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Abstract:
A detailed analysis was made of the interaction of substrate particle size and other habitat variables and
their relation to the microdistribution of benthos in a Montana spring-stream. The 0.7 km headwater
section was chosen to minimize variation in some of the factors (temperature, discharge, water
chemistry, differential shading) which potential Iy may indirectly influence microdistribution. A
sampler was designed to collect both the benthos and the substrate within 0.049 m2.

A total of 143 samples were collected biweekly over nine months. Each sample was processed to
determine quantities of (1) each of the nine prominent insect genera in the stream, (2) each of the three
macrophytes, and (3) substrate in each of 14 designated size-classes.

Data were processed using a computer-programmed multiple regression analysis. Independent
variables included for each sample were the depth, microcurrent, specific location of the sample in the
study area, three factors of time to compensate for seasonal variations, and several measures of
substrate size distribution. The latter included percentiles, percentages in each size-class, shortness of
the outer and inner quar-tiles and outer deciles, mode and mean substrate size, and sample weight. t
statistics were used to determine the explanatory power of individual independent variables, while F
statistics and F tests were used to determine the explanatory power of groups of variables.

The mean substrate distribution by percent weight was a bimodal curve with the much smaller mode
corresponding to the smaller substrate sizes. The most significant substrate variables were those
corresponding to the smaller sizes: the I Oth and 25th percentiles (to 11 of the 13 insect taxa), the
lowest percentile group (0.25th, 1st, 5th, and 10th percentiles; 9 taxa), and the shortness of the lower
decile and lower quartile (6 taxa). Six insect taxa were significantly positively correlated to the moss
{Amblystegium noterophilum), but the few significant relations found to the watercress (Rorippa
nasiurtium-aquatioum) and the pondweed (ZannichelHa palustris) were negative.

It was deduced that the deposition with time of smaller substrate particles was a good indicator of a
corresponding deposition with time of detritus and other food material. Those microhabitats physically
most suitable to insects are those with at least some larger particles to provide stability and a greater
variety of habitat space. It was further deduced that areas which contain larger particles and were also
receptive to deposition of smaller particles promoted the development of a satisfactory food regime.
This resulted from not only the X deposition of food particles but also the availability of favorable
substrate for growth of algae and macrophytes, and the resultant congregation of prey species. It was
concluded that the precise distribution of food in microhabitats was both reflected by and affected by
substrate size composition, and food was thus the most critical factor influencing the microdistribution
of organisms in this stream. 
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ABSTRACT

A d e ta ile d  a n a ly s is  was made o f the  in te ra c t io n  o f  s u b s tra te  pa r­
t i c l e  s iz e  and o th e r h a b ita t  v a r ia b le s  and t h e i r  r e la t io n  to  the  m ic ro ­
d is t r ib u t io n  o f  benthos in  a Montana sp rin g -s tre a m . The 0.7 km head­
w a ter s e c tio n  was chosen to  m in im ize v a r ia t io n  in  some o f  the  fa c to rs  
(tem pera tu re , d ischa rge ,, w ater ch e m is try , d i f f e r e n t ia l  shad ing) which 
p o te n t ia l Iy  may in d i r e c t ly  in flu e n c e  m ic ro d is t r ib u t io n .  A sampler was 
designed to  c o l le c t  both the  benthos and the  su b s tra te  w ith in  0.049 m^.
A to ta l  o f  143 samples were c o lle c te d  b iw eekly  over n ine  months. Each 
sample was processed to  determ ine q u a n t it ie s  o f  ( I )  each o f  the  nine 
prom inent in s e c t genera in  the  stream , ( 2 ) each o f  the  th re e  m acrophytes, 
and (3) su b s tra te  in  each o f  14 designated s iz e -c la s s e s .

Data were processed us ing  a computer-programmed m u lt ip le  re g ress io n  
a n a ly s is . Independent v a r ia b le s  inc luded  fo r  each sample were the dep th , 
m ic ro c u rre n t, s p e c if ic  lo c a tio n  o f  th e  sample in  the  s tudy a rea , th re e  
fa c to rs  o f  tim e to  compensate fo r  seasonal v a r ia t io n s ,  and several 
measures o f  su b s tra te  s iz e  d is t r ib u t io n .  The la t t e r  in c luded  p e rc e n t i le s ,  
percentages in  each s iz e -c la s s ,  shortness o f  the  o u te r and in n e r quar- 
t i l e s  and o u te r d e c ile s ,  mode and mean su b s tra te  s iz e ,  and sample w e ig h t. 
t s t a t is t i c s  were used to  determ ine the  exp la n a to ry  power o f  in d iv id u a l 
independent v a r ia b le s ,  w h ile  F s t a t is t i c s  and F te s ts  were used to  d e te r ­
mine the  e xp la n a to ry  power o f  groups o f v a r ia b le s .

The mean su b s tra te  d is t r ib u t io n  by percen t w e igh t was a bimodal 
curve w ith  the  much sm a lle r mode correspond ing  to  the  s m a lle r su b s tra te  
s iz e s . The most s ig n i f ic a n t  s u b s tra te  v a r ia b le s  were those correspond­
ing  to  the  sm a lle r s iz e s : the  I Oth and 25th p e rc e n tile s  ( to  11 o f the
13 in s e c t ta x a ) ,  the  low est p e rc e n t i le  group (0 .2 5 th , 1 s t ,  5 th , and 10th 
p e rc e n t i le s ;  9 ta x a ) ,  and the  shortness o f  the  lower d e c ile  and lower 
q u a r t i le  (6 ta x a ) .  S ix in s e c t taxa were s ig n i f ic a n t ly  p o s i t iv e ly  c o rre ­
la te d  to  the  moss {Amblystegium noteroph.ilum), but the few s ig n if ic a n t  
re la t io n s  found to  the  w atercress {Rcrippa nasiurtium-aquatioum) and 
the  pondweed {Zanniehellia palustris) were nega tive .

I t  was deduced th a t  the  d e p o s it io n  w ith  tim e  o f s m a lle r su b s tra te  
p a r t ic le s  was a good in d ic a to r  o f  a correspond ing  d e p o s itio n  w ith  tim e 
o f  d e t r i tu s  and o th e r food m a te r ia l.  Those m ic ro h a b ita ts  p h y s ic a lly  
most s u ita b le  to  in s e c ts  are those w ith  a t le a s t  some la rg e r  p a r t ic le s  
to  p rov ide  s t a b i l i t y  and a g re a te r v a r ie ty  o f  h a b ita t  space. I t  was 
fu r th e r  deduced th a t  areas which c o n ta in  la rg e r  p a r t ic le s  and were a lso  
re c e p tiv e  to  d e p o s it io n  o f  sm a lle r p a r t ic le s  promoted the  development 
o f  a s a t is fa c to ry  food regim e. Th is  re s u lte d  from not o n ly  the
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d e p o s itio n  o f  food p a r t ic le s  but a lso  the  a v a i la b i l i t y  o f  fa v o ra b le  sub­
s t ra te  f o r  growth o f a lgae and m acrophytes, and the  re s u lta n t  congrega­
t io n  o f  prey spec ies . I t  was concluded th a t  the p re c ise  d is t r ib u t io n  
o f  food in  m ic ro h a b ita ts  was both re f le c te d  by and a ffe c te d  by su b s tra te  
s iz e  com pos ition , and food was thus the  most c r i t i c a l  fa c to r  in f lu e n c in g  
the  m ic ro d is tr ib u t io n  o f  organisms in  th is  stream.



INTRODUCTION

Previous s tu d ie s  on d is t r ib u t io n s  o f  stream organisms can be 

grouped, in  g e n e ra l, in to  those concerned w ith  lo n g itu d in a l d is t r ib u t io n  

a long a s tream 's  course o r between ad jacen t streams ( "m a c ro d is tr ib u t io n " ) ,  

and d is t r ib u t io n  w ith in  l im i te d ,  g e n e ra lly  s u p e r f ic ia l ly  homogeneous, 

p o r t io n s  o f  a stream ( " m ic r o d is t r ib u t io n " ) .  M ic ro d is tr ib u t io n a l 

s tu d ie s  are o f  in te r e s t  because organisms tend to  be non-randomly d is ­

t r ib u te d  even w ith in  sm all areas o f  a s in g le  r i f f l e  (Needham and 

Usinger 1956). Such non-random d is t r ib u t io n  can be a t t r ib u te d  to  v a r i ­

a t io n  o f  environm enta l fa c to rs  among m ic ro h a b ita ts  o r to  th e  behavior 

o f  the  anim als them selves (A lle n  1959).

Environm ental fa c to rs  a t t r ib u te d  to  in f lu e n c in g  m a c ro d is tr ib u t io n  

o f  va rio u s  organisms in c lu d e  e ros ion  - -  d e p o s it io n  (Moon 1939), water 

tem pera ture  (Id e  1935, Spru les 1947, Arm itage 1961, Kamler 1965), 

chem ical com position  o f  the  w ater (R icke r 1934, Arm itage 1958), and 

aufwuchs c o n c e n tra tio n  a long a s tream 's  course (Stadnyk 1971). W hile 

extremes o f  these fa c to rs  beyond the  l im i t s  o f  to le ra n c e  by organisms 

may l i m i t  d is t r ib u t io n  along a s tream 's  course (Jaag and Ambtihl 1964), 

th e  fa c to rs  g e n e ra lly  become m in im a lly  s ig n i f ic a n t ,  and can be con­

s ide red  to  e x e rt un ifo rm  e f fe c t ,  w ith in  g iven small se c tio n s  o f  a 

stream (Cummins 1964, Cummins and L a u ff 1969). Environm ental fa c to rs  

a t t r ib u te d  to  in f lu e n c in g  m ic ro d is t r ib u t io n ,  researchers making s ig n i­

f ic a n t  c o n tr ib u t io n s ,  and the organisms cons ide red , are summarized in
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Table I .

S ubs tra te  s iz e  is  f re q u e n t ly  considered to  be the  most s ig n i f ic a n t  

fa c to r  in f lu e n c in g  m ic ro d is t r ib u t io n  o f  stream benthos (Table  I )  

because i t  in te ra c ts  w ith  c u rre n t v e lo c it y ,  p la n t g row th , and food 

d e p o s it io n , as w e ll as p rov ides s u ita b le  h a b ita t  space f o r  fo ra g in g  and 

p ro te c t io n .  Cummins (1962, 1964, 1966), Cummins and L a u ff (1969), and 

Thorup (1966) a lso  s ta te  th a t  the  s u b s tra te  s ize  d is t r ib u t io n  a t each 

sampling s i t e  can and should serve as th e  common denom inator in  e c o lo g i­

ca l s tu d ie s  o f  stream benthos because i t  can r e a d i ly  and p re c is e ly  be 

measured, as opposed to  th e  continuous v a r ie ty  o f  m ic ro c u rre n ts  and 

p re c ise  lo c a t io n  o f  food . In  c h a ra c te r iz in g  su b s tra te  s iz e  however, 

v i r t u a l l y  a l l  researchers  (Cummins excepted) have used some form o f  

phenotyp ic  ( s u p e r f ic ia l appearance) d e s c r ip t io n  o f  s u b s tra te  as i t  

v a r ie s  from  p lace to  p la ce , o r a t m ost, have measured o n ly  the  la rg e s t 

p a r t ic le s .  S ince t h is  type  o f  a n a ly s is  n e c e s s a r ily  re q u ire s  cons ide ra ­

t io n  o f  la rg e r  se c tio n s  o f  a stream and thus says l i t t l e  about the  p re ­

c is e  su b s tra te  s iz e  com position where th e  organisms are c o lle c te d ,

Cummins fe e ls  i t  is  necessary to  c o l le c t  the  su b s tra te  a long w ith  each 

in d iv id u a l sample to  p re c is e ly  assess i t s  in flu e n c e  on m ic ro d is t r ib u t io n .

In a d d it io n ,  the  s p e c if ic  fa c to r  o r fa c to rs  chosen f o r  cons ide ra ­

t io n  in  many stream ben th ic  m ic ro d is tr ib u t io n a l s tu d ie s  have been con­

s ide red  in  areas where v a r ia t io n s  in  o th e r fa c to rs  p o te n t ia l ly  in t e r ­

a c tin g  and in f lu e n c in g  m ic ro d is t r ib u t io n  have been ig no red . A lle n  (1959)



Table I .  Factors  in f lu e n c in g  m ic ro d is t r ib u t io n ,  researchers  making s ig n if ic a n t  c o n tr ib u t io n s ,  
and taxa  cons ide red . S u --s u b s tra te , [ - - c u r r e n t ,  F -- fo o d , D --dep th , B --b e h a v io r, 
0 --oxygen , Sh--Shadtng, d i r e c t  i l lu m in a t io n .

Researchers F a c t o r s __________________________Taxa

P e rc iva l and Whitehead (1929) Su

Hunt (1930) Su

Moon (1939) Su

Wene and W ic k l i f f  (1940) Su

Linduska (1942) Su

Pennak and Van Gerpen (1947) Su

E riksen  (1963, 1964) Su

B e ll (1969) Su

Cummins and L a u ff (1969) Su

H endricks, e t a l . (1969) Su

Kamler and R iedel (1960) Su1C

Lavandier and Dumas (1971) Su1C

S co tt (1958) Su1C1F

U lfs tra n d  (1967) Su1C1F1D

A lle n  (1959) Su1C1B

Egglishaw (1969) Su1F11D

Cummins (1964) Su1F1B

In v e rte b ra ta

se lec te d  In v e rte b ra ta

Insecta

Insec ta

Ephemeroptera

In s e c ta , H yd raca rina, Naididae (O ligochae ta )

Ephemera Sinutansi Eexagenia limbata
(Ephemeroptera) ^

Insec ta  1
se lec ted  InS ec ta , Helisoma aneeps (Gastropoda) 

In v e rte b ra ta

Ephemeroptera, P lecop te ra , T rich o p te ra

se lec ted  In v e rte b ra te

T ric h o p te ra

Ephemeroptera, P lecop te ra , T r ic h o p te ra ,
S im u liid a e  (D ip te ra )

Pyenooenivodes (T rich o p te ra ), Parnidae (C oleoptera), 
Chironomidae ( D ip te ra ), Potamopyvgus (Gastropoda)

In v e rte b ra te

Pyenopsyehe Iepidai P. guttifev (T ric h o p te ra )



T a b le  I ( c o n t in u e d )

Researchers Factors Taxa

Spru les (1947)

E riksen (1968)

Jaag and Ambtihl (1964) 

Egglishaw (1964) 

Buscemi (1966)

Cushing (1963)

Hughes (1966a)

Hughes (1966&)

Su,B

Su,0

C,0

FZ

F3

F4

Sh

Sh

Insecta

EiphemeTa Simulans3 Eexagenia limbata 
(Ephemeroptera)

se lec ted  Ephemeroptera and T r ic h o p te ra

Insecta  and o th e r In v e rte b ra te

In s e c ta , O ligochae ta , S phaeriidae (Pelecypoda)

Ephemeroptera, P lecop te ra , T rich o p te ra

In v e rte b ra te
■

Baetis havrisoni3 Trioorythus disoolor f"
(Ephemeroptera)

^ p la n t d e t r i t u s ,  moss. algae

Z p lan t d e t r i tu s

^o rgan ic  seston and sediments

^p la n k to n , suspended o rgan ic  m a tte r
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suggests th a t  a more p rom is ing  approach is  to  study these fa c to rs  over 

s u p e r f ic ia l ly  more homogeneous a reas, a lthough  i t  p resen ts  g re a te r 

te c h n ic a l problems in  making p re c ise  measurements and in te rp re t in g  the  

re s u lts .  U lfs tra n d  (T968) suggests th a t  new experim enta l approaches 

are needed.

Consequently the  purpose o f  my s tudy was, f i r s t ,  to  cons ide r p re ­

c is e ly  the  re la t io n s h ip  o f  su b s tra te  p a r t ic le  s iz e  to  benthos d is t r ib u ­

t io n  w ith in  a s u p e r f ic ia l ly  homogeneous s e c tio n  o f  a stream where the 

v a r ia b i l i t y  in  many o f  th e  o th e r fa c to rs ,  e s p e c ia lly  those  which may 

p o te n t ia l ly  in flu e n c e  m ic ro d is t r ib u t io n  in d i r e c t ly ,  were m in im ized. 

Secondly, the  purpose was to  ana lyze in  d e ta i l  the  in te r re la t io n s h ip s  

between a l l  fa c to rs  which appeared to  va ry  s ig n i f ic a n t ly  w ith in  the 

study area and t h e i r  re la t io n s h ip  to  benthos d is t r ib u t io n .



DESCRIPTION OF STUDY AREA

The headwaters o f  B la in e  Spring Creek (45° 13' N9 111° 4 7 -1 /2 ' W) 

was se lec te d  fo r  th is  s tu d y . I t  is  a t r ib u ta r y  o f  the  Madison R iver 

(M issouri R ive r d ra in a g e ), 16.1 km south-southw est o f  E n n is9 in  Madison 

County9 Montana. The stream is  formed by th e  d ischarge  from  two a d ja ­

cen t sp rin g s  (F ig u re  I ) .  The w ater from  both sp ring s  converges a s h o rt 

d is ta n ce  downstream and from  here the  stream flo w s  southward to  a p o in t 

ju s t  n o rth  o f  the  Ennis N a tiona l F ish  Hatchery where i t  is  d iv e rte d  

underground. The s tudy area se lec ted  was th e  0 .7  km s e c tio n  from below 

th e  sp rin g s  (above th e  convergence) to  ju s t  above the  underground d iv e r ­

s io n . E le v a tio n  o f  the  sp rin g s  is  1701 m and the  average g ra d ie n t o f  

the  s tudy  area is  26 m/km. Average w id th  and depth o f  th e  study area 

below th e  convergence are  5 .4  m (range: 3 .0 -6 ;4  m) and 0.26 m (maximum: 

0.51 m) re s p e c t iv e ly .  C u rren t v e lo c ity  below the  convergence averages
3

0.83 m /sec. D ischarge from  the  sp rin g s  is  cons tan t a t 0.94 m /sec 

(unpublished re c o rd s , Ennis N a tiona l F ish  H a tch e ry ). However9 small 

q u a n t it ie s  o f  w a te r a re  removed below th e  south sp rin g  above se c tio n  3 

(F igu re  I )  f o r  ha tchery  use, and from  the  re s e rv o ir  near th e  m iddle o f 

th e  s tudy  area (above s e c tio n  6) f o r  i r r ig a t io n  du rin g  the  summer 

months.

S ubstra te  p a r t ic le  s ize s  are w e l l - d iv e r s i f ie d  th ro ugho u t the  study 

area except a t s e c tio n  I .  Except f o r  occas iona l la rg e  cobb le  (128- 

256 mm), the  la rg e s t  p a r t ic le s  c o n s is te n t ly  encountered are  small
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MONTANA
Missouri R.

Jeffersor/R.^//.,Gal la t in  R.

Madison R.

irrigation
■canal

Bl a in e  Spring Creek

elevation of springs - -  1701 m

kilometers vegetation 
screen 1

Figure I .  The headwater section of Blaine Spring Creek, Montana. 
The brackets indicate- the eight sampling sections.
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cobb le  (6 4 -T28 mm). Most o f  the  s u b s tra te  below th e  n o rth  sp ring  (sec­

t io n  I )  c o n s is ts  o f  laye red  marl and ru b b le , w ith  p ro g re s s iv e ly  much 

le ss  q u a n t it ie s  downstream through s e c tio n  2. No marl occurred w ith in  

the rem ainder o f  the  study area.

A p re lim in a ry  survey o f  w ater chem is try  us ing  standard methods 

described by the  American P u b lic  H ealth  A s so c ia tio n  (1965) showed no 

d iffe re n c e s  in  the  q u a l i ty  o f  the  w ater d ischarged from  the  two sp ring s  

o r lo n g i tu d in a l ly  a long the  study area . C o n d u c tiv ity  was 440 ymhos.

The p rin c ipa l cations were calcium (2 .7  me/£) and magnesium (1 .5  me/5,), 

w ith minor amounts o f sodium (0 .13 me/5,) and potassium (0 .04  me/5;). The 

p rinc ipa l anions were bicarbonate (3 .0  me/5,) and su lfa te  (1 .3  me/5,), 

w ith a trace amount o f ch lo ride  (0 .05 me/5,). V aria tion  o f  temperature 

both seasonally and downstream through the study area is  m inimal; the 

extremes measured during the sampling period (Ju ly 1969 -  A pril 1970) 

were 13.0° (August 9, 1969) and 11. 9°C (January 10, 1970).

The o n ly  deciduous v e g e ta tio n  along the  stream w ith in  th e  study 

area was a few w illo w s  near the  low er end. These d id  no t app re c ia b ly  

shade the  stream , and v i r t u a l l y  no a lloch thonous d e t r i tu s  appeared in  ; 

the  samples. V ege ta tion  w ith in  the  stream i t s e l f  was p r in c ip a l ly  moss 

(Amblystegivm noterophilum) and w a te rcress (Rorippa nasturtium- 

aquatieum), the la t t e r  being con fined  m a in ly  near the  s h o re lin e s . Small 

q u a n t it ie s  o f  a horned-pondweed (Zannichellia palustris) and fila m e n to u s  

a lgae were a lso  o c c a s io n a lly  found. Most o f  the  ve g e ta tio n  in  the
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sp rin g s  above the  s tudy  area was removed by a ha tchery  crew on 15 Sep­

tember 1969, some o f  which p robab ly  d r i f t e d  through th e  s tudy area. 

L ike w ise , some o f  th e  v e g e ta tio n  from th e  s tudy area i t s e l f  was removed 

between 29 October and 11 November 1969.

The headwaters o f  B la in e  Spring  Creek were e s p e c ia lly  s u ita b le  f o r  

t h is  s tudy because, though th e re  was co n s id e ra b le  d iv e r s i t y  o f  su b s tra te  

p a r t ic le  s iz e s , th e re  was m inimal v a r ia t io n  in  some o f  th e  o th e r fa c to rs  

(tem pera tu re , d is c h a rg e , w ater c h e m is try , shad ing) which may a t  le a s t  

in d i r e c t ly  in flu e n c e  m ic ro d is t r ib u t io n  o f  benthos.. In  a d d it io n ,  the  

stages o f  development o f  the  in s e c ts  in  t h is  area had l i t t l e  v a r ia t io n  

w ith in  spec ies , thus m in im iz ing  e f fe c ts  o f  d i f f e r e n t ia l  behav io r.

Because th e  study area was a headwater s e c t io n , no d r i f t  o f  organisms 

was p o s s ib le  from  above, and i t  was specu la ted  th a t  more mature forms 

o f  many in s e c ts  tended to  d r i f t  o u t o f  th e  area.



METHODS AND MATERIALS

A sampler designed by m yse lf f o r  t h is  s tudy (F ig u re  2) was used to  

s im u ltan eous ly  c o l le c t  both the  organisms and the  s u b s tra te  a t each 

sam pling s i t e .  I t  cons is te d  o f  a metal c y lin d e r  mounted a t  one end 

th rough a c i r c u la r  plywood p la tfo rm . A s e c tio n  o f  foam rubber w ith  the  

same dimensions as th e  p la tfo rm  was glued to  i t s  bottom . A hole the 

same d iam ete r as the  c y lin d e r  was c u t in to  the  ce n te r o f  th e  foam. Two 

sm a lle r c y lin d e rs  were g lued w ith  epoxy in to  the  la rg e r  c y lin d e r  

oppos ite  each o th e r and s l i g h t ly  above the  p la tfo rm . A fla n g e  was 

a ttached w ith  epoxy around one o f  the  s m a lle r c y lin d e rs  to  hold a ne t 

t ie d  to  i t .  The ne t used in  th is  study had 36 threads/cm  (<0.25 mm 

o p e n in g s ).

The p r in c ip le  o f  th e  sampler was to  seal o f f  a sam pling s i te  from 

the  su rround ing  s u b s tra te  and in flu e n c e  o f  the  c u r re n t.  However, c u r­

re n t was a llow ed to  f lo w  th rough the  sampler th rough the  two sm a lle r 

c y lin d e rs  to  sweep d is lodged  suspended m a te ria l in to  a n e t. A bucket 

w ith  a t r ip o d  stand (F ig u re  2) was used to  hold m a te r ia l scooped from 

w ith in  th e  sam pler.

The s tudy area was d iv id e d  in to  8 se c tio n s  (F igu re  I )  to  f a c i l i t a t e  

sys tem a tic  sam pling. One sample was c o lle c te d  from  each s e c tio n  b i ­

weekly between m id -J u ly  1969 and m id -A p r il 1970. S p e c if ic  sampling



SAMPLER BUCKET and STAND

metal c y lin d e r  
(25 cm d ia m ., 42 cm long )

w ater le v e l

in ta k e  c y lin d e r  
(12.5 cm d ia m ., 

edge is  3 cm above p la tfo rm ’

plywood p la tfo rm  
(65 cm d ia m ., 4 cm th ic k )

^bucket (10 & c a p a c ity )

bucket-stand 
(24 cm i . d . )

F igure  2. Sampler designed fo r  th is  s tudy.
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s ite s  w ith in  each s e c tio n  were se lec te d  us ing  a biased-random procedure 

(Cummins•1962) to  assure wide v a r ia t io n  in  both s u b s tra te  s iz e  composi­

t io n  and amounts and species o f  v e g e ta tio n . Once s e le c te d , a s i te  was 

marked by p la c in g  the  bucke t-s tand  im m edia te ly downstream from i t .

Water tem pera ture  was measured a t the  s i t e  to  the  nearest 0 .1 °C w ith  a 

la b o ra to ry  therm om eter. C u rren t v e lo c ity  was measured w ith  a Leupold- 

Stevens m idget c u rre n t m eter. Readings in  number o f re v o lu tio n s  fo r  

one m inute Were made 2 cm above the  s u b s tra te  by p la c in g  the  end o f  the  

meter onto the  stones o r as c lose  to  the  ve g e ta tio n  as p o s s ib le  a t the  

ce n te r o f  the  s i t e .  Depth was recorded from  the  sca le  on the  c u rre n t 

meter rod . A l l  presam pling o p e ra tions  were made by approaching the 

s i t e  from  downstream.

The sampler was pressed in to  the  w ater im m edia te ly upstream from 

the  sampling s i t e  to  compensate fo r  i t s  downstream d r i f t .  I t  was 

im m edia te ly seated on the  sampling s i t e  by knee ling  on the  p la tfo rm  

w ith  one knee on e ith e r  s ide  o f  the  main c y lin d e r .  Thus p o s it io n e d , 

the  p la tfo rm  abu tted  two legs o f  the  bucket stand which prevented 

s h i f t in g  o f  the  sam pler. The enclosed su b s tra te  was i n i t i a l l y  a g ita te d  

and rubbed to  d is lo d g e  th e  la rg e r  masses o f  ve g e ta tio n  and most o f  the  

in v e r te b ra te s . These organism s, a long w ith  most o f  the  f in e r  sus­

pended su b s tra te  m a te r ia l,  were c a rr ie d  in to  the  n e t. No a ttem pt was 

made to  d is lo d g e  a l l  organisms a t  th is  tim e  because i t  was d e s ira b le  

to  com plete the  c o l le c t io n  w ith in  a few m inutes to  avoid excessive
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e ros ion  o f  the  su b s tra te  from  beneath the  foam rubbe r. S ubstra te  

p a r t ic le s  a long w ith  th e  rem ain ing organisms were then scooped by hand 

from the  sampler in to  th e  bucke t. A l l  loose su b s tra te  no t exceeding 

a depth o f  about 15 cm was removed. Firmness o f  th e  su b s tra te  prevented 

removal to  t h is  depth in  most cases however, and i t  was thus assumed 

th a t  most organisms cou ld  no t have pene tra ted  beyond t h is  p o in t .  A f te r  

w ater in  th e  sampler had c le a re d , the  ne t was removed and placed in  the  

bucket. The sampler was then taken from  the  stream fo llo w e d  by the 

sample.

Contents o f  the  ne t and bucket f o r  each sample were immersed in  

5 percen t fo rm a lin  and s to red  se p a ra te ly  to  eva lua te  the  e f f ic ie n c y  o f  

th e  a g ita t io n  procedure in  sweeping organisms in to  the  n e t. Cobble too 

la rg e  f o r  s to rage  co n ta in e rs  were scraped o f  organism s, p laced in  paper 

sacks and la b e le d .

Laboratory

The o b je c t iv e s  o f  th e  la b o ra to ry  procedures (F ig u re  3) were to  

determ ine the  number o f  in s e c ts  in  each genus, the  d ry  w e igh ts  o f  each 

species o f  p la n t ,  and the  w e igh t o f  each s iz e -c la s s  o f  su b s tra te  in  

each sample. Net and bucket p o r t io n s  o f  a sample were q u a n tif ie d  

s e p a ra te ly . S ince the  ne t p o rt io n s  con ta ined  o n ly  f in e  s u b s tra te , i t  

was p o s s ib le  to  e lim in a te  some o f  the  in te rm e d ia te  steps shown in  

F igure  3. I t  was necessary to  d iv id e  th e  bucket sample, which g e n e ra lly



PRESERVED SAMPLE (organisms and substrate) 

—Pre-elu triation  Preparation
•  removed from sample:

< — -------- preservative solution

0 S cobble -  scraped and washed
D I < -----

vegetation masses — removed and washed
----->

E < — -----wash water vegetation *  sand ----->
G S • remainder of sample washed

< — ----- wash water

set of miscellaneous- —Elutriation
sized soil screens •  sample partitioned into manageable lots;
used to rough-grade each lo t poured individualIy into e lu tria to r
plant fragments, in - through 13 and 9 mm sieves
sects and smaller sub- sieves washed of organisms
strate to fa c il ita te leaving larger substrate ----- >
sorting •  each lo t elutriated (minimum of 4 washings)

< —  wash water substrate ----->

vegetation *
- >  sieve contents sorted

vegetation with 
clinging insects

vegetation insects substrate

I
_______rewashed________
vegetation wash water

I
examined over lig h t table

vegetation sorted 
to species

4
dried (drying table, 

then oven)

insects
removed

y
drying table

Icobble removed 
individually

hand-operated 
sieve shaker, 

8-64 mm sieves
bottom pan

I
sieves

'I'
motor-driven shaker 
<0.0625-4 mm sieves

identified and counted 
under magnification in 

gridded enamel pan
- >  weighed

'I'

L
A
B

D
A
T
A

dry weight of each number of each insect
plant species/sample taxon/sample

weight of each substrate 
size-class/sample

Figure 3. Lab procedures used in processing preserved samples to obtain the dry 
weight of each plant species, the number of insects in each taxon, and 
the weight of each substrate size-class.
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conta ined 4 to  8 £ o f  s u b s tra te  in to  s m a lle r p o rt io n s  and process each 

s e p a ra te ly .

An e lu t r ia t o r  was co ns truc te d  f o r  se pa ra ting  le ss  dense m a te ria l 

( in v e r te b ra te s ,  p la n t fragm en ts , and the  occasiona l d e t r i t u s )  from the  

denser s u b s tra te . I t s  design was s im ila r  to  th a t  described  by L a u ff 

e t a l . (1961), except th a t  a 64 mm ra th e r  than a 51 mm d iam ete r d ra in  

spout was used, and the  main column was extended an a d d it io n a l 15 cm 

above t h e i r  s p e c if ie d  60 cm h e ig h t. The la rg e s t  s u b s tra te  p a r t ic le s  

from  the  sample were f i r s t  removed in d iv id u a l ly  and scraped o f  vegeta­

t io n  and in s e c ts .  P o rtio n s  o f  a sample were then washed in d iv id u a l ly  

in to  the  e lu t r ia t o r  th rough 13 and 9 mm s ieves to  fu r th e r  c u l l  out 

la rg e r  p a r t ic le s .  The e lu t r ia t io n  procedure used was s im ila r  to  th a t  

described by L a u ff e t  a l . ,  though a f te r  a few t r i a l s  i t  was found more 

e f f i c ie n t  to  a g ita te  the  m a te r ia l a t  th e  bottom o f  th e  column no t o n ly  

w ith  a i r  in je c te d  through the  bottom bu t a lso  w ith  a j e t  o f  water from 

the  top which s im u lta n e o u s ly  f i l le d ,  the  column. The sample p o rt io n  

was a g ita te d ,  d ra ined  o f  th e  suspended m a te ria l and re a g ita te d  a m in i­

mum o f  fo u r  tim es.

F ive s o i l  s ieves were used to  c o l le c t  the  suspended m a te ria l from 

th e  e lu t r ia t o r  and to  ro u g h ly  grade p la n t  fragm ents and in v e rte b ra te s  

fo r  e a s ie r re c o g n it io n  and s e p a ra tio n . M a te ria l on the  la rg e r  s ieves 

was washed in to  a g ridded  enamel pan, w h ile  th a t  on the  sm a lle r s ieves
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was washed in to  a f la t-b o tto m e d  g lass  d is h . M a te ria l in  th e  d is h  was 

examined over a l i g h t  ta b le  which cons is te d  o f  an il lu m in a te d  g lass 

p la te  on which was drawn a 5 cm g r id .  The g r id s  a llow ed th e  e n t ire  

sample to  be s y s te m a tic a lly  examined a sm all p o r t io n  a t  a tim e .

Because o f  t h e i r  sm all s iz e ,  n e a r ly  a l l  o f  th e  in v e rte b ra te s  in  both 

the  pan and the  d is h  were removed w ith  an a s p ira to r .  The a s p ira to r  

was used w ith  p ip e tte s  w ith  t ip s  o f  v a rio u s  c o n s tr ic t io n s ,  depending 

upon the  s iz e  o f  in v e rte b ra te s  being removed. P la n t fragm ents were 

separated from  the  f in e  s u b s tra te  p a r t ic le s  unavo idab ly  e lu t r ia te d  by 

c a r e fu l ly  decan ting  the  w ater and p la n ts  from  both the  pan and d ish  

in to  a fine-m esh n e t.

The la rg e  masses o f  v e g e ta tio n  removed in  the  p r e -e lu t r i a t io n  

procedures (F ig u re  3) p lus  fragm ents gathered in  la te r  s o r t in g  p ro ­

cesses were teased a p a rt over th e  l i g h t  ta b le  to  remove th e  rem aining 

in v e rte b ra te s  and separa te  the  p la n ts  in to  species (Table 2 ) .  P lan ts  

were placed on f i l t e r  paper, d r ie d  i n i t i a l l y  over a d ry in g  ta b le  

(metal t ra y s  placed over severa l l i g h t  bu lbs ) and then in  a d ry in g  oven 

a t IOO0C f o r  6 hours, and weighed.

The in v e rte b ra te s  were p laced , a p o r t io n  a t a t im e , in to  a 

g r i tided enamel pan p a r t ia l l y  f i l l e d  w ith  w a te r. The n ine  most numer­

ous in v e r te b ra te  taxa (Table 2) se lec te d  fo r  coun ting  were in s e c ts ;  a l l  

o f  the  o th e r in s e c ts  and in v e rte b ra te s  combined numbered le ss  than any 

o f  th e  genera counted. Because v i r t u a l l y  a l l  o f  th e  in s e c ts  were sm all
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Table 2. Taxa from  B la in e  Spring Creek analyzed in  th is  s tudy .

Bryophyta (M usci)
-AmblysHegium noteropkilum

(a q u a tic  moss)

PLANTS

Tracheophyta (Angiospermae) 
-Rovippa nastuvtium-aquaticum 

(w a te rc ress ) 
-Zanniohellia palustvis 

(horned-pondweed)

P lecop te ra  ( s to n e f l ie s )  
P e r lid a e 5 Acroneurinae 
-Aovoneuria paoifioa 

P erlod idae  and Nemouridae 
- "o th e r  s to n e f l ie s "

INSECTS

Ephemeroptera (m a y flie s )  
Baetidae

Ephemerellin a e  ■ 
-Ephemevella infvequens 

Baetinae

T ric h o p te ra  ( c a d d is f l ie s )  
H y d ro p tilid a e  
-Ochvotviohia sp. 

R hyacoph ilidae
-Rhyaoophila sp. 
-Glossosoma sp.

-Baetis sp. 
Lep top h le b iinae
-Pavaleptophlebia sp.

Coleoptera (b e e tle s )
Elmidae
-Optiosewus sp.
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and r e la t iv e ly  im m ature, i t  was necessary to  examine the  sample under 

2X m a g n if ic a t io n  w h ile  coun ting  fo r  p o s it iv e  re c o g n it io n  o f  genera.

A ls o , because o f  th e  d i f f i c u l t y  in  re co g n iz in g  and coun ting  the  

immature s to n e f ly  nymphs in  la rg e  q u a n t i t ie s ,  a l l  s to n e f l ie s  o th e r 

than Aeroneuvia paeifica were ta b u la te d  to g e th e r . Most o f  these in  

the  "o th e r  s to n e f l ie s "  group (Table  2) were lscperla sp. though 

Nemoura sp. occurred o c c a s io n a lly .

The s u b s tra te  s iz e  c la s s i f ic a t io n  used in  t h is  s tudy (Table 3) was 

m o d ifie d  s l i g h t ly  a f te r  Cummins (1962, 1964), who in  tu rn  b road ly  modi­

f ie d  th e  standard Wentworth c la s s i f ic a t io n  o f  p a r t ic le  s iz e s . W ith 

the  2 mm c la ss  as th e  base, the  minimum s izes  o f  succeed ing ly  la rg e r  

and sm a lle r c lasses are  the  fu n c t io n  o f  the  exponents 2 and 1/2 re sp e c t­

iv e ly .  The phi (0 ) sca le  used to  des igna te  each c la ss  is  the  nega tive  

log  to  th e  base 2 o f  th e  minimum s iz e  o f  each c la s s . Because s ieve  

s ize s  8 , 16, and 32 mm were not lo c a l ly  a v a ila b le  f o r  t h is  s tu d y , each 

o f  these correspond ing  minimum s ize s  f o r  t h e i r  re s p e c tiv e  c lasses was 

bracketed by s ieves o f  ad jacen t s izes  (Table 3 ) .

The e n t ir e  s u b s tra te  sample was com p le te ly  d r ie d  over the  d ry in g  

ta b le .  A 128 mm w ire  frame was used to  s o r t  out the  la rg e r  from the 

sm a lle r cobb le . The rem ain ing s u b s tra te  sample was p a r t it io n e d  and 

shaken a sm all p o r t io n  a t  a tim e in  o rd e r not to  overload  the  s ie ves . 

Each p o r t io n  was f i r s t  shaken th rough th e  fo u r  la rg e s t  s ieves (64- 

18.9 mm. Table 3) w ith  a hand-operated p o rta b le  s ie ve -sh ake r f o r  0 .5



Table 3. S u bs tra te  s iz e  c la s s i f ic a t io n  and s ieves used. S ubstra te  c la ss  te rm ino logy  modi­
f ie d  a f te r  Cummins (1962, 1964).

S ubstra te  c la ss P a r t ic le  s iz e  range (mm) Phi sca le Sieves used
Size (mm) U.S. Sieve Series no.

la rg e  cobble 128-256 -7 in d iv id u a l 128 mm w ire  square

small cobble 64-128 -6 64 — — —

la rg e  pebble 32-64 -5 38.1
26.7

small pebble 16-32 -4
I

18.9
13,3 ■  ■  ■

coarse g rave l 8-16 -3 9.42 
6.68 ■

I

to

medium grave l 4-8 -2 4.00 5

f in e  g rave l 2-4 - I 2.00 10
very  coarse sand 1-2 0 1.00 18

coarse sand 0.5-1 I 0.50 35

medium sand 0 .2 5 -0 .5 2 0.25 60

f in e  sand 0.125-0 .25 ' 3 0.125 120
ve ry  f in e  sand 0.0625-0.125 4 0.062 230

s i l t  and c la y <0.0625 5-9 bottom pan
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m inu tes. T h is  p e rio d  o f  shaking was adequate f o r  s o r t in g  s u b s tra te  

th rough th e  s ieves la rg e r  than 2 mm. The su b s tra te  c o lle c te d  in  the  

bottom pan was then shaken th rough th e  next fo u r  s ieves (1 3 .3 -4  mm) 

us ing  th e  same procedure . The s u b s tra te  then c o lle c te d  in  th e  bottom 

pan (<4 mm) was shaken f o r  15 m inutes th rough  th e  rem a in ing  s ix  s ieves 

(2 -0 .062  mm) us ing  a m o to r-d rive n  s ie ve -sh a ke r. The co n te n ts  on each 

o f  th e  14 s ieves p lus  th a t  in  the  f in a l  bottom pan (<0.062 mm) was 

weighed to  th re e  s ig n i f ic a n t  f ig u re s .  The w e igh ts  from  th e  in d iv id u a l 

p o r t io n s  o f  th e  sample were summed to  g iv e  the  to ta l  w e igh t per s ieve  

f o r  each sample. For those s iz e  c a te g o rie s  where the  s ieves needed 

were not a v a ila b le  (8 , 16, and 32 mm), th e  to ta l  w e igh ts o f  the  sub­

s t ra te  on each p a ir  o f  s ieves used to  b racke t the  minimum c la ss  s ize  

were p a r t it io n e d  (Table 12) accord ing  to  the  l in e a r  d is ta n c e  between 

th e  s iz e  o f  each s ie ve  and th e  minimum c la ss  s iz e .

Data analysis

A m u lt ip le  re g re ss io n  a n a ly s is  computer-programmed by Dr. R ichard 

E. Lund o f  th e  Department o f  M athem atics, Montana S ta te  U n iv e rs ity ,  

was used to  eva lua te  the  re la t io n s h ip  between both macrophyte q u a n tity  

(w e igh t o f  each species and to ta l  w e ig h t) and in s e c t numbers (tab u ­

la te d  accord ing  to  c la s s ,  o rd e rs , and gene ra ), and the  h a b ita t  para­

meters measured fo r  each o f  the  143 samples (one sample o f  the 

144 c o lle c te d  was d is c a rd e d ). In  a d d it io n ,  the  q u a n t ity  o f  each o f
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the  th re e  macrophytes was considered an independent v a r ia b le  in  r e la ­

t io n  to  th e  in s e c t numbers, but as a dependent v a r ia b le  in  r e la t io n  to  

a l l  o f  the  o th e r independent v a r ia b le s . The o th e r independent v a r ia b le s  

in c lud ed  f o r  each sample were: c u r re n t v e lo c it y ;  dep th ; a dummy v a r i ­

ab le  in d ic a t in g  whether o f  not fila m e n to u s  algae was mixed w ith  the 

macrophytes ( in  15 o f  the  143 sam ples); l in e a r ,  q u a d ra tic  and cub ic  

fa c to rs  o f  tim e  to  account fo r  seasonal v a r ia t io n s ;  dummy v a r ia b le s  

re p re s e n tin g  each stream s e c tio n  to  account fo r  unrecognized v a r ia b i l i t y  

lo n g i tu d in a l ly  a long th e  s tudy s e c tio n  not accounted fo r  by measured 

v a r ia b le s ;  and severa l measures o f s u b s tra te  s ize  com pos ition . The 

la t t e r  (though no t a l l  used in  one re g re ss io n  model) were the  pe rcen t­

age q u a n t ity  in  each s iz e -c la s s ,  p e rc e n tile s  (0 .2 5 , I ,  5, 10, 25, 50,

75, 90 ), the  shortness o f  the  in n e r q u a r t i le  and the  upper and lower 

q u a r t i le s  and d e c ile s  in  phi u n i ts ,  mean, mode s iz e -c la s s ,  and t o ta l  

s u b s tra te  sample w e igh t as a rough index to  a v a ila b le  h a b ita t  space. 

S ta t is t ic s  produced (see Table 16 f o r  examples) were the  v a r ia b le  

means, s im p le  and p a r t ia l  c o r re la t io n s ,  re g re ss io n  c o e f f ic ie n ts ,  

standard e r ro rs ,  t and F  va lu e s , in te r c e p t ,  ^ -sq ua red , and ANOVA 

(a n a ly s is  o f  v a r ia n c e ) .

The i n i t i a l  re g re ss io n  models programmed were used in  c o n ju n c tio n  

w ith  th e  c o r re la t io n  m a tr ix  o f  a l l  v a r ia b le s  to  de te rm ine , f i r s t ,  i f  

the  group o f  independent v a r ia b le s  used i n i t i a l l y  were s ig n i f ic a n t ,  and 

second, to  e lu c id a te  which o f  the  v a r ia b le s  were most s ig n i f ic a n t
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Successive models were developed e lim in a t in g  those independent v a r i ­

ab les which were no t s ig n i f ic a n t  to  th e  m a jo r ity  o f  in s e c t ta x a . In 

some cases, v a r ia b le s  were s ig n i f ic a n t ly  c o r re la te d  to  v a r io u s  taxa 

when considered independen tly  (s im p le  c o r re la t io n  c o e f f ic ie n ts ) ,  but 

in s ig n i f ic a n t  when considered w ith  o th e r independent v a r ia b le s  in  the  

m u lt ip le  re g re ss io n  a n a ly s is . C o rre la tio n  between th e  independent 

v a r ia b le s  them selves is  thus in d ic a te d . I t  would have been p o ss ib le  

to  deve lop re fin e d  models f o r  each in d iv id u a l taxon had tim e  and 

fin a n ce s  p e rm itte d . However, th e  t va lues a re , in  most cases, ade­

quate in d ic a to rs  o f  s ig n if ic a n c e  fo r  those v a r ia b le s  inc luded  o n ly  in  

the  i n i t i a l  models. In  a few cases, *  va lues f o r  the  same independent 

and dependent v a r ia b le  com bination v a r ie d  c o n s id e ra b ly  between re g re s ­

s io n s , depending on th e  m u l t i - c o l in e a r i t y  o f  the  independent v a r ia b le s  

inc luded  in  th e  p a r t ic u la r  m u lt ip le  re g re ss io n  models. Tw enty-th ree  

d i f f e r e n t  models were programmed be fo re  a f in a l  re g re ss io n  model was 

chosen as re p re s e n ta t iv e  fo r  th e  m a jo r ity  o f  in s e c ts .  Most o f  these 

models were necessary to  develop and re f in e  parameters d e s c r ib in g  seg­

ments o f  th e  s u b s tra te -s iz e  d is t r ib u t io n .



RESULTS

Correlati-On coefficient matrix

The c o r re la t io n  m a tr ix  (Table 4) l i s t s  the  c o e f f ic ie n ts  among a l l  

independent and dependent v a r ia b le s  which were s ig n i f ic a n t  a t  the 5 p e r­

cent le v e l.  Some o f  the s ig n i f ic a n t  c o r re la t io n s  l is te d  have l i t t l e  

p ra c t ic a l s ig n if ic a n c e  however. An example is  the  s ig n i f ic a n t  c o r re la ­

t io n s  o f  lower taxa to  t h e i r  correspond ing  h ighe r ta x a , o f  w h ich, 

n u m e r ic a lly , they may c o n tr ib u te  a cons ide rab le  p o r t io n .  Several taxa 

were c o rre la te d  to  depth (Table 4 ) ,  but o n ly  one to  the  c u rre n t measure­

ments. C o rre la tio n  between depth and the  c u rre n t measurements near the  

le v e l o f  the  su b s tra te  was s ig n i f ic a n t  and ne g a tive . T h is  is  expected 

because the  maximum c u rre n t o f  deeper w ater g e n e ra lly  tends to  be p ro ­

p o r t io n a l ly  fu r th e r  from  the  bottom.

Many taxa were s ig n i f ic a n t ly  c o r re la te d  to  the  percentage weights 

in  the  su b s tra te  s iz e -c la s s e s  and to  the  p e rc e n ti le s .  The tren d  o f  the  

c o r re la t io n s  w ith in  many o f  the  taxa to  the  percentages was fo r  s ig ­

n if ic a n c e  in  severa l ad jacen t s iz e -c la s s e s , fo llo w e d  by one o r two 

c lasses w ith o u t s ig n if ic a n c e ,  and f i n a l l y  fo llo w e d  again by c lasses 

w ith  s ig n if ic a n c e  bu t c o e f f ic ie n ts  w ith  the oppos ite  s ig n . The fa c t  

th a t  severa l ad jacen t c lasses tend to  be s ig n i f ic a n t ly  c o r re la te d  to  

taxa  in d ic a te s  th a t  the  degree to  which the  su b s tra te  was graded in to  

c lasses was more than adequate. Many taxa were a lso  s ig n i f ic a n t ly
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A. noterophilum

Table 4. Correlation coefficients between all measured variables in the study 
which were significant at the 5 percent level. The values in the 
table are {a.a.) x (104). A blank space indicates that the correla­
tion coefficient was not significant at the 5 percent level; "n.a." 
(not available) indicates that the value for that relationship was

R. nasturtiurr-aquat.

INSECTS 3735
P lecop te ra

2450
o th e r stone f l ie s 2504

0.050 0.0Z5 0.010 0.005" Q.OOTE phem eroptera 0349
E. tn&qgugxs o.c.63637380 0.1634 0.1871 0.2140 0.2326 0.2707(d.f. = 143)2513 4756Baetis sp.
Paraleptophlebia sp 3689 3390

T rie h o p te ra 2612
2149Ochrotriohia sp

Glossosoma sp. -2273-2915
-18443749

Optioservus sp. 40212836
2892depth

-1755c u r re n t v e lo c ity -1979
-2325 n.a. n.a.
-27293438 n.a.

2096 -26642014
60594701-2149 -189027891722

74275397
3529-21272406 n.a.

-2253-1887-2046
-3296 -3274-1721-27250(-3) -2267-2874 n.a.
-6187 -5689 -3762-2782-2003-4615 -2266 n.a.

-5582-1772 -5237 -5991 -5150-1782 -2630-3542 n.a.
-2560 -3598 -4377 -4699 -5129-1657 -3997 -3124 -1920-2956 n.a.

3217 n.a. n.a.
5488-2779 248038720.25th

58262971-29083416 n.a. n.a. n.a.n.a. n.a.
7008-30583723 3372 n.a.

6585 5393 -3780-2829 3316 5576 -5305 -60993747 3025
-1769-1803-2492 2455 -60192192 -4889 -57682679

-2175 4468 -6183-4933 -54174986
2146-1661 -5541-39762126 1-53283702 7479

1865 -1912 6843-1919 4934 -5500 6713
-2218 2290 -2543 -5673 -5469-3375 -4877 -3247to ta l w eigh t -2599-3765 -5789 -5763-5811 -6047 -6005

-1681mode s iz e -c la s s -4329 -5596n.a. -4428 9066 -5475

percen t w eigh ts p e rce n tile s

S u b s t r a t e
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c o r re la te d  to  severa l ad jacen t p e rc e n t i le s ,  though th e re  were no changes 

o f  s ign here w i th in  taxa . Several taxa were s i g n i f i c a n t l y  c o r re la te d ,  

e i th e r  p o s i t i v e l y  o r  n e g a t iv e ly ,  to  the  t o ta l  sample w e igh t,  but the re  

were few c o r re la t io n s  to  the mode s iz e -c la s s .  The many s ig n i f i c a n t  

c o r re la t io n s  o f  both ad jacen t percentages and ad jacen t p e rc e n t i le s  

rep resen t ing  s u b s tra te  d i s t r i b u t i o n  are expected; i f  i t  i s  accepted 

th a t  c u r re n t  rough ly  grades s u b s tra te  p a r t i c le s  by d i s t r i b u t i n g  and 

re d e p o s it in g  them accord ing to  the  in te r a c t io n  o f  eddy c u r re n ts ,  t u r ­

bulence and o th e r  f a c to r s ,  i t  would be h ig h ly  u n l i k e ly  to  f in d  the 

d i s t r i b u t i o n  o f  p a r t i c le s  between ad jacen t s iz e -c la s s e s  to  be random.

Multiple regression models

The F s t a t i s t i c s  o f  the i n i t i a l  reg ress ion  models (reg ress ions  A 

and B, Tables 5 and 6) in d ic a te d  th a t  high s ig n i f i c a n t  r e la t io n s h ip s  

e x is te d  between the i n i t i a l  se t  o f  independent v a r ia b le s  and n e a r ly  

a l l  o f  the taxa . In most cases, t h i s  r e la t io n s h ip  was s ig n i f i c a n t  a t  

' less  than the 0.1 percent le v e l .  The on ly  taxa not s ig n i f i c a n t  a t  the 

5 percent le v e l  were 2 o f  the 3 species o f  macrophytes, Rorippa 

nasturtium^aquatiaum (w a te rcress) and Zanniohellia palustris (pond- 

weed), which to g e th e r  comprised on ly  3 percen t o f  the  t o t a l  p la n t  

biomass (Table 14). Because these F  s t a t i s t i c s  in d ic a te d  high s ig n i ­

f ic a n c e  in  the independent v a r ia b le s  as a group, subsequent models 

were developed (Tables 5 and 6) to  is o la te  and remove v a r ia b le s

A lTTT T



Table 5. Independent variables included in regressions A-U.

1 -  e a ch  p la n t genus
2 -  p la n t genus d a ta  c o m b in e d
3 -  b o th  no . I  and n o . 2

D ependen t v a r ia b le  n o ta t io n :

4 -  e ach  in s e c t ta x o n : c la s s ,  o r d e r ,
and genus

5 -  in s e c t c la s s  d a ta  o n ly

6 -  b o th  no. I  and no. 2
7 -  b o th  no. 3 and no. 4
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Table 6. F s t a t i s t i c s ,  the le v e ls  a t  which the n u l l  hypotheses are r e ­
je c te d ,  and the EZ values f o r  the  dependent v a r ia b le s  in  each 
o f  the  reg ress io ns .  Independent v a r ia b le s  f o r  each reg res ­
s ion  are g iven in  Table 5. f l  i s  the degrees o f  freedom due 
to  re g re s s io n ;  /2  the t o ta l  degrees o f  freedom, is  142 f o r  a l l  
reg ress ions  (N = 143).

Regression Dependent v a r ia b le F-.
s t a t i s t i c

P
le ve l

i?2

A PLANTS 8.0478 <0.001 .6738

f l 29 Amblystegiwm
rx>tevophil-um 8.0558 <0.001 .6740

PiOrippa nasturtiwn- 
aquatiaum I .8390 <0.100 .3206

Zannichellia palustvis 1.0594 >0.250 .2138

B INSECTS 6.5992 <0.001 • .6575

/ I 32 P lecoptera 4.3382 <0.001 ' .5579
Aoroneuria pacifica 2.3046 <0.001 .4013
o the r  s to n e f l ie s 4.3338 <0.001 .5577

Ephemeroptera 5.2945 <0.001 .6063
Ephemereila infrequens 5.3844 <0.001 .6103
Baetis sp. 1.6737 <1.050 .3275

' Paraleptophlebia sp. 4.1929 <0.001 ,5495

T r ic h o p te ra 2.7830 <0.001 .4474
Oohrotrichia sp. 3.2563 <0.001 .4865
Glossosoma sp. 3.3096 <0.001 .4905
Rhyaeophila sp. 3.4783 <0.001 .5029

Coleoptera :
•; Optioservus Sp.

5.6545 <0.001 .6219

C PLANTS 12.2716 <0.001 .5311

/ l 12

D INSECTS 5.8632 <0.001 .4092

f l 15

E PLANTS 4.5807 <0.001 .1919

/ I 7 INSECTS 9.7220 <0.001 .3352
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Table 6 (con t inued)

Regression Dependent v a r ia b le F
s t a t i s t i c

P
le v e l

P 2

F PLANTS 9.7352 <0.001 .6148

20

G INSECTS 7.2488 <0.001 .5706

fl = 23

H PLANTS 13.7147 <0.001 .5802

■Fn I A A. notevo-philian 12.5575 <0.001 .5787
Tl I 4 R. -nasturtium- 0.9581 >0.250 .0949

aquaticum
Z. palustris 1.4447 <0.250 ■ .1365

INSECTS 13.1523 <0.001 .5895

Plecoptera 8.1855 <0.001 .4724
A. pacifica 2.4310 <0.005 .2100
o the r  s to n e f l ie s 8.2109 <0.001 .4731

Ephemeroptera 11.4411 <0.001 .5558
E. infrequens 11.9873 <0.001 .5673
Baetis sp. 3.1277 <0.001 .2549
Paraleptophlebia sp. 3.8970 <0.001 .2989

T r ic h o p te ra 3.9236 <0.001 .3003 •
Ochrotriohia sp. 4.4663 <0.001 .3282
Glossosoma sp. 4.0886 <0.001 .3090
Rhyacophila sp. 7.2051 <0.001 .4407

Optioservus sp. 11.2995 <0.001 .5527

I INSECTS 11.0738 <0.001 .5055

fl = 12

0 INSECTS 13.8597 <0.001 . 5613

fl 12

K INSECTS 10.7927 <0.001 .6104

fl 18 P lecoptera 6.6755 <0.001 .4921
A. paeifiaa 2.7009 <0.001 .4949
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T a b le  6 ( c o n t in u e d )

Regression Dependent v a r ia b le F
s t a t i s t i c

P
le v e l E 2

o th e r  s to n e f l ie s 6.7495 <0.001 .4949

Ephemeroptera 8.5805 <0.001 .5547
S. i-nfrequens 8.6570 <0.001 .5569
Baetis sp. 2.2198 <0.005. .2437
Bavale-Ptoyhlebia sp. 6.3396 <0.001 .4792

T r ic h o p te ra 4.3801 <0.001 .3887
Oohvotvichia sp. 4.0265 <0.001 .3689
Glossosomq sp. . 3.9195 <0.001 .3626
Rhyaoophila sp. 5.4023 <0.001 .4395

Optiosevvus sp. 9.2851 <0.001 .5741

L INSECTS 12.7986 <0.001 .6019

fl
-  I C P lecoptera 7.2232 <0.001 .4604
~ I D A . paoifica 2.2775 <0.010 .2120

o th e r  s t o n e f l ie s 7.3026 <0.001 .4631

Ephemeroptera 9.5773 <0.001 .5308
E. infvequens 9.9936 <0.001 .5414
Baetis sp. 2.4908 <0.005 .2273
Favaleptophlebia sp. . 6.1607 <0.001 .4212

T r ic h o p te ra 4.8806 <0.001 13657
Ochvotviohia sp. 4.2584 <0.001 .3346
Glossosoma sp. 4.4366 <0.001 .3438
Rhyacophila sp. 6.5361 <0.001 .4357

Optiosevvus sp. 11.2401 <0.001 .5704

M INSECTS 9.0101 <0.001 .5336

fl
— I C Plecoptera 7.3418 <0.001 .4825
-  I D A. pacifioa 2.9412 <0.001 .2719

o th e r  s t o n e f l ies 7.4288 <0.001 .4854

Ephemeroptera 8.8505 <0.001 .5292
E. infvequens 8.5225 <0.001 .5197
Baetis sp. 2.1615 <0,010 .21 54
Pavaleptophlebia sp. 6.8525 <0.001 .4653

T r ic h o p te ra 2.2744 <0.010 .2241
Oehvotviohia sp. 2.3614 <0.005 .2307



- 3 0 -

T a b le  6 ( c o n t in u e d )

Regression Dependent v a r ia b le B
s t a t i s t i c

P
le ve l S2

Glossosoma sp. 4.2445 <0.001 .3502
Khyacophila sp. 6.0375 <0.001 .4340

Optioservus. sp. 8.7234 <0.001 .5256

N INSECTS 9.2802 <0.001 .4380

f l -  n P lecoptera 5.9989 <0.001 .3350
I I A. paeifiea 2.5176 <0.001 .1745

o th e r  s to h e f l ie s 6.0442 <0.001 .3367 ,

Ephemeroptera 9.0555 <0.001 .4319
K. infvequens 9.6172 <0.001 .4468
Baetis sp. 1.8531 <0.050 .1347
PavaleptopKlebia sp. 9.1846 <0.001 .4354

T r ic h o p te ra 4.9797 <0.001 .2949
Oehvotvichia sp. 4.1909 <0.001 .2603
Glossosoma sp. 3.5960 <0.001 .2319
Rhyaeophila sp. 3.7791 <0.001 .2409

Optiosevvus sp. 10.7008 <0.001 .4733

0 INSECTS 11.1781 <0.001 .4002

/ I = 8 Plecoptera 8.2906 <0.001 .3311
• A . paeifica 2.6008 <0.001 .1344

o the r  s to n e f l ie s 8.3417 <0.001 .3324

Ephemeroptera 11.4151 <0.001 .4053
. TH. infvequens 12.3151 <0.001 .4237
Baetis sp. 2.1027 <0.050 .1115
Paxaleptophlebia sp. 9.7213 <0.001 .3672

T r ic h o p te ra 5.4607 <0.001 .2459
Oehvotviehia sp. 3.9468 <0.001 .1907
Glossosoma sp. 3.9866 <0.001 .1922
Rhyacophila sp. 5.1944 <0.001 .2367

Optiosevvus sp. 13.0011 <0.001 .4370'

P INSECTS 5.4765 <0.001 .2704

/ I
P lecoptera 6.0237 <0.001 .2896

-  y A. po.cifieo- 2.9543 <0.001 .1666
o th e r  s t o n e f l ies 6.0850 <0.001 .2917



T a b le  6 ( c o n t in u e d )

Regression Dependent v a r ia b le F
s t a t i s t i c

P
le ve l R2

Ephemeroptera 9.2134 <0.001 .3840
E. infvequens 8,8341 <0.001 .3741
Baetis sp. 1.7834 <0.100 .1077
ParaleptoTphlebia sp. 11.0006 <0.001 .4267

T r ich o p te ra 1.5109 <0.100 .1145
Octirotrichia sp. 1.9223 <0.100 .1151
Glossosoma sp . 3.9713 <0.001 .2118
Rhyaeophila sp. 4.4909 <0.001 .2331

Optioservus sp. 8.0382 ’ <0.001 .3523

Q INSECTS 10.2887 <0.001 .6410

Il PO P lecoptera 6.7650 <0.001 ..5400
A . paeifiea 3.6552 <0.001 .3881
o th e r  s to n e f l i e s 6.7768. <0.001 1 .5405

Ephemeroptera 7.9896 <0.001 .5810
E. infrequens 8.5292 <0.001 .5968
Baetis sp. 2.4604 <0.005 .2992
Pccraleptophlebia sp. 4.9704 <0.001 .4631

T r ic h o p te ra 3.9764 <0.001 .4083
Oelrrotrichia Sp. 4.5150 <0.001 .4393
Glossosoma sp. 4.1377 <0.001 .4180
Rhyaeophila sp. 5.1926 <0.001 .4740

Optioservus sp. 8 .2 7 2 8 <0.001 .5895

R INSECTS 9.3471 , <0.001 .5597

> Il P lecoptera 7.1774 <0.001 ' .4940
A. . paeifiea 3.5669 <0.001 .3266
o th e r  s to n e f l ie s 7.2483 <0.001 .4964

Ephemeroptera 8 .9 3 9 3 <0.001 .5487
E. infrequens 9 .3 6 6 2 <0.001 .5 6 0 2
Baetis sp. 2.5991 <0.001 .2612
Paraleptophlebia sp. 5.5921 <0.001 .4320

T r ic h o p te ra 2.9005 <0.001 .2829
Oehrotriehia Sp. 3 .7 8 7 7 <0.001 .3400
Glossosoma sp. 3 .9 3 8 8 <0.001 .3 4 8 8
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T a b le  6 ( c o n c lu d e d )

Regression Dependent v a r ia b le F
s t a t i s t i c

P
I eve! / .

Rhyaooph-Cla sp. 6.0338 <0.001 ,4507

Optioservus sp. 8.2998 <0.001 .5302

S INSECTS 12.1375 <0.001 .6227

/ I = 17 Plecoptera 8.2085 <0.001 .5275
A. paoifica 3.1393 <0.001 .2992
o th e r  s to n e f l ie s 8.1802 <0.001 .5266

Ephemeroptera 9.7712 <0,001 .5706
E. infrequens 10.3502 <0.001 .5847
Baetis sp. 2.8685 <0.001 .2806
Paraleptophlebia sp. 6.0072 <0.001 .4496

T r ich o p te ra 3.7011 <0.001 .3348
Ochrotriohia S p . 4.1036 <0.001 ..3582
Glossosoma sp. 4.9216 <0.001 .4010
Rhyaoophila sp. 6.1458 <0.001 .4553

Optioservus sp. 10.3592 <0.001 .5849

T INSECTS 11.7654 <0.001 .5425

/ I
-  no Plecoptera 9.5792 <0.001 .4912

I O A. paoifica 2.3522 <0.001 .1916
o th e r  s to n e f l  ies 9.6271 <0.001 .4924

Ephemeroptera 11.3202 <0.001 .5329
Z?. infrequens 11.8770 <0.001 .5448
Baetis sp. 3.0737 <0.001 .2365
Paraleptophlebia sp. 6.5330 <0.001 ■ .3970

T r ich o p te ra 1.8195 <0.050 .1549
Ochrotrichia sp. 2.1572 <0.025 .1786
Glossosoma sp. 4.8246 <0.001 .3271
Rhyaoophila sp. 7.8333 <0.001 .4412

Op'tioservus sp. 10.2772 . <0.001 .5088 .

U PLANTS 11,5782 <0.001 .6270

f l -  I O A. noterophilum 11.3335 <0.001 .6220
I O R. nasturtium- 1.4197 <0.250 .1709aquatioum

Z. palustris 1.2621 <0.250 .1548 .
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i n s ig n i f i c a n t  to  the m a jo r i t y  o f  taxa . F te s ts  between regress ions 

(Table 10) were used to  determine the s ig n i f ic a n c e  o f  in d iv id u a l  v a r i ­

ables descr ibed by more than one parameter (s u b s tra te  and stream sec­

t i o n ) ,  and t s t a t i s t i c s  were used both to  e l im in a te  those independent 

v a r ia b le s  described by o n ly  one parameter and to  determ ine which o f  

the severa l in d iv id u a l  parameters used to  descr ibe  the  s u b s tra te  d i s ­

t r i b u t i o n  had the  g re a te s t  s ig n i f ic a n c e .

Com pila tion o f  the  s ig n i f i c a n t  t s t a t i s t i c s  (Tables 7 and 8) f o r  

v a r ia b le s  which were s ig n i f i c a n t  in  a l l  o f  the  reg ress ions  g ives in s ig h t  

in to  which v a r ia b le s  are s ig n i f i c a n t  to  each taxon. But some cau t ion  

should be exerc ised to  avoid using the abso lu te  frequency t h a t  s p e c i f i c  

v a r ia b le s  appear as the so le  basis o f  s ig n i f ic a n c e ,  t s t a t i s t i c s  should 

be eva luated in  con tex t  w i th  what o th e r  v a r ia b le s  are inc luded  in  sp e c i­

f i c  reg ress ions  (Table 5 ) .  As mentioned e a r l i e r ,  the  t values o f  para­

meters may vary co n s id e ra b ly  between reg ress ions  depending on whether 

c o r re la te d  v a r ia b le s  are used. For example, the  use o f  one parameter to  

descr ibe  th e  r e la t io n  o f  a v a r ia b le  w i th  known s ig n i f ic a n c e  to  the de­

pendent v a r ia b le  w i l l  l i k e l y  produce a s ig n i f i c a n t  t va lue . However, i f  

a d d i t io n a l  parameters are in s e r te d  which a ls o  s ig n i f i c a n t l y  descr ibe  the 

r e la t io n  by means o f  a s im i la r  v a r ia b le  (o r  v a r ia b le s ) ,  and the  v a r i ­

ables themselves are s ig n i f i c a n t l y  c o r re la te d  among each o th e r ,  then 

the  va lue o f  t  s t a t i s t i c s  produced f o r  any one parameter w i l l  g e n e ra l ly  

be reduced, and some o r  a l l  o f  these parameters may i n d iv i d u a l l y  no



Table 7. Independent v a r ia b le s  which were s ig n i f i c a n t  to  each p la n t  taxon a t  the P = 0.05 
le v e l  ( *> [1 .9 7 7 ] ) .

P la n t  taxa Independent
v a r ia b le t value Regression

c o e f f i c ie n t Regression

Amblystegium noterophilum 
(moss)

O -

depth
percent w t . , 0 [ - 4 ]

1 .977 
-2.414

342.6
- 2 0 .6 1

A
A

lower q u a r t i l e 2.427 115.8 • H

^ d ry  w t . ”  429,2 9 upper q u a r t i l e -2.344 -188.0 H
- 90th p e rc e n t i le -2.551 -202.4 A

c u r re n t  v e lo c i t y -2.128 -35.85 A
Rorippa nastnrtium-aquaticum mode phi c lass 1.977 7.030 A

(w ate rcress) percent w t . , 0 [ - 7 ] 2.962 2.518 A

- W  w t. = 9 - 018 a/m2
1s t p e rc e n t i le 2.876 40.05 U
5th p e rc e n t i le -2.468 -35.04 U
50th p e rc e n t i le -2.152 -19.15 A

Zanniahellia palustris
(pondweed) ■

O none

x drv  w t .  = 3 - 603 3/™

c u r re n t  v e lo c i t y 2.025
2 .5 9 5

379.3
4 5 7 .3

C
F

percent w t . , 0 [ - 4 ] -2.289 -21.14 A
Combined w e igh t o f  a l l lower q u a r t i l e 6.504 156.8 H

th re e  p la n t  genera upper d e c i le -2.340 - 1 8 7 . 4 H

W  w t.  = 441-8 3/m2
in n e r  q u a r t i le s -4.687 -128.3 C
25th p e rc e n t i le 2.551 171.8 F
50th p e rc e n t i le 5.321 110.2 C

90th p e rc e n t i le -2.492
- 2 . 8 9 3

-199.9
-235.1

A
F
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Table 8. Independent v a r ia b le s  which were s ig n i f i c a n t  to  each in s e c t  
taxon a t  the  P =  0.05 le v e l  (£ > [1 .9 7 7 ]) .

a) INSECTS (Xno. = 8454/m2 )

independent v a r ia b le t value reg ress ion
c o e f f i c ie n t reg ress ion

2.258 2.642 N
3.082 3.430 0

Amblystegi-Iim 2.485 3.275 P
noteroTphilum 2.669 3.170 R

4.020 3.793 T
-2.194 -25.22 K
-2 .470 -27.25 L
-2.072 -25.01 M

Rorippa nasturtium- -2 .240 -29.33 N
aquaticum -2 .276 -29.40 0

-2.103 -24.09 Q
-2.100 -24.03 S

-2.212 -32.75 L
Zanniohellia palustris -2 .692 -38.84 Q

-2.742 -39.64 S

depth 1.979 13,424 ' D

percen t w t: 0 (0 )  + 0 ( - l ) 2.472 198.0 M

percen t w t: 0 ( -2 )  + 0 ( -3 ) -2 .459
-2.032

-154.3
-140.1

N
P

lower d e c i le 4.976
5.123

2946 
: 1520

H
J

lower q u a r t i l e -2 .892
2.542

-1750 
841.7

H
I

0 .25 th  p e rc e n t i le 2.165 2569 S

4.041 2823 B
4.363 3043 G

I Oth p e rc e n t i le 4.805 2941 K
5.011 2919 L
5.658 3777 0

-2 .594 -2072 K
25th p e r c e n t i le . -3 .272 -1766 L

-3 .968 -2446 0
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Table 8 (con tinued)

b) Plecoptera (Xn0. = 1626/iti2)

independent v a r ia b le t value regress ion
c o e f f i c ie n t regress ion

2.027 .7166 N

Amblystegium 2.473 
2 237

.8078
8082

0
Pnotevophilum 2.142 . .7859 R

2.645 .7584 T

-2.154 -9.196 B
-2 .375 -8.474 L
-2 .219 -7.841 M
-2.162 -8.558 N

Rorippa nasturtium- -2 .415 -9.155 0
aquaticum -2 .264 -8.847 P

-2 .760 -10.31 Q
-2 .822 -10.35 R
-2.703 -9.973 S
-2 .936 -10.55 . T

percen t w t:  0 (0 )  + 0 ( - l ) 2.142
2.304

59.70
54.02

K
M

lower d e c i le 2.587 500.3 H

IOth p e rc e n t i le 2.031
3.086

383.0 
604.6

L
0

25th p e rc e n t i le -2.311 -418.0 0
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T a b le  8 ( c o n t in u e d )

c) Aoroneuria pacifioa (Xn0i = 43.45/m2 )

independent v a r ia b le t va lue reg ress ion
c o e f f i c ie n t reg ress ion

2.189 .03134 B

Ambtystegium 2.028 
2 044

.02459
02274

L
Nnoterophilvm 2.138 .02363 P

3.380 .03596 T

sample we igh t -2 .056 -.005166 B

mode 0 c la ss -2.461 -13.77 B

percen t w t: 0 (4 ) 1.996 16.47 R

percent w t: 0 ( -4 ) -2 .629 -3.754 B

percent w t:  0 ( -7 ) -2.212 -3.015 B

2.663 1.562 K
percen t w t: 0(2.) + 0(1 ) 2.719 .9535 M

2.392 .7946 P

3.210 2.008 K

percent w t: 0 ( -2 ) + 0 ( -3 )
3.004
2.327

1 .813 
1 .389

M
N

2.259 1.306 P

lower d e c i le 2.036 14.18 H

upper q u a r t i l e 2.233 20.90 H

IOth p e rc e n t i le -2.341 -31.31 S

25th p e rc e n t i le -2.512 -27.99 B

50th p e rc e n t i le 2.128 29.74 B
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T a b le  8 ( c o n t in u e d )

d) Other s to n e f l ie s  (Xno = 1583/m2 )

independent v a r ia b le t va lue regress ion
c o e f f i c ie n t regress ion

1.976 .6939 N
Amblystegivm 2.427

2.187
2.104

.7873

.7846

.7639

0
P

noteroiphilum r
R

2.543 .7225 T

-2 .174 . -9.213 B
-1.985 -7.179 K
-2 .406 -8.515 . L

Rorippa nasturtium- -2 .256
-2.208

-7.904
-8.680

M
Naquaticum -2 .455 -9.241 0

-2 .306 -8.947 . P
-2.757 -10.21 Q
-2.823 -10.25 R
-2.706 -9.914 S
-2.945 -10.48 T

percent w t: 0 (0 )  + 0 ( - l )
2.181
2.375

60.27
55.22

K
M

lower d e c i le 2.535 486.0 H

IOth p e rc e n t i le
2.047 382.5 L
3.084 600.1 0

25th p e rc e n t i le -2.332 -419.0 0
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Table 8 (con tinued)

e) Ephemeroptera (Xn0i = 2108/m^)

independent v a r ia b le t va lue regress ion
c o e f f i c ie n t regress ion

percen t w t: 0 ( 2 )  + 0 ( 1 ) ■ -2 .429 -38.17 M

percen t w t:  0 ( 0 )  + 0 ( - D
1.975
2.425

81.15
85.35

K
M

-2.046 -56.14 K

percen t w t:  0 ( - 2 )  nH 0 ( -3 ) -2 .009 
: -2 .410

-54.33
-66.49

M
N

-2.439 -67.55 P

lower d e c i le 2.514 650.8 H

- lower q u a r t i l e -2.297 -608.0 H

0.25 th  p e rc e n t i le 2.298 1227 S

2.664 762.4 K
IO th  p e rc e n t i le 2.922 808.3 L

3.335 969.2 0

25th p e rc e n t i le -2.823
-3 .138

-723.3
-842.3

L
0
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Tab] e 8 ( c o n t in u e d )

f ) EphemerelZa iZnfrequens (X = 1463/m^)

independent v a r ia b le t value regress ion .
c o e f f i c ie n t regress ion

-2 .090 -9.800 K
-2.142 -9.694 L

Rorippa nasturtium- -2.103 -9 .850 M
aquaticum -2 .198 -10.92 N

-2.194 -10.62 0
-2 .095 -10.57 P

percent w t: 0 (0 )  + 0 ( - l ) 2.217 68.91 M

percen t w t:  0 ( -2 )  + 0 ( -3 ) -2.248
-2.095

-53.49
-51.13

N
P

lower d e c i le 2.877 630.7 H

lower q u a r t ! Ie -2 .560 -573.4 H

0.25 th  p e rc e n t i le 2.286 1021 S

2.293 615.6 B

I Oth p e rc e n t i le 3.154 
' 3.479

787.1 
831.7

K
L

4.032 1008 0

25th p e rc e n t i le -2.948
-3.433

-652.9
-793.0

L
0

g ) Baetis sp . <*no. = 414.1/m2 )

independent v a r ia b le t value regress ion
c o e f f i c ie n t regress ion

none s ig n i f i c a n t
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Table 8 (con tinued)

h) Pavale-pto-pKlebia sp. (X = 230 .0/m^)

independent v a r ia b le t value regress ion
c o e f f i c ie n t regress ion

3.223 .2564 B
4.145 .2949 . K
4.828 .3413 L

Amblystegium 4.121 .2944 • M
3.251 . 2035 N

notevopkilum 3.820 .2332 0
3.349 .2089 P
4.702 .3610 Q
5.290 .3879 R
4.654 .3475 S
5.435 .3201 T

2.328 1.653 K
2.002 1.421 L

Rorippa nasturtium- 2.068 1.427 M
aquatieum 2.922 2.047 N

2.482 1.758 0
2.750 1.855 P
2.056 . 1.507 R

depth 2.048 824.4 B

percent w t: 0 (0 ) 2.432 30.56 B

percen t w t: 0 ( -5 ) 2.027 14.44 B

percent w t: 0 ( -7 ) 3.284 24.89 B

percent w t: 0 (2 )  + 0 (1 )
-3.168
-2.427

-6,478
-4.551

M
P

3.404 18.46 K

percent w t: 0 (0 )  + 0 ( - l )
. 3.537 

3.551
16.20
18.67

M
N

3.799 16.59 P

lower d e c i le 2.068 86.92 H

0.25 th  p e rc e n t i le 2.514 195.9 S

IOth p e rc e n t i le 2.109 79.10 L

25th p e rc e n t i le -2 .230 -77.47 L

75th p e rc e n t i le 2.051 137.5 B
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T a b le  8 ( c o n t in u e d )

D T r ic h o p te ra  (Xpo = 915.4/m2)

independent v a r ia b le

Amblystegium
noterophilum

Rovippa nasturtium- 
aquaticum

Zanniehella palustvis

percent w t: 0 (2 )

percent w t: 0 (2 )  + 0(1)

lower d e c i le  

lower q u a r t i l e

IOth p e rc e n t i le

t value regress ion
c o e f f i c ie n t regress ion

-2.913 -.6541 B
-3.595 -.9276 K
-3.507 -.8690 L
-3.086 -.8894 M
-2.682 -.6282 N
-2.187 -.4879 0
-2.798 -.5757 Q
-3.177 -.6656 S

-2 .122 . -5 .495 0

-2.848 -7.636 B
-2 .066 -6.902 L
-2.855 -7.337 Q
-2 .283 -6.241 R
-2.591 -6.901 S

2.051 52.66 Q
2.486 68.42 R

2.235 18.43 M
2.303 17.97 P

4.574 489.5 H

-3.267 -357.3 H

3.608 443.0 B
5.530 758.0 K
5.086 668.5 L
4.979 666.1 0

-2.746 -490.9 K
-2.569 -312.9 L
-2.982 -368.5 0

25th p e rc e n t i le
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T a b le  8 ( c o n t in u e d )

j ) Ochvotriohia sp . (X fi0 = 5 2 8 . 0 /m ^)

independent v a r ia b le t value regress ion
c o e f f i c ie n t reg ress ion

-2 .692 -.5700 B

Amblystegium -3 .197 
-3 054

-.8413 
-  7781

K
I

notevophilum
-2 .796 -.8052 M
-2.154 -.5186 N
-2.207 -.4317 Q
-2 .510 -.5045 • S

Zannichellia palustvis - 2 . 2 2 2
-2 .098

-5 .620  ' 
-5.127

B
q

sample we igh t -2 .230 - . 0 8 2 8 7 B .

percen t w t: 0 (3 ) -2.087
-2 .205

-119.0
-126.7

Q
R

percent w t: .0(2) 2.670
3.016

65.18 
77.75 .

Q
R

2.642 21.78 M
percen t w t:  0 (2 )  + 0 (1 ) 1.980 25.08 N

2.899 2 2 .7 1 P

lower d e c i le 3.773 387.0 H

lower q u a r t i l e - 2 . 1 4 3 -224.7 H

2.820 3 2 6 .5 B

IOth p e rc e n t i le 4.941
4.306

690.7
582.0

K
L

4.102 570.6 0

25th p e rc e n t i le -2 .340
-2.169

-426.8
- 2 7 8 . 7

K • 
0

50th p e rc e n t i le -2.464 -509.6 B
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T a b le  8 ( c o n t in u e d )

k) Glossosoma sp ■ <Xno
= 228.6/m2 )

independent v a r ia b le t va lue reg ress ion
c o e f f i c ie n t reg ress ion

-2.185 -.1336 L

Amblystegium -2 .997 
-3 551

-.1777 
-  1989

M
o

noteroiphilim -2 .836 -.1685 P
-2.444 -.1588 Q
-2 .673 -.1693 S
-3 .520 -.1780 T

Zannichellia palustris -2 .058 -1.651 T

algae 2.331 201.0 B

lower d e c i le 2.264 76.65 H

lower q u a r t i l e -2 .990 -103.5 H

0.25 th  p e rc e n t i le 3.169
3.739

237.1
246.9

Q
S

1st p e rc e n t i le -2.181
-2 .725

-226.7
-262.4

Q
S

2.333 87.55 B
IOth p e rc e n t i le 2.060 66.81 L

2.248 75.51 0

25th p e rc e n t i le -2 .219 -66.67 L

90th p e rc e n t i le -2.197 ,129.2 B

I )  Rhyaeophila sp,• <Xno. = 158.8/m2 )

independent v a r ia b le t value regress ion
c o e f f i c ie n t regress ion

Amblystegium
notevophilum 2.279 ■ .07802 0



- 4 5 -

Table 8 (concluded)

m) Coleoptera : Optioservus sp. (%no. = 3805/m2)

independent v a r ia b le

Amblystegium
noterophilum

Zanniahella palustris

percen t w t: 0 ( -2 )  + 0 ( -3 )  

lower d e c i le  

upper d e c i le

IOth p e rc e n t i le

t value

2.251
2.669
2.822
2.660
3.894
4.480
3.966
2.813
5.034

-2 .195
-2.251

-2.157

3.841

-2.455

3.697
3.322
3.264
4.429

-2.551

regress ion
co e f f i c ie n t

1.661 
1.725 
35.18 
1.799 
2.365 
2.592 
2.641 
1 .899 
2.708

-18.63
-18.78

-70.28

1306

-1433

14.92
1141
1060
1536

-817.2

regress ion

B
K
L
M
N
0
P
R
T

Q
S

M

H

H

B
K
L
0
025th p e rc e n t i le
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Table 9. Means o f  the dependent and independent v a r ia b le s  computed from 
the  mean values from each o f  the  143 samples. These means may 
be used in  c o n ju n c t io n  w i th  the reg ress ion  c o e f f i c ie n ts  l i s t e d  
in  Table 8.

V a r ia b le  Mean

INSECTS 8454/m2

P lecoptera 1626/m2
Aovoneuvia paoifica 43.45/m2
o the r  s to n e f l ie s 1583/m2

Ephemeroptera 2108/m2
EphemeveZla infvequens 1463/m2
Baetis sp. 414.1/m2
Pavaleptophlehia sp. 230 .0/m2

T r ic h o p te ra 915.4/m2
Ochvotvichia sp. 528.0/m2
Glossosoma sp. 228.6/m2
Rhyaeophila sp. 158.8/mZ

C o leopte ra : Optiosewus sp. 3805/m2

PLANTS , 441.8 g/m2

Amhlystegium notevophilum 429.2 g/m2
Rovippa nastuvtiujn-aquaticum 9.018 g/m2
Zanniehellia palustvis 
algae

3.603 g/m2 
presen t in  10.49% 
(15) o f  the  samples

sample depth 0.2347 m
c u r re n t  v e lo c i t y 0.4101 m/sec
sample we igh t 5936 g
mode phi c lass 0 ( - 4 . 042)

lower d e c i le  shortness 2.858 0'
lower q u a r t ! Ie  shortness 4.422 0
in n e r  q u a r t i l e  shortness 2.776 0
upper q u a r t i l e  shortness 1.801 0
upper d e c i le  shortness 1.101 0
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T a b le '  9 ( c o n t in u e d )

V a riab le Mean

percent
weightin

phi c lasses

p e rc e n t i le s

stream sec t ions

reg ress ions regress ions
A-P Q-U

4 .6904%
3 . 2.751%
2 7.329% 6.282%
I 6.451% 5.775%
O 6.676%

- I 4.840%
-2 6.199%
-3 10.01%
-4 18.94%
-5 25.45%
-6 13.30%
-7 .8196%

[2 ]  + [1 ] 13.78%
[0 ]  + [ - 1 ] 11.46%

> 2 ]  + [ - 3 ]  • 16.12%

0.25 ' 4.153 0
I 2.995 0
5 1.799 0

10 .4246 0 I .003 0
25 -2.217 0 -1.665 0
50 -4 .519 0 -4.415 0
75 -5.611 0 -5.569 0
90 -6.356 0 -6.319 0

dummy v a r ia b le s  (7) to  
account f o r  the lo n g i tu ­
d ina l v a r i a b i l i t y  in  the  
stream sec t ion s  (8)

I i near
time cubic

q ua d ra t ic

9 538 (b iw eek ly  sampling 
•jjy  g dates numbered con- 

Tpoc s e c u t iv e ly  from I 
through 18)
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longe r  be s ig n i f i c a n t .  An F t e s t  (as described in  Table 10) however, 

w i l l  s t i l l  show s ig n i f ic a n c e  o f  the group o f  parameters, j u s t  as the t 
s t a t i s t i c  w i l l  in d ic a te  s ig n i f ic a n c e  i f  o n ly  one parameter is  used.

Substrate. Parameters used to  rep resen t s u b s t ra te -s iz e  d i s t r i b u ­

t io n  in  the  i n i t i a l  reg ress ion  models (reg ress ions  A and B, Tables 5 

and 6) were the  percentage weight, in  each o f  the  s iz e -c la s s e s  0 [ -7 ]  

through 0 [1 ]  (0 [2 ]  was om itted  here due to  the s t a t i s t i c a l  necess ity  

t h a t  the percentages do not t o ta l  100), the  10th , 25 th , 50th (median), 

75th and 90th p e rc e n t i le s ,  the  mode s iz e -c la s s ,  and. the t o t a l  sample 

w e igh t.  In  subsequent models (reg ress ions  C through P, Tables 5 and 6 ) ,  

va r ious  com binations o f  these plus a d d i t io n a l  parameters were used.

These inc luded the  50th (reg ress ions  C and D ), and the  10th  and 25th 

p e rc e n t i le s  (reg ress ions  K, L, N, 0) as the  on ly  p e rc e n t i le s  in c luded , 

the shortness o f  the  in n e r  q u a r t i l e  in  phi u n i ts  ( reg ress ions  C and D), 

the shortness o f  the  lower and upper q u a r t i le s  and d e c i le s  both 

se p a ra te ly  and to g e th e r  (reg ress ions  H -  J ) ,  and the combined lower 

s iz e -c la s s e s  — 0 [2 ]  + 0 [ 1 ] ,  0[O] + 0 [ - l ] ,  0 [ - 2 ]  + 0 [ - 3 ]  (reg ress ions 

K, M, N, P). From these analyses i t  became ev iden t t h a t ,  w h i le  exp la ­

na to ry  power over dependent v a r ia b le s  was in  independent v a r ia b le s  

d e s c r ib in g  the m iddle su b s tra te  s ize  range and le s s e r  power in  the 

upper range (Tables 7 and 8 ) ,  the  s t ro n g e r  exp lana to ry  power was in  

those v a r ia b le s  d e s c r ib in g  the  sm a lle r  s u b s tra te  s ize s .  The I Oth and 

25th p e rc e n t i le s  and the  shortness o f  the  lower d e c i le  were s ig n i f i c a n t
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to  Tl o f  the  13 in s e c t  taxa ;  the  lower q u a r t i l e  was s ig n i f i c a n t  to  6 

taxa . Other s u b s tra te  parameters were s ig n i f i c a n t  o n ly  o c c a s io n a l ly .

The i n i t i a l  c a lc u la t io n s  o f  su b s tra te  parameters were based on 

data f o r  the d i s t r i b u t i o n  in  s iz e -c la s s e s  0 [ - 7 ]  through 0 [2 ]  on ly .

Though data were a v a i la b le  f o r  phi c lasses [3 ]  through [5 + ] ,  they were 

ignored because the.mesh s ize  o f  the sampler net (36 threads/cm) a llowed 

some p a r t ic le s  less  than 0.25 mm (0 [2 + ] )  to  pass th rough . However, 

cons ide rab le  q u a n t i t ie s  less  than t h is  s ize  were re ta in e d  by the net 

and scooped out o f  the  sampler by hand. Because the regress ions  models 

showed s ig n i f ic a n c e  down to  the sm a lle s t  s iz e -c la s s  ( 0 [ 2 ] ) inc luded to  

t h is  p o in t ,  the  s iz e -c la s s  percentages were re c a lc u la te d  to  in c lude  

su b s tra te  in  c lasses 0 [3 ]  through 0 [5 + ] ;  the p e rc e n t i le s  were re c a lc u ­

la te d  and the  0 .2 5 th ,  1 s t ,  and 5th p e rc e n t i le s  were a lso  determined. 

These rev ised  data were used in  subsequent regress ions  (reg ress ions  Q 

through U). I t  had to  be assumed th a t  t h i s  bias o f  the  loss  o f  some 

p a r t ic le s  less  than 0.25 mm was r e l a t i v e l y  p ro p o r t io n a l in  a l l  i n d i v i ­

dual samples.

The subsequent models developed ( reg ress ions  Q through U, Tables 

5 and 6) showed th a t  the  0 .25 th  through I Oth p e rc e n t i le s  as represen ta ­

t iv e s  o f  su b s tra te  d i s t r i b u t i o n  (Tables 7 and 8) were s ig n i f i c a n t  to  

the  m a jo r i t y  o f  taxa . To determ ine whether the  p e rc e n t i le s  o r  the 

s iz e -c la s s  percentages had g re a te r  s ig n i f ic a n c e  in  r e la t io n  to  the 

o th e r ,  both groups were excluded in d iv id u a l l y  and s im u ltaneous ly  from .
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what o therw ise  was the f i n a l  reg ress ion  model - -  reg ress ion  S (Tables 

5, 6, 16). F te s ts  (Table 10) in d ic a te d  th a t  the p e rc e n t i le s  (0 .25 ,

I ,  5, 10) had f a r  g re a te r  s ig n i f ic a n c e  to  v i r t u a l l y  a l l  o f  the  in s e c t  

taxa than d id  the  s iz e -c la s s e s  rega rd less  o f  whether o r  not the l a t t e r  

were inc luded in  the reg ress io n .  Thus the IOth and 25th p e rc e n t i le s  

and the  lower d e c i le  and q u a r t i le s  were considered the  best rep resen ta ­

t iv e s  o f  s u b s tra te  d i s t r i b u t i o n  using the  data exc lud ing  s ize -c lasses  

0 [3 ]  to  0 [5 + ] ,  w h i le  the  0.25, 1 s t ,  5th and 10th p e rc e n t i le s  were the 

most s ig n i f i c a n t  re p re s e n ta t iv e s  using data f o r  a l l  o f  the  s iz e -  

c lasses measured ( 0 [ - 7 ]  through 0 [5 + ] ) .  No new regress ions  were com­

puted w i th  the a d d i t io n a l  data using the 10th and 25th p e rc e n t i le s  or 

the lower d e c i le  and q u a r t i le s  as the on ly  sub s tra te  parameters, but 

i t  can reasonably be assumed th a t  t h e i r  s ig n i f ic a n c e  would have changed 

l i t t l e .  The ac tua l c o n t r ib u t io n  by we igh t o f  s iz e -c la s s e s  0 [3 ]  to  

0 [5+ ] compared to  t o t a l  sample we igh t was s l i g h t  (2.75%) and thus 

a l te re d  the values o f  the  o r ig in a l  parameters o n ly  s l i g h t l y .

Plants as inde-pendent variables. Regressions in  which each o f  the 

p la n t  species was considered an independent v a r ia b le  (Tables 5 and 6) 

in d ic a te d  th a t  each species was s ig n i f i c a n t l y  c o r re la te d  to  several 

in s e c t  taxa (Table 8 ) .  Because the s ign o f  the t va lues tended to  be 

c o n s is te n t  w i th in  species but to  vary among them, i t  was deemed un­

d e s ira b le  to  cons ider the  t o ta l  q u a n t i ty  o f  a l l  th ree  species combined 

as a s in g le  independent v a r ia b le  beyond the i n i t i a l  reg ress ions .
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Table 10. Tests o f  F between reg ress io ns .  Refer to  Table 5 f o r  the 
complete se t  o f  independent v a r ia b le s  inc luded  in  each 
reg ress io n .

jp — («?«£>. a -  s. 5« h ) / (.fl • a ~ f I " b )
(reg . a -  reg . b) res idu a l m.s.

sum o f  squares * f _ degrees o f  mean square
due to  reg ress ion  ^ ' "  freedom m*s * "  e r ro r

An a l te r n a te  method f o r  c a lc u la t in g  F between any o f  the regress ions in  
t h i s  s tudy (Table 5) is  to  use the fo l lo w in g  formula w i th  the i f2 , n , 
and f va lues from Table 6.

F( reg . a -  reg . b)
( if2a -  i?2h ) / ( . f l . a
Tl -  if^s f]

)

DISTRIBUTION POINTS OF F
(.fI • a - f  I • h )

r 2 3 4 7 9 10

0.250 1.40 1 .39 1.37 1.31 1.29 1.28
0.100 2.34 2.12 1.98 1.76 1.67 1.64
0.050 3.05 2.66 2.43 2.07 1.94 1.89
0.025 3.77 3.20 2.86 2.36 2.19 2.13
0,010 4.75 3.91 3.44 2.75 2.52 2.43
0.005 5.46 4.44 3.86 3.01 2.73 2.63
0.001 7.22 5.69 4.85 3.67 3.28 3.14

S ig n i f ic a n c e  o f  the  shortness o f  lower and upper q u a r t ! Ies  and
d e c i le s .

Regression P a ir H —  I H ---- J

Independent lower and upper lower and upper
V a r iab les  Tested d e c i le s q u a r t ! Ies

( f - | . a -  f i - h ) 2 2

INSECTS 13.17 4.46
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Table 10 (con t inued)

b) S ig n i f ic a n c e  o f  the  percent weights in  the  s iz e -c la s s  combinations o f  
0 [2 ]  + 0 [ 1 ] ,  0[O] + 0 [ - l ] ,  0 [ - 2 ]  + 0 [ - 3 ] ,  the I Oth and 25th percen­
t i l e s ,  stream s e c t io n s ,  and combination o f  the stream sec t ions  w i th  
the s u b s tra te  parameters.

Regression p a i r K - L K - M K -  N

OIv: K - P

Independent 
V a r iab les  Tested

phi
groups p e rc e n t i le s sec tions s e c t io n s ,  

phi groups
s e c t io n s ,

p e rc e n t i le s

( A  • a ”  • b ̂
3 2 7 10 9

INSECTS 0.91 12.22 7.84 6.69 12.02

P lecoptera 2.58 1.18 5.48 3.93 5.49
Acroneuvia 4.01 0.84 2.64 2.54 . 2.21yacijisca
o th e r  s to n e f l ie s 2.60 1.16 5.55 3.99 5.54

Ephemeroptera 2.22 3.56 4.88 4.16 5,28
Ephemevella
infvequens 1.45 5.19 4.40 3.73 5.68

Baetis S p . 0.90 2.33 2.56 2.17 2.48
Pazaleptoiphlebia 4.61 I .66 1 .49 2.67 1.39

sp.

T r ich o p te ra 1.55 16.69 2.72 2.90 6.18
Oohvotvichia sp. 2.24 13.58 3.05 3.50 5.55
Glossosomo, sp. 1.13 1.07 3.61 3.30 3.24
Rhyacophila sp. 0.29 0.62 6.27 4.49 5.08

C o !eop te ra : ' 0.37 7.07 . 4.19 3.99 7.18Opttosevvus sp.
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Table 10 (concluded)

c )  S ig n i f ic a n c e  o f  percen t weights in  s iz e -c la s s e s  0 [ 4 ] ,  0 [ 3 ] ,  0 [ 2 ] ,  
and 0 [ 1 ] ,  and the 0 .2 5 th ,  1 s t ,  5 th ,  and I Oth p e rc e n t i le s .

Regression P a ir Q - R Q -  S R -  T S -  T

Independent 
V a riab les  Tested p e rc e n t i le s phi

c lasses
phi

c lasses p e rc e n t i le s

Vl'.a - A-b' 4 4 4 4

INSECTS 6.85 1.54 1.22 6.65

Plecoptera 3.03 0.83 0.17 2.40
Acroneuria paeifica 3.04 4.40 6.27 4.80
o th e r  s to n e f l ie s 2.90 0.91 0.25 2.26

Ephemeroptera 2.33 0.75 1.09 2.75
Ephemerella infrequens 2.75 0.91 ' 1.09 3.40
Baetis sp. 1.64 0.80 1 .04 1.92
EaFdleptophlebia sp. 1 .75 0.76 1.92 2.99

T r ic h o p te ra 6.41 3.76 5.58 8.45
Oehrotrichia sp. 5.36 4.38 7.64 8.75
Glossosoma sp. 3.59 0.88 1 .04 3.85
Rhyaeophila sp. 1.34 1.08 0.55 0.81

C o leop te ra :
Optioservus sp. 4 .36 0.34 1.43 5.73
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Because each o f  the  p la n t  species tended to  be s ig n i f i c a n t  to  several 

in s e c t  taxa  in  the  i n i t i a l  re g re ss io n s ,  they  were inc luded  in  subse­

quent models as w e ll as the  f i n a l  model chosen — reg ress ion  S (Table 

16). The dummy v a r ia b le  in s e r te d  to  note the occurrence o f  s ig n i f i c a n t  

q u a n t i t ie s  o f  f i la m en to us  algae mixed w i th  the  h igher aq u a t ic  p lan ts  

(15 o f  the  143 samples) proved i n s ig n i f i c a n t  in  i n i t i a l  models and was 

not inc luded in  subsequent reg ress io ns .

Othev variables. The l i n e a r ,  q u a d ra t ic  and cub ic  fa c to rs  o f  t im e 

in s e r te d  to  a d ju s t  the  regress ions  f o r  seasonal v a r ia t io n s  were s i g n i f i ­

cant as determined from the  in d iv id u a l  t values (see Table 16). The 

dummy v a r ia b le s  in s e r te d  to  account f o r  po ss ib le  lo n g i tu d in a l  v a r ia t io n s  

along the  s tudy area not accounted f o r  by measured v a r ia b le s  were a lso  

s ig n i f i c a n t  as a group as determined from the d i f fe re n c e  in  the F t e s t  

between reg ress ions  K and N (Table 10b). Both the  fa c to rs  f o r  time and 

stream s e c t io n  were thus inc luded in  most subsequent re g re ss io n s ,  

in c lu d in g  the f i n a l  model. (The s e c t io n a l d i f fe re n c e s  in  subs tra te  

d i s t r i b u t i o n  f o r  a l l  samples are summarized in  Table 13 and the sec­

t io n a l  d i f fe re n c e s  in  p la n t  biomass and in s e c t  numbers are summarized 

in  Tables 14 and 15 r e s p e c t iv e ly . )

Curren t v e lo c i t y  measurements inc luded  in  reg ress ions  A through 

D, F and G, were s ig n i f i c a n t l y  c o r re la te d  on ly  to  the  watercress and 

the t o ta l  we igh t o f  a l l  th re e  p la n t  species (Table 7 ) .  Depth was a lso 

s ig n i f i c a n t l y  c o r re la te d  to  the w a te rc ress , but u n l ik e  c u r re n t  v e lo c i t y ,
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the c o r r e la t io n  m a tr ix  a lso  in d ic a te d  severa l s imple c o r re la t io n s  o f  

depth to  o th e r  taxa . Because both v a r ia b le s  were i n s i g n i f i c a n t l y  c o r re ­

la te d  to  o th e r  taxa in  the reg ress ion  analyses i t s e l f  however, they 

were not considered beyond the i n i t i a l  reg ress ion  models.

Plants as dependent variables. The independent v a r ia b le s  which 

were s ig n i f i c a n t  to  each p la n t  taxa in  those reg ress ions  (A, C, E, F5 

H, U, Table 5) in  which the  p la n ts  were considered as dependent v a r i ­

ab les are inc luded in  Table 7. Because the regress ions  subsequent to  

the  i n i t i a l  ones were re f in e d  p r im a r i l y  f o r  the  in s e c t  ta x a ,  no f i n a l  

model was developed e x c lu s iv e ly  f o r  the  p la n t  taxa . However, the 

independent v a r ia b le s  which were s ig n i f i c a n t  in d ic a te  th a t  the  trend 

w i th  respec t to  s u b s tra te  s ize  was s im i la r  to  t h a t  f o r  most in s e c t  

taxa . In gene ra l,  s ig n i f i c a n t  negative  r e la t io n s h ip s  re s u l te d  f o r  

parameters rep resen t in g  la rg e r  su b s tra te  and s ig n i f i c a n t  p o s i t iv e  

r e la t io n s h ip s  f o r  parameters rep resen t in g  sm a lle r  s u b s t ra te .  This 

trend  is  g e n e ra l ly  t y p ic a l  f o r  both the  moss and the w a te rc ress , as 

w e ll as f o r  the  combined p la n t  biomass. No s ig n i f i c a n t  c o r re la t io n s  

to  the  pondweed, which c o n tr ib u te d  less  than one percent o f  the  to ta l  

p la n t  biomass (Table 14 ),  re s u lte d  between any o f  the su b s tra te  or 

o th e r  parameters in  any o f  the reg ress ion  models.
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'Prediction of change in the quantity of organisms 
with changes in magnitude of the inde-pendent variables

Substrate. The mean s u b s tra te  d i s t r i b u t i o n  curve (F igu re  4a) 

determined by summing the in d iv id u a l  sample percentages in  each s iz e -  

c lass  (Table 13) is  e s s e n t ia l l y  bimodal. The low p o in t  between modes 

is  a t  app rox im ate ly  0[ - l ]  (2 mm) and the mode rep resen t in g  the la rg e r  

s u b s tra te  s izes  peaks a t  n e a r ly  0 [ - 5 ]  (64 mm). The l a t t e r  i s  about 

fo u r  t imes the  magnitude o f  the  broad mode a t  0.[2] to  0[O] (0.125- 

1 .0  mm) rep resen t in g  the  sm a lle r  s iz e s .  To g ra p h ic a l ly  represent the  

changes in  taxa numbers as the  fo u r  lowest p e rc e n t i le s  (0 .2 5 ,  I ,  5, 

and 10) va ry  from the mean d i s t r i b u t i o n ,  a l l  fo u r  p e rc e n t i le s  have 

been a r b i t r a r i l y  s h i f te d  by the  same degree (F igu re  4a ).  The c o r re s ­

ponding q u a n t i ta t i v e  changes p red ic te d  in  the  n ine in s e c t  taxa which • 

were s i g n i f i c a n t l y  re la te d  to  the p e rc e n t i le s  in  reg ress ion  S (Table 

10c) are represented in  F igure 4b. A l l  n ine o f  these taxa  show th a t  as 

the  s u b s tra te  com position is  p r o p o r t io n a l ly  d i s t r ib u te d  toward the 

sm a lles t s u b s tra te  s iz e s ,  p red ic te d  numbers increase. I t  would a lso 

be p o ss ib le  to  demonstrate changes in  taxa numbers w i th  s h i f t s  o f  the 

p e rc e n t i le s  to  any o th e r  degree or even i f  changed in d iv i d u a l Iy  by 

using the  correspond ing regress ion  c o e f f i c ie n ts  and mean values (Tables 

8 , 9, and 16).

A s im i la r  trend  toward g re a te r  numbers o f  in s e c t  taxa w i th



Figure 4. Deviation of the four lowest percentiles (0.25, I , 5, 10) from their means and the predicted 
change in number of each insect taxon which was significant to these percentiles at the 5 percent level.

a) The mean substrate distribution ("0") determined by averaging the percent weights in each phi 
class from each of the 143 sam ples (Table 13). The curves of the hypothetical substrate d is­
tributions (I5 , I, - I ,  -2 , -3) were calculated after shifting all four percentiles as a group by 
the amount in phi units indicated. All hypothetical distributions are well within ranges found 
in individual sam ples.

b) The predicted change in number of each insect taxon (9 of the 13 taxa) which were significant 
in the final model to changes in the four lowest percentiles. The F statistics are from Table

Percentile location (phi units)
percentile

50th percentile 
(-4.415) —

0.025

(5.563) 4.495 3.299 2.503
(5.153) 3.995 2.799 2.003
4.153 2.995 1.799 1.003
3.153 1.995 0.799 0.003
2.153 0.995 -0.221 -0.997
1.153 -0.005 -1.221 -1.997

75th percentile 
"  (-5.569)

>  - I

Q  - 2

90th percentile _J 
(-6.319)

^"25th percentile 
(-1.665)

0  CLASS
.0625 .125

0.625 .125 .250
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p r o p o r t io n a l ly  sm a lle r  su b s tra te  p a r t i c le s  is  noted in  the  o th e r  sub­

s t r a te  parameters not inc luded in  the f i n a l  reg ress ion  model (Table 8 ) .  

The most s ig n i f i c a n t  o f  these to  the  m a jo r i t y  o f  taxa were the IOth and 

25th p e rc e n t i le s  and the lower d e c i le s  and q u a r t i l e s ,  a lthough o the r 

s u b s tra te  parameters were o c c a s io n a l ly  s ig n i f i c a n t .  S im i la r  p re d ic ­

t io n s  o f  numbers as g iven in  F igure 4b can be made using the  reg res ­

s ion c o e f f i c ie n ts  l i s te d ,  in  Table 8 w i th  the  means l i s t e d  in  Table 9.

Examination o f  the  parameters rep resen t in g  the sm a lle s t  subs tra te  

s izes ( the  0 .25 th  through I Oth p e rc e n t i le s ,  the  sm a lles t  subs tra te  

c la sses ,  the  lower d e c i le  - -  Table 8 ) show th a t  the s igns o f  the 

reg ress ion  c o e f f i c ie n ts  o f  taxa s ig n i f i c a n t  to  these v a r ia b le s  are 

predom inantly  p o s i t i v e .  Thus, g re a te r  numbers o f  in s e c ts  are g e n e ra l ly  

p red ic te d  when the re  is  a r e la t i v e l y  g re a te r  p ro p o r t io n  o f  subs tra te  

in  the  s iz e -c la s s e s  from approx im ate ly  0 [2 ]  to  0 [O ].  However, exam­

in a t io n  o f  parameters rep resen t ing  the low er-m idd le  s u b s tra te  d i s t r i ­

bu t ion  (25th and 50th p e rc e n t i le s ,  shortness o f  the lower and inner 

q u a r t i l e ,  percentages in  the s iz e -c la sse s  0 [ - l ]  through about 0 [ 4 ] ) , 

show th a t  g re a te r  numbers o f  taxa are c o n c u rre n t ly  p red ic te d  when the 

d i s t r i b u t i o n  o f  s u b s tra te  in  t h i s  s ize  range (about 2-16 mm) is  pro­

p o r t io n a l l y  toward the la rg e r  p a r t i c le s .  The Tl reg ress ion  c o e f f i c ie n t  

p a i rs  o f  the I Oth and 25th p e rc e n t i le s  (Table 8 ) correspond ing to  the 

s ig n i f i c a n t  taxa show th a t  the c o e f f i c ie n ts  f o r  the 10th  p e rc e n t i le  

are a l l  p o s i t i v e  w h i le  those f o r  the  25th p e rc e n t i le  are a l l  nega tive .
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These p e rc e n t i le s  l i e  on e i th e r  s ide  o f  the  low p o in t  a t  about 0 [1 ]  

(F igu re  4a) in  the  mean sub s tra te  d i s t r i b u t i o n .  L ikew ise , the same 

tren d  o f  oppos ite  s igns occurs f o r  the  s ix  c o e f f i c ie n t  p a irs  o f  the 

lower d e c i le  and q u a r t i l e .  In summary, the g re a te s t  numbers in  the 

in s e c t  taxa are p red ic te d  to  be present when the s u b s tra te  d i s t r i b u t i o n  

by we igh t is  d i s t i n c t l y  low a t  about the  0[ - l ]  s iz e -c la s s ,  p ro p o r t io n ­

a l l y  h igh between the  s iz e -c la s s e s  from about 0 [2 ]  to  0 [O ] ,  and pro­

p o r t io n a l l y  high from beyond s iz e -c la s s  0 [1 ]  to  about 0 [ 4 ] . The s ig n i ­

f ic a n c e  o f  t h is  aspect o f  the  su b s tra te  d i s t r i b u t i o n  a long w i th  i t s  

r e la t io n s h ip  to  o th e r  variab les, w i l l  be discussed la t e r .

Plants as indeipendent variables. Taxa which were s ig n i f i c a n t l y  

c o r re la te d  to  each o f  the th re e  p la n t  species (Table 8 ) in  the  f in a l  

reg ress ion  model, reg ress ion  S (Table 16 ),  and the  p red ic te d  changes in  

numbers w i th  changes in  each p la n t 's  biomass are shown in  F igure 5. 

t  s t a t i s t i c s  from t h is  model in d ic a te  th a t  th re e  in s e c t  taxa  (T r ic h o p te ra ,  

Ockrotvichia sp. and Glossosoma s p . )  are n e g a t iv e ly  c o r re la te d  to  the 

moss {Amblystegium notevo-philum), but one taxon [Paraleyto-Phlebia s p . ) 

is  p o s i t i v e l y  c o r re la te d .  The model a lso  in d ica te d  th a t  th re e  taxa 

( In s e c ts ,  P lecop te ra , and "o th e r  s t o n e f l i e s " )  are n e g a t iv e ly  c o r re la te d  

to  the  watercress [Rorippa nasturtium-aquatieum) and th re e  taxa 

( In s e c ts ,  T r ic h o p te ra  and Optioservus sp.) are n e g a t iv e ly  c o r re la te d  to  

the pondweed {Zanniehellia palustris). t s t a t i s t i c s  from regress ion  T 

(Table 8 ) however, show a cons ide rab le  d i f fe re n c e  (F igu re  5) in  the
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F igure 5. P red ic ted  changes in  the number o f  each in s e c t  taxon which 
was s i g n i f i c a n t l y  re la te d  (5 percent le v e l )  to  the  q u a n t i ty  o f  each p la n t  
species in  reg ress ion  S ( the  f i n a l  model) and reg ress ion  T. The general 
reg ress ion  form ula is  J 1- = Yj + Zj1- ( j p -Xp), where i  r e fe rs  to  in sec t  
taxa and p to  p la n t  taxa .  The reg ress ion  c o e f f i c ie n ts  and t s t a t i s t i c s  
are from Table 8 , and the  p la n t  and in s e c t  means from Table 9.

reg ress ion  S — s o l id  l i n e  reg ress ion  T — broken l in e

a) Amblysteqium noterophilum (moss)

_________Regression S (solid line)_________

Yt R = 9 1 5 .4 -0 .6 6 5 6  ( X -4 2 9 .2 ) , t = -3.177  
Y Pa = 2 3 0 .0  + 0.3475 (X -4 2 9 .2 ) , I  = +4.654 
YQc = 5 2 8 .0  -  0.5045 (X -4 2 9 .2 ) ,  t -2 .510  
Y g i  =  228.6 -  0.1693 (X -4 2 9 .2 ) , t = -2 .673

CXJ

E

OLULO
Z

on
LU
QD

O
O
O
LU
on
Cl.

13,000- 

11,000 -  

9000- 

7000 

5000 

3000- 

2600- 

2200 

1800- 

1400- 

1200 ' 

1000- 

800 
600- 

400- 
2 0 0 -  

0

Y in

Xop
XM-
XOS
XPa

Z

Regression T  (broken line)_______

8454 + 3.793 (X -4 2 9 .2 ) , t  = +4 .020  
= 3805+ 2.708 (X -4 2 9 .2 ) , t  =+5.034  

1626 + 0.7584 (X -4 2 9 .2 ) , t  =  +2.645 
= 1583 + 0.7225 (X -4 2 9 .2 ) , t  =+2.543  
= 230.0 + 0.3201 (X -4 2 9 .2 ) , t  =+5.435  
= 2 2 8 .6 -0 .1 7 8 0  (X -4 2 9 .2 ) , t  = -3 .520  
= 43.45 + 0.03596 (X -4 2 9 .2 ) , t =  +3.380

UiStcJJ1----

---------

PERCENT OF MEAN DRY WEIGHT (XI OF MOSS



-62-

b) Rorippa nasturtium-aquaticum (watercress)
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PERCENT OF MEAN DRY WEIGHT (X) OF WATERCRESS
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c) Zannichellia palustris (pondweed)

PERCENT OF MEAN DRY WEIGHT (X) OF PONDWEED
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s ig n i f i c a n t  in s e c t  taxa and t h e i r  p re d ic te d  numbers to  the  p la n ts .  S ix 

taxa ( In s e c ts ,  P lecop te ra , Aaroneur-Lapacif-Ioa3 "o th e r  s t o n e f l i e s " ,  

Pcfraleptophlebia sp. and Optioservus s p . )  are now s ig n i f i c a n t l y  c o r re ­

la te d  p o s i t i v e l y  to  the  moss, w h i le  Glossosoma sp. is  s t i l l  n e g a t iv e ly  

c o r re la te d  to  i t .  The on ly  change in  the c o r re la t io n s  to  the  w a te r­

cress is  th a t  the  in s e c t  taxon is  no longe r s ig n i f i c a n t  to  i t .  The 

th re e  taxa s ig n i f i c a n t l y  c o r re la te d  n e g a t iv e ly  to  the pondweed in  

reg ress ion  S are no longe r s ig n i f i c a n t  in  reg ress ion  T, but Glossosoma 
sp. i s  now s ig n i f i c a n t l y  c o r re la te d  n e g a t iv e ly  to  pondweed in  the  

l a t t e r  reg ress io n .  The cons ide rab le  v a r ia t io n  in  the  s ig n i f ic a n c e  o f  

the in se c ts  to  the  p la n ts  between these two reg ress io ns ,  and a 

r a t io n a le  o f  which reg ress io n  appears to  be more a p p ro p r ia te ,  w i l l  be 

discussed la t e r .



DISCUSSION

Evaluation of the results

The v a r ia b le s  inc luded in  the  m u l t ip le  reg ress ion  (Table 5) chosen 

as the  f i n a l  model, reg ress ion  S (Table 16 ),  accounted f o r  over 62 pe r­

cent = 0.6227, Table 16a) o f  the v a r ia t io n  in  the in s e c t  taxon ( the  

sum o f  a l l  in s e c t  numbers). The R s t a t i s t i c s  p lus the F s t a t i s t i c s  

( v i r t u a l l y  a l l  o f  which were s ig n i f i c a n t  a t  le ss  than the  0.1 percent 

le v e l )  from a l l  reg ress ions  (Table 6) in d ic a te s  th a t  a ve ry  s u b s ta n t ia l  

p o r t io n  o f  the v a r ia t io n  r e la t in g  to  the m ic r o d is t r ib u t io n  o f  the 

in se c ts  was accounted f o r .  Snedecor and Cochran (1967) s ta te  t h a t ,  , 

even when the  v a r ia b le s  inc luded  in  a reg ress ion  are s t a t i s t i c a l l y  

s ig n i f i c a n t ,  i t  i s  not uncommon to  f in d  th a t  the percentage o f  the 

var iance  o f  the  dependent v a r ia b le  a t t r ib u te d  to  the reg ress ion  is  

much less  than 50 percen t. V a r ia t io n  not accounted f o r  in  m u l t ip le  

reg ress ion  ana lyses, accord ing to  Snedecor and Cochran, are due to 

v a r ia b le s  not considered im p o r ta n t ,  v a r ia b le s  not fe a s ib le  to  measure, 

and unknown v a r ia b le s .  Some o f  these p o s s i b i l i t i e s  as app lied  to  t h is  

study w i l l  be mentioned la t e r .

Substrate. The parameters rep resen t in g  the s u b s tra te  s ize  d i s t r i ­

bu t ion  (Tables 7 and 8 ) show th a t  the g re a te s t  q u a n t i ty  o f  both in s e c t  

and p la n t  taxa are re la te d  to  a bimodal s ubs tra te  d i s t r i b u t i o n  by 

w e igh t,  s im i la r  to  t h a t  represented by the mean d i s t r i b u t i o n  summed
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from the  in d iv id u a l  samples (F igu re  4a ).  The IO th and 25th percen­

t i l e s ,  the  shortness o f  the  lower d e c i le  and the  lower q u a r t i l e ,  and 

to  a le s s e r  e x te n t  the percentage we igh ts in  the a p p ro p r ia te  s iz e -  

c lasses (Table 8 ) show th a t  11 o f  the  13 in s e c t  taxa are s ig n i f i c a n t l y  

re la te d  to  a d i s t i n c t  low p o in t  in  the  su b s tra te  d i s t r i b u t i o n  between 

the two modes. F u r th e r ,  g re a te r  numbers are re la te d  to  an increase in  

the mode rep re se n t in g  the  sm a lles t s u b s tra te  p a r t ic le s  (determined 

p r in c i p a l l y  by the 0 .2 5 th ,  1 s t ,  5 th ,  and IOth p e rc e n t i le s  and the 

lower d e c i le  sho rtness , but a lso  by the  percentages in  the  corresponding 

s iz e -c la s s e s ) .  But c o n c u r re n t ly ,  g re a te r  numbers are s i g n i f i c a n t l y  

r e la te d ,  though less  s t ro n g ly ,  to  a r i s e  toward the mode rep resen t ing  

the la rg e r  s ubs tra te  p a r t i c le s  (determined p r in c ip a l l y  by the  25th pe r­

c e n t i l e  and lower q u a r t i l e ,  and to  a much le s s e r  ex ten t  by the  h igher 

p e rc e n t i le s  and correspond ing s iz e -c la s s e s ) .  L i t t l e  s ig n i f ic a n c e  was 

a t t r ib u te d  to  t h i s  mode, however, from near i t s  peak (a t  about 0 [ - 5 ]  

toward the  la rg e s t  su b s tra te  p a r t i c le s .  The f a c t  t h a t  these two modes 

are s im u ltaneous ly  re la te d  to  g re a te r  numbers in  the  in s e c t  taxa 

in d ic a te s  th a t  fewer numbers are p re d ic te d  i f  the  s u b s t ra te  is  com­

posed o f  p a r t i c le s  by we igh t p redom inantly  in  the  s iz e  ranges w i th in  

e i t h e r  one o r  the o th e r  modes. The r e la t io n s h ip  th a t  e x is ts  here, then , 

i s  one where the  g re a te s t  numbers in  most taxa are re la te d  to  a bimodal 

d i s t r i b u t i o n  which c o n s is ts  o f  p a r t i c le s  g ro s s ly  grouped in to  both a 

la rg e r  ( rou gh ly  0 [ - 2 ]  to  0 [ - 6 ] ,  F igure 4a) and a sm a lle r  s iz e  group
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(0 [4 ]  to  0 [O ] ).

In the  pub lished research r e la t in g  to  a sso c ia t io n s  between ben th ic  

fauna and s u b s tra te  (Table I ) ,  the general conc lus ion  drawn is  th a t  

g re a te r  numbers and d i v e r s i t y  o f  organisms are assoc ia ted  w i th  e i th e r  

la rg e r  su b s tra te  s izes  o r  s ubs tra te  compositions th a t  are w e l l -  

represented by a l l  p a r t i c le  s iz e s .  Hynes (1970) p o in ts  out th a t  areas 

w i th  la rg e r  stones are g e n e ra l ly  more complex and are assoc ia ted  w ith  

g re a te r  d i v e r s i t y  o f  fauna. In v i r t u a l l y  a l l  o f  the s tu d ie s  on sub­

s t r a t e ,  on ly  phenotypic d e s c r ip t io n s  o f  areas have been used, neces­

s i t a t i n g  the co n s id e ra t io n  o f  sec t ions  o f  streams w i th  g ross , r e a d i ly  

d is c e rn ib le  d i f fe re n c e s .  In g e n e ra l, sm a lle r  s u b s tra te  s izes  have been 

stud ied  o n ly  in  areas where they e x is t  in  a r e la t i v e l y  homogeneous 

s ta te ,  ra th e r  than in  t h e i r  p ro p o r t io n  and r e la t io n  to  la rg e r  p a r t i c le s ,  

The ques tion  which a r is e s  here then, i s  whether the r e s u l t s  o f  t h is  

study conform to  any o f  the  above obse rva tions  in  prev ious s tu d ie s ,  and 

what the  s ig n i f ic a n c e  is  o f  the sm a lle r  p a r t i c le s .  I t  i s  r e la t i v e l y  

easy to  deduce why la rg e r  sub s tra te  p a r t i c le s  are fa v o ra b le  f o r  in s e c t  

h a b i ta ts .  Included are a v a i la b le  space f o r  p ro te c t io n  and fo ra g in g ,  

s t a b i l i t y ,  places f o r  d e p o s it io n  o f  food , and g re a te r  v a r i a b i l i t y  o f  

m ic ro c u r re n ts .  Larger p a r t i c le s  were found to  be s ig n i f i c a n t  to  some 

e x te n t  in  t h is  s tudy . The reasons why the  sm a lle r  s u b s tra te  p a r t ic le s  

were so much more s ig n i f i c a n t  w i l l  be considered w i th  a d iscuss ion  o f  

the  o th e r  v a r ia b le s  a f t e r  the l a t t e r  have been considered in d iv id u a l l y .



-68-

Plants as independent variables. The re s u l t s  from the  f i n a l  

reg ress ion  model f o r  p la n ts  as independent v a r ia b le s  to  the  in s e c t  

taxa showed t h a t ,  w i th  one excep tion  {Pavaleptophlebia sp. to  Ambly- 
steginm noterophilum, F igure 5a), the  few c o r re la t io n s  t h a t  were s ig ­

n i f i c a n t  between in s e c t  taxa and the  p la n t  species were nega tive . The 

p la n ts  themselves a c t  as a h a b i ta t  f o r  many in s e c ts .  They a lso  prov ide  

them w i th  food e i th e r  d i r e c t l y ,  o r  i n d i r e c t l y  by se rv ing  as a subs tra te  

f o r  p e r ip hy ton .  In s o r t in g  the preserved samples in  the  la b o ra to ry ,  a 

s trong  r e la t io n s h ip  seemed to  e x is t  between in s e c t  numbers and the 

q u a n t i ty  o f  p la n ts ,  e s p e c ia l ly  the moss. Th is  obse rva tion  is  s u b s ta n t i ­

ated by the  very  s ig n i f i c a n t  s imple c o r re la t io n  (c .c .  = 0.5533, Table 

4) between the  moss and the  r i f f l e  b e e t le  la rv a  {Optioservus s p . ) ,  and 

between the  moss and the  in s e c t  taxon as w e ll (c.o. = 0 .3735). Thus, 

i t  i n i t i a l l y  seems s u rp r is in g  th a t  th e re  were v i r t u a l l y  no s ig n i f i c a n t  . 

p o s i t i v e  c o r re la t io n s  in  the  regress ion  analyses between the  in sec t  

taxa and the  p la n ts .  Th is  m a tte r  w i l l  l i k e w is e  be discussed in  con tex t 

w i th  the o th e r  v a r ia b le s  a f t e r  cons ide r in g  the o the r  v a r ia b le s  i n d i v i ­

d u a l ly .

Other independent variables- The l i n e a r ,  q u a d ra t ic , and cubic 

fa c to rs  o f  t im e , inc luded  in  most reg ress ions  in c lu d in g  the  f i n a l  model, 

compensated f o r  unavoidable seasonal v a r ia t io n s  in  q u a n t i t ie s  o f  organ­

isms du r ing  the  9-month sampling p e r io d .  Some l i k e l y  reasons f o r  the 

s ig n i f ic a n c e  o f  these fa c to rs  in c lud e  changes in  h a b i ta t  w i th  m a tu r i ty .
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emergence, and seasonal v a r ia t io n  in  the  d r i f t  r a te .  These fa c to rs  may 

have been m inimized had i t  been p r a c t ic a l  to  sample in te n s iv e ly  over 

a sh o r t  pe r iod  o f  t im e . Cummins (1962), however, d iscourages aga ins t 

t h i s ,  e s p e c ia l ly  i f  a u te co lo g ica l c ons ide ra t ion s  are to  be made.

The dummy v a r ia b le s  in s e r te d  to  account f o r  p o te n t ia l  v a r ia t io n  

between the  e ig h t  stream sec t ions  from which one sample was taken 

b iweekly  proved s ig n i f i c a n t .  Consequently, they were used in  most 

regress ions in c lu d in g  the  f i n a l  model to  a d ju s t  f o r  t h i s  b ia s .  The 

f a c t  t h a t  these v a r ia b le s  proved s ig n i f i c a n t  in d ic a te s  t h a t  there  is  

p robably  some fa c to r  o r  fa c to rs  not accounted f o r  by the  measured v a r i ­

ab les . One f a c to r  l i k e l y  invo lved  is  the in s e c t  d r i f t  r a te  from sec­

t io n  to  s e c t io n .  Because the study area was a headwater s e c t io n ,  no 

d r i f t  could en te r  the area from above. But i t  would be expected th a t  

p ro g re s s iv e ly  g re a te r  amounts o f  d r i f t  occurred downstream through the 

sec t ions  u n t i l  the q u a n t i ty  le av in g  an area was equaled by the q u a n t i ty  

e n te r in g  i t .  Consequently, because o f  t h is  f a c to r  a lone , i t  would be 

expected th a t  g re a te r  q u a n t i t ie s  o f  in se c ts  should occur a t  the lower 

s ta t io n s  than the upper, a l l  o the r  fa c to rs  being equal. The to ta l  

number o f  in s e c ts  c o l le c te d  from each se c t io n  w i th  equal sampling 

e f f o r t  (Table 14) show a wide v a r ia t io n  in  numbers among s e c t io n s ,  w i th  

a d e f in i t e  b ias toward g re a te r  d e n s ity  a t  the lower s e c t io n s .  This 

v a r ia t io n ,  however, must a lso be considered in  con tex t w i th  the measured 

v a r ia b le s  f o r  each'sample from each o f  the  se c t io n s ,  as was done in  the
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m u lt ip le  reg ress ion  ana lyses.

The c u r re n t  measurements made a t  each sampling s i t e  were in s ig n i ­

f i c a n t  to  v i r t u a l l y  a l l  taxa . The o n ly  s ig n i f i c a n t  r e la t io n s h ip s  o f  

c u r re n t  in  the m u l t ip le  reg ress ion  analyses were a p o s i t i v e  c o r re la t io n  

to  Amblystegium noterophilum (moss) and a negative  r e la t io n  c o r re la t io n  

to  Rorippa nasturtium-aquatioum (w a te rc ress ) .  The s ig n i f i c a n t  c o r re ­

la t io n s  above are lo g ic a l  s ince the moss was d is t r ib u te d  on rocks in  

the  main channel exposed to  the f a s te r  c u r re n ts ,  w h i le  the watercress 

occurred along the s ides o f  the channel and thus in  s lower c u r re n t .

The lack  o f  s ig n i f ic a n c e  o f  the c u r re n t  measurements to  most taxa 

does not n e c e s s a r i ly  r e f l e c t  the la c k  o f  importance o f  c u r re n t ,  but 

p robably  to  the method used. Though Cummins (1962) fe e ls  th a t  a 

Leupold-Stevens c u r re n t  meter (used in  t h i s  s tudy) is  s u i ta b le  f o r  

m ic r o d is t r ib u t io n a l  s tud ie s  (read ings can be taken 2 cm from the  bo ttom ), 

Eriksen (1966) considers th a t  t h is  and o th e r  dev ices , though b e t te r  

than those which measure average c u r re n t ,  are o f  dou b tfu l use because 

they cannot measure c u r re n t  among v e g e ta t io n ,  under rocks ,  in  c re v ic e s ,  

in  i n t e r s t i t i a l  spaces o r  even a t  the boundary la ye rs  o f  surfaces 

where the  organisms are found. Consequently, w h ile  no p ra c t ic a l  method 

y e t  e x is ts  to  ob ta in  an accurate  index o f  c u r re n t  w i th in  the  s p e c i f ic  

h a b i ta t  o f  organisms, such data i f  a v a i la b le  m ight have accounted f o r  

some o f  the unaccounted v a r ia t io n  found in  the reg ress ions .

Though the re  were severa l p o s i t i v e  simple c o r re la t io n s  which were
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s ig n i f i c a n t  between depth and in s e c t  taxa (Table 4 ) ,  th e re  were v i r t u ­

a l l y  no s ig n i f i c a n t  r e la t io n s  found in  the m u l t ip le  reg ress ion  ana ly ­

ses. The f a c t  th a t  the re  a lso  was a s ig n i f i c a n t  simple nega tive  

c o r re la t io n  between depth and c u r re n t  measurements in d ic a te s  th a t  the 

accurate  depth measurements probably  served as an in d ic a to r  f o r  cu r re n t  

measurement about as w e ll as the c u r re n t  measurements themselves taken 

2 cm above the s u b s tra te .  The nega tive  r e la t io n s h ip  is  lo g ic a l  as the 

c u r re n t  a t  the bottom o f  streams tends to  be p r o p o r t io n a l ly  slower as 

depth inc reases . While the re  were severa l s ig n i f i c a n t  s imple c o r re la ­

t io n s  between taxa and depth but on ly  one between taxa and 

c u r re n t ,  o n ly  one s ig n i f i c a n t  t r e la t io n s h ip  occurred f o r  depth, but 

two occurred f o r  c u r re n t  (Table 8 ) .  Th is  in d ic a te s  th a t  the depth 

measurements were l i k e l y  c o r re la te d  to  one o r  more o f  the  o the r  v a r i ­

ables used in  the regress ions  which had g rea te r  s ig n i f ic a n c e  to  organ­

ism q u a n t i t ie s .  Depth is  probably  not a f a c to r  in  l i m i t i n g  photosyn­

th e s is  in  t h i s  stream since most sampling depths were much less  than 

0.51 m ( the  maximum depth sampled) and t u r b i d i t y  a t  a l l  t imes was 

extrem ely low.

Plants as dependent variables. As in d ic a te d  e a r l i e r ,  some o f  the 

same s ig n i f i c a n t  r e la t io n s h ip s  between the in s e c t  taxa and subs tra te  

parameters corresponded to  those parameters s ig n i f i c a n t  to  the p la n t  

taxa (Table 7 ) .  S ig n i f i c a n t  parameters were m ain ly  those rep resen t ing  

the sm a lles t p a r t i c le s .  In processing the samples, an apparent



- 7 2 -

r e la t io n s h ip  was noted between the q u a n t i ty  o f  the moss and the q u a n t i ty  

o f  sm a lle r  s ubs tra te  m a te r ia l  ( "sand")  present in  the samples. The 

simple c o r re la t io n s  (Table 4) s u b s ta n t ia te  t h is  o b se rv a t io n ;  the re  are 

very  s ig n i f i c a n t  p o s i t i v e  c o r re la t io n s  between the moss and the sm a lle r  

s u b s tra te  s iz e -c la s s e s  and a lso  very s ig n i f i c a n t  negative  c o r re la t io n s  

between the most'and the la rg e r  c lasses . Hence, s ince the sm a lle r  

p a r t i c le s  were a lso  s ig n i f i c a n t l y  c o r re la te d  to  a l l  but one o f  the 

in s e c t  ta x a ,  i t  can be concluded th a t  the q u a n t i ty  o f  sm a lle r  subs tra te  

m a te r ia l was in  some way re la te d  to  the q u a n t i ty  o f  in s e c ts  over and 

above th a t  c o n t r ib u te d  by the moss i t s e l f .  Th is  in te r r e la t io n s h ip  

between the s u b s tra te ,  p la n t  and in s e c t  q u a n t i t ie s  w i l l  be considered 

next.

Intervelationships of S u b s tra te 3 insect3 and plant quantities. In 

the preceding d is cu ss io n s ,  the  r e la t io n s h ip s  o f  both p la n t  and in s e c t  

taxa to  a s ubs tra te  d i s t r i b u t i o n  s im i la r  to  the mean d i s t r i b u t i o n  by 

we igh t (F igu re  4a) were descr ibed. In a d d i t io n ,  i t  was po in ted  out th a t  

the  p la n ts ,  no tab ly  the moss, were s t ro n g ly  c o r re la te d  to  the  sm alle r 

subs tra te  p a r t i c le s .  But when the r e la t i v e  s ig n i f ic a n c e  o f  both p lan ts  

and sm a lle r  s u b s tra te  p a r t ic le s  was compared as they r e la te  to  the 

in s e c t  taxa ,  the c h a r a c te r is t ic s  o f  the  s ubs tra te  d i s t r i b u t i o n  were 

more im po r tan t .  F in a l l y ,  i t  was questioned how these r e s u l t s  r e la te  

to  the observa tions  o f  prev ious in v e s t ig a to r s ,  in  which organisms have 

been assoc ia ted , a t  le a s t  ph e n o typ ica lI y , w i th  the la rg e r  subs tra te

■' o
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p a r t i c le s .  U n like  the  more obvious b e n e f i ts  o f  la rg e r  p a r t i c le  s izes 

(such as s t a b i l i t y ,  space f o r  p ro te c t io n  and fo ra g in g ,  p laces f o r  food 

d e p o s i t io n ,  v a r ie t y  o f  m ic ro c u r re n ts ,  and h a b i ta t  o f  prey s p e c ie s ) ,  i t  

i s  d i f f i c u l t  to  v is u a l i z e  a lo g ic a l  d i r e c t  r e la t io n s h ip  o f  in sec ts  to  

Sm aller p a r t i c le s .

The mean d i s t r i b u t i o n  presented in  F igure 4a is  based on the pe r­

cent we igh t in  each s iz e -c la s s  combined from the data o f  each i n d i v i ­

dual sample. Th is  d i s t r i b u t i o n ,  however, can a lso  be evaluated ih  

terms o f  the  estim ated number o f  p a r t i c le s  in  each s iz e -c la s s  (Table 

11). The volume, and hence we igh t o f  p a r t i c le s  o f  equal d e n s i ty ,  

changes by a f a c to r  o f  e ig h t  when s iz e  is  reduced o r  increased by a 

f a c to r  o f  two in  the  c r i t i c a l  dimension ( ra d iu s  in  t h is  case s ince  the 

p a r t i c le s  were considered to  be spheres f o r  s im p l i c i t y ) .  Thus, w h i le  the 

ac tua l we igh t o f  a l l  p a r t i c le s  in  the s iz e -c la s s e s  decreases sharp ly  

a t  two places along the mean curve (F igu re  4a) - -  from about s ize  c lass  

0 [ - 5 ]  to  about 0 [ - l ]  and again beyond c lass  0 [2 ]  - -  the  ac tua l number 

o f  p a r t i c le s  increases here, though a t  a dece lera ted  r a te ,  w i th  each 

success ive ly  sm a lle r  s iz e -c la s s .  At p o in ts  where the s lope o f  the 

curve is  neg a tive ,  the  ra te  o f  increase is  a c c e le ra t in g  (Table 11).

The h ig h ly  nega tive  s lope o f  the  d i s t r i b u t i o n  between 0 [ - 8 ]  and 

app rox im ate ly  0 [ - 5 ]  and hence the  ra p id  r i s e  in  p a r t i c le  numbers is  

a t t r ib u te d  to  the s iz e  l i m i t  o f  p a r t i c le s  in  the stream. (This area 

o f  the  curve is  somewhat s im i la r  to  t h a t  o f  a standard normal



Table 11. The estim ated we igh t o f  each p a r t i c le  and numbers o f  p a r t i c le s  in  each phi c lass  
f o r  the mean sub s tra te  d i s t r i b u t i o n  (F igu re  4a and Table 13). C a lc u la t io n s  were 
based on the  f a c t  t h a t  median volumes o f  p a r t i c le s  o f  any un ifo rm  shape in  a phi 
c la ss  w i l l  change by a f a c to r  o f  8 in  any ad jacen t phi c la s s .  For s im p l i c i t y ,  
a l l  p a r t i c le s  were considered to  be sphe r ica l and to  have a s p e c i f i c  g r a v i t y  o f  
3. The median r a d i i  o f  the  p h i-c la s s  s ize  ranges, ra th e r  than the  r a d i i  o f  the 
median volumes, were used in  the c a lc u la t io n s  in  order to  p a r t i a l Iy  m inim ize the 
b ia s ,  e s p e c ia l ly  in  the la rg e r  s iz e  c la sse s ,  o f  the non-random d i s t r i b u t i o n  o f  
p a r t i c le s  toward the minimum s ize  in  each c la s s .

Median Magnitude o f  change
Phi Size range . , . , - L f  Number o f  in  p a r t i c le  numbers

c la ss  (mm) ^ fa I 9 p a r t i c le s  between ad jacen t phi c lasses
_________________________________ ______________________________ la rge  small small -> la rge

5 <0.0625 1.618 X 10-7 1 .082 X
4 0.0625-0.125 1.294 X I O i 3.167 X
3 0.125-0 .25 1 .035 X !C r3 1.578 X
2 0 .25 -0 .5 8.283 X 10-5 4.502 X
I 0.5-1 6.626 X ICT4 5.174 X
0 1-2 5.301 X 1 0 - 3 6.906 X

- I 2-4 4.241 X 10-2
l o - i

6.395 X
-2 4-8 3.393 X 1.048 X
-3 8-16 2.714 X 10°  

I Ql
2.134 X

-4 16-32 2.171 X 5.076 X
-5 32-64 1.737 X 102 8.474 X
-6 64-128 1 .390 X IO3 5.785 X
-7 128-256 1.112 X IO4 4.329 X

10®

-IO6
IO5
IO4
IO3
IO3

S
IO01
IO-T
ICT3

3.416
2.007-
3.505
8 .7 Ol
7.492
10.70
6 . 102
4 . 9 l l
4.204
5.990
14.65
1 3 3 .6

2.927 x ICr 
4.983 x !C r ]  
2.853 x !C r ]  
1 .149 x 10-1 
1.335 x 10-1 
9.260 x 10-2 
1.639 x 10- 
2.036 x 10-1 
2.379 x 10-1 
1.669 x 10-1 
6.827 x !Cr? 
7.483 x ICT3

-f
Z

-
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d i s t r i b u t i o n .  ) The s lope o f  the  curve from approx im ate ly  0 [ - 5 ]  to  

0 [ - l ]  i s  q u i te  h ig h ly  p o s i t i v e  and represen ts  a r e l a t i v e l y  slow but 

un ifo rm  r i s e  in  p a r t i c le  numbers w i th  success ive ly  sm a lle r  c lasses .

The change o f  the s lope back to  nega tive  and hence an a c c e le ra t io n  in  

the increase in  numbers o f  p a r t i c le s  from c lasses 0[ - l ]  to  0[ 2]  rep re ­

sents the areas where the  reg ress ion  models in d ic a te d  the  g re a te s t  

s e n s i t i v i t y  in  p re d ic t in g  taxa q u a n t i t ie s .  A t the lower end o f  the 

d i s t r i b u t i o n  beyond about 0 [ 2] ,  the s lope o f  the d i s t r i b u t i o n  again 

becomes p o s i t i v e ,  though estimated numbers o f  p a r t i c le s  s t i l l  increase 

but a t  a dece le ra ted  ra te .

In the  s ize  range o f  p a r t i c le s  having the g re a te s t  s e n s i t i v i t y  f o r  

p re d ic t io n  o f  taxa numbers ( 0 [ - l ]  to  about 0 [ 3 ] ) ,  the  number o f  p a r t i c le s  

necessary to  make a s ig n i f i c a n t  change in  the  percent we igh t d i s t r i b u t i o n  

becomes in c re a s in g ly  la rg e  (Table IT ) .  Thus the s ig n i f ic a n c e  attached to  

these s iz e -c la s s e s  by the regress ions  represents  g rea t s e n s i t i v i t y  in  

m inute changes in  q u a n t i t y .  A t the o th e r  extreme, one la rg e  p a r t i c le  

added to  a sample would change the percentage d i s t r i b u t i o n  c ons ide rab ly ,  

y e t  could have l i t t l e  p ra c t ic a l  e f f e c t  on m ic r o d is t r ib u t io n  o f  taxa .

Thus i t  i s  easy to  see why the  la rg e s t  p a r t i c le s  were f a r  more e r r a t i c  

v a r ia b le s  w i th  regard to  t h e i r  ac tua l s ig n i f ic a n c e  and less  r e l i a b le  

in d ic a to r s  o f  organism q u a n t i t ie s .  I f  an a c t iv e  process is  a t  work in  

d i s t r i b u t i n g  the sm a lle r  p a r t i c le s  in d iv i d u a l l y  (as w i l l  be discussed 

s h o r t l y ) ,  i t  i s  easy to  see why the s m a lle r  p a r t ic le s  have such
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s ig n i f ic a n c e  when c ons ide r in g  the  magnitude o f  change in  numbers o f  

p a r t i c le s  necessary to  measurably a l t e r  the parameters (percentage by 

w e igh t)  used in  t h i s  s tudy.

In an area w i th  un ifo rm  c u r re n t  v e lo c i t y ,  both the s ize  o f  the p a r t i ­

c le  the c u r re n t  is  capable o f  e n t ra in in g  ( l i f t i n g  and t ra n s p o r t in g )  and 

the  d is tan ce  the p a r t i c le  can be c a r r ie d  is  in v e rs e ly  p ro p o r t io n a l to  the  

p a r t i c l e ' s  s ize  and w e igh t.  I f  a curve is  p lo t te d  w i th  the  s iz e ,  w e igh t,  

o r  d is tan ce  c a r r ie d  as the abscissa and the  frequency as the  o rd in a te ,  

the  curve w i l l  be concave and nega tive . In B la ine  Spring Creek, where 

the  d ischarge is  s ta b le  the year around and p e r io d ic  scour ing  thus does 

not occu r,  stream bottom d is tu rbances  which do occur r e s u l t  from the 

e n t ra in in g  o f  sm a lle r  p a r t i c le s  and the  s h i f t i n g  o f  la rg e r  p a r t ic le s  as 

the  l a t t e r  lo se  support from around them. As the la rg e r  p a r t i c le s  do 

s h i f t ,  the  sm a lle r  p a r t i c le s  in  the immediate area once she lte red  by 

the  la rg e r  p a r t i c le s  (Hynes 1970) w i l l  now be sub jected to  g rea te r  

in f lu e n c e  o f  the  c u r re n t  and p o s s ib ly  w i l l  become e n tra in e d .  I f  the 

d is tu rb e d  area has a good re p re s e n ta t io n  o f  a l l  p a r t i c le  s izes  (such as 

the  mean d i s t r i b u t i o n .  F igure 4a ) ,  the  sm a lle r  p a r t i c le s  w i l l  be swept 

away in  p ro p o r t io n  to  t h e i r  s iz e ,  the  in t e n s i t y  o f  the  c u r re n t  and the 

degree o f  tu rb u le nce . The r e s u l t in g  su b s tra te  d i s t r i b u t i o n  by weight 

w i l l  tend toward a unimodal curve skewed toward the  la rg e r  p a r t i c le  

s izes ( l i k e  th a t  dep ic ted  f o r  the " -3 "  phi d e v ia t io n  o f  the  fo u r  lowest 

p e rc e n t i le s  in  F igure  4a).
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Redeposit ion o f  p a r t i c le s  once en tra ined  by the c u r re n t  is  a lso 

in v e rs e ly  p ro p o r t io n a l  to  p a r t i c le  s iz e  and weight and p ro p o r t io n a l to  

c u r re n t  v e lo c i t y  under un ifo rm  c o n d it io n s .  Larger p a r t i c le s  tend to  

break up un ifo rm  c u r re n t  f lo w ,  causing g rad ien ts  from tu rbu lence  to  

quiescence, such as the dead-water areas t y p i c a l l y  found on the down­

stream sides o f  la rg e  stones (Jaag and AmbOhl 1964). Areas o f  qu ies ­

cence tend to  be re c e p t iv e  to  d e p o s it io n  o f  p a r t i c le s ,  though the pa r­

t i c u l a r  mechanisms in vo lve d  are no t f u l l y  understood .(Hynes. 1970). I f  

the areas which are re c e p t iv e  to  d e p o s i t io n  remain s ta b i l i z e d  over a 

per iod  o f  t im e , they  w i l l  p r o p o r t io n a l ly  c o l le c t  g re a te r  numbers o f  

redepos ited  p a r t i c le s ;  i f  such areas con ta in  a high p ro p o r t io n  o f  

la rg e r  p a r t i c le s ,  the r e d is t r ib u t io n  o f  sm a lle r  p a r t i c le s  in  these 

m ic ro h a b ita ts  w i l l  s h i f t  the o r ig in a l  d i s t r i b u t i o n  by we igh t from a 

skewed unimodal d i s t r i b u t i o n  to  one which p ro g re s s iv e ly  becomes b imodal 

( s im i la r  to  the  mean d i s t r i b u t i o n  dep ic ted  in  F igure 4a ).  The drop in  

the  curve o f  the  mean d i s t r i b u t i o n  beyond s iz e -c la s s  0 [3 ]  toward the  

sm a lles t p a r t i c le s  is  l i k e l y  due to  two fa c to rs .  F i r s t ,  the  m a jo r i ty  

o f  sm a lles t  p a r t i c le s  picked up by the  c u r re n t  w i l l  l i k e l y  not s e t t l e  

ou t u n t i l  the average c u r re n t  i s  reduced a pp re c iab ly .  Such areas d id  

not occur in  the  stream sec t ions  sampled. Second, the  mesh s ize  o f  

the sampler net a llowed some p a r t ic le s  in  the s iz e -c la s s e s  beyond 0' [2]  

to  pass through. Th is  corresponds to  the  p o in t  in  the  mean d i s t r i b u ­

t io n  where the curve drops. The re a l d i s t r i b u t i o n  in  t h i s  s ize  range.
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I f  not co n t in u in g  approx im ate ly  le v e l  o r  upward, would a t  le a s t  not 

drop q u i te  so r a p id ly .

The presence o f  sm a lle r  p a r t i c le s  in  areas w ith  la rg e r  su b s tra te ,  

th e re fo re ,  do not in  any way appear to  in f lu e n c e  the benthos d i s t r i b u ­

t io n  d i r e c t l y .  Rather i t  i s  an in d ic a t io n  o f  both how long a m icro ­

h a b i ta t  has remained s ta b le  and i t s  r e c e p t i v i t y  to  d e p o s it io n  o f  p a r t i ­

c le s .  Areas w i th o u t  la rg e  s ubs tra te  p a r t i c le s  w i l l ,  o f  course, rece ive  

sm a lle r  p a r t ic le s  to o ,  sometimes in  la rg e  q u a n t i t ie s .  But the 

reg ress ion  models in d ic a te d  th a t  the sm a lle r  p a r t i c le s  and to  a le s s e r  

ex ten t  the  la rg e r  p a r t i c le s  were both re la te d  to  benthos d e n s ity .  

F u r th e r ,  the  models showed th a t  a dominance o f  sm a lle r  p a r t i c le s  w ith  

few la rg e r  p a r t i c le s  was less  fa vo ra b le  f o r  in s e c t  d e n s i ty .  These 

m ic ro h a b ita ts  are those areas which are less  complex (Hynes 1970), 

where l i t t l e  space and v a r ie t y  o f  h a b i ta t  e x is ts  f o r  organisms. On 

the o th e r  hand, areas w i th  a dominance o f  la rg e r  p a r t i c le s  are fa vo ra b le  

f o r  h a b i ta t io n ,  but the  la ck  o f  sm a lle r  p a r t ic le s  l i k e l y  in d ic a te s  th a t  

the area is  e i th e r  not re c e p t iv e  to  d e p o s i t io n ,  o r  was re c e n t ly  d i s ­

tu rbed and has not y e t  become f u l l y  co lon ized .

Areas re c e p t iv e  to  d e p o s it io n  o f  s ubs tra te  p a r t i c l e s 'w i l l  a lso 

l i k e l y  rece ive  d e t r i t u s  and food organisms. S table groups o f  stones 

w i l l  a l lo w  pe r iphy ton  to  develop on the  upper su rfaces . H igher aqua tic  

p lan ts  are a llowed to  anchor and deve lop. I t  appears t h a t  once an 

area develops a s a t is f a c to r y  food regime, in sec ts  are a t t r a c te d  to  i t
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i f  o th e r  fa c to rs  are not l i m i t i n g .  I f  la rg e r  s u b s tra te  p a r t ic le s  

themselves were the p r in c ip le  f a c to r  to  success in  c o lo n iz a t io n ,  in s e c ts  

would im m ediate ly c o lo n iz e  these p a r t ic le s .  L ikew ise , i f  c u r re n t  was 

the p r in c ip le  f a c to r ,  in se c ts  should immediate ly co lo n iz e  the  la rg e r  

stones which prov ide  an i n f i n i t e  v a r ie t y  o f  m ic ro c u r re n ts .  But organ­

isms tend to  be found in  areas where they  are out o f  a t  le a s t  the d i r e c t  

in f lu e n c e  o f  c u r re n t ,  and in  a l l  but p o o r ly  oxygenated streams, the  

renewing o f  water around organisms does not appear to  be c r i t i c a l  

( U l f s trand  1967). Because the in se c ts  are s t ro n g ly  c o r re la te d  to  the 

sm a lle r  s ubs tra te  p a r t ic le s  which are deposited w i th  t im e ,  the la rg e r  

s u b s tra te  and c u r re n t  fa c to rs  do not appear to  be o f  immediate impor­

tance here. The d e p o s it io n  o f  sm a lle r  p a r t i c le s  r e f l e c t s  s t ro n g ly  on 

the development o f  a s a t is f a c to r y  food regime, which appears to  be the 

p r in c ip le  f a c to r  in  the  development o f  fa vo ra b le  m ic ro h a b ita ts  f o r  

in s e c ts .

The m ic ro h a b ita ts  were e s p e c ia l ly  s e n s i t iv e  to  changes in  q u a n t i t ie s  

o f  sm a lle r  p a r t i c le s  because i t  can be expected th a t  the on ly  p a r t ic le s  

c a r r ie d  by the c u r re n t  were those from e ros ion  w i th in  the  stream i t s e l f .  

The p r e d ic t iv e  va lue o f  t h i s  f a c to r  was enhanced by the  f a c t  th a t  no 

m a te r ia ls  were c a r r ie d  in to  the area from above, no feeder streams 

entered the  area s tu d ie d ,  and the d ischarge and thus v e lo c i t y  remained 

constant year around. A lso ,  gross s u b s tra te  v a r i a b i l i t y  in  the stream 

areas was m in im a l, and p h e n o typ ica lIy  would have been considered
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un ifo rm  throughout as based on the d e s c r ip t io n s  o f  s u b s tra te  contained 

in  v i r t u a l l y  a l l  o th e r  s tud ie s  o f  subs tra te -o rgan ism  re la t io n s h ip s .

The r e la t io n s h ip  o f  p la n ts ,  e s p e c ia l ly  the moss, which were a lso 

found c o r re la te d  to  sm a lle r  s ubs tra te  p a r t i c le s  have been ignored to  

t h is  p o in t .  In  those reg ress ions  where both the moss and the  f i n e r  

su b s tra te  p a r t i c le s  were considered independent v a r ia b le s  to  the  in s e c t  

ta x a ,  i t  was the s u b s tra te  which was f a r  more s ig n i f i c a n t .  Because 

s trong  s imple c o r re la t io n s  e x is t  between moss and the  sm a lle r  p a r t i c le s ,  

i t  becomes ev iden t t h a t  the  moss i t s e l f  ac ts  s im i l a r l y  to  the  la rg e r  

s u b s tra te  by causing p a r t i c le s  to  s e t t l e  from the  c u r re n t .  Thus these 

p a r t ic le s  are a dependent v a r ia b le  to  the  moss which i t s e l f  becomes 

independent in  t h i s  case. The i n i t i a l  presence o f  moss i t s e l f  undoubtedly 

adds to  the  s t a b i l i t y  o f  the s u b s tra te  underneath i t .  In a d d i t io n ,  . 

obse rva tions  revealed th a t  the moss i t s e l f  anchors onto r e la t i v e l y  

la rg e  stones which in  themselves tend to  be more s ta b le .

I t  i s  now e v id e n t  t h a t  the  sm a lle r  s ubs tra te  p a r t i c le s  contained 

in  the  samples were from the streambed i t s e l f  w i th in  the complex o f  

la rg e r  p a r t i c le s  and from th a t  c o l le c te d  by the  moss. While i t s  pres­

ence from both sources i n d i r e c t l y  and u l t im a te ly  r e f l e c t s  on a fa v o r ­

ab le  food regime and thus does not a l t e r  the  conc lus ions drawn pre­

v io u s ly  about i t s  s ig n i f ic a n c e ,  i t  does c a l l  f o r  a d i f f e r e n t  ou t look  

on the r e la t io n s h ip  o f  moss as an independent v a r ia b le  to  in s e c ts .

This is  e s p e c ia l ly  t ru e  f o r  the f i n a l  model, regress ion  S, where the
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s tro n g e s t  in d ic a to r s  o f  su b s tra te  ( the  lower p e rc e n t i le  group which 

r e f l e c t s  on the s ize  range o f  p a r t i c le s  trapped by moss) were d e l ib e r ­

a te ly  chosen, in a d v e r te n t ly  f u r t h e r  m in im iz ing  the  s ig n i f ic a n c e  o f  

the moss. The on ly  reg ress ion  a v a i la b le  where p la n ts  were considered 

independent v a r ia b le s  to  the in s e c t . ta x a ,  but no s u b s tra te  parameters 

were in c lud ed , is  reg ress ion  I .  A comparison o f  the t values o f  taxa 

s ig n i f i c a n t  to  the  p la n ts  in  both reg ress ion  T and reg ress ion  S (the 

l a t t e r  is  the same as reg ress ion  R w i th  the  lowest p e rc e n t i le  group 

added) shows the fo l lo w in g  r e la t io n s h ip s  (data from Table 8 ) :
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reg T 4.020 2 :645 . 3.380 2.543 5.435 -3 .520 5.034

Th is  phenomenon occurs , as mentioned e a r l i e r ,  because both the moss and 

the  sm a lle r  s u b s tra te  p a r t i c le s  are in d iv i d u a l l y  s ig n i f i c a n t  to  in se c ts  

and both are a lso  s t ro n g ly  c o r re la te d  to  each o th e r .  Note t h a t ,  ins tead  

o f  the fo u r  taxa n e g a t iv e ly  c o r re la te d  and one taxa p o s i t i v e l y  c o r re ­

la te d  to  the moss in  reg ress ion  S (F igu re  5a), f i v e  taxa are p o s i t i v e ly
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c o r re la te d  and one taxa n e g a t iv e ly  c o r re la te d  in  reg ress ion  I .  This 

now c lo s e ly  corresponds w i th  the obse rva tions  made w h i le  s o r t in g  the 

organisms. Consequently, s ince  the  sm a lle r  s ubs tra te  p a r t i c le s  c o l le c te d  

by the moss and dependent on i t  could not have been analyzed se pa ra te ly  

from a l l  o th e r  small p a r t i c le s ,  the s ig n i f ic a n c e  o f  the moss to  the 

in se c ts  was m inimized in  the  an a ly s is  because the sm a lle r  subs tra te  

independent from the moss- i t s e l f  was so s t ro n g ly  re la te d  to  in s e c t  

d e n s ity .

Auteootogioat considerations. Though the approach o f  t h is  study 

was s y n e c o lo g ic a l , some aspects o f  the  a u teco log ica l re la t io n s h ip s  should 

be noted here. From general obse rva tion  i t  was noted t h a t  the moss 

(AmbtyStegium noterophilum) p r im a r i l y  in hab ite d  areas o f  f a s t  cu r re n t  

whereas the watercress {Rorippa nasturtiuni-aquaticwn) in h a b ite d  shore­

l in e s  where the c u r re n t  was reduced, o r  o the r  slower water areas not 

sampled. The c u r re n t  measurements in  f a c t  were s ig n i f i c a n t l y  nega­

t i v e l y  c o r re la te d  to  the  w a te rc ress , but not c o r re la te d  to  any o the r 

taxa . M ic rocu rre n ts  measured w i th in  sampled areas a t  the  subs tra te  

le v e l tended to  vary  cons ide rab ly  depending on p re c is e ly  where the 

meter was placed and thus were inadequate measurements w i th  respect to  

p rec ise  lo c a t io n  o f  most taxa . However, gross cu rre n ts  in  areas occu­

pied by moss and areas occupied by watercress d i f f e r e d  enough th a t  they  

r e f le c te d  on the  o v e ra l l  range o f  the  m ic rocu rre n ts  measured. The 

pondweed {Zanniohettia patustris) was not present in  s u f f i c i e n t

- 8 2 -
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q u a n t i t ie s  in  any o f  the  sampled areas to  make general observa tions  on 

i t s  r e la t io n s h ip  to  c u r re n t .

The elmid b ee t le  la r v a ,  Optioservus s p . , was the most s t ro n g ly  

co rre la ted , to  the  moss o f  a l l  in s e c t  taxa .  Both the  f a c t  th a t  i t  i s  

a he rb ivo re  and is  a c l in g in g ,  non-swimming la rv a  l i k e l y  c o n t r ib u te  

to  t h i s  h a b i ta t  p re fe rence . Most numerous o f  the s to n e f l ie s  c o l le c te d  

from the  stream was Isoperla s p . ,  a c a rn iv o re .  Acroneuria paoifioa, 
another c a rn iv o re ,  was a lso  c o l le c te d  though in  small numbers compared 

to  Isoperla sp. (Table 15). Nemoura s p . , a h e rb iv o re ,  was present in  

small numbers compared to  Isoperla sp. in  those samples examined c r i t i ­

c a l l y .  Because both Isoperla sp. and Nemoura sp. were too small to  

separate f e a d i l y  in  q u a n t i t ie s  even under m a g n i f ic a t io n ,  i t  was neces­

sary to  ta b u la te  them to g e th e r  as the "o th e r  s to n e f ly "  group. The 

s t o n e f l ie s  were s t ro n g ly  c o r re la te d  (Table 4) to  o the r  in s e c t  taxa w i th  

the excep tion  o f  Glossosoma sp. Though no a n a lys is  was made in  t h is  

study o f  s p e c i f i c  food h a b ita ts  o f  the  taxa from t h is  stream, i t  is  

p la u s ib le  t h a t  the ca rn ivo rous  s t o n e f l ie s  were d is t r ib u te d  w i th in  the 

m ic ro h a b ita ts  p r im a r i l y  in  r e la t io n  to  lo c a t io n  o f  s u i ta b le  prey as 

long as o th e r  h a b i ta t  requirements were not l i m i t i n g .

Baetis sp. and Paraleptophlebia sp. are f re e - ra n g in g  m ayfly  genera 

which can c l in g  to  su b s tra te  in  f a s t  c u r re n ts  (Pennak 1953). Bphemerella 
infrequens, however, i s  more t y p i c a l l y  found c l in g in g  in  c rev ices  .and 

undersides o f  s tones. A l l  th ree  genera are he rb ivo rous , feed ing  on algae



and t is s u e s  o f  h igher aqua tic  p la n ts .  Though no v a r ia b le s  were s i g n i f i ­

c a n t ly  c o r re la te d  to  Baetis sp. in  any o f  the reg ress ion  ana lyses, t h i s  

genus showed simple nega tive  c o r re la t io n s  to  each o f  the  p e rc e n t i le s .  In 

a d d i t io n ,  i t s  r e la t i v e  numerical p ro p o r t io n  a t s ta t io n  3 (Table 15 ),  which 

conta ined the  g re a te s t  p ro p o r t io n  o f  la rg e  s ubs tra te  p a r t i c le s  (Table 13 ),  

was h igh . And, except f o r  Glossosoma s p . , i t s  occurrence on those rocks 

scooped from the sampler was p r o p o r t io n a l ly  g re a te r  than any o the r  in s e c t  

taxon (see The sampler used in this study in  the A ppend ix ) . . Th is evidence 

p lus  the  f a c t  t h a t  no th ing  was c o r re la te d  to  i t  in  the regress ion  a n a ly s is  

r e f l e c t s  on i t s  f re e - ra n g in g  behavior and a b i l i t y  to  move q u ic k ly  from 

place to  p lace , thus a l lo w in g  i t  to  randomly d isperse  i t s e l f  and in h a b i t  

more areas than any o f  the o th e r  taxa . Paraleptophlehia s p . , on the o th e r  

hand, showed s ig n i f i c a n t  c o r re la t io n  to  the moss. Ephemerella infrequens 
showed s ig n i f i c a n t  negative  c o r re la t io n  to  the w a te rc ress , l i k e l y  r e f l e c t ­

ing on i t s  c ra w l in g  behavior among stones.

D is t i n c t  d i f fe re n c e s  were noted between Glossosoma sp. and the o th e r ,  

two caddi f l y  genera, Rhyacophila sp. and Oahrotrichia sp. Glossosoma s p . , 

a stone c a s e -b u i ld e r  which a ttaches i t s  cases to  unders ides o f  la rg e r  

s tones, was n e g a t iv e ly  c o r re la te d  in  numbers to  the  o th e r  two genera. 

C ons is ten t w i th  i t s  observed h a b i ta t ,  i t  showed the most d i s t i n c t  trend  

toward nega tive  c o r re la t io n s  to  sm a lle r  subs tra te  p a r t i c le s ,  and p o s i t i v e  

c o r re la t io n  ,to the la rg e r  p a r t i c le s .  The o the r  c a d d is f l i e s  showed a y *
" -v

general though less  d i s t i n c t  trend  in  the opposite  d i r e c t io n .  Al so  ̂ ,
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Glossosoma sp. showed s trong  negative  c o r re la t io n  to  the  moss in  the 

s imple c o r re la t io n  m a tr ix  ( the  on ly  in s e c t  taxa to  do so) and in  the  

m u l t ip le  reg ress ion  ana lyses. Ochrotrichia sp. which uses sand p a r t i ­

c le s  f o r  i t s  purse-shaped case, tended to  be n e g a t iv e ly  c o r re la te d  to  

the  p la n ts .  Rhyacophila s p . , an e n t i r e l y  f r e e - l i v i n g  and t y p i c a l l y  

ca rn ivo rous  c a d d is f ly ,  was moderate ly c o r re la te d  to  the o th e r  in sec t  

taxa . As w i th  the carn ivo rous  s to n e f l ie s ,  t h is  probably  r e f l e c t s  on 

the s ig n i f ic a n c e  o f  the food fa c to r  in  t h e i r  d i s t r i b u t i o n .

Interaction of factors influencing microdistribution

From pub lished research d a t in g  back to  about the year 1930, and 

e s p e c ia l ly  w i th in  the  past decade, severa l fa c to rs  have been a t t r ib u te d ,  

o r  a t  le a s t  shown to  be c o r re la te d ,  to  m ic r o d is t r ib u t io n  o f  organisms. 

The degree o f  s ig n i f ic a n c e  attached to  each fa c to r  is  v a r ie d ,  due in  

p a r t  to  the  p a r t i c u la r  stream s tu d ie d .  Al s o , f a i l u r e  to  recogn ize th a t  

fa c to rs  tend to  vary  in  p a r a l le l  fash ion  because they are in te r r e la te d  

(U1 f s trand 1968) has a lso  led to  some o f  the  d iscrepancy. Most 

researchers throughout the  p e r io d ,  however, would be in  agreement w i th  

the p ro p o s i t io n  s ta ted  by Cummins (1964) t h a t ,  w i th in  the  framework o f  

c e r ta in  fa c to rs  which in f lu e n c e  m a c ro d is t r ib u t io n  ( d i s t r i b u t io n  o f  

organisms over g ro s s ly  d i f f e r e n t  sec t ion s  o f  streams o r  even adjacent 

s tream s), o th e r  fa c to rs  operate under the  c o n d it io n s  imposed by those 

in f lu e n c in g  m a c ro d is t r ib u t io n  to  re g u la te  lo c a l iz e d  d i s t r i b u t i o n  o f
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organisms. As in d ic a te d  in  the in t r o d u c t io n ,  those fa c to rs  g e n e ra l ly  

considered to  e x e r t  a more un ifo rm  e f fe c t  over gross se c t ion s  o f  a 

stream in c lud e  the d i r e c t  o r  in d i r e c t  e f fe c ts  o f  tem pera ture , chemical 

p ro p e r t ie s  o f  the stream, oxygen co n te n t ,  and a l t i t u d e .  Under t h is  

framework, fa c to rs  a t t r ib u te d  to  producing the non-random d is t r i b u t i o n  

o f  benthos in  lo c a l iz e d  areas (Table I )  are s u b s tra te  c h a r a c te r is t i c s ,  

c u r re n t  v e lo c i t y ,  food d i s t r i b u t i o n ,  shading versus d i r e c t  i l lu m in a t io n ,  

oxygen conce n tra t io n  when near minimal to le ra n ce  to  organisms, and 

depth.

The in te r a c t io n  o f  h a b i ta t  v a r ia b le s  a t t r ib u te d  to  in f lu e n c in g  

m ic r o d is t r ib u t io n  are complex, and the in v e s t ig a to rs  l i s t e d  in  Table I 

and o the rs  have proposed va r ious  in te r a c t io n s  o f  the p a r t i c u la r  fa c to rs  

they in v e s t ig a te d  w i th  the  benthos. In te ra c t io n s  o f  these fa c to rs  p lus 

those e lu c id a te d  in  t h i s  s tudy are presented s ch e m a t ica l ly  in  F igure 6. 

Because o f  the v a r i a b i l i t y  o f  d i f f e r e n t  streams, not a l l  o f  these may 

be s ig n i f i c a n t  o r  operable in  each stream.

In te r r e la t io n s h ip s  w i th  s ubs tra te  are perhaps the most va r ied  

(F igu re  6 ) .  Substra te  prov ides h a b i ta t  space f o r  fo ra g in g  and p ro te c t io n  

aga ins t p re d a to rs ,  a p lace f o r  d e p o s it io n  o f  food substances, a place f o r  

per iphy ton  growth and attachment o f  h ighe r  aqua tic  p la n ts ,  and a p lace 

where the  c u r re n t  is  broken up in to  a v a r ie t y  o f  m ic rocu rre n ts  and t u r ­

bulence. Under spec ia l c o n d i t io n s ,  i t s  cha rac te r  determines the success 

w i th  which c e r ta in  organisms can burrow in to  i t  and the corresponding
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q u a n t i ty  o f  oxygen th a t  must be consumed (e .g .  burrowing m a y f l ie s ,

Eriksen 1963, 1964). A lso ,  the  su b s tra te  is  a p lace onto which cadd is -  

f l i e s  anchor cases o r  c o n s t ru c t  n e ts ,  and provides m a te r ia l  from which 

to  c o n s t ru c t  cases. H igher aqua tic  p la n ts  and d e t r i t u s  must be considered 

subs tra tes  in  themselves as w e ll as food sources f o r  a p p ro p r ia te  in v e r t e ­

b ra tes .

Cummins (1962, 1964, 1966) and Cummins and L a u f f  (1969) have suggested 

t h a t ,  o f  a l l  the fa c to rs  g e n e ra l ly  a t t r ib u te d  to  in f lu e n c in g  m ic r o d i s t r i ­

bu t ion  in  streams (e s p e c ia l ly  the th re e  predominant ones - -  s u b s tra te ,  

c u r re n t  and fo o d ) , su b s tra te  should be the basic denominator in  stream 

ben th ic  ecology. They, along w ith  Moon (1939) and Thoroup (1966), p o in t  

out t h a t  s ubs tra te  not o n ly  in te ra c ts  w i th  most o the r  fa c to rs  (F igu re  6 ) .  

but i t  a lso  is  r e l a t i v e l y  easy to  p h y s ic a l ly  analyze compared to  the 

o th e rs .  The problem w i th  previous s tud ie s  on s ubs tra te  is  t h a t ,  except 

f o r  Cummins' (1964) work w i th  two species o f  c a d d is f l i e s ,  no researchers 

have made d e ta i le d  analyses o f  the s u b s tra te  p re c is e ly  from where the 

organisms were c o l le c te d .  In most e a r l i e r  s tu d ie s ,  the  phenotype 

( s u p e r f i c ia l  appearance) o f  areas have been used to  eva lua te  the e f fe c t  

o f  s u b s tra te  on m ic r o d is t r ib u t io n .  Th is  type o f  approach necess ita tes  

the co n s id e ra t io n  o f  la rg e r  sec t ions  o f  streams than d e s ira b le  to  f in d  

h a b ita ts  which are s u p e r f i c i a l l y  d i f f e r e n t .  The p o te n t ia l  th a t  o th e r ,  

perhaps unknown o r  unrecognized, fa c to rs  w i l l  en te r  in  i s  thus g re a t ly  

increased. Most o f  the  more.recent s tud ie s  have used more re f in e d
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methods, g e n e ra l ly  e i t h e r  measuring the  dimensions o f  the  la rg e s t  stone 

in  the area, o r  one dimension o f  a l l  the  la rg e r  stones above a given 

s iz e .  The problem here i s  th a t  much o f  the  r e l a t i v e l y  la rg e r  m a te r ia l 

and a l l  o f  the  sm a lle r  p a r t i c le s  are s t i l l  ignored . In t h i s  s tudy, 

c r i t i c a l  grad ing o f  the  s ubs tra te  p o r t io n  o f  the samples and d e ta i le d  

an a ly s is  o f  the  data showed th a t  s u p e r f i c i a l l y  id e n t ic a l  areas o f  sub­

s t r a te  can d i f f e r  co n s id e ra b ly ,  and such d i f fe re n c e s  can be re la te d  to  

v a r ia t io n s  in  benthos d e n s i ty .

The macro- and m ic ro -c u rre n ts  o f  a stream determ ine the s ize  and 

d i s t r i b u t i o n  o f  p a r t i c le s ,  the d i s t r i b u t i o n  o f  d e t r i t u s  and o ther 

o rgan ic  m a tte r ,  and the renewing o f  water around organisms located in  

boundary la ye rs  o r  deadwater areas (F igu re  6) . Considerable a t te n t io n  

was paid by researchers , e s p e c ia l ly  in  e a r l i e r  p u b l ic a t io n s ,  to  the 

p o te n t ia l  in f lu e n c e  o f  the  c u r re n t  in  m echan ica l ly  d is lo d g in g  organ­

isms from subs tra tes  where the f u l l  fo rc e  o f  the c u r re n t  came in to  d i r e c t  

co n ta c t .  According to  these s tu d ie s ,  t h is  a lleged  in f lu e n c e  was the 

basis of. i t s  s ig n i f ic a n c e  over o th e r  e f fe c ts  o f  c u r re n t  shown in  F igure 

6 . More recen t concepts o f  boundary la ye rs  and tu rb u le nce  (Jaag and 

AmbUhl 1964, Eriksen 1966, U lfs t ra n d  1967) g e n e ra l ly  d ism iss  the o ld e r  

concept o f  the c u r re n t 's  mechanical in f lu e n c e  as a s ig n i f i c a n t  f a c to r  

except under extreme c o n d it io n s .  I t  is  now suggested th a t  the boundary 

la y e r  o f  r e l a t i v e l y  q u ie t  water which extends above s u b s tra te  p a r t ic le s  

is  g e n e ra l ly  a t le a s t  as high as the organism i t s e l f ,  and has l i t t l e
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c o r re la t io n  to  the  c u r re n t  d i r e c t l y  above i t .  The s ig n i f ic a n c e  o f  

re a e ra t io n  by c u rre n ts  a lso  may be over-emphasized. U l fs t ra n d  (1967) 

po in ts  ou t t h a t ,  unless a s tream 's  oxygen c once n tra t io n  is  near minimal 

to le ra n c e s ,  the c once n tra t io n  o f  oxygen anywhere w i th in  the  h a b ita t  

space o f  the organisms is  w e ll w i th in  l i m i t s  and is  not a c r i t i c a l  

f a c to r  in  most streams. Thus the assessment from the most recent 

s tud ie s  i s  th a t  m ic ro cu rre n ts  themselves are o f  le ss  s ig n i f ic a n c e  than 

fo rm e r ly  a t t r ib u te d  w i th  regard to  i t s  mechanical in f lu e n c e  and a e ra t io n .  

They s t i l l  r e ta in  t h e i r  s ig n i f ic a n c e  in  d e p o s it io n  o f  food and o ther 

p a r t i c le s  to  s p e c i f i c  lo c a t io n s ,  and on a la rg e r  sca le  in  de term in ing  

the make-up o f  the  su b s tra te  com position (Macan 1961).

The food fa c to r  is  one th a t  is  o f te n  igno red , and in  a l l  but the 

most re ce n t s tu d ie s ,  has been neg lected w i th  regard to  s p e c i f i c  d i s t r i ­

bu t ion  o f  benthos. U l fs t ra n d  (1967) p o in ts  out t h a t ,  o f  the th ree  fa c ­

to rs  - -  s u b s t ra te ,  c u r re n t ,  and food - -  a t t r ib u te d  to  be most s ig n i f i c a n t  

in  a l l  but spec ia l s i t u a t io n s ,  s u b s tra te  and c u r re n t  can probably  be t o l ­

erated under sub-optimal c o n d it io n s  more r e a d i ly  than can food. Yet, the  

food f a c to r  is  perhaps the  most d i f f i c u l t  to  assess w i th  regard to  m ic ro ­

d i s t r i b u t i o n  s ince i t  would re q u ire  de te rm in ing  s p e c i f i c a l l y  what organ­

isms are feed ing  on and in  which s p e c i f i c  h a b i ta ts .  Use o f  la b o ra to ry  

streams in  c o n ju n c t io n  w i th  f i e l d  s tu d ie s  c e r t a in l y  appears to  be a 

prom ising s o lu t io n  here.

Other fa c to rs  o c c a s io n a l ly  are a t t r ib u te d  to  in f lu e n c in g



m ic r o d is t r ib u t io n .  Depth has o c c a s io n a l ly  been shown to  be c o r re la te d ,  

but s t a t i c  pressure is  not a f a c to r  a t  sha llow  depths (U lfs t ra n d  1967). 

C o r re la t io n  o f  depth to  m ic r o d is t r ib u t io n  is  l i k e l y  due to  i t s  own 

c o r r e la t io n  to  some o th e r  fa c to rs  more d i r e c t l y  re la te d  to  the  organisms, 

such as i t s  e f f e c t  on l i m i t i n g  l i g h t  f o r  a lg a l growth o r  behaviora l 

aspects such as emergence near s h o re l in e s .  Hughes (1966&) found th a t  

f o r  two species o f  m ay fly  nymphs, the e f fe c ts  o f  v e g e ta t iv e  shading on 

m ic r o d is t r ib u t io n  were due p r im a r i l y  to  responses to  l i g h t  s t im u l i ,  

r a th e r  than i n d i r e c t l y  through in f lu e n c e  on a lg a l growth o r  tem pera ture , 

o r  by d e p o s it io n  o f  a l loc thonous  le a f  d e t r i t u s .

From t h e i r  e v a lu a t io n  o f  the  use o f  la b o ra to ry  streams in  the  study 

o f  m ic r o d is t r ib u t io n ,  Cummins and L a u f f  (1969) suggested the concept o f  a 

h ie ra rch y  o f  fa c to rs  which a f f e c t  m ic r o d is t r ib u t io n .  U l fs t ra n d  (1967, 

1968) s im i l a r l y  suggested th a t  f a c to r  com binations, ra th e r  than s in g le ,  

fa c to rs  a lone , must be considered, and urged t h a t  methods f o r  ana lyz ing  

these fa c to rs  as a group be found. I t  i s  q u i te  p la u s ib le ,  and demon­

s t ra te d  to  some e x te n t  from the most recen t pub lished research and in  

t h i s  s tudy , th a t  the  p a r t i c u la r  h ie ra rc h y  is  v a r ia b le  not o n ly  in  d i f f e r ­

ent streams but w i th in  com para t ive ly  lo c a l iz e d  sec t ions  o f  the same 

stream. Anyone o f  the  th re e  p r in c ip a l  fa c to rs  - -  s u b s t ra te ,  food or 

c u r re n t  — can be l i m i t i n g  no m atte r  how favo rab le  the c o n d it io n s  o f  the 

o th e r  two m ight be. I f  none are c r i t i c a l l y  l i m i t i n g ,  as would be 

expected in  most s i t u a t io n s ,  then the  in te r a c t io n  o f  a t  le a s t  th ree  

fa c to rs  should be considered to  determ ine which is  dominant.
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Opinion v a r ie s  as to  which f a c to r  dominates o v e ra l l  w i th in  the i n t e r ­

ac t ion s  o f  fa c to r s .  Each fa c to r  has i t s  proponents, which r e f l e c t s  con­

s id e ra b ly  on the  s p e c i f i c  stream systems w i th  which the  researchers are 

f a m i l i a r .  Among the more recen t s tu d ie s ,  Cummins (1962, 1966) favo rs  the  

s u b s tra te  f a c to r ,  though he does not m in im ize the s ig n i f ic a n c e  o f  food. 

Though t h i s  pre ference f o r  sub s tra te  is  re la te d  to  the  p ra c t ic a l  aspect 

t h a t  i t  i s  the  on ly  p r in c ip le  f a c to r  which can r e a d i ly  be measured in  

na tu ra l h a b i ta ts ,  he as w e ll as Thorup (1966) a lso  note th a t  subs tra te  

has many in te r r e la t io n s h ip s  w i th  o th e r  fa c to rs  o f  the  environment.

S co tt  (1958), Jaag and Ambtlhl (1964), and a m a jo r i ty  o f  European 

researchers ( Kamler and Riedal 1960) fe e l  th a t  the c u r re n t  i s  the most 

im portan t f a c to r ,  though t h is  is  based on the prim ary in te ra c t io n s  o f  

c u r re n t  w i th  more d i r e c t  fa c to rs  (F igu re  6 ) . Jaag and Ambtlhl adm it, 

however, t h a t  c u r re n t  i s  i n s ig n i f i c a n t  in  the boundary la y e rs  which the  

organisms in h a b i t .  U l fs t ra n d  (1967) favo rs  the food f a c to r  because, as 

mentioned above, i t  can be to le ra te d  under sub-optimal c o n d it io n s  to  a 

le sse r  degree than can c u r re n t  o r  su b s tra te  type . In my s tudy , c u r re n t  

appears to  be the le a s t  s ig n i f i c a n t  o f  the  th ree  main fa c to rs  a t  the 

immediate le v e l o f  the organisms. In B la ine  Spring Creek, the general 

c u r re n t  does not va ry  seasona lly  l i k e  most streams, and consequently does 

no t have periods o f  g r e a t ly  increased f lo w  which can scour es tab l ished  

h a b i ta ts .  Because t h i s  was a h e a d w a te r  s e c t i o n  o f  t h e  s t re a m  

w ith o u t  ve g e ta t iv e  shading, very l i t t l e  a l loc thonous d e t r i t u s  entered o r
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was c o n t r ib u te d  here. Thus, c u r re n t  does not fu n c t io n  to  d i s t r ib u te  

organ ic  m a tte r  o th e r  than r e l a t i v e l y  m inor amounts re leased by the 

stream i t s e l f .  The re fo re ,  in  the headwater sec t ion  o f  B la ine  Spring 

Creek, i t  i s  the  in te r a c t io n  o f  the es tab lishm ent o f  s ta b le  subs tra te  

w i th  the  development o f  a s u i ta b le  food regime which appears to  dominate. 

I f  these areas o f  s ta b le  s u b s tra te  p rov ide  the  minimal requirements f o r  

space and p ro te c t io n ,  i t  i s  the a v a i l a b i l i t y  o f  s u i ta b le  food sources 

which u l t im a te ly  re g u la te s  m ic r o d is t r ib u t io n  in  t h is  stream.

The study showed th a t  a d e ta i le d  a n a ly s is  o f  s u b s tra te  s ize  com­

p o s i t io n  as suggested by Cummins (1962, 1964, 1966), Cummins and L a u ff  

(1969) and Thorup (1966) can be used to  e lu c id a te  i t s  e f fe c ts  on m ic ro ­

d i s t r i b u t i o n .  Secondly, t h i s  study in te g ra te d  a l l  recognized and 

measured v a r ia b le s  w i th  each o the r  and re la te d  t h e i r  in f lu e n c e  to 

m ic r o d is t r ib u t io n .  Eriksen (1966) makes the plea t h a t ,  because gross 

measurements o f  the environment are o f  l i t t l e  value to  the  understanding 

o f  the  m icroenvironm ent, the  parameters w i th in  the  m ic ro h a b ita ts  o f  the 

g iven organisms must be determ ined. A d m it te d ly ,  the  stream in  t h is  

study was chosen to  m in im ize v a r i a b i l i t y  o f  fa c to rs  t y p i c a l l y  more 

v a r ia b le  in  most o th e r  streams to  reduce the  com p lex ity  o f  a n a ly s is .  

However, A l le n  (1959) suggests th a t  the proper approach to  such s tud ies  

is  to  choose a stream w ith  minimal v a r ia t io n  in  a l l  but the  prime 

f a c to r  to  be cons idered. ,
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A lo g ic a l  fo l lo w -u p  to  t h i s  study could in v o lv e  severa l aspects. 

F i r s t ,  i t  would be in te r e s t in g  to  ana lyze the re s u l t s  from c a r e fu l l y  

placed t ra y s  o f  v a r io u s ly  graded su b s tra te  w i th in  the stream stud ied  

to  determ ine i f  the  o r ig in a l  d i s t r i b u t i o n  o f  s u b s tra te  p a r t i c le s  does 

evolve w i th  t im e in  the  manner hypothesized. Second, i t  would be i n t e r ­

e s t in g  to  app ly  the  methods o f  analyses used in  t h is  s tudy ,  namely the 

in te g ra t io n  o f  a l l  p o te n t ia l  v a r ia b le s  w i th  a m u l t ip le  reg ress ion  

a n a ly s is ,  to  a stream which has more v a r ia t io n  in  o th e r  fa c to rs  than 

found here. And t h i r d ,  i t  would be in te r e s t in g  to  analyze the d i s t r i ­

bu t ion  o f  organisms in  la b o ra to ry  streams where the magnitude o f  the 

va r ious  fa c to rs  could be c a r e f u l l y  c o n t r o l le d ,  and the  movements o f  

organisms d i r e c t l y  observed.
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The sampler used in this study

Data compiled s e p a ra te ly  from the net and bucket p o r t io n s  o f  the 

sampler (see Methods- and M a te r ia ls )  show th a t  the fo l lo w in g  percentages 

o f  each taxon were obta ined from each p o r t io n :

net bucket net bucket

PLANTS 72.85 27.15 Ephemeroptera 70,77 29.23

A. noterOTpliilvm 
R. nasturtium-aquat.

72.57
82.08

27.43
17.92

E. infrequens 
Eaetis sp. 
Paralepto- 
phlebia sp.

72.92
59.48

27.08
40.52

Z. palustris 80.14 19.86. 84.29 15.71

T r ich o p te ra 57.59 42.41

INSECTS 71.12 28.88 Oahrotriekia sp. 
Glossosoma sp.

72.54
20.92

27.46
79.08

P lecoptera 75.28 24.72 Rhyaoophila sp. 52.23 47.77
. A. pacifioa

o the r  s tone - f l ie s
71.31
75.39

28.69
24.61 Coleoptera : 

Optioservus sp. 72.90 27.10

No d e l ib e ra te  a ttem pt was made to  d is lod ge  a l l  o f  the organisms in to  

the n e t ,  as i t  was d e s ira b le  to  complete the  sampling process w i th in  the 

s h o r te s t  po ss ib le  per iod  o f  t im e . Even so, over 70 percent o f  both p la n t  

and in s e c t  q u a n t i t ie s  were c o l le c te d  in  the  ne t. With a l i t t l e  more 

e f f o r t ,  however, i t  should be poss ib le  to  d is lod ge  v i r t u a l l y  a l l  o f  the 

organisms by tho rough ly  scrap ing  and rubb ing  a l l  rocks be fo re  p lac ing  

them in  the bucket. A lso ,  some ve g e ta t io n  was d e l ib e r a te ly  placed in to  

the  bucket ra th e r  than being allowed to  f lo w  in to  the ne t i f  i t s  presence 

would have tended to  c log  the  ne t.  Th is  sampler (F igu re  2) has the advan­

tage over a Surbe r- type  in  t h a t  no backwash due to  the  re s is ta n c e  to  f lo w
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can occur around the s id e s ,  thus p reven ting  the escape o f  organisms. 

Though weights on the p la t fo rm  were not used w h i le  sampling in  the s tudy 

area, the  sampler was m od if ied  so th a t  b r ic k s  could e a s i ly  be added as 

needed to  both s ides o f  the  p la t fo rm  to  g ive  i t  g re a te r  d e n s i ty  and s ta ­

b i l i t y  in  s w i f t e r  o r  deeper water.

A recen t p u b l ic a t io n  by Mundie (1971) descr ibes a sampler designed 

f o r  use by aqu a t ic  b io lo g is t s  ( e s p e c ia l ly  those in te re s te d  in  subs tra te  

s iz e  d i s t r i b u t i o n s ) ,  as w e ll as by f i s h  b io lo g is t s  and geomorpholog ists. 

The frame is  re c ta n g u la r  w i th  a tapered p o r t io n  extending from one s ide  

to  be po in ted in to  the  c u r re n t  to  m in im ize re s is ta n c e .  Current can be 

regu la ted  to  reduce backwash w i th  a s l i d in g  gate a t  the  end o f  the 

tapered s e c t io n .  A coarse net is  in s e r te d  in s id e  a f i n e r  net on the 

downstream s ide o f  the  sample. This system rough ly  grades the contents  

and a l low s r e te n t io n  o f  f i n e r  p a r t i c le s  than o therw ise would be pos­

s ib le  w ith o u t  causing backwash. In use, the  sampler i s  placed on the 

s ubs tra te  and grave l i s  p i le d  around i t  to  prevent m a te r ia ls  o r  cu r re n t  

from escaping underneath. An o p t io na l frame w i th  the same shape as the  

sampler bottom can be implanted in to  the  streambed and the  subs tra te  

in s id e  allowed to  re c o lo n iz e  before p la c in g  the sampler on i t .

The advantages o f  Mundie1s sampler i s  the s tream lined  design and use 

o f  the  double ne t.  The method o f  s e a l in g  the  sampler a t  the  bottom, how­

ever,  seems q u e s t ionab le ,  e s p e c ia l ly  f o r  use in  a stream such as the one 

I sampled. Though Mundie1s method o f  p i l i n g  subs tra te  around the edges
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may work w e ll  w i th  f i n e r  su b s tra te  m a te r ia l ,  more d i f f i c u l t y  would occur 

in  t r y in g  to  seal i t  in  coarse s u b s tra te .  I t  would not appear to  be 

adequate where i t  i s  des ired  to  r e ta in  a l l  s ubs tra te  p a r t i c le s .  Mundie 

s ta te s  t h a t  t h i s  method is  s u p e r io r  to  those types o f  samplers using a 

s t r i p  o f  foam rubbe r,  app a ren t ly  meaning a narrow s t r i p  around the p e r i ­

meter. My sampler (F igu re  2) uses a s e c t io n  o f  foam rubber which is  

20 cm wide from the  edge o f  the  opening in  the m iddle to  the  edge o f  

the  p la t fo rm .  I t  presented no problem whatever du r ing  the  s tudy in  

p reven ting  the  c u r re n t  from f lo w in g  underneath the  foam rubber i t s e l f .

In  e v a lu a t in g  the two samplers, i t  would appear t h a t  the  basic 

design o f  Mundie's  sampler, which does o f f e r  some advantages (though 

mine was th o ro u g h ly  adequate f o r  purpose i t  was designed) could be 

adapted to  a p la t fo rm  such as on my sampler. In f a c t ,  i t  would seem 

p o ss ib le  to  adapt i t  so th a t  a p la t fo rm  w i th  the attached foam rubber 

could be added o r  removed as d e s ire d ,  thus r e ta in in g  the  advantages o f  

both des igns.

Multi-pie regression analyses in stream benthos studies

In  v i r t u a l l y  a l l  s tud ie s  which have been conducted on the  m ic ro d is ­

t r i b u t i o n  o f  stream organisms, a c e r ta in  v a r ia b le  o r  v a r ia b le s  were 

chosen f o r  s tudy and o the rs  were g e n e ra l ly  ignored. Graphs o r  simple 

c o r re la t io n s  were chosen in  most cases to  demonstrate the  r e la t io n s h ip  

which e x is te d  between an independent v a r ia b le  and the dependent v a r ia b le .
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The most thorough a n a ly s is  o f  fa c to rs  found in  a l l  the  s tud ie s  on m ic ro ­

d i s t r i b u t i o n  was th a t  made by Egglishaw (1969) who de r ived  p a r t ia l  d e v i ­

a t io n s  from the re la t io n s h ip s  o f  the  in s e c t  numbers to  the  amount o f  

d e t r i t u s ,  the  sample depth and the le n g th  o f  the la rg e s t  stone in  the 

sampling area. The f a l l a c y  w i th  s im p le r  analyses is  t h a t  v a r ia b le s  

ope ra t ing  w i th in  the  h a b i ta t  are not considered to  be re la te d  to  each 

o the r  o r  i f  t h e ' r e la t io n s h ip s  are recogn ized , they  are ignored. R e la t io n ­

ships c e r t a in l y  do e x is t  (F igu re  6 ) and c e r ta in  v a r ia b le s  may p a r a l le l  

o the r  v a r ia b le s  which have a more d i r e c t  r e la t io n s h ip  to  the  actual 

organisms considered (U lfs t ra n d  1967). A m u l t ip le  reg ress ion  a n a ly s is ,  

however, compensates f o r  r e la t io n s h ip s  between re la te d  v a r ia b le s  by 

ho ld ing  each o f  the independent v a r ia b le s  a t  i t s  mean w h i le  o the r  v a r i ­

ables are analyzed. Several examples e x is t  in  the  s tudy to  demonstrate 

t h i s  where the  r e s u l t s  from the s imple c o r re la t io n  m a tr ix  d i f f e r  con­

s id e ra b ly  from r e s u l t s  obtained in  the m u l t ip le  reg ress ion  analyses.

This approach a lso  a l low s f o r  compensation o f  unavo idab le  v a r ia t io n s  

which are not o f  d i r e c t  concern in  a s tudy . In t h i s  s tu d y ,  t im e and sec­

t io n  v a r ia b le s  were inc luded  re s p e c t iv e ly  to  compensate f o r  seasonal 

v a r ia t io n  and unmeasured v a r ia t io n  between the sec t ions  sampled. Another 

use o f  m u l t ip le  reg ress ion  analyses is  th e  de te rm ina t ion  o f  which o f  

several v a r ia b le s  o r  groups o f  v a r ia b le s  d e s c r ib in g  the bas ic  source o f  

v a r ia t io n  have the g re a te s t  r e la t io n  to  independent v a r ia b le s .  In t h i s  

s tudy , su b s tra te  was described by severa l v a r ia b le s  to  determ ine which
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most adequate ly  described the  in f lu e n c e  o f  the d i s t r i b u t i o n .  Since a l l  

o f  these v a r ia b le s  were c o r re la te d  as expected to  each o th e r ,  the s ig ­

n i f ic a n c e  o f  any one parameter was d i f fu s e d  over a l l  parameters. In 

such a c ircum stance, i t  i s  po ss ib le  t h a t  few or none o f  the  parameters 

w i l l  i n d i v i d u a l l y  show s ig n i f i c a n t  t s t a t i s t i c s .  However, an F t e s t  

(Table 10) on the group o f  parameters in  question  w i l l  determine whether 

the group as a whole has s ig n i f ic a n c e ,  j u s t  as the  t s t a t i s t i c s  w i l l  

in d ic a te  s ig n i f ic a n c e  i f  on ly  one parameter is  used.

The m u l t ip le  reg ress ion  analyses in d ic a te d  why organisms should be 

d iv ide d  in to  the  lowest taxa poss ib le  f o r  a n a ly s is .  For example, r e s u l t s  

f o r  the p la n t  species and the c a d d is f ly  genera were o f te n  oppos ite  be­

tween the  lowest taxa . A na lys is  o f  the  h igher taxa in  both cases f r e ­

qu e n t ly  showed th a t  the  oppos ite  e f fe c ts  o f  lower taxa tended to  cancel 

each o th e r  o u t ,  r e s u l t in g  in  apparent in s ig n i f ic a n c e  o f  c e r ta in  v a r i ­

ab les .
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Table 12. The partitioning of the weights of the substrate on those sieves 
which were used to bracket those size ranges [0 (-2 ) to 0(-5 )]  
where the specific sieves needed were not available.

Phi class

- I

-2

-3

-4

-5

Size range 
(mm)

2-4

4-8

8-16

16-32

32-64

Percent assigned to 
each phi class by the 

sieves used

--------- 100 -------- -
I----------  100  ------------
"-------- 48.2 ----------
-------- 51.8 ----------

100 ----------
-------- 48.2 ----------
-------- 51.8 ----------

100 ----------
-------- 46.5 ----------
-------- 53.5 —:-------

'-------- 100 ----------
---------- 100 -----------

Sieve used 
(mm)

2.00
4.00

6.68

9.42

13.3

18.9

-6 64-128

26.7

38.1
64.0
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Table 13. Percentages of substrate in each phi class for each of the 8 stream  
sections. Data is  based on the percentages of substrate contained 
in each individual sample. Size ranges of phi c la sses are listed in 
Table 3,

Section_______________________  All samples
I 2 3 4 5 . 6 7 8 combined

5 .2328 .3322 .1578 .2682 .3733 .5117 .2150 .2667 .2949

4 .8250 .5867 .1311 .3124 .7878 1.435 .4628 .9617 .6904

3 3.810 2.819 .3211 1.220 2.531 6 .508 1.499 3.212 2.751

2 7.454 7 .8 6 8 1.027 4.730 5.985 15.08 3.390 4.634 ■ 6 .282

I 4.267 9.102 2.416 6 .823 6.337 8.777 4.100 4.439 5.775

0 6 .226 8 .375 4 .6 2 2 8.221 5.572 6 .236 5.521 4 .6 8 8 6.168

-I 5.999 5.046 4.312 5 .641 4 .8 2 2 3.295 3 .9 0 2 3 .5 9 2 4 .5 6 9

-2 7.685 5.742 6.274 7.211 7.464 3 .638 4.732 5.262 5.993

-3 15.38 7.696 10.41 9.764 11.98 6.432 7.643 8.734 9 .755

-4 19.96 18 .33 19.64 2 0 .08 21.72 14.13 ' 17.78 17.05 18.58

-5' 20 .33 2 6 .8 8 25.90 2 6 .6 6 21.80 2 0 .8 2 31.11 25.00 24.80

-6 7.833 7.226 24.78 9.072 9 .803 10.47 19.65 19.29 13.55

-7 0 .000 0 .000 0 .000 0 .000 .9078 2.672 0 .000 2 .8 6 7 .8115



Table 14. The t o ta l  d ry  we igh t in  grams o f  the  in d iv id u a l  p la n t  genera and t h e i r  combined 
we igh t c o l le c te d  from each o f  the  e ig h t  stream sec t ions  du r ing  t h is  study (regu­
l a r  ty p e ) ,  the  d ry  we igh t per square-meter (parentheses), the  percentage d i s t r i ­
b u t io n  o f  each taxon r e la t i v e  to  the  o the r  taxa w i th in  each sec t ion  ( i t a l i c s ) ,  
and the  percentage d i s t r i b u t i o n  w i th in  each taxon r e la t i v e  to  the other, stream 
sec t ion s  (b ra c k e ts ) .  A t o ta l  o f  18 - -  0.049 m2 samples were processed f o r  stream 
sec t ion s  1-3 and 5-8 du r ing  the  study pe r io d .  For se c t io n  4, where, on ly  17 sam­
p les were used, the  t o ta l  we igh t in d ic a te d  f o r  each group is  ad justed upward by 
18/17 to  make comparisons between s e c t io n s .

P lan t  taxon

PLANTS

Amblystegiim
noteroghilum

Rorippa
nasturtium-
aquatioum

Zanniohetlia
patustris

Stream sec t ion Mean per 
sec t ion Tota lI . 2 3 4 5 6 7 8

162.8 471.2 115.2 305.5 284.2 713.3 611.4 459.4 390.4 3123
(184.6) (534.3) (130.6) (346.4) (322.2) (808.7) (693.2) (520.9) (442.6) (442.6)
100.0 100.0 200.0 100.0 100.0 100.0 299.9 100.0 100.0 100. 0

[5 .2 1 3 ] [15 .09 ] [3 .6 89 ] [9 .7 8 2 ] [9 .100 ] [22 .84 ] [19 .58 ] [1 4 .7 1 ] [12 .50 ] [ 100. 0]

148.0 452.7 113.2 283.6 274.2 699.6 610.2 445.9 378.4 3027
(167.8) (513.3) (128.3) (321.5) (310.9) (793.2) (691.8) (505.6) (429.0) (429.0)
90.91 9g. Of 99.20 92.93 99.49 99.99 99.99 97.99 99.93 99.93

[4 .8 8 9 ] [14 .96 ] [3 .740 ] [9 .3 6 9 ] [9 .058 ] [23 .11 ] [20 .16 ] [14 .73 ] [12 .50 ] [ 100. 0]

14.76 18.53 1.990 1.670 4.460 . 13.17 1.270 13.32 8.650 69.17
(16.73) ( 21. 01) (2 .256) (1 .893) (5.057) (14.93) (1.440) (15.10) (9.807) (9.807)

2.727 .5499 1.569 7.949 .2977 2.999 2.225 2.225
[2 1 .3 4 ] [26 .79 ] [2 .8 77 ] [2 .4 1 4 ] [6 .448 ] [19 .04 ] [1 .836 ] [19 .26 ] [12 .50 ] [ 100. 0]

.04000 0.000 0.000 20.22 5.480 .5400 0.000 .2000 3.310 26.48
(.04535) ( 0 . 000) ( 0 . 000) (22.93) (6.213) (.6122) ( 0 . 000) (.2268) (3.753) (3.753)
.02457 0.000 0. 000 6.619 I. 929 .97579 9. 999 .94354 .9479 .9479
[.1 5 1 1 ] [ 0 . 000] [ 0 . 000] [76 .36 ] [20 .69 ] [2 .039 ] [ 0 , 000] [ .7553 ] [12 .50 ] [ 100. 0]
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Table 15. The t o ta l  number o f  in s e c t  taxa c o l le c te d  f o r  each o f  the e ig h t  stream sections 
du r ing  t h i s  study ( re g u la r  t y p e ) ,  the  numbers per square-meter (paren theses), the 
percentage d i s t r i b u t i o n  o f  each taxon r e la t i v e  to  the o th e r  taxa w i th in  each sec­
t io n  ( i t a l i c s ) ,  and the  percentage d i s t r i b u t i o n  w i th in  each taxon r e la t i v e  to  the 
o th e r  stream sec t ions  (b ra c k e ts ) .  A t o ta l  o f  18 - -  0.049 m2 samples were processed 
f o r  stream sec t ion s  1-3 and 5-8 du r in g  the study pe r io d .  For se c t io n  4, where on ly  
17 samples were used, the  t o ta l  number in d ic a te d  is  ad justed upward by 18/17 to  
make comparisons between s e c t io n s .

Insec t  taxon

INSECTS

P lecoptera

Acvoneuvia
paeifiaa

o the r
s to n e f l ie s

Ephemeroptera

Stream se c t io n  Mean per
I 2 3 4 5 6 7 8 section

2290 10,846 2983 7466 5995 12,156 7906 10,133 7472
(2596) 02 ,297) ( 3 3 8 2 ) (8465) (6796) (13,782) (8964) (11,489) (8472)
200.8 100. 0 200.0 200.0 200.0 200.0 200.0 200.0 200.0

[3 .8 3 1 ] [1 8 .1 4 ]  [4 .9 9 0 ] [12 .49 ] [1 0 .0 3 ] [20 .34 ] [ 1 3 . 2 3 ] [16 .95 ] [12 .50 ]

224.0 1983 700.0 1593 1210 2441 1563 1802 1440
(254.0) (2248) (793.7) (1806) (1372) ( 2 7 6 8 ) (1772) (2043) (1632)
9.782 28.28 23.47 22.34 20.28 20.08 29.77 27.78 29.27

[1 .9 45 ] [1 7 .2 2 ]  [6 .0 7 8 ] [13 .83 ] [10 .51 ] [21.20] [13 .57 ] [15 .65 ] [12 .50 ]

29.00 76.00 27.00 34.00 2 5 . 0 0 38.00 33.00 45.00 3 8 . 3 8
(32.88) (86.17) (30.61) (38.55) (28.34) (43.08) (37.41) (51.02) (43.51)
2.208 .7007 . 9051 .4554 .4170 .3228 .4274 .4442 . 5137

[9 .4 46 ] [2 4 .7 6 ]  [8 .7 9 5 ] [11 .07 ] [8 .1 43 ] [12 .38 ] [10 .75 ] [14 .66 ] [12 .50 ]

195.0 1907 673.0 1559 1185 2403 . 1530 1757 1401
(221.1) (2162) (763.0) (1768) (1344) (2724) (1735) (1992) (1589)
8. 515 27.58 22.58 20.88 29.77 29.77 19.35 17.34 18. 75

[1 .7 40 ] [1 7 .0 1 ]  [6 .0 04 ] [13 .91 ] [10 .57 ] [21 .44 ] [13 .65 ] [15 .67 ] [12 .50 ]

501.0 2709 753.0 2159 1850 2683 1977 2908 1864
(568.0) (2357) ( 8 5 3 . 7 ) (2448) (2098) (3042) (2 2 4 1 ) (3297) (2113)
22.88 19.17 25.24 28.92 30.88 22.07 25. 01 28.70 24.94

[3 .360 ] [1 3 .9 4 ]  . [5 .050 ] [14 .48 ] [12 .41 ] [17 .99 ] [13 .26 ] [19 .50 ] [12 .50 ]

Tota l

59,775 
(8472) 
100. O 

[ 100. 0]

11,516
(1632)

[100.0]
307.0

( 4 3 . 5 1 )
. 5137

[ 100. 0]

11,209 
(1589) 
28.75 

[100.0]
14,910

(2113)
24.94

[100,0]
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Table 15 (con tinued)

Insec t  taxon

ETphemevella
rLnfvequens

Baetis sp.

Pavalepto- 
phlebia sp.

T r icho p te ra

Ochvotviehia 
sp.

Glossosoma
sp.

Stream sec t ion Mean per 
sec t ion TotalI 2 3 4 5 6 7 8

176.0 1649 320.0 1561 1250 2189 1381 1832 1295 10,358
(199.5) (1870) (362.8) (1770) (1417) (2482) (1566) (2077) (1468) (1468)

25. 20 20.73 20. 91 20.95 29.02 27.47 29.09 2 7 . 3 3 2 7 . 3 3
[1 .699 ] [15 .92 ] [3 .0 89 ] [15 .07 ] [12.07]. [21 .13 ] [13 .33 ] [17 .69 ] [12 .50 ] [100 .0 ]

. 78.00 132.0 326.0 400.0 402.0 333.0 430.0 827.0 366.0 2928
(88.44) (149.7) (369.6) (453.5) (455.8) (377.6) (487.5) (937.6) (415 .0 ) .(415 .0 )

1 . 2 1 7 20.93 5.359 9.709 2.739 5.439 9.292 4.999 4.999
[2 .6 64 ] [4 ,5 08 ] [11 .13 ] [1 3 .6 6 ] [13 .73 ] [11 .37 ] [14 .69 ] [2 8 .2 4 ] [12 .50 ] [100 .0 ]

247.0 298.0 107.0 197.0 198.0 161.0 166.0 249.0 202.9 1623
(280.0) (337.9) (121.3) (223.4) (224.5). (182.5) (188.2) (282.3) (230.0) (230.0)

2.749 3.597 2.939 3.303 2.324 2.200 2.457 2.725 2.725
[15 .22 ] [18 .36 ] [6 .5 93 ] [1 2 .1 4 ] [ 12. 20] [9 .920 ] [10 .23 ] [15 .34 ] [12 .50 ] [100 .0 ]

673.0 795.0 548.0 866.0 532.0 1159 946.0 955.0 809.3 6474
(763.0) (901.4) (621.3) (981.9) (603.2) (1314) (1073) (1083) (917.5) (917.5)
29.39 7.330 29.37 22.90 9.974 9.534 22.97 9.425 20.93 20.93

[10 .40 ] [12 .28 ] [8 .465 ] [13 .38 ] [8 .217 ] [17 .90 ] [14 .61 ] [14 .75 ] [12 .50 ] [100 .0 ]

432.0 486.0 156.0 217.0 197.0 874.0 677.0 672.0 463.9 3711
(489.8) (551.0) (176.9) (246.0) (223.4) (990.9) (767.6) (761.9) (525.9) (525.9)

4.492 5.230 2.907 3.299 7.290 9.593 9.932 9.209 9.209
[1 1 .6 4 ] [13 .10 ] [4 .204 ] [5 .8 4 7 ] [5 .3 09 ] [23 .55 ] [18 .24 ] [18 .11 ] [12 .50 ] [100 .0 ]

239.0 283.0 216.0 426.0 183.0 79.00 95.00 115.0 204.5 1636
(271.0) (320.9) (244.9) (483.0) (207.5) (89.57). (107.7) (130.4) (231.9) (231.9)
20.-44 2.909 7.242 5.709 3. 053 .9499 2.202 2.235 2.737 2.737

[1 4 .6 1 ] [17 .30 ] [13 .20 ] [26 .04 ] [11 .19 ] [4 .829 ] [5 .807 ] [7 .0 29 ] [12 .50 ] [100 .0 ]
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Table 15 (concluded)

Insec t  taxon
Stream :sec t ion Mean per Tota lI 2 3 4 5 6 7 8 sec t ion

2.000 26.00 176.0 223.0 152.0 206.0 174.0 168.0 140.9 1127
Rhyaaophila (2.268) ( 2 9 . 4 8 ) (199.5) ( 2 5 2 . 8 ) (172.3) ( 2 3 3 . 6 ) (197.3) (190.5) ( 1 5 9 . 7 ) (159.7)

sp . .0 8 7 3 4 .2 3 9 7 5 .9 0 0 2 .9 8 7 2 .5 3 5 1.695 2 .2 0 7 7. 858 7 . 8 8 8 7 .8 8 8
[ .1 7 7 5 ]  [2 .3 07 ] [15 .62 ] [19 .79 ] [1 3 .4 9 ]  [18 .28 ]  [15 .44 ]  [14 .91 ]  [1 2 .5 0 ]  [100 .0 ]

Coleoptera:
Optioservus

892.0 5989 9 8 2 . 0 2849 2403 5873 3420 4468 3360 2 6 , 8 7 6
( 1011) (6790) (1113) ( 3 2 3 0 ) (2724) (6659) ( 3 8 7 8 ) (5066) ( 3 8 0 9 ) (3 8 0 9 )
3 8 .9 5 5 5 .2 2 3 2 .9 2 3 8 .7 8 4 0 .0 8 4 8 .3 7 4 3 .2 8 4 4 .0 9 4 4 .9 7 4 4 .9 7sp. [3 .3 1 9 ] [2 2 .2 8 ]  [3 .6 54 ] [1 0 .6 0 ]  [8 .9 4 1 ] [2 1 .8 5 ]  [12 .73 ] [16 .62 ]  [1 2 .5 0 ]  [1 00.0 ]

-9
0 
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Table 16. Computer data o f  the f i n a l  m u l t ip le  reg ress ion  model — re g re s ­
s ion S. A l l  means are raw data based on the  in d iv id u a l l y  sam­
pled a r e a — 0.049 m2. Regression c o e f f i c ie n ts  f£;_used in  the  
genera lized  reg ress ion  formula_(%c =  y .  f  -b1(x1 -  X1) +
^2(X£ -  Xg) + ■■ • • + bn(Xn -  xn) should be m u l t ip l ie d  by 20.37 
(0.049 m2 x 20.37 = I m2) i f  in s e c t  o r  p la n t  q u a n t i ty  is  l i k e ­
wise converted to  q u a n t i ty  per square meter. One exception is  
when the  p la n t  and in s e c t  q u a n t i t ie s  are both converted and the  
p la n ts  are independent; in  , th is  case, the  reg ress ion  c o e f f i c i ­
ent to  be used is  as g iven, t = 1.977 when p = 0.05 w ith  142 
degrees o f  freedom.

a) INSECTS = 415.0)

Independent
v a r ia b le Mean P a r t ia l

c o r r e la t io n
Regr. 
c o e f .

S td .e r ro r  
r e g r . c o e f .

Computed 
t va lue

A. noterophilum 21.07 . 5799E-01 .7385 1.137 .6494
R. nasturt-ium-aquat. .4427 -.1846 -24.03 11.44 - 2 . TOO
Z. palustr-is .1769 -.2382 -39.64 14.46 -2 .742

0.25 th 4.153 .1901 126.1 58.24 2.165
2.995 -.1402E-01 -13.31 84.86 -.1568

pfcilf U G M u  I i G S  S'fcil 1.799 -.4662E-02 -4.511 86.53 -.05212
10th 1.003 .9512E-02 6.040 56.79 .1064

.0000 - .4536 -279.0 49.04 -5 .690

.0000 .2042 114.4 49.03 2.332
dummy v a r ia b le s  f o r .0000 - .2986 -178.1 50.93 -3 .498

stream sec t ion -.6993E-02 .3824E-01 21.34 49.88 ..4279
v a r i a b i l i t y .0000 - .1579 .-85 .18 47.63 -1.788

.0000 .3292 193.9 49.76 3.897

.0000 .4676E-01 26.71 51.04 .5233

I in e a r 9.538 -.5151 -268.2 39.92 -6 .719
tim e q u a d ra t ic 117.9 .4793 29.56 4.842 6.105

cubic 1635 -.4342 -.9030 .1675 -5 .390

in te r c e p t  = 579.9 R squared = 0.6227 s t d . e r r o r  (sy3x) = 210.1

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. S.S. M.S. F Value

Due to  Regression 17 .910560E+07 535623 12.1375

Residual 125 .551622E+07 44129.7

To ta l (n = 143) 142 ■ .146218E+08
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T a b le  16 ( c o n t in u e d )

b) P lecoptera  (̂ no  ̂ = 79.84)

Independent
v a r ia b le ■ Mean P a r t ia l

c o r re la t io n
Regr. 
c o e f .

S td .e r ro r  
re g r .c o e f .

Computed 
t va lue

A. noteroph-ilum 21.07 .8790E-01 .3618 .3667 .9866
R. nastuvtium-aquat. .4427 -.2350 -9.973 3.690 -2.703
Z. palustris .1769 -.1332 -7.007 4.662 -1.503

0.25 th 4.153 . 9646E-01 20.35 18.78 1.083
I s tp e rc e n t i le s  5th 2.995

1.799
- .5 8 1 1 E-Ol 

.1399
-17.81
44.07

27.37
27.90

-.6508
1.579

10th 1 .003 -.1414 -29.24 18.31 -1.597

.0000 - .3314 -62.10 15.81 -3.927

.0000 .1215 21.63 15.81 1 .368
dummy v a r ia b le s  f o r .0000 - .1547 -28.75 16.42 -1 .750

stream sec t ion -.6993E-02 .3826E-01 6.886 16.09 .4281
v a r i a b i l i t y .0000 -.7856E-01 -13.53 15.36 -.8811

.0000 .2284 42.08 16.05 2.623

.0000 .2945E-01 5.422 16.46 .3294

I inea r 9.538 -.4914 -81.19 12.87 -6.308
tim e qua d ra t ic 117.9 .4961 9.973 1.561 6.387

cub ic 1635 -.4624 -.3150 .5403E-01 -5.831

in te r c e p t  = 127.8 R squared = .5275 std .  e r ro r  (sy3x) = 67.74

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. 2 .3 .- M.S. . F Value

Due to  Regression 17 640351. 37667.7 8.20848

Residual 125 573610. 4588.88

T o ta l (n = 143) 142 . I 21396E+07
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Table 16 (con tinued) 

c ) Acvoneuvia pacifica (X 2.133)

Independent Mean P a r t ia l Regr. S td .e r ro r Computed
v a r ia b le c o r r e la t io n c o e f . r e q r . c o e f . t  va lue

A. notevophilum 21.07 .1264 . 1874E-01 .1315E-01 1.425
R. nastuvtiwn-aquat. .4427 -.4007E-01 - . 5932E-01 .1323 -.4483
Z. patustvis .1769 -.5925E-01 -.1109 .1672 -.6636

0.25th 4.153 -.1344 - 1.021 .6734 -1.516

p e rc e n t i le s  ^ 2.995
1.799

.9196E-01 
.1721

1.013
1.955

.9813 
1.001

1 .033 
1.953

IOth 1.003 -.2049 -1.537 .6567 -2 .340

.0000 -.6089E-01 -.3863 .5670 -.6821

.0000 .2596 1.703 .5669 3.005
dummy v a r ia b le s  f o r .0000 .6700E-01 .4421 .5889 .7508

stream se c t io n -.6993E-02 - .2 5 4 1 E-Ol -.1639 .5768 -.2842
v a r i a b i l i t y .0000 - .1414 -.8794 .5508 -1.596

.0000 - .1352 -.8781 .5754 -1 .526

.0000 -.4946E-01 -.3268 .5902 -.5536

l in e a r 9.538 -.2976E-01 -.1537 .4616 -.3329
tim e q u a d ra t ic 117.9 .7822E-01 .4911E-Ol 6599E-01 .8772

cubic 1635 -.9480E-01 -.2063E-02 .1937E-02 -1.065

in te r c e p t  = .6648 R squared = .2992 s t d . e r ro r (sy3x) = 2 .429

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. 2 . 2 . M.S. F Value

Due to  Regression 17 314.902 18.5236 3.13928

Residual 125 737.574 5.90059

To ta l (n = 143) 142 1052.48
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Table 16 (con tinued)

d) o th e r  s to n e f l ie s  {X = 77.71)no.
Independent Mean P a r t ia l Regr. S td .e r ro r Computed
v a r ia b le c o r re la t io n c o e f . r e g r .c o e f . t va lue

A. noterophilim 21.07 .8396E-01 .3430 .3642 .9420
R. nasturt-Lum-aquat. .4427 -.2352 -9.914 3.664 ' -2 .706
Z. palustris .1769 -.1320 -6 .896 4.630 -1 .489

0.25 th 4.153 .1019 21.37 18.65 1.146
I c"h

p e rc e n t i le s  5th 2.995
1.799

-.6183E-01
.1347

-18.82
42.12

27.18
27.71

-.6926
1.520

10th 1 .003 -.1350 -27.71 18.19 -1.523

.0000 -.3316 -61.71 15.70 -3 .930

.0000 .1128 19.93 15.70 1.269
dummy v a r ia b le s  f o r .0000 -.1581 -29.19 16.31 , -1 .790

stream se c t io n -.6993E-02 .3944E-01 7.050 15.97 .4413
v a r i a b i l i t y .0000 -.7399E-01 -12.65 15.25 -.8296

.0000 .2344 42.96 15.94 2.696

.0000 .3144E-01 5.749 16.35 .3517

I inea r 9.538 -.4932 -81.04 12.78 -6 .339
tim e q ua d ra t ic 117.9 .4968 9.924 1.551 6.400

cub ic 1635 -.4626 -.3130 . 5366E-01 -5.833

in te r c e p t  = 127.1 R squared = .5266 s td . e r ro r  (sy3x) = 67.28
n

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. 2 . 2 . M.S. F Value

Due to  Regression 17 628398 37023.4 8.18017

Residual 125 565750 4526.00

To ta l (n = 143) 142 . 11951E+07
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l a b l e  16 ( c o n t in u e d )

e) Ephemeroptera (% = 103.5)

Independent Mean P a r t ia l Regr. S td .e r ro r Computed
v a r ia b le c o r re la t io n coe f. r e g r . c o e f . t va lue

A. notevophiZvm 21.07 .3722E-01 .2132 .5120 .4164
R. nasturti-um-aquat. .4427 -.1277 -7.419 5.152 - I .440
Z. palustris .1769 -.9507E-01 -6.951 6.510 -1.068

0.25 th 4.153 .2013 60.26 26.22 2.298
I s t

p e rc e n t i le s  5th 2.995 -.1849E-01 -7.900 38.21 -.2067
1.799 -.2425E-01 -10.57 38.96 -.2712

IOth 1.003 - . 5034E-01 -14.41 25.57 -.5635

.0000 -.2882 -74.29 22.08 -3 .365

.0000 . 2684E-01 6.626 22.07 .3002
dummy v a r ia b le s  f o r .0000 -.2187 -57.47 22.93 -2.506

stream sec t ion - . 6993E-02 .7398E-01 18.63 22.46 .8294
v a r i a b i l i t y .0000 -.7804E-02 -1.872 21.45 -.08726

.0000 .1922 49.07 22.40 2.190

.0000 -.9576E-02 -2.461 22.98 -.1071

l in e a r 9.538 -.6161 -157.2 17.97 -8 .746
tim e qua d ra t ic 117.9 .5351 15.44 2.180 7.082

cub ic 1635 -.4543 -.4301 .7544E-01 -5.701

in te r c e p t  = 297.1 R squared = .5706 s t d . e r ro r UI

94.59

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. S.S. M.S. F Value

Due to  Regression 17 .1486205+07 87423.6 9.77119

Residual 125 .1118385+07 8947.07

Tota l (n = 143) 142 • .2604585+07
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Table 16 (con t inued)

f ) EgkemeveVla 'Infvequens (JT = 71.83)

Independent
v a r ia b le Mean P a r t ia l

c o r re la t io n
Regr. 
c o e f .

S td .e r ro r  
re g r .c o e f .

Computed 
„ c va lue

A. notevoghtlwi 21.07 -.4309E-01 -.2064 .4280 -.4822
R. ndstuvtium-aquat. .4427 -.1397 -6.795 4.307 -1.578
Z,. galustvis .1769 -.8916E-01 -5.446 5.442 -1.001

0 .25 th 4.153 .2003 50.12 21.92 2.286
*| Cf 2.995 -.25 31E-Ol -9.044 31.94 -.2831

ptiiutiMLi Ig S 5"th 1.799 .1691 E-Ol 6.157 32.57 .1890
„ 10th 1 .003 -.8T53E-01 -19.55 21.38 -.9145

.0000 -.3049 -66.07 18.46 -3 .579

.0000 . .5975E-01 12.35 18.45 .6692
dummy v a r ia b le s  f o r .0000 -.2321 -51.13 19.17 -2.667

stream sec t ion -.6993E-02 .6550E-01 13.78 18.78 .7339
v a r i a b i l i t y  ' .0000 -.3401E-01 -6.823 17.93 -.3805

.0000 .2537 54.91 18.73 2.932

.0000 •2590E-01 5.565 19.21 .2896

I in e a r 9.538 -.6225 -133.6 15.02 -8 .892
tim e q ua d ra t ic 117.9 .5333 12.85 1.823 7.049

cub ic 1635 -.4492 -.3545 .6306E-01 -5.621

in te r c e p t  = 257.9 R squared = .5847 s t d . e r ro r (sy3x) = 79 .07

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f.. S', s. M.S. F Value

Due to  Regression 17 .110015E+07 64714.9 . 10.3502

Residual 125 781564 6252.51

Tota l (n = 143) 142 . 188172E+07
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g) Baetis sp. (Z = 20.33) 
37 ■ no.

T a b le  16 ( c o n t in u e d )

Independent
v a r ia b le Mean. P a r t ia l

c o r re la t io n
Regr. 
c o e f .

S td . e r ro r  
r e g r . c o e f .

Computed 
t va lue

A. notevopkilion 21.07 .4215E-01 .7210E-01 .1529 .4716
R. nastuvtivm-ac[uat. .4427 -.1020 -1.764 1.538 -1.147
Z. palustris .1769 - . 6003E-01 -1.307 1.943 -.6723

0.25 th 4.153 .5992E-02 .5245 7.829 .06699
2.995 .3663E-01 4.675 11.41 .4098

ptirc&nu i I 6S 5 th 1.799 -.1393 -18.30 11.63 -1.573
IOth 1.003 .1109 9.528 7.635 1.248

.0000 -.1876 -14.08 6.592 -2 .135

.0000 -.1136 -8.426 6.591 -1.278
dummy v a r ia b le s  f o r .0000 -.8137E-01 -6.249 6.846 -.9128

stream sec t ion -.6993E-02 .4656E-01 3.495 6.706 .5212
v a r i a b i l i t y . .0000 .4365E-01 3.128 6.404 .4885

.0000 .6099E-02 .4562 6.689 .06819

. 0000 - . 2004E-01 -1.538 6.862 -.2241

l in e a r 9.538 -.2241 -13.79 5.366 -2 .570
tim e qua d ra t ic 117.9 .2208 1.648 .6509 2.531

cub ic 1635 -.2056 -.5292E-01 2252E-01 -2 .349

in te r c e p t  = 44.45 R squared = .2806 s t d . e r ro r (sy3x) = 28.24

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. s.s. . M.S. F Value

Due to  Regression 17 38891.2 2287.72 2.86853

Residual 125 99690.3 797.522

To ta l (n = 143) 142 138582
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Table 16 (con tinued) 

h) PardleTptophlebia sp. (̂ no = 11.29)

Independent
v a r ia b le Mean P a r t ia l

c o r re la t io n
Regr. 

I c o e f .
S td .e r ro r  

r e g r . c o e f .
Computed 
t va lue

A. noterophilum 21.07 .3843 .3475 .7467E-01 4.654
R. nasturtium-aquat. .4427 .1344 1.139 .7513 1.517
Z. palustris .1769 -.1868E-01 -.1983 .. .9493 -.2089

0.25 th 4.153 .2194 9.615 3.824 2.514
1s t 2.995 -.5659E-01 -3.531 5.572 -.6337

pet cen n i e s  5th 1.799 .2471E-01 1.570 5.682 .2763
IOth 1 .003 -.1047 -4.388 3.729 -1.177

.0000 .1605 5.855 3.220 1.818

.0000 .7489E-01 2,703 3.219 .8397
dummy v a r ia b le s  f o r .0000 -.2382E-02 -.8907E-01 3.344 -.02664

stream sec t ion -.6993E-02 .3690E-01 1.352 3.275 .4128
v a r i a b i l i t y .0000 . 5205E-01 1.823 3.128 .5828

.0000 -.1699 -6.299 3.267 -1 .928

.0000 -.1706 -6.488 3.352 -1 .936

I in e a r 9.538 -.3171 -9.799 2.621 -3 .739
tim e q ua d ra t ic 117.9 .2570 .9453 .3180 2.973

cubic 1635 -.1817 -.2272E-01 .1100E-01 -2 .065

in te r c e p t  = -5 .279 R squared = .4496 s t d . e r ro r (sy3x) = 13.79

ANALYSIS OF VARIANCE FOR THIS REGRESSION

■ S o u r c e s , d.f. s.s. M.S. F Value

Due to  Regression 17 19431.3 1143.02 6.00717

Residual 125 23784.4 , 190.275

Tota l (n = 143) 142 43215.7
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T a b le  16 ( c o n t in u e d )

I ) T n c h o p te ra  = 44.94)

Independent
v a r ia b le Mean P a r t ia l

c o r re la t io n
Regr. 
c o e f .

S td .e r ro r  
r e g r . c o e f .

Computed 
t va lue

A. rwterophilum 21.07 -.2733 - .  6656 .2095 -3.177
R. nasturtium-aquat. .4427 .2131E-Ol .5023 2.108 .2383
Z. pdlustris .1769 -.2258 -6.901 2.664 . -2.591

0 .25 th 4.153 .2543E-01 3.051 10.73 .2844
I Q"h 2.995 -.3576E-01 -6.255 15.64 -.4000

per Ufciti Li IeS 5th 1.799 .8282E-01 14.81 15.94 .9292
10th . 1.003 .2279E-01 2.667 10.46 .2549

.0000 -.1660 -17.01 9.035 -1.882

.0000 -.1471 -15.02 9.033 -1.663
dummy v a r ia b le s  f o r .0000 - .9 5 1 0E-01 -10.02 9.383 -1.068

stream sec t ion -.6993E-02 .3884E-01 3.994 9.191 .4346
v a r i a b i l i t y .0000 . - .1922 -19.21 8.777 -2 .189

.0000 .1467 15.20 9.168 1.658

.0000 .2238 24.14 9.404 2.567

I in ea r 9.538 -.2462 -20.89 7.354 -2 .840
tim e q ua d ra t ic 117.9 .2845 2.960 .8921 3.317

cub ic 1635 -.2928 -.1057 .3087E-01 -3 .423

in te r c e p t  = 81.82 R squared = 0.3348 s t d . e r ro r (sy3x) = 38,.71

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. 2 .2 . M.S. F Value

Due to  Regression 17 94257.0 5544.53 3.70106

Residual 125 187261. 1498.09

To ta l (n = 143) 142 ' 281518.
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T a b le  16 ( c o n t in u e d )

j )  Oohrotviohia sp. (Z = 25.92)r no.
Independent Mean

P a r t ia l Regr. S td .e r ro r Computed
v a r ia b le c o r re la t io n c o e f . r e g r . c o e f . t' va lue

A. notevophihan 21.07 -.2191 -.5045 .2010 -2 .510
R. nastuvtium-aquat. • .4427 .8205E-01 1.861 2.022 .9205
Z. palustris .1769 -.1552 -4.487 2.555 -1.756

0 .25 th 4.153 - .6251E-Ol -7.208 10.29 -.7002

p e rc e n t i le s 2.995 .1452E-01 2.435 15.00 .1623
1.799 •4234E-01 7.246 15.29 .4738

IOth 1.003 .7511 E-Ol 8.453 10.04 .8421

.0000 - .9 0 1 9E-01 -8.775 8.667 -1.012

.0000 -.1281 -12.52 8.665 -1.444
dummy v a r ia b le s  f o r .0000 -.8513E-01 -8.599 9.001 -.9553

stream sec t ion -.6993E-02 -.1311 -13.04 8.817 -1 .479
v a r i a b i l i t y .0000 -.1862 . -17.84 8.419 -2 .119

.0000 .1483 14.74 8.795 1.676

.0000 .2523 26.30 9.021 2.915

l in e a r 9.538 -.2336 . -18.95 7.055 -2 .686
tim e qua d ra t ic 117.9 .2761 2.748 .8558 3.211

cubic 1635 -.2880 -.9955E-01 .2961E-Ol -3.362

in te r c e p t  = 77.44 R squared = 0.3582 s t d . e r ro r (sy3x) - 37 .13

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. S.S, F Value

Due to  Regression 17 96171.1 5657.12 4.10356

Residual 125 172324. 1378.59

Tota l (n = 143) 142 268495.



T a b le  16 ( c o n t in u e d )

k) Glossosoma sp. (Z = 11.22)

independent Mean P a r t ia l Regr. S td .e r ro r Computed
v a r ia b le c o r r e la t io n c o e f . r e q r . c o e f . t va lue

A. notevoiphilum 21.07 -.2326 -.1693 .6332E-01 -2.673
R. nasturti-wn-aquat. .4427 -.1014 -.7259 .6371 -1 .139
Z. palustris .1769 -.1618 -1.476 .8050 -1 .834

0.25 th 4.153 .3171 12.12 3.243 3.739
1s t

p e rc e n t i le s  5th 2.995
1.799

-.2368
.1602

-12.88
8.746

4.726
4.819

-2 .725
1.815

10th 1.003 -.1476 -5.278 3.162 -1 .669

.0000 -.1968E-01 -.6009 2.731 -.2200

.0000 .1236 3.802 2.730 1.393
dummy v a r ia b le s  f o r .0000 -.1395 -4.467 2.836 -1.575

stream sec t ion -.6993E-02 ,3564 11.85 2.778 4.265
v a r i a b i l i t y .0000 - . 5494E-01 -1.632 2.652 -.6151

.0000 -.7541E-Ol -2.343 2.771 -.8455

.0000 -.1033 -3 .299 2.842 -1.161 .

I inea r 9.538 -.5654E-01 -1.407 2.223 -.6331
tim e q ua d ra t ic 117.9 -.1794E-02 -.5409E-02 .2696 -.02006

cub ic 1635 .2626E-01 .2740E-02 S329E-02 .2937

in te r c e p t  = 4.273 R squared = 0.4010 s t d . e r ro r (sy3«J = 11.70

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. S.S. M.S. E Value

Due to  Regression 17 ■ 11448.5 673.443 4.92159

Residual . 125 17104.3 136.834

T o ta l (n = 143) 142 28552.8
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Table 16 (con t inued)

I )  Rhyaoophila sp. = 7 .797)

Independent
v a r ia b le Mean P a r t ia l

c o r r e la t io n
Regr. 
c o e f .

S td .e r ro r  
r e g r .c o e f .

Computed 
t  va lue

A. noterophiIvm 21.07 .1931 E-Ol .8175E-02 3787E-01 .2159
R. nasturtiwn-aquat. .4427 -.1471 -.6333 .3810 -1 .662
Z. palustris .1769 -.1718 -.9384 .4814 -1 .949

0.25 th 4.153 - .85 71E-Ol -1.865 1.939 -.9619
I  C + 2.995 .1314 4.189 2.826 1.482

ptii C6H uI IGS 5*tli 1.799 -.3653E-01 -1.178 2.882 -.4087
IOth 1.003 -.2404E-01 -.5085 1.891 -.2689

.0000 -.3856 -7 .629 1.633 -4 .672

.0000 -.3265 -6.305 1.633 -3 .862
dummy v a r ia b le s  f o r .0000 .1585 3.043 1.696 1.794

stream se c t io n -.6993E-02 .2689 5.184 1.661 3.121
v a r i a b i l i t y .0000 .1475E-01 .2616 1.586 .1649

.0000 .1496 2.803 1.657 1.692

.0000 .5994E-01 1.141 1.700 .6713

I in e a r ' 9.538 -.3558E-01 -.5290 1.329 -.3980
tim e q u a d ra t ic 117.9 .1194 .2168 .1612 1.344

cub ic 1635 -.1407 - .8865E-02 ^579E-02 -1 .589

in te r c e p t  = 0.9808E-01 R squared -  0.4553 s td .  e r r o r  (sy}x) - 6 .9 9 5

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. S.S. M.S. F Value

Due to  Regression 17 5112.45 300.732 6.14575

Residual 125 6116.67 48.9333

To ta l (n = 143) 142 11229.1
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Table 16 (concluded)

m) Co leopte ra : Optioservus sp. = 186.8)

Independent
v a r ia b le Mean P a r t ia l

c o r re la t io n
Regr. 
c o e f .

S td .e r ro r  
r e g r . c o e f .

Computed 
t value

A. noterophilum 21.07 .1123 .8291 .6564 1.263
R. nasturtiwn-jxquat. .4427 -.9628E-01 -7.143 6.605 -1.082
Z. palustris .1769 -.1973 -18.78 8.345 -2.251

0 .25 th 4.153 .1122 42.45 33.62 1.263
2.995 .3405E-01 18.66 48.99 .3809

p e r c e n t  i g s  5 t h 1.799 -.9418E-01 -52.83 49.95 -1.058
IOth 1.003 .1273 47.03 32.78 1.435

.0000 -.3689 -125.6 28.31 -4.438

.0000 .3044 101.1 28.30 3.573
dummy v a r ia b le s  f o r .0000 -.2418 -81.89 29.40 -2 .786

stream sec t ion -.6993E-02 -.2535E-01 -8.164 28.79 -.2835
v a r i a b i l i t y .0000 -.1623 -50.56 27.50 -1 .839

.0000 .2631 87.56 28.72 3.049

.0000 -.1182E-02 -.3892 29.46 -.01321

l in e a r 9.538 -.3469E-01 -8.942 23.04 -.3881
tim e q u a d ra t ic 117.9 .3795E-01 1.187 2.795 .4246

cub ic 1635 -.48 17E-Ol --.5215E-01 .9671 E-Ol -.5392

in te r c e p t  = 73.19 R squared = 0.5849 s t d . e r ro r IlI

121.3

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. s.s. M.S. F Value

Due to  Regression 17 .258942E+07 152319. . 10.3592

Residual 125 .183796E+07 14703.7

T o ta l (n = 143) 142 .442738E+07
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