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A BST R A C T  OF THESIS

IM PA C T OF C A T T L E  GRAZING ON THE SU R FA C E W ATER

Q UA LITY  OF A COLORADO FR O N T RANGE STR EAM

The p u rp o se  of th is  study w as to  quantify  the im p a ct and 

e v a lu a te  the lo c a l and im m e d ia te  d o w n strea m  p o llu tio n  p o ten tia l of 

range c a tt le  g ra z in g  w ith  fr e e  s tr e a m  a c c e s s .  E m p h a sis  w as p la ced  

on su sp en d ed  s o l id s ,  a m m o n ia -n itr o g e n , n itr a te -n itr o g e n , o r th o p h o s

p h a te , f e c a l  c o lifo r m  and fe c a l  s tr e p to c o c c i  c o n c e n tr a tio n s .

S a m p les  w ere  c o l le c te d  at four s i t e s  a long a 2 .6  km  se c t io n  of  

T rou t C r e e k , the on ly  p e r e n n ia l s tr e a m  w ith in  the M anitou E x p e r i

m e n ta l F o r e s t .  The study w a s b ro k en  down in to  e ig h t p e r io d s  

c o v e r in g  th e  tw o y e a r  p er io d  1 9 7 7 -1 9 7 8 ; tw o in c lu d ed  150 co w s in  the  

lo w er  p a s tu r e , tw o in v o lv e d  g ra z in g  by 40 cow s in  an ad jacen t p a s 

tu re  w h ile  four p e r io d s  in v o lv e d  no g ra z in g  in  e ith e r  p a s tu r e .

T he fin d in gs o f th is  study in d ica te  that on ly  f e c a l  c p lifo r m  and 

f e c a l  s tr e p to c o c c i c o n c e n tr a tio n s  r e f le c te d  a ca tt le  g ra z in g  im p a ct. 

A m m o n ia -n itr o g e n  and n itr a te -n itr o g e n  c o n c e n tr a tio n s  su g g e s t  a 

g ra z in g  im p a ct w h ile  orth op h osp h ate  c o n cen tra tio n s  ap p eared  to be  

in d ep en d en t of ca tt le  g r a z in g . D uring m o s t  of the study the su sp en d ed  

s o lid s  a n a ly se s  w e r e  confounded by an a r e a  o f b r e a c h e d  b e a v e r  dam s*  

C attle  lo c a tio n  and d e fe c a tio n  tren d s  h elp  to  ex p la in  the low

i n



c o n c e n tr a tio n s  o f the p a r a m e te r s  in v o lv e d . In m any in s ta n c e s  the

co n tr ib u tio n  by  g ra z in g  ca ttle  w a s  m in o r  in  co m p a r iso n  to background

c o n c e n tr a tio n s  m e a su r e d  at u p s tr e a m  s i t e s .

S teven  R . Joh n son  
D ep artm en t of E a rth  R e s o u r c e s  
C olorad o  S tate U n iv e r s ity  
F o r t  C o llin s ,  C o lorad o  80523  
D e c e m b e r , 1978
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INTRODUCTION

W ritten  a cco u n ts  o f in te r a c t io n s  b e tw een  h um ans and g ra z in g  

a n im a ls  in  C olorad o  date b ack  to  1820 in  the J o u r n a l o f the S. H.

Long E x p ed itio n  (T h w a ite s , 1905 ). W hile ca m p ed  on a tr ib u ta ry  o f  

the South P la t te  R iv er  ju s t  sou th  o f the m o d ern  lo c a tio n  of C o lorad o  

S p r in g s , C o lo ra d o , the p arty  o b se r v e d  h eavy  ra in  fa llin g  on P ik e s  

P e a k , so m e  32 k ilo m e te r s  to  the n o r th w e st. W ithin s ix  to  e igh t  

h o u r s , the s tr e a m  had r is e n  a lm o s t  tw o m e te r s  and i t s  su r fa c e  w as  

c o v e r e d  w ith  b iso n  dung. The e x p ed itio n  cook  c h o se  th is  t im e  to  f i l l  

h is  cook in g  k e t t le .  To quote the Long E x p ed itio n  R e c o r d e r : "The  

f la v o r  of the c o w -y a r d  w a s found so  p r e v a le n t, and the m e a t so  f i l le d  

w ith  san d , that v e r y  li t t le  could  be e a te n ."

T od ay , th is  a r e a  is  p art of the rap id ly  d ev e lo p in g  C o lorad o  

F ro n t R ange and in te r a c t io n s  b e tw een  g ra z in g  a n im a ls  (m a in ly  ca ttle )  

and o th er  w a ter  u s e r s  are  s t i l l  o c c u r r in g . O ver 2 .5  m il l io n  p eop le  

l iv e  in  th is  F ro n t R ange w ith  r e c r e a t io n , h y d r o e le c tr ic  p ow er p r o 

d u ctio n , g r a z in g , and d o m e s t ic  n eed s  a ll dem anding a sh a r e  of the  

l im ite d  w a ter  r e s o u r c e .  C urren t e s t im a te s  p r e d ic t  a F ro n t R ange  

p op u la tion  of 2 .7  m illio n  by  1 9 80 , an in c r e a s e  o f o v er  one m il l io n  in  

on ly  ten  y e a r s ,  w ith  ev en  g r e a te r  w a te r  d em an d s (B in g h a m , 1967).

T h is  rap id  and con tin u in g  d ev e lo p m en t a long the F ro n t R ange  

h a s c o m p lic a te d  the m a n a g em en t of a ll n a tu ra l r e s o u r c e s ,  e s p e c ia l ly
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that o f m a in ta in in g  and im p ro v in g  the q u a lity  o f the lim ite d  w a ter  

r e s o u r c e .  The p h y s ic a l d ev e lo p m en t and g row in g  r e c r e a t io n a l d e 

m a n d s, cou p led  w ith  th e  in h e r e n tly  e r o s iv e  la n d s , low  annual r a in 

fa ll  (3 8 0 -5 0 0  m m ) and s tr e a m flo w  ( l e s s  than  75 m m ), has c r e a te d  a 

n eed  for  b road  b a se d  m a n a g em en t g u id e lin e s  fo r  the e n tir e  reg io n  

(G a ry , 1975 ). B oth  p o ten tia l and a ctu a l p r o b le m s  fr o m  th is  rap id  

g r o w th /lim ite d  w a ter  in te r a c t io n  a r is e  fr o m  the fa c t  that the sa m e  

w a ter  r e s o u r c e  i s  u t i l iz e d  by m any in te r e s t s  b e fo r e  it  r e a c h e s  i t s  

u rb an  d e s tin a tio n . O ften t im e s ,  th e  w a ter  r e s o u r c e  i s  u s e d  by  

r e c r e a t io n is t s ,  ir r ig a to r s  and liv e s to c k  in t e r e s t s  w ith in  a 6 to 8 km  

s tr e a m  r e a c h .

Due to  it s  p r o x im ity  to  the ra p id ly  grow in g  urban  c e n te r s ,  it s  

a e s th e t ic  ap p ea l and it s  ca p a c ity  to  p rod u ce fo r a g e , the F r o n t R ange  

p in e zon e h as b een  the a r e a  m o s t  a ffec ted  by th e se  in te r a c t io n s . The 

p e r e n n ia l s tr e a m s  and flood  p la in s  of th is  zon e s e r v e  h o s t  to a w ide  

v a r ie ty  of r e c r e a t io n a l a c t iv i t ie s  in  ad d ition  to s e r v in g  as the p r im e  

w a ter in g  a r e a s  fo r  the ca tt le  g ra z in g  in d u str y . T h is  co n cu rre n t u sa g e  

o f the w a ter  r e s o u r c e  by r e c r e a t io n is t s  and c a t t le ,  as w e ll  as the fa c t  

that th is  sa m e w a ter  i s  to  be u se d  for d o m e s tic  n eed s  d o w n strea m , 

b r in g s  up so m e  in te r e s t in g  q u e s t io n s . W hen cow s are  lo c a te d  in  or  

n ea r  th e se  su r fa c e  w a ter  s o u r c e s ,  is  th ere  a p o s s ib i l ity  of a p h y s ic a l,  

c h e m ic a l or b io lo g ic a l  d egra d a tio n  of the q u a lity  of that w a ter  w h ich  

m ig h t s e r io u s ly  a ffe c t  it s  o th er u s e s ?  Can c a tt le  c a u se  s o i l  su r fa c e



3

im p a c ts  w h ich  w ill  r e su lt  in  s ig n if ic a n t  in c r e a s e s  in  e r o s io n  and 

sed im en ta tio n ?  Can th e body w a s te s  fr o m  g ra z in g  c a tt le  ca u se  

eu tro p h ica tio n  o f la k es  and r e s e r v o ir s ?  Can ca ttle  g ra z in g  tr a n sm it  

p ath o g en ic  d is e a s e s  to both  lo c a l and d o w n strea m  hum an u s e r s ?

M ost s tu d ie s  of ca tt le  im p a c ts  on w a ter  q u a lity  have d ea lt  w ith  

fe e d lo t  runoff. Only a few  s tu d ie s  have ex a m in ed  the e f fe c t  of ran ge

land g ra z in g  on su r fa ce  w a te r  q u a lity  (J oh n son , et̂  a l. , 1978; B u ck h ou se  

and G ifford , 1976; D a r lin g , 1973; C am p b ell and W eb b er, 1970; K unkle  

and M eim a n , 1967; M o r r iso n  and F a ir ,  1966), C o n c lu s iv e  r e s u lt s  

w ith  r e s p e c t  to c a tt le  g ra z in g  e f fe c t s  on in te r a c t iv e  w a ter  u s e  are  

fe w , p a r t ic u la r ly  in  s tr e a m s  dependent on sn o w m elt runoff su ch  as  

th e se  o f the C o lorad o  F ro n t R ange.

The o v e r a ll  o b je c tiv e  o f th is  study w as to q uantify  the im p a ct of 

c a tt le  g ra z in g  on a p e r e n n ia l , low  flo w  s tr e a m  in  the C o lorad o  F ro n t  

R an ge . S p e c if ic a lly  the study  sought to  d e te r m in e  the lo c a l and  

im m e d ia te  d o w n strea m  p o llu tion  p o ten tia l o f c a tt le  g ra z in g  on a 2 .6  km  

r e a c h  o f T rou t C reek  throu gh  a n a ly s is  of s e le c te d  p h y s ic a l, c h e m ic a l

and b io lo g ic a l  p a r a m e te r s .



P A ST  WORK

D o m e s tic  c a tt le  and sh eep  g r a z e ,  at one t im e  or  a n o th er , on  

about o n e -h a lf  o f the 110 . 5 m il l io n  h e c ta r e s  o f p u b lic  ran gelan d  in  the  

11 w e s te r n  s t a t e s .  F u r th e r m o r e , g ra z in g  i s  p e r m itte d  on o n e -fo u r th  

of the to ta l p u b lic  land a r e a  that h as b e e n  w ithdraw n  for r e c r e a t io n  

(P u b lic  Land Law  R ev iew  C o m m iss io n , 1970 ). T he g ra z in g  of l i v e 

s to ck  m a y  present an a d v e r se  im p a ct on the o th er  u s e s  of the w ater  

found on th e se  la n d s . L eop o ld  (1975) s ta te s :  " F ish  and w ild life  

h ab ita t in  w e s te r n  ran gelan d  is  u n d ergo in g  s te a d y , ch ro n ic  d e te r io r a 

tio n  u n der e x is t in g  p a ttern s  of m u ltip le  u s e .  L iv e s to c k  g ra z in g  in  

p a r tic u la r  m a y  be having cu m u la tiv e  e c o lo g ic a l  i l l  e f fe c t s  on p r o 

d u c tiv ity  o f both  lan d s and w a t e r .If

A s noted  by M iner and W illr ic h  in  1970 , l i t t le  in te r e s t  had b een  

show n by w a ter  p o llu tio n  c o n tro l a g e n c ie s  co n cer n in g  the p o llu tio n a l  

e f fe c t s  of ca tt le  g ra z in g  on ran ge or p a s tu r e s .  T h ese  a g e n c ie s  

a ssu m e d  that m an u re d is tr ib u tio n  p a tte r n s , s o i l  a d so rp tio n  of liq u id s  

and v e g e ta t iv e  c o v e r  u sa g e  of th e  added n u tr ien ts  w ould  in te r a c t  to  

m in im iz e  any p o ten tia l w a ter  q u a lity  e f f e c t s .  S u p p o sed ly , h igh  

in te n s ity  r a in fa lls  in  e x c e s s  of s o i l  in f iltr a t io n  r a te s  w ould p rov id e  

su ff ic ie n t  d ilu tion  w a ter  to m in im iz e  the co n c e n tr a tio n s  of the p o ten tia l

p o llu ta n ts  in  the runoff.
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B a se d  on th e s e  a s su m p tio n s , m o s t  of the co n c e r n  fo r  l iv e s to c k  

e f fe c ts  on w a te r  q u a lity  fo c u se d  on fe e d lo t  and a g r ic u ltu r a l (m anured) 

land runoff p r o b le m s  (D a r lin g , 197 3). F e w , i f  any , s tu d ie s  sought to  

ex a m in e  c a tt le  g ra z in g  im p a c ts  on w ild la n d s u n til the la te r  I9 6 0 1 s and 

e a r ly  1 970 ! s .  At th is  t im e , r e s e a r c h e r s  and s e v e r a l  g o v ern m en t  

a g e n c ie s  b egan  to ex a m in e  the s itu a tio n  in  te r m s  o f the e f fe c t  on  

r e c r e a t io n a l and d o m e s tic  w a ter  u s e s .  C it ie s  w ere  grow in g  and the  

p eo p le  dem anded  pure w a ter  for  both  w a te r -b a se d  r e c r e a t io n  and 

d o m e s t ic  u s e s .  At tfre sa m e  t im e , e c o n o m ic s  and the co n cep t of  

m u ltip le  u s e  m a n a g em en t of public  lands w as draw ing m o r e  and m o r e  

g ra z in g  in te r e s t s  in to  the sa m e a r e a s .  T h u s, it  w a s in e v ita b le  that 

in te r a c t io n s  am ong th e s e  fa c t io n s  w ould  o c c u r .

T h is lite r a tu r e  r e v ie w  w ill  ex a m in e  the e f fe c t s  o f ca tt le  g ra z in g  

on w a ter  q u a lity  in  s m a ll  m ou n ta in  s tr e a m s . In ad d ition  to  the w a ter  

q u a lity  im p a c t, m e c h a n ism s  and p r o c e s s e s  in v o lv e d  in w a ter  p o llu tion  

by c a ttle  are  a ls o  ex a m in ed . S p e c if ic  e m p h a s is  i s  p la ce d  on e r o s io n  

and liv e s to c k  w a s te s  and the r e su lta n t im p a ct on s tr e a m  se d im e n t,  

n u tr ien t and b a c te r io lo g ic a l  c o n c e n tr a tio n s .

C attle  can  d r a m a tic a lly  a ffe c t  land s u r fa c e s  by rem o v in g  v e g e ta 

t iv e  c o v e r  as w e ll  as co m p a ctin g  the s o i l  su r fa c e . The e x p o se d  and 

d am aged  s o i l  su r fa c e  i s  then m o re  su sc e p t ib le  to ra ind rop  sp la sh  

w h ile  co m p a ctio n  r e d u c e s  in f iltr a t io n  and in c r e a s e s  o v er la n d  flow .
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T he c a p a c ity  o f g ra z in g  a n im a ls  to  rem o v e  v e g e ta tio n  i s  w e ll  

d ocu m en ted . R ange c a tt le  m ay  co n su m e o v er  nine k ilo g r a m s  o f  

fo r a g e  m a te r ia l  p er  day depending on the a n im a l1 s p h y s ic a l co n d itio n , 

the c lim a te  and feed  p a la ta b ility  (S toddart and S m ith , 1 955 ). T od ay , 

m o s t  fe d e r a l a g e n c ie s  c o n cer n e d  w ith  land m a n a g em en t f e e l  that 

g ra z in g  m a n a g em en t p lan s a llo w in g  for  30 p e r c e n t or l e s s  c o v e r  r e 

m o v a l w ill  not s e r io u s ly  a ffe c t  e r o s io n  r a te s  u n le s s  o th er  fa c to r s  

in te r fe r e  (U .S . E n v iro n m en ta l P r o te c t io n  A g en cy , 1978).

D uring th e ir  fo ra g in g  a c t iv i t ie s ,  c a tt le  h o o v es  a ffe c t  s e v e r a l  

im p o rta n t s o i l  c h a r a c t e r is t ic s ,  m a in ly  through  su r fa c e  co m p a ctio n , 

and th e se  e f fe c t s  have b een  found in both g r a s s la n d s  and fo r e s t s  

(Jo h n sto n , 1962; S to e c k e le r , 1959). L in n artz  and o th ers  (1966) found  

that c a tt le  g ra z in g  a ffe c te d  s e v e r a l  im p o rta n t s o i l  p r o p e r t ie s  on a 

fo r e s te d  L o u is ia n a  w a tersh ed ; bulk d e n s ity  in c r e a s e d  w h ile  p o r o s ity ,  

in f iltr a t io n  and p e r c o la t io n  a ll  d e c r e a s e d , A ld e fe r  and R ob in son  (1947) 

rep o r te d  th at in c r e a s e d  runoff fr o m  g r a z e d  p a s tu r e s  w as due to a lack  

of s o i l  c o v e r  to g e th e r  w ith  h igh  bulk d en s ity  and low  v a lu e s  fo r  c a p i l 

la r ity  and p o r o s ity . T h e se  c o v e r  and s o i l  e f fe c ts  of g ra z in g  c a ttle  

a c t c o l le c t iv e ly  to in c r e a s e  the e r o s io n  h azard  of the s o i l  s u r fa c e .

T h is  in c r e a s e d  o v er la n d  flow  and the su b seq u en t e r o s io n  can  a ffe c t  

w a ter  q u a lity  due to  g r e a te r  d is s o lv e d  and su sp en d ed  s e d im e n t and 

n u tr ien t and p a th ogen ic  o r g a n ism  load in g  and tr a n sp o r t  (U .S . E n v ir o n 

m en ta l P r o te c t io n  A g en cy , 1978).
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S ed im en t h as b e e n  c a lle d  th e  g r e a te s t  s in g le  p o llu tan t in  n a tu ra l  

w a te r s  (H o lt, et a l♦, 1970). S e v e r a l p u b lish ed  é tu d ié s  have ex a m in ed  

the g r a z in g -s e d im e n t  y ie ld  r e la t io n sh ip  (C raddock  and P e a r s e ,  1938; 

A ld e fe r  and R o b in so n , 1947; Joh n son  and M old en h au er , 1 970 ). One 

study o f  p a r tic u la r  in te r e s t  w a s  m ade at Badger W ash B a s in  in  S ou th 

w e s te r n  C o lorad o  (L u sb y , 1970 ). R unoff and sed im en t y ie ld s  w e r e  

c o n s id e r a b ly  l e s s  fr o m  u n g ra zed  w a te r sh e d s  than fr o m  g r a z e d  w a te r 

sh ed s  on M an cos sh a le  d e r iv e d  s o i l s  ev en  though v e g e ta tio n  had not 

changed  a p p rec ia b ly  b e tw een  the p a ire d  w a te r sh e d s  o v er  the fiv e  y e a r  

p e r io d . The d if fe r e n c e s  w e r e  ca u sed  by the in c r e a s e d  s o i l  co m p a ctio n  

r e su lt in g  fr o m  the g ra z in g  a n im a ls  as co m p a red  to c o m p a ctio n  by r a in 

drop s on ly  on the u n g ra zed  w a te r sh e d .

Of in c r e a s in g  im p o rta n ce  today is  the e f fe c t  that g ra z in g  a n im a ls  

have on s tr e a m  ch a n n e ls  and the a d ja cen t r ip a r ia n  v e g e ta tio n  zone  

(B eh n k e , 1978; M eehan  and P la t t s ,  1978; B e r r y ,  1978 ). A lthough  it  

only a cco u n ts  for  about one p e r c e n t of the to ta l ran gelan d  a c r e a g e  

(B e r r y , 1978), the r ip a r ia n  zone co n ta in s  the r ic h e s t  co n cen tra tio n  of 

a n im a l life  and p r o v id e s  the m o s t  h e a v ily  u t i l iz e d  r e c r e a t io n  a r e a s  

(B eh n k e? 1978). L iv e s to c k  n a tu ra lly  tend  to  c o n g r e g a te  in  and around  

s tr e a m  b o tto m s due to the h igh  p a la ta b ility  and m o is tu r e  con ten t of 

s tr e a m s id e  v e g e ta tio n  as w e ll  as the c lo s e  p r o x im ity  to w a te r  (A m e s ,  

1977). F o r  th e s e  r e a s o n s ,  the zon e h as b een  c o n s id e r e d  a " s a c r if ic e  

area"  by ran ge m a n a g e r s  (B eh n k e, 1978),
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B e r r y  (1978) su m m a r iz e d  the r e s u lt s  o f s e v e r a l  in v e s t ig a t io n s  

(a ll  u n p u b lish ed  or in -p r e s s )  w h ich  d em o n str a ted  a link  b e tw een  bank  

s ta b ility  and o v e r g r a z in g  of the r ip a r ia n  zo n e . The e f fe c t s  of th is  

red u ctio n  in  r ip a r ia n  v e g e ta tio n  and bank s ta b ility  a re  red u ced  c o v e r  

fo r  f is h ,  in c r e a s e d  w a ter  te m p e r a tu r e s  and in c r e a s e d  s i lt  in  the  

s tr e a m . A n oth er ob v iou s e f fe c t  w ould  be m a s s  w a stin g  fo llo w in g  bank  

fa ilu r e , fu rth er  in c r e a s in g  the ero d ed  m a te r ia l  d e liv e r e d  to  the s tr e a m  

ch an n el.

T he c o n se q u e n c e s  o f c a tt le  a c t iv i t ie s  w ith in  a s tr e a m  ch an n el 

in c lu d e  d istu rb ed  b o tto m  s u b s tr a te s ,  in c r e a s e s  in both  n u tr ien t and 

b a c te r ia l  l e v e l s ,  and p o s s ib le  tu rb id ity  p r o b le m s w ith  f is h  grow th  and  

b eh a v io r  (B e r r y , 1978).

In su m m a r y  and as i l lu s tr a te d  in  F ig u r e  1, the p r im a r y  e f fe c t s  

of g ra z in g  on both r ip a r ia n  and upland v e g e ta tio n  m ay  have se co n d a ry  

e f fe c t s  on the u n d er ly in g  s o i l  and on s tr e a m  b a n k s. R ed uced  r ip a r ia n  

v e g e ta tio n  m ay  lea d  to l e s s  s ta b le  b an k s, in c r e a s e d  s tr e a m  te m p e r a 

tu r e s  and red u ced  c o v e r  for r ip a r ia n  zon e w ild life .  S o il e x p o su r e  and 

co m p a ctio n  p r o m o te s  e r o s io n  w hich  m ay  r e s u lt  in  in c r e a s e d  s e d im e n ta 

tio n  of a s tr e a m . O nce in  the aq u atic  e n v ir o n m en t, s e d im e n t can  r e 

duce su ita b le  su b s tr a te s  fo r  in v e r te b r a te  f is h  food o r g a n ism s  as w e ll  

as b u ry  o r g a n ism s  and la r v a e  r e s id in g  in  the in tr a g r a v e lla r  zone

(B e r r y , 1978).
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Figure 1. Flow chart diagram of major e f f e c t s  o f g razin g  on both  
land and stream  fe a tu r e s  and the r e s u lt in g  e f f e c t s  o f  
changes in  th e se  fe a tu r e s  on the stream  b io ta .  A 
p lu s  (+) s ig n  in d ic a te s  a n et in c r e a se  in  e f f e c t  and a 
minus ( - )  s ig n  a n et d ecrease  (a f t e r  Berry, 1 978 ).

Allochthonous Material-
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T he m a jo r  w a ter  p o llu ta n ts  d e r iv e d  fr o m  a n im a l w a s te s  are  

oxy g en  d em anding  o rg a n ic  m a te r ia ls ,  p lan t n u tr ien ts  and in fe c t io u s  

o r g a n ism s  (M in er  and W illr ic h , 1 970 ). O rgan ic  m a tte r  fr o m  l i v e 

sto ck  w a ste  s e r v e s  a s su b str a te  (food  so u rce ) for  aqueous b a c te r ia  

w hen it e n te r s  a s tr e a m . The b a c te r ia  o x id iz e  the o rg a n ic  m a tter  

to  ob ta in  e n e r g y  fo r  grow th , d ev e lo p m en t and r ep ro d u ctio n . T h is  

p r o c e s s  is  r e fe r r e d  to  as B io c h e m ic a l O xygen  D em and (BOD) and is  

co m m o n ly  d efin ed  a s the am ount o f oxygen  req u ir ed  by b a c te r ia  w h ile  

s ta b iliz in g  d e c o m p o sa b le  o rg a n ic  m a tte r  u n d er a e r o b ic  co n d itio n s  

(S aw yer and M cC a rty , 1 967 ). The im p o rta n t poin t to  note h e r e  i s  

th at th is  p r o c e s s  e x e r t s  a dem and on the s tr e a m 's  oxygen  su pp ly .

W hen the rate o f oxygen  d ep le tio n  e x c e e d s  the s t r e a m 's  r e a e r a t io n  

r a te ,  s e r io u s  p r o b le m s  m ay  r e s u lt .  F is h  m o r ta lity  o r , i f  co n d itio n s  

p e r s i s t ,  a sh ift  tow ard  an anaerob ic s tr e a m  con d itio n  m a y  o c c u r .  

A pply ing  th is  te r m in o lo g y  to  g ra z in g  r e s e a r c h , the c a rb o n a ceo u s  BOD  

o f a 454  kg b e e f  cow  h as b een  e s t im a te d  at 0 .4 5  kg p er  day (M in er  

and W illr ic h , 1970 ).

T he oxygen  dem and of a m m o n ia , an oth er p rod u ct o f c a tt le  w a s te ,  

h a s a lso  b e e n  found to  be s ig n if ic a n t . A m m o n ia -n itr o g e n  c o n c e n tr a 

t io n s  in  fe e d lo t  ru n off h ave b e e n  found to range fr o m  1 to  139 n ig /f  

(M in er and W illr ic h , 1 970 ). To o x id iz e  th e se  c o n c e n tr a tio n s  o f NH  

to  n itra te  (NO^) w ould  re q u ir e  fr o m  4 .6  m g / i  to 638 m g  of o x y g en .
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R e s e a r c h  to date d oes not su g g e s t  any BOD or am m o n ia  p r o b le m s  

w ith  ran ge c a ttle  g r a z in g , ev en  though d ir e c t  d ep o s itio n  of an a m m on ia  

r ic h  m an u re r e p r e s e n ts  a p o ten tia l eu tro p h ica tio n  p ro b lem . R apid  

r e a e r a t io n  pf s tr e a m  w a ter  and am m on ia  b reak d ow n  a re  ap p aren tly  

e lim in a tin g  the p r o b le m  b e fo r e  it  im p a c ts  w a ter  u s e r s .

The n u tr ien ts  of c o n c e r n  in  m o s t  w a ter  q u a lity  s tu d ie s  are  n it r o -  

gen  and p h osp h orou s com pounds s in c e  th ey  are  the p r in c ip a l agen ts  

o f eu tro p h ica tio n  in la k e s  and im p ou n d m en ts (A rm str o n g  and R ohlip k , 

1 970). M iner and W illr ic h  (1970) rep o rted  that a 454  kg b e e f  cow  

w ould  e x c r e te  0 . 1 36 kg o f  n itro g en  and 0 .0 4 5  kg of p h osp h oru s p er  

d ay , p er  4 . 54 kg of so lid  e x c r e m e n t . L oeh r (1977) d is c u s s e d  the 

c h e m ic a l b reak d ow n  o f w a s te s  fr o m  c a ttle  and a lso  com p u ted  a v era g e  

l o s s e s  o f n itr o g e n  and p h o sp h o ro u s . He rep o rted  an a v era g e  va lu e  

of 6 . 35 kg of n itr o g e n  and 1 .8  kg o f  p h osp h orou s p er  0 .9 1  m e tr ic  ton s  

of m an u re (in c lu d in g  u r in e ) , w ith  a range o f  17 to  35 kg of w a ste  

m a te r ia l  p er  cow  p er  day. O m ernik  (1977) rep o rted  annual lo s s e s  

p e r  cow  at 57 kg to ta l n itro g en  and 17 kg to ta l p h o sp h o ro u s . The  

v a r ia n c e  in  th e s e  and o th er  rep o r te d  r e s u lt s  a re  p rob ab ly  due to d if f e r 

e n c e s  in  f e e d s ,  c lim a te  and con d ition  of the c a t t le .

N itr o g e n  in  m a n u re , in c lu d in g  u r in e , i s  p r im a r ily  in  the o rg a n ic  

and a m m o n ia ca l fo rm  (L o e h r , 1977). A m m on ia  and o th er  red u ced  

fo r m s  a re  o x id iz ed  by n itr ify in g  b a c te r ia  to  n itr a te s  in  both  w a ter  and 

in  s o i ls  (G o ld b erg , 1970 ). The n itra te  (NO ^) ion  i s  both  w a ter  so lu b le
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and r e a d ily  a d so rb ed  by p la n ts , im p ortan t fa c to r s  for  i t s  ro le  as an 

ag en t o f eu tro p h ica tio n  (O g le sb y , 1971).

P h o sp h o r o u s  fo r m s  in  m an u re a re  p r im a r ily  o rg a n ic  w ith  so m e  

orth o p h o sp h a te . B oth  the o rg a n ic  and orth op h osp h ate  fo r m s  are  

sp a r in g ly  so lu b le  and ten d  to be s tr o n g ly  ad so rb ed  by s o i l  p a r t ic le s ,  

rea c h in g  w a ter  su p p lie s  on ly  fr o m  s o i l  and o rg a n ic  p a r t ic le  m o v e 

m en t (O g le sb y , 197 1; McC a lia , 1970). The s m a ll fr a c t io n  of th is  

p hosphate that i s  th en  m ade a v a ila b le  to  the aquatic  com m u n ity  b e 

c o m e s  the p r im a r y  c a u se  of eu tro p h ica tio n  in  n a tu ra l w a te r s  (O g le sb y , 

1971).

W hile the p r e c e d in g  s e c t io n  d e m o n str a te s  that su b sta n tia l  

am ounts o f both  n itro g en  and p h osp h orou s com pounds a re  p r e se n t  in  

c a ttle  w a s te s  and in  u sa b le  fo r m s , r e s u lt s  fro m  w ild lan d  w a ter  q u a lity  

e x a m in a tio n s  have \not in d ica ted  any m e a su r a b le  im p a c ts . D a r lin g  

(1 9 7 3 ), in  studying g ra z in g  on s m a ll  U tah s tr e a m s , rep o rte d  that 

c a tt le  and sh eep  g ra z in g  im p a c ts  on c h e m ic a l w a ter  q u a lity  w e r e  not 

d e te c ta b le . He m e a su r e d  n itra te  c o n c e n tr a tio n s  of 0 .0 5  to 1 .8  m g /f  

and to ta l ph osp h ate co n c e n tr a tio n s  of 0 .0 5  to 0 .8 5  m g /f  . He co n clu d ed  

that n e ith e r  n itr a te s  nor to ta l p h o sp h ates  changed  w ith  w a te r sh e d  

a c t iv ity  (g r a z e d  or u n grazed ) and b la m ed  a n a ly tic a l tech n iq u es  fo r  

m u ch  of h is  e x p e r im e n ta l v a r ia tio n . In a C anadian  study of low  d e n s ity  

ra n gelan d  g r a z in g , C am p b ell and W ebber (1970) rep o rte d  runoff
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c o n c e n tr a tio n s  o f 0 .6 5  kg N O ^-N  and 0 .7 6  kg to ta l p h osp h orou s p er  

h e c ta r e  p er  y e a r .

M iln e (1 9 7 6 ), in  stud ying  the w a ter  q u a lity  e f fe c t s  o f l iv e s to c k  

on a w in ter  r a n g e , r ep o rte d  th r e e  y e a r  m ea n  co n c e n tr a tio n s  at f iv e  

s i t e s  for  n itr a te -n itr o g e n  to be b e tw een  0 .0 0 3  and 0 .2 0  m g , ortho-*, 

p hosphate b e tw een  0 .0 0 9  and 0 .0 2 6  m g / i  and a m m o n ia -n itr o g e n  

b etw een  0 .0 0 0  and 0 .0 2 7  m g / i  . T h e se  m e a su r e m e n ts  w e r e  tak en  

w ith  s p e c if ic  io n  p r o b e s . M iln e rep o rte d  that h is  n itr a te  fin d in g s w e r e  

p rob ab ly  b e lo w  th e  th r e sh o ld  le v e l  of the p ro b e . He d isco n tin u ed  m o s t  

c h e m ic a l a n a ly s e s  a fter  the seco n d  y e a r ,  con clu d in g  that l i t t le  i f  any  

change cou ld  be d e te c te d . B e r r y  (1978) fe lt  that on ly  th o se  w a s te s  

d e p o s ite d  in  or v e r y  n ea r  th e ch an n el w ould  im p a ct a s tr e a m  and thus  

be m e a s u r a b le ,  and the r e s e a r c h  to date b ea r  th is  out. M ost in 

v e s t ig a to r s  ch o o se  to  le a v e  c h e m ic a l n u tr ien t data out of th e ir  p u b lic a 

t io n s ,  p o s s ib ly  due to  e ith e r  the lo w  v a lu e s  (o ften  at or n ea r  a n a ly t i

c a l ly  d e te c ta b le  lim its )  or the e x tr e m e  v a r ia b ility  and n o n -s ig n if ic a n c e  

of the data .

M any s tu d ie s  fro m  liv e s to c k  fe e d lo ts  and in te n s iv e  a g r ic u ltu r a l  

a r e a s  h ave show n that c a tt le  w a s te s  con ta in  p ath ogen s and th at th e se  

o r g a n ism s  can  be tr a n sm itte d  to m an  v ia  w a ter  (D ie s c h , 1970). 

A lthough  w a terb o rn e  d is e a s e s  are  r e la t iv e ly  r a r e  in  the U . S . A . ,  

in c r e a s in g  e m p h a s is  on w a te r  b a se d  r e c r e a t io n  c r e a te s  new  o p p o rtu n i

t ie s  for  th is  m od e o f in fe c t io n  (M in er and W illr ic h , 1970). A m ong the



14

p o te n tia l w a terb o rn e  d is e a s e s  t r a n s m is s  ab le Trom.. c a tt le  are  an th rax , 

b r u c e lo s i s ,  c o c c id o s i s ,  m a s t i t i s ,  N ew  C a stle  d is e a s e ,  o r n ith o s is ,  

g a s tr o e n te r i t i s ,  le p to s p ir o s is  and s a lm o n e llo s is  (D ie s c h , 1970 ).

L e p to s p ir o s is  and S a lm o n e lla  are  the m o s t  w id e sp r e a d  of th e s e .  

A p p ro x im a te ly  1 ,0 0 0  c a s e s  of L e p to s p ir o s is  have b e e n  rep o rte d  in  the  

U nited  S ta tes  s in c e  1941 (D ie s c h , 1970). D ie s c h  su m m a r iz e d  an 

ou tb reak  o f L e p to s p ir o s is  am ong s e v e r a l  young p eop le  on the C edar  

R iv e r  in  Iow a. T he d is e a s e  w as tr a c e d  to  th e ir  sw im m in g  b e lo w  a 

poin t w h ere  in fe c te d  ca ttle  had a c c e s s  to the r iv e r .  D ie sc h  and 

M cC u lloch  (1966) in v e s t ig a te d  an a r e a  in  Iowa th at had w itn e s se d  

s e v e r a l  L e p to s p ir o s is  o u tb rea k s. T hey tr a c e d  the d is e a s e  b ack  to  

c a tt le  con ta m in a tio n  and con clu d ed  that con tin u ed  u se  of the w a ter  

so u r c e  fo r  c a tt le  w a ter in g  and r e c r e a t io n  or drink ing w ould  p rob ab ly  

lea d  to  fu r th er  ou tb rea k s of the d is e a s e .

S a lm o n e lla , h o w e v e r , i s  the m a jo r  zo o n o tic  d is e a s e  (tr a n sm itte d  

b etw een  v e r te b r a te s  and m an) in  the U nited  S ta tes  w ith  2 0 ,0 0 0  rep o rted  

c a s e s  p er  y e a r  but e s t im a te s  of one to  tw o m illio n  a c tu a l c a s e s .  M ore  

than 1 ,3 0 0  s e r o ty p e s  of S a lm o n e lla  have b een  id e n tif ie d  w ith  m o s t  

b ein g  sp rea d  in the f e c e s  o f in fe c te d  a n im a ls  (D ie s c h , 1970).

A g r ic u ltu r a l a n im a ls , co w s in  p a r t ic u la r , are  freq u en t s o u r c e s  

of S a lm o n e lla  (G e ld r e ic h ,e t  a l. , 1968). At the p r e se n t  t im e , S a lm o n e lla  

i s  one o f the few  p ath ogen s w h ich  m ay  be is o la te d  fr o m  w a ter  by the  

m ea n s of a rou tin e t e s t  w ith  any d e g r e e  of r e l ia b il ity  (M illip o r e
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C o rp o ra tio n , 197 3; G e ld r e ic h , 1970; G a llagh er  and Sp ino, 1968 ). F o r  

th is  r e a so n , i t  i s  the m o s t  o ften  stu d ied  p a th ogen ic  o r g a n ism  in  w a ter  

p o llu tio n  r e s e a r c h . H o w ev er , b e c a u se  m o s t  p a th ogen ic  o r g a n ism s  

a re  u su a lly  p r e se n t  in  n a tu ra l w a te r s  in  su ch  e x tr e m e ly  low  d e n s it ie s  

(D ie s c h , 1 9 7 0 ), the p r e s e n c e  or a b se n c e  o f th e  c o lifo r m  b a c te r ia l  

group i s  c o n s id e r e d  an in d ica tio n  o f p o s s ib le  co n ta m in a tio n  by w a rm  

b lo o d ed  a n im a ls  and thus the p o s s ib le  p r e s e n c e  of p a th o g en ic  o r g a n ism s  

(G a lla g h er  and Sp ino, 1968; M illip o r e  C o rp o ra tio n , 197 3).

A s d efin ed  by Standard M ethods (A . P . H. A . , 1 975 ), nth e c o l i 

fo r m  group in c lu d e s  a ll the a e r o b ic  and fa c u lta tiv e  a n a ero b ic  g r a m 

n e g a t iv e , n on ^ sp ore -fo rm in g  rod  shaped  b a c te r ia  w h ich  fe r m e n t  

la c to s e  w ith  gas fo rm a tio n  w ith in  48 h ou rs at 3 5 ° C ,M C o lifo r m s  a re  

a lw a y s  p r e se n t  in the in te s t in a l tr a c t  of hum ans and o th er  w a rm  

b lood ed  a n im a ls  (G e ld r e ic h , 1967). A s a grou p , c o l ifo r m s  are  c o .n ^  

s id e r e d  h a r m le s s  but th e ir  p r e s e n c e  in  a w a ter  sa m p le  in d ic a te s  the  

p o s s ib le  p r e s e n c e  o f w a terb o rn e  p a th ogen ic  o r g a n ism s  (M illip o r e  

C o rp o ra tio n , 1973).

F u r th er  study of the c o lifo r m  group r e v e a le d  that a su b -g ro u p , 

f e c a l  c o l ifo r m , w as a b e tte r  in d ic a to r  o f w a rm  b lood ed  fe c a l  p o llu tio n . 

U nlike m any s p e c ie s  of the c o lifo r m  grou p , the f e c a l  c o lifo r m  is  

p r e s e n t  on ly  in  the gut and f e c e s  of w a rm  b lood ed  a n im a ls  (G e ld r e ic h ,  

1967 and 1 970 ). T he f e c a l  c o lifo r m  group h as p roved  to be an e x c e lle n t  

to o l in  w a ter  q u a lity  in v e s t ig a t io n s , both  d o m e s t ic  and w ild lan d
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(G e ld r e ic h , 1967; K unkle and M eim a n , 1967; W alter and B o ttm a n ,

1967; J o h n so n , e t a l .  , 1978)*

S trea m  s tu d ie s  ex a m in in g  a r e la t io n sh ip  b e tw een  fe c a l  c o l ifo r m s  

and p a th o g en ic  o r g a n is m s , m o s t  n otab ly  S a lm o n e lla , h ave y ie ld e d  

v a ry in g  r e s u l t s .  G a lla g h er  and Spino (1 9 6 8 ), in  su m m a r iz in g  th e ir  

own and the w ork  o f s e v e r a l  o th e r s ,  con clu d ed  that l i t t le  apparent  

c o r r e la t io n  cou ld  be m ad e b e tw een  c o n cen tra tio n s  o f to ta l or f e c a l  

c o l ifo r m s  and the p rob ab le  is o la t io n  of S a lm o n e lla e . V an D o n se l and  

G e ld r e ic h  (1971) su g g e ste d  that a co n cen tra tio n  of 200 f e c a l  c o l i f o r m s /  

100 m l of w a te r  m igh t r e p r e se n t  a s ig n if ic a n t  lim it in g  r e la t io n sh ip  

b etw een  in d ic a to r  and S a lm o n e lla . T h ey  in v e s t ig a te d  m ud s a m p le s  

fr o m  s e v e r a l  s tr e a m  and lak e b o tto m s and r e c o v e r e d  S a lm o n e lla  in  

19 p e r c e n t of the sa m p le s  w hen the f e c a l  c o lifo r m  count w a s 1 to  200  

c o u n ts /1 0 0  m l,  50 p e r c e n t  w hen cou n ts w e r e  201 -2 ,0 0 0  and 80 p e r c e n t  

w hen cou n ts w e r e  o v er  2 ,0 0 0 .  Sm ith  and T w edt (1971) su p p o rted  th is  

r e la t io n sh ip  w ith  th e ir  r e s e a r c h . G e ld r e ic h  (1970) a lso  a g r e e d  but 

fe lt  that a f e c a l  c o l ifo r m  count o f 2 ,0 0 0  c o lo n ie s  p er  100 m l shou ld  

r e s u lt  in  a n e a r  100 p e r c e n t c o r r e la t io n  w ith  S a lm o n e lla .

The u s e  of a seco n d  b a c te r ia l  in d ica to r  grou p , f e c a l  s t r e p to 

c o c c u s ,  i s  in c r e a s in g  in  s tr e a m  p o llu tio n  r e s e a r c h  (G e ld r e ic h  and 

K en n er , 1 969 ). F e c a l  S tr e p to c o c c i , as d efin ed  by Standard M ethods  

( A .P .H .  A . , 1 9 7 5 ), in c lu d e  the in te s t in a l s t r e p to c o c c i  fro m  a ll w a rm  

b lood ed  a n im a l f e c a l  w a s te s .  T h e se  g r a m -p o s it iv e  c o c c i  o c c u r  in
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ch a in s  of tw o or m o r e  o r g a n ism s  and a r e  cap ab le  o f grow th  in  B ra in  

H ea rt In fu sion  b ro th  e ith e r  at 4 5 °  and 10°C  (the e n te r o c o c c u s  s p e c ie s )  

o r  at 45 °C on ly  (S tr e p to c o c c u s  bo v is  and S. e q u in u s) .

G e n e r a lly , the o c c u r r e n c e  of f e c a l  s tr e p to c o c c i  in  w a ter  in d i

c a te s  f e c a l  p o llu tio n  w h ile  i t s  a b sen ce  s u g g e s ts  l i t t le  or no w a rm  

b lood ed  a n im a l co n ta m in a tio n . M ore im p o r ta n tly , th e p r e s e n c e  of 

f e c a l  s tr e p to c o c c u s  s tr o n g ly  su g g e s ts  r e c e n t  f e c a l  p o llu tio n  b e c a u se  

th e se  o r g a n ism s  g e n e r a lly  do not m u ltip ly  in  w a ter  (G e ld r e ic h , 1970; 

G e ld r e ic h  and K e n n er , 19 6 9 ).

A lthough  the f e c a l  c o l ifo r m  t e s t  w i l l  not d is t in g u ish  b etw een  

th e  co n tr ib u tio n  of hum an and n on -hu m an  w a rm  b lo o d ed  a n im a l w a s t e s ,  

su ch  a se p a r a tio n  m a y  be e s ta b lis h e d  through  d e n s ity  r e la t io n sh ip s  o f 

f e c a l  c o l ifo r m  (FC ) to f e c a l  s tr e p to c o c c i  (FS) fro m  th e  sa m e sa m p le  

(G e ld r e ic h , 1 9 70 ). In hum an fe c a l  m a te r ia l  and in  d o m e s t ic  w a s t e s ,  

f e c a l  c o lifo r m  d e n s it ie s  e x c e e d  th o se  of f e c a l  s tr e p to c o c c i by  a r a tio  

o f 4 to  1 . B a c te r ia l  d e n s it ie s  o f e ff lu e n ts  r e la te d  to l iv e s to c k  and 

p o u ltry  h ave a f e c a l  c o lifo r m  to fe c a l s trep to co cc i ra tio  g en era lly  le s s  than  

0 .7  (M illip o r e  C o rp o ra tio n , 1 9 7 3 ). T ab le  1 i l lu s tr a te s  th e s e  r a t io s  

fo r  s e v e r a l  fa r m  and d o m e s t ic  a n im a ls .

F o r  e x a m p le , G e ld r e ic h  (1966) rep o r te d  d a ily  p er  ca p ita  p r o -

9 9d u ction  by co w s o f 5 .4  X 10 FC and 3 1 .0  X 10 F S . T h is  w ould  y ie ld  

a F C /F S  ra tio  o f 0 . 17 . Im proved  r e c o v e r y  o f tw o m e m b e r s  o f the  

f e c a l  s tr e p to c o c c i  grou p , S tr e p to c o c c u s  b o v is  and S. e q u in u s , s p e c ie s



Table 1, Bacterial densities and fecal streptococcus distributions in warm
blooded animal feces (after Geldreich and Kenner, 1969).

Densities/G* Occurrence (%)
Fecal
Source

No. of 
Samples

Fecal
Coliforms

Fecal
Streptococci

Ratio
FC/FS

Total
Strains
Exam.

Entero
cocci

S. bovis 
S. equinus

Atypical 
S. faecalis

S. faecalis 
liqui- 
faciens

Human 43 13,000,000 3,000,000 4.4 1,067 73.8 None None 26.2
Animal Pets

Cat 19 7,900,000 27,000,000 0.3 268 89.9 1.5 2.2 6.3
Dog 24 23,000,000 980,000,000 0.02 585 44.1 32.0 14.4 9.6

Rodents 24 160,000 4,600,000 0.04 539 47.3 17.1 0.4 35.3
Livestock

Cow 11 230,000 1,300,000 0.2 438 29.7 66.2 None 4.1
Pig 11 3,300,000 84,000,000 0.04 296 78.7 18.9 None 2.4
Sheep 10 16,000,000 38,000,000 0.4 321 38.9 42.1 None 19.0

Poultry
Duck 8 33,000,000 54,000,000 0.6 328 51.2 48.8 None None
Chicken 10 1,300,000 3,400,000 0.4 275 77.1 1.1 None 21,8
Turkey 10 290,000 2,800,000 0.1 317 76.7 1.6 None 21.8

^Median values
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w h ich  p red o m in a te  in  ca tt le  f e c e s ,  led  to th is  ra tio  (G e ld r e ic h  and 

K e n n er , 1 969 ). T h is  F C /F S  r a t io , w ith  c e r ta in  r e s t r ic t io n s  su c h  as  

pH ran ge and t im e  b e tw een  d e p o s it io n  and c o l le c t io n  can  now  be u se d  

to  id en tify  p rob ab le  s o u r c e s  o f f e c a l  p o llu tio n  in  s tr e a m  s tu d ie s  

(G e ld r e ic h , 1967 ).

T h e se  b a c te r ia l  in d ic a to r s  h ave b e c o m e  the m o s t  o ften  u se d  

m e a n s  o f ev a lu a tin g  w a ter  p o llu t io n , p a r t ic u la r ly  in  w ild lan d  w a ter  

q u a lity  s tu d ie s  ex a m in in g  g ra z in g  im p a c ts .  D uring a 12 day sp rin g  

g ra z in g  p er io d  by 150 c o w s , Joh n son  and o th ers  (1978) rep o r te d  a v e r 

a g e  f e c a l  c o l ifo r m  c o n c e n tr a tio n s  of 20 c o lo n ie s  p er  100 m l in  the  

c o n tr o l p a stu re  and 105 in  the g r a z e d  p a s tu r e . M ean fe c a l  s tr e p to c o c c i  

cou n ts w e r e  73 in  the c o n tr o l p a stu re  and 176 in  the g r a z e d  p a s tu r e .  

M o r r iso n  and F a ir  (1 9 6 6 ), K unkle and M eim an  (1 9 6 7 , 1968) and M ilne  

(1976) a l l  r ep o r te d  in c r e a s e d  b a c te r ia l  counts at s i t e s  b e lo w  g ra z in g  

c a tt le .

Joh n son  rep o r te d  th a t both  f e c a l  c o l ifo r m  and fe c a l  s t r e p to c o c c i  

b a c ter ia l cou n ts w e r e  h ig h e s t  in  a g r a z e d  p a s tu r e  b o tto m  but q u ick ly  

dropped  to u n g ra zed  le v e ls  w hen the c a tt le  w e r e  r e m o v e d . S im ila r  

r e s u lt s  w e r e  rep o r te d  by C oltharp  and D a r lin g  (197 3) and by M ilne  

(1 9 7 6 ). D a r lin g  (1973) re p o r te d  fe c a l  s tr e p to c o c c i cou n ts o f 1 ,0 0 0  

c o lo n ie s /1 0 0  m l d e c r e a s in g  to  l e s s  than  30 c o lo n ie s /1 0 0  m l fo llo w in g  

the r e m o v a l of c a tt le  fr o m  a b oggy  a r e a . W hile n o t a s  d r a m a tic , f e c a l  

c o l ifo r m  cou n ts dropped  in  a s im ila r  m a n n er at m o s t  of h is  s i t e s .
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W orking w ith  s tr e a m s  in  both  C olorad o  and V erm o n t, K unkle  

(1970) rep o r te d  m ic r o b ia l d e n s it ie s  in  s tr e a m s  are n o t as dependent 

on the am ount or type of land u s e  a c t iv i t ie s  p er  s e  on a w a te r sh e d  as  

on the lo c a tio n  o f the p o llu ta n ts  w ith  r e fe r e n c e  to the s tr e a m  ch an n el. 

He found that w hen ca ttle  w e r e  lo c a te d  aw ay fr o m  s tr e a m s , the fe c a l  

c o l ifo r m  cou n ts w e r e  on ly  s lig h t ly  h ig h er  than in  an u n g ra zed  a r e a .  

K unkle co n clu d ed  th at the upland co n tr ib u tio n s  of b a c te r ia  to s tr e a m s  

w e r e  s m a ll  co m p a red  to co n tr ib u tio n s  fr o m  land s u r fa c e s  n ea r  c h a n 

n e ls ,  the ch an n el i t s e l f  or d ir e c t  in p u ts . P e te r s e n  and B o rin g  (I960 )  

found that c a tt le  a c t iv i t ie s  w ith in  the ch an n el i t s e l f  w e r e  m o st  i m 

portant in  ca u sin g  b a c te r ia l  counts to  in c r e a s e .  G e ld re ic h  and K enner  

(1969) fe lt  that the low  le v e ls  of fe c a l  con tam in ation  on the w e s te r n  

p r a ir ie  g e n e r a lly  r e f le c te d  the n o n -c e n tr a liz e d  g ra z in g  p a ttern s  of 

c a t t le ,  sh eep  and the in d ig en o u s w ild life  p o p u la tio n s .

In studying  a sn o w m elt r iv e r  in  the C o lorad o  R o c k ie s ,  M o r r iso n  

and F a ir  (1966) found that c a tt le  g ra z in g  ad ja cen t to  a s tr e a m  ca u sed  

in c r e a s e  in  both  to ta l and fe c a l  c o l ifo r m  co u n ts . T hey a ls o  found that 

su r fa c e  runoff fropn su m m e r  r a in s to r m s  w as the m o s t  im p ortan t  

s in g le  fa c to r  in  ex p la in in g  v a r ia tio n s  in  both  c h e m ic a l and b a c te r ia l  

p a r a m e te r s .

The s u r v iv a l r a te s  of both  in d ic a to r  and p a th o g en ic  o r g a n ism s  

a re  im p o rta n t c o n s id e r a t io n s  in  ev a lu a tin g  the p o llu tio n  p o ten tia l fro m
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c a tt le  w a s te s .  S e v e r a l s tu d ie s  h ave b een  m ad e u s in g  both  d ir e c t  fe c a l  

d e p o s its  and b a c te r ia l  s e e d  p o p u la tio n s .

U sin g  a liqu id  b a c te r ia l  s e e d  added to s o i l  p lo ts ,  Van D o n se l  

and o th ers  (1967) rep o r te d  th at t im e s  req u ired  for  a 90 p e r c e n t  

red u ctio n  in  f e c a l  c o l ifo r m s  ran ged  fr o m  a low  o f 3. 3 days in  su m m e r  

to  1 3 .4  d ays in  autum n. F o r  f e c a l  s t r e p to c c i ,  90 p e r c e n t red u ctio n  

t im e s  ran ged  fr o m  2 ,7  days in  su m m e r  to a h igh  o f 2 0 .1  days in  

w in te r . N in e ty -f iv e  p e r c e n t  co n fid en ce  in te r v a ls  place* th e se  counts  

as a ccu ra te  to  about ± 1 day. To s u m m a r iz e , f e c a l  c o l ifo r m s  s u r 

v iv e d  s lig h t ly  lo n g er  than  f e c a l  s tr e p to c o c c i in  su m m e r  but fe c a l  

s tr e p to c o c c i  su r v iv e d  m u ch  lo n g er  in  sp r in g  and w in te r .

In w ork in g  w ith  f e c a l  d e p o s its  p la ce d  d ir e c t ly  on the s o i l  s u r - 

fa c e ,  B u ck h ou se and G ifford  (1976) rep o r te d  that f e c a l  c o lifo r m  

d e n s it ie s  rem a in e d  g r e a te r  than 1 1 0 ,0 0 0  c o lo n ie s /1 0 0  m l fo r  o v er  

s e v e n  w e e k s . T h ey  su r m ise d  that the b a c te r ia l  life  sp an  cou ld  be as  

long as s e v e r a l  s e a s o n s  s in c e  the b a c te r ia  a re  ra th er  w e ll  p r o te c te d  

w ith in  the su r fa c e  d e s ic a te d  d e p o s it^  Van D o n se l, et  ̂ a l, (1967) a ls o  

in d ica te d  that a la r g e  p ro p o rtio n  o f the fe c a l  c o l ifo r m  and fe c a l  

s tr e p to c o c c i  o r g a n ism s  rem a in  lo c a liz e d  at th e ir  d e p o s it io n  point and 

die w ith in  s e v e r a l  w e e k s . In studying the s o i l  su rrou n d in g  one of th e ir  

f e c a l  d e p o s its  fo llo w in g  a r t if ic ia l  ra in , B u ck h ou se and G ifford  (1976) 

found that on ly the f e c e s  th e m s e lv e s  and an a r e a  w ith in  about a one 

m e te r  rad iu s w e r e  su b jec ted  to any d e g r e e  of fe c a l b a c te r ia l
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co n ta m in a tio n . G e ld re ic h  (1 9 6 7 ), in  a su m m a ry  p ap er on fe c a l  

c o l ifo r m  b a c te r ia , r ep o rte d  that th e se  o r g a n ism s  a re  ab le to  su r v iv e  

fro m  tw o to  e ig h t w eek s  in  s o i l s ,  g o v ern ed  by te m p e r a tu r e , s o i l  

m o is tu r e ,  pH and a n ta g o n is tic  o r g a n is m s . He a lso  n oted  that b a c te r ia  

d e p o s ite d  on soil v ia  f e c e s  are  im m o b iliz e d  and su b jec t to the e c o lo g y  

o f  a s p e c if ic  s i t e .

An im p o rta n t poin t to  be draw n fr o m  th e s e  s tu d ie s  of in d ica to r  

b a c te r ia l  s u r v iv a l in  or on s o i l  i s  that S a lm o n e lla , b r u c e l la  abortus  

j and s e v e r a l  o th er p ath ogen s a s s o c ia te d  w ith  co w s are a lso  ab le  to

su r v iv e  under the sa m e  co n d itio n s  (V an D o n se l, e ^ a L  , 1967 ). T h u s, 

a fe c a l  c o l ifo r m  con ta m in a ted  s o i l  m ea n s  a d is t in c t  p o s s ib i l i ty  o f  

p ath ogen s as w e ll .

In studying the p e r s is te n c e  of s e le c te d  b a c te r ia  in  s to r m w a te r s  

at v a ry in g  te m p e r a tu r e s ,  G e ld r e ic h  and K enner (1969) rep o r te d  that  

at 1 0 °C , 21 p e r c e n t of the fe c a l  c o l i fo r m s , 80 p e r c e n t o f tw o of the  

th r e e  fe c a l  s tr e p to c o c c i  s p e c ie s  and 12 p e r c e n t o f  the one S a lm o n e lla  

s p e c ie s  in v o lv e d  su rv iv ed  a fter  se v e n  d a y s . One im p o rta n t find ing  

fro m  the stand p oin t of ca ttle  g r a z in g /w a te r  q u a lity  r e s e a r c h  w as  

m ade; S tr ep to ccu s  b o v is , one o f the tw o p r e v a le n t  s tr e p to c o c c u s  s p e c ie s  

in  c a tt le  f e c e s ,  w a s red u ced  to l e s s  than 0 ,1  p e r c e n t s u r v iv a l w ith in  

one day. At 20°C  and se v e n  days t im e , on ly one p e r c e n t of the f e c a l  

c o l ifo r m , 10 to 28 p e r c e n t of tw o fe c a l  s tr e p to c o c c i  s p e c ie s  and l e s s  

than  tw o p e r c e n t of the S a lm o n e lla  s p e c ie s  had su r v iv e d . F o r  S, b o v is ,
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the th ird  f e c a l  s tr e p to c o c c i  s p e c ie s  stu d ied , on ly  0 .2  p e r c e n t  s u r 

v iv e d  throu gh  se v e n  d a y s . M ack (1974) a s w e ll  as H en d rick s and 

M o r r iso n  (1967) have d em o n str a ted  that c o lifo r m  b a c te r ia  can  p e r 

s i s t  and e v e n  m u ltip ly  in  n a tu ra l w a te r s ,  ev en  co ld  m ou n ta in  s tr e a m s .

R e s e a r c h  h as in d ica te d  that b o ttom  se d im e n ts  and ch an n el 

d e p o s its  m ig h t be r e s e r v o ir s  for la r g e  q u a n tit ie s  of b a c te r ia  (K unkle, 

1970; K unkle and M eim a n , 1967; G e ld r e ic h , 1970). K unkle (1970) 

rep o r te d  that d o w n strea m  fe c a l c o lifo r m  cou n ts r o s e  an ord er  of 

m agn itu d e ju st by w ading and s t ir r in g  up w a ter  above a sa m p lin g  p o in t. 

C o n cen tra tio n s  w e r e  h a lved  a fter  about 20 m in u tes  o f w ading.

G e ld r e ic h  (1970) con clu d ed  that se d im en ta tio n  en tra p s a la r g e  p o rtio n  

o f a b a c te r ia l  p op u la tion , p la c e s  th e s e  o r g a n ism s  in  a m o re  p r o 

te c t iv e  en v ir o n m en t fo r  ex ten d ed  su r v iv a l and s lo w s  th e ir  m o v em en t  

d o w n strea m . The r e le a s e  o f th e s e  o r g a n ism s  is  p o s s ib le  fo llo w in g  

d isc h a r g e  in c r e a s e s  or p h y s ic a l s t im u la tio n  of the ch an n el b o ttom  

(K unkle, 1970).

E v a lu a tin g  the b a c te r ia l  tr a n sp o r t  m e c h a n is m s  i s  an oth er i m 

p ortan t poin t to  c o n s id e r  in  studying the p o llu tio n  p o ten tia l o f ca tt le  

w a s te s .  The p o ten tia l paths that b a c te r ia  m igh t tak e in  rea c h in g  a 

s tr e a m  in c lu d e  su r fa c e  tr a n sp o r t  during s to r m s  (both s e d im e n t- 

a ttach ed  and fr e e  f lo w in g ), during in f iltr a t io n  and p e r c o la t io n  of s o i l  

w a te r , or d ir e c t  d e p o s it io n  w ith in  a ch a n n el. S torm flow  and d ir e c t  

d e p o s it io n  are  c o n s id e r e d  the m o s t  p ro m in en t paths o f b a c te r ia l
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co n ta m in a tio n  (G e ld r e ic h , et a l . , 1968; K it tr e ll  and F u r fa r i ,  1963; 

K unkle and M eim a n , 1 9 6 7 ). C o n c lu s io n s  p er ta in in g  to  the c o n tr ib u 

t io n s  fr o m  th e se  tw o so u r c e s  a re  d iff ic u lt  to  draw  due to  the fa c t  that 

c o l ifo r m  b a c te r ia  a re  cap ab le  o f a fterg ro w th  (M ack , 1974; H en d rick s  

and M o r r iso n , 1967 ). S o m e tim e s  th is  a fterg ro w th  i s  on the o rd er  of 

100 to  1 ,0 0 0  t im e s  th e  o r ig in a l p op u la tion  (G e ld r e ic h , 1967) but u su a lly  

o c c u r s  w ith in  ten  to  15 h ou rs in  n a tu ra l s tr e a m s  (K ittr e ll  and F u r fa r i ,  

1 963). B a se d  on th is  fa c t , so m e  b a c te r ia l  in c r e a s e s  a ttr ib u ted  to  s u r 

fa c e  runoff m ig h t be a ttr ib u ted  to  a fterg ro w th  o f b a c te r ia  a lr e a d y  w ith 

in  th e  s tr e a m .

M o r r iso n  and F a ir  (1 9 6 6 ), h o w e v e r , su g g e s te d  that c o lifo r m  

b a c te r ia  w e r e  r ea c h in g  a s tr e a m  th rou gh  grou n d w ater w ithout any 

su r fa c e  runoff. S in ce the g ra ze d  m ead ow  in  the study s lo p ed  aw ay  

fr o m  the s tr e a m , th ey  fe lt  the b a c te r ia  w e r e  a p p aren tly  rea c h in g  the 

grou n d w ater by  in f iltr a t io n  of su r fa c e  w a ter  w ithout b a c te r ia l  f i l t r a 

tion  by the a llu v ia l g r a n it ic  s o i l .  V o e lk e r , . e t a l. (I960) a ls o  e x p r e s s e d  

a su sp ic io n  that b a c te r ia  are  cap ab le of p e r m e a tin g  both  sand  and o th er  

s o i l  m a te r ia ls  to r e a c h  grou n d w a ter .

W hile th e se  r e s e a r c h e r s  su g g e s t  that the s o i l  i s  a c tin g  a s  an 

in c o m p le te  f i l t e r  of c o l ifo r m  b a c te r ia , r e s e a r c h  s in c e  1938 h as in d i

ca ted  that s o i l s  are  in d eed  e x c e lle n t  b a c te r ia l  f i l t e r s  (C a ld w e ll, 1938 ). 

B u tle r , et_ a l . (1954) r ep o r te d  that trem en d o u s  n u m b ers of b a c te r ia  

a re  f i l t e r e d  in  the f ir s t  foo t ( 0 .3  m) o f s o i l  and th at the n u m b er of
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c o lifo r m  o r g a n ism s  p en e tra tin g  one foot or m o re  is  in d ep en d en t of 

the in te n s ity  o f  p o llu tio n  in  the added w a ste w a te r . T hey con clu d ed  

that the re m o v a l of b a c te r ia  fro m  liqu id  p e r c o la t in g  th rou gh  a g iv en  

depth of s o i l  i s  in v e r s e ly  p ro p o r tio n a l to  the p a r t ic le  s iz e  o f th e  s o i l .  

T h ey a ls o  in c lu d ed  data in d ica tin g  that b a c te r ia  a re  ca p a b le  of h o r i 

zo n ta lly  tr a v e lin g  g r e a t  d is ta n c e s  (ten s  of m e te r s )  once th ey  r e a c h  

grou n d w ater . B a a r s  (1957) s ta ted  that b a c te r ia  cannot p e n e tr a te  v e r y  

fa r  in to  sandy s o i ls  u n le s s  a cco m p a n ied  by a la r g e  qu antity  o f w a ter .

If the grou n d w ater tab le  i s  h igh , h o w e v e r , b a c te r ia  w h ich  on ce  

rea c h e d  the grou n d w ater m ay  sta y  th ere  p r a c t ic a lly  u n ch an ged  fo r  a 

lon g  t im e .

R o m ero  (1970) w ro te  a p ap er su m m a r iz in g  the r e s e a r c h  on th e  

m o v em en t of b a c te r ia  through  p orou s m e d ia . He con clu d ed  that the  

b a c te r ia l  f i l te r in g  p r o c e s s  in v o lv e s  both  m e c h a n ic a l and b io lo g ic a l  

s tr a in in g  (a r e s u lt  of s o i l  c logg in g) a n d /o r  death  in d u ced  by e n v ir o n 

m e n ta l c h a n g e s . S o il d e fe n se  m e c h a n ism s  su ch  as o x y g en a tio n , 

n itr if ic a t io n , and the in a b ility  of th e  new  b a c te r ia  to ad ju st to  the 

te m p e r a tu r e , pH and p r e -e x is t in g  s o i l  b a c te r ia  a re  a ls o  in v o lv e d . 

R e su lts  su m m a r iz e d  in  h is  p ap er  in d ic a te  that a la r g e  p e r c e n ta g e  

(90 to 100 p ercen t) o f the c o lifo r m  b a c te r ia  w e r e  sep a r a te d  w ith in  

th r e e  to 12 fe e t  ( 0 .9  to 3 .6  m) o f p e n e tr a tio n , w ith  fou r to  se v e n  fe e t  

( 1 .2 2  to  2 . 1 3 m) b ein g  co m m o n . The s o i l  ty p es  in v o lv e d  in  th e se  

s tu d ie s  ran ged  fro m  sandy lo a m s  to v e r y  c o a r s e  m a te r ia ls .  H o r izo n ta l
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f lo w  o f p o llu ta n ts  h a s b een  found to be in  the d ir e c t io n  of grou n d w ater

flo w  (R o m e r o , 1970; B u t le r , e t a l , ,  1954).



M ETHODS A N D  PR O C E D U R E S

Study A r e a

T he g e n e r a l a r e a  s e le c te d  for  th is  stud y  w as the M anitou E x 

p e r im e n ta l F o r e s t .  E s ta b lish e d  in  1936 to  stud y  land u s e  p r o b le m s  

in  the p o n d e ro sa  p ine z o n e , it  i s  lo c a te d  about 48 km  n o r th w e st o f  

C olo ra d o  S p r in g s , C o lorad o  and h a s an a r e a  o f n e a r ly  6 ,5 0 0  ha  

(L o v e , 1958) (F ig u r e  2 ).

The c lim a te  o f th e  E x p e r im e n ta l F o r e s t  i s  su b -h u m id  w ith  w id e  

d iu rn a l and annual te m p e r a tu r e  ra n g e s  and g r e a t v a r ia tio n  in  the  

o c c u r r e n c e  and d is tr ib u tio n  o f p r e c ip ita t io n . M ean annual t e m p e r a 

tu re  i s  4 .8 ° C  w ith  o c c a s io n a l 32°C  su m m e r  rea d in g s  and ex ten d ed  

w in te r  p e r io d s  o f b e lo w  -1 8 °C  (B ern d t, I9 6 0 ) . A v e r a g e  annual 

p r e c ip ita t io n  is  404  m m /y r  w ith  about tw o -th ir d s  of th is  am ount 

o c c u r r in g  fr o m  A p r il to  A u g u st. M ost p r e c ip ita t io n  i s  r e c e iv e d  in  

la te  sp r in g  and su m m e r  and r e s u lt s  fr o m  c o n v e c tiv e  s to r m s . T he  

sn ow  se a so n  ex ten d s  fr o m  la te  S ep tem b er  u n til M ay but sn o w s c o m 

m o n ly  m e lt  fro m  sou th ern  e x p o su r e s  and v a lle y s  w ith in  a few  d ays  

of o c c u r r e n c e  (G ary , 1975). S trea m s o r ig in a tin g  in  th is  a r e a  are  

u su a lly  in te r m itte n t , flow in g  only in  la te  fa l l ,  w in ter  and sp r in g  

(G ary , 1 975 ). P e r e n n ia l s tr e a m s  w il l  r e a c h  th e ir  m in im u m  le v e ls  

in  la te  su m m e r  and e a r ly  fa l l ,  sp o r a d ic a lly  in terr u p ted  by s to r m  flow s
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Figure 2 . Map i l lu s t r a t in g  lo c a t io n  o f the Manitou Experim ental 
F orest and the Colorado Front Range.
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G e o lo g ic a lly , m o s t  of the E x p e r im e n ta l F o r e s t  i s  u n d e r la in  by  

the F ou n ta in  F o r m a tio n  c o n s is t in g  o f a r k o s ic  sa n d sto n e s  and c o n g lo m 

e r a te s  s p a r s e ly  in terb ed d ed  w ith  th in  s h a le s  (M a r c u s , 1 973 ), O v e r -  

ly in g  the F ou n ta in  F o r m a tio n  is  an a ccu m u la tio n  o f c o a r s e ,  an gu lar  

m a te r ia l  w h ich  h a s  w a sh ed  down fr o m  th e w ea th er in g  o f g r a n it ic  o u t

c r o p s  on the n e ig h b o rin g  p e a k s . Spring runoff and h ea v y  r a in s  have  

d e p o s ite d  th is  m a te r ia l  in  th ree  se p a r a te  la y e r s  (a g e s  o f d ep o sitio n )  

of a llu v iu m . T h ese  fa n -sh a p ed  a llu v ia l d e p o s its  v a ry  fr o m  3 to  7 .5  m  

in  depth b en ea th  the E x p e r im e n ta l F o r e s t  (S w e e t, 1952 ).

T h is  study w as con d u cted  on a s e c t io n  of T rou t C r e e k , the only  

p e r e n n ia l s tr e a m  w ith in  the E x p e r im e n ta l F o r e s t .  T rou t C reek  i s  a 

tr ib u ta ry  o f the South F o rk  o f the South P la tte  R iv e r , a m a jo r  w a ter  

so u r c e  fo r  the C ity  of D en v er  to th e  n orth . The s p e c if ic  study a r e a  

w as a 2 .6  km  se c t io n  o f T rou t C reek  flow in g  th rou gh  two ad jacen t  

fe n ced  p a s tu r e s  ju st  n orth  of the E x p e r im e n ta l F o r e s t  H ea d q u a rters  

(F ig u r e  3). E ach  p a stu re  had about an eq u a l len g th  o f s tr e a m  and 

s im ila r  am ounts of su ita b le  g ra z in g  fo r a g e . F ig u r e s  4 and 5 i l lu s tr a te  

the up per and lo w er  p a s tu r e s , r e s p e c t iv e ly .  The u p p er  p a stu re  co n ta in ed  

an a r e a  of 74 ha w h ile  the lo w er  p a stu re  had about 85 ha . M ean e l e v a 

tio n  o f the study p a s tu r e s  w as about 2 , 357 m .

U pland p o r tio n s  of the T rou t C reek  flo o d p la in  have s o i l s  c o n 

s is t in g  o f c o a r s e  tex tu red  a llu v iu m  w h ile  lo w e r  a r e a s  tend  to be m o r e  

f in e ly  te x tu r e d . T h e se  a llu v ia l d e p o s its  are  d e r iv e d  fro m  the d is in 

te g r a tio n  of P ik e s  P ea k  G ra n ite , an ev en  g ra in ed  to  p o rp h y r it ic  pink
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Figure 3. Map o f Trout Creek grazing  study area  
(Johnson, e t  a l . , 1978).



31

Figure 5. Lower study pasture with Pikes Peak in background
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ro ck  c o n s is t in g  m o s t ly  of m i c r o c  lin e  and q u artz  (M a r c u s , 1973 ).

T h is  s o i l  type h as a h igh  e r o s io n  p o te n tia l, p a r t ic u la r ly  i f  the p lant 

c o v e r  i s  e ith e r  r em o v e d  or d am aged . F ig u r e s  6 and 7 i l lu s tr a te  

u n sta b le  s o i l  and bank a r e a s  in  both  p a s tu r e s .  In a d d ition , the s o i ls  

h ave a h igh  in f iltr a t io n  ra te  w h ich  p r e c lu d e s  m o s t  o v er la n d  flow  

(D o rtig n a c  and L o v e , 1961 ),

U pland v e g e ta tio n  in  the study a r e a  w a s m a in ly  b u n c h g r a ss  su ch  

a s  A r izo n a  f e s c u e ,  m ou n ta in  m uhly  or open p o n d e ro sa  p ine s ta n d s . 

T he v e g e ta tio n  in  the L ow er flo o d p la in  in c lu d ed  w il lo w s ,  s e d g e s ,  

r u s h e s , b u tte r c u p s , K entucky b lu e g r a s s ,  com m on  d an d elion  and 

v a r io u s  s ta g e s  o f w eed  s u c c e s s io n  (F ig u r e  8 ). A p p ro x im a te ly  ten  

p e r c e n t  o f the stud y  a r e a  w as con ta in ed  w ith in  the m o is t  f lo o d p la in , 

th e r em a in d er  b e in g  in  the d r ie r  and l e s s  p ro d u ctiv e  s lo p e s  above  

(J o h n so n , e t  a l ,  , 19 7 8 ).

The T rou t C reek  h yd rograp h  i s  ty p if ie d  b y  a sp r in g  sn o w m elt  

peak  fo llo w ed  by a r e c e s s io n  lim b  sp o r a d ic a lly  in terr u p ted  by s u m 

m e r  s to r m  runoff. F o llo w in g  h igh  in te n s ity  th u n d e r s to r m s , th e se  

se c o n d a r y  p ea k s a re  o c c a s io n a lly  g r e a te r  than th e sn o w m elt peak . 

A v e r a g e  n o n -flo o d  s tr e a m  flo w  v a r ie s  fro m  l e s s  th an  s e v e n  l i t e r s  p er  

se c o n d  ( fp s )  to  o v er  550 i p s  (U , S. F . S . , u n p u b lish ed  data). T he  

s tr e a m  c o u r s e ,  during the p a st 35 y e a r s ,  h as m ea n d ered  o v er  m o s t  

of it s  150 m  w id e flo o d p la in  in  r e sp o n se  to both  f lo o d s  and b e a v e r  

a c t iv ity  (G ary , 1 975 ). D uring th is  m ig r a t io n , the s tr e a m  h a s d eep ly
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Figure 6. Unstable soil and bank area below 
site 1 in the upper pasture.

Figure 7. Unstable and trampled banks about midway between 
sites 3 and 7 in the lower pasture.
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Figure 8, Upper pasture view illustrating the typical 
vegetative pattern found in the study area*
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cu t i t s  a llu v ia l b a s e ,  le a v in g  u n sta b le  and e a s i ly  ero d a b le  banks of 

one to th r e e  m e te r s  h igh  (F ig u r e s  6 and 7 ).

F o r  the p a st s e v e r a l  y e a r s ,  both  study p a s tu r e s  h ave b een  u sed  

a s sp r in g  h o ld in g  a r e a s  fo r  ca tt le  and have b een  h e a v ily  s to ck ed  fr o m  

m id -A p r il  u n til e a r ly  Ju n e. The ca ttle  are  th en  rem o v e d  and p la ced  

in  o th er  study a r e a s ,  le a v in g  th e s e  p a s tu r e s  u n g ra zed  u n til the f o l 

low in g  sp r in g . O v e rg ra z in g  by th is  la r g e  num ber of c a tt le  i s  in s ig n i f i 

cant due to the len g th  o f the h o ld in g  p e r io d .

Study S ite s

In it ia lly  four sa m p lin g  s i t e s  w e r e  s e le c t e d ,  th ree  in the u p p e r  

p a stu r e  and one in  the lo w er  p a stu re  (F ig u r e  3)* C r ite r ia  u se d  in  

s ite  s e le c t io n  in c lu d ed  lo c a tio n  of f lu m e s ,  p a stu re  b o u n d a r ies  and 

a r e a s  of p a st b e a v e r  a c t iv ity .

S ite  1 w as lo c a te d  ju st above a flu m e w ith in  a fen ced  e n c lo su r e  

at the upper p a stu re  b ou nd ary . S ite  2 w as p o s it io n e d  about m id w ay  

b etw een  the upper p a stu re  b o u n d a r ies  but s t i l l  above an a r e a  of 

b r e a c h e d  b e a v e r  d a m s. F ig u r e  9 i l lu s tr a te s  one o f the b r e a c h e d  

b e a v e r  d am s and the a ccu m u la ted  s i l t  and sed im en t ■ beh ind  the dam . 

T h e se  d am s w e r e  d e s tr o y e d  and the b e a v e r  population  rem o v e d  during  

the w in ter  p r io r  to the f ir s t  sa m p lin g  s e a s o n . A ny ad d itio n a l b e a v e r  

that a ttem p ted  to  b u ild  d am s during the study p er io d  w e r e  liv e -tr a p p e d  

and th e ir  d am s d e s tr o y e d . S ite 3 w as p la ce d  w ith in  a fen ced  e n c lo su r e
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Figure 9. View illustrating accumulated silt and sediment behind 
one of the breached beaver dams in the upper pasture.
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ju s t  above a flu m e a t the u p p e r /lo w e r  p a stu re  bou nd ary . S ite  7 w a s  

lo c a te d  ju st  above the boundary fen ce  in  the lo w er  p a s tu r e .

S am pling

The stu d y  w a s d iv id ed  in to  e ig h t t im e  p e r io d s  a s show n in  T able  

2: tw o p e r io d s  r e p r e s e n t  g ra z in g  b y  150 co w s in  the lo w er  p a stu re  

only; tw o p e r io d s  r e p r e se n t  g ra z in g  by  40 co w s in  the upper p a stu r e  

only; and four p e r io d s  r e p r e se n t  n o n -g r a z in g  of e ith e r  p a s tu r e , O n e-  

h a lf  o f th e s e  n u m e r ic a l am ounts w e r e  c a lv e s  in  both c a s e s .  A s i l l u 

s tr a te d  in  T ab le 2 , th e  n u m b er of sa m p le  c o l le c t io n  e v e n ts  v a r ie d  

fr o m  tw ice  in  P e r io d  7 to 11 t im e s  in  P e r io d  3. Sam pling  freq u en cy  

v a r ie d  fr o m  e v e  ry o th er  day in  P e r io d  1 to  m on th ly  in  P e r io d  4 .  

S a m p les  w e r e  draw n at le a s t  w eek ly  during a ll g r a z in g  p e r io d s . No  

sa m p le s  w e r e  draw n during the w in ter  b e tw een  P e r io d s  4 and 5 . In 

freq u en t s to r m  sa m p le s  w e r e  a ls o  c o l le c te d  during both  g ra z in g  

s e a s o n s .

S am pling  w as done at the sa m e  ap p ro x im a te  t im e  e a c h  day 

(7:00 -  8:30 AM) w hen grab  sa m p le s  w e r e  c o l le c te d  in  s t e r i l iz e d  

p o ly e th y le n e  b o t t le s .  The o rd er  of sa m p le  c o l le c t io n  w a s s ite  7 

through  s ite  1 , w ork in g  u p str e a m . S a m p les  w e r e  ic e d  fr o m  tim e  o f  

c o l le c t io n  u n til a n a ly s is  at the E x p e r im e n ta l F o r e s t  la b o ra to ry , 

u s u a lly  w ith in  1 .5  h o u rs  o f the s it e  7 c o l le c t io n .



Table 2. Listing of treatment periods, with inclusive dates, numbers and locations 
of grazing cattle by period, and number of sampling events in each period.

PERIOD DATE
PASTURES

UPPER LOWER

STOCKING
INTENSITY SAMPLING EVENTS

1 15 A p r i l  - 1A J u n e 1977 
(s a m p l i n g  b e g a n  o n  2 Ju n e )

UN-6RAZED GRAZED 150 6

2 15 Ju n e - 2A J u n e  1977 UN-GRAZED UN-GRAZED 5

3 25 Ju n e - 1A O c t  1977 GRAZED UN-GRAZED AO 11

15 Oc t - 12 Nov 1977 UN-GRAZED UN-GRAZED 3

5 A Mar - 20 A p r i l  1978 UN-GRAZED UN-GRAZED A

6 21 A p r - 1A Ju n e  1978 UN-GRAZED GRAZED 150 7

7 15 Ju n e - 25 Ju n e  1978 UN-GRAZED UN-GRAZED 2

8 26 J u n e - 16 A u g u s t  1978 GRAZED UN-GRAZED AO 8
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P a r a m e te r s  S am p led  and M ethods of D e term in a tio n  

F ie ld  M e a su r e m e n ts

D isc h a r g e  (Q) w a s m e a su r e d  at s i t e s  1 and 3 u s in g  the d ep th -  

d isc h a r g e  r e la t io n sh ip  in  the P a r s h a ll  F lu m e s , T h e se  f lu m e s  w e r e  

equipped  w ith  F W -1 S trea m  H eight R e c o r d e r s , p rov id in g  a con tin u ou s  

r e c o r d  o f d isc h a r g e  fo r  m o s t  o f the study p e r io d .

W ater te m p e r a tu r e  w a s ob ta in ed  fro m  the th e r m is te r  on a d i s 

s o lv e d  oxygen  probe and r e c o r d e d  to  the n e a r e s t  0 .5  C. The te m p e r a 

tu re  w a s freq u en tly  ch eck ed  w ith  a la b o r a to r y -g r a d e  m e r c u r y  t h e r 

m o m e te r .

L a b o ra to ry  M e a su r e m e n ts

H yd rogen  io n  a c t iv ity  (pH ), su sp en d ed  and to ta l d is s o lv e d  s o l id s ,  

n itr a te  ^ n itrogen , a m m o n ia -n itr o g e n , orth o p h o sp h a tes  and b a c te r ia l  

d e n s it ie s  w e r e  a n a ly zed  in  the E x p e r im e n ta l F o r e s t  la b o r a to r y . A ll  

a n a ly s e s  e x c e p t  f in a l w eig h in g  and b a c te r ia l  cou n ts w e r e  a c c o m p lish e d  

the sa m e  day as c o l le c t io n .

H ydrogen  ion  a c t iv ity  w as m e a su r e d  w ith  a H ach S p e c if ic  Ion

M e te r , ro u tin e ly  w ith in  tw o h ou rs o f c o lle c t io n  and r e c o r d e d  to  the

n e a r e s t  0 . 1 pH u n it. The m e te r  w as equ ipped  w ith  a te m p e r a tu r e

oc o m p en sa tio n  d ia l rea d a b le  to  1 C f Sam ple te m p e r a tu r e s  w e r e  m a in 

ta in ed  at or  b e lo w  th e ir  c o l le c t io n  te m p e r a tu r e s  p r io r  to pH

d e te r m in a tio n .
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Suspended  so lid s  (SS) and to ta l d is s o lv e d  s o lid s  (TDS) c o n c e n tr a 

t io n s  w e r e  d e te r m in e d  u s in g  the g r a v im e tr ic  f i ltr a t io n  tech n iq u e as  

d e s c r ib e d  in  Standard M ethods (A . P . H . A , , 1 9 7 5 ) .  Two hundred  to  

400  m l sa m p le  v o lu m e s  w e r e  f i l t e r e d  w h ile  100 m l of the f i l tr a te  w a s  

u se d  in  the TDS a n a ly s is .  G F /C  f i l t e r s  and p o r c e la in  c r u c ib le s  w e r e  

u se d  and a ll  w e ig h in g  w as done on a M e tt le r -H  B a la n c e . Suspended  

s o lid s  and to ta l d is s o lv e d  s o lid s  r e s u lt s  w e r e  r e c o r d e d  as m g .

N itr a te -n itr o g e n  (NO -N ), a m m o n ia -n itr o g e n  (N H ^-N ) and  

orth op h osp h ate  (PO^) co n c e n tr a tio n s  w e r e  m ad e c o lo r im e tr ic a l ly  on 

f i l t e r e d  sa m p le s  fo llo w in g  p r o c e d u r e s  ou tlin ed  in  th e H ach P r o c e d u r e s  

M anpal (H ach C h e m ica l C om pany, 1975 ). P r e m e a s u r e d  re a g e n t  

p ow d er p illo w s  and rea g e n t so lu tio n s  w e r e  ob ta in ed  fro m  th e  H ach  

C om pany. A B a u sc h  and Lom b Spec 70 S p e c tr o m e te r  w a s u se d  in  

th e se  d e te r m in a t io n s .

A  f i l t e r e d  sa m p le  w as u se d  to  rem o v e  any tu rb id ity  e f fe c t s  

w h ich  m igh t h ave in te r fe r e d  w ith  the r e a g e n t- in d u c e d  c o lo r . T h u s, 

r e s u lt s  w e r e  r e c o r d e d  as m g / f  N H ^ -N , NO -N  and PO^ fo llo w in g  

f iltr a t io n . The stan d ard  c u r v e s  u se d  in  th is  p ro ced u re  w e r e  p rep a red  

fo r  e a c h  rea g e n t b a tch  and ch eck ed  o c c a s io n a lly  u s in g  stand ard  

s o lu t io n s .

F e c a l  c o l ifo r m  and f e c a l  s t r e p to c o c c i  b a c te r ia l  d e n s it ie s  w e r e  

d e te r m in e d  u s in g  the m em b ra n e  f i l tr a t io n  tech n iq u e w ith  tw o d ilu tio n s  

p e r  sa m p le  to  a s s u r e  a cou n tab le ran ge (M illip o r e  C o rp o ra tio n , 1973 ).
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T o ta l e la p se d  t im e  fr o m  sa m p le  c o l le c t io n  at s ite  7 u n til in cu b ation  

of the la s t  d ish  w as ro u tin e ly  tw o h o u rs . R e su lts  w e r e  r e c o r d e d  as  

c o l o n i e s /100 m i  o f sa m p le .

C attle  O b serv a tio n s

In add ition  to w a ter  q u a lity  a n a ly se s  and in  an a ttem p t to  c o r r e 

la te  w a ter  q u a lity  w ith  c a tt le  u s a g e , o b se r v a t io n s  o f c a tt le  n u m b ers  

and a c t iv i t ie s  w e r e  m ad e during both  g ra z in g  s e a s o n s .  The f ir s t  

s e a s o n 's  data c o n s is te d  o f n u m b ers and lo c a tio n s  o f  cow s at one to  

th r e e  hour in te r v a ls .  The se c o n d  se a so n  data c o n s is te d  p r im a r ily  

o f o b se r v a t io n s  c o l le c te d  by  fo llo w in g  one cow  fo r  12 hour p e r io d s  

and noting  i t s  lo c a tio n  and both  p h y s ic a l and p h y s io lo g ic a l a c t iv ity  

e v e r y  fiv e  m in u te s . N o ta tio n  w as m ad e at the end  of ea ch  hour a s  to  

lo c a tio n  of m o s t  of the c a tt le  h erd .

F e c a l  D ep o sit  C o lle c t io n

In M ay 19 7 7 , an attem p t w a s m ade to e s t im a te  the p o ten tia l 

c a tt le  w a ste  co n tr ib u tio n  w ith in  th ree  m e te r s  e ith e r  s id e  of the s tr e a m  

ch a n n el. F if te e n  days a fter  a ll f e c a l  d e p o s its  w ith in  the th r e e ,m e te r  

s tr ip  on e ith e r  s id e  o f the ch an n el had b een  p ain ted  o r a n g e , a l l  new  

d e p o s its  w e r e  co u n ted , c o l le c te d  and w e ig h ed . T h is  w eig h t w a s th en  

u se d  w ith  o th er  a v a ila b le  in fo rm a tio n  su ch  as a v e r a g e  f e c a l  d e p o s it io n  

p e r  cow  p er  day to  c a lc u la te  an e s t im a te  o f the a v a ila b le  p o llu tio n
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p o ten tia l w ith in  a n ine m e te r  band (th ree  m e te r s  e ith e r  s id e  o f the  

ch an n el w h ich  a v e r a g e d  about th r e e  m e te r s  in  w id th ). T h is  c a lc u la 

tio n  as su m ed  that a c a lf  w ould  d e p o s it  on ly  th r e e -q u a r te r s  of the  

am ount of f e c a l  m a te r ia l  o f an adult.

S ta t is t ic a l A n a ly se s

A tw o -w a y  A n a ly s is  of V a r ia n ce  w a s  u sed  to ex a m in e  d if fe r e n c e s  

b etw een  the th r e e  m a in  s i t e s .  S ite and T im e w ere  the tw o m a in  fa c to r s  

w h ile  the 90 p e r c e n t  le v e l  of co n fid en ce  w as u se d  in  th is  c o m p a r iso n .

A d d ition a l c o m p a r iso n s  of s ite  m ea n s  for ea ch  p er io d  w e r e  then  

m ad e to id en tify  h o m o g en eo u s  and h e te r o g e n e o u s  g ro u p in g s . That i s ,  

s i t e s  w h ich  had m ea n s  sign ifica n tly  d iffe r e n t fro m  th e  o th er tw o m ea n s  

at the 95 p e r c e n t co n fid en ce  lim it  (a  ■= 0 .0 5 )  w e r e  id e n tif ie d . The 

s p e c if ic  nam e for  th is  t e s t  i s  T u k ey1 s H. S. D. Te st or  s im p ly  a M ulti -

p ie  C o m p a r iso n  P r o c e d u r e .



R E SU L T S A N D  DISCUSSION

T he am ou n ts o f  raw  data  and s ta t is t ic a l  a n a ly se s  c o l le c te d  and  

g e n e r a te d  during th is  study w e r e  to o  v o lu m in o u s to  b e in c lu d ed  in  th is  

p a p e r |g  H o w ev er , data  and s ta t is t ic a l  c o m p a r iso n s  are  p ro v id ed  in  

a ta b u la r , su m m a r iz e d  fo rm  in  th is  s e c t io n . The raw  data  and s t a 

t i s t i c a l  in fo rm a tio n  i s  on f i le  at the R ocky M ountain  F o r e s t  and R ange  

E x p e r im e n t S ta tion , F o r t  C o llin s ,  C o lo ra d o .

T he r e s u lt s  o f th is  study w ill  be d is c u s s e d  in  ten  s e c t io n s .  T he  

f ir s t  n ine c o r r e sp o n d  to the v a r io u s  g r a z in g /n o n -g r a z in g  p e r io d s  

i l lu s tr a te d  in T ab le  2 . F o r  co n v en ie n c e  of c o m p a r iso n , the f ig u r e s  

and ta b le s  in c lu d ed  in  th is  s e c t io n  w e r e  p rep a red  for  ea ch  y e a r ,  1977  

and 19 7 8 , w ith  four p e r io d s  in c lu d ed  on e a c h . S ec tio n  ten  w ill  d is c u s s  

th e cow  o b se r v a tio n  and fe c a l  d e p o s it  data .

The f ig u r e s  in  th is  ch ap ter  in c lu d e in d iv id u a l s ite  m e a su r e m e n ts  

fo r  e a c h  o f the th r e e  s i t e s  fo r  p e r io d s  1 through  4 and 5 th ro u g h  8. 

T a b le s  p ro v id ed  a re  d iv id ed  in to  s e c t io n s  la b e le d  ’’M ean and Standard  

D e v ia tio n 11 and " S ta t is t ic a l S ig n if ic a n c e 11, co m p a rin g  both  s i t e s  and 

p e r io d s . The s e c t io n  la b e led  " S ta t is t ic a l S ig n ifica n ce"  r e fe r s  to the  

tw o -w a y  A n a ly s is  of V a r ia n ce  co m p a rin g  the th r e e  s i t e s .  W ithin the  

"M ean and Standard D eviation "  s e c t io n  of the ta b le , an a s t e r is k  (*) 

d en o tes  a s t a t is t ic a l  d iffe r e n c e  b e tw een  th is  m ean  and the o th e r s  at the

f iv e  p e r c e n t  le v e l  (a  = 0 ,0 5 ) .
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O c c a s io n a l r e fe r e n c e  i s  m ad e in  th is  s e c t io n  to  both  d i s 

ch a rg e  and p r e c ip ita t io n  data . D isc h a r g e  fo r  s i t e  1 i s  in c lu d ed  in  

A p p en d ices  A and B w h ile  p r e c ip ita t io n  data c o l le c te d  at the E xp ert-;  

m e n ta l F o r e s t  H ea d q u a rters  is  su m m a r iz e d  in  A ppendix  G.

T he r e s u lt s  of the e ig h t g r a z in g /n o n -g r a z in g  p e r io d s  a r e  s u m 

m a r iz e d  in  T a b le s  3 throu gh  12 . In g e n e r a l, on ly  the fe c a l  c o lifo r m  

and fe c a l s tr e p to c o c c i d e n s it ie s  c o n s is te n t ly  d em o n str a ted  a c a tt le  

g ra z in g  im p a c t. T he tw o n itro g en  s p e c ie s  o c c a s io n a lly  su g g e s te d  a 

g ra z in g  con tr ib u tio n  w h ile  th e  su sp en d ed  so lid s  a n a ly s is  w a s c o n 

founded by co n tr ib u tio n s  fr o m  the b r ea ch ed  b e a v e r  dam  a r e a . O rth o 

p h osp h ate  c o n c e n tr a tio n s  w e r e  h igh ly  v a r ia b le  both  b e tw een  and am ong  

s i t e s  and ap p ear to  be in d ep en d en t of c a tt le  g r a z in g . A s a r e s u lt ,  the 

orth op h osp h ate  data w ill  not be in c lu d ed  in  the v a r io u s  p er io d  d i s 

c u s s io n s  but are  in c lu d ed  in  A p p en d ices  C -F .

D uring s e v e r a l  of th e s e  p e r io d s , m o d era te  to  h igh  c o n c e n tr a 

tio n s  o f s e v e r a l  p a r a m e te r s  w e r e  m e a su r e d  at s ite  1, W ild life  c e n 

te r e d  in  and around the a c t iv e  b e a v e r  d am s ju s t  above s ite  1 are  

a ssu m e d  to  be r e s p o n s ib le .  The m e ta b o lic  w a s te s  of th e se  a n im a ls  

w ould  b e r e a d ily  a v a ila b le  fo r  s tr e a m  tr a n sp o r t and su b seq u en t  

m e a su r e m e n t  at s ite  1. B e s id e s  b e a v e r , m u sk ra t and n u m ero u s o th er

s m a ll  m a m m a ls  w e r e  o ften  s e e n  in  th is  a r e a .
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P e r io d  1

The 150 co w s had b e e n  p r e se n t  in  the lo w er  p a stu re  (b etw een  

s i t e s  3 and 7) for  o v e r  45 days p r io r  to  c o l le c t io n  of the f ir s t  w a ter  

sa m p le . A to ta l of s ix  sa m p le s  w e r e  c o l le c te d  during the p e r io d .  

S ig n ifica n t d if fe r e n c e s  w e r e  found in  su sp en d ed  s o l id s ,  f e c a l  c o l ifo r m  

and fe c a l  s tr e p to c o c c i  c o n c e n tr a tio n s .

T he r e s u lt s  o f th e  su sp en d ed  s o lid s  a n a ly s e s  are  i l lu s tr a te d  in  

F ig u r e  10 and su m m a r iz e d  in  T ab le  3. F ig u r e  10 i l lu s tr a te s  the  

co n tr ib u tio n  of the b r ea ch ed  b e a v e r  dam  a r e a  in  that s ite  3 is  h igh  o r  

h ig h e s t  on a ll sa m p lin g  d a y s . A n a ly s is  of s ite  2 data co n firm e d  the  

so u r c e  a r e a . T ab le  3 p r e s e n ts  s e v e r a l  im p ortan t p o in ts: 1) a s ig n if i>  

cant d iffe r e n c e  w a s found b e tw een  s i t e s  (a  ■= .0 1 1 );  2) the s ite  1 m ea n

w a s s ig n if ic a n t ly  d iffe r e n t  fro m  the m ea n s  at s i t e s  3 and 7; and 3) the  

m ea n  su sp en d ed  s o lid s  c o n c e n tr a tio n  in c r e a s e d  d r a m a tic a lly  b e tw een  

s i t e s  1 and 3 w h ile  d e c r e a s in g  on ly  s lig h t ly  at s ite  7 .

C le a r ly , s i l t  and se d im e n t w h ich  had a ccu m u la ted  beh in d  the  

b e a v e r  d am s p r io r  to  b rea ch in g  w as now  b ein g  tr a n sp o r te d  to  the  

d o w n strea m  s i t e s ,  on ly p a rt of w h ich  s e t t le d  out b e fo r e  s ite  7 . V isu a l  

c o m p a r iso n  of the su sp en d ed  so lid s  f i l t e r s ,  p a r t ic u la r ly  th e d a rk er  

c o lo r s  on s ite  3 f i l t e r s ,  su g g e s te d  a m u ch  h ig h e r  p ro p o rtio n  o f fin e  

s i l t  and sand  at s i t e s  b e lo w  th e s e  d a m s. The in s ta b ility  of th is  a r e a  

i s  r e f le c te d  in  the fa c t  that e v e n  s m a ll  ( l e s s  than  14 f  ps) in c r e a s e s
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Figure 10. Suspended Solids Concentrations at Sites 
1, 3 and 7 for Period^ 1. .through 4, 1977 .
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Table 3. 1977 Suspended Solids Mean (x), Standard Deviation
(s) and Statistical Significance for Sites 1, 3 and 
7 for Periods 1 through 4.

PERIODS

SITE

1
150 Cows 

Lower Pasture

2
No

Grazing

3
40 Cows 

Upper Pasture

4
No

Grazing

MEAN AND STANDARD DEVIATION (mg/j)

X s X s X s X s

1 16* 7 7.5 2.9 6.6 4.9 4.3 1.6

3 67 38 13.2 7.4 13.2 15.2 6.5 4.8

7 56 46 5.1 1.2 6.5 12.6 4.7 4.7

STATISTICAL SIGNIFICANCE

.011 .01 .038 N.S.

*Significant Difference in this mean at .05 level. 
N.S. - Non-significant at .10 level.
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in  d isc h a r g e  r e s u lte d  in  in c r e a s e d  su sp en d ed  s o lid s  c o n c e n tr a tio n s  at 

d o w n strea m  s i t e s .

F ig u r e  11 i l lu s tr a te s  the a m m o n ia -n itr o g e n  c o n c e n tr a tio n s  for  

1977 . E x a m in a tio n  of P e r io d  1 data su g g e s ts  a s im ila r  d e c r e a s in g  

tren d  am ong a l l  th r e e  s i t e s ,  but no tren d  b etw een  s i t e s  i s  ap p aren t. 

The o v e r a ll  tren d  il lu s tr a te d  am ong th e s e  s i t e s  a p p ea rs  to be a m ir r o r  

im a g e  o f the d is c h a r g e  p a ttern  (A ppendix A ), su g g e st in g  a d isc h a r g e  

d ilu tio n  e f fe c t .  T a b le  4 i l lu s tr a te s  both  the u n ifo r m ity  and in c r e a s in g  

d o w n strea m  tren d  for  the th ree  s ite  m e a n s . T he s ite  1 m ea n  o f  27 3 

p g / i  r e v e a ls  the m o d e r a te  back grou n d  co n cen tra tio n  of a m m o n ia -  

n itr o g e n  p r e se n t  in  the s tr e a m  ev en  b e fo r e  it  r e a c h e s  the g r a z e d  a r e a .

A n a ly s is  o f n itr a te -n itr o g e n  c o n c e n tr a tio n s  for th is  p er io d  s u g 

g e s t s  a c a tt le  im p a ct p a r t ia lly  m a sk e d  by m e a su r e m e n t  v a r ia b ility  

and u p s tr e a m  or grou n d w ater c o n tr ib u tio n s . F ig u r e  12 i l lu s tr a te s  the  

v a r ia b ility  both b e tw een  and am ong s i t e s ,  r e v e a lin g  no v is ib le  tren d  

in  m e a su r e d  c o n c e n tr a tio n s .

E x a m in a tio n  o f the stand ard  d ev ia tio n s  about the m ea n s  in  T ab le  

5 s ta t is t ic a l ly  i l lu s tr a te s  th is  v a r ia b ility . A ls o  show n i s  a tren d  t o 

w ard  a d o w n strea m  in c r e a s e  in  m ean  c o n c e n tr a t io n sT T h u s, any s u g 

g e s t io n  of a g ra z in g  im p a ct b a se d  on the in c r e a s e  in  m ea n  c o n c e n tr a 

t io n s  b e tw een  s i t e s  3 and 7 i s  w ea k en ed . The m ea n  in c r e a s e  o f on ly  

7 3 p g /i  b e tw een  s i t e s  3 and 7 , p a r t ic u la r ly  w hen co m p a red  to  the  

m ea n  b ack grou n d  c o n cen tra tio n  of 354 pg./f m e a su r e d  at s ite  3,



Figure 11. Ammonia-Nitrogen Concentrations at Sites 
1, 3 and 7 for Periods 1 through 4, 1977.
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Table 4. 1977 Ammonia-Nitrogen Mean (x), Standard Deviation (s)
and Statistical Significance for Sites 1, 3 and 7 for 
Periods 1 through 4.

PERIODS

SITE
150

Lower

1
Cows
Pasture

2
No

Grazing

3
40 Cows 

Upper Pasture

4
No

Grazing

MEAN AND STANDARD DEVIATION (yg/£)

X s X s X s X s

i 273 89 250 65 286 41 367 12

3 294 103 332 124 311 49 343 61

7 308 109 284 48 281 71 373 15

STATISTICAL SIGNIFICANCE

N.S. N.S- N.S. N.S.

N. S. - Non-significant at .10 level.
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Figure 12. Nitrate-Nitrogen Concentrations at Sites 
1» 3 and 7 for Periods 1 through 4, 1977.
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Table 5. 1977 Nitrate-Nitrogen Mean (x) , Standard Deviation (s)
and Statistical Significance for Sites 1, 3 and 7 for 
Periods 1 through 4.

PERIODS
i 2 3 4

150 Cows No 40 Cows No
SITE Lower Pasture Grazing Upper Pasture Grazing

MEAN AND STANDARD DEVIATION (ug/&)

X s X s X s X s

i 298 216 158 55 187 75 260 90

3 354 352 110 87 189 136 327 117

7 427 152 84 71 164 106 187 96

STATISTICAL SIGNIFICANCE

N.S. N.S. N.S. .095

N .S• - Non-significant at ,10 level.____________________
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im p lie s  that any g ra z in g  co n tr ib u tio n s  w e r e  m in o r . T he m ea n  in c r e a s e  

of 73 r e p r e se n ts  l e s s  than 21 p e r c e n t of the s ite  7 m ea n .®

F e c a l  c o l ifo r m  d e n s it ie s  for  th is  p er io d  c le a r ly  in d ica te  th e  

co n tr ib u tio n s  of ca tt le  in  the lo w er  p a s tu r e . A s i l lu s tr a te d  in  F ig u r e  

1 3 , s ite  7 w as h ig h e s t  on a ll s ix  sa m p lin g  days w h ile  s i t e s  1 and 3 

w e r e  both  s im ila r  but m u ch  lo w e r . T ab le  6 r e v e a ls ;  1) the su b s ta n 

t ia l  in c r e a s e  in  the m ea n  co n cen tra tio n  b e tw een  s i t e s  3 and 7; 2) a

h ig h ly  s ig n if ic a n t  d if fe r e n c e  b e tw een  s i t e s  (a = .0 0 1 );  and 3) the s ite  7 

m ea n  w a s s ig n if ic a n t ly  d iffere n t fr o m  the m ea n s  at s i t e s  1 and 3.

W hile c o m p a r iso n  of th e m ea n s at s i t e s  1 and 3 d e m o n str a te  an 

in c r e a s in g  am ount of b ack grou n d  fe c a l c o lifo r m  co n ta m in a tio n , c a tt le  

w e r e  c le a r ly  con tr ib u tin g  ad d itio n a l f e c a l  c o lifo r m  o r g a n ism s  b etw een  

s i t e s  3 and 7 . The s it e  7 m ean  w as o v e r  se v e n  t im e s  the s ite  3 m ea n  

and 13 t im e s  the s ite  1 m ea n .

T ab le  6 a ls o  l i s t s  m ed ia n  c o n cen tra tio n s  in  a fo rm a t s im ila r  to  

the m e a n s . C a lcu la tio n  of a. m ed ia n  i s  o ften  v a lu ab le  in  r em o v in g  

the e f fe c t s  of e x tr e m e  v a lu e s ,  a com m on  p r o b le m  in  in d ic a to r  b a c te r ia  

r e s e a r c h . In th is  c a s e ,  h o w e v e r , the m ed ian  r e s u lt s  a re  m u ch  the  

sa m e  as the c o m p a r iso n s  of the m e a n s , su g g e stin g  a s ig n if ic a n t  

g r a z in g  co n tr ib u tio n  b e tw een  s i t e s  3 and 7 .

F e c a l  s tr e p to c o c c i  co n c e n tr a tio n s  fo r  th is  p er io d  a ls o  su g g e s t  

a g ra z in g  c a tt le  co n tr ib u tio n . F ig u r e  14 i l lu s tr a te s  both  the v a r ia 

b ili ty  and m agn itu d e of the s ite  7 c o n c e n tr a tio n s , the la tte r  im p ly in g
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Figure 13. Fecal Coliform Concentrations at Sites
1,3 and 7 for Periods 1 through 4, 1977.
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Table 6. 1977 Fecal Coliform Mean (x), Standard Deviation
(s), Statistical Significance and Median Concen
tration for Sites pj 3 and 7 for Periods 1 through 
4.

PERIODS

SITE
150

Lower

1
Cows
Pasture

2 3 
No 40 Cows 

Grazing Upper Pasture

4
No

Grazing

MEAN AND STANDARD DEVIATION (colonies/100 m£)

X s X s X s X s

1 12 11 24 18 63 56 6 4

3 21 15 28 18 180 163 9 8

7/ 156* 88 47 29 93 122 9 8

STATISTICAL SIGNIFICANCE

.001 .06 ,032 N. s.

*Significant Difference in this mean 
N.S. - Non-significant at .10 level.

at .05 level.

MEDIAN CONCENTRATION (colonies/100 m£)

l 9 15 38 7

3 23 26 126 8

7 137 38 31 9
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Figure 14. Fecal Streptococci Concentrations at Sites 
1, 3 and 7 for Periods 1 through 4, 1977.

DATE

October 15
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a g ra z in g  im p a c t. T ab le  7 m o r e  c le a r ly  i l lu s tr a te s  th is  c o n c lu s io n .  

Im portant p o in ts  to  be draw n fro m  th is  fe c a l  s tr e p to c o c c u s  a n a ly s is  

in c lu d e: 1) the h ig h ly  s ig n if ic a n t  d iffe r e n c e  b e tw een  s i t e s  (a  = 0 .0 1 4 );  

2) the su b sta n tia l in c r e a s e  in  m ea n  co n cen tra tio n  b e tw een  s i t e s  3 and 

7 (fr o m  60 to 227 c o lo n ie s /1 0 0  m l ); and 3) the s ite  7 m ea n  w as s t a 

t i s t ic a l ly  d iffe r e n t  fr o m  the m ea n s  at s i t e s  1 and 3. S im ila r  to the  

f e c a l  c o lifo r m  a n a ly s is ,  the g ra z in g  c a tt le  w e r e  p rov id in g  fe c a l  

s tr e p to c o c c i  b a c te r ia  by w ay of th e ir  f e c e s  w h ich  w as rea ch in g  th e  

s tr e a m  and adding to  the background  co n cen tra tio n . C o m p a r iso n  of 

fe c a l  s tr e p to c o c c i  m ed ia n  c o n cen tra tio n s  y ie ld s  the sam e c o n c lu s io n s  

as th o se  in d ica te d  by the m e a n s .

V a r ia b ility  in  both  in d ica to r  b a c te r ia l  d e n s it ie s ,  and p a r t ic u la r ly  

in  the f e c a l  s tr e p to c o c c i  co u n ts , ap p eared  p a r tia lly  dependent upon  

p r e c ip ita t io n  e v e n ts .  T h e se  p r e c ip ita t io n  e v e n ts  w e r e  o f su ch  long  

d u ration  and low  in te n s ity  (< 'five m m  sp rea d  o v er  s e v e r a l  h ou rs) that 

su r fa c e  runoff fr o m  a ll but w ith in -c h a n n e l a r e a s  w as n e g lig ib le .  L ik e 

w is e ,  d isc h a r g e  in c r e a s e s  w e r e  h a rd ly  d e te c ta b le . In c r e a se d  cou n ts  

fo llo w in g  su ch  e v e n ts  are  prob ab ly  due to b a c te r ia  w ith in  the ch an n el 

b ein g  f lu sh ed  in to  the s tr e a m  or p erh ap s the cloud  c o v e r  h as a s ig n i f i 

cant e f fe c t  upon the u lt r a -v io le t  (UV) r a d ia t io n -b a c te r ia l d ie -o f f  

r e la t io n , K unkle and M eim an  (19&8) rep o rted  that e x p o su re  to  su n ligh t  

had a s ig n if ic a n t  in flu en ce  on c o lifo r m  b a c te r ia  d ie -o f f .  T hey r ep o r te d
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Table 7. 1977 Fecal Streptococci Mean (x), Standard Deviation
(s), Statistical Significance and Median Concentration 
for Sites 1, 3 and 7 for Periods 1 through 4.

PERIODS

SITE
150

Lower

1
Cows
Pasture

2
No

Grazing

3
40 Cows 

Upper Pasture

4
No

Grazing

MEAN AND STANDARD DEVIATION (c o lo n ie s /1 0 0  m£)

X s X s X s x s

1 70 45 229 301 275 212 51 25

3 60 15 236 247 342 241 44 18

7 227* 140 265 189 260 249 99 118

STATISTICAL SIGNIFICANCE

.014 N.S. N.S. N.S.

* S ig n i f ic a n t  D if fe re n c e  in  t h i s  mean a t  .05 l e v e l .

N.S. - Non-significant at .10 level.

MEDIAN CONCENTRATION (colonies/100 m£)

1 54 126 173 40

3 60 138 245 52

7 156 141 178 38
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e x tr e m e  d ie - o f f  in  th e  u n sh ad ed  b o ttle  o f a p a ir  w ith in  on ly  one to  

tw o h o u rs  o f e x p o su r e .

A n oth er im p o rta n t fa c to r  in  th is  p r e c ip ita t io n /in c r e a s e d  count 

r e la t io n  i s  the r e le a s e  of se d im e n t-a tta c h e d  b a c te r ia  g.s th e s e  

p a r t ic le s  a re  p ick ed  up and tr a n sp o r te d . K unkle (1970) rep o r te d  that 

ch an n el s t im u la tio n  by  w ading r e s u lte d  in  b a c te r ia l  cou n ts in c r e a s in g  

a fu ll o r d e r  o f m ag n itu d e. A co m b in a tio n  of the a b o v e  ex p la n a tio n s  

w a s p rob ab ly  r e s p o n s ib le  fo r  the m e a su r e d  v a r ia b ility .

A s in d ica te d  b e fo r e ,  in d ig en o u s w ild life  su ch  as b e a v e r ,  

m u sk ra t and o th er  s m a ll  rp am m als w e r e  p rob ab ly  r e s p o n s ib le  fo r  the  

c o n c e n tr a tio n s  m e a su r e d  at s ite  1 . T h ey  m a y  a ls o  be r e sp o n s ib le  fo r  

so m e  o f the m e a su r e d  v a r ia tio n  b e tw een  s i t e s  in  the study a r e a .

M undt (1963) rep o rte d  on the e n te r o c o c c i  b a c te r ia  found in  s e v e r a l  

w ild life  s p e c ie s ,  p a r t ic u la r ly  m a m m a ls  and b ir d s . He re p o r te d  that 

the ra c c o o n  w a s found to  have up to 37 m illio n  f e c a l  s tr e p to c o c c i  

c o lo n ie s /g r a m  o f f e c e s .  Thus a s in g le  s tr e a m s id e  d e fe c a tio n  d uring  

a v is i t  fr o m  a c e r ta in  w ild life  s p e c ie s  r e p r e se n ts  a trem en d o u s  so u r c e  

o f  m e a su r e m e n t  v a r ia tio n .

P e r io d  2

T h is  p er io d  r e p r e se n te d  a ten  day p o s t-g r a z in g  in te r v a l in ten d ed  

to  exam in e r e s id u a l e f f e c t s  fro m  g ra z in g  in  the lo w e r  p a s tu r e . F iv e
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s a m p le s  w e r e  c o l le c te d  and a n a ly ze d . Only th e su sp en d ed  s o lid s  and 

f e c a l  c o lifo r m  a n a ly se s  d isp la y e d  any s ig n if ic a n t  d if fe r e n c e s .

A s in  P e r io d  1 , a s ig n if ic a n t  d iffe r e n c e  b e tw een  s i t e s  in  the  

su sp en d ed  so lid s  a n a ly s is  w as due to the in flu en ce  of the b r e a c h e d  

b e a v e r  d am s on the s ite  3 m e a su r e m e n t  (F ig u r e  10 ). A s  show n in  

T ab le  3 , the s ig n if ic a n t  d iffe r e n c e  b e tw een  s i t e s  w a s  su sta in e d  during  

th is  p er io d  although the le v e l  o f s ig n if ic a n c e  w as h ig h er  ( l e s s  s ig n i f i 

cant) and the in d iv id u a l s ite  m ea n s w e r e  m u ch  lo w e r , a p p aren tly  in  

r e s p o n se  to  the red u ced  d is c h a r g e . S ite 7 had the lo w e s t  m ea n  c o n 

c e n tr a tio n  fo r  the p er io d  (5 .1  m g / i ) , in d ica tin g  that a m a jo r ity  o f the  

se d im e n t c o n cen tra tio n  m e a su r e d  at s i t e  3 (m ean  o f 1 3 .2  m g / i )  w as  

r e d e p o s ite d  in  th e s tr e a m  b e fo r e  r ea c h in g  s ite  7 .

A m m o n ia -n itr o g e n  co n c e n tr a tio n s  w e r e  s t i l l  so m ew h a t v a r ia b le ,  

p a r t ic u la r ly  w ith  r e s p e c t  to s ite  3 (F ig u r e  11). The m e a n s  w e r e  l e s s  

s im ila r  than during P e r io d  1 (T ab le  4 ). M ean c o n c e n tr a tio n s  w e r e  

only  s lig h t ly  d iffere n t fro m  the p rece d in g  g ra ze d  p e r io d , im p ly in g  that 

a m m o n ia -n itr o g e n  c o n c e n tr a tio n s  w e r e  in d ep en d en t of g ra z in g  a c t iv ity .

N itr a te -n itr o g e n  co n c e n tr a tio n s  during  th is  p er io d  w e r e  su b 

s ta n tia lly  lo w er  than P e r io d  1 m e a n s , at le a s t  p a r t ia lly  due to the  

red u ctio n  in  the u p str e a m  con tr ib u tio n  (T ab le  5). D ir e c t ly  o p p o site  

the P e r io d  1 tr e n d , m ean  co n cen tra tio n s  now d e c r e a s e  in  the d ow n 

s tr e a m  d ir e c t io n . T h is  s u g g e s ts  a lack  of r e s id u a l g ra z in g  e f fe c t s

as w e ll  as an in c r e a s e  in  p lan t u sa g e  in  the lo w e r  p a s tu r e . S in ce  the
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u p p er p a stu re  su p p orted  a la r g e r  am ount of s tr e a m s id e  v e g e ta tio n ,  

the d e n se  a lg a l grow th  in  the lo w er  p a s tu r e  s tr e a m  r e a c h  m ay  have  

b een  r e sp o n s ib le  for  th is  in c r e a s e d  p lant u s a g e . The red u ced  d i s 

ch a rg e  and s c a r c ity  qf ra in  m ay  have rem o v ed  the pathw ay that 

n itr a te -n itr o g e n  com pounds w e r e  u s in g  to  r e a c h  the lo w er  s i t e s ,  thus  

th e  lo w er  m e a su r e d  c o n c e n tr a tio n s .

A s il lu s tr a te d  in  F ig u r e  1 3, the fe c a l  c o l ifo r m  c o n c e n tr a tio n s  

w e r e  m o re  v a r ia b le  b etw een  s i t e s  during th is  p er io d  w h ile  s ite  7 w as  

no lo n g er  c o n s is te n t ly  h ig h e s t . S ite  7 m e a su r e m e n ts  w e r e  su b s ta n 

t ia l ly  h ig h er  than v a lu e s  at th e  o th er  tw o s i t e s  u n til about m id w ay in  

P e r io d  2 , h o w e v e r , su g g e st in g  a s h o r t - t e r m  r e s id u a l e f fe c t .  C o n 

c e n tr a tio n s  at s i t e s  1 and 3 w e r e  v e r y  s im ila r  to  P e r io d  1 m e a s u r e 

m e n ts  w h ile  s ite  7 co n c e n tr a tio n s  w ere  lo w e r .

T ab le  6 m o r e  c le a r ly  d e fin e s  the tren d s  su g g e s te d  in  F ig u r e  13. 

T h ere  w as s t i l l  a s ig n if ic a n t  d iffe r e n c e  b e tw een  the th r e e  s i t e s  

(a  = 0 .0 6 )  but the s ite  7 m ea n  w as no lo n g er  s ta t is t ic a l ly  d iffe r e n t  

fr o m  the m e a n s  at s i t e s  1 and 3. The m o s t  im p o rta n t poin t show n in  

the ta b le  for  th is  p er io d  w a s the r e s id u a l e f fe c t  at s i t e  7 , as m e n 

tio n e d  in  the f ig u re  a n a ly s is .  S ite s  1 and 3 r e g is te r e d  in c r e a s e s  in  

m ea n  cou n ts (to  12 and 7 c o lo n ie s /1 0 0  m l ,  r e s p e c t iv e ly )  but w e r e  

s t i l l  l e s s  th an  the d e c r e a se d  m ean  at s i t e  7 (47 c o lo n ie s /1 0 0  m l  , down  

fr o m  the P e r io d  1 m ea n  o f  156), M edian  v v a lu e s  w e r e  s im ila r  to

th o se  of the m e a n s .
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A s i l lu s tr a te d  in  F ig u r e  14 , the s ite  7 f e c a l  s tr e p to c o c c i c o n 

cen tra tio n  w a s h ig h e s t  u n til about m id w ay in  P e r io d  2 , a s  w e ll  as the  

m o s t  v a r ia b le  o f the p e r io d . T he h igh  cou n ts at a ll th r e e  s i t e s  on the 

24th  o f June ca m e on a m orn in g  fo llo w in g  a p r e c ip ita t io n  ev en t of 

43 m m  on the p r e c e d in g  a ftern o o n  and ev en in g . The s to r m  prob ab ly  

f lu sh ed  fe c a l  s tr e p to c o c c i b a c te r ia  in to  the s tr e a m  fro m  the a c tiv e  

b e a v e r  dam  a r e a , h en ce  the h ig h er  count at s ite  1.

In g e n e r a l, f e c a l  s tr e p to c o c c i m ea n s for  th is  p er io d  w e r e  m u ch  

h ig h e r  than th o se  r e c o r d e d  in  P e r io d  1 but the s m a lle s t  m ea n  in c r e a s e  

o c c u r r e d  at s ite  7 (T ab le  7 ). T he o v e r a ll  in c r e a s e  w as a ttr ib u ted  to  

an in c r e a s e  in  u p str e a m  con tr ib u tion  m e a su r e d  at s ite  1 (fro m  70 to  

229 c o lo n ie s /1 0 0  m i  b e tw een  th e  tw o p e r io d s ) . T h ere  w as no lo n g er  

a s ig n if ic a n t  d iffe r e n c e  b e tw een  the th ree  s i t e s ,  nor w as the s ite  7 

m ea n  s t i l l  s ta t is t ic a l ly  d iffere n t fro m  the o th er  tw o m e a n s . The lo s s  

of a s ig n if ic a n t  d iffe r e n c e  b etw een  s i t e s  and b etw een  m ea n s  fo llo w in g  

r e m o v a l o f the c a tt le  fu rth er  su g g e ste d  a g ra z in g  im p a ct during P e r io d  

1. T he in c r e a s e  in  u p str e a m  fe c a l  s tr e p to c o c c i c o n c e n tr a tio n s  m e a s 

u red  at s ite  1 confounds the a n a ly s is  of r e s id u a l e f f e c t s .

M edian  co n c e n tr a tio n s  w e r e  m u ch  lo w er  but v e r y  s im ila r  in  

tren d  to m ea n  c o n c e n tr a tio n s . T h e se  m ed ia n  v a lu e s  w e r e  lo w er  

b e c a u se  the c a lc u la t io n  r em o v e d  m o s t  o f the e f fe c t  of the one h igh

count at a ll  th r e e  s i t e s  on June 24th .
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P e r io d  3

In th is  p e r io d , 40 co w s w e r e  a llo w ed  to  g ra ze  the u p per p a stu re  

w h ile  the lo w e r  p a stu re  r em a in e d  u n g ra zed . S a m p les  w e r e  c o lle c te d  

on 11 o c c a s io n s ,  r e v e a lin g  s ig n if ic a n t  d if fe r e n c e s  in  both  the s u s 

pended  so lid s  and fe c a l  c o lifo r m  c o n c e n tr a tio n s . The m o s t  im p ortan t  

c o m p a r iso n s  w ill  be m ade b etw een  s i t e s  1 and 3, lo c a te d  above and 

b e lo w  the g r a z e d  p a s tu r e .

F ig u r e  10 i l lu s tr a te s  th e  continu ing  ten d en cy  for  s ite  3 to m a in 

ta in  the h ig h e s t  su sp en d ed  s o lid s  c o n c e n tr a t io n s , ap p aren tly  a r e s id u a l  

e f fe c t  of the b r e a c h e d  b e a v e r  d a m s. The h igh  c o n c e n tr a tio n s  show n  

fo r  a ll  th r e e  s i t e s  on A ugu st 16th  r e su lte d  fro m  a p r e c ip ita t io n  ev en t  

of ten  m m  on the p r e c e d in g  ev en in g . S torm  g en era te d  d isc h a r g e  

p eak ed  at about 114 ip s  (up fro m  a p r e - s to r m  a v era g e  o f about 72 fp s ) ,  

p ro v id in g  the s tr e a m  e n e r g y  to both  ero d e  and tr a n sp o r t ch an n el 

m a te r ia l ,  p a r t ic u la r ly  fr o m  the b rea ch ed  b e a v e r  dam  a r e a .

A s show n in  T ab le  3 , the m e a n s  for  s i t e s  1 and 7 w e r e  v e r y  

s im ila r  but the s ite  3 m ea n  w as about double th is  f ig u r e . C le a r ly  the  

b r e a c h e d  b e a v e r  dam  a r e a  w as s t i l l  p rov id in g  a su b sta n tia l am ount of 

se d im en t to  the s tr e a m , m a sk in g  any im p a c ts  fr o m  the 40 c o w s . The 

s ig n if ic a n t  d if fe r e n c e  b e tw een  s i t e s  (a  -  . 038) w as due to  both  th is
t

so u r c e  a r e a  and the fa c t  that m o s t  o f the sed im en t s e t t le d  out b e fo r e  

s it e  7 . D uring the seco n d  s t a t is t ic a l  c o m p a r iso n , su b sta n tia l v a r ia n c e
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about the m ea n s  p rev en ted  the s ite  3 m ea n  fr o m  b ein g  s ig n if ic a n tly  

d iffe r e n t  fr o m  the m ea n s  at s i t e s  1 and 3.

A m m o n ia -n itr o g e n  c o n c e n tr a tio n s  w e r e  so m ew h a t l e s s  during  

th is  p er io d  as co m p a red  to  the p r e c e d in g  p er io d  and, in  g e n e r a l, a 

s im ila r  tren d  w a s e v id e n t am ong a l l  th r e e  s i t e s  fo r  the in te r v a l  

(F ig u r e  11). C o m p a r iso n  of p er io d  m ea n s  in  T ab le  4 r e v e a ls  a 

s im ila r ity  b e tw een  a ll  th r e e  s i t e s ,  p a r t ic u la r ly  b e tw een  s i t e s  1 and 

7 a The m ea n  in c r e a s e  in  s tr e a m  c o n cen tra tio n  b e tw een  s i t e s  1 and 3 

of 25 jjig/f w a s a ttr ib u ted  to  a g r a z in g  co n tr ib u tio n  but th is  am ount 

w a s m in im a l w hen co m p a red  to the m e a su r e d  background  c o n c e n tr a 

tio n  o f 286 \xg/ S. .

N itra te  ^ n itrogen  c o n c e n tr a tio n s  ap p eared  to  be in d ep en d en t of 

g ra z in g  in f lu e n c e s , il lu s tr a t in g  a h igh  d e g r e e  o f v a r ia b ility  both  

b etw een  and am ong s i t e s  and a lack  of any d e fin ite  tren d  in  s ite  3 

m e a s u r e m e n ts  (F ig u r e  12). T ab le  5 in d ic a te s  an in c r e a s e  in  m ean  

c o n cen tra tio n  at a ll  th ree  s i t e s  fo r  th is  p er io d  but m o r e  im p o rta n tly , 

r e v e a ls  that s i t e s  1 and 3 w e r e  a lm o s t  id e n t ic a l w h ile  s ite  7 w as  

s lig h t ly  lo w e r . B oth  the a m m o n ia -n itr o g e n  and n itr a te -n itr o g e n  c o n 

c e n tr a tio n s  con tin u ed  to r e f le c t  a m o d era te  am ount o f u p str e a m  

con tam in ât io n .

The fe c a l  c o lifo r m  a n a ly s is  c le a r ly  s u g g e s ts  a c a tt le  co n tr ib u é  

t io n  in  ad d ition  to  back grou n d  s tr e a m  cou n ts b e tw een  s i t e s  1 and 3. 

F ig u r e  13 i l lu s tr a te s  that s ite  3 r e c o r d e d  the h ig h e s t  cou n ts fo r  m o s t
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p e r io d  (e a r ly  S ep tem b er) at w h ich  t im e  a ll  th r e e  s i t e s  b egan  to  ex h ib it  

s im ila r ,  lo w  cou n ts on a ll  sa m p le  d a y s .

T ab le  6 m o r e  c le a r ly  s u g g e s ts  the g ra z in g  co n tr ib u tio n . The  

m ea n  at s ite  3 i s  su b sta n tia lly  h ig h er  than the m e a n s  at s i t e s  1 and 7 

and a s ta t is t ic a l ly  s ig n if ic a n t  d iffe r e n c e  (a  = 0 .0 3 2 )  w a s found b etw een  

the th r e e  s i t e s .  A p p aren tly  the c a tt le  con tr ib u ted  fe c a l  c o l ifo r m  

b a c te r ia  to  the b ack grou n d  s tr e a m  co n cen tra tio n  and on ly  p art o f th is  

to ta l w as r e m o v e d  b e fo r e  s ite  7 .

In d igen ou s w ild life ,  s t i l l  p r im a r ily  b a sed  in  and around the  

a c t iv e  b e a v e r  d am s ju st above s ite  1 are  p rob ab ly  r e sp o n s ib le  fo r  at 

le a s t  p art o f the v a r ia b ility  in  the m e a su r e d  co n c e n tr a tio n s  at a ll  

th ree  s i t e s .  A c t iv it ie s  of c a tt le  w ith in  the ch an n el su ch  a s  d ir e c t  

f e c a l  d e p o s it io n , se d im e n t d isru p tio n  or tr a c k in g  in  o f land d e p o s ite d  

f e c e s  m igh t a lso  be r e sp o n s ib le  fo r  m u ch  of the v a r ia tio n  in  d ow n 

s tr e a m  m e a s u r e m e n ts .

P r e c ip ita t io n  e v e n ts  (both l e s s  than 13 m m ) ap p ear to  have  

in flu en ce d  fe c a l  c o l ifo r m  p eak s on both  Ju ly  6th and A ugu st 16th w hen  

m o d era te  cou n ts w e r e  r e c o r d e d  at a ll  th ree  s i t e s .  T h e se  s m a ll  

m agn itu d e e v e n ts  a p p aren tly  f lu sh ed  b a c te r ia  in to  the s tr e a m  fro m  

both  above and w ith in  the study a r e a  b e c a u se  a ll  s i t e s  d em o n str a ted  

s im ila r  in c r e a s e s .  S ite 3 w a s h ig h e s t  on one o c c a s io n  w h ile  s ite  7

w a s g r e a te s t  on the o th er .



66

F e c a l  s tr e p to c o c c i  c o n c e n tr a tio n s  a lso  su g g e s t  a g ra z in g  

c a tt le  co n tr ib u tio n  in  ad d ition  to m o d era te  b ack grou n d  c o u n ts . F ig u r e  

14 i l lu s t r a t e s  th e v a r ia b ility  in  m e a su r e d  c o n c e n tr a tio n s  at a ll th r e e  

s i t e s ,  a s w e ll  as ex p o s in g  a tren d  for  s i t e  3 to  r e c o r d  h ig h e r  co u n ts . 

B oth  fe c a l  s tr e p to c o c c i  p ea k s during  th is  p er io d  o c c u r r e d  in  sa m p le s  

w h ich  fo llo w ed  p r e c ip ita t io n  e v e n ts  on th e  p r e c e d in g  a ftern o o n  and  

e v e n in g s , the sa m e  e v e n ts  d e ta ile d  in  the f e c a l  c o l ifo r m  a n a ly s is  

C hannel f lu sh in g , se d im e n t d is tu r b a n c e , r a in fa ll s im u la tio n  

or UV ra d ia tio n  in te r c e p tio n  by cloud  c o v e r a g e  m ig h t a ll  have in t e r 

a cted  to c a u se  th e s e  h ig h e r  c o u n ts .

C o m p a r iso n  of s ite  m e a n s  in T ab le  7 su g g e s ts  a c a tt le  c o n tr i

bution  b e tw een  s i t e s  1 and 3 but th e r e  w as no s ig n if ic a n t  d iffe r e n c e  

b etw een  s i t e s  during th is  p er io d . D ata v a r ia b ility ,  a s  r e f le c te d  in  

the stan d ard  d ev ia tio n s  about th e m e a n s , m o s t  l ik e ly  ca u se d  the lack  

of s ta t is t ic a l  s ig n if ic a n c e . The m ea n  at s ite  3 in c r e a s e d  fr o m  P e r io d  

2 w h ile  the m ea n s  at s i t e s  1 and 7 rem a in e d  v e r y  s im ila r .  The tren d  

o f th e se  m ea n s  s u g g e s t  that c a tt le  w a ste  p ro d u cts  w e r e  adding a d d i

t io n a l fe c a l  s tr e p to c o c c i  b a c te r ia  to the s tr e a m  b etw een  s i t e s  1 and 3 

and n a tu ra l d ie -o f f  ap p aren tly  rem o v e d  the add ition  b e fo r e  s ite  7 . 

W ild life  are  a ga in  the p rob ab le  s o u r c e s  of the u p str e a m  b ack grou n d  

c o n c e n tr a tio n  w h ile  UV ra d ia tio n  and b a c te r ia l  p r e d a to r s  are  p rob ab ly  

r e sp o n s ib le  fo r  the red u ctio n  in  c o n c e n tr a tio n s  m e a su r e d  at s ite  7 .
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P e r io d  4

T h is  p er io d  w as d e s ig n e d  as a p o s t-g r a z in g  a n a ly s is  of r e s id u a l  

g ra z in g  e f fe c t s  in  the up per p a s tu r e . T h ree  sa m p le s  w e r e  c o l le c te d  

during th is  one m onth  in te r v a l. Only the n itr a te -n itr o g e n  c o n c e n tr a 

tio n  d em o n str a ted  a s ig n if ic a n t  d if fe r e n c e  b etw een  s i t e s .

Suspended  s o lid s  c o n c e n tr a tio n s  during th is  p er io d  w e r e  s im ila r  

am ong the th ree  s i t e s  (F ig u r e  10). T ab le  3 r e f le c t s  the o v e r a ll  low  

co n c e n tr a tio n  am ong s i t e s  but a ls o  r e v e a ls  the d e c r e a s in g  im p a ct of 

the b r ea ch ed  b e a v e r  d a m s. S ite s  1 and 7 r e c o r d e d  s im ila r  m ea n  c o n 

c e n tr a tio n s  w h ile  s ite  3 w a s on ly  s lig h t ly  h ig h e r . The d if fe r e n c e s  

w e r e  not s ta t is t ic a l ly  s ig n if ic a n t . A sid e  fro m  a d e c r e a s in g  in flu en ce  

fr o m  th e b r e a c h e d  b e a v e r  d a m s, th e s e  r e s u lt s  p o s s ib ly  s u g g e s t  th at a 

p a rt of the s ite  3 g r a z e d  in te r v a l (P e r io d  3) m ean  w a s a ttr ib u ta b le  to  

c a tt le  im p a c ts . F r e e z in g  s o i ls  and a  lack  of p r e c ip ita t io n  e v e n ts  

p rob ab ly  r e s u lte d  in  th e se  lo w e r  m ea n  co n c e n tr a tio n s  during  P e r io d  4 .

A m m o n ia -n itr o g e n  co n c e n tr a tio n s  rem a in e d  v a r ia b le  b e tw een  

s i t e s  but v a r ie d  in  about the sa m e ra n g e , 3 0 0 -4 0 0  \xg/ i  (F ig u r e  11).

A ll  th r e e  s i t e s  ran ged  fr o m  h ig h e s t  to  lo w e s t  on at le a s t  one of the  

sa m p lin g  d a y s . M ean c o n c e n tr a tio n s  am ong s i t e s  w e r e  s im ila r  and 

a r e  p r e se n te d  in  T ab le  4 .

The m ea n s at a ll  th ree  s i t e s  in c r e a se d  o v e r  th o se  of P e r io d  3 

and w e r e  the h ig h e s t  o f the en tir e  stu d y . D isc h a r g e  d uring  P e r io d s  

3 and 4 w e r e  v e r y  s im i la r ,  su g g e stin g  that a d ilu tio n  e ffe c t  i s  not
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r e s p o n s ib le  fo r  th e s e  h ig h er  c o n c e n tr a t io n s . The la r g e r  co n tr ib u tio n s  

ab ove s it e  1 w e r e  ap p a ren tly  s o le ly  r e sp o n s ib le  fo r  h ig h er  m e a n s  in  the  

stud y  a r e a .

T he so u r c e  of th e  a m m o n ia -n itr o g e n  in c r e a s e  m ay  h ave b e e n  

th e  b e a v e r  lo c a te d  ju s t  above the study a r e a . T h e se  a n im a ls  w e r e  v e r y  

a c tiv e  in  th is  p r e -w in te r  p e r io d , r e f le c te d  in  the fa c t  that th r e e  in 

vad in g  b e a v e r  had to  be liv e - tr a p p e d  and r em o v e d  fr o m  the study a r e a .  

A s b e a v e r  r e le a s e  th e ir  w a ste  p ro d u cts  d ir e c t ly  in to  w a te r , the h igh  

c o n c e n tr a tio n  of a m m o n ia -n itr o g e n  m e a su r e d  at s it e  1 m ay  have b een  

in flu e n c e d  by the m e ta b o lic  w a s te s  o f b e a v e r  above th is  s i t e .

N itr a te -n itr o g e n  c o n c e n tr a tio n s  i l lu s tr a te d  l i t t le  v a r ia b ility  

b etw een  s i t e s  a s  w e ll  a s  a tren d  to w a rd s in c r e a s in g  le v e ls  at a ll  th r e e  

s i t e s  (F ig u r e  12 ). A s s e e n  in  T ab le  5 , the s ite  3 m ea n  w a s su b s ta n 

t ia l ly  la r g e r  th an  the o th er  tw o m e a n s  and a p p ea rs  to  su g g e s t  a r e s id 

u a l e f fe c t  fr o m  the c a tt le  g ra z in g  p er io d  (P e r io d  3) in  ad d ition  to  the  

u p s tr e a m  co n tr ib u tio n . T he in c r e a s e  in  m ean  c o n c e n tr a tio n s  at a ll  

s i t e s  for  th is  p e r io d  as co m p a red  to the p r e c e d in g  p er io d  w a s due 

e ith e r  to  the in c r e a s e d  w ild life  a c t iv ity  or p o s s ib ly  to in c r e a s e d  

grou n d w ater a d d ition s to  the s tr e a m .

F e c a l  c o l ifo r m  c o n c e n tr a tio n s  h ave fo llo w ed  th e tren d  o b se r v e d  

in  m id  to  la te  P e r io d  3 in  that a l l  th r e e  s i t e s  e x h ib ite d  both  low  and 

s im ila r  cou n ts on sa m p lin g  d ays (F ig u r e  1 3 ). A p p aren tly  the b a c te r ia
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w e r e  resp o n d in g  to  c l im a t ic  e f fe c t s  w h ich  w e r e  m a sk in g  any r e s id u a l  

e f fe c t s  fr o m  the g r a z in g  p e r io d .

T ab le  6 a ls o  d e m o n str a te s  th is  poin t by r e v e a lin g  on ly  a s lig h t  

I n c r e a s e  (3 c o lo n ie s /1 0 0  m l )  in  the m ea n  c o n c e n tr a tio n s  b e tw een  

s i t e s  1 and 3. L ow er s tr e a m  and a ir  te m p e r a tu r e s  as w e ll  a s  a 

s c a r c ity  o f p r e c ip ita t io n  e v e n ts  ap p a ren tly  n eg a ted  the r e s id u a l e f fe c t s  

w h ich  w e r e  found in  the e a r l ie r  g r a z e d -p o s .tg r a z e d  c o m p a r iso n  

(P e r io d s  1 -2 ) .  C o m p a r iso n s  o f  m ed ia n  v a lu e s  w e r e  a ls o  s im ila r  to  

the m ea n  c o n c e n tr a tio n s .

F e c a l  s tr e p to c o c c i  c o n c e n tr a tio n s  a ls o  r e f le c te d  th is  c l im a t ic  

e f fe c t  and d e c r e a s e d  to  the lo w e s t  o v e r a ll  le v e ls  of th e  s e a s o n . F ig u r e  

14 i l lu s tr a t e s  the tren d  to w a rd s lo w er  c o n c e n tr a tio n s  at a ll  th r e e  s i t e s  

a s  w e ll  a s  an in c r e a s e  at a ll  th r e e  s i t e s  on O ctob er  22nd. T h e se  

h ig h e r  cou n ts w e r e  ap p a ren tly  r e la te d  to s tr e a m  ch an n el f lu sh in g  

fro m  a s m a ll  p r e c ip ita t io n  ev en t (four m m ) on the p r e c e d in g  day.

T ab le 7 i l lu s tr a te s  the s im ila r ity  b e tw een  m ea n s  fo r  s i t e s  1 and 3 

w h ile  the s ite  7 m ea n  w as about double th is  f ig u r e . The s ite  7 peak  

on O ctob er 22nd con tr ib u ted  su b sta n tia lly  to th is  h ig h er  m e a n . The 

in flu e n c e  o f th is p o in t w as rem o v ed  h o w e v e r , in  the m ed ia n  c a lc u la t io n .  

C o m p a r iso n  o f the m ed ia n s  in  T ab le  7 i l lu s tr a te d  a s im ila r ity  am ong  

the th r e e  s i t e s  and im p lie d  l i t t le  r e s id u a l e f fe c t  fr o m  the c a tt le  above

s it e  3.
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P e r io d  5

T h is w as the f ir s t  p er io d  of the 1978 study s e a s o n  and w as  

d e s ig n e d  to  p ro v id e  p re -g r a z in g  data fo r  lo w er  p a stu re  c o m p a r iso n s  

in  the p e r io d  to  fo llo w . F ou r sa m p le s  w e r e  c o l le c te d  at s i t e s  1 and 3 

w h ile  on ly  th ree  sa m p le s  w e r e  tak en  at s ite  7 due to  an ic e d -o v e r  

co n d itio n  during one sa m p lin g  run. In ad d ition , on ly  one fe c a l  c o l i -  

fo r m  a n a ly s is  w a s ob ta in ed  due to a m a lfu n ctio n  o f the w a ter  bath  

in cu b a to r .

B oth  F ig u r e  15 and T ab le  8 show  that the b re a c h e d  b e a v e r  dam s  

w e r e  con tin u in g  to  in flu e n c e  d o w n strea m  su sp en d ed  s o lid s  c o n c e n tr a 

t io n s .  D isc h a r g e  during  th is  p er io d  a v era g e d  about 8 5 -1 1 0  f p s ,  p r o 

v id in g  the s tr e a m  e n e r g y  to  tr a n sp o r t  a ccu m u la ted  se d im e n t fr o m  the 

a r e a . V is u a lly , v e g e ta tio n  had begun to s ta b iliz e  m u ch  o f  the h ig h er  

ch an n el a r e a s  but low  ly in g  a r e a s  con tin u ed  to be h ig h ly  su sc e p t ib le  

to  e r o s io n . The s ite  3 m ean  of 1 2 .3  m g ¡I  w a s o v er  tw ic e  th e s iz e  

of the m e a n s  at s i t e s  1 and 7 , w h ich  w ere  s im ila r  at 6 . 1 and 5. 3 m g /1 ,  

r e s p e c t iv e ly .  The v a r ia b ility  i l lu s tr a te d  in  F ig u r e  15 , p o s s ib ly  due to  

the s m a ll  sn o w m e lt  p er io d  and ic e  c o n d itio n s , r e su lte d  in  th e se  d i f f e r 

e n c e s  b e in g  n o n -s ig n if ic a n t . Standard d ev ia tio n s  about the m ea n s  

l i s t e d  in  T ab le  8 a ls o  e x p r e s s  th is  d e g r e e  of v a r ia b ility  and fu rth er  

ex p la in  th e lack  o f s ig n if ic a n t  d if fe r e n c e .

A m m o n ia -n itr o g e n  c o n c e n tr a tio n s  con tin u ed  to  be h ig h ly  v a r ia b le  

both  b e tw een  and am ong s i t e s  a s i l lu s tr a te d  in  F ig u r e  16 w h ile  T ab le  9



Figure 15. Suspended Solids Concentrations at Sites 
1, 3 and 7 for Periods 5 through 8, 1978.

DATE
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Table 8. 1978 Suspended Solids Mean (x), Standard Deviation
(s) and Statistical Significance for Sites 1, 3 and 
7 for Periods 5 through 8.

PERIODS
5 6 7 8

No 150 Cows No 40 Cows
SITE Grazing Lower Pasture Grazing Upper Pasture

MEAN AND STANDARD DEVIATION (mg !l)

X s X s X s X s

i 6.1 4.0 5.7 1.7 4.5 - 5.0 4.0

3 12.3 9.3 6.5 4.2 8.0 - 2.4 1.4

7 5.3 2.0 6.1 5.5 0.0 2.9 2.7

STATISTICAL SIGNIFICANCE

N.S. N.S. .02

N.S. - Non-significant at .10 level.__________________



Tf/8rt

Figure 16. Ammonia-Nitrogen Concentrations at Sites 
1|m3 and 7 for Periods 5 through 8, 1978.
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Table 9. 1978 Ammonia-Nitrogen Mean (x), Standard Deviation (s)
and Statistical Significance for Sites 1, 3 and 7 for 
Periods 5 through 8.

PERIODS

SITE

5
No

Grazing
150

Lower

6 7 
Cows No 
Pasture Grazing

40
Upper

8
Cows
Pasture

MEAN AND STANDARD DEVIATION (ug/iQ

X s X s X s X s

1 288 150 293 311 210 - 184 48

3 420 81 277 188 230 i 230* 39

7 287 107 212 117 140 _ 179 47

STATISTICAL SIGNIFICANCE

N.S. N.S. .005

*Significant Difference in this mean at .05 level. 
N.S. - Non-significant at .10 level.
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r e v e a le d  that the m e a n s  fo r  s i t e s  1 and 7 w e r e  n e a r ly  eq u a l (2 8 8 -  

287 [ ig / i  ). The m agn itu d e o f the m ea n  at s ite  3 cannot be ex p la in ed  

oth er  than to  im p ly  a w ild life  con tr ib u tio n  b e tw een  s i t e s  1 and 3 w h ich  

w a s rem o v e d  b e fo r e  s ite  7 .

F ig u r e  17 in d ic a te s  a g e n e r a l tren d  tow ard  h ig h er  n itr a te -  

n itr o g e n  c o n c e n tr a tio n s  at a ll  th r e e  s i t e s .  T ab le  10 in d ic a te s  a s i m i 

la r ity  am ong m ea n  n itr a te -n itr o g e n  for  the th r e e  s i t e s ,  a s  w e ll  a s  the 

m o d era te  background  c o n cen tra tio n  m e a su r e d  at s ite  1. P o s s ib ly  a 

sp r in g  flu sh  of w in ter  a ccu m u la ted  o r g a n ic s  a lon g  w ith  in c r e a s in g  

a c t iv i t ie s  of w ild life  w a s r e sp o n s ib le  fo r  th e  m agn itu d e of the m e a su r e d  

c o n c e n tr a tio n s .

A s p r e v io u s ly  m en tio n ed , a w a te r -b a th  m a lfu n ctio n  r e s u lte d  in  

on ly  one s u c c e s s f u l  f e c a l  c o lifo r m  a n a ly s is  during th is  p er io d  (F ig u r e  

18). The c o n c e n tr a tio n s  in c r e a s e d  s lig h t ly  in  the d o w n strea m  d ir e c t io n  

fo r  th is  one sa m p le  (T ab le  11). A c t iv it ie s  o f w ild life  both  above and 

w ith in  the study a r e a  m ay have b een  r e sp o n s ib le  fo r  the m e a su r e d  

co n ce  n tr a t io n s .

A ll  th r e e  s i t e s  d em o n str a ted  s im ila r  low  fe c a l s tr e p to c o c c i  

cou n ts during th is  p er io d  (F ig u r e  19). A s T able 12 i l lu s t r a t e s ,  the  

th r e e  s i t e s  w ere  w ith in  one co lon y  of a 15 c o lo n ie s /1 0 0  m i m ea n .

T h is  m ean  for  the w h o le  stud y  a r e a  can  prob ab ly  be a s su m e d  to be the 

n o r m a l back grou n d  co n tr ib u tion  fro m  w ild life  throughout the a r e a , at 

le a s t  during  th is  p e r io d . M edian  c o n c e n tr a tio n s  w e r e  v e r y  s im ila r  to

m ean  c o n c e n tr a tio n s .



Figure 17. Nitrate-Nitrogen Concentrations at Sijzes 
1, 3 and 7 for Periods 5 through 8, 1978.

DATE
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Table 10. 1978 Nitrate-Nitrogen Mean (x), Standard Deviation
(s) and Statistical Significance for Sites 1, 3 and 
7 for Periods 5 through 8.

SITE

PERIODS
5

No
Grazing

150
Lower

6
Cows
Pasture

7
No

Grazing
40

Upper

8
Cows
Pasture

MEAN AND STANDARD DEVIATION (VgA)

X s X s X s X s

1 220 158 201 69 300 350 129

3 245 223 254 130 270 524 200

7 243 40 397 255 190 413 149

STATISTICAL SIGNIFICANCE

N.S. N.S.
N.S. - Non-significant at .10 level.

.037



Figure 18. Fecal Coliform Concentrations at Sites
1, 3 and 7 for Periods 5 through 8, 1978.

DATE
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Table 11. 1978 Fecal Coliform Mean (x), Standard Deviation (s)
Statistical Significance and Median Concentration for 
Sites 1, 3 and 7 for Periods 5 through 8.

_______________________ PERIODS_________________________
5 6 7 8

No 150 Cows No 40 Cows
SITE Grazing Lower Pasture Grazing Upper Pasture

MEAN AND STANDARD DEVIATION (colonies/100 m£)

X s X s X S X s

1 16 - 6 6 10 5 92 158

3 19 - 11 15 10 6 143 129

7 24 137* 199 70 54 101 207

STATISTICAL SIGNIFICANCE

.096 N.S. N.S.

*Significant Difference in this mean at .05 level.
N.S. - Non-significant at .10 level.

MEDIAN CONCENTRATION (colonies/100 ml)

1 16 3 10 44

3 19 7 10 103

7 24 70 70 31
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Figure 19. Fecal Streptococci Concentrations at Sites 
1, 3 and 7 for Periods 5 through 8, 1978.

DATE
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Table 12., 1978 Fecal Streptococci Mean (x), Standard Deviation
(s), Statistical Significance and Median Concentration 
for Sites 1, 3 and 7 for Periods 5 through 8.

______________________PERIODS_________________________
5 6 7 8

No 150 Cows No 40 Cows
SITE Grazing Lower Pasture Grazing Upper Pasture

MEAN AND STANDARD DEVIATION (colonies/100 ml.)

X S X s X s X s

1 14 10 206 327 225 120 588 622

3 16 12 80 70 189 58 877 420

7 15 10 138 126 297 245 929 786

STATISTICAL SIGNIFICANCE

N.S. 

N.S. - Non-

N.S.

significant at .10 level.

N.S. .079

MEDIAN CONCENTRATION (colonies/100 mi)

1 10 90 225 355

3 16 53 189 645

7 15 107 297 600
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P e r io d  6

D uring P e r io d  6 , 150 co w s w e r e  p r e s e n t  in  the lo w e r  p a stu re  

fo r  s e v e n  w e e k s . S ix  w a ter  sa m p le s  w e r e  c o lle c te d  during th is  

in te r v a l .  S ig n ifica n t d if fe r e n c e s  w e r e  found on ly  in  the f e c a l  c o lifo r m  

c o n c e n tr a t io n s .

E a r l ie r  r e m o v a l o f the m o s t  tra n sp o r ta b le  s e d im e n ts ,  s t a b i l iz a 

tio n  by v e g e ta tio n  and d e c r e a se d  s tr e a m flo w  red u ced  so m e of the e f fe c t s  

o f the b re a c h e d  b e a v e r  d am s on the su sp en d ed  s o lid s  y ie ld . R e su lts  

at s i t e s  3 and 7 w e r e  s t i l l  h igh ly  v a r ia b le  (F ig u r e  1 5 ), w ith  the h ig h er  

c o n c e n tr a tio n s  c o r r e sp o n d in g  r e a d ily  tp in c r e a s e s  in  d is c h a r g e . F o r  

th e  f ir s t  t im e  in  th is  stu d y , the fig u r e  in d ic a te s  that s ite  3 w a s not 

c o n s is te n t ly  su pp orting  the g r e a te s t  su sp en d ed  s o lid s  load . It i s  

ev id e n t fr o m  T ab le  8 that su sp en d ed  so lid s  c o n c e n tr a tio n s  are  b e 

co m in g  m o re  u n ifo rm  b etw een  the th r e e  s i t e s .  The s ite  3 m ea n  w a s  

s t i l l  h ig h e s t , h o w e v e r .

A m m o n ia -n itr o g e n  c o n c e n tr a tio n s  w e r e  s t i l l  h igh ly  v a r ia b le ,  

p a r t ic u la r ly  at s i t e  1 (F ig u r e  16). The 980 p g / i  c o n c e n tr a tio n  m e a s 

u red  at s i t e  1 on A p r il 29th  p rob ab ly  r e su lte d  fr o m  an e r r o r  in  a n a ly s is  

s in c e  the n itr a te -n itr o g e n  co n cen tra tio n  m e a su r e d  on th is  date did not 

resp o n d  in  a s im ila r  fa sh io n . C o m p a r iso n  o f  m ea n s  fo r  th is  p er io d  

s u g g e s t  that a m m o n ia -n itr o g e n  co n c e n tr a tio n s  w e r e  in d ep en d en t o f 

c a tt le  g ra z in g  (T ab le  9 ). T h e se  m ea n s  w e r e  e ith e r  s lig h t ly  h ig h er  or
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m u ch  lo w er  than th e m ea n s  o f the p rece d in g  p er io d  and fu r th er  s u g 

g e s t  a g r a z in g /c o n c e n tr a t io n  in d ep en d en ce .

N itr a te -n itr o g e n  co n c e n tr a tio n s  w e r e  a ls o  h ig h ly  v a r ia b le ,  

p a r t ic u la r ly  at s it e  7 (F ig u r e  17 ). T h e r e  w a s  no s ig n if ic a n t  d if fe r e n c e  

b e tw een  s i t e s .  A  c o m p a r iso n  o f m e a n s , h o w e v e r , su g g e s t  a ca tt le  

co n tr ib u tio n  o f  n itr a te -n itr o g e n  to  the s tr e a m  in  ad d ition  to  the b a c k 

ground le v e l  m e a su r e d  at s ite  1 (T ab le  10). T he s ite  7 m ea n  of 

a lm o s t  400 p g /f  a s  co m p a red  to  a m ean  of ju st  o v e r  250 p g /f  at 

s ite  3 im p lie s  th is  g ra z in g  im p a c t . V a r ia b ility  in  th e s e  m e a su r e d  

c o n c e n tr a tio n s  m ay  be a ttr ib u tab le  to  both  w ild life  and grou n d w ater  

in p u ts .

A g ra z in g  im p a ct w a s  a lso  c le a r ly  su g g e s te d  by  the fe c a l  

c o l ifo r m  r e s u l t s .  A s i l lu s tr a te d  in  F ig u r e  1 8 , s it e  7 r e c o r d e d  the  

h ig h e s t  co n c e n tr a tio n s  on a l l  sa m p lin g  t im e s  during  the p e r io d . S ite  7 

w a s m u ch  m o r e  v a r ia b le  than s i t e s  1 or 3 during th is  p e r io d , y ie ld in g  

cou n ts  w h ich  v a r ie d  fr o m  13 to  574 c o lo n ie s /1 0 0  m i  .

T ab le  11 m o re  c le a r ly  in d ic a te s  th is  g ra z in g  co n tr ib u tio n .

T h ree  im p o rta n t p o in ts  can  q u ick ly  be d is c e r n e d  fro m  ex a m in a tio n  o f 

th is  tab le: 1) th e r e  w a s  a s ig n if ic a n t  d iffe r e n c e  b e tw een  s i t e s  (a -  0 .0 9 6 )  

during th is  p e r io d ; 2) the s it e  7 m e a n  w a s s ig n if ic a n t ly  d iffe r e n t  fr o m  

the m e a n s  at s i t e s  1 and 3; and 3) s ite  7 r e c o r d e d  a su b s ta n tia l in 

c r e a s e  in  m ea n  co n cen tra tio n  fo llo w in g  the ad d ition  o f co w s w h ile  the  

m e a n s  at s i t e s  1 and 3 d e c r e a s e d . C attle  w e r e  o b v io u s ly  con b rib u tin g
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s ig n if ic a n t  q u a n tité s  o f f e c a l  c o l ifo r m  b a c te r ia  to the s tr e a m  b etw een  

s i t e s  3 and 7 . T h is  c o n c lu s io n  w a s a ls o  m ad e during P e r io d  1 w hen  

the 150 co w s w e r e  la s t  p r e s e n t  in  th is  lo w e r  p a s tu r e .

C o m p a r iso n  o f m ed ia n s  a ls o  led  to  a g ra z in g  im p a c t  c o n c lu s io n ,  

e v e n  though m ed ia n  c o n c e n tr a tio n s  w e r e  about o n e -h a lf  of th e  m ea n  

c o n c e n tr a t io n s . C a lcu la tio n  o f m ed ia n  v a lu e s  r em o v e d  the e f fe c t  of 

th e  o c c a s io n a l h igh  cou n ts m e a su r e d  at a ll  th r e e  s i t e s .

F e c a l  s tr e p to c o c c i  d e n s it ie s  rem a in e d  r e la t iv e ly  u n ifo rm  and 

v e r y  low  throughout the f ir s t  p art of th is  p er io d  (F ig u r e  19). C o n 

c e n tr a tio n s  th en  b e c a m e  h igh ly  v a r ia b le , p a r t ic u la r ly  w ith  r e s p e c t  to  

s it e  1 . C ounts at th is  s ite  v a r ie d  fr o m  16 to  935 c o lo n ie s /1 0 0  m i  

during th is  p e r io d , g en era tin g  a stan d ard  d e v ia tio n  of o v e r  325 

(T a b le  12).

C o m p a r iso n  of m ea n  co n c e n tr a tio n s  fo r  th is  p e r io d  in  T ab le  12 

p r e c lu d e s  any c o n c lu s io n s  as to  g r a z in g  im p a c ts . T w o p o in ts  w ith in  

the ta b le  a re  ob v iou s: 1) the m ea n  co n cen tra tio n  m e a su r e d  at s ite  1 

w a s by fa r  th e h ig h e s t ,  due in  p art to  the June 14th  sa m p le ; and  

2) a ll th ree  s i t e s  d em o n str a ted  d ra m a tic  in c r e a s e s  o v er  the p r e 

g r a z e d  m e a n s . C a lcu la tio n  of m ed ia n  co n c e n tr a tio n s  re m o v e d  m u ch  

of the b ia s  g e n e r a te d  by  the h ig h e r  cou n ts at a ll th r e e  s i t e s .  O nce 

a g a in , the m agn itu d e of the c a tt le  con tr ib u tio n  w as s m a ll  in  c o m p a r i

so n  to the b ack grou n d  c o n c e n tr a tio n  m e a su r e d  at s i t e s  1 or 3.
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P e r io d  7

T h is  p e r io d  r e p r e se n te d  the ten  day p o s t-g r a z in g  in te r v a l fo r  

the lo w e r  p a s tu r e  and w a s d e s ig n e d  to  ex a m in e  r e s id u a l e f f e c t s .  

B a c te r ia l  c o n c e n tr a tio n s  w e r e  sa m p led  tw ic e  w h ile  a ll  o th er  p a r a m e te r s  

w e r e  sa m p led  on ly  o n ce .

Suspended  s o lid s  c o n c e n tr a tio n s  in  the one sa m p le  v a r ie d  fr o m  

0 m g /1  at s ite  7 to  8 .0  m g / l  at s ite  3. M ean d isc h a r g e  d u rin g  th is  

p e r io d  w a s  l e s s  than  21 J p s ,  p rov id in g  a lim ite d  am ount of s tr e a m  

e n e r g y  to  tr a n sp o r t  any se d im e n t.

A m m o n ia -n itr o g e n  c o n c e n tr a tio n s  d e c r e a se d  at a ll  th r e e  s i t e s  

fr o m  the m e a n s  of th e p rece d in g  p e r io d . The in flow  co n cen tra tio n  

m e a su r e d  at s it e  1 w a s  s t i l l  m u ch  h ig h e r  than that o f s it e  7 (210 and 

140 p g / f ,  r e s p e c t iv e ly ,  fro m  T ab le  9 ), fu r th er  su g g e s t in g  an in d e 

p en d en ce  fr o m  g ra z in g  im p a c ts  m en tio n ed  in  the P e r io d  6 r e s u lt s .

N itr a te -n itr o g e n  co n c e n tr a tio n s  ran ged  fr o m  300 p g /f  at s i t e  1 

to  190 p g /f  at s ite  7 , d e c r e a s in g  in  th e  d o w n strea m  d ir e c t io n  (T ab le  

1 0 ). S ite s  1 and 3 in c r e a s e d  o v er  th e ir  P e r io d  6 m e a n s  w h ile  s it e  7 

d e c r e a s e d  to  l e s s  than h a lf  i t s  P e r io d  6 m ea n . T h is  im p lie d  a la c k  

o f r e s id u a l e f fe c t  a s w e l l  a s  s tren g th en in g  the su g g e s t io n  that the  

P e r io d  6 m e a n s  im p ly  a g r a z in g  im p a c t. In both  th is  and th e  a m m o n ia -  

n itr o g e n  s a m p le , the am ount o f u p str e a m  co n tr ib u tio n  w a s c o n s id e r a b le  

w hen co m p a red  to m e a su r e d  co n c e n tr a tio n s  in  the stud y  a r e a .
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In both  f e c a l  c o l ifo r m  sa m p le s  a n a ly zed  during th is  p e r io d ,  

s ite  7 had the h ig h e s t  count. The m ea n  at s ite  7 w a s su b sta n tia lly  

la r g e r  than the m e a n s  at s i t e s  1 and 3 (T ab le  11) but w a s on ly  about 

o n e -h a lf  the P e r io d  6 v a lu e . T h is  im p lie d  a r e s id u a l e f fe c t  fr o m  th e  

p r e c e d in g  g r a z e d  p e r io d , an e ffe c t  a ls o  n oted  during th e P e r io d  2 

a n a ly s is .  C o n c lu s io n s  in  th is  c a se  a re  te m p e r e d  by the fa c t th at the  

m ea n  w a s g e n e r a te d  fr o m  tw o sa m p le s  c o l le c te d  on ly  tw o d ays ap a rt. 

T he m ed ia n  v a lu e s  w e r e  the sa m e  as the m e a n s  due to  the two sa m p le s .

F e c a l  s tr e p to c o c c i c o n c e n tr a tio n s  im p lie d  a r e s id u a l con tr ib u tion  

fr o m  the g ra z in g  c a tt le  in  ad d ition  to  a s ig n if ic a n t  am ount o f b a c k 

ground c o n c e n tr a tio n  m e a su r e d  at s i t e s  1 and 3. A ll  th r e e  s i t e s  

r e c o r d e d  in c r e a s e d  m ea n  cou n ts during th is  p e r io d  a s co m p a red  to  

P e r io d  6 , p a r t ic u la r ly  at s i t e s  3 and 7 (T ab le  1 2 ), confounding the  

im p lic a t io n  as to r e s id u a l e f f e c t s .  T h is  w a s a ls o  the c a s e  in  P e r io d  2 , 

the o th er  p o s t-g r a z in g  a n a ly s is  o f the 150 cow  g ra z in g  tr e a tm e n t.

P e r io d  8

D uring th is  p e r io d , the la s t  o f the stu d y , 40 co w s w e r e  aga in  

a llo w ed  to g r a z e  the u p p er  p a s tu r e . E igh t sa m p le s  w e r e  c o lle c te d  

p r io r  to the stud y  te r m in a tio n  on A ugu st 16th . S am pling  w a s te  rm i -  

n ated  on th is  date b e c a u se  th e s tr e a m  had b e c o m e  in te r m itte n t  in  i t s  

lo w e r  r e a c h e s .  D isc h a r g e  during the p er io d  v a r ie d  fro m  7 to  about 

2 1 f p s .  A m m o n ia -n itr o g e n , n itr a te -n itr o g e n , su sp en d ed  s o lid s
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and f e c a l  s tr e p to c o c c i  a ll  e x h ib ite d  s ig n if ic a n t  d if fe r e n c e s  b e tw een  

s i t e s .

The su sp en d ed  s o lid s  co n c e n tr a tio n s  w e r e  h ig h ly  v a r ia b le  during  

the p e r io d  but w e r e  l e s s  than 15 m g / l  on a l l  o c c a s io n s  (F ig u r e  15).

S ite  1 w as h ig h e s t  on m o s t  sa m p lin g  d a tes  w h ile  s i t e  3 w a s freq u en tly  

lo w e s t .  T h is  fu rth er  s u g g e s ts  a s ta b iliz a t io n  of the b r e a c h e d  b e a v e r  

dam  a r e a .

T ab le  8 in d ic a te s  a s ig n if ic a n t  d iffe r e n c e  b e tw een  the s i t e s  

(a  = 0 .0 2 )  w h ile  the s i t e  1 m ea n  w a s tw ic e  th at o f the lo w e r  s ite  m ea n  

in  the g r a z e d  p a s tu r e . T h is  in d ic a te s  th a t the su sp en d ed  s o lid s  c o n 

c e n tr a tio n s  w e r e  in d ep en d en t o f c a tt le  g r a z in g . M ean su sp en d ed  

s o lid s  c o n c e n tr a tio n  am ong the th r e e  s i t e s  w a s  the lo w e s t  o f the stud y . 

T he red u ced  d isc h a r g e  r e c o r d e d  during th is  p e r io d  p rob ab ly  in flu en ced  

th e s e  lo w e r  m ean  c o n c e n tr a t io n s .

A m m o n ia -n itr o g e n  co n c e n tr a tio n s  aga in  s u g g e s t  c a tt le  c o n tr i

b u tion s in  ad d ition  to m o d era te  b ack grou n d  s tr e a m  le v e ls .  A s F ig u r e  

16 i l lu s tr a te s ,  a s im ila r  tren d  am ong s i t e s  e x is te d  w h ile  s ite  3 w as  

h ig h e s t  on a ll  sa m p lin g  d a y s . T ab le  9 in d ic a te s  th e r e  w a s a s ig n if ic a n t  

d iffe r e n c e  (a  = 0 .0 0 5 )  b e tw een  s it e s  and th e s it e  3 m ean  of 230 p g /f  

w a s s ig n if ic a n t ly  d iffe r e n t  fr o m  the o th er  tw o v e r y  s im ila r  m e a n s .

T h is  im p lie s  that c a tt le  w e r e  con tr ib u tin g  a m m o n ia -n itr o g e n  to  the  

s tr e a m  b e tw een  s i t e s  1 and 3 and that th is  am ount w a s e ith e r  u t i l iz e d ,  

r em o v e d  or tr a n s fo r m e d  in  the 1 .3  km  r e a c h  b e tw een  s i t e s  3 and 7 .
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T he ta b le  a ls o  r e v e a ls  that m ea n  co n c e n tr a tio n s  during th is  p er io d  

w e r e  v e r y  s im ila r  to  c o n c e n tr a tio n s  r e c o r d e d  in  P e r io d  7 . The 

s im ila r ity  b e tw een  th e se  tw o p e r io d s  p rob ab ly  r e su lte d  fr o m  the  

u n ifo r m ity  in  s tr e a m flo w . T h is  a m m o n ia -n itr o g e n  co n cen tra tio n  

d ep en d en ce  on d isc h a r g e  w as a ls o  su g g e s te d  in  the P e r io d  1 r e s u lt s .

The n itr a te -n itr o g e n  co n c e n tr a tio n s  m e a su r e d  during th is  

p e r io d  a ls o  su g g e s t  an input by c a tt le  b e c a u se  s ite  3 w as h ig h e s t  on a ll  

but one sa m p lin g  date (F ig u r e  17). A  la r g e  am ount o f v a r ia b ility  w as  

in v o lv e d  in  the m e a s u r e m e n ts  at a ll s i t e s ,  i l lu s tr a te d  in  th e  fig u re  as  

w e ll  as the Standard D ev ia tio n  co lu m n  in  T ab le 10 . T h is  tab le  a ls o  

sh ow s the s ta t is t ic a l ly  s ig n if ic a n t  d iffe r e n c e  (a  = 0 .0 3 7 )  b e tw een  s i t e s  

w h ile  s ite  3 r e c o r d e d  the h ig h e s t  m ea n  c o n c e n tr a tio n . A ll th r e e  s i t e s  

r e c o r d e d  su b sta n tia l in c r e a s e s  o v er  th e ir  P e r io d  7 m e a n s , p rod u cin g  

the h ig h e s t  a v e r a g e  co n cen tra tio n  o f th e en tire  stu d y . S ite s  3 and 7 

both  d ou b led , su g g e s t in g  the c a tt le  w ere  con tr ib u tin g  n itr a te -n itr o g e n  

to  the b ack grou n d  s tr e a m  le v e l ,  on ly  p a rt of w h ich  w as r em o v e d  by the  

t im e  the w a ter  rea c h e d  s ite  7 . A n in c r e a s e  in  the grou n d w ater c o n t r i

b u tion s to  the s tr e a m  th rou gh out the study a r e a  m a y  h ave c a u se d  th e s e  

h ig h e r  m ea n  c o n c e n tr a t io n s .

The fe c a l  c o l ifo r m  r e s u lt s  im p ly  a g ra z in g  im p a ct but the m a g n i

tude of the u p str e a m  co n tr ib u tio n  su g g e s ts  that th is  co n tr ib u tio n  w a s  

m in im a l. F ig u r e  18 i l lu s tr a te s  a s im ila r  tren d  am ong the s i t e s  fo r  

the p er io d  but the s i t e s  s t i l l  d isp la y  a d e g r e e  of v a r ia b il ity .  The peak
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c o n c e n tr a tio n s  at a ll th r e e  s i t e s  on June 28th  prob ab ly  r e su lte d  fr o m  

the p r e c ip ita t io n  ev en t on the p r e c e d in g  a ftern oon  and ev en in g . The  

s lig h t  in c r e a s e  in  d isc h a r g e  fr o m  th is  ev en t ( le s s  than s e v e n ip s )  

p rob ab ly  flu sh ed  fe c a l  c o l ifo r m  b a c te r ia  fr o m  ch an n el a r e a s  and 

b o tto m  se d im e n ts  in to  the s tr e a m , both  fr o m  w ith in  and above the  

stud y  a r e a .

T ab le  11 d e m o n str a te s  that a ll th ree  s i t e s  r e c o r d e d  h ig h er  m ean  

c o n c e n tr a tio n s  during  th is  p e r io d  than th o se  of the p r e c e d in g  p er io d  

w h ile  s it e  3 in c r e a s e d  the m o st  and s ite  7 the le a s t .  The in c r e a s e  in  

m ea n  c o n cen tra tio n  fr o m  s ite  1 to s ite  3 fo r  th is  p er io d  (fr o m  92 to  

143 c o lo n ie s /1 0 0  m l ) s u g g e s ts  a g ra z in g  co n tr ib u tio n . The m agn itu d e  

of th is  co n tr ib u tio n  w as m in im a l ,  h o w e v e r , w hen co m p a red  to the  

b ack grou n d  c o n cen tra tio n  m e a su r e d  at s ite  1. D if fe r e n c e s  b e tw een  

the s i t e s  w e r e  n o n -s ig n if ic a n t  ow ing to the d e g r e e  o f v a r ia b ility  i l l u 

s tr a te d  in  F ig u r e  12 and in  the Standard D e v ia tio n s  in c lu d ed  in  T ab le  

11 . C o m p a r iso n  o f m ed ia n  co n c e n tr a tio n s  m o r e  s tr o n g ly  su g g e s t  the  

g r a z in g  co n tr ib u tio n . The s ite  3 m ed ia n  v a lu e  w a s su b sta n tia lly  

g r e a te r  than the m ed ia n s  at s i t e s  1 or 7 .

The f e c a l  s tr e p to c o c c i r e s u lt s  fo r  th is  p er io d  il lu s tr a te  a 

trem en d o u s  d e g r e e  o f v a r ia b ility ,  in flu en ced  by p r e c ip ita t io n  e v e n ts  

and a la c k -o f -d ilu t io n  due to  the low  d isc h a r g e  (F ig u r e  19). T ab le 12 

d e m o n str a te s  th ree  im p o rta n t p o in ts  co n cer n in g  the f e c a l  s tr e p to c o c c i  

r e s u lt s :  1) a ll  th r e e  s i t e s  in c r e a s e d  d r a m a tic a lly  o v er  P e r io d  7 m ean
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c o n c e n tr a tio n s ;  2) a s ig n if ic a n t  d iffe r e n c e  (a  = 0 .0 7 9 )  e x is te d  b e tw een  

the th r e e  s it e s ;  and 3) the la r g e s t  in c r e a s e  in  m ea n  count o c c u r r e d  

b etw een  s i t e s  1 and 3 in  the g r a z e d  p a s tu r e . T h e se  r e s u lt s  su g g e s t  

th at the g ra z in g  c a ttle  w e r e  co n tr ib u tin g  f e c a l  s tr e p to c o c c i b a c te r ia  

b e tw een  s i t e s  1 and 3. A ny su g g e s t io n  a s  to  a g ra z in g  co n tr ib u tio n  

m u st be te m p e r e d  by the poin t th at the s ite  7 m ea n  w as h ig h er  than  

the s i t e  3 m ea n .

T he s ig n if ic a n c e  of the a ssu m e d  c a tt le  con tr ib u tio n  w a s red u ced  

in  sco p e  w hen co m p a red  to the m ea n  co n cen tra tio n  m e a su r e d  at s ite  1 , 

C ounts at th is  s ite  ran ged  as h igh  a s 2090 c o lo n ie s /1 0 0  m i  (fo llo w in g  

a s to r m ), su g g e s t in g  that h ig h er  cou n ts m ay  be in d ep en d en t of c a tt le  

g r a z in g . C o m p a r iso n  of m ed ia n  co n c e n tr a tio n s  m o re  c le a r ly  im p lie d  

the g ra z in g  im p a c t , m a in ly  be red u c in g  the s ite  7 v a lu e .

S u m m ary of P e r io d s  1 -8

O rthophosphate co n c e n tr a tio n s  a p p eared  in d ep en d en t of c a tt le  

g ra z in g  throughout the stud y . The su sp en d ed  so lid s  a n a ly s e s  w ere  

confounded  by the b rea ch ed  b e a v e r  d am s during m o s t  of the stu d y , 

m a sk in g  any g ra z in g  e f f e c t s .

In P e r io d  1 (1 9 7 7 ), the f e c a l  c o l ifo r m  and f e c a l  s tr e p to c o c c i  

c o n c e n tr a tio n s  su g g e s te d  a g r a z in g  co n tr ib u tio n  fr o m  the co w s in  the  

lo w e r  p a s tu r e . B oth  n itr o g e n  s p e c ie s  w e r e  h ig h e s t  in  the g r a z e d  

p a stu re  b o ttom  but the in c r e a se , in  co n cen tra tio n  b e tw een
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s i t e s  w as m in im a l. In P e r io d  2 , d e s ig n e d  as a p o s t-g r a z in g  c o m p a r i

so n , on ly  the f e c a l  c o l ifo r m  a n a ly s is  im p lie d  a r e s id u a l g ra z in g  

e f fe c t .  A ny r e s id u a l e f fe c t s  su g g e ste d  by the fe c a l  s tr e p to c o c c i  c o n 

c e n tr a tio n s  w e r e  m a sk e d  by d ra m a tic  in c r e a s e s  in  u p str e a m  co u n ts .  

D uring P e r io d  3, the f e c a l  c o lifo r m  and fe c a l  s tr e p to c o c c i  c o n c e n tr a 

t io n s  c le a r ly  r e f le c te d  th e im p a ct o f the co w s in  the u p p er  p a s tu r e .

The a m m o n ia -n itr o g e n  a n a ly s is  in d ica ted  a s m a ll co n tr ib u tio n  fro m  

the c a tt le  but m ea n  c o n cen tra tio n s  w e r e  s im ila r  to th o se  r e c o r d e d  in  

P e r io d s  1 and 2 . The P e r io d  4 n itr a te -n itr o g e n  m ea n  and th e f e c a l  

s tr e p to c o c c i  m ed ia n  c o n c e n tr a tio n s  im p lie d  a r e s id u a l e f fe c t  fro m  

g r a z in g . M ean a m m o n ia -n itr o g e n  co n c e n tr a tio n s  w e r e  the h ig h e s t  o f  

the e n t ir e  study  but w e r e  s im ila r  am ong s i t e s .

D uring P e r io d  5 , a 197 8 pre -g r a z in g  ex a m in a tio n , am m o n ia  - 

n itr o g e n  and n itr a te -n itr o g e n  c o n c e n tr a tio n s  w e r e  both  m o d e r a te ly  

h igh  w h ile  the f e c a l  c o lifo r m  and fe c a l  s tr e p to c o c c i  co n c e n tr a tio n s  

w e r e  low . In P e r io d  6 , the f e c a l  c o lifo r m  and n itr a te -n itr o g e n  c o n 

c e n tr a tio n s  in d ica te d  co n tr ib u tio n s  fr o m  the c a tt le  in  the lo w e r  p a stu re  

w h ile  the f e c a l  s tr e p to c o c c i  a n a ly s is  w a s confounded by h igh  cou n ts  

at the u p p e rm o st study s i t e .  B oth  the n itr a te -n itr o g e n  and a m m o n ia -  

n itr o g e n  a n a ly s e s  r e f le c te d  m o d era te  background  c o n c e n tr a t io n s , 

p o s s ib ly  confounding the la t te r . P e r io d  7 fe c a l  c o lifo r m  and fe c a l  

s tr e p to c o c c i c o n c e n tr a tio n s  su g g e s te d  a r e s id u a l g ra z in g  e ffe c t  w h ile  

the data c o m p iled  during  the one n u tr ien t a n a ly s is  d o es  not r e f le c t
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th is  e f fe c t .  In P e r io d  8 , a m m o n ia -n itr o g e n , n itr a te -n itr o g e n  and 

both fe c a l  c o lifo r m  and fe c a l  s tr e p to c o c c i c o n c e n tr a tio n s  r e f le c te d  the  

co n tr ib u tio n s  of c a tt le  in  the upper p a s tu r e . M od era te  b ack grou n d  

c o n c e n tr a tio n s  w e r e  r e c o r d e d  in  a l l  four of th e s e  p a r a m e te r s ,  p a r 

t ic u la r ly  in  the f e c a l  s tr e p to c o c c i  a n a ly s is .  T he su sp en d ed  s o lid s  

a n a ly s is  w a s  no lo n g er  confounded by the b r e a c h e d  b e a v e r  d am s but 

a p p ea red  in d ep en d en t of g ra z in g  d u rin g  th is  p e r io d .

C attle  O b serv a tio n  and F e c a l  D ep o sit  C o lle c t io n  

C a ttle  O b serv a tio n s

C attle  o b se r v a t io n s  fo r  the tw o sa m p lin g  s e a s o n s  r e v e a le d  the  

fo llo w in g  p er tin en t in form ation :

1) B e tw e e n  7 AM  and 7 P M , w hen the m o s t  in te n s iv e  o b s e r v a 

t io n s  w e r e  m a d e , co w s sp en t 21 p e r c e n t  o f th e ir  t im e  w ith in  

an e s t im a te d  25 m e t e r s  o f  the s tr e a m  ch an n el and on ly  s ix  

p e r c e n t  of th e ir  t im e  w ith in  the ch a n n e l, u su a lly  ju s t  

d rin k in g .

2) H ourly  h erd  lo c a tio n  data su g g e ste d  that the co w s r em a in e d  

w ith in  the f lo o d p la in  during the day but p r e fe r r e d  the upland  

a r e a s  d u rin g  the ev en in g  through  e a r ly  m o rn in g  h o u r s .  

T em p era tu re  and v e g e ta t iv e  p r e fe r e n c e s  w e r e  p rob ab ly  at 

le a s t  p a r t ia lly  r e s p o n s ib le  fo r  th is  b e h a v io r .
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F e c a l  D ep o sit  C o lle c t io n

F o llo w in g  the 15 day t e s t  in te r v a l during P e r io d  6 and s u b s e 

quent a ir -d r y in g  fo r  o v er  30 d a y s , the w eig h t o f the c o l le c te d  s p e c i 

m e n s  w as 6 2 . 6 k g . U sin g  M in er  and W illr ic h 1 s (1970) e s t im a te  of  

4 . 54 kg of dry  w eig h t f e c a l  m a te r ia l  p er  co w , p er  day , and know ing  

th at 150 cow s (75 c o w s , 75 c a lv e s )  w e r e  in  the lo w e r  p a stu re  for  15 

d a y s , a fig u r e  o f 7 ,6 5 0  kg o f dry  w eig h t f e c a l  m a te r ia l  w a s e s t im a te d  

to  have b een  d e p o s ite d . T h is  c a lc u la t io n  a s s u m e s  th a t a c a lf  p r o 

d u ces  on ly  3 /4  o f the am ount o f f e c a l  m a te r ia l  of an adu lt. T h u s,

0 .8  p e r c e n t  ( (6 2 .6  k s /7 ,6 5 0  kg) * 100) of th e s e  c o w s 1 p o te n tia l to ta l  

f e c a l  d e p o s its  w e r e  w ith in  the th r e e  m e te r  d is ta n c e  of the s tr e a m .

A ssu m in g  that c a tt le  w a ste  p ro d u cts  beyond  th r e e  m e te r s  o f the  

ch an n el w ould  have li t t le  or no e f fe c t  on s tr e a m  c o n c e n tr a t io n s , th e se  

r e s u lt s  h elp  to ex p la in  the apparent g ra z in g  in d ep en d en ce  and low  

c o n c e n tr a tio n s  of m any o f the m e a su r e d  p a r a m e te r s .  B eyond  th is  

d is ta n c e , n a tu ra l d ie -o f f ,  m e c h a n ic a l s o i l  f i l te r in g  and n a tu ra l s o i l  

d e fe n se  m e c h a n ism s  su ch  as n itr if ic a t io n , pH, and p r e -e x is t in g  s o i l  

b a c te r ia  p rob ab ly  in te r a c te d  to rem o v e  the in d ic a to r  b a c te r ia  w h ile  

p lan t u t iliz a t io n  and m ic r o b ia l tr a n s fo r m a tio n s  a lte r e d  the n itr o g e n  

n u tr ien t c o n c e n tr a tio n s . S e v e r a l r e s e a r c h e r s  (K unkle and M eim an , 

1967 and 1968; D a r lin g , 1973) have con clu d ed  that c a tt le  im p a cts  are  

m e a su r a b le  and s ig n if ic a n t  on ly  w hen the co w s are  lo c a te d  in  or v e r y  

n ea r  a s tr e a m  ch a n n el. The th r e e  m e te r  d is ta n c e  u se d  in  th is
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p r o c e d u r e  w a s  p u re ly  su b je c tiv e  but s e e m e d  ap p ro p ria te  fro m  f ie ld  

ex a m in a ti on .

One o th er  poin t m a y  be im p o rta n t in  h e lp in g  to ex p la in  the low  

le v e ls  o f m e a s u r e m e n t . A ll  w a ter  s a m p le s  w e r e  c o l le c te d  b etw een  

7 :0 0 -8 :3 0  AM  w hen fe w , i f  any, co w s w e r e  n o r m a lly  lo c a te d  w ith in  

the flo o d p la in  or n e a r  the s tr e a m . T h u s, it  s e e m s  lik e ly  th at th e se  

m e a su r e d  c o n c e n tr a tio n s  w e r e  sa m p lin g  th e  im p a c ts  o f c a tt le  that had  

b een  lo c a te d  in  the g r a z e d  a r e a s  at le a s t  12 to  15 h ou rs e a r l ie r .



SUMMARY A N D  CONCLUSIONS

T h is stu d y , con d u cted  a lon g  a s m a ll  s tr e a m  in  the C olorad o  

F ro n t R a n g e , w a s d es ig n e d  to  quantify  the im p a ct of c a tt le  g ra z in g  

on su r fa c e  w a te r  q u a lity  a s  w e ll  as ev a lu a te  the lo c a l and im m e d ia te  

d o w n strea m  p o llu tio n  p o ten tia l o f c a tt le  g ra z in g  w ith  fr e e  s tr e a m  

a c c e s s .  M ea su rem en t e m p h a s is  w as p la ce d  on the c o n c e n tr a tio n s  of 

tw o n itro g en  s p e c ie s  and on tw o in d ic a to r  b a c te r ia  d e n s it ie s .  On the  

b a s is  of the data c o l le c te d  during  th is  stu d y , the fo llo w in g  c o n c lu s io n s  

w e r e  draw n:

1) C attle  g ra z in g  w ith  fr e e  s tr e a m  a c c e s s  c a u se d  s ig n if ic a n t  

in c r e a s e s  in  d o w n strea m  fe c a l  c o lifo r m  and fe c a l  s t r e p to 

c o c c i  c o n c e n tr a tio n s .

2) A m m o n ia -n itr o g e n  and n itr a te -n itr o g e n  co n c e n tr a tio n s  s u g 

g e s t  a c a tt le  g r a z in g  co n tr ib u tio n .

3) The b r e a c h e d  b e a v e r  dam  a r e a  in  the up per p a stu re  w as  

r e s p o n s ib le  fo r  s ig n if ic a n t  d if fe r e n c e s  in  su sp en d ed  s o lid s  

c o n c e n tr a tio n s  and m a sk e d  g ra z in g  im p a c ts  w h ich  m a y  have  

o c c u r r e d .

4) A m m o n ia -n itr o g e n , n itr a te -n itr o g e n , o r th o p h o sp h a te , f e c a l  

c o l ifo r m  and fe c a l  s t r e p to c o c c i  c o n c e n tr a tio n s  m e a su r e d  

during th is  study in d ic a te  that on ly  s m a ll  fr a c t io n s  o f the  

p o ten tia l co n tr ib u tio n s  fr o m  c a ttle  w a s te s  w e r e  rea ch in g  th e
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s tr e a m . T h e se  r e s u lt s  m ay  be e x p la in e d , in  p a r t, by  o b 

se r v e d  lo c a tio n  and d e fe c a tio n  tr e n d s  o f the g ra z in g  c a t t le .

5) C on tr ib u tip n s fro m  the c a ttle  o f n itro g en  and in d ic a to r

b a c te r ia  w e r e  u su a lly  s m a ll  in  co m p a r iso n  to the b ack grou n d  

co n c e n tr a tio n s  m e a su r e d  at the u p s tr e a m  s i t e s .



SUGGESTIONS FOR FU R TH ER  STUDY

T h is  study w as d e s ig n e d  to q u a n tita tiv e ly  d e term in e  the im p a ct  

of ca tt le  g ra z in g  on a sh o rt r e a c h  o f T rout C reek . It w as fe lt  that 

m e a s u r e m e n ts  of su sp en d ed  s o l id s ,  a m m o n ia -n itr o g e n , n itra te  - 

n itr o g e n , orth o p h o sp h a te , f e c a l  c o lifo r m  and fe c a l  s tr e p to c o c c i w ould  

b e s t  in d ica te  g ra z in g  im p a c ts .  H o w ev er , the su sp en d ed  s o lid s  a n a ly s is  

w a s confounded by inputs fr o m  the b rea ch ed  b e a v e r  dam  a r e a  w h ile  

c o n c e n tr a tio n s  o f the o th er p a r a m e te r s  w e r e  at or v e r y  n ea r  the m in i 

m u m  d e te c ta b ility  l im it s  of the a n a ly s is  p r o c e d u r e s  u s e d . I fe lt  that 

c o n c e n tr a tio n s  of th e s e  p a r a m e te r s  in  su r fa c e  runoff fr o m  sh o rt  

d u ra tio n -h ig h  in te n s ity  s to r m s  w ould  be s ig n if ic a n t , but no su ch  s to r m s  

o c c u r r e d  that cou ld  be sa m p led  during the stud y . W ith th e s e  p r o b le m s  

and lim ita t io n s  in  m in d , the fo llo w in g  su g g e s t io n s  fo r  fu r th er  r e s e a r c h  

a r e  m ade:

1) C onduct in v e s t ig a t io n s  w h ich  m o r e  c lo s e ly  m o n ito r  the  

im p a c t o f c a tt le  g ra z in g  on su sp en d ed  s o lid s  c o n c e n tr a t io n s .

2) D e s ig n  and conduct a study that w ould  s p e c if ic a l ly  co n cen tra te  

on s to r m  flo w s and s to r m -r e la te d  su r fa c e  runoff.

3) C onduct in v e s t ig a t io n s  to ev a lu a te  the b a c te r ia l  f i l te r in g  

c a p a c ity  o f the a llu v ia l s o i ls  found in  the a r e a .

4) Sam ple m o r e  e x te n s iv e ly  under tw o d iffere n t s to ck in g  in t e n s i 

t i e s ,  sa m p lin g  m o re  in te n s iv e ly  during  sh o r te r  tim e  p e r io d s .
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5) E va lu a te  ch an n el and b o ttom  se d im e n ts  a s so u r c e  a r e a s  

fo r  both  in d ic a to r  and p a th o g en ic  b a c te r ia .

6) C onduct a stud y  to r e la te  in d ic a to r  b a c te r ia  d e n s it ie s  to  the 

p r e s e n c e  o f p a th ogen ic  o r g a n is m s .

7) P e r fo r m  a study s im ila r  to  th is  one but co n c e n tr a te  sa m p lin g  

t im e s  to c o r r e sp o n d  to  p e r io d s  of m a x im u m  r e c r e a t io n a l u s e .

8) P o s s ib ly  re-conduct th is  in v e s t ig a t io n  but u se  p r o c e d u r e s  

w h ich  m e a s u r e  n u tr ien t co n c e n tr a tio n s  m o r e  a c c u r a te ly .

9) D e s ig n  and conduct a s im ila r  study but c o n cen tra te  m o re  

s tr o n g ly  on the r e la t io n sh ip  b e tw een  m e a su r e d  c o n c e n tr a tio n s  

and c a ttle  lo c a t io n s .
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APPENDIX A: 1977 Discharge at site 1 (flow recorded at sample) 
6 June - ,12 November.
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APPENDIX B: 1978 Discharge at site 1 (flow recorded at sample) 
8 March - 16 August.
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APPENDIX C; 1977 Orthophosphate Mean (x), Standard Deviation (s) 
and Statistical Significance for Sites 1, 3 and 7 
for Periods 1 through 4.

_________________________ PERIODS______________________
1 2 3 4

150 Cows No 40 Cows No
SITE Lower Pasture Grazing Upper Pasture Grazing

MEAN AND STANDARD DEVIATION (ng/Jp

X s X s X s X s

1 210 88 228 121 287 185 130 10

3 203 34 190 23 242 80 227 99

7 251 169 194 22 294 155 147 35

STATISTICAL SIGNIFICANCE

N.S. N.S. N.S. N.S.

N.S. - Non-significant at .10 level.____________________
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APPENDIX D: 1978 Orthophosphate Mean (x), Standard Deviation (s) 
and Statistical Significance for Sites 1, 3 and 7 
for Periods 5 through 8.

SITE

PERIODS
5

No
Grazing

6
150 Cows 

Lower Pasture

7
No

Grazing
40

Upper

8
Cows
Pasture

MEAN AND STANDARD DEVIATION (yg/£)

X  s X s x s X s

1 208 230 96 154 30 - 85 53

3 303 265 59 54 40 - 89 16

7 400 210 53 67 0 84 44

STATISTICAL SIGNIFICANCE

N.S. N.S. N.S. N.S.



APPENDIX E: Orthophosphate Concentrations at Sites
1, 3 and 7 for Periods 1 through 4, 197 7.

DATE
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APPENDIX F: Orthophosphate Concentrations at Sites
1, 3 and 7 for Periods 5 through 8, 1978.

DATE
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APPENDIX G

P r e c ip i t a t i o n  M easured a t  M anitou E x p erim en ta l F o re s t  H ead q u a rte rs  D uring S tudy. 
D ate l i s t e d  i s  8 AM m easurem ent d a te ,  u n i t  i s  m i l l im e te r s .

1977
June Amt July Amt Aug Amt Sept Amt Oct Amt Nov Amt Dec Amt

5 5.3 4 4.3 5 3.6 5 1.8 6 1.8 7 5.3 2 2.5
7 1,8 6 12.2 6 4.3 12 9.7 21 3.6 8 15.7 5 1.8
8 1.8 7 17.8 10 0.8 13 2.5 31 4.3 21 0.8
19 3.6 8 1.8 11 3.6 24 2.5
18 1,8 14 2.5 12 2.5
24 4.3 15 1.8 14 0,8

20 7.9 15 4,3
21 16,5 16 10.4
22 6.1 17 3.6
23 2.5 18 1.8
24 26.2 14 1.8
25 8.6 21 9.7
26 5.3 24 5.3
28 2.5

l ____ _ t _ ___ _ Zi. „_ -r-, ^  .— — —,— i- •*- ■ — ---gj|
1978

Mar Amt Apr Amt May Amt June Amt July Amt Aug Amt

3 4.3 10 15,7 i 12.2 3 1,8 9 28.4 1 4.3
7 14.7 30 8,6 2 1.8 4 7.9 11 5.3 4 1.8
20 4.3 3 3.6 5 8,6 13 14,7 13 2,5
23 2,5 4 0.8 7 3,6 17 0,8 22 0,8

8 3,6 8 5,3 20 2,5 26 1,8
26 2.5 28 11.4 21 6,9 29 1.8
27 3.6 30 17.5 23 1,8 30 3,6
29 1.8 31 3.6 24 5.3

29 1.8




