b s t r a t e  of coa r s e  sand t han  on cobble  i n  a s s o c i a t i o n  w i t h  

l a r g e  g r a v e l .  

I n  cobble  imbeddedness t e s t s ,  P t e rona rcys  c a l i f o r n i c a ,  Ephemerella 

g r a n d i s  a n d  A the r ix  v a r i e g a t a  had a  l a r g e r  number of i n s e c t s  on unimbedded 

cobble  i n  f i n e  sand t han  on unimbedded cobble  i n  l a r g e  o r  smal l  g r a v e l  

(F ig .  7 ) .  More Arctopsyche g r a n d i s  occurred on unimbedded cobble  i n  f i n e  

sand t han  i n  l a r g e  g r a v e l .  A the r i x  v a r i e g a t a  had more i n s e c t s  on unimbedded 

cobble  i n  s i l t  t han  i n  sand.  - P. c a l i f o r n i c a  and Arctopsyche g r a n d i s  had a  

h igher  p r o p o r t i o n  on t h e  unimbedded cobble  i n  c o a r s e  sand and smal l  g r a v e l  

t han  i n  l a r g e  g r a v e l .  - P. c a l i f o r n i c a  a l s o  had more i n d i v i d u a l s  on 

unimbedded cobble  i n  coa r s e  sand t han  sma l l  g r a v e l .  



Lg s!Z Lg C s  Lg Fs 

P t e r o n a r c y s  c a l i f o r n i c a  B r a c h y c e n t r u s  s p  . - 

Ephemerel la  g r a n d i s  Arctopsyche g r a n d i s  -. 

A t h e r i x  v a r i e g a t a  -- -- 

F i g u r e  6 .  Average number of i n s e c t s  on unimbedded cobb le  d u r i n g  s u r r o u n d i n g  
s u b s t r a t e  p r e f e r e n c e  t e s t s  e x p r e s s e d  a s  a  p e r c e n t a g e  of t h e  t o t a l  number 
found i n  each  c o b b l e - s u b s t r a t e  combina t ion .  V e r t i c a l  l i n e s  show ex t remes  i n  
t h e  e x p e r i m e n t s .  Lg = l a r g e  g r a v e l ;  Sg = s m a l l  g r a v e l ;  C s  = c o a r s e  sand ;  
F s  = f i n e  sand .  

* Exper iments  w i t h  fewer  t h a n  25 i n s e c t s  r ecovered  i n  a t  l e a s t  one  
r e p l i c a  t i o n .  



R r a c h y c e n t r u s  s p .  -.-- - 

Ephemerel la  g r a n d i s  -- Arc topsychc  g r a n d i s  - 

A t h e r i x  v a r i e g a t a  

F i g u r e  7 .  Average number of  i n s e c t s  on c o b b l e  d u r i n g  c o b b l e  imbeddedness  
tests e x p r e s s e d  a s  a  p e r c e n t a g e  of t h e  t o t a l  number found i n  e a c h  cobb le -  
s u b s t r a t e  combina t ion .  V e r t i c a l  l i n e s  show e x t r e m e s  i n  t h e  e x p e r i m e n t s .  
Lg = l a r g e  g r a v e l ;  Sg = s m a l l  g r a v e l ;  C s  = c o a r s e  sand ;  Fs  = f i n e  s a n d .  

= uninibedded c o b b l e ;  = half- imbedded c o b b l e .  

Exper imen t s  w i t h  less t h a n  25 i n s e c t s  r e c o v e r e d  i n  a t  l e a s t  one  
r e p l i c a t i o n .  



P t e r o n a r c y s  c a l i f ~ r n i c s  
----.- 

Lg Sg . C s Fs 

Brachycen t rus  s p .  --- --- 

IOC 

L €, s g  C s  Ps  . 

A t h e r i x  v a r i e g a t a  

F i g u r e  8. Average number of i n s e c t s  on unimbedded cobb le  d u r i n g  c o b b l e  v s .  
no-cobble p r e f e r e n c e  t e s t s .  V e r t i c a l  l i n e s  show ex t remes  i n  t h e  e x p e r i m e n t s .  
Lg = 1.arge g r a v e l ;  Sg = s m a l l  g r a v e l ;  C s  = c o a r s e  s a n d ;  Fs = f i n e  sand .  

* Experimerits w i t h  l e s s  t h a n  25  i n s e c t s  r ecovered  i n  a t  l e a s t  one 
r e p l i c a t i o n .  



Also i n  cobble  imbeddedness t e s t s ,  a l l  s p e c i e s  excep t  Brachycentrus  sp .  

had more i n s e c t s  on imbedded cobble  i n  f i n e  sand t han  on imbedded cobble  i n  

l a r g e  g r a v e l  (F ig .  7 ) .  P. c a l i f o r n i c a ,  Brachycentrus  sp .  and A the r ix  

v a r i e g a t a  occur red  more abundant ly  on imbedded cobble  i n  f i n e  sand t han  i n  

sma l l  g r a v e l ;  A the r ix  v a r i e g a t a  had h igher  numbers on imbedded cobble  i n  

f i n e  sand t han  on imbedded cobble  i n  c o a r s e  sand.  - P .  c a l i f o r n i c a ,  Arcto- 

psyche g r a n d i s  and A the r ix  v a r i e g a t a  were more p r e v a l e n t  on imbedded 

cobble  i n  c o a r s e  sand t han  i n  l a r g e  g r a v e l .  

I n  cobble  v s .  no-cobble t e s t s ,  a l l  s p e c i e s  excep t  Arctopsyche g r a n d i s  

had a  h ighe r  p r o p o r t i o n  on cobble  i n  f i n e  sand t han  i n  sma l l  o r  l a r g e  g r a v e l  

(F ig .  8 ) ;  however, no p r e f e r ence  f o r  cobble  i n  f i n e  sand over  cobble  i n  smal l  

g r a v e l  was noted f o r  A .  g r and i s .  Brachycentrus  s p .  and A the r ix  v a r i e g a t a  

had more i n d i v i d u a l s  on cobble  i n  f i n e  sand t h a n  i n  c o a r s e  sand.  P .  c a l i f o r -  

n i c a  and Arctopsyche g r a n d i s  p r e f e r r e d  cobble  i n  c o a r s e  sand over  cobble  i n  

l a r g e  g r a v e l .  More i n d i v i d u a l s  of A .  g r a n d i s  were recorded  on cobble  i n  

smal l  g r a v e l  t han  cobble  i n  l a r g e  g r a v e l .  

B.  F i e l d  S tudy  

S t a t i o n  Morphometrics 

Genera l ized  d e s c r i p t i o n s  and i d e n t i f y i n g  c h a r a c t e r i s t i c s  f o r  each 

s t a t i o n  a r e  g iven  i n  Table  4. Cobble s i z e  ranged from 3.3-6.8 i n . ,  t h e  

l a r g e r  cobble  be ing  found a t  t h e  lower s t a t i o n s  of Emerald Creek and a t  

some upper s t a t i o n s  of both Emerald Creek and t h e  Middle Fork of t h e  S t .  

Maries R ive r .  A l l  degrees  of imbeddedness were found bu t  cobble  a t  most 

s t a t i o n s  was 114 o r  l e s s  imbedded. Surrounding s u b s t r a t e  s i z e  v a r i e d  bu t  

averaged approximately  114 i n .  (Table 5 ) .  



Table  4. S t a t i o n  morphometrics of Emerald Creek and t h e  l.iiddle Fork of 
t h e  S t .  Maries River  i n  n o r t h e r n  Idaho du r ing  June-August, 1969-1970. 

Ave . 
1 

Ave . 
Current  

S t a t i o n  S i z e  (yds .  ) Desc r ip t i on  Bottom type  Depth Speed 
( i n .  ) 

( f t . / s e c . >  

Emerald Creek 

smal l  p l a t e -  
1 4x1 0 l i k e  cobble ;  4.7 1 . 4  

moderate 
r i f f l e  

moderate ly  sanded 

2 5x 7 
moderate sma l l  cobble- 5.0 1 . 6  
r i f f l e  pebble-sand 

3 7x15 
moderate sma l l  cobble ;  
r i f f l e  l i g h t l y  sanded 4.5 1 .6  

bedrock-small 
4 

moderate 
5x6 cobb l e ,  l i t t l e  o r  5 . 3  r i f f l e  

1 . 8  
no sand 

5 13x25 3.6  1 . 2  
smal l  cobble ;  

slow r i f f l e  
moderate ly  sanded 

6 4x10 
moderate sma l l  cobble ;  
r i f f l e  l i g h t l y  sanded 

8 .5  1 . 3  

7 5x 10 10 .0  0 .9  sma l l  cobble ,  
slow pool 

h e a v i l y  sanded 
sma l l  cobble- 

8 6x20 
moderate pebble ;  l i g h t l y  5 . 0  
r i f f l e  1 . 9  

sanded 
9 6x6 d r i e d  UD due t o  s t ream d i v e r s i o n  

smal l  cobble- 
11x5 

moderate pebble ;  moderate ly  3 . 3  
r i f f l e - r u n  1 .6  

sanded 
boulder-smal l  

f a s t  r i f f l e  cobble ;  l i g h t l y  5 . 8  

1 2  7x25 12.0  0.9 
l a r g e  cobble;  

slow pool 3 
1 3  8x6 6.0 2 .1  

l a r g e  cobble;  
f a s t  r i f f l e  

l i g h t l y  sanded 

14  12x20 slow run  9.0 1.1 
l a r g e  cobble ;  
h e a v i l y  sanded 

Middle Fork S t .  Maries River  

1 5  5x10 
moderate sma l l  cobble;  
r i f f l e  l i t t l e  o r  no sand 5 .5  1 .5  

16 4x5 6.3  2 .0  
sma l l  cobble- 

f a s t  r i f f l e  
pebble-sand 

17 5x6 5 .3  2 .0  
sma l l  cobble ;  

f a s t  r i f f l e  
moderate ly  sanded 

'slow = 1 . 2  f t . / s e c .  o r  l e s s ,  moderate = 1 . 3  t o  1 . 9  f t . / s e c . ;  f a s t  = 2 .0  
f t . / s e c .  o r  more. 



Table  5 .  S t a t i o n s  on Emerald Creek and t h e  Middle Fork of t h e  S t .  Maries  
River  i n  n o r t h e r n  Idaho ranked by i n c r e a s i n g  cobb le  s i z e ,  imbeddedness a n d  

1 "sur rounding  s u b s t r a t e ' '  s i z e  . V e r t i c a l  l i n e s  i n d i c a t e  groups  of s t a t i o n s  
n o t  d i f f e r i n g  a t  t h e  1% l e v e l  based on Duncan's m u l t i p l e  range  t e s t .  

1 
Means computed on d a t a  ga.thered d u r i n g  June-August, 1969-1970. 

'cobble imbeddedness and s u b s t r a t e  means a r e  r e p r e s e n t e d  by v a l u e s  
e x p l a i n e d  i n  T a b l e s  1 and 2.  

Cobble S i z e  

mean s t a t i o n  

Cobble Imbeddedness 
2 

S u b s t r a t e  S i z e  2 

mean mean s t a t  i o n  s t a t i o n  
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Cobble size, imbeddedness and surrounding substrate size were tested 

for significant differences among stations at the 1% level using Duncan's 

multiple range test. For each of these characteristics stations fell into 

several statistically similar groups (Table 5). There were eight such 

groupings of stations based on cobble size with station 11 significantly 

different from all other stations. With respect to cobble imbeddedness, 

station 14 differed significantly from the other stations which fell into 

five groups. Only four groupings were apparent with respect to substrate 

size. 

Water Chemistries 

Water chemistry analysis results for dissolved oxygen, dissolved iron, 

turbidity, pH, alkalinity andatotal hardness are given in Table 6. Parts 

per million of dissolved iron in the lower portion of Emerald Creek showed 

an increase of up to 100% over the concentration in the upper reaches of 

this stream. Values for dissolved iron, alkalinity and total hardness in 

the St. Maries River were only one-half to two-thirds of those for Emerald 

Creek. Hydrogen ion concentration (pH) dropped 0.6-0.7 units in both 

streams between 1969 and 1970. 

Benthic Fauna 

One hundred and seventeen species representing nine orders of insects 

were found in Emerald Creek and the Middle Fork of the St. Maries River 

(Table 11 in Appendix). Emerald Creek had 101 species and the Middle Fork 

of the St. Maries River had 86. Only 70 of these species were common to 

both streams. The distribution and ranked abundance of these insects, 

collected during June, July and August of 1969 and 1970, are shown in 

Tables 7 and 8 respectively. Twelve of the principal species are listed 





I 
Table  7 .  D i s t r i b u t i o n  and abundance of i n s e c t  s p e c i e s  i n  Emerald Creek and 
t h e  Middle Fork of t h e  S t .  Maries  River  i n  n o r t h e r n  Idaho dur ing  June ,  J u l y  
and August of 1.969. 

EPHEMEROPTERA 

Spec i e s  

Ameletus s p .  r c c r r r  r r r  r r r r c  
B a e t i s  b i cauda tu s  r r r  r r r r r r r c 
B a e t i s  t r i c a u d a t u s  c a a a a a r a a a r a r c c a  

S t a t i o n s  

1 2 3 4 5 6 7 8 10  11 12 1 3  14  15 16 1 7  

Cent rop t i lum s p .  r r r r r r r r r  r r 
Cinygmula sp .  r r r r r  r r c c r  
Epeorus a l b e r t a e  r c c r c  
Epeorus longimanus r r r 
Ephemerella c o l o r a d e n s i s  
Ephemerella dodds i  
Ephemere l l a  edmundsi r 
Ephemerella f l a v i l i n e a  r c r c r  
Ephemerella g r a n d i s  r r r c c r  
Ephemerella hecuba r c c c c r  

c c c r 
r r c  r r r c  

c c r  
r c r  
r c r  

r c c  r r r r  
r c r  r r c c  
r a r r  r r 

Ephemerella h y s t r i x  r r 
Ephemerel l a  inermi  s r r r r r r r  
Ephemerella m a r g a r i t a  r c a a a a  
Ephemerella s p i n i f  e r a  r 
Ephemerella t e r e s a  c a c r c c  
Ephemerella t i b i a l i s  c r r r r r  
Heptagenia  c r i d d l e i  r a c a a  
Pa ra l ep toph l eb i a  b i c o r n u t a  r c r r c 
Pa r a l ep toph l eb i a  d e b i l i s  r r r r r r 
Pa ra l ep toph l eb i a  he t e ronea  r r r r c 

c c r  r r 
r 

r c a  c r c r c  
r r a a a  
a a c r r  r 
r r r 

r r 
r r r r 

Pseudocloeon s p .  r 
Rhi throgena r o b u s t a  r r r r r  
T r i co ry thodes  minutus 

ODONOTA 
Agrion a e q u a b i l e  

r r c r r a r r r r  

r 
Argia  sp .  r 
Ophiogomphus s eve rus  r r r 

PLECOPTERA 
Acroneuria  c a l i f o r n i c a  r r r r  c r r r c r  
A l l o p e r l a  s p .  c c c r c r  r r r r c r r c r  
Arcynopteryx sp .  A r r r r r r r r r r r r r r r  
Arcynopteryx sp  . B r r r r r  r r c r c r  
Isogenus sp .  r r c r r r  r r r  r c c c  
I s o p e r l a  s p .  r r r 
Leuc t ra  s p .  r r r r 
Nemoura sp .  r r r r r r r  

lr = r a r e  (1-25 i n s e c t s ) ;  c = common (26-100 i n s e c t s ) ;  a = abundant 
(" 100 i n s e c t s ) .  



T a b l e  7 .  Cont inued.  

S p e c i e s  
S t a t i o n s  

P a r a p e r l a  s p .  r r r  
P e l t o p e r  l a  s p  . r 
P t e r o n a r c e l l a  s p .  c r r r 
P t e r o n a r c y s  c a l i f o r n i c a  r r r r r r r 

HEMIPTERA 
C o r i x i d a e  r r 

NEUROPTERA 
S i a l i s  s p .  r 

COLEOPTERA 
Brych ius  s p .  r r r r  
C l e p t e l m i s  o r n a t a  c a r r r r  r r r r  r r r  
D u b i r a p h i a  s p .  r 
Helophorus s p .  r 
H e t e r l i m n i u s  c o r p u l e n t u s  c  r r r r r r r  r a a a  
L a r a  s p .  r r r 
Mic rocy l loepus  s p .  r 
Narpus c o n c o l o r  r r r r r r 
Op t i o s e r v u s  s e r i a t u s  r a a a a a c a a a r a r r c a  
Oreody tes  s p .  r r r r r r r r  r r r r r  
Z a i t z e v i a  p a r v u l a  r c ~ c c c r c . c r r r r r  

TRICHOPTERA 
Agray lea  s p .  r r r r r r  r r r r 
Arniocentrus s p .  r 
Apa tan ia  s p .  r r r r r  r 
Arc topsyche  g r a n d i s  r r r 
B r a c h y c e n t r u s  s p .  r r e  a  a r r 
Cheumatopsyche s p .  r r r a r r  c 
Dicosmoecus s p  . r r r r  
Glossosoma s p .  r r r r  r r r  r r r r r  
Goera s p .  r 
Hydropsyche s p .  r r r r r r a  a  r r 
H y d r o p t i l a  s p .  r 
Lepidostoma s p .  r r r r r r r  
Micrasema s p .  a a r r r  r r c r c r c  
Neophylax s p .  r r r r 
Neo thremma sp  . r 
O x y e t h i r a  s p .  r 
Parapsyrhe  s p  . r r 
Rhyacophi la  a c r o p e d e s  r r r 
Rhyacophi l a  a n g e l i t a  r r r r 
Rhyacophi la  r o t u n d a  r 
Rhyacopbi la  t u c u l a  r r 
Rhyacophi la  vaccua  r 



T a b l e  7 .  Con t inued .  

I S t a t i o n s  
S p e c i e s  c 

Rhyacoph i l a  v a g r i t a  r r r 
Rhyacoph i l a  v e r r u l a  r r r 
Wormaldia s p .  r r r r r  c r c  r r 

LEPIDOPTERA 
P a r a g y r a c t i s  s p .  r 

DIPTERA 
Ablabesmyia  s p  . r r r r r r r r  r r r r 
Antocha  m o n t i c o l a  r r r r r  r r r r r r r r  
A t h e r i x  v a r i e g a t a  r c r r r r r r r r  r 
C a r d i o c l a d i u s  s p .  c c c c r r r r  r r r a a a c  
C r i c o t o p u s  s p .  A  c a r r c r  r r r r r 
C r i c o t o p u s  s p .  B r r r r r r  r r r r r  
D i c r a n o t a  s p .  r r r r r 
Empididae ,  s p .  A  c c c c  
Empididae ,  s p .  B r r r r r r  
Empididae ,  s p .  C r r r r 
Forc ipomyia  s p .  r r 
L imnoph i l a  s p .  A r c r r c r r r r r c c c r r r  
L imnoph i l a  s p .  B r r r r r r r r  
M i c r o p s e c t r a  s p ,  r c c r r r r r r  r c r c r r  
igemotelus s p .  r 
Pa l  pomyia s p .  r r x r 
P ros imu l ium s p  . r r r  r r x r r r  
Simulium s p .  c c r  r r r r  r r r r  
Tabanus  s p .  r r r r 
T i p u l i d a e ,  s p .  B r r 
T i p u l i d a e ,  s p .  C r r r r 
T i p u l i d a e ,  s p .  D x r 
T r i b e l o s  s p .  r r r r c c  r r 
Z a v r e l i a  s p .  r c r r r  r r r r 



Table  8. D i s t r i b u t i o n  and abundance1 of i n s e c t  s p e c i e s  i n  Emerald Creek and 
t h e  Middle Fork of t h e  S t .  Mar ies  R iver  i n  n o r t h e r n  Idaho d u r i n g  J u n e ,  J u l y  
and August of 1970. 

EPHEMEROPTERA 
Ameletus s p .  r r r r r r r  r r r r r r  
B a e t i s  b i c a u d a t u s  r r r r c  c r c  
B a e t i s  t r i c a u d a t u s  C C C C C C ~ C ~ C ~ C C C C C  

Cen t rop t i lum s p .  r r r r  r r r 
Cinygmula s p .  r c r r c c r r c r r r  c  a r 
Epeorus a l b e r t a e  r c c c c r a a c r c r r r r  

S p e c i e s  

Epeorus g r a n d i s  r 
Epeorus longimanus r r r r c c c  c c c c  
Ephemerel la  c o l o r a d e n s i s  c c r  
Ephemerel la  dodds i  r r r 
Ephemerel la  edmundsi r r r r r  
Ephemerel la  f  l a v i l i n e a  c c c a r r r c c r r  r r r 
Ephemerel la  g r a n d i s  r r r r c r r r c r  r r r 
Ephemerel la  hecuba r r r r r r  c r r  
Ephemerel la  h y s t r i x  r 
Ephemerella i n e r m i s  r c r r r  r r r r r r  
Ephemerel la  m a r g a r i t a  r c c a c r r c r r r  
Ephemerel la  t e r e s a  r c r r r  r r c a r a  
Ephemerella t i b i a l i s  c c r r r r r c c r  r a a a 
Hep t a g e n i a  c r i d d l e i  r c r c a r c a c c r  
Heptagenia  s i m p l i c i o d e s  r 
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  r c r r a c r r r 
P a r a l e p t o p h l e b i a  d e b i l i s  r r r r r 
P a r a l e p t o p h l e b i a  h e t e r o n e a  r c c r r c c r r r r 
Rhi th rogena  r o b u s t a  r r r c  
T r i c o r y t h o d e s  minu tus  r r r r a r r r r r r  

ODONATA 
Ophiogomphus s e v e r u s  r 

PLECOPTERA 
Acroneur ia  c a l i f o r n i c a  r r c r r r  c r r r r r 
A l l o p e r l a  s p .  c r c r c r r r r r r r  c r c  
Arcynopteryx s p .  A r r r r r c r r r  r r r  
Arcynopteryx s p .  B r r r r r r r r c c r r r  r r 
I sogenus  s p .  r r r r r r r r r r  r r r  
I s o p e r l a  s p .  r r r r 
L e u c t r a  s p .  r r r r  r 
Nemoura s p .  r r r r r r r r r  
P a r a p e r l a  s p .  r r 
P e l t o p e r l a  s p  . r 

S t a t  i o n s  

1 2 3 4 5 6 7 8 1 0  11 1 2  13 1 4  1 5  1 6  1 7  

l r  = r a r e  (1-25 i n s e c t s ) ,  c  = common (26-100 i n s e c t s ) ;  a = abundant  
(2 100 i n s e c t s ) .  



Table 8. Continued. 

Species I Stations 

Pteronarcys californica r r r ,r r r r  r 
HEMIPTERA 

Corixidae r 
NEUROPTERA 

Sialis sp. r r r 
COLEOPTERA 

Brychius sp. r r r r r 
Cleptelmis ornata r a r r r  r r r r  r r r 
Dubiraphia sp. r r 
Heterlimnius corpulentus r r r r r r r  r r a a a  
Lara sp. r 
Naxpus concolor r r r r r r r  
Optioservus seriatus r a a a a a a a a a r a c r r a  
Oreodytes sp. r c r  r r r 
Zaitzevia parvula r c r c c r r c r r  r r 

TRICHOPTERA 
Agraylea sp. c r r r r r 
Amiocentrus sp. r 
Apatania sp. r r r r r 
Arctopsyche grandis r r r r 
Athripsodes sp . r 
Brachycentrus sp. r r a r a r  
Cheumatopsyche sp. r r r r r a r r r r  
Dicosmoecus sp . r r r r 
Glossosoma sp. r r r r r c r c r c  r r r  
Hydropsyche sp. r r r r r r  c r c c a  
Lepidostoma sp . r r r r r r  r r 
Limnephilinae r 
Micrasema sp. c a r r c r  c r r r  
Neophylax sp. r r r r r r r 
Onocosmoecus sp. r 
Polycentropus sp. r 
Psychomyia sp. r x r r 
Rhyacophila acropedes r r 
Rhyacophila angelita r r r r r r 
Rhyacophila coloradensis r 
Rhyacophila vepulsa r r r r  
Rhyacophila verrula r r 
Stactobiella sp. c r 



T a b l e  8. Con t inued .  

S p e c i e s  
S t a t i o n s  

DIPTERA 
Ablabesmyia  s p .  r r r r r r r r  r r r 
Antocha  m o n t i c o l a  r r r r r r r r r r r c  r r 
A t h e r i x  v a r i e g a t a  r r r r c r r  r r r  
B l e p h a r i c e r i d a e  r 
C a r d i o c l a d i u s  s p  . r c c r c r r r r r r r r c c c  
C r i c o t o p u s  s p .  A  r c r r r r r r r r  r r 
C r i c o t o p u s  s p .  B  r r r r r  r r r r r 
D i c r a n o t a  s p .  r r r r r 
Em i d i d a e  s . A  r r c r c  
Empididae ,  s p .  B  r r r 
Empididae , s p  . C r r r r r 
Gonomyia s p  . r 
L imnoph i l a  s p .  A r r r r c r r r c r r c c r r r  
L imnoph i l a  s p .  B  r r r r r r r  r r r 
M i c r o p s e c t r a  s p .  r r r c r r r r r r r  c r r 
Palpomyia  s p  . r r r  r r 
Pros imul ium s p  . r r r r r  r r r  r r r r 
Simulium s p .  r r r  r r r r c  c r c r  
Tabanus  s p .  r r r r r 
T i p u l i d a e ,  s p .  A  r 
T r i b e l o s  s p .  r r c  r a r r r r r 
Z a v r e l i a  s p .  r 



s e p a r a t e l y  g i v i n g  t h e i r  d i s t r i b u t i o n  and p e r c e n t  composi t ion f o r  each 

s t a t i o n  du r ing  1969 and 1970 (Table 9 ) .  

The o r d e r s  Odonata, Hemiptera and Neuroptera  were c o l l e c t i v e l y  

r ep r e sen t ed  by on ly  f i v e  s p e c i e s .  They were most abundant a t  s t a t i o n  7 ,  a 

sandy pool  w i t h  emergent r e e d s  a long  t h e  bank. Lep idop t e r a ,  r ep r e sen t ed  by 

t h e  p y r a l i d  P a r a g y r a c t i s  sp .  were found on ly  i n  August,  1969 on t h e  l a r g e  

l a v a  bou lde r s  of s t a t i o n  11. 

Ephemeroptera were w e l l  r ep r e sen t ed  i n  bo th  s t r e ams .  Twenty-eight 

s p e c i e s  were found,  24 i n  Emerald Creek and 26 i n  t h e  S t .  Maries R ive r .  

Most showed a wide d i s t r i b u t i o n ;  however, a few were r e s t r i c t e d  t o  one 

s t ream o r  a p o r t i o n  of one s t ream.  Heavily s i l t e d  a r e a s  ( s t a t i o n s  7 ,  12 

and 14)  had fewer s p e c i e s  and numbers of i n d i v i d u a l s  (Tab les  7-9). Most 

s p e c i e s  were found i n  bo th  l i g h t l y  and moderate ly  sanded r i f f l e s ,  though 

lower popu l a t i ons  g e n e r a l l y  p r e v a i l e d  i n  moderate ly  sanded r i f f l e s .  

S t o n e f l i e s  were uncommon i n  t h e  s t udy  a r e a s ;  a t o t a l  of twelve 

s p e c i e s  were r e p r e s e n t e d  i n  t h e  two s t r e ams .  Acroneuria  c a l i f o r n i c a ,  

A l l o p e r l a  s p . ,  Arcynopteryx s p .  and Isogenus s p .  were wide ly  d i s t r i b u t e d  

i n  bo th  s t reams .  I s o p e r l a  s p . ,  Leuc t ra  s p . ,  P a r a p e r l a  sp .  and P e l t o p e r l a  s p .  

were r e s t r i c t e d  t o  t h e  upper r e aches  of Emerald Creek and t o  t h e  Middle 

Fork of t h e  S t .  Maries  River  (Table 8 ) .  Sandy-s i l t ed  h a b i t a t s  w i t h  few o r  

no rocks  ( s t a t i o n s  7 and 14)  had few s t o n e f l i e s  and r e f l e c t e d  poor h a b i t a t  

c o n d i t i o n s  f o r  t h i s  group. 

The o r d e r  Coleop te ra  was r ep r e sen t ed  by t h e  f a m i l i e s  H a l i p l i d a e ,  

Dy t i s c idae  and Elmidae. Of t h e  e l e v e n  s p e c i e s  c o l l e c t e d ,  on ly  f i v e  were 

widely  d i s t r i b u t e d  (Tables  7 and 8 ) .  These showed a p r e f e r e n c e  f o r  r i f f l e s  

over  p o o l s  bu t  showed no p r e f e r e n c e s  between l i g h t l y  o r  moderate ly  sanded 

r i f f l e s .  
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Of the 33 trichoptera species most were represented by only a few 

specimens at a few stations (Tables 7 and 8). Rhyacophila spp, were found 

mostly in the faster, unsilted riffles of the Middle Fork of the St. Maries 

River; a few were found in similar habitats (stations 8, 11 and 13) on 

Emerald Creek. Most trichoptera larvae preferred riffles over pools and 

runs. 

Diptera were widely distributed in both streams, although rare in 

numbers. Tipulidae, Chironomidae and Simuliidae were most widely distri- 

buted and had the largest numbers. Some species of Chironomidae showed a 

preference for riffles while others were equally distributed in riffles and 

pools. Tipulids were found in higher numbers in sandy or silted riffles 

and pools, while simuliids were reduced or absent in these habitats. 

Qualitative and quantitative differences were found among stations 

and between the two years. These differences were reflected in average 

species diversity and biomass for each station (Table 10). Species diversity 

was calculated using the Shannon Information Theory formula, 

H = (log N! - log ! ) ,  where c = 3.321 is a conversion factor from 
10 1 oni 

base 10 to base 2, N = the total number of individuals, and n = the 

number of individuals in each species (Lloyd, 1968). Diversity was highest 

at the headwater stations and lowest in pool habitats (Table 10). Biomass, 

expressed as a volumetric measurement, ranged from 0.05-0.64 ml./sq. ft. 

(Table 10). It tended to be higher in the lower half of Emerald Creek and 

in the St. Maries River. As with species diversity, biomass was lowest at 

pool stations. 

To determine significant differences among stations with respect to 

species diversity and biomass, a Duncan's multiple range test was conducted 



Table  10.  S t a t i o n s  on Emerald Creek and t h e  Middle Fork of t h e  
S t .  Maries  River  i n  n o r t h e r n  Idaho ranked by i n c r e a s i n g  s p e c i e s  

1 d i v e r s i t y  and biomass . V e r t i c a l  l i n e s  i n d i c a t e  groups of 
s t a t i o n s  no t  d i f f e r i n g  a t  t h e  1% l e v e l  accord ing  t o  Duncan's 
m u l t i p l e  range t e s t .  

Spec i e s  D i v e r s i t y  I Biomass (ml/sq.  f  t .  ) 

' ~ e a n s  computed from d a t a  c o l l e c t e d  du r ing  June-Augus t , 
1969-1970. 

mean s t a t i o n  mean s t a t i o n  



4 1 

a t  t h e  1% l e v e l  f o r  each of t h e s e  c h a r a c t e r i s t i c s  (Table  1 0 ) .  Most s t a t i o n s  

grouped i n t o  s t a t i s t i c a l l y  s i m i l a r  e n t i t i e s ,  t h e  members of which d i d  no t  

d i f f e r  from each  o t h e r .  S ix  such groups of s t a t i o n s  e x i s t e d  w i t h  r e s p e c t  t o  

s p e c i e s  d i v e r s i t y  w i th  s t a t i o n  14 having a  d i v e r s i t y  v a l u e  s i g n i f i c a n t l y  

lower t h a n  a l l  o t h e r  s t a t i o n s .  S t a t i o n  1 3  had a  biomass s i g n i f i c a n t l y  

h ighe r  than  a l l  o t h e r  s t a t i o n s  which f e l l  i n t o  f o u r  s t a t i s t i c a l l y  s i m i l a r  

groups w i t h  r e s p e c t  t o  t h i s  c h a r a c t e r i s t i c .  

Dendrograms - of S i m i l a r i t i e s  

To show s i m i l a r i t i e s  among s t a t i o n s  based on cobble  s i z e  and imbedded- 

n e s s ,  su r rounding  s u b s t r a t e  s i z e  and average  wate r  dep th  and v e l o c i t y ,  a  

weighted pair -group c l u s t e r  a n a l y s i s  a s  de sc r i bed  by Sokal  and Sneath (1963) 

and Estabrook (1967) was used i n  an a t t empt  t o  g e n e r a t e  a  dendrogram. With 

t h i s  method on ly  two s t a t i o n s  o r  groups of s t a t i o n s  were pe rmi t t ed  t o  

c l u s t e r  t o g e t h e r .  I n  1969 t e n  s t a t i o n s  had a  s i m i l a r i t y  v a l u e  of one,  

meaning they  were i d e n t i c a l .  Three s t a t i o n s  i n  1970 a l s o  had s i m i l a r i t y  

v a l u e s  of one. Most o t h e r  s t a t i o n s  had s i m i l a r i t y  v a l u e s  above 0.66 bo th  

yea r s .  These r e l a t i v e l y  s i m i l a r  v a l u e s  d i d  no t  r e f l e c t  meaningful d i f f e r -  

ences  among s t a t i o n s ,  t h e r e f o r e  a  dendrogram was n o t  genera ted  f o r  t h e s e  

d a t a .  

Dendrograms showing s t a t i o n  s i m i l a r i t i e s  based on t h e  d i s t r i b u t i o n  

and abundance of i n s e c t  s p e c i e s  f o r  1969 and 1970 were p r o j e c t e d  u s i n g  t h e  

weighted pair -group method (F igure  9 ) .  The upper and lower conf idence  

l i m i t s  a t  t h e  98% l e v e l  a r e  i n d i c a t e d  by dashed l i n e s .  S t a t i o n s  c l u s t e r i n g  

between t h e s e  l i m i t s  were n e i t h e r  s t a t i s t i c a l l y  s i m i l a r  nor d i s s i m i l a r .  

S t a t i o n s  7  and 1 2  were n o t  inc luded  i n  t h e  1969 dendrogram because d a t a  f o r  

t h e s e  s t a t i o n s  were c o l l e c t e d  f o r  on ly  one month t h a t  y e a r .  S t a t i o n  9  was 

omi t ted  because i t  was sampled on ly  twice  i n  1969 b e f o r e  i t  d r i e d  up.  Four 



F i g u r e  9. ilendrograms of s t s t i o ~ i  s i m i l a r i t i e s  based  on d i s t r i b u t i o n  of 
i n s e c t .  s p e c i e s  i n  Zmerald Creek and t l ie  bl iddle Fork of t h e  S t .  > l a r i e s  R iver  
i n  n o r t h e r n  Idaho June-August ,  1969-1970.  Dasi-led l i n e s  i n d i c a t e  t h e  upper  
and lower co i i f i Jence  l i m i t s  a t  t h e  382 l e v e l .  
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c l u s t e r s  a r e  appa ren t ,  e s p e c i a l l y  i n  t h e  dendrogram f o r  1969. Two c l u s t e r s  

a r e  composed of t h e  headwater s t a t i o n s  of Emerald Creek and t h e  Middle Fork 

of t h e  S t .  Maries  River  r e s p e c t i v e l y .  The t h i r d  c l u s t e r  i s  composed of 

t h e  o t h e r  s t a t i o n s  on t h e  Eas t  Fork of Emerald Creek. The l a s t  c l u s t e r  i s  

composed of t h e  r i f f l e  s t a t i o n s  found on t h e  main s tem of Emerald Creek. 



DISCUSSION 

A. Labora to ry  Study 

Nymphs of t h e  s t o n e f l y  P t e r o n a r c y s  c a l i f o r n i c a  e x h i b i t e d  a  n e g a t i v e  

photomxic behav io r  which was a n  i m p o r t a n t  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  i n  

t h e  l a b o r a t o r y .  Because of t h e i r  s i z e ,  l a r g e r  i n d i v i d u a l s  (20-50 mm.) 

were f o r c e d  t o  t a k e  r e f u g e  under  c o b b l e  w h i l e  s m a l l e r  specimens (11-20 mm.) 

were a b l e  t o  h i d e  i n  t h e  i n t e r s t i c e s  of l a r g e  and s m a l l  g r a v e l .  A s  t h e  

s u r r o u n d i n g  s u b s t r a t e  d e c r e a s e d  i n  s i z e ,  i n t e r s t i c i a l  s p a c e s  a l s o  d e c r e a s e d ,  

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

l a r g e  g r a v e l  (F ig .  3 ) .  With t h e  h i g h e r  number of nymphs under  c o b b l e  i n  t h e  

s m a l l e r - s i z e d  s u b s t r a t e s  and t h e  fewer  o c c u p i a b l e  i n t e r s t i c e s ,  many of t h e  

nymphs were f o r c e d  o n t o  t h e  under  s i d e  of t h e  cobb le  ( F i g s .  6-8).  T h i s  was 

a l s o  caused by t h e  l e s s  s t a b l e  nature .  of t h e  s m a l l e r  s u b s t r a t e s ,  e s p e c i a l l y  

t h e  s a n d s .  Imbedding cobb le  i n  c o a r s e  and f i n e  s a n d s  p reven ted  t h e  nymphs 

from h i d i n g  under  i t  and removing t h e  cobb le  e l i m i n a t e d  t h e  p r i n c i p a l  

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

s u b s t r a t e s  w i t h  unimbedded c o b b l e  ( F i g s .  4 and 5 ) .  

L ike  P .  c a l i f o r n i c a ,  t h e  mayf ly  Ephemerella g r a n d i s  demonstra ted  

p r e f e r e n c e s  f o r  l a r g e r  sed iments  (F ig .  3 )  and unimbedded cobb le  (F igs .  4 and 

5 )  and f o r  t h e  same r e a s o n s .  Because of i t s  s m a l l e r  s i z e  (8-15 mm.), i t  was 

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

b e l i e v e d  t o  accoun t  f o r  t h e i r  non-preference  between unimbedded and h a l f -  

imbedded c o b b l e  i n  a s s o c i a t i o n  w i t h  l a r g e  g r a v e l  ( F i g s .  4 and 7 ) .  T h i s  

a l s o  e x p l a i n s  why hal f - imbedding c o b b l e  d i d  n o t  a f f e c t  t h e  number of 

i n d i v i d u a l s  on t h e  cobb le  (F ig .  7 )  a s  much a s  d e c r e a s i n g  t h e  s i z e  of t h e  

su r round ing  s u b s t r a t e  ( F i g s .  6-8). 
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The case -bear ing  c a d d i s f l y  Brachycen t rus  s p .  a t t a c h e s  i t s  c a s e  t o  t h e  

upper s u r f a c e s  of cobb le  and l a r g e r ,  more s t a b l e  s u b s t r a t e  p a r t i c l e s .  For 

t h i s  r e a s o n  i t  showed no p r e f e r e n c e  between l a r g e  and s m a l l  g r a v e l s  w i t h  

exposed c o b b l e ,  b u t  d i d  p r e f e r  l a r g e  g r a v e l  over  c o a r s e  and f i n e  sands  which 

were t o o  s m a l l  and u n s t a b l e  f o r  a t t achment  (F ig .  3 ) .  Because of t h e i r  h a b i t  

of a t t a c h i n g  t o  t h e  upper  s u r f a c e s  of c o b b l e ,  t h e i r  m a c r o - d i s t r i b u t i o n  was 

n o t  a f f e c t e d  by half - imbedding cobb le  e x c e p t  when t h e  cobb le  was surrounded 

by f i n e  sand (Fig .  4 ) .  Half-imbedding cobb le  i n  t h i s  sediment brought  t h e  

i n s e c t s  i n  c l o s e r  p rox imi ty  w i t h  moving sand g r a i n s ,  t h e  a b r a s i v e  e f f e c t s  

of which may have been i n s t r u m e n t a l  i n  t h e i r  avoidance of t h i s  cobble-  

su r rounding  s u b s t r a t e  combinat ion.  F i n e r  s u b s t r a t e s  w i t h  complete ly  

imbedded c o b b l e ,  s i m u l a t e d  by removing t h e  c o b b l e ,  l a c k e d  h a b i t a b l e  s u r f a c e s  

provided by exposed cobb le ;  t h u s ,  f i n e  sand w i t h o u t  cobb le  was an  u n h a b i t a b l e  

subs t ra tum due t o  i t s  l a c k  of any p o i n t  of a t t achment  (F ig .  5 ) .  

O r i g i n a l  i n t e n t i o n s  were n o t  t o  r e c o r d  t e s t s  i n  which l e s s  t h a n  25 

specimens were recovered .  Due t o  t h e  d i f f i c u l t y  of r e c o v e r i n g  t h i s  minimum 

of Arctopsyche g r a n d i s ,  r e s u l t s  were analyzed even though 25 i n s e c t s  were 

n o t  r ecovered  i n  s e v e r a l  t e s t s .  T h i s  c a d d i s f l y  d i f f e r s  from Brachycentrus  s p .  

i n  t h a t  i t  i s  a  n e t  s p i n n e r  and l i v e s  a lmost  e x c l u s i v e l y  i n  t h e  i n t e r s t i t i a l  

s p a c e s  of t h e  su r rounding  s u b s t r a t e  a long  t h e  s i d e s  of and benea th  cobb le .  

Thus, l i k e  P. c a l i f o r n i c a  and Ephemerella grandis , ,  i t  p r e f e r r e d  l a r g e  

g r a v e l  (F ig .  3 )  and s u b s t r a t e s  w i t h  unimbedded cobble  ( F i g s .  4  and 5 ) .  

Decreasing t h e  su r rounding  s u b s t r a t e  s i z e  reduced t h e  i n t e r s t i c e s  and 

f o r c e d  t h i s  s p e c i e s  t o  s p i n  n e t s  on t h e  bottom of cobb le  ( F i g u r e s  6-8). 

Half-imbedding cobb le  e l i m i n a t e d  much of t h e  a r e a  benea th  t h e  cobble  

s u i t a b l e  f o r  h a b i t a t i o n ,  t h e r e b y  reduc ing  t h e  number of i n s e c t s  on 

c o b b l e  (F ig .  7 ) .  
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The larvae of the snipe fly Atherix variegata lives just beneath the 

surface of sand and silt found in the interstices of coarser substrates. 

They have eight pairs of prolegs which they use for attachment and crawling, 

maintaining contact with cobble and substrate particles large enough to 

support their movements through the adjacent sand and silt. For this 

reason this species showed no preferences among the four substrate sizes 

used in the laboratory !Fig. 3). Half-imbedding cobble or removing it in 

fine sand reduced or eliminated respectively the only surfaces capable of 

supporting the insects' movements, thus limiting their distribution. The 

gravels and coarse sand provided particles stable enough for this species' 

movements; therefore, imbedding or removing cobble did not affect their 

distribution (Figs. 4 and 5). Their habit of living at the sand-surrounding 

substrate interface is reflected by their absence on unimbedded cobble except 

when fine sand was the surrounding substrate (Fig. 6-8). When cobble was 

imbedded, it provided support for their movements, especially in the finer 

sediments (Fig. 7). 

B. Field Study 

Physical Analysis - of Stations 

The statistical analysis of stations with respect to substrate 

characteristics, i.e., cobble size and imbeddedness and surrounding substrate 

size (Table 5 ) ,  did not yield much significant data. This was due to the 

similarity of many stations with respect to each of these characteristics. 

Most stations were included in several groups with respect to cobble size. 

Differences among average cobble sizes in most of these groups was less 

than 1/2 in. It is believed insects cannot discriminate between these 

small differences. It is believed a more realistic division would create 
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two groups ,  t h o s e  w i t h  cobb le  l e s s  t h a n  5  i n .  and t h o s e  w i t h  cobble  l a r g e r  

t h a n  5 i n .  Only t h r e e  s t a t i o n s  had cobb le  more t h a n  1 / 4  imbedded, and of 

t h e s e ,  two were l e s s  t h a n  1 / 2  imbedded. It i s  b e l i e v e d  t h e s e  t h r e e  groups  

would be  more r e a l i s t i c  and should r e p l a c e  t h e  s i x  s t a t i s t i c a l  groups  i n  

Table  5. For t h e  same r e a s o n s ,  s t a t i o n s  should be  regrouped w i t h  r e s p e c t  

t o  su r rounding  s u b s t r a t e  s i z e .  Again, a l l  b u t  t h r e e  s t a t i o n s  should b e  

grouped t o g e t h e r  w i t h  average  s u b s t r a t e  s i z e s  of 1 /4-5/8  i n .  Surrounding 

s u b s t r a t e  a t  most of s t a t i o n  12 was sand and s i l t .  The west  bank of t h i s  

s t a t i o n  i s  a  b a s a l t  l e d g e  from which l a r g e  rocks  have f a l l e n .  Dis regard ing  

t h e  s e c t i o n  of t h e  s t ream wi th  l a r g e  r o c k s  would g i v e  t h i s  s t a t i o n  an 

average  s u b s t r a t e  s i z e  c l o s e  t o  1 /16  i n .  Thus, s t a t i o n s  7 ,  1 2  and 14 

w i t h  average  s u b s t r a t e s  of 118 i n .  o r  s m a l l e r  would be  grouped t o g e t h e r .  

Because of t h e  i n t e r a c t i o n s  of t h e s e  f a c t o r s  and o t h e r s ,  i . e . ,  c u r r e n t  

v e l o c i t y ,  t e m p e r a t u r e ,  d e t r i t u s ,  e t c . ,  t h e s e  g roup ings  a r e  n o t  r e f l e c t e d  i n  

t h e  dendrograms based on i n s e c t  d i s t r i b u t i o n  and abundance (Fig .  9 ) .  Any 

two of t h e s e  s u b s t r a t e  c h a r a c t e r i s t i c s  may c a n c e l  t h e  e f f e c t s  of t h e  t h i r d .  

Thus, l a r g e  cobb le ,  a  p r o d u c t i v e  h a b i t a t  (Tarzwel l ,  1937;  Mackay and K a l f f ,  

1969) can b e  made u n i n h a b i t a b l e  by imbedding i t  i n  f i n e r  sediment .  Imbedding 

t h e  same cobble  i n  l a r g e r  sediment  o r  s i m i l a r  s i z e d  cobb le  may a c t u a l l y  

i n c r e a s e  t h e  f a v o r a b i l i t y  of t h a t  s u b s t r a t e .  T h i s  f a c t  w a s  demonstra ted 

by r e s u l t s  from s t a t i o n s  12  and 14 which had l a r g e  cobb le .  S t a t i o n  14 

was n e a r l y  complete ly  inunda ted  by a  6-18 i n .  burden of c o a r s e  sand and had 

t h e  lowes t  s p e c i e s  d i v e r s i t y  (Table  1 0 ) .  S t a t i o n  12  had a  l a r g e  amount of 

sand and s i l t  b u t  a l s o  had a n  accumulat ion of l a r g e  cobb le  a l o n g  one 

bank which r e s u l t e d  i n  a  h i g h e r  s p e c i e s  d i v e r s i t y .  
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Water Chemis t r i es  

Because of t h e  s i m i l a r  v a l u e s  among s t a t i o n s  f o r  d i s so lved  oxygen, 

t u r b i d i t y  and pH, i t  i s  no t  be l i eved  t h a t  t h e s e  f a c t o r s  app rec i ab ly  a f f e c t e d  

t h e  d i s t r i b u t i o n  and abundance of i n s e c t s  (Table 6 ) .  S ince  a l k a l i n i t y ,  

t o t a l  ha rdness  and d i s s o l v e d  i r o n  v a l u e s  were r e l a t i v e l y  low, d i f f e r e n c e s  

between Emerald Creek and t h e  Middle Fork of t h e  S t .  Maries River  s t a t i o n s  

were cons idered  n e g l i g i b l e .  

Popu l a t i on  Dynamics - and Community S t r u c t u r e  

The lower reach  of Emerald Creek, compared t o  i t s  headwaters ,  tended 

t o  have a  lower d i v e r s i t y  which corresponded t o  t h e  sha l l ower ,  more h e a v i l y  

s i l t e d  c o n d i t i o n s  of t h a t  p o r t i o n  of t h e  s t ream.  The low d i v e r s i t y  a t  t h e  

mouth of Emerald Creek ( S t a t i o n  14 )  i s  be l i eved  due t o  t h e  l i m i t e d  number 

of s p e c i e s  and smal l  popu l a t i ons  a t  t h i s  s t a t i o n ,  caused by t h e  heavy 

accumulat ion of sand which e l im ina t ed  f a v o r a b l e  h a b i t a t s  f o r  most s p e c i e s .  

S t a t i o n  7 ,  a  sandy r u n ,  and s t a t i o n  12 ,  a  s i l t e d  poo l ,  had s p a r s e ,  p a r t i a l l y  

exposed cobble  and sma l l e r  r ocks ,  t h u s  p rov id ing  a  wider  v a r i e t y  of micro- 

h a b i t a t s .  Th is  i s  be l i eved  t o  have r e s u l t e d  i n  d i v e r s i t i e s  h igher  t h a n  

t h a t  a t  s t a t i o n  14 ,  though s u p e r f i c i a l l y  t h e  t h r e e  s t a t i o n s  appeared q u i t e  

s i m i l a r .  I n  c o n t r a s t  t o  s t a t i o n  1 4 ,  s t a t i o n s  6 and 10 had l a r g e  i n s e c t  

communities. The d i v e r s i t i e s  a t  t h e s e  s t a t i o n s  were low because i n d i v i d u a l s  

of on ly  t h r e e  o r  f o u r  s p e c i e s  comprised t h e  m a j o r i t y  of t h e  t o t a l  community. 

Highest  d i v e r s i t i e s  were found i n  l i g h t  t o  moderate ly  sanded r i f f l e s  w i th  

F o n t i n a l i s  sp .  due t o  t h e  v a r i e t y  of m i c r o h a b i t a t s  provided under t h e s e  

cond i t i ons .  

I n  c o n t r a s t  t o  s p e c i e s  d i v e r s i t y ,  biomass tended t o  be  lower i n  t h e  

upper r e aches  of Emerald Creek (Table 1 0 ) .  Th i s  was probably due t o  t h e  

l e s s e r  a l l och tonous  m a t e r i a l  and o t h e r  n u t r i e n t s  i n  t h e  upper r e aches  of t h e  
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stream. The high biomass at station 2 was probably due to the presence of 

Fontinalis sp. and dead stems which provided a favorable habitat for a large 

number of insects (Percival and Whitehead, 1929; Tarzwell, 1937). Stations 

on the headwaters of the Middle Fork of the St. Maries River were similar 

to upper Emerald Creek stations in terms of biomass which was probably 

influenced by similar substrates, water chemistry and current velocities. 

Station 11 had a biomass significantly higher than other stations due, it is 

believed, to the relatively silt-free, cobble-boulder substrate and 

presence of extensive Fontinalis sp. Heavily sanded and silted stations had 

the lowest biomass because of the limited number of species that find these 

substrates habitable and the small size of most of these species. 

Substrate similarities and differences were also reflected in dendro- 

grams based on the distribution and abundance of insects (Fig. 9), although 

it is recognized that many other factors, i.e., current, temperature, 

exposure, etc., also e'nter into this kind of analysis. It is believed the 

high similarity between stations 15 and 16 on the Middle Fork of the St. Maries 

River was caused by their proximity to each other (75 yds.) rather than by 

substrate and current characteristics which were different (Tables 4 and 5). 

Station 17, although superficially similar to station 15, was sandier and 

located one mile downstream. This is believed to account for its lower 

similarity value with stations 15 and 16. The Middle Fork of the St, Maries 

River was significantly dissimilar to most stations on Emerald Creek. Since 

substrate and current values were similar, this is believed due to the 

geographic separation of the two streams and the location of stations 15-17 

in the headwaters of the Middle Fork of the St. Maries River. These 

assumptions are strengthened by the fact that the two uppermost stations on 

Emerald Creek were the only ones not significantly different from these 

stations in 1969. 
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Stations 1 and 2 on Emerald Creek were biologically similar in 1969 

but very dissimilar in 1970. This reflected the difference in the type of 

cobble and increased amounts of sand at station 1 due to road construction. 

Riffles on the East Fork of Emerald Creek (stations 3-6 and 8) were 

similar to each other as were riffles on the main stem of Emerald Creek 

(Stations 10, 11 and 13). This again reflected the similarity of cobble, 

surrounding substrate, current and other characteristics among these 

stations. That differences existed between riffles above and below the 

confluence of the East and West Forks of Emerald Creek was shown by the 

formation of two clusters (Fig. 9). Clustering of these two groups at a 

significant value in 1969 indicated a characteristic, riffles, common to all. 

The inclusion of station 7 in the 1970 dendrogram and its clustering 

with other stations on the East Fork lowered the average similarity value 

at which stations 10, 11 and 13 could join, making these clusters neither 

similar nor dissimilar for that year. 

Stations 7 and 14, both heavily sanded runs, did not cluster together 

because station 7 had sparse cobble and some smaller rocks, therefore sup- 

porting a more varied population (Tables 7 and 8). Station 14 had no cobble 

or substrate larger than 118 in., resulting in an insect community peculiar 

to that station. This is reflected by station 14 not grouping with any 

station in 1969 and being significantly dissimilar to all stations in 1970. 

C. Aquatic Insect-Substrate Relationships 

Ephemerop tera 

The majority of mayfly species were widely distributed in both 

streams, although there were several exceptions (Tables 6 and 7). 
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Ephemerella c o l o r a d e n s i s  and - E. dodds i  were found on ly  i n  t h e  Middle Fork 

of t h e  S t .  Maries R ive r .  Because of t h e i r  r e s t r i c t i o n  t o  t h e s e  upper 

s t a t i o n s  and t h e  s i m i l a r i t y  of t h e s e  s t a t i o n s  t o  o t h e r s  w i t h  r e s p e c t  t o  

s u b s t r a t e ,  i t  i s  be l i eved  s u b s t r a t e  was no t  a  l i m i t i n g  f a c t o r .  I n s t e a d ,  

t empera ture  o r  some o t h e r  c h a r a c t e r i s t i c  of headwater s t a t i o n s  no t  analyzed 

i n  t h i s  s t u d y  and geographic  s e p a r a t i o n  of t h e  two s t r e ams  was probably 

r e s p o n s i b l e  f o r  t h e i r  d i s t r i b u t i o n .  Most s p e c i e s  were absen t  from h e a v i l y  

s i l t e d  and sanded s t a t i o n s  i n  1969 because of t h e  smother ing and e l i m i n a t i o n  

of m i c r o h a b i t a t s .  I n  1970 s t a t i o n s  7 and 12  had more s p e c i e s  r ep r e sen t ed  

t h a n  i n  1969, b u t  i n  r a r e  numbers (Table 7 ) .  Th i s  change i s  commensurate 

w i t h  an  improvement i n  t h e  sand and s i l t  s u b s t r a t e s  a s  a  r e s u l t  of c e s s a t i o n  

of rockhound a c t i v i t i e s  i n  t h e  upper reach .  S t a t i o n  1 4  remained r e l a t i v e l y  

unchanged dur ing  t h e  s t udy  and had a  ve ry  s p a r s e  mayfly popu l a t i on  bo th  

yea r s .  Many of t h e  specimens c o l l e c t e d  from t h i s  s t a t i o n  a r e  be l ieved  t o  

have d r i f t e d  from a n  upstream r i f f l e .  Ephemerella g r a n d i s  was found a t  

most s t a t i o n s  bu t  was r a r e  (Table 6 ) .  I ts absence from s t a t i o n s  7 ,  1 2  and 

14 r e f l e c t s  n e g a t i v e  a f f i n i t i e s  f o r  f i n e r  sediments  i n  absence of unimbedded 

cobble  a s  shown i n  t h e  l a b o r a t o r y  (F ig s .  3-5). However, some t o l e r a n c e  f o r  

f i n e  sand was shown i n  t h e  l a b o r a t o r y  by i n d i v i d u a l s  found on half-imbedded 

cobble  a t  t h e  sand-rock i n t e r f a c e .  It cannot  be  s a i d  t h a t  t h e s e  i n d i v i d u a l s  

p r e f e r r e d  t h e  sand a s  i t  appeared t hey  only moved down t o  i t  t o  avo id  being 

exposed on t h e  t o p s  of t h e  cobble .  Caenis  l a t i p e n n i s  Banks has  been 

r epo r t ed  showing a f f i n i t i e s  f o r  a  t h i n  skim of s i l t  i n  c o a r s e r  sediments  

i n  t h e  l a b o r a t o r y  (Cummins and Lauf f ,  1969) .  Ha r r i son  and Elsworth (1958),  

however, found ano the r  mayfly s p e c i e s ,  Pseudocloeon vinosum Banks, 

r e q u i r i n g  an extremely s i l t - f r e e  environment.  



Baetis tricaudatus and Heptagenia criddlei, two of the principal 

mayfly species in the study area, demonstrated varying degrees of sensitivity 

to the altered environment. Populations were noticeably lower in the lower 

reaches of Emerald Creek. This is believed due to the shallower, slower 

and more heavily sanded and silted conditions. It should be pointed out, 

however, that - H. criddlei was able to tolerate sandy or silted conditions 

when in the presence of cobble. This was demonstrated by their presence 

at station 12 both years and its appearance at station 7 in 1970. The 

absence of - H. criddlei and lower numbers of B. tricaudatus at station 1 - 

were probably due to the nature of the cobble which was in the form of 

thin plate-like rocks. Lower numbers of - H. criddlei at stations 2 and 4 

are believed due to the lack of cobble and the presence of sand and 

bedrock at the two stations respectively. This agrees with results of 

Pennak and Van Gerpen (19471, Minshall (1968), and Mackay and ~alff (1969) 

who found cobble sized rocks to be a more productive substrate than sand 

or bedrock. 

Five species of stoneflies were recorded in the field, most in rare 

numbers. Leuctra sp., Paraperla sp. and Peltoperla sp. were found only in 

the Middle Fork of the St. Maries River and the upper stations on Emerald 

Creek (Tables 6 and 7). This is similar to the distribution of the before- 

mentioned mayflies, Ephemerella coloradensis and E. doddsi,and is also 

believed to be caused by some limiting factor in the headwaters of streams 

other than substrate. 

Acroneuria californica was one of the most common stoneflies. Only 

two individuals were found at station 1, however (Table 9). Its limited 
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o c c u r r e n c e  t h e r e  i s  b e l i e v e d  due t o  t h e  p l a t e - l i k e  c o b b l e  and sandy s u b s t r a t e .  

The absence  of t h i s  s p e c i e s  a t  s t a t i o n  11 was p robab ly  because  of sampl ing 

i n e q u i t i e s  a s  i t  was found a t  s t a t i o n  1 3 ,  a  s t a t i o n  p h y s i c a l l y  s i m i l a r .  Its 

absence  a t  s t a t i o n  1 4 ,  which l acked  any p a r t i c l e s  l a r g e r  t h a n  118 i n . ,  and 

a t  s t a t i o n s  7 and 1 2  which were h e a v i l y  sanded and s i l t e d  was caused by i t s  

p r e f e r e n c e  f o r  c o b b l e  and c o a r s e r  sed iments .  P r e f e r e n c e  f o r  cobb le  and 

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

was shown i n  t h e  l a b o r a t o r y  by a n o t h e r  s t o n e f l y ,  P t e r o n a r c y s  c a l i f o r n i c a  

( F i g s .  3-8).  S i m i l a r  f i n d i n g s  have been r e p o r t e d  f o r  P e r l i s t a  p l a c i d a  

(Hagen) by Cdmmins and Lauff (1969) and Brachyp te ra  r i s i  by Madsen (1969) .  

I n  c o n t r a s t  t o  - A.  c a l i f o r n i c a ,  A l l o p e r l a  s p .  showed more t o l e r a n c e  t o  sand 

and s i l t .  The l a r g e  p o p u l a t i o n  a t  s t a t i o n  1 was p robab ly  t h e  r e s u l t  of 

t h e  p r e s e n c e  of F o n t i n a l i s  s p .  and a l g a e .  The f i v e  specimens  c o l l e c t e d  

from s t a t i o n s  7 ,  1 2  and 1 4 ,  h e a v i l y  s i l t e d  and sanded s u b s t r a t e s ,  were 

p robab ly  p r e s e n t  due t o  d r i f t .  

Coleop t e r a  

B e e t l e s ,  r e p r e s e n t e d  p r i n c i p a l l y  by t h e  f a m i l y  Elmidae (Tab les  7 and 8 ) ,  

showed a  wide range  of t o l e r a n c e  t o  v a r i o u s  s u b s t r a t e s .  They were found 

c o n s i s t e n t l y  a t  r i f f l e s  b u t  no t  i n  t h e  r u n s  and p o o l s .  Th i s  may have 

been due t o  t h e  sand and s i l t  s u b s t r a t e  o r  t o  t h e  s lower  c u r r e n t  found a t  

t h o s e  s t a t i o n s .  H e t e r l i m n i u s  c o r p u l e n t u s ,  a l t h o u g h  found a t  1 3  s t a t i o n s ,  

a p p a r e n t l y  p r e f e r r e d  t h e  headwate r s ,  a g a i n  i n d i c a t i n g  some i n f l u e n t i a l  f a c t o r  

o r  f a c t o r s  n o t  s t u d i e d .  T h e i r  n e g a t i v e  a f f i n i t y  f o r  s i l t  and sand bottoms 

i s  shown by t h e i r  absence  and low numbers a t  s t a t i o n s  7 ,  12 and 14 .  T h i s  

a g r e e s  w i t h  Leech and Chandler (1956) who s t a t e d  t h a t  e imids  may b e  r a r e  i n  

s t r e a m s  w i t h  heavy sediment  l o a d s  o r  w i t h  mud o r  sand bot toms.  
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Unl ike  - H .  c o r p u l e n t u s ,  O p t i o s e r v u s  s e r i a t u s  tended t o  have s m a l l e r  

p o p u l a t i o n s  a t  headwater  s t a t i o n s .  The same f a c t o r ,  c h a r a c t e r i s t i c  of 

headwate r s ,  which f a v o r e d  H .  c o r p u l e n t u s  may have been l i m i t i n g  t h i s  s p e c i e s .  

I ts  l a r g e s t  p o p u l a t i o n  was found a t  a  modera te ly  sanded r i f f l e  where i t  

comprised up t o  40% of t h e  t o t a l  i n s e c t  community (Table  9 ) .  T h i s  i s  

b e l i e v e d  due t o  t h e  l a r g e  amount of a l l o c h t o n o u s  l e a f  m a t e r i a l  p r e s e n t .  The 

h i g h e r  numbers c o l l e c t e d  from t h e  h e a v i l y  sedimented p o o l  and r u n  s t a t i o n s ,  

a s  compared t o  o t h e r  s p e c i e s ,  i n d i c a t e  more t o l e r a n c e  f o r  sand and s i l t  

bot toms.  T h i s  may have been a  r e s u l t  of t h e i r  s m a l l  s i z e  which a l lowed 

them t o  u t i l i z e  s m a l l e r  i n t e r s t i c e s  and s u b s t r a t e  p a r t i c l e s .  

T r i c h o p t e r a  

T h i r t y - t h r e e  s p e c i e s  of c a d d i s f l i e s  were c o l l e c t e d  i n  t h e  f i e l d .  

Only seven  were found a t  e i g h t  o r  more s t a t i o n s  and t h e s e  u s u a l l y  i n  r a r e  

numbers (Tab les  7 and 8 ) .  Nearly a l l  s p e c i e s  showed a n  avoidance f o r  sandy ,  

uncobbled h a b i t a t s ,  e . g .  s t a t i o n s  7 and 14.  T h e i r  absence  from t h e s e  

s t a t i o n s  i s  b e l i e v e d  due t o  t h e  l a c k  of cobb le  s i n c e  s e v e r a l  s p e c i e s  were 

found a t  s t a t i o n  1 2  which was h e a v i l y  s i l t e d ,  bu t  had many cobble-s ized 

r o c k s .  E igh t  s p e c i e s  of Rhyacophila were r e c o v e r e d ,  o c c u r i n g  p r i n c i p a l l y  

i n  t h e  Middle Fork of t h e  S t .  Maries  R i v e r .  Only a  few wel l -cobbled,  

moderate  t o  f a s t  r i f f l e s  suppor ted  Rhyacophila s p p .  i n  Emerald Creek due 

t o  t h e  s i l t  and sand p r e s e n t  a t  most s t a t i o n s .  T h i s  a g r e e s  wi th  r e s u l t s  

found by Smith (1968) who r e p o r t e d  t h i s  genus i n  c l e a n ,  f a s t  r i f f l e s .  The 

d i s t r i b u t i o n  of Hydropsyche s p .  was a l s o  a f f e c t e d  by f a s t e r  c u r r e n t s  and 

l a r g e  r a b b l e  a s  shown by t h e i r  abundance a t  s t a t i o n s  11 and 13 .  T h e i r  

absence  a t  s t a t i o n  1 i s  probab ly  due t o  t h e  p l a t e - l i k e  cobb le  and sandy 

c o n d i t i o n  a t  t h i s  s t a t i o n .  T h e i r  absence  a t  s t a t i o n  1 0  i s  probab ly  due 

t o  t h e  nea r  absence  of cobb le  over  most of t h e  r i f f l e ,  t h e  s u b s t r a t e  b e i n g  
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n e a r l y  un i fo rm one-inch pebb le .  T h i s  a g r e e s  w i t h  r e s u l t s  o b t a i n e d  from t h e  

cobb le  p r e s e n t  o r  a b s e n t  p r e f e r e n c e  t e s t s  conducted i n  t h e  l a b o r a t o r y  w i t h  

t h e  s i m i l a r  s p e c i e s ,  Arctopsyche g r a n d i s  - (F ig .  5 ) .  The p r e s e n c e  of l a r g e  

c o b b l e  a t  s t a t i o n  1 2  i s  b e l i e v e d  t o  account  f o r  t h e  p o p u l a t i o n  of Hydropsyche 

s p .  t h e r e  even though t h e  su r round ing  s u b s t r a t e  was sand and s i l t .  

Large  p o p u l a t i o n s  of Micrasema s p .  a t  s t a t i o n s  1, 2,  11, 1 5  and 17 

(Table  8)  were p robab ly  due t o  t h e  p r e s e n c e  of t h e  moss, F o n t i n a l i s  s p . ,  

w i t h  which t h e  l a r v a e  were c l o s e l y  a s s o c i a t e d .  Numerous cobb le - s i zed  r o c k s  

and a  s lower  c u r r e n t  ( 1 . 2  f t . / s e c . )  a t  s t a t i o n  5 a l s o  provided a  f a v o r a b l e  

environment f o r  t h i s  s p e c i e s  a l t h o u g h  F o n t i n a l i s  s p .  was a b s e n t .  The 

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

i m p o r t a n t  f a c t o r s  i n f l u e n c i n g  t h e  d i s t r i b u t i o n  of t h i s  s m a l l ,  case -bear ing  

t r i c h o p t e r a n .  I n  c o n t r a s t ,  Brachycen t rus  s p .  p r e f e r r e d  f a s t e r  c u r r e n t s  w i t h  

g rave l -cobb le  s u b s t r a t e s  f o r  a t t a c h m e n t .  The importance  of s u b s t r a t e  a s  a  

f a c t o r  i n f l u e n c i n g  t h i s  s p e c i e s '  d i s t r i b u t i o n  was amply demonstra ted  i n  

t h e  f i e l d  and l a b o r a t o r y  (Tab les  6 and 7 ;  F i g s .  3-5). 

The absence of t h e  n e t  s p i n n i n g  c a d d i s f l y ,  Wormaldia s p .  from h e a v i l y  

sanded o r  s i l t e d  r u n s  and p o o l s  i s  b e l i e v e d  caused by t h e  s lower  c u r r e n t s  

a t  t h e s e  s t a t i o n s  and t h e  smother ing e f f e c t  of t h e  sand and s i l t .  I t  a l s o  

was r e s t r i c t e d  i n  headwate r s  by a  f a c t o r  o t h e r  t h a n  s u b s t r a t e  a s  i t  was 

found a t  lower s t a t i o n s  w i t h  s i m i l a r  s u b s t r a t e s .  

D i p t e r a  

D i p t e r a  l a r v a e  g e n e r a l l y  demonstra ted  s i m i l a r  r e s p o n s e s  t o  s u b s t r a t e s  

a s  o t h e r  o r d e r s .  The l a r g e s t  numbers were c o l l e c t e d  from l i g h t l y  t o  moder- 

a t e l y  sanded r i f f l e s ;  t h e  l e a s t  numbers were found i n  h e a v i l y  sanded and 

s i l t e d  r u n s  and p o o l s .  These l a t t e r  s t a t i o n s  were mainly  popu la ted  by 

t i p u l i d s  and chironomids  a b l e  t o  s u r v i v e  t h e r e  because  of t h e i r  burrowing 
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h a b i t s .  T i p u l i d s  were r e s p o n s i b l e  f o r  most of t h e  biomass a t  h e a v i l y  

sedimented poo l s  and r u n s  because of t h e i r  l a r g e r  s i z e .  

The on ly  s p e c i e s  t o  show any p o s i t i v e  a f f i n i t i e s  f o r  f i n e  sediments  

was Tabanus sp .  T h i s  was probably due t o  i t s  burrowing h a b i t s  and t h e  

p resence  of many t i p u l i d s  and chironomids on which i t  may have preyed.  The 

s n i p e  f l y ,  Ather ix  v a r i e g a t a ,  l i v e s  i n  a  s i m i l a r  microenvironment a s  

Tabanus sp .  However, A .  v a r i e g a t a  has  p r o l e g s  and u s e s  t h e s e  i n  c rawl ing .  

Thus i t  was found a t  most s t a t i o n s  on Emerald Creek. Its absence a t  

s t a t i o n  14 i n d i c a t e s  i t s  need f o r  s u b s t r a t e  p a r t i c l e s  l a r g e  enough t o  

suppo r t  i t s  movements i n  t h e  sur rounding  s u b s t r a t e .  Th i s  was a l s o  found 

i n  t h e  l a b o r a t o r y  (F ig s ,  3-51, The presence  of a  few i n d i v i d u a l s  a t  

s t a t i o n s  11 and 17 i n d i c a t e s  t h e i r  t o l e r a n c e  of sand and s i l t  i n  t h e  

p resence  of cobble  o r  o t h e r  s t a b l e  p a r t i c l e s .  No r ea son  can be g iven  f o r  

t h e i r  absence a t  s t a t i o n s  i n  t h e  Middle Fork of t h e  S t .  Maries River .  

I n  c o n t r a s t  t o  most of t h e  d i p t e r a n  s p e c i e s  c o l l e c t e d ,  t h e  b l ack  f l y  

Simulium s p .  r e q u i r e s  a  s i l t - f r e e  environment.  Th i s  s p e c i e s  i s  a  f i l t e r  

f e e d e r ,  anchor ing  i t s e l f  t o  t h e  upper p o r t i o n s  of cobble  and o t h e r  suppor t  

i n  t h e  f a s t e r  c u r r e n t s .  Because of i t s  mode of l i f e  i t  is  ve ry  s u s c e p t i b l e  

t o  t h e  a b r a s i v e  e f f e c t s  of d r i f t i n g  s i l t  and sand .  Wu (1931) r e p o r t e d  t h a t  

they  move t o  p o r t i o n s  of r ocks  and tw igs  which remain s i l t  f r e e .  The i r  

p resence  a t  s t a t i o n s  11 and 1 3  r e f l e c t  t h e  f a s t e r  c u r r e n t s  (2.0 f t . / s e c . )  

and l a r g e  cobble  p rov id ing  anchoring s u r f a c e s  above t h e  i n f l u e n c e  of 

moving sediments  near  t h e  s t ream bottom. Slow c u r r e n t s  (0.9-1.1 f t . / s e c . )  

and t h e  l a c k  of s u i t a b l e  s u r f a c e s  f o r  a t tachment  l i m i t e d  t h e i r  d i s t r i b u t i o n  

a t  t h e  s i l t e d  and sanded poo l s  and runs  ( s t a t i o n s  7 ,  12 ,  and 14 ) .  



SUMMARY 

This study was initiated to determine the effects of sand and coarser 

sediments on the distribution and abundance of aquatic insects. Emerald 

Creek was chosen as the study area because of rockhound and dredge mining 

activities which have introduced large amounts of sediment into the stream. 

The Middle Fork of the St. Maries River served as a control because of 

relatively unaltered conditions. Fourteen stations were established on 

Emerald Creek and three on the upper reaches of the Middle Fork of the 

St, Maries River. 

Five species, Pteronarcys californica, Ephemerella grandis, Brachy- 

centrus sp., Arctopsyche grandis and Atherix variegata were tested for - 

substrate preferences in an artificial stream in the laboratory. Four 

sizes of surrounding substrates were tested in association with cobble 

imbeddedness. Most species preferred unimbedded cobble with a coarse 

surrounding substrate. 

Field stations were analyzed physically and biotically. Cobble size, 

imbeddedness and surrounding substrate size were statistically similar at 

most stations. Heavily sanded or silted pools and runs proved to be 

physically and biologically dissimilar. Species diversity was higher in 

the upper reaches of Emerald Creek and the Middle Fork of the St. Maries 

River, while biomass tended to be slightly higher in the lower reach of 

Emerald Creek. 

Ephemeroptera were widely distributed in both streams and showed 

varying degrees of adaptability to moderately sanded riffles. Pools and 

heavily sanded runs showed marked reduction in mayfly populations. A few 

species were limited to the headwaters of the two streams. Stoneflies 
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were uncommon i n  bo th  s t reams .  Seve ra l  of t h e  s p e c i e s  showed a wide 

d i s t r i b u t i o n  wh i l e  o t h e r s  were l i m i t e d .  A l l  showed a f f i n i t i e s  f o r  r i f f l e s  

and c o a r s e r  sediments .  Four s p e c i e s  of t h e  f ami ly  Elmidae accounted f o r  

t h e  m a j o r i t y  of t h e  b e e t l e s  c o l l e c t e d .  These s p e c i e s  were widely  d i s t r i -  

buted and showed va ry ing  degrees  of a d a p t a b i l i t y  t o  h e a v i l y  sanded o r  s i l t e d  

c o n d i t i o n s .  Most t r i c h o p t e r a  s p e c i e s  were r ep r e sen t ed  by only a  few 

i n d i v i d u a l s .  They p r e f e r r e d  c l e a n ,  f a s t  r i f f l e s  w i t h  c o a r s e  s u b s t r a t e s .  

D i p t e r a ,  e s p e c i a l l y  chironomids,  were common and abundant throughout  t h e  

s t reams .  Some s p e c i e s  were found i n  r i f f l e s  and poo l s  wh i l e  o t h e r s  were 

r e s t r i c t e d  t o  h e a v i l y  sanded poo l s  and runs .  

High sediment p roduc t i on  from man-caused a c t i v i t i e s  caused d e t e r i o r a -  

t i o n  of s t ream h a b i t a t ,  r e s u l t i n g  i n  reduced s p e c i e s  d i v e r s i t y ,  d e n s i t y  and 

biomass i n  Emerald Creek. 
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APPENDIX 



Table 11. Checklist of insect species in Emerald Creek and the Middle Fork 
of the St. Maries River. 

EPHEMEROPTERA 

Ameletus sp. 
Baetis bicaudatus Dodds 
Baetis tricaudatus Dodds 
Centroptilum sp. 
Cinygmula sp . 
Epeorus (Iron) albertae (McDunnough) 
Epeorus (Ironopsis) grandis (McDunnough) 
Eueorus (Iron) loneimanus (Eaton) " 
~ihemkrella  r run el la) coloradensis Dodds 
Ephemerella (Drunella) doddsi Needham 
Ephemerella (Caudatella) edmundsi Allen 
E~hemerella (Drunella) flavilinea McDunnou~h 
Ephemerella (Drunella) grandis Eaton 
Ephemerella (Timpanoga) hecuba Eaton 
Ephemerella (Caudatella) hystrix Traver 
E~hemerella (E~hemerella) inermis Eaton 
Ephemerella (Attenuatella) margarita Needham 
Ephemerella (Drunella) spinifera Needham 
Ephemerella (Serratella) teresa Traver 
Ephemerella (Serratella) tibialis McDunnough 
Heptagenia criddlei McDunnough 
Heptagenia simpliciodes McDunnough 
Paraleptophlebia bicornuta (McDunnough) 
Paraleptophlebia debilis (Walker) 
Paraleptophlebia heteronea - (McDunnough) 
~seudocloeon sp . 
Rhithrogena robusta Dodds 
Tricorythodes minutus Traver 

ODONOTA 

Agrion aequabile Kennedy 
Argia sp. 
Ophiogomphus severus Hagen 

PLECOPTERA 

Acroneuria calif ornica (Banks) 
Alloperla sp. 
Arcynopteryx sp. A 
Arcynopteryx sp. B 
Isogenus sp. 
Isoperla sp. 
Leuctra sp. 
Nemoura sp. 
Paraperla sp. 
Pel toperla sp . 
Pteronarcella sp . 
Pteronarcys californica Newport 



T a b l e  11. Cont inued .  

HEMIPTERA 

C o r i x i d a e  

NEUROPTERA 

S i a l i s  s p .  

COLEOPTERA 

B r y c h i u s  s p .  
C l e p t e l m i s  o r n a t a  ( S c h a e f f e r )  
D u b i r a p h i a  s p  . 
Helophorus  s p .  
H e t e r l i m n i u s  c o r p u l e n t u s  (LeConte) 
L a r a  s p  . - 
M i c r o c y l l o e p u s  s p .  
Narpus c o n c o l o r  LeConte 
O p t i o s e r v u s  -- s e r i a t u s  (LeConte)  
Oreody tes  s p .  
Z a i t z e v i a  p a r v u l a  Horn 

TRICHOPTERA 

Agray lea  s p .  
Amiocent rus  s p .  
A p a t a n i a  s p .  
~ r c t o ~ s y c h e  g r a n d i s  (Banks) 

s p .  
B r a c h y c e n t r u s  s p .  
Cheumatopsyche s p .  
Dicosmoecus s p .  
Glossosoma s p .  
Goera s p .  
Hydropsyche s p .  
H y d r o p t i l a  s p .  
Lepidos toma s p .  
L i m n e p h i l i n a e  ( U n i d e n t i f i e d  s p . )  
Micrasema s p  . 
Neophylax s p .  
Ideothremrna s p  . 
Onocosmoecus s p .  
O x y e t h i r a  s p .  
P a r a p s y c h e  s p .  
P o l y c e n t r o p u s  s p .  
Psychomyia s p .  
Rhyacoph i l a  a c r o p e d e s  Banks 
Rhyacoph i l a  a n g e l i t a  Banks - 
Rhyacoph i l a  c o l o r a d e n s i s  Banks 
Rhyacoph i l a  r o t u n d a  Banks 
Rhyacoph i l a  t u c u l a  Ross 
Rhyacoph i l a  vaccua  Milne  



Table  11. Cont inued.  

Rhyacophi la  v a g r i t a  Milne  
Rhyacophila v e p u l s a  N i l n e  
Rhyacophi la  v e r r u l a  14ilne 
--- - 

S t a c t o b i e l l a  s p  . 
Wormaldia s v .  

LEPIDOPTERA 

DIPTERA 

Ablabesmyia s p .  
Antocha mont ico la  Alexander 
A t h e r i x  v a r i e g a t a  - Walker 
B l e p h a r i c e r i d a e  
C a r d i o c l a d i u s  s p .  
Cr ico topus  s p .  A 
C r i c o t o p u s  s p .  B 
D i c r a n o t a  s p .  
Empididae, s p .  A 
Empididae, s p .  B 
Empididae, s p .  C 
Forcipomyia s p .  
Gonomyia s p .  
Limnophi l a  s p  . 
M i c r o p s e c t r a  s p .  
Nemot e l u s  s p  . 
Palpomyia s p .  
Prosimulium s p  . 
Simulium s p .  
Tabanus s p .  --- 
T i p u l i d a e ,  s p .  A 
T i p u l i d a e ,  s p .  B 
T i p u l i d a e ,  s p .  C 
T i p u l i d a e ,  s p .  D 
T r i b e l o s  s p .  
Z a v r e l i a  s p .  




