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INTRODUCTION 

This  i s  t h e  f o u r t h  annual r e p o r t  o f  15 M i l e  Creek research, 

i n i t i a t e d  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  o f  changes i n  channel 

morphology, vegetat ion,  and sediment l o a d i n g  t o  1 i v e s t o c k  graz ing.  

Report  format remains much t h e  same as prev ious annual r e p o r t s ,  w i t h  a 

few exceptions. 

w h i l e  l i s t e d  i n  t h e  t a b l e  o f  contents,  will be issued as a separate 

addendum as t h e  b u l k  o f  t h a t  m a t e r i a l  forms Clay M i l l e r ' s  t h e s i s  f o r  h i s  

Masters degree. 

analyses from t h e  p r o j e c t  f o r  1983 t o  1985 has been added. As prev ious-  

ly ,  new methodologies a r e  descr ibed i n  f u l l  w h i l e  those p r e v i o u s l y  used 

and descr ibed a r e  o n l y  summarized. 

For one, t h e  s e c t i o n  on t h e  l i v e s t o c k  g r a z i n g  s tud ies,  

Secondly, a s e c t i o n  which l i s t s  t h e  data s e t s  and 

We again express our  a p p r e c i a t i o n  t o  Wyoming DEQ, BLM, and t h e  

Wyoming Water Research Center f o r  t h e i r  suppor t  i n  t h i s  research e f f o r t .  

A d d i t i o n a l l y ,  we express o u r  a p p r e c i a t i o n  t o  Jay Matthews f o r  h i s  

cooperat ion and ass is tance i n  p r o v i d i n g  and handl ing l i v e s t o c k .  



MORPHOLOGY/HYDROLOGY 

S t a n d a r d  morphology cross-section measurements were taken i n  a1 1 

four study areas i n  the f a l l  o f  1985. A summary o f  the method i s  as 

fo l1  ows : 

1) A line i s  strung between two stakes se t  a t  the t o p  of  the 

stream bank on the l e f t  and r i g h t  sides. 

2 )  The line i s  leveled. 

3)  Vertical measurements from the line t o  the channel surface are 

taken w i t h  a surveyor's rod - measurements are t o  nearest one 

one-hundredth o f  a f o o t  ( .01) . 
4)  Measurement intervals i n  the cross-section are a t  one-tenth 

( . l o )  of the top  w i d t h  w i t h  additional measurements a t  the l e f t  

and r i g h t  interim banks ( low flow banks) and any irregular 

features of  the cross-section. 

5) A study reach i s  composed of  five equally spaced standard 

cross-sections. Meanders are measured along the t o p  of the 

inside bank between the upstream and downstream thalweg 

inflection points. 

a maximum o f  200'. 

S t r a i g h t  reaches are f u l l  length subject t o  

I n  the course of  preparing this report, the d a t a  from previous 

years was re-examined. 

previously reported f o r  mean depths i n  1982 and 1983 are in error. 

Corrected means a n d  standard deviations i s  provided in th i s  report. 

Due t o  a programming error,  the results 

Mean Channel Depths 

Analysis o f  morphology da ta  for area mean depths was r u n  f o r  the 

four study areas. 

can be quite variable, overall means _remain quite similar. 

The results indicate t h a t ,  while i n d i v i d u a l  reaches 

The main 
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channel area, w h i c h  i s  the highest order stream i n  the drainage, had 

area means wh ch fluctuated only one one-hundredth (.01) o f  a f o o t  over 

the four year per iod.  Progressing upstream, the area means become less 

stable w i t h  the Below Exclosure and Exclosure means depths varying by 

2.2  f t .  and the Above Exclosure study reach varying by .38 f t .  over the 

four years (Tables 1-4). 

higher i n  the uppermost (Above Exclosure) study area as compared t o  

lower reaches. 

each reach over the f o u r  year period indicate no re)ationship between 

the location of a study area i n  the drainage and the variabil i ty of i t s  

reaches over time. 

deviations indicating a greater degree o f  depth uniformity i n  i t s  study 

reaches. A sharp increase in the area standard deviation in 1985 

arose mostly from r a p i d  changes i n  a few reaches. Analysis of  variance 

of mean depth i n  the four study areas over four years (1982-85) 

indicates no differences for  any area by year. 

The attendant standard deviations appear 

However, analysis of means and s tandard  deviations for 

The Exclosure does have lower area s tandard 

W i t h i n  the Middle Fork exclosure, plots o f  reach mean depth by year 

w i t h  the Exclosure area mean depth reveals some interesting information 

(Figures 1-5).  

exclosure, reach one i s  apparently undergoing a steady, progressive 

deepening (Figure 1). 

stabilized a t  a level sl ightly shallower t h a n  the area norm (Figure 1). 

The mean reach depth i n  cell two (Figure 2 )  and three (Figure 3 ) ,  spring 

and summer grazed respectively, appear t o  be converging on t h e  area mean 

irregardless of  their  i n i t i a l  relative positions. 

Common P o i n t  Depth Comparisons 

In ce l l  one, the ungrazed t e s t  cell a t  the bottom o f  the 

kach two w i t h i n  t h a t  same cell has apparently 

In  order t o  focus upon the location i n  the channel where depth . 

changes are  occurr ing,  a p o i n t  t o  p o i n t  comparison was undertaken from 
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Table 1. Main channel - mean depths ( f t )  by reach and year. 

REACH 

1-1 
1-2 
1-3 
1-4 
1-5 
1-6 
1-7 
1-8 
1-9 
1-10 
1-11 
1-12 
1-13 
1-14 
1-15 
1-16 
1-17 
1-18 
1-19 
1-20 

AREA MEAN 
AREA STD. 

DEV . 

1982 

3.21 
3.38 
3.25 
4.17 
2.06 
2.30 
3.03 
3.10 
3.24 
3.66 
3.42 
2.78 
1.91 
2.19 
1.55 
2.48 
3.23 
3.73 
3.11 
3.33 

2.94 
0.64 

1983 

3.98 
3.24 
3.39 
4.44 
2.05 
2.01 
2.84 
3.18 
3.55 
3.45 
3.60 

2.06 
2.34 
2.15 
2.52 
3.43 
1.89 
2.04 
2.23 

-- 

2.95 
0.78 

1984 

3.28 
3.54 
2.76 
4.78 
2.40 
1.87 
2.60 
3.55 
3.36 
3.22 
3.47 

2.87 
2.54 
2.11 
2.47 
2.90 
2.34 

-- 

-- 

2.94 
0.70 

1985 

4.07 
3.20 
2.83 
4.17 
2.47 
2.41 
2.92 
3.38 
3.15 
2.99 
2.69 

2.72 
2.45 
1.85 
2.61 
2.53 
3.78 

-- 

-- 

2.95 
0.62 

REACH 
MEAN 

3.64 
3.34 
3.06 
4.39 
2.25 
2.15 
2.85 
3.30 
3.33 
3.33 
3.30 

2.39 
2.38 
1.92 
2.52 
3.02 
2.94 

-- 

I- 

-- 

REACH 
STD. 
DEV. 

0.45 
0.15 
0.31 
0.29 
0.22 
0.25 
0.18 
0.20 
0.17 
0.29 
0.41 

0.48 
0.15 
0.28 
0.06 
0.39 
0.96 

-- 



Table 2. Below exclosure -- Mean depths ( f t )  by reach and y e a r .  

1984 - 1983 - 1982 - REACH - 
2-1 
2-2 
2-3 
2-4 

- 2 - 5  
2-6 
2-7 
2-8 
2-9 
2-11 
2-13 
2-15 
2-17 
2-19 
2-21 

1.84 
2.94 
0.94 
1.65 
2.05 
2.23 
0.88 
2.04 
2.14 
1.83 
1.63 
1.22 
2.05 
1.85 
0.56 

AREA MEAN 1.72 
AREA STD. 0.61 

DEV. 

2.09 
3.16 
1.65 
1.74 
2.15 
2.11 
1.36 
1.72 
2.36 
2.01 
2.70 
1.23 
1.64 
1.59 
1.36 

1.92 
0.53 

1.74 
3.11 
1.53 
1.81 
1.97 
2.32 
0.92 
2.15 
2.36 
2.20 
2.44 
0.88 
2.03 
1.75 
1.04 

1.94 
0.59 

1985 

2.14 
2.81 
1.02 
1.60 
1.68 
2.12 
0.95 
2.05 
2.69 
1.82 
2.22 
1.21 
1.95 
1.74 
1.25 

1.82 
0.56 

REACH 
MEAN 

1.95 
3.01 
1.29 
1.70 
1.96 
2.20 
1.03 
1.99 
2.39 
1.97 
2.25 
1.14 
1.92 
1.73 
1.05 

REACH 
STD. 
DEV.  

0.19 
0.16 
0.36 
0.09 
0.20 
0.10 
0.22 
0.19 
0.23 
0.18 
0.46 
0.17 
0.19 
0.11 
0.35 



Table 3. Above exclosure -- mean d e p t h  ( f t )  by reach and year. 

REACH 

3-1 
3-2 
3-3 
3-4 
3-5 
3-7 
3-9 
3-11 
3-13 
3-15 
3-17 
3-19 

1982 1983 

2.96 
2.63 
3.17 
3.10 
2.42 
2.19 
0.66 
0.86 
2.04 
1.21 
1.37 
1.31 

AREA MEAN 1.99 
AREA STD. 0.89 

DEV. 

3.25 
3.35 
3.08 
3.70 
2.56 
2.38 
1.19 
0.99 
2.16 
0.85 
1.32 
1.79 

2.22 
0.99 

1984 

3.38 
3.54 
3.04 
3.99 
2.80 
2.36 
0.92 
1.39 
2.24 
1.30 
1.49 
1.93 

2.37 
0.99 

1985 

3.20 
3.54 
2.88 
3.98 
2.79 
2.22 
1.46 
1.21 
2.02 
0.89 
1.32 
1.73 

2.28 
0.99 

REACH 
MEAN 

3.20 
3.27 
3.04 
3.69 
2.64 
2.29 
1.06 
1.11 
2.12 
1.06 
1.38 
0.29 

REACH 
STD. 
DEV. 

0.18 
0.43 
0.12 
0.42 
0.19 
0.10 
0.34 
0.23 
0.10 
0.23 
0.08 



T a b l e  4. Exc losure -- mean dep th  ( f t )  by  reach and yea r .  

1984 - 1983 - 1982 - REACH - 
4 - 1  
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 
4-10 

2.36 
2.67 
3.20 
2.90 
3.25 
2.43 
2.18 
2.34 
2.47 
2.29 

AREA MEAN 2.61 
AREA STD. 0.38 

DEV. 

2.80 
2.54 
2.82 
2.76 
3.20 
2.66 
2.35 
2.13 

2.66 
0.32 

2.91 
2.60 
2.92 
2.85 
3.10 
2.76 
2.16 
3.10 
2.62 
1.93 

2.69 
0.39 

1985 - 
3.48 
2.70 
2.94 
2.78 
3.16 
2.78 
1.88 
4.20 
2.43 
1.92 

2.83 
0.69 

REACH 
MEAN 

2.89 
2.63 
2.97 
2.82 
3.18 
2.66 
2.14 
2.94 
2.51 
2.05 

REACH 
STD. 
DEV. - 
0.46 
0.07 
0.16 
0.06 
0.06 
0.16 
0.19 
0.94 
0.10 
0.21 
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Figure 1. Area mean depth vs. reach mean depth, 1982 t o  1985 
cell  1. 
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Figure 2. Area mean depth vs. reach mean d e p t h ,  1982 t o  1985 
cell 2. 
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Figure 3. Area mean depth vs.  reach mean depth,  1982 t o  1985 
cell 3.  
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Figure 4. Area mean depth vs. reach mean depth, 1982 to 1985 
cell  4. 
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F i g u r e  5. Area mean d e p t h  vs. reach mean depth, 1982 to 1985 
cell 5. 
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the reaches i n  the exclosure f o r  1984-85 and 1983-85. The procedure 

used was t o  determine the differences between years f o r  the specific 

common points i n  a given cross-section. These differences were then 

used t o  compute means ( f ) ,  standard deviations (S) ,  a n d  variances (S  ) 

for bank sections ( i . e e 9  l e f t  side bank,  interim bank interval, and 

r i g h t  side bank)  typically producing  three datum for  each cross-section. 

2 

I n  analyzing the common-point depth changes the following 

guidelines apply. 

channel f l o o r  downcuts, the cross-section oversteepens. In those where 

the f loor  aggrades and the side banks deepen, the cross-section 

f la t tens .  

same manner ( i  . e .  

sides t o  changes i n  the floor becomes key. 

channel sections aggrade 

greater than one indicates steepening while a r a t i o  of less than one 

indicates shallowing. 

ratios greater than one indicate shallowing and ratios less t h a n  one 

indicate steepening. 

In  cases where the side banks aggrade and the 

In  the case where the channel sections bo th  respond i n  the 

b o t h  aggrade o r  degrade) , the r a t i o  o f  changes of the 

In the instances when b o t h  

a r a t i o  of side bank changes t o  f l o o r  changes 

In mutually deepening cases, side bank t o  floor 

The means of  the depth changes occurring between 1984- and 1985 are 

summarized i n  Table 6. 

between cel ls  a t  the alpha = .05 level. 

upstream cont ro l  display characteristics o f  oversteepening, w i t h  the 

interval between interim banks deepening and the side bank building 

creating a more angular cross-section. 

show definite changes associated with the "dishpanning" effect ,  

flattening the the side slope while maintaining or rais ng the depth o f  

the interval between interim banks. While the straight sections i n  the 

F s t a t i s t i c s  indicate s i g n i f i c a n t  differences 

Both  reach forms i n  the 

In lower ce l l s ,  the meanders 
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FORM 

MEANDER 

- 
X 
S 

STRAIGHT 
X 
S 

Negat ive 

TABLE 6 
MEANS AND STANDARD DEVIATIONS OF 

MEAN CHANGES (FT)  I N  DEPTH, SIDE BANKS, 
AND INTERIM BANK, EXCLOSURE 1984-85 

CELLS 

(5) 
CONTROL 

(4 )  
FALL (3) 

SUMMER 
( 2 )  

SPRING (1) 
TEST 

BANK I N T .  BANK I N T .  BANK INT .  BANK I N T .  BANK INT.  

(= )  i n d i c a t e s  deepening ( i . e . 1984 measurement exceeds 1985. 

P o s i t i v e  (+) i n d i c a t e s  sha l l ow ing .  

Table 6. Means o f  depth changes, 1984-85. 
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g r a z i n g  ce l l s  ma in ta in  the oversteepening trend, i t  i s  reduced w i t h  

ver t ic le  height change t o t a l s  of .05 t o  -07 f t  as compared t o  .20 f t  for  

the control. I t  i s  notable also t h a t  the s t ra ight  reaches in  the spring 

and f a l l  pastures shallowed overall even while the bank steepened. 

Analysis o f  variance of the variances of  common p o i n t  channel 

depths indicate no significant differences between grazing treatments 

from 1984 t o  1985 (Table 7 ) .  

variances o f  the control cel l  are greater t h a n  those o f  the seasonal 

grazing ce l l s  and the ungrazed t e s t  c e l l ,  b u t  F-test s t a t i s t i c s  indicate 

an a lpha  level o f  less than .50, indicating no differences i n  variances 

o f  depth between ce l l s .  

year period (1983 t o  1985) def ini te  differences are found,  

s t a t i s t i c s  prompts a conclusion of  no differences between cell  1 ( t e s t )  

and  5 (control) .  

differences on the meander reaches. 

t h e  variances of depth were less  t h a n  those of  the control cell  the 

exception being on the straight section i n  the f a l l  g raz ing  pasture. 

For an a l p h a  level o f  . l o ,  we can s t a t e  t h a t  seasonal grazing appears 

t o  reduce changes on meanders i n  t h e  summer and  f a l l  pastures. This 

leads t o  the conclusion t h a t  seasonal use may have promoted increased 

s t ab i l i t y  on meanders, which should be the more variable morphological 

form i n  those pastiires. 

In  a l l  cases, t h e  mean o f  the p o i n t  

In r u n n i n g  the same type of t e s t  over a two 

Low F 

However, the graz ing  Cells ( 2 ,  3 ,  and 4 )  a l l  display 

In a l l  cases b u t  one, the mean o f  

- Interim B a n k  Interval 

Another analysis method t h a t  can provide insight i n t o  changes 

occurring i n  stream morphology i s  the changes in the w i d t h  o f  the 

channel f l o o r  ( i  .e. the interval between interim banks). Analysis of 

variance o f  these changes i n  channel f loo r  w i d t h  for 1984-85 indicates 
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TABLE 7 
MEANS AND STANDARD DEVIATIONS OF BANK SECTIOb! VARIANCES 

AND S I G N I F I C A N C E  LEVEL FOR TESTING FOR DIFFERENCES FROM CONTROL 

ANALY S I S REACH 
PERIOD FORM 

1984-85 
1984-85 
1984-85 
1984-85 
1984-85 
1984-85 
1984-85 
1984-85 

1983-85 
1983-85 
1983-85 
1983-85 
1983-85 
1983-85 
1983-85 
1983-85 

MEANDER 
STRAIGHT 
MEANDER 
STP.AIGHT 
MEANDER 
STRAIGHT 
MEANDER 
STRAIGHT 

CELL TREATKENT CONTROL S I GN I F I CAI\!CE 
(CELL NO.) MEAN ___I- MEAN LEVEL ( 1-a1 pha ) 

TEST( 1) 
TEST( 1) 

SPRING( 2 )  
SUMMER( 3 )  
S U MME R ( 3 ) 
F A L L  ( 4 )  
FALL( 4 )  

SPRING( 2 )  

MEANDER TEST(  1) 
STRAIGHT TEST( 1)  
MEANDER SPRING( 2 )  
STRAIGHT SPRING( 2) 
MEANDER SUKMER( 3)  
STRAIGHT SUMMER( 3)  
MEANDER FALL(4) 
STRAIGHT F A L L (  4)  

0.029 
0.014 
0.027 
0.039 
0.010 
0.008 
0.024 
0.013 

0.047 
0.047 
0.047 
0.047 
0.047 
0.047 
0.047 
0.047 

C. 106 0.188 
0.017 0.169 
0.053 0.188 
0.048 0.169 
0.G13 0.188 
0.059 0.169 
0.036 0.188 
0.175 0.169 

-50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 

-50 
-50 
.82 
-655 
.90 
.60 
. 90 
095 

T a b l e  7. M e a n s  and standard d e v i a t i o n s  of bank s e c t i o n  he ight  var iances  i n  exclosure. 

' I  
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no s i g n i f i c a n t  d i f f e r e n c e s  on t h e  pasture o r  reach l e v e l .  The means do 

follow a p a t t e r n  s i m i l a r  t o  t h e  1983-1984 data (Table 8 )  w i t h  a general 

t r e n d  o f  the  channel f l o o r  t o  widen s l i g h t l y .  

t h e  l o c a t i n g  o f  i n t e r i m  banks i s  a h i g h l y  s u b j e c t i v e  process s t r o n g l y  

It must be caut ioned t h a t  

i n f l u e n c e d  by s i z e  o f  t h e  most recent  f l o w  event,  and any judgements o f  

e f f e c t  must be c a r e f u l l y  evaluated i n  l i g h t  o f  o t h e r  in fo rmat ion .  

Bank Angle 

Changes i n  t h e  angle o f  inc idence between t h e  i n t e r i m  banks and 

s i d e  bank presents  another means o f  d e t e c t i n g  morphologica l  changes i n  

t h e  stream. Two methods o f  determin ing angles were used. The f i r s t ,  

f o l l o w i n g  the  method e s t a b l i s h e d  i n  supplementary a n a l y s i s  l a s t  year, 

was t h e  use of c ross-sec t iona l  p l o t s  t o  determine t h e  "contac t  p o i n t "  o f  

a s t r a i g h t  l i n e  o r i g i n a t i n g  a t  t h e  i n t e r i m  bank. The angle o f  t h a t  l i n e  

i s  then c a l c u l a t e d  by t r i g o n o m e t r i c  formula.  The r e s u l t s  obta ined by 

t h i s  method are  summarized i n  Table 9. 

1984-1985 changes i n d i c a t e s  t h a t  t h e  mean angle changes i n  e i g h t  o f  the 

Ana lys is  o f  var iance on the  

t e n  reaches were n o t  d i f f e r e n t  f rom one another.  The two except ions 

were i n  t h e  meander i n  c e l l  number one (Tes t ) ,  and the s t r a i g h t  s e c t i o n  

i n  t h e  t h i r d  c e l l  (Summer). No p a t t e r n  o f  change i s  e v i d e n t  which can 

be associated w i t h  the a p p l i c a t i o n  o r  w i t h h o l d i n g  o f  g raz ing  pressure. 

The second mezns o f  ana lyz ing  changes i n  angle o f  fncidence i s  a d i r e c t  

measurement method f i r s t  employed i n  1985. 

ed as  hn a l t e r n a t i v e  t o  t h e  more t ime consuming method o f  cross-sect ion 

T h i s  technique i s  being t e s t -  

a n a l y s i s .  

s t r a i g h t  edge i s  used t o  determine t h e  "mean l i n e "  (sometimes a chord, 

I t  employs a long s t r a i g h t  edge and an abney l e v e l .  The 

sonietimes a tangent depending on bank form) o f  t h e  major planes o f  the 

s i d e  bank. The angle i s  measured w i t h  t h e  abney and h e i g h t  o f  the  i n t e r -  
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TREATMENT 
CELL (CELL # )  

TEST (1) 
SPRING ( 2 )  
SUMMER ( 3 )  
FALL (4 )  
CONTROL ( 5 )  

TABLE 8 
EXCLOSURE INTERIM BANK INTERVAL CHANGES 

'83 - '84 
S 

- 
X 

-0.30 0.64 
-0.29 0.84 
-0.53 0.81 

-1.26 3.83 
+0.95 1.01 

- 185 
5 

'84  - 
X 

-0.75 
-0 . 15 
+0.02 
-0.58 
-0.48 

0.34 
0.71 
0.30 
0.66 
1.42 

P o s i t i v e  (+) i n d i c a t e s  narrowing. 
Negat ive (= )  i n d i c a t e s  widening. 

Table 8. Means and standard d e v i a t i o n s  o f  changes i n  i n t e r i m  bank 
i n t e r v a l s ,  1983, 1984, and 1985. 
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REACH 
FORM 

T A B L E  9 
CALCULATED MEAN CHANGES I N  REACH BANK ANGLE BY YEAR 

T RE ATMENT 
CELL 

1984-85 
S 

1983-84 c - X - S 
d - X 

5.05 TEST( 1) -0.15 3.60 -3 . 48 S T R A I G H T  

2.42 -5.02 7.73 SPRING( 2)  -3.50 

SUMMER( 3)  +1.35 14.02 -10.68 21.71 

8.90 -1.43 2.37 F A L L  ( 4 )  +O. 40 

3.33 -3.09 5.73 CONTROL ( 5 )  -1.50 

MEANDER 5.07 +9 . 62 12.41 T E S T (  1) -1 . 95 

8.92 -2.66 8.77 SPRING( 2)  -1 . 20 

4.64 -3.06 6.18 

2.91 +2.32 6.22 

9.54 +l. 24 9.17 

SUMMER( 3)  -0.17 

F A L L  ( 4 )  -2.15 

CONTROL ( 5 )  -5.40 

( - )  indicates increase i n  mean reach angle. 

(+) indicates decrease ( f la t ten ing) .  

Table 9.  Means a n d  s tandard  deviations o f  calculated angle  changes i n  

exclosure by year. 
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sections o f  major  planes o f  the cross-section above the channel f l o o r  

r:oted (See Figure 6 ) .  

10, indicate no discernable e f fec ts  between the treatments i n  the f i r s t  

time interval The second measurement interval has stronger differences 

b u t  s t i l l  doesn’t display s ignif icant  differences a t  acceptable a l p h a  

levels. 

w i t h  the presence or absence o f  graz ing .  

deviations, more standardization of the technique is  needed. 

Cross-Secti ona 1 Area 

The preliminary s t a t i s t i c s ,  summarized i n  Table 

I n  any case, the differences do not appear t o  be associated 

Given the h i g h  standard 

Channel cross-sectional areas calculated using the morphology 

These were used t o  d a t a ,  were computed for  a l l  reaches (Table 11). 

develop area means f o r  each area by year. 

changes i n  these means over the four years indicates t h a t  the mean 

changes i n  cross-sectional area of the four study areas over  the four 

years are n o t  d i f ferent .  In other words, apparently no area i s  changing 

i n  i t s  mean channel cross-section area i n  a manner inconsistent w i t h  the 

others. 

Analysis o f  variance o f  the 

S t a n d a r d  morphology measurements were taken prior t o  and fol lowing 

Ana7ysis of  variance g r a z i n g  t r i a l  i n  the treatment and  control ce l l s .  

on the changes i n  cross-sectional area occurring in t h a t  time was run t o  

check for differences between the control and  the grazed ce l l .  

s t a t i s t i c s  indicted no s ignif icant  differences i n  channel area changes 

between grazed and ungrazed ce l l s .  

The F 



Figure 6. Schematic o f  data collected by bank angle direct measurement technique. 



2 2  

CELL 
(CELL NO.) 

TEST( 1) 

SPRING( 2) 

SUMMER( 3) 

FALL ( 4 )  

TABLE 10 
MEASURED MEAN BANK ANGLE CHANGES, 1985 

- 6/ 19-7/02 - 7/02-8/01 
X S X S 

-1.07 2.95 -0.60 1.42 

+O . 67 3.00 -1 . 50 4.20 

+1.07 2.76 -1.27 4.76 

-0.13 4.06 +1 . 44 3.14 

( - )  negative indicates steepening. 

(+ )  positive indicates flattening. 

Table. 10. Means and standard deviations o f  measured bank angle changes 

in exlcosure. 



PERIOD 

1984-85 

1983-84 

1982-83 

TABLE 11 
MEANS AND STANDARD D E V I A T I O N S  ( f t  ) OF CHANGES IN CHANNEL 

AREA I N  THE EXCLOSURE BY TREATMENT AND ANALYSIS PERIOD. 

CONTROL 

X S 
- - 

+O -88 3.16 

-2.81 5.62 

-3.04 3.02 

SPRING 
GRAZING 

- 
X S - 

-0.97 3.28 

+o. 22 

-0 . 38 
7.18 

5.93 

SUMMER 
GRAZING 

-0.45 3.5G 

+0.15 1.47 

-0.38 15.50 

FkLL 
GRAZING 

- 
X S - 

+2.18 7.16 

+2.77 6.27 

-0.71 14.40 

Table 11. Means and standard deviations of changes i n  channel cross-sectional 
area by treatment and analysis period. 
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Precipitation 

Precipitation gages were installed a t  the three previously 

established s i t e s  i n  the Middle-Fork drainage i n  early May. 

d i f f i cu l t i e s  were experienced th i s  year w i t h  gage clocks and  pen travel 

resulting i n  less  complete records t h a n  previous years. 

Some 

The three year precipitation record on Middle Fork i s  summarized i n  

Table 12. 

d r ie r  t h a n  e i ther  o f  the previous two years, w i t h  bo th  precipitation 

amounts and storm frequency quite low. 

dearth o f  generalize$ area-wide storms and leads t o  the presumption t h a t  

almost a l l  precipitation emanated from convective storms. 

Gradient 

The catchment records show 1985 t o  have been significantly 

The overall pattern indicates a 

A survey of the stream gradient o f  the Middle Fork was undertaken 

i n  early A u g u s t .  The survey originated about 7,000 f t  upstream o f  the 

upper exclosure boundary and  was r u n  t o  the confluence w i t h  South Fork. 

The survey encompassed a l l  o f  the Exc losure  and Above Exclosure study 

areas on the Middle Fork .  

the study reaches and topographical control features were noted. The 

resulting prof i le  (Figure 7 )  showed the Middle Fork t o  be a relatively 

uniform channel which t a i l s  o f f  sharply a t  i t s  confluence w i t h  South 

Fo rk .  

channel m o u t h  which suggests this channel i s  currently undergoing a 

gradient adjustment, probably reflecting a lowering o f  some gradient 

control i n  the past. Using the elevation differences a t  15% and 85% of 

channel length, channel slope i s  calculated a s  .33% t h roughou t  most of 

the s tudy arezs,  

be similar t o  t h a t  below i t ,  displaying an adjustment o f  approximately 3 

In  the course o f  the survey, the locations o f  

There i s  a sharp discontinuity approximately 17,000 f t  above the 

The channel slope above t he  discontinuity appears t o  

f t .  a t  the.discontinuity. 
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TABLE 12 
PREClPITAilON SUMMARY FOR 15-MILE C R E E K  WATERSHED AREA* 

SQUAW 
TEATS - EXCLOSURE MIDDLE MONTH 

Apri 1 
May 
June 
J u l y  
August 
September - October 

YEAR 

1983 

-- 
0.60 
1.40 
1.40 
0.65 
1.30 
0.55 
0.20 - 

0.85 
1.25 
1.75 
0.75 
1.05 
0.30 
0.60 - 

0.75 
1.70 
3.20 
0.50 
1.50 
0.70 
0.75 
I 

6.10" - 6.55" - 9 . 30" - Tota l  - 
0.20 
1.25 
1.10 
0.10 
1.65 
0.00 - 

0.40 
1.36 
0.70 
0.16 
1.62 *** - 

0.65 
1.17 
0.38 
0.72 
1.09 
0.14 - 

May 
June 
J u l y  
August 
September 
October 

To ta l  - 

1984 

4.30" - 4.24" - - 4.15" - - 
0.40 

T 
F 

1.70 

0.15 
0.90 
0.50 
0.05 
0.25 - 

0.30 
0.80 
0.35 
1.15 
0.00 - 

May 
June 
J u l y  
August 
September 

1985 

*** - 
2.55" - - 2.70" - - 2.10" - T o t a l  

* - (Note: a l l  figures i n  i n c h e s ) .  

*** - Missing d a t a .  

T - Trace.  

F - Gage f a i l u r e .  

Table  1 2 .  P r e c i p i t a t i o n  summary. 
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The stream gradient t h r o u g h  the study reaches i s  summarized i n  

Table 13. 

consisent a t  .003 f t / f t .  

control cel l  are higher w i t h  the s t ra ight  secton a t  .005 ft/ft and the 

meander a t  ,006 f t / f t .  As a whole channel slope i n  the s t ra ight  

Slope t h r o u g h  the reaches i n  the lower ce l l s  i s  very 

Channel slope t h r o u g h  the reaches i n  the 

sections i s  more consistent t h a n  the meanders which have reaches 

containing b o t h  the highest and  lowest slopes reported. 

Bank  S o i l  Texture 

B a n k  soil texture was sampled i n  1984 using a design much l ike  t h a t  

used i n  roo t  biomass sampling. This sampling pattern develops three 

transects on e i ther  side o f  a study reach a t  the low, mid, and upper 

bank slope positions. Actual sampling poin ts  are o f f s e t  from cross- 

section centerlines by a fixed distance and direction. 

was performed by the Bouyukos method. 

soil  mixed i n t o  a krtown volume of  water. 

times determined by the theoretical se t t l ing  rate  o f  various soi l  

par t ic le  s izes ,  Measuring t h e  f l u i d  density a t  40 seconds and two hours 

Texture analysis 

This u t i l i ze s  a known weight o f  

Fluid density i s  monitored a t  

w i t h  a calibrated hydrometer gives  a d i rec t  reading o f  the soil 

remaining i n  suspension a f t e r  the sands and  s i l t s ,  respectively, have 

set t led o u t  o f  the water column. The residual materials i n  suspension 

are the clays. Gravels are previously removed by screening and weighed 

t o  determine the i r  percentage of  sample composition. 

Analysis factors included i n  the ANOVA procedures were 1) study 

reach, 2 )  g r a z i n g  c e l l ,  3 )  reach form (meander or s t ra ight )  and  4 )  

meander bank form (concave o r  convex). 

t h a t  only the clay fraction of the soil composition varied i n  occurrence 

by reach and cell  a t  an a l p h a  level of  .05. 

Variance a n a l y s i s  indicated 

Grouping the d a t a  by reach 
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FORM 

Meander 

S t r a  i gh t 

TABLE 13 

CHANNEL SLOPE I N  REACH (ft/ft) 

C e l l  1 Cell 2 C e l l  3 Cell 4 Cell 5 

.003 003 . 002 .004 006 

.003 . 003 . 003 003 . 005 

Table 13. Channel s l o p e  by grazing cel l  and reach form. 



form produced no signif icant  differences a t  the .05 level,  

g r o u p i n g  by meander concave a n d  convex banks  confirmed t h a t  the convex 

banks o f  the meanders had higher percentages o f  sand and lower 

percentzges o f  s i l t  and  c lay  than the concave banks a t  a .05 a l p h a  

level. 

Data 



S O I L  MOISTURE 

In  evaluating so i l  moisture measurements over the three year 

period, 1983-1985, we attempted t o  identify differences i n  soi l  moisture 

related t o  1) position relat ive t o  the stream, 2 )  location i n  the 

exclosure ( c e l l )  and 3)  seasonal variations. The sampling design t o  

monitor these factors had two major elements which were used on b o t h  

meander and s t ra ight  reaches (Figure 8 ) .  To monitor and characterize 

the overall area a "full-floodplain" access tube arrangement was used. 

This employs six tubes t h a t  span the floodplain on the study reach, two 

on the f l o o d p l a i n / u p l a n d  edge on e i ther  side of  the valley, two a t  

stream edge on e i ther  s ide,  and the two mid points. A more intensive 

study o f  the relationship between soil  moisture and proximity t o  the 

stream was examined u t i l i z ing  a "near stream" distribution o f  tubes 

which consists of  three tubes on e i ther  side o f  the stream spaced a t  

three,  s i x ,  and twelve f e e t  from the bank edge. 

All measurements of soil moisture, taken w i t h  a neutron soil  
3 moisture probe, were recorded i n  kg/m . 

t o t a l  moisture content a t  each tube. A long-term record of  probe 

standards indicates no s ignif icant  instrument d r i f t  over the three years. 

A l t h o u g h  n o t  calibrated t o  o b t a i n  absolute values, the probe values for  

soi l  moisture present excellent information on relative changes 

occurring over time. 

The analysis u n i t  used was the 

The contribution o f  the stream t o  soi l  moisture was examined using 

tube number (which corresponds t o  position relat ive t o  the stream) a n d  

moisture content i n  an analysis o f  variance. 

tube arrangement ( " f u l l - f l o o d p l a i n "  and  "near-stream") prior t o  

analysis. 

The d a t a  was grouped by 



1 

upland 

Figure 8. Soil moisture access tube arrangement by cell. 

- TREAT. (pasture) 
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The resul ts  indicate t h a t  the moisture content of the upper eight 

fee t  o f  soil  was enhanced by stream proximity only i n  1983, which had 

frequent stream f low events due t o  i t s  h i g h  precipitation (Table 14) .  

I n  bo th  1984 and 1985, no enhancement of  soil  moisture content was 

observed. A more surprising resu l t  i s  the identification of  the near- 

stream meander arrangement as consistently d i s p l a y i n g  the lowest overall 

so i l  moisture content o f  the four tube distributions (Table 15). A t  

present, the only explanation offered i n  the sandy nature o f  the so i l s  

a t  these locations, particularly on the meander p o i n t  bars, which would 

contribute t o  poor water storage characterist ics.  

tube clusters  also tended t o  have lower soi l  moisture content, b u t  d i d  

n o t  necessarily d i f f e r  from the f u l l  floodplain arrangements a t  

The near-straight 

s t a  t i  s t i  ca 1 ly s igni f i cant 1 eve1 s . 
Analyses of variance of soil moisture levels re la t ive t o  position 

i n  the exclosure indicated the control cel 

soi l  water content than  the lower four cel s (Table 16) .  

i n  1982 during access tube i n s t a l l a t i o n  t h a t  the locations i n  cell  f ive 

were generally wetter, w i t h  some free water being encountered i n  the 

locations nearest the stream. A d d i t i o n a l l y ,  exploration wells dr i l led 

i n  1983 i n  cell  four  located water a t  a level of 13 t o  16 f ee t  while 

none was found i n  cel l  two. 

the upstream end o f  the exclosure which forces and/or retains 

groundwater a t  levels h i g h  enough i n  the prof i le  t o  influence soil  

moisture probe readings, irregardless of  g r a z i n g  ac t iv i ty .  

t o  be consistently higher i n  

I t  was noted 

This information suggests a condition a t  

The variation of  the soi l  moisture level i n  response t o  the m o n t h  

displayed an expected pattern (Table 1 7 ) .  

declined as the season progressed. 

S o i l  moisture generally 

In  the two dr ie r  years (1984 and 
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YEAR 

1983 

1984 

1985 

TABLE 14 
V A R I A T I O N  OF SOIL WATER CONTENT (Kg/m3 BY 

RELATIVE POSITION AND YEAR 

FLOODPLAIN 
POSITION 

(TUBE NO.) 

1) Edge 
2) M i d - L e f t  
3 )  L. Stream 
4)  R. Stream 
5 )  Mid-Right  
6) Edge 

(1) Edge 
( 2 )  M i d - L e f t  
( 3 )  L. Stream 
( 4 )  R. Stream 
( 5 )  Mid-Right  
(6) Edge 

( 3 )  L. Stream 
( 4 )  R. Stream 
( 5 )  Mid-Right 
(6) Edge 

MEAN 
WATER 

CONTENT 

37.83 
31.11 
43.39 
39.27 
30.10 
34.28 

42 . 75 
31.68 
25.70 
28.10 
23.51 
21.51 

44 . 36 
34.72 
28.07 
29.43 
23.84 
23.11 

Table 14. V a r i a i o n  o f  s o i l  water  conten t  by p o s i t i o n  and year .  
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YEAR 

1984 

1985 

TABLE315 
SOIL MOISTURE CONTENT (Kg/m ) BY TUBE ARRANGEMENT 

MEAN SOIL MOISTURE (kg/m’) 
FULL NEAR 

STRAIGHT STRAIGHT 
FULL NEAR 

””” (4) (5) 
MEANDER 

(2) 

36.10 

27.71 

29.45 

28.36 

23.14 

24.81 

35.65 

28.60 

30.37 

32.19 

25.15 

31.78 

Table 15. Soi l  Moisture conten t  by tube arrangement and year. 
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YEAR 

1983 

1984 

1985 

TABLE 163 
S O I L  MOISTURE CONTENT ( K g / m  ) BY CELL  AND YEAR 

CELL  

TEST( 1) 

CONTROL ( 5 )  

SPRING( 2 )  
SUMMER( 3 )  
F A L L  ( 4 )  

TEST(  1) 

SUMMER( 3 )  
F A L L  ( 4 )  
CONTROL ( 5)  

SPRING( 2) 

TEST(  1) 
SPRING( 2 )  
SUMMER( 3 )  
F A L L (  4 )  
CONTROL ( 5)  

MEAN 
WATER 
CONTENT 

34 34 
28 . 28 
30 . 65 
32 28 
43.47 

28.88 
22.42 
24 97 
25 . 88 
3 1  . 02 

30.18 
28 . 09 
27.50 
27,31 
34.79 

Table 16. S o i l  moisture content  by ce l l  and year. 
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YEAR - 

1983 

1984 

1985 

TABLE 173 
S O I L  MOISTURE CONTENT (Kg/m ) BY MONTH AND YEAR 

MONTH 

May 
June 
J u l y  
August 
September 
October 

May 
June 
J u l y  
August 

May 
June 
J u l y  
August 

MEAN 
WATER 
CONTENT 

35.06 
33 86 
34.59 
31.86 
33 79 
32.32 

27.50 
28.30 
24.73 
25.41 

30.66 
30.34 
28.26 
27.67 

Table 17. S o i l  moisture content  by month and year.  
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1985), July appeared t o  be a c r i t i ca l  m o n t h ,  showing an especially sharp 

drop i n  soil moisture compared t o  the previous readings. 

inordinately wet year and ,  although there was a trend towards decreasing 

moisture as the year progressed, i t  was n o t  as well defined as i n  the 

other two years. 

determine any differences between months a t  acceptable F levels i n  the 

1983 d a t a .  

1983 was an 

In fac t ,  analysis of  variance procedures d i d  n o t  



VEGETATION 

S t a n d a r d  vegetation sampling on permanent vegetation transects was 

undertaken i n  early July of 1985. Sampling protocol involved estimating 

standing crop on permanent p l o t s  on each t ransect ,  and estimating and 

harvesting the s t a n d i n g  crop on temporary plots  offset  from the 

permanent transects (double sampl ing  method) . 
clipped and estimated plots and are expressed i n  grams per square meter 

Results are based on 

( gm/m2) 

Middle Fork 

Table 18 shows the standing crop of grasses and f o r b s  fo r  three 

years (1983-85) i n  three broad landform types on the Middle Fork 

Channel. 

nature and  th i s  d a t a  i s  n o t  included. 

f igures for each cel l  i n  the floodplain landform class.  The f i r s t  i s  

from the short transects i n  the f l o o d p l a i n .  

most proximate t o  t h e  channel r u n n i n g  from bank  edge t o  50 f ee t  o u t  on 

e i ther  side. The second figure i s  for the long  transects i n  each cell  

which run from 60 fee t  o u t  from the bank edge t o  the floodplain/upland 

interface.  

Previous t o  1984 sampling i n  the channel was o f  a preliminary 

The table displays two production 

These are  the transects 

Overall vegetation production appeared higher i n  1983 than i n  1984 

and  1985 i n  b o t h  the uplands and floodplains. 

channel production i n  1983 i s  n o t  available. 

corresponds well w i t h  the precipitation record and w i t h  observations by 

on-site personnel. 

Comparable data f o r  

T h i s  production history 

In  evaluating the productivity o f  the various landforms, the most 

productive i n  terms o f  grasses and  f o r b s  i s  the channel. The channel i s  

two t o  seven times as productive as the  floodplains or uplands. W i t h i n  



SITE 

Upland 

u1 
u2 
u3 
u4 

t Floodplain 

TABLE 18 
MEAN PRODUCTION (g/m ) BY YEAR 

1983 1984 1985 

21.48 
29 . 20 
24.09 
21.35 

10.8% 
12.76 
21.94 

9.08 

11.32 
15.61 
14.91 
9.80 

F1 9.611 13 . 53 5.36122.41 
F2 7.41/5.5% 3.3314 . 03 
F3 12.04/15.26 16 . 98/8.80 
F4 30.89/ 16.87 13.13/6.12 
F5 28.22/16.01 5.33/%.77 

Channel 

39 

4.6818.04 
10.83/5.79 
19.18/18.10 
13.80/6.98 
7.30/7.24 

c1 
c2 
c3 
c 4  
c5 

** 
** 
** 
** 
** 

4.194 
30.75 
51.74 
24.67 
34.96 

35 . 97 
24.04 
32.92 
19.91 
26.71 

2 Table 18. Middle Fork mean product ion (g/m ) g r a s s e s  and f o r b s  - 1983- 
1985. 

** no d a t a  
t f i r s t  no. = channel a d j a c e n t  / second no. = channel d i s t a n t  
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the channel t h e  low s lope p o s i t i o n ,  ad jacent  t o  the  channel f l o o r  and 

charac ter ized  by a h i g h  inc idence o f  w i l d r y e s  (Elymus spp), was the 

most p roduc t ive  zone. As one moves up t h e  bank slope, p r o d u c t i o n  

g e n e r a l l y  decreases. 

s i m i l a r  t o  those f o r  t h e  near channel f l o o d p l a i n  i n  d r i e r  years  (Table 

Product ion f i g u r e s  f o r  the  upper bank a r e  very  

19) . 
Second i n  p roduc t ion  was t h e  upland landform, which i s  dominated by 

Comparisons by c e l l  f o r  t h i s  l a n d  form b l u e  grama (Bouteloua g r a c i l i s ) .  

i n d i c a t e  i t  t o  have t h e  most u n i f o r m  produc t ion  o f  t h e  t h r e e  types 

between the  c e l l s .  

f o r b  p roduc t ion  o f  t h e  t h r e e  landforms. 

p roduc t ion  exceeds t h a t  o f  t h e  areas f u r t h e r  f rom the  channel. 

c o n s i s t a n t  except ion t o  t h i s  t r e n d  arose i n  c e l l  one, which had t h e  

sec t ions  of the f l o o d p l a i n s  f u r t h e r  o u t  f rom t h e  channel producing more 

vegeta t ion  i n  a l l  t h r e e  years.  

Nor th  Fork 

The f l o o d p l a i n s  were g e n e r a l l y  lowest  i n  grass and 

I n  most cases, near-stream 

The o n l y  

Permanent vegeta t ion  t r a n s e c t s  mon i to r  vegeta t ive  s tand ing  crop on 

t h e  t h r e e  major v e g e t a t i v e  types found i n  the  Nor th Fork pastures.  

These are:  1) seeded grass, 2 )  shrublands and 3) s a l i n e  uplands. 

20 shows t h e  means o f  t h e  s tand ing  crop o f  grasses and fo rbs .  

shown t o  have been a poor y e a r  i n  regards t o  v e g e t a t i v e  produc t ion .  

T h i s  again corresponds t o  low p r e c i p i t a t i o n  o c c u r r i n g  i n  t h e  area i n  t h a t  

year .  1985 produc t ion  f i g u r e s  a r e  s u r p r i s i n g  i n  t h a t  p roduc t ion  

increased i n  a year  t h a t ,  based on Middle Fork records,  was d r i e r  than 

t h e  preceeding one. I n  a l l  l i k l i h o o d ,  p r e c i p i t a t i o n  on t h e  Nor th  Fork 

dra inage was probably  g r e a t e r  and/or more t i m e l y  i n  na ture  as compared 

t o  Middle Fork. 

Table 

1984 i s  



41 

TABLE 19 

S I T E  
I_- 

CI 

c2 

c3 

c4 

c5  

MEAN PRODUCTION 
BANK 

POSITION 1984 1985 

Upper 
Middle 
Lower 

7.61 24 . 66 
49 . 99 
48.51 

22 . 33 
77 . 97 

Upper 
Mi dd7 e 
Lower 

Upper 
Middle 
Lower 

Upper 
Mi ddl e 
Lower 

Upper 
Middle 
Lower 

5.08 
15.57 
51.53 

10.15 
51.78 
65.46 

16.18 
9.68 

55 . 28 

7 .83  
20.20 
51.83 

16.41 
24 . 59 
52.83 

4.85 
38 . 96 

111.55 

158.04 
16 . 34 
43.20 

10 . 00 
9.95 

85 . 28 

Table 19. Standing crop (g/m 2 ) - channel vegetation - 1984 and 1985. 



SITE - 

Shrub - 
Sl 
s2 
s3 

Up1 and 

u1 
u2 
u3 
u4 
u5 

Grass - 
G1 
62 
63 

1983 
7 

2.86 
5.43 
9.57 

7,03 
8.32 
5.80 
4.38 
5.34 

166.05 
50.45 
115.87 
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TABLE 20 

MEAN PRODUCTION (g/m2) BY YEAR 

1984 - 

0.70 
2.30 
4.52 

0.29 
2.18 
0.70 
1.77 
2.05 

81.70 
37.00 
29.50 

1985 
7 

2 
Table 20. Nor th Fork mean production (g/m ) - grasses and fo rbs  - 

1983- 1985. 

2.25 
20.85 
23.68 

14.70 
12 . 02 
17 27 
22.15 
20.22 

170.88 
53.11 
90.56 
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The most c o n s i s t e n t l y  p roduc t ive  vegeta t ion  type  over the  th ree  

year  p e r i o d  was the seeded areas. 

the species composit ion and the  b e n e f i t s  d e r i v e d  from the advantageous 

pos t i o n i n g  i n  the water spreading network. 

dom nated s i t e s  and uplands was lower and rough ly  equal. These s i t e s  

a re  much more v a r i a b l e  due t o  t h e i r  dependence on l o c a l  p r e c i p i t a t i o n  

w i t h o u t  t h e  water augmentation o f  t h e  d i k e  system. 

i n  t h e  uplands n o t  inc luded i n  t h e  grass and f o r b s  i n  N u t t a l  Sal tbush 

( A t r i p l e x  n u t t d  l i ) .  

Table 21. 

s tanding crop between years. 

Belowground Biomass 

The enhanced p r o d u c t i v i t y  stems from 

Product ion on t h e  shrub 

An impor tant  species 

Product ion f i g u r e s  f o r  A t r i p l e x  are summarized i n  

Product ion i s  very  s t a b l e ,  w i t h  no s i g n i f i c a n t  d i f f e r e n c e s  i n  

Because o f  i t s  v i t a l  r o l e  i n  s t a b i l i z i n g  channel banks, the 

response of r o o t  biomass t o  g raz ing  i s  o f  p a r t i c u l a r  importance. 

A d d i t i o n a l l y ,  v a r i a t i o n s  i n  i t s  p o s i t i o n  and e x t e n t  can prov ide  i n s i g h t s  

i n t o  morphological  responses o f  t h e  channel. 

belowground biomass was undertaken on the  Middle Fork i n  1983. 

s i v e  sampling was begun w i t h i n  t h e  exc losure i n  1984 and cont inued i n  

1985. 

P r e l i m i n a r y  sampling o f  

I n t e n -  

Belowground biomass sampling was performed i n  1985 i n  accordance 

w i t h  t h e  general  sampling design descr ibed i n  t h e  1984 r e p o r t  recapped 

a s  follows: 

Three 2.5 i n c h  cores - one each a t  t h e  upper bank, mid bank, and 

low bank slope p o s i t i o n s  - were taken a t  cross-sect ions i n  t h e  

s tudy  reach. The c o r i n g  l o c a t i o n s  were o f f s e t  a f i x e d  i n t e r v a l  from 

t r a n s e c t  cen ter  l i n e s  t o  a v o i d  i n f l u e n c i n g  o t h e r  measurements. 

T h i s  sampling arrangement forms th ree  t r a n s e c t s  on each bank 
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I 

TABLE 2 1  

MEAN PRODUCTION (g/m2) BY YEAR 

1985 - SITE 1983 1984 

u1 
u2 
u3 
u4 
u5 

8.77 
10.26 
14.35 
20 . 84 
18.01 

11.96 
7.14 
7.28 

14.49 
11.15 

17.61 
6.17 

13.07 
12.16 
9.51 

Table 21. Nor th  Fork mean production - Atriplex nuttalli 1983-1985. 



p a r a l l e l  t o  t h e  stream a t  t h e  upper, mid, and lower bank s lope 

p o s i t i o n s .  

45 

I n  1985, sampling was somewhat reduced i n  t h a t  t h e  number o f  observa- 

t i o n s  per  sample was lower and samples were o n l y  taken i n  t h e  t o p  6 

inches. 

Standard a n a l y s i s  o f  belowground biomass invo lves  the separa t ion  of 
0 

t h e  gross b i o t i c  and minera l  f r a c t i o n s  o f  t h e  sample, then ashing the  

biomass t o  separate o u t  i t s  minera l  component. I n i t i a l  separa t ion  i s  

performed us ing  a r o o t  washing technique which u t i l i z e s  water t o  

separate t h e  components, c a t c h i n g  t h e  biomass on screens. 

i s  then oven dr ied ,  weighed, ashed a t  500" C, and reweighed. 

The biomass 

The weight 

d i f f e r e n c e  i s  the  biomass o f  t h e  sample. 

Ana lys is  o f  var iance o f  t h e  mean r o o t  biomass data f o r  1984 and 

1985 (Tab le-22)  i n d i c a t e s  t h a t  r o o t  biomass d i f f e r e d  by reach and year  

a t  an a lpha l e v e l  o f  .05 w h i l e  s lope p o s i t i o n  o n l y  narrowly  overran the 

se lec ted  alpha l e v e l  

f a c t o r  i n t e r a c t i o n s  a t  the  a lpha = .05 l e v e l  t o  be between s lope 

p o s i t i o n  and year .  

However, m u l t i - f a c t o r  a n a l y s i s  i n d i c a t e d  t h e  on ly  

Resul ts  i n d i c a t e  t h a t  t h e  mid and upper s lope 

p o s i t i o n s  exper ienced a d e c l i n e  i n  mean belowground biomass i n  1985 as 

compared t o  1984, w h i l e  samples f rom t h e  low bank p o s i t i o n  show an 

increase i n  mean biomass. T h i s  was e s p e c i a l l y  apparent on t h e  l e s s  

u n i f o r m l y  vegetated meanders. 

The l ack  o f  s i g n i f i c a n t  d i f f e r e n c e s  i n  i n t e r a c t i o n s  between year  

and s tudy reach i n d i c a t e s  no g r a z i n g  r e l a t e d  changes i n  r o o t  biomass 

from 1984 t o  1985. C u r r e n t l y ,  the  p e r i o d  o f  r e c o r d  o f  r o o t  biomass data 

does n o t  permi t  t h e  e x t r a p o l a t i o n  o f  these r e s u l t s  t o  p r e d i c t  long-term 

o r  cumulat ive e f f e c t s .  

these r e s u l t s  are n o t  anomalous. 

A d d i t i o n a l  data would be requ i red  t o  i n s u r e  t h a t  



Table 22. ANOVA, n-way i n t e r a c t i o n  r e s u l t s  - mean biomass (g/m 2 ) by  year ,  s lope p o s i t i o n ,  and 
reach. 

- MS MSE - F Sig.  (a) FACTOR 

Year 
Slope P o s i t i o n  
Reach 

I n t e r a c t i o n s  

1.769 
1 . 129 
1.388 

.360 
4.1 
3.132 
3.853 

-031 
.051 
0001 

YR/slope p o s i t i o n  
YR/Reach 
Slope Posi t ion/Reach 

2.003 
0212 . 552 

5.56 
-589 

1 . 532 
.006 
.801 
111 



LIST OF DATA SUMMARIES AND ANALYSES 

The appended l i s t  de ta i l s  the d a t a  se ts  a n d  analyses from the 15 

Mile Creek project for the summer of 1982 t h r o u g h  1985. 

analysis summaries are on f i l e  a t  the Range Mangement Department and on 

the University of Wyoming computer systems. 

Data se t s  and 

A. Vegetation 

1. Vegetation standing crops (g/m2iSD),  on floodplain long  and short 

transects,  i n  c e l l s  o f  15-Mile Creek Middle Fork study area 1985. 

Vegetation standing crop (g/m2kSD), on channel transects,  in ce l l s  

of 15-Mile Creek Middle Fork study area 1985. 

Vegetation stand ng crop (g/m%SD), on upland transects,  i n  ce l l s  

o f  15-Mile Creek Middle Fork study area 1985. 

Vegetation s tand  ng crop (g/m%SD), on s h r u b  transects in 15-Mile 

Creek North Fork study area 1985. 

2. 

3 .  

4. 

5. Vegetation standing crop (g/m%SD) on u p l a n d  transects in 15-Mile 

Creek North Fork study area 1985. 

Vegetation standing crop (g/m2?SD), on grassland transects in 6. 

15-Mi le  

7 .  Vegetst 

15-Mi l e  

8. Vegetat 

Creek North Fork study area 1985. 

on standing crop (g/m'iSD), on upland transects in ce l l s  o f  

Creek Middle Fork study area 1984. 

on standing crop ( g / m 2 S D ) ,  on floodplain long and s h o r t  

transects in ce l l s  of 15-Mile Creek Middle Fork study area 1984. 

Vegetation st.ar?ding crop (g/m2iSD) , on channel transects in ce l l s  

o f  15-Mile Creek Middle Fork study area 1984. 

Vegetation standing crop (g/rn*-+SD) , on grassland transects o f  

15-Mile Creek North Fork study area 1984. 

9 .  

10. 

11. Vegetation standing crop (g/m2iSD) on u p l a n d  transects of &Mile 

Creek North Fork study area 1984. 
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12.  Vegetation standing crop (g/m2iSD) , on shrubland transects o f  

15-Mile Creek Middle Fork study area 1983. 

Vegetation standing crop (g/m%SD), on floodplain l o n g  and  short 13. 

transects in cel ls  of 15-Mile Creek Middle Fork study area 1983. 

Vegetation standing crop ( g / m 2 S D ) ,  on up land  transects in cel ls  o f  14. 

&Mile Creek Middle Fork study area 1983. 

Vegetation standing crop (g/m2*SD) , on shrubland transects in 

15-Mile Creek North Fork study area 1983. 

15. 

16. Vegetation standing crop (g/m'*SD) on grassland transects in 

15-Mile Creek North Fork study area 1983. 

Vegetation standing crop (g/rn2SD) , on upland transects in 15-Mile 17. 

Creek North Fork S tudy  area 1983. 

Vegetation standing crop (g/m2,SO), on floodplain long and short 

transects in cel ls  of 15-Mile Creek Middle Fork study area 1982, 

18. 

base line year. 

19. Total vegetation standing crop (g/m +SD), on channel transects in 2 

ce l l s  of 15-Mile Creek Middle Fork study area 1984 and 1985. 

Root biomass (g/m ) 15-Mile Creek Middle Fork study area, stream 2 20. 

channel transects 1984. 

Root biomass (g/m ) 15-Mile Creek Middle Fork study area, stream 2 21.  

channel transects 1985. 

22.  (Comparisons between reaches ce l l s  , meander-straights , a n d  banks 
2 1-Way Anovas) for  roo t  biomass (g/m ) 15-Mile Creek Middle For 

study area, stream channel transects 1984 and 1985. 

23. Simultaneous comparisons ce l l s  x reaches, cel ls  x years, meanders x 

years, straights x years (2-Way Anovas) for  roo t  biomass (g/M 2 

surface 15 cm) Creek Middle Fork study area, stream channel 

transects 1984 and 1985. 



24. 

25. 

26. 

27 .  

28. 

29. 

B .  

1. 

2. 
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Simultaneous comparisons o f  year x reach x bank x slope position 

with interactions (N-Way Anovas) o f  root  biomass 15-Mi l e  Creek 

Middle Fork study area ,  stream channel transects 1984 and 1985. 

Continual tion (N-Way Anovas) roo t  biomass, 15-Mi l e  Creek Middle 

Fork study area,  stream channel transects 1984 and 1985. 
2 S h r u b  density (individuals/lOOft ) of channel transects,  15-Mile 

Creek Middle Fork study area,  stream channel transects 1984 a n d  

1985. 

Soil par t ic le  s ize  distribution ( %  gravel, % s a n d ,  s i l t ,  clay 

without gravel) for  stream channel reaches 15-Mile Creek Middle 

Fork study area 1984. 

Comparisons between reaches , cel l  s , meander-straight, concave-convex 

bank (1-Way Anova) of soi l  par t ic le  s ize  distribution f o r  stream 

channel reaches 15-Mile Creek Middle Fork study area 1984. 

Correlation coefficients for  selected shrub species and total  stem 

density with soi l  texture components 15-Mile Creek Middle Fork 

study area. 

Livestock Grazing Distribution 

Percent of animals observed in channel, f i r s t  terrace and up land  

habitats in large allotments encompassing Middle Fork and main 

channel of &Mile Creek, Spring-Fall 1982-1985. 

Percent o f  animals observed in various ac t iv i t i e s  (e.g. , feeding, 

traveling, resting) in large allotments, Spring-Fall 1982-1985. 

Percent o f  animals observed in channel, f i r s t  terrace and upland 

habitats in Spring, Summer and Fall grazing ce l l s  of Middle Fork 

study area , 1984- 1985. 

3 .  
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4. 

5. 

6. 

7. 

8. 

9. 

10 . 

11. 

12 . 

13 , 

C .  

1. 

Percent o f  animals observed i n  various ac t iv i t i e s  (feeding, 

traveling, resting) i n  habitats i n  S p r i n g .  Summer and  Fa l l  ce l l s  o f  

Middle Fork study area, 1984-1985. 

Analysis o f  va.riance a n d  T-tests comparing season of  g r a z i n g  and 

preferences for  habitats i n  Middle Fork grazing ce l l s .  

Percent o f  animals i n  habitats a n d  i n  a c t iv i t i e s  i n  relation t o  

length of time i n  stocking rate  pastures on North Fork 15-Mile 

Creek, 1984-1985. 

Analyses o f  variznce and T-tests comparing habitat selection and 

ac t iv i ty  as stocking pressure increases i n  North Fork pastures. 

U t i l i z a t i o n  levels o f  potential forage species i n  S p r i n g ,  Summer 

and Fall g r a z i n g  ce l l s  on Middle Fork study area, 19834985, 

Analysis of variance comparing u t i l i z a t i o n  between seasons and 

between p l a n t  species i n  Middle Fork study area, 

Crude protein a n d  succulence o f  potential forage species i n  S p r i n g ,  

Summer a n d  Fall grazing periods i n  Middle Fork study area,  

1984-1985. 

Analysis of variance comparing crude protein a n d  succulence between 

seasons and between species i n  Middle Fork study area. 

Util ization, crude protein a n d  succulence of potential forage 

species a t  intervals d u r i n g  g r a z i n g  periods i n  North Fork 15-Mile 

Creek stocking ra te  pastures. 

Analysis o f  variance of ut i l iza t ion ,  crude protein and succulence 

o f  forage species comparing h a b i t a t s ,  species, and  time i n  g r a z i n g  

period. 

Mo r p h o 1 ogy/ Hy d ro  1 ogy 

Mean channel depth - 1 way ANOV area mean depth by year 
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2. Mean channel depth - 1 way ANOV study area reach mean depth changes 

by year .  

3. Channel x -sec t ion  area - 1 way A N O V ' s  

- study area mean x-sect,  area by year  

- reach x-sect.  changes by year  

- study area x-sect .  changes by year  

4. Common p o i n t  depth changes: 1983-84, 1984-85, 1983-85, 1 way 

ANOV I s 

- bank s e c t i o n  mean depth change by g r a z i n g  t reatment  

- bank sec t ion  mean depth change by reach form 

- var iances o f  bank s e c t i o n  depth changes by  graz ing  t reatment  

- var iances o f  bank s e c t i o n  depth changes by reach form 

Bank angle - 1 way A N O V ' s  

- changes i n  angle ( c a l c . )  by g raz ing  t r e a t .  

- change i n  angle ( c a l c . )  by reach 

= change i n  angle (meas.) by g raz ing  t r e a t .  

- change i n  angle (meas.) by t ime 

I n t e r i m  bank i n t e r v a l  w i d t h  changes - 1 way ANOV's  

- changes i n  w i d t h  by graz ing  t r e a t .  

- changes i n  w i d t h  by reach 

S o i l  mois ture ( t o t a l )  - 1983, 1984 & 1985 - 1 way A N O V ' s  

- water content  by g r a z i n g  t reatment  

- water content  by tube arrangement 

- water content  by tube p o s i t i o n  ( r e l a t i v e  t o  stream) 

- water content  by t ime 

5. 

6. 

7. 

8. P r e c i p i t a t i o n  - y e a r l y  summaries 1983, 1984 & 1985 

9. Stream g r a d i e n t  - 1985 Middle Fork p r o f i l e  
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10. Extended c r o s s - s e c t i o n  surveys (1983-84) - 1 way ANOV 

- x - s e c t i o n a l  a rea  by g r a z i n g  t r e a t .  

Permanent p h o t o - p o i n t  surveys - 1983 t o  1985 - annual record 11. 

12. Low-level  a e r i a l  photographs-Middle Fork  and N o r t h  F o r k ,  15 M i l e  

Creek. 

I 
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APPENDIX: 1 
BUDGET SUMMARY 



The a t tached  summary shee t  from t h e  UW F inanc ia l  Records System shows 

t h e  p r o j e c t  account balence as of January 1986. 

subsequent commitments f o r  t r a v e l ,  mileage and salaries. Operat ing budget 

f o r  t h e  1986 f i e l d  season p r i o r  t o  J u l y  1 w i l l  be adequate t o  cover t r a v e l  

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

The records  do no t  r e f l e c t  
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