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ABSTRACT 

As demand for water increases in Wyoming, water diversion from high 

mountain areas is being considered more often. Instream flow assessment 

methods are based on summer and fall flows, but low base-flows extend into 

winter. 

instream flow requirements during winter. 

(1) to describe winter habitat conditions on streams at elevations above 8,000 

feet, (2 )  to determine the effect of decreasing elevation on the amount of 

potential habitat excluded by ice, (3)  to verify brook trout use of stream 

habitats at elevations above 8,000 feet, and ( 4 )  to determine brook trout 

winter habitat associations in such streams. 

LIttle is known of winter conditions in high mountain streams o r  the 

The objectives of this study were: 

Above 9,000 feet, snow insulated the study streams and habitat exclusion 

by ice was minimal. As elevation decreased, snow depths increased and ice 

formation increased. 

greatest at the lowest study site (7,500 feet). Stream conditions were 

harshest and most variable at mid-elevation sites (8,300-8,800 feet) where the 

streams were partially ice and snow covered and subject to anchor ice 

format ion. 

Ice depths and the amount of ice-excluded habitat were 

Brook trout remained active in streams above 9,800 feet throughout the 

Current velocity was the most important variable governing habitat winter. 



selection by adult brook trout with the fish showing preference for areas with 

a mid-stream velocity of l ess  than 6 inches/second. Water depth and substrate 

did not appear to influence trout distribution under deep snow. Flowing water 

is needed during winter in high mountain streams for incubating trout eggs, 

enabling young-of-year trout survival and preserving stream invertebrate 

production. 
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INTRODUCTIOlJ 

C?eDiands f o r  water i n  t h e  semi-arid West are growing as t h e  

populat ion i n c r e a s e s  and as indus t ry  and a g r i c u l t u r e  expand. A 

s o l u t i o n  t o  he lp  meet t h i s  demand is water d ive r s ion  and s to rage  on 

streams i n  high mountain areas. 

programs o r  t r a n s b a s i n  water d ive r s ion  employed by t h e  c i t i e s  of 

Examples of t h i s  are t h e , a c t i v e  

Denver, Colorado and Cheyenne, Wyoming (Urns. Fores t  Serv ice  1981). 

Degradation of stream h a b i t a t  and fisheries related t o  water 

development p r o j e c t s  has  been documented (Orsborn and Allman 1976). 

A l t e ra t ion  of h i s t o r i c  flow regimes through water d ive r s ion  o r  

s to rage  has l e d  t o  development of methodologies f o r  es t imat ing  

suitable instream flow and f o r  p red ic t ing  t h e  effects of var ious  flaw 

l e v e ~ s  on e x i s t i n g  stream h a b i t a t  and fisheries. 

Instream flow methodologies have developed r ap id ly  during t h e  

pas t  15 yea r s  (Fausch and Parsons 1984). 

developed pr imar i ly  f o r  use of data obtained dur ing  summer and f a l l  

months commonly focus on f i s h  spawning and r e a r i n g  requirements. 

However, i n  h igh  mountain streams, fish populat ions may not  be  

l imi ted  by summer or  fall flow levels, but by t h e  low base-flow 

periods extending i n t o  win te r  (Wesche and Rechard 1980 , Binns 1982). 

Hooper (1973) stated, 9ninirnm flows should be established f o r  w in te r  

These methodologies, 
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as well as o t h e r  periods of t h e  year ,  pa r t i cu la r ly  where f r eez ing  may 

be a s i g n i f i c a n t  fac tor" ,  

Complicating instream flow recommendations i s  t h e  f a c t  t h a t  the 

flow requirenents  of salmonids vary by species (Hartman 1965, Cunjak 

and Green 1983, Gibson 1966,1978, Jenkins 1969, Nyman W O ) ,  age 

( G r i f f i t h  1972, Haraldatad and Jonsson 1983, Kennedy and Strange 

1982, Rdleigh 19821, s i z e  (But le r  and Hawthorne 1968, Giger 19731, 

and season (Hartman 1965, Logan -1963, Cooper 1953, Chapman and Bjornn 

19bY), as w e l l  as t h e  s i z e  of t he  r i v e r  (Bovee 1978). While instream 

flcw modeis have been developed t o  incorpora te  knowledge of species 

and age specific requirements, t h e  win ter  requirements of salmonids 

general ly  have been ignored. 

Winter condi t ions  have been recognized as l i m i t i n g  t o  t rou t  i n  

northern l a t i t u d e  streams (White e t  al. 1976, Chapman 1966, Bjornn 

1971, Giger 1973, Buatard and Narver 1975, Mason 1976, Kurtz 1980, 

White 1975). 

f a c t o r  determining salmonid production i n  streams (Wentworth and 

Labar  1984, Strange and Whitworth 1983, Hunt 1969,1971, Avery 1978, 

Hassinger e t  al, 

i n  streams h a s  been w e l l  documented (Hubbs and Trautman 1935, Needham 

1949, Needhan and Slater 1944, Nielson e t  al. 

Christenson 196 1 , Mason e t  al, 

Despi te  recogni t ion  of t he  importance of win ter  as a c ruc ia l  period 

for salmonids i n  streams, research on winter  stream condi t ions 

Overwinter mor ta l i ty  has been i d e n t i f i e d  as a key 

1974) Poor overwinter surv iva l  of hatchery t r o u t  

1957# Brynildson and 

1963, Reimers 1963, Bachman 1982). 
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encountered by t r o u t  o r  w in te r  requirements of t r o u t  i s  l i m i t e d .  

Winter stream ecology i n  r e l a t i o n  t o  t r o u t  a c t i v i t y  and feeding  

has been inves t iga t ed ,  

s n m  covered, Leonard (1942) observed t h a t  brook t r o u t  (Salvel inus 

7) f i n g e r l i n g s  of Hunt Creek, Michigan, a c t i v e l y  fed on 

midge and black f l y  larvae, as well as mayfly nymphs i n  winter.  He 

noted a reduced d i g e s t i v e  rate dur ing  win te r  and quest ioned whether 

t r o u t  d e r i v e  bene f i t  from win te r  feeding. 

I n  streams t h a t  were not  completely ice and 

Maciolek and Needhaan 

( 1952) repor ted  t h a t  immature -benthic  i n v e r t e b r a t e s  were most 

abundant dur ing  win te r  and t r o u t  fed r egu la r ly  and would surface feed 

whenever aerial i n s e c t s  were ava i lab le .  Reimers (1957) researched 

w i n t e r  t r o u t  food and feeding,  d iges t ion  rates, and t h e  effects of 

s t a n r a t i o n  i n  winter .  He repor ted  t h a t  ice  cond i t ions  cause an 

inc rease  i n  i n v e r t e b r a t e  d r i f t  and t h a t  t r o u t  were a c t i v e  during 

w i n t e r  but  food uptake and d iges t ion  rates were low, and t h a t  hea l thy  

t r o u t  could withstand long  per iods of s t a r v a t i o n  i n  cold water. 

Winter food uptake by t r o u t  i n  Convict Creek, Ca l i fo rn ia  was less  

than  h a l f  t h a t  observed during s u e r ,  d e s p i t e  i n d i c a t i o n s  of a more 

abundant food fauna i n  win te r  (Reimers 1963). 

found t h a t  numbers of benthic  i n v e r t e b r a t e s  were highest  during 

Kennedy (1967) a lso  

w i n t e r  and t h a t  t r o u t  a te  less  than i n  summer. Abundant stream 

i n v e r t e b r a t e s  during win te r  also were observed by Needham and Jones 

(1959) who repor ted  t r o u t  a c t i v e l y  feeding a t  water temperatures 

between 0 and 1 C. Benson (1955) stated tha t  t r o u t  i n  t h e  Pigeon 

River, Michigan, were not  a c t i v e l y  feeding  dur ing  win ter ,  
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Past w in te r  research also has addressed t h e  effects of ice and 

snow cover on t r o u t  and i n v e r t e b r a t e s  i n  streams, Needham and S l a t e r  

(1944) and Needhan et al. (1945) a t t r i b u t e d  overwinter  t r o u t  

m o r t a l i t y  t o  win te r  condi t ions,  e spec ia l ly  co l l aps ing  snow banks, 

MacioleK and Needham (1952) repor ted  brown (Salmo t r u t t  a )  and rainbow 

t r o u t  ( S a l m o r d n  er i )  mor ta l i ty  caused by subsurface ice which 

blocked streamflaw. Needham and Jones (1959) and Reimers (1957) 

concludea t h a t  rainbow t r o u t  mor t a l i t y  during win te r  was caused 

mainly by snow and ice  condi t ions  and no t  lack of food o r  prolonged 

low water temperatures,  

Anchor i ce  cyc les  cause dislodgement and d r i f t  of benth ic  

i n s e c t s  (Reimers 19571, although only small numbers of organisms are 

affected (Brown e t  al, 1953, Benson 1955). Prolonged surface ice 

cover reduces pe r iphy t i c  algae and consequently t h e  graz ing  organisms 

important  as f i s h  food (Reimers 1957). Logan (1963) found no 

reduct ion  i n  t h e  benth ic  i n s e c t s  under surface ice, but proposed i t  

may have been due t o  i n t e r m i t t e n t  occurrance of ice, Benson (1955) 

suggested t h a t  t r o u t  sac fry ‘mor ta l i ty  could occur i f -  anchor ice  

formed dur ing  t h e  emerging period. 

Winter habi ta t  s e l e c t i o n  and movement of salmonids also has been 

s tudied ,  but f i n d i n g s  are cont rad ic tory .  Lower water temperatures 

tr igger downstrean movanent of salmonids from t r i b u t a r i e s  i n t o  larger 

streams, where f i s h  overwinter (Chapman and Bjornn 1969, Hynes 1970). 

Ejornn (1971) pos tu la ted  t h a t  f a l l  downstream m i g r a t i o n  from 
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t r i b u t a r y  streams by pre-smolt t r o u t  and salmon occurred because of a 

lack of  suitable win te r  habi ta t .  

j u v e n i l e  coho salmon (Oncorhv-us k i s u t c h  ) movenent from Carnation 

Creek i n t o  a t r i b u t a r y ,  750 Creek, resulted i n  higher  overwinter 

su rv iva l  rates of t r i b u t a r y  f i s h ,  p resmably  because of better win te r  

Bustard and Narver (1975) repor ted  

h a b i t a t  i n  t hese  areas. Tschapl inski  and Hartman (1983) reported 

similar coho movenents from t h e  main stream t o  seek t h e  win te r  

shelter of low ve loc i ty  t r i b u t a r i e s  and v a l l e y  s loughs during fall 

and winter .  

t r o u t  from t h e  streams t o  lakes be fo re  t he  onse t  of win ter  and a 

comparable r e t u r n  movenent i n  the  spring. 

McFadden 1961) have summarized brook t r o u t  migra t ions  as an upstream 

movaen t  of adults t o  spawning areas during f a l l ,  downstream movement 

of adults t o  deeper water during win ter ,  and a predominantly 

downstream movenent of young t r o u t  from spawning areas. 

movtment of young and a d u l t  brook t r o u t  decreased af te r  habi ta t  

devW&opment work increased  pool area and streambank hiding-cover 

( H u n t  1974). 

and speculated t h a t  no f i s h  would move i f  populat ions d i d  not  exceed 

t h e  win te r  cover capac i ty  of t h e  streams. 

Stuar t  (1975) observed a mass movement of juven i l e  brown 

Others (Hunt 1965,1974, 

Downstream 

Bjornn (1971) noted a lack of brook t r o u t  f ry  migration 

Researchers have repor ted  salmonid win te r  h a b i t a t  assoc ia t ions .  

Hartman (1963) repor ted  t h a t  t he  degree of a s soc ia t ion  of j uven i l e  

brown t r o u t  with experimental bottcm s t r u c t u r e s  o r  o the r  types of 

cover w a s  much greater i n  win te r  than summer. Tanperatures below 4-6 

C induce 'h id ing  behavior'  i n  salmonids, with f i s h  c lose ly  assoc ia ted  
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w i t h  t he  s u b s t r a t e  or o the r  cover (Chapman and Bjornn 1969, Bustard 

and Narver 1975 a ,b) .  

Salmon were quiescent  and found only beneath s tones.  

noted t h a t  young A t l a n t i c  salmon (&&nosahc l a y  quiescent  i n  

sheltered places a t  temperatures below 7 C. L e w i s  (1967) repor ted  

t h a t  rainbow t r o u t  move t o  deeper water during win ter .  Logan (1963) 

found rainbow t r o u t  i n  r i f f l e  areas under surface ice during winter .  

Febinger (1980) observed brook t r o u t  i n  r i f f les ,  while  Benson (1955) 

found them i n  q u i e t  eddies and under banks during winter .  

(1953) repor ted  tha t  brook t r o u t  deserted pools  occupied i n  t h e  

spr ing ,  summer, and f a l l  months and moved t o  areas of heavy cover i n  

White (1939) stated t h a t  win ter ing  j u v e n i l e  

Allen (1941) 

Cooper 

winter .  

Winter h a b i t a t  u t i l i z a t i o n  and movement by brown t r o u t  i n  

Wyoming was measured by Wichers (1978) us ing  r a d i o  te lanetxy.  

study w a s  conducted on a 1.2 km s e c t i o n  of the Laramie  River near  

Jelm, Wyoming. The study s i t e  had an  e l eva t ion  of 2360 m and an  

average d a i l y  discharge of 1.90 rn / second from Novenber through 

Her 

February. 

of r + o r i e n t a t i o n  associated with the change i n  h a b i t a t ,  brown t r o u t  

showed l i t t l e  movcment, Velocity was the  most important  parameter 

determining t h e  microhabi ta t  occupied by brown t r o u t  and l e s s  than  

0.15 d s e c o n d  w a s  preferred.  

water greater than 0.15 m. 

r ad io i so topes  t o  track brown t r o u t  under ice cover  on Wagonhound 

Creek. 

She repor ted  tha t  af ter  f i r s t  ice formation and a period 

Depth preferences were f o r  areas w i t h  

I n  a follow-up study, Johnson (1981) used 

Eleva t ion  of t h i s  study s i te  was 2260 m. She reported l i t t l e  

I 
I 
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movenent during win ter  and preference f o r  areas of slow veloci ty .  I n  

addi t ion ,  Johnson described ice exclusion of ava i l ab le  stream h a b i t a t  

and developed equat ions t o  pred ic t  its effect. 

Future  water development p ro jec t s  on high-mountain streams i n  

Wyoming and t h e  Rocky Mountain West become more l i k e l y  as t h e  demand 

f o r  water increases .  

win ter  requirements and h a b i t a t  needs of t rou t  i f  suitable stream 

flows are t o  b e  established t o  maintain e x i s t i n g  fisheries (Hooper 

1973, Wesche and Rechard 1980). Winter research i n  general  is 

l i m i t e d  and none is known t o  have been conducted a t  e leva t ions  

greater than 2440 m i n  montane or subalpine zones. 

There is  a need f o r  research def in ing  t h e  

Thus, the objec t ives  of t h i s  study were: (1) t o  describe winter  

hab i t a t  condi t ions  on streams a t  e leva t ions  above 2440m, (2 )  t o  

determine t h e  effect of decreasing e l eva t ion  on t h e  amount of 

po ten t i a l  h a b i t a t  excluded by ice, (3) t o  eva lua te  the p red ic t ive  

regress ion  models of Johnson e t  al. 

of ice cover on a v a i l a b l e  t r o u t  h a b i t a t ,  ( 4 )  t o  v e r i f y  brook t r o u t  

use of stream h a b i t a t s  a t  e leva t ions  above 2440 m, and (5)  t o  

determine brook t r o u t  win ter  hab i t a t  a s soc ia t ions  i n  streams. 

(1982) i n  es t imat ing  t h e  e f f e c t  



DESCRIPTION OF STUDY AREAS 

Por t ions  of two streams, Telephone Creek and Nash Fork Creek, 

were selected f o r  i n v e s t i g a t i o n  of win ter  stream hab i t a t  condi t ions  

and brook t r o u t  h a b i t a t  use. These streams are l o c a t e d  i n  Albany 

County, Wyoming, on t h e  Snowy Range i n  t h e  Medicine Bow National 

Forest .  Two study reaches, an upstream and a downstream s i te ,  were 

l o c a t e d  on each creek. Tab le  1 lists b io log ica l ,  hydrological and 

chemicslr characteristics f o r  these reaches. The f a c t o r s  which were 

used i n  t h e  s e l e c t i o n  of t h e  study reaches were: (1) e leva t ion  

greater than 2440 rn above sea l e v e l ,  ( 2 )  exis tence  of nearby Wyoming 

Water Research Center (WWRC) stream gaging s t a t i o n s ,  and (3)  presence 

of an i d e n t i f i a b l e  r i f f le-pool  sequence. Figure 1 shows t h e  WWRC 

research  watersheds where t h e  four study sites were loca ted .  

t o  and from t h e  study areas during win te r  was by snowmobile. 

Travel 

The watershed of t h e  study a r e a  w a s  publ ic  land  managed by t h e  

United States Department of Agr icu l ture  Fores t  Service.  

were: t imber  production, l i v e s t o c k  graz ing  and va r ious  forms of 

recrea t ion .  Study s i t e  r i p a r i a n  areas were a lp ine  meadows w i t h  

vege ta t ion  dominated by willow (Salix spp.) ,  grasses and sedges 

(Carix spp.) .  

(Abies spp. 

Primary uses  

Upland vegeta t ion  cons is ted  pr imar i ly  of spruce- f i r  

and Picea spp.) mixed wi th  lodgepole  pine -us 
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Table 1. Biological, Chemical and Hydrological Characteristics of the 1983-84 
study sites, Snowy Range, Medicine Bow National Forest. 

Stream and Period of Species Average Dail Water Water Chemi’s try 
Location Study Composition * Flow Range(m / s )  Temperature 3 

and Biomass October-September, Range$ Dissolved pH Total Hardness 
1969-1984 ** January- Oxygen Alkalinity (mg/l) 

MarchJ985 (mg/l) (mg/l) 
~- - ~~ 

Upstream September 100% Brook 0.011-0.78 1.0-0.5 7.3-9.2 7-8 24 60 
Telephone 1983 - Trout - 
Creek February 318 kg/ha 

1985 

Downstream September 100% Brook 
Telephone 1983 - Trout - 
Creek February 106 kg/ha 

1985 

68 0.011-0.99 1 . 0-0.0 7-8 31 

Upstream September 100% Brook 0.017-1.14 0.5-0.0 
Nash Fork’ 1983 - Trout - 
Creek February 189 kg/ha 

1985 

Downstream September 54% Brook 0.037-2.44 
Nash Fork 1983 - 46% Brown 
Creek February Trout - 

1985 125 kg/ha 

0.5-0.0 

8 34 77 

7-8 31 94 

* From electrofishing data ** WTRC gaging station records 
collected September 1983 and 
Summer 1984 
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con to r t a )  a t  the lower elevat ions.  

f l a w  p a t t e r n s  typ ica l  for  t h e  Rocky Mountain Region w i t h  l a w  flows 

from la te  f a l l  u n t i l  spr ing,  when peak runoff occurs due t o  snowmelt 

Streams i n  t h e  water*ed have 

(Wesche 1982) . 
T d  q h o n e  Creek 

Telephone Creek i s  a second r d  r a l p i  e stream with an 

e l e v a t i o n  ranging from 3350 m a t  i ts headwaters, t o  3040 n where it 

flows f n t o  Nash Fork. 

was loca ted  above Towner Lake (e leva t ion  3205 m ) ,  i n  t h e  northwest 

quadrant of Sect ion 15,T16N, W9W. 

from WWRC Gaging S t a t i o n  0113, which has  a Parshall Flume with 

recorder  t o  monitor discharge. 

a second order  stream meandering through a meadow area. 

WacUent through a 75 m reach encompassing t h e  primary study area was 

0.39 %. 
3.9 square kilometers. Hydrologic records from Sta t ion  0113 f o r  

water years 1983 and 1984 showed a m a x i m u m  mean da i ly  discharge of 

0.97 G3/second on July 1 ,  1984 and a m i n i m u m  mean da i ly  discharge of 

0.004 m3/second on Apr i l  13, 1984. 

1983 through Apr i l  1984) , average d a i l y  flaws ranged from 0.004 t o  

0 -056 m %second. 

The Upstream Telephone Creek (TCU) study s i t e  

The s i t e  w a s  140 m downstream 

Telephone Creek a t  the  study s i t e  is 

Stream 

Total  land area drained by Telephone Creek a t  this s i t e  is  

During win ter  1983-84 (November 

The Downstream Telephone Creek (TCD) sampling s i t e  was loca ted  

beiw Mddle Pond (e leva t ion  3150 m) i n  t h e  nor theas t  quadrant of 

Sect ion 15, T16N, W9W. The study s i t e  was 125 m upstream from t h e  
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WWRC Parsha l l  nume a t  Gaging S t a t i o n  0112. Telephone Creek a t  t h i s  

s tudy s i t e  was a second o r d e r  stream wi th  a g rad ien t  of 0.70 % (75 m 

reach). Drainage area a t  t h i s  l o c a t i o n  w a s  5.2 square kilometers. 

Hydrologic records from s t a t i o n  0112 f o r  water y e a r s  1983 and 1984 

showea a m a x i m u m  mean d a i l y  discharge of 3.08 m3/second on  J u l y  3, 
3 

1983 and a m i n i m u m  mean d a i l y  discharge of 0.005 m /second occurr ing  

a t  va r ious  times during February, March and April  1983 and Apr i l  

1984 a 

t o  0.338 m3/second. 

During win te r  1983-84 average d a i l y  flows ranged from 0 a005 

Nash Fork Creek 

Nash Fork Creek i s  a t h i r d  o r d e r  stream with headwaters f lowing 

out  of E a s t  Glacier Lake a t  an e l eva t ion  of 3290 m a  The stream flows 

11 km i n  a southeas te r ly  d i r e c t i o n  u n t i l  its confluence w i t h  t he  

North Fork of the L i t t l e  Laramie River. Elevation a t  i ts  mouth is 

2670 m. The Upstream Nash Fork (NFU) study s i t e  was l o c a t e d  300 m 

downstream from L i t t l e  Brooklyn Lake i n  t h e  northwest quadrant  of 

Sec t ion  14,  T16N, R79W, at  an  e l e v a t i o n  of 3120 ma Nash Fork Creek 

a t  t h i s  study s i t e  is  a first order  stream and has  a 5.4 kilometer 

drainage area monitored by WWRC Stream Gage 0111, 

l o c a t e d  600 m upstream from WRC S t a t i o n  O l l t .  

t r i b u t a r i e s  existed between t h e  study area and gaging s t a t i o n .  

Gradient i n  t h e  70 m stream reach encompassing t h e  study s i t e  was 

1 2 3  % a  Hydrologic records from Station 01 11 f o r  water y e a r s  1983 

and 1984 showea a mal t imum mean d a i l y  discharge of 3.2 &second on 

The study s i t e  was 

No perennial  



,- 

July 3, 1983 

seve ra l  days 

flows ranged 
4 

13 

3 and a m i n i m u m  mean d a i l y  discharge of 0.003 m /second on 

dur ing  A p r i l  1983. h r i n g  win te r  1983-84, average d a i l y  

from 0.015 t o  0.12 m3/second. 

The Downstream Nash Fork (NFD) s tudy s i t e  was located 275 m 

downstream from t h e  confluence of Sa l ly  Creek i n  t he  northwest 

quadrant of Sec t ion  13, T16N, R79W. Nash Fork Creek a t  this s i t e  is 

a t h i r d  o r d e r  stream and has  an e l eva t ion  of 2993 m. 

through a 70 m reach encompassing t h e  study s i t e  was 1.35 5 .  

Drainage area was 14.8 square kilometers. 

s tudy s i t e  were derived by combining t h e  discharges recorded a t  

Telephone Creek below Middle Pond (WWRC S t a t i o n  0112), Nash Fork 

above Brooklyn Lodge (WWRC S t a t i o n  01 11) and S a l l y  Creek (WRC 

S t a t i o n  0103). 

s t a t i o n s  and t h e  study s i t e  downstream were assumed t o  be n e g l i g i b l e  

and n o t  considered i n  t h e  computations. 

Gaging S t a t i o n s  0103, 0111, and 0112, f o r  water y e a r s  1983 and 1984, 

Stream grad ien t  

Discharge records f o r  t h i s  

Transmission l o s s e s  and ga ins  between t h e  gaging 

Hydrologic records a t  WWRC 

ind ica t ed  a maximum mean daily discharge of 7.13 m3/second occurred 

on July 3, 1983 and a m i n i m u m  mean d a i l y  discharge of 0.008 m /second 

occurred on A p r i l  11 , 1983. -During win te r  1983-84 average d a i l y  

flows ranged from 0.004 t o  0.440 m%econd. 

3 

I n  f a l l  1984, nine study areas were established on the  same 

stream system, t o  i n v e s t i g a t e  changes i n  stream condi t ions  wi th  

decreas ing  e leva t ion .  These addi t iona l  study s i tes  were l o c a t e d  i n  

I 

i 
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Albany County on Nash Fork Creek, the  North Fork of t h e  L i t t l e  

Laramie River, Libby Creek, and t h e  L i t t l e  Laramie River, Their 

l o c a t i o n s ,  as well as t h a t  of t h e  f o u r  o r i g i n a l  study si tes are 

presented i n  Figure 2 .  

The cr i ter ia  f o r  s e l e c t i o n  of t h e  add i t iona l  study areas were: 

(1) l o c a t i o n  on t h e  same stream system as previously established 

sites, ( 2 )  presence of an i d e n t i f i a b l e  r i f f l e p o o l  sequence, ( 3 )  

r e p r e s e n t a t i v e  of an e leva t ion ,  down t o  2250 m, and ( 4 )  a stream 

reach g raa i en t  similar t o  t h e  o r i g i n a l  fou r  study sites, 

p re sen t s  t h e  stream p r o f i l e  f o r  t h e  e n t i r e  stream system studied.  

F igure  3 

The 13 study sites increased  t h e  a l t i t u d i n a l  range or win te r  

cond i t ions  being monitored, from 3205 m a t  t h e  upstream Telephone 

Creek s i te ,  t o  2280 m a t  t h e  most downstream s i t e  on t h e  L i t t l e  

L a r a m i e  River. Appendix A presen t s  t h e  legal l o c a t i o n  and 

d e s c r i p t i v e  infurmation f o r  each add i t iona l  study site. 



. 

METHODS 
\ 

Measurane n t s  

Winter 1981-84 

To monitor instream h a b i t a t  changes during win ter ,  permanent 

t r a n s e c t s  were establ ished i n  September 1983 at each of t h e  f o u r  

study s i tes  on Telephone Creek and Nash Fork Creek. The t r a n s e c t s  

were perpendicular  t o  streamflow and crossed a r i f f l e  (TR 11, 

t r a n s i t i o n  (area between r i f f l e  and pool,  TR 21, and a pool (TR 3) a t  

each s i te ,  

t he  ends of each t r a n s e c t  t o  enable p rec i s ion  of depth measurements 

and t o  allow p l o t t i n g  o f  stream pro f i l e s .  

Stakes (0.6 m long)  were surveyed l e v e l  i n  t h e  bank a t  

Steel r e in fo rc ing  rod (18 

mm diameter) was dr iven  i n t o  t h e  bank behind t h e  survey stakes and 

3.5 m-long wooden poles attached so t r a n s e c t s  could be loca t ed  i n  

deep snow, 

recordeu t o  enable l o c a t i o n  of snow covered stakes i n  t h e  event t h a t  

only two stakes could be found. As a further precaut ion,  compass 

bearings from two nearby prominent landmarks t o  each re in fo rc ing  rod 

were recordea. 

and a detailed desc r ip t ion  was recorded i n  f i e l d  notebooks. 

Distances between pairs of stakes a t  each study s i t e  were 

The landmarks were flagged with red surveyors  t ape  
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Stream characteristics measured a t  each transect were: water 

depth, stream width,  ice depth,  snow depth,  and d i s t ance  between 

water and snow or water and ice (a i r  gap). 

in format ion  was obtained from nearby WWRC gaging s t a t i o n s .  

Water discharge 

All 

t r a n s e c t  measurements were taken by s t r e t c h i n g  a tape between t h e  two 

stakes denot ing a t r ansec t .  Measurement i n t e r r a l s  were determined by 

t h e  stream width (Hamilton and Bergerson 1984), such t h a t  a m i n i m u m  

of t e n  measurements were obtained for each t r ansec t .  Usually, 

t r a n s e c t  monitoring dur ing  win ter  1983-84 followed t h e  procedure 

l i s t e d  below: (1) snow between marking stakes w a s  removed ( t rench  0.6 

t o  1 .O m wide), (2) snow (and ice  i f  p re sen t )  i n  t h e  stream was 

removea so t h e  transect was free of ice and snow from stake t o  stake, 

(31 measuring tape was attached t o  the t o p  of t h e  survey stakes with 

clamp, from l e f t  t o  right bank, ( 4 )  water depth,  ice depth and a i r  

gap were measured ( t o  nea res t  1.5 cm, 3 cm, and 3 cm, re spec t ive ly ) ,  

(5) snow depth was recorded ( t o  nea res t  3 cm) using tape measure, a t  

l e f t  bank, mid-stream, and right bank i f  snow cover was complete. If 

snow cover was not  complete, snow depths  were measured a t  t h e  same 

i n t e r v a l s  as i ce  depth, and (6) t h e  snow t rench  was refilled. The 
1 

t r a n s e c t s  were sampled pe r iod ica l ly  during win te r  1983-84 i n  the  fall 

(September-October) and aga in  i n  t h e  win te r  (December-April) , 
r e s u l t i n g  i n  each t r a n s e c t  being sampled 7 o r  8 times. 

To o b t a i n  comparative stream reach v e l o c i t i e s  a t  each of' t h e  

study areas dur ing  fall and winter ,  time of t r a v e l  v e l o c i t i e s  were 

measured i n  Apr i l  and Septanber 1984 (Wesche et  al. 1983). 
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Rhodamine B dye was i n j e c t e d  a t  an  upstream s i t e  fa r  enough from the  

measuring s t a t i o n  t o  allow complete mixing, Water samples were then  

t aken  every 15 seconds a t  each end of  t he  study reach, 

was used t o  measure dye concent ra t ions  i n  t h e  water samples. 

t r a v e l  through the study reach w a s  t h e  time l a p s e  between peak 

A f luorometer  

Time of 

concent ra t ions  a t  the upstream and downstream ends of t he  measured 

s tudy  reach, 

calculated by d iv id ing  t h e  thalweg ( l i n e  of maximum water depth) 

l eng th  of' t h e  stream reach by t h e  time i n t e r v a l ,  Length of stream 

reaches used t o  measure time of t r a v e l  ve loc i ty  ranged from 75 m t o  

135 m. 

Average water v e l o c i t y  through the channel was 

Stream gradien t  a t  the study s i tes  was measured wi th  a survey 

rod and t r a n s i t - l e v e l .  Study s i t e  t r a n s e c t s  were loca ted  a t  t h e  

approximate middle of t he  stream reaches used t o  measure gradien t .  

er 1984-85 

Mine add i t iona l  study sites were establ ished i n  f a l l  1984 t o  

examine the  consequence of decreasing e l eva t ion  on win te r  stream 

condi t ions.  

(Appendix A) us ing  t h e  same methods as i n  1983-84. 

stream reaches f o r  g rad ien t  measurement ranged between 30 and 40 m, 

Transects  were monitored and g rad ien t  was determined 

Length of t h e  

Except f o r  s i te  number 6 a t  t h e  Medicine Bow Ski Area (Figure  

31, stream gages could no t  be used t o  provide water discharge 

information. Water v e l o c i t y  measurements were obtained a t  f o u r  of 
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t he  nine si tes during November 1984 and eight of t h e  nine study s i tes  

during January 1985. Velocity was measured a t  0.6 of t o t a l  depth f o r  

each i n t e r v a l  ac ross  t h e  t r a n s i t i o n  t r ansec t ,  using a Wgmy or Marsh- 

McBirney cur ren t  meter and t h e  methods described by Buchanan and 

Somers (1969) . Generally, about 20 veloc i ty  measurements were taken 

a c r o s s  t h e  t ransec ts .  

Total  discharge was computed as  t h e  sum of all p a r t i a l  

discharges ac ross  a t ransec t  (Bovee and Milhous 1978). Partial 

discharges were calculated as t h e  width represented by each 

measurment i n t e r v a l ,  times t h e  water depth f o r  t h a t  i n t e r v a l ,  times 

t h e  ve loc i ty .  

under ice cover were adjusted t o  t h e  change i n  ve loc i ty  p r o f i l e  by 

mult iplying by 0.92 (Buchanan and Somers 1969) . 

Velocity measurenents taken a t  the 0.6 t o t a l  depth 

T e l  emetm 

Ver i f i ca t ion  brook t r o u t  use of t he  study s i tes  during win ter  

and eva lua t ion  of brook t r o u t  win ter  h a b i t a t  a s soc ia t ions  were 

accomplished by rad io  telemetry. 

a s ses s ing  h a b i t a t s  used by stream fishes (Wichers 1978, Larimore and 

Garrels 1985)* The rad io  telemetry equipment used i n  t h i s  study was 

constructed by Custan Telemetry, Athens, Georgia. A 49 MegaHertz 

(MHz) r ece ive r  and a b id i r ec t iona l  loop antenna were used t o  rece ive  

the  t r ansmi t t e r  signals. Transmitter pu lse  ra te  was approximately 30 

per  minute. Maximum l ength  and width of t he  t r a n s m i t t e r s  were 2.5 cm 

Radio t e l ane t ry  is' a h i d  t o o l  f o r  



2 1  

and 1.5 cm, respect ively.  The t r ansmi t t e r s  were neu t r a l ly  buoyant i n  

water, with air weights ranging from 4.8 t o  6.2 grams. 

de t ec t ion  accuracy ranged from plus or minus 0.64.2 m. 

f requencies ,  pulse rates and de tec t ion  accuracy were checked f o r  each 

transmitter p r i o r  t o  implantation. 

Transmitter 

Radio 

,Winter 1981-84 

Brook t r o u t  were co l l ec t ed  a t  t h e  f o u r  study si tes on Telephone 

Creek and Nash- Fork Creek, using a Coffe l t  BP-2 backpack 

e l e c t r o f i s h i n g  uni t .  The two largest brook t r o u t  co l l ec t ed  a t  each 

study s i t e  were selected f o r  implantation. Fish were anesthet ized 

wi th  t r i c a i n e  (MS 222) and su rg ica l ly  implanted wi th  rad io  

transmitters a t  t h e  streamside. 

Surgery foilawed t h e  general  methods of H a r t  and Summerfelt 

(1975). 

shaped trough and a 15 t o  20-mm i n c i s i o n  w a s  made i n  t h e  abdomen, 

immediately a n t e r i o r  t o  t h e  pe lv ic  girdle. After i n s e r t i n g  t h e  

Individual ly  anesthet ized brook t r o u t  were inver ted  i n  a V- 

transmitter i n t o  the t r o u t ' s  body cavi ty ,  t h e  i n c i s i o n  was closed 

wi th  4-5 s t i t c h e s ,  using a c u t t i n g  needle  and non-absorbable 00 s i l k  

suture .  Water containing anes the t i c  was kept f lawing over  the g i l l s  

throughout t h e  operation. Immediately following surgery,  f i s h  were 

placeu i n  fresh stream water and allowed t o  recover. 

time, the  r ad io  rece iver  was used t o  check t r a n s m i t t e r  operat ion and 

frequency. 

they were returned t o  t h e i r  capture point. 

During t h i s  

Five t o  15 minutes after fish had regained equi l ibr ium 
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The radio-tagged f i s h  were loca ted  twice a week. Radio 

t r ansmi t t e r s  were i d e n t i f i e d  by d i f f e r e n t  f requencies  a t  0.025 MHz 

i n t e r v a l s  wi th in  t h e  49 MHz band. 

During t h e  f a l l  p r io r  t o  snow cover, f i s h  were tracked using a 

hand-held loop antenna by walking along t h e  stream bank. 

l o c a t i o n s  of f i s h  were determined by t r iangula t ion .  

w in te r  months, snow covered t h e  stream and a l l  t racking  w a s  done t o  a 

point  d i r e c t l y  above a f i s h  locat ion.  Attenuation of t r ansmi t t e r  

signal s t rength  occurred as one moved away fram the  f i s h  and t h e  

point  of m a x i m u m  signal strength was used t o  def ine  a f i s h  loca t ion .  

All l oca t ions  were referenced t o  two described landmarks by compass 

bear ing o r  measurements of dis tance.  

Radio 

During t h e  

Winter 1983-84 l oca t ions  of f i s h  were p lo t ted  i n  t h e  stream and 

marked with red-flagged wire during summer 1984. 

l o c a t i o n s  occurred wi th in  5 m of each other ,  t h e  thalweg d is tance  

between t h e  furthest  upstream and furthest  downstream loca t ion  was 

halved and a t ransec t  es tab l i shed  a t  t h a t  point.  

When two or more 

Additional 

t r a n s e c t s  were run upstream and downstream from t h i s  cen t r a l  t r ansec t  

a t  i n t e r v a l s  of one h a l f  t he  width of t h e  stream u n t i l  a l l  f i s h  

l o c a t i o n s  were encompassed, 

area, 

stream a t  that point. 

This series of t r a n s e c t s  defined a home 

Individual l oca t ions  were described by a t r ansec t  ac ross  t h e  

Available h a b i t a t  was measured by transects spaced a t  5 m 

i n t e r v a l s  and encompassing t h e  furthest upstream and furthest  
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downstream l o c a t i o n  of f i s h  wi th in  each study area. Along each 

t r a n s e c t ,  water depth and predominent s u b s t r a t e  class, stream width, 

and a n  index of ve loc i ty  were measured. 

measured 0.6 t o t a l  depth ve loc i ty  a t  the maximum water depth ac ross  a 

The v e l o c i t y  index was t h e  

t r ansec t .  

determined by t h e  width of t h e  stream, such tha t  a m i n i m u m  of 10 

Depth measurement i n t e r v a l s  a c r o s s  a t r a n s e c t  were 

measurements were taken. Subs t r a t e  particle s ize  was determined 

v i s u a l l y  a t  each measurement i n t e r v a l  as belonging t o  one of t he  

fo l lowing  classes (modified from Platts  e t  al. 1983): 

Sediment Cl as-ai c a t i o q  Part~tgle diameter s a  

boulder 305 mm o r  more 
rub b l  e 76.1 mm t o  304.0 ram 
grave l  
sand and si l t  4.71 mm and less 

4.8 mm t o  76.0 mm 

Wtnter 1984.85 

To assess t h e  importance of low-gradient areas t o  overwintering 

brook t r o u t ,  i n  October 1984, eight f i s h  were su rg ica l ly  implanted 

with r a d i o  t r a n s m i t t e r s  i n  reaches 50-310 m upstream from a beaver 

pond on Nash Fork Creek ( e l eva t ion  2990 m). 

Surgery followed t h e  same procedure used i n  1983. Radio-tagged 

f i s h  were l o c a t e d  twice a week through December 1984 and then  once a 

week u n t i l  t h e  end of  February 1985. 

recordea i n  a manner similar t o  win te r  1983-84. 

Locations were determined and 

To a s c e r t a i n  h a b i t a t  types used dur ing  win te r  1984-85 , te lemetry 

l o c a t i o n s  were p lo t t ed  on a detailed map constructed during summer 
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the downstream 
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encompassed two na tu ra l  boundaries, t h e  beaver dam at  

end and a falls a t  t he  upstream end of the study s i te .  

A 392-m base l ine  was surveyed a long  the  stream and t r a n s e c t s  were run 

bank t o  bank a t  3.05 m i n t e r v a l s  t o  describe t h e  h a b i t a t  i n  t h i s  

Section. Stream width,  water depth,  s u b s t r a t e  class and t h e  v e l o c i t y  

index were measured a t  each t ransec t .  

from t h e  base l ine ,  an o u t l i n e  of t h e  stream channel was drawn t o  

sciile (3.05 m = 2.54 cm). 

Using d i s t ance  measurements 

Te lane t r i c  l o c a t i o n s  were referenced t o  p o i n t s  along t h e  

base l ine  by compass bear ing and d is tance ,  and subsequently p l o t t e d  on 

t h e  map. The t r a n s e c t  c l o s e s t  t o  a r a d i o  l o c a t i o n ,  and all 

information co l l ec t ed  a c r o s s  t h a t  t r ansec t  , were considered 

r ep resen ta t ive  or t h a t  loca t ion .  If a f i s h  l o c a t i o n  f e l l  halfway 

between two t r a n s e c t s ,  both transects were used. Transects  a t  fish 

l o c a t i o n s  (o r  selected h a b i t a t )  were weighted by the  number of times 

f i s h  were found a t  each t r ansec t .  

a t  t r a n s e c t  1 f i v e  times and t r a n s e c t  2 once, transect 1 would be 

For example, if' a f i s h  was found 

en tered  f i v e  times and tranaecg- 2 once, t o  reflect t h e  corresponding 

number or times a f i s h  was found there. Avai lable  h a b i t a t  was taken 

as t h e  sum of all t r a n s e c t s  f o r  t h e  mapped area. 
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Data Analvsis 

Transec t Data 

The Wyoming Water Research Center WRDS computer system was used 

t o  d e v a o p  flow durat ion curves and h i s t o r i c a l  stream discharge and 

air temperature summaries. 

computer using a Fortran program w r i t t e n  by Thomas M. 

Universi ty  of Wyoming. 

p r o f i l e s  w a s  determined with a map wheel. 

Stream p r o f i l e s  were p lo t ted  t o  scale by 

Price of t h e  

Wetted perimeter along t h e  1983-84 stream 

All hydrologic va r i ab le s  a t  each t r ansec t  monitored i n  win ter  

1983-84 were averaged and p lo t t ed  r e l a t i v e  t o  time, t o  d iscern  

overwinter trends.  Stream c h a r a c t e r i s t i c s  monitored during t h e  

sample period o r  win ter  1984.85 at  a l l  13 study si tes were averaged 

and regressed on e leva t ion  w i n g  t h e  SPSS (Stat is t ical  Package for 

the  Socia l  Sciences) program (Nie e t  al. 

Wyoming CYBER computer. Signif icance l e v e l  f o r  all statistical tests 

was set a t  p <0,05. Water depth,  width, width t o  depth r a t i o ,  cross- 

1975) on t h e  University of 

sec t iona l  area of water, cross-sectional area of ice, and width wi th  

water depth g r e a t e r  than 15.2 an, were computed and regress ion  

a n a l y s i s  w a s  wed t o  examine t h e i r  r e l a t ionsh ip  wi th  decreasing 

e leva t ion ,  Those segpents of t h e  t r ansec t  with a depth greater than 

15.2 cm wsre calculated by a computer program which drew a straight 

l i n e  between t h e  meaauranent i n t e r v a l s  and summed all dis tances  

ac roas  t h e  t r ansec t  where the  water depth was greater than 15.2 cm. 

Log t ransformations of mean snow depth and mean ice thickness were 



26 

analyzed for appropriateness  and regressed with e l eva t ion  using BMDP 

(Dixon e t  al. 1979). 

The reg res s ion  models developed by Johnson e t  al. (1382) t o  

p red ic t  t he  amount of habitat excluded by ice was used t o  pred ic t  

excluded hab i t a t  va lues  on nine of the 13 study s i tes  for which data 

were a v a i l a b l e  dur ing  win ter  1984-85. Percent h a b i t a t  excluded was 

mculated as  t h e  cross-sectional area of ice d iv ided  by the  

p o t e n t i a l  cross-sect ional  area of water i f  ice cover had not been 

present  ( t h i s  area was based on water depths  welled up i n  each h o l e  

through which measurements were taken) .  The va lues  predicted by the 

equat ions  were compared t o  observed excluded h a b i t a t  f o r  the nine 

sites. Johnson e t  al. (1982) three p red ic t ive  equat ions were : 

u f l e :  % excluded = 138 + .326 (Day) - A263 (S) - 200 
(D) - 11.7 (V) 

u: %excluded = 104.0 - ,655 (Day) + .0359 (S) - 82.6 
(D) - 66.4 (V) 

where Day i s  the  number of days from t h e  win te r  s o l s t i c e  (December 

22) t h a t  sampling occurred, S is t h e  degree days of f r o s t  (computed 

as StX(32-T) ) D i s  the  mean water depth ac ross  the t r ansec t  ( i n  

feet)  and V is t h e  mean ve loc i ty  ac ross  the  transect ( i n  feet per 

second). 

temperature i n  degrees Fahrenheit  as T, 

Degree days of frost were computed us ing  average d a i l y  

, 
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Telemetry -Data 

Frequency d . s t r ibu t ions  of depth,  ve loc i ty  and s u b s t r a t e  

measuranents from a v a i l a b l e  and selected h a b i t a t  were compared us ing  

t h e  G-Test f o r  Independence (Sokal and Rolf 1981) on BMDP Program, 

BMDP4F. Depths were aggregated i n t o  nine classes by 15.2 cm 

i n t e r v a l s .  There were 11 classes of cu r ren t  v e l o c i t y ,  aggregated by 

i n t e r v a l s  or 15.2 cm/second, and f o u r  classes of s u b s t r a t e  

(corresponding t o  t h e  f o u r  s u b s t r a t e  types) .  

of t h e  G-test s ta t is t ic  i s  presented i n  Appendix B. 

i nd ica t ed  s i g n i f i c a n t  ( p  < 0.05) d i f fe rences  among habi ta t  a v a i l a b l e  

and h a b i t a t  selected, S t rauss '  R e c t i v i t y  Index w a s  wed t o  clarify 

a t  which i n t e r v a l  s t ronges t  s e l e c t i o n  occurred (S t r auss  1979) 

vaLues range between +1 and -L Pos i t ive  e l e c t i v i t y  values  i n d i c a t e  

preference and negat ive  va lues  i n d i c a t e  avoidance, wi th  random 

assoc ia t ion  being ind ica t ed  by zero. 

An example computation 

When ana lys i s  

Index 

When d i f f e rences  i n  a v a i l a b l e  and selected h a b i t a t  dur ing  win te r  

1984-85 were noted, discr iminant  func t ion  a n a l y s i s  was performed t o  

examine which v a r i a b l e s  were t h e  most important  con t r ibu to r s  

determining t h a t  d i f f e rence  (Klecka 1980). I n  t h e  discr iminant  

ana lys i s ,  t he  mean depth,  mean width,  mean v e l o c i t y ,  and s u b s t r a t e  

class a t  each t r a n s e c t  r ep resen t ing  a f i s h  l o c a t i o n  was compared t o  

t h e  mean va lues  or t r a n s e c t s  r ep resen t ing  t h e  a v a i l a b l e  h a b i t a t  

(number ox t r ansec t s= l34) ,  using t h e  SPSS program. Values f o r  

t r a n s e c t s  r ep resen t ing  f i s h  l o c a t i o n s  (selected h a b i t a t )  were then  
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randomly sampled to  approximate the sample s ize  i n  the available 

habitat. This was done to satisf'y the mathmatical requirements of 

the discriminant analysis technique, to obtain reliable results. 



RESULTS 

A t  t h e  Upstream Telephone Creek s i te ,  win te r  discharges on 

sampling dates i n  1983-84 ranged between 0.010 and 0.056 &second. 

Values less than  0,028 &second were exceeded on t h e  win te r  (October 

t o  Apr i l )  flow dura t ion  curve for this s i te ,  63 % of t he  time. A 

discharge ox 0.056 m /second w a s  equal led o r  exceeded 23 % of t h e  

time. A t  the  downstream Telephone Creek s i te ,  

sampling dates i n  1983-84 ranged 

Values less than  0.028 n?/second 1 

between 0.005 

were exceeded 

dura t ion  flow curve f o r  this site, 46 % of t h e  

win te r  va lues  on 

and 0.076 &second. 

on t h e  win te r  flow 

time. A discharge of 

0.076 m /second was equalled or exceeded 34 % of t h e  time. 

upstream Nash Fork si te ,  win ter  va lues  on sampling dates i n  1983-84 

ranged between 0.006 and 0.112 m /second. 

/second were exceeded 27 % of t he  time on t h e  win te r  flow dura t ion  

curve for this site. 

on t h e  du ra t ion  curve 44 5 of t he  time during winter .  

discharges for these s i tes  during water y e a r s  1983 and 1984 were 

genera l ly  wi th in  t h e  range established by t h e  e n t i r e  period of 

record,  with the average d a i l y  flow (ADF) i n  1984 being somewhat 

A t  t he  

3 Values less  than  0.028 m 3  

Discharges of 0,112 were equal led o r  exceeded 

February 



higher than t h a t  i n  1983 (Table  2) .  
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, 

Stream Con d i t i o n s  

mter 1981-84 

Water temperature was monitored pe r iod ica l ly  from December 1984 

until March 1985 and ranained constant ,  ranging from 0 t o  1 C a t  t he  

f o u r  study sites. Values f o r  hydrologic parameters monitored a t  t h e  

f o u r  study si tes are presented i n  Appendix C. 

1983 through May 10, 1984, cross-sectional area, wetted perimeter, 

From September 23, 

water depth, and t o p  width genera l ly  decreased. This decrease 

paralleled a decrease i n  discharge recorded a t  the stream Wging 

s t a t i o n s .  Exceptions t o  t h e  decreasing t r end  f o r  these v a r i a b l e s  

were noted i n  October and December and reflected concurrent  i n c r e a s e s  

i n  discharge, probably caused by warm weather and snowmelt. 

Values for the cross-sectional area, wetted per imeter ,  width and 

depth recorded a t  the  Upstream Naah Fork s i t e  also fo l low discharge, 

but a discrepancy occurred on December 24, 1983. 

cross-sect ional  area f o r  the t r a n s i t i o n  (TR 2) and pool (TR 3)  

t r a n s e c t s  was n o t  reflected i n  a n  inc rease  i n  discharge a t  this site. 

This discrepancy could be due t o  measuring depth a t  this s i te  without 

compe te ly  c l e a r i n g  t h e  t r a n s e c t s  and stream of co l lapsed  snow, which 

caused water t o  back up and resulted i n  sampling inaccuracy,  or from 

a similar s i t u a t i o n  occurr ing n a t u r a l l y  downstream. 

An inc rease  i n  
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Table 2. February discharge i n  cubic meters per  second (and cubic f e e t  
per  second) during w a t e r  years  1983 and 1984 and the  period of 
record f o r  study sites on stream reaches associated with gages, 
Snowy Range, Medicine Bow National Forest .  

I 

S i t e s  1983 1984 Average Daily Flow f o r  t he  
Hi s to r i ca l  Record 

Mean Average Daily Flow Mean Mean 

Minimum Maximum 

Upstream 
Telephone 
Creek 

Downstream 
Telephone 
Creek 

Ups t r earn 
Nash Fork 
Creek 

S i t e  6 

S i t e  9 

S i t e  13  

0.02 (.59) 0.01 ( -45)  

0.01 (.30) 0.02 (.55) 

0.01 (.42) 0.03 (1.0) 

0.08 (2.9) 0.11 (4.1) 

0.03 (.89) 0.03 (1.1) 

0.01 (.50) 

0.02 (.60) 

0.03 (1.2) 

0.05 (1.7) 

0.06 (2.1) 

0.58 (20.5) 

0.01 (.40) 0.02 (.70) 

0.03 (.go) 0.01 ( . 5 0 )  

0.02 ( - 6 0 )  0.04 (1.4) 

0.05 (1.5) 0.06 (2.1) 

0.05 (1.9) 0.07 (2.5) 

0.55 (19.5) 0.63 (22.1) 



Average water depths  through 

s i tes  are presented i n  Figures  ‘Ir  

o v e r a l l  decreasing t r end  i n  water I 
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winter  1983-84 f o r  t h e  f o u r  study 

5 , 6 , 7. 

depth. Percent decrease i n  water 

These f i g u r e s  depic t  t h e  
I 

depth over the sampling period f o r  t h e  r i f f l e  t r a n s e c t  was 30 % at 

TCU, 20 % at TCD, and 15 % at NFD. As noted above, NFU experienced 

an inc rease  i n  mean water depth, equal t o  29 at  t he  r i f f l e  

transect. 

Physical exclusion of stream h a b i t a t  by ice formation w a s  

m i n i m a l  but d i d  inc rease  as e l eva t ion  decreased. Maximum and mean 

i ce  depths  and percent  of t h e  t r a n s e c t  t h a t  was ice  covered during 

w i n t e r  1983-84 are presented f o r  t h e  f o u r  study s i tes  i n  Appendix D. 

Ice formation was no t  found a t  the  TCU s i t e  and occurred only t o  a 

smal l  ex ten t  on t h e  TCD and NFU study sites. The maximum ice depths 

recorded f o r  both these study s i t e s  was 9.1 and 16.2 cm, 

respec t ive ly .  

stream banks a t  the pool t r ansec t  of each site. 

and NFU sites gradual ly  diminished through the winter ,  p e r s i s t i n g  

These va lues  represent  ice th i ckness  found along t h e  

Ice cover on t h e  TCD 

only a t  the edges of t he  stream and o f t e n  seperated from the water 

surface by an a i r  gap. 

A maximum ice depth of 24.4 QO recorded a long  t h e  pool t r ansec t  on 

December 5 ,  1983, diminished t o  12.2 cm on Apri l  10,  1984. 

formation was greatest a t  t he  r i f f l e  and pool t r ansec t s ,  with mean 

ice depths  ranging from 2.4 t o  8.5 QP and 4.9 t o  15.8 cm, 

r e spec t ive ly  (Fi‘gure 8 ) .  Data from t h i s  study s i t e  suggested t h a t  

ice th i ckness  and coverage genera l ly  decreased through winter ,  but 

More extens ive  ice was found a t  the  NFD s i te .  

Ice 
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0 = RIFFLE: 
x - TRRNSITION 
0 = POOL 

3EP OCT NOV DEC JflN FEB MAR APR MRY 

Figure 4. 
Telephone Creek site, during winter 1983-84. 

Average water depth for the Upstream 
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0 - RIFFLE 
x - TRANSITION 
0 = POOL 

’ OCT NOV oic J ~ N  F ~ B  M ~ R  APR ndy 

Figure 5.  
Telephone Creek site, during winter 1983-84. 

Average water depth for the Downstream 
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9 
0 = RIFFLE 
x = TRANSITION 
0 = POOL 

1 -  - 1  ~~~ 

SEP OCT NOV OEC J ~ N  FEB M ~ R  RPR MAY 

Figure 6. 
Nash Fork Creek site, during winter 1983-84. 

Average water depth for the Upstream 
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Figure 7. 
Nash Fork Creek site, during winter 1983-84. 

Average water depth fo r  the Downstream 
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was highly variable (Appendix D ) .  

t r ack ing  f i s h  supported t h i s  conclusion. 

Observations of NFD whi le  r ad io  

Snow accumulation across  t h e  streams was first recorded on 

December 5 ,  1983, and increased through the winter  (Figures  9 ,  10 11, 

12). 

m, TCD - 4.33 m, NFU - 2.32 m, and NFD - 1.28 m . 
percent  of t h e  stream width of the  three highest study s i tes  

(TCU,TCD,NF'U) was covered by snow following i n i t i a l  accumulation. A t  

NFD, percentage of the t r a n s e c t s  covered by snow ranged from 6 t o  100 

% 9  with corresponding m a x i m u m  anOw depths of 0.4 t o  1.1 m. 

Maximum snou depths  a t  t h e  four  study si tes were : TCU - 3.81 

One hundred 

Time or t r a v e l  v e l o c i t i e s  were measured f o r  each or the f o u r  

study si tes during f a l l  and winter  t o  obta in  representa t ive  stream 

reach ve loc i t i e s .  T ime  of t r a v e l  v e l o c i t i e s  were much less  i n  win ter  

than i n  f a l l  (Table  3) .  

Winter 1984-85 

Winter stream condi t ions changed as e leva t ion  decreased. 

regress ion  of t he  log of mean snow -depth on e l eva t ion  showed t h a t  a 

s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n  existed between these v a r i a b l e s  

(Figure 13). Adjusted R-square va lues  f o r  the r i f f le ,  t r a n s i t i o n ,  

and pool transects were : 0.72, 0.54, and 0.58, respect ively.  

s i g n i f i c a n t  negat ive r e l a t ionsh ip  was found t o  exist between t h e  log 

of mean ice  depth and e leva t ion  (Figure 14).  

va lues  f o r  regress ion  equations developed f o r  the r i f f le ,  t r a n s i t i o n ,  

Linear 

A 

Adjusted R-square 
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P 0 * RIFFLE 

SEP OCT NOV OEC JAN FE6 MAR APR MAY 

Figure  9. 
Upstream Telephone Creek site, dur ing  w i n t e r  

P l o t  of t h e  average snow depth for the 

1983-84. 
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0 = RIFFLE 
x -- TRANS IT ION 
0 - POOL 

:CP OCT r.rov DEC JAN FEB M ~ R  APR M ~ Y  

Figure 11. 
the Upstream Nash Fork Creek site, during winter 

Plot of the average snow depth f o r  

1983-84. 
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0 = RIFFLE 
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Figure 12. 
the Downstream Nash Fork Creek site,  during 
winter 1983-84. 

Plot of the average snow depth for 
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Table 3. Comparison of time of travel ve loc i t ies  sampled i n  
September and A p r i l  1984, a t  the Telephone Creek and 
Nash Fork Creek study sites. 

Sample S i t e  F a l l  F a l l  Winter Winter Magnitude of 
Velocity Q* Velocity Q* Variation 
(m/s) (m3/s> (m/s) (m3/s> w i  (Q) 

Ups t r eam 0.28 0.05 0.07 0.01 3.8 5.1 
Telephone 
Creek 

0.17 0.07 0.06 0.01 2.8 5.0 Downstream 
Telephone 
Creek 

Upstream 0.17 0.10 0.09 0.02 1.9 4.1 
Nash Fork 
Creek 4 

Downs trean 0.33 0.18 0.12 0.03 2.7 5.2 
Nash Fork 
Creek 

*Q s i g n i f i e s  discharge, and i s  equal t o  cross-sectional area t i m e s  
veloci ty  
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Figure 13. 
for the 13 study sites sampled in January 1985. 
Correlation coefficients and associated probabdties 
for the riff le ,  transition, and pool transects are 
from a regression of the l o g  of  m e a n  snow depth on 
elevation. 

P l o t  of mean snow depth with elevation 
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Figure 14. 
for the 13 study sites sampled in January 1985. 
Correlation coefficients and associated probabilties 
for the riffle,  transition, and pool transects are 
from a regression of the log  of mean ice depth on 
elevation . 
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and pool t r a n s e c t s  were : 0.37, 0.57, and 0.56, respect ively.  

Regression of mean ice depth on mean snow depth resulted i n  an 
2 

ad jus ted  R-square va lue  and assoc ia ted  two-tailed probabi l i ty  of R = 

0.23, p= ,054 f o r  the r i f f le  t r ansec t ,  R = 0.16, p=.Ogg for the 

t r a n s i t i o n  t r ansec t ,  and R = 0.24, p= .051 for the pool t ransec t .  

2 

2 

Regressions of cross-sect ional  area, average water depth, stream 

width,  and t o t a l  width greater than 15.2 cm deep on e leva t ion  a l s o  

produced s i g n i f i c a n t  r e l a t ionsh ips  (Appendix E). Because of the  

na tura l  increase i n  stream s i z e  wi th  decreasing elevat ion,  these 

r e l a t i o n s h i p s  were all negative. 

there was a s i g n i f i c a n t  negative r e l a t ionsh ip  between average water 

depth and e l eva t ion  f o r  t he  r i f f l e  and t r a n s f t i o n  t r ansec t s ,  t h i s  was 

not  t r u e  f o r  the pool t ransec ts .  This indica ted  t h a t  pool depths  d id  

not  increase  i n  win ter  as stream s i z e  increased and e l eva t ion  

decreased. 

and a i r  gap versus  e levat ion.  

these two v a r i a b l e s  w i t h  e leva t ion  d id  not  produce s i g n i f i c a n t  

r e l a t ionsh ips ,  with the except ion of the  pool t ranaec t  i n  t h e  width/ 

depth r a t i o  regression. 

depth r a t i o  with elevat ion,  f o r  the pool transect, i n d i c a t e s  a 

widening cnannel . 

It should be noted t h a t  although 

Appendix E also presents  p l o t s  of t he  width/depth r a t i o  

Individual  regression analysis of 

The re l a t ionsh ip  of an i nc reas ing  width/ 

Ice formation increased with decreasing elevat ion.  Appendix F 

p re sen t s  t he  cross-sect ional  area of ice, t h e  cross-sect ional  area of 

water and t h e  r e l a t i v e  percent of both ice and water t o  t h e  t o t a l  
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cross-sect ion.  

North Fork of the  L i t t l e  Lararmie, all sites belcw 2800 rn had a t  

least two or t h e  three t r a n s e c t s  wi th  ice making up 40 % or more of 

the t o t a l  cross-section. Riffle t r a n s e c t s  a t  these si tes genera l ly  

had the  highest percentage of ice, ranging from 52 t o  67 5. Cross- 

With the exception of S i te  12 a t  the  mouth of the 

s e c t i o n a l  areas of ice were gene ra l ly  greatest i n  t h e  pool and r i f f l e  

areas a t  all si tes  below 2995 m , with va lues  ranging from 0.31 t o  

3.49 square meters and 0.06 t o  2.47 square meters, respec t ive ly .  

Anchor and frazil ice were observed i n  t h e  stream s e c t i o n s  a t  Si tes  

8 ,  9 ,  and 10, but amounts and ex ten t  coverage were not  quant i f ied .  

Data c o l l e c t e d  dur ing  win te r  1984-85 were used t o  test t h e  model 

devemped by Johnson e t  al. 

ice-excluded hab i t a t .  Computed va lues  used by t h e  model and 

p red ic t ed  and observed % of ice-excluded h a b i t a t  are presented i n  

Appendix G . While t h i s  model produced accurate p red ic t ions  f o r  ice 

excluded h a b i t a t  on Wagonhound Creek where it was developed, it was 

not  a p p l i c a b l e  t o  my study streams. Only one of t h e  n ine  sites had 

any observed ice-excluded h a b i t a t  according t o  t h e  model gu ide l ines ,  

and p red ic t ed  ice-excluded h a b i t a t  va lues  va r i ed  from -79 to  201 96, 

(1982), f o r  p red ic t ing  t h e  percent of 

sugges t ing  inappropr i a t e  r ep resen ta t ion  of condi t ions  on these 

streams. Because the amount of ice-excluded h a b i t a t  was based on the  

water depths  welled up i n  each h o l e  through which measurements were 

taken, if water levels have dropped, observed amount of ice-excluded 

h a b i t a t  would be calculated as zero,  regardless of t h e  cross- 

s ec t iona l  area of ice formed. 
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Winter Beaver Pond Conditions 

The beaver pond a t  the downstream end of the mapped t c le~~et ry  

area on Nash Fork Creek (elevat ion 2990 m> w a s  monitored a t  three 

t r ansec t s  f o r  ice, water depth,  and ve loc i ty  on January 15, 1985. 

The results or this work are presented i n  Table  4 .  Extensive ice 

cover was observed, with ice depths  ranging from 40 t o  56 cm. 

sec t iona l  area of ice w a s  greater than t ha t  of water a t  each 

t ransec t ,  making up 66 t o  72 % of the  t o t a l  cross-section. Average 

water depth was nearly ha l f  t h e  depth of t h e  ice, ranging from 16 t o  

30 cm. 

second. Based on Johnson's (1981 de f in i t i on ,  previously discussed 

in t he  Methods sect ion,  observed ice-excluded habi ta t  ranged from 75 

Cross- 

Mean ve loc i ty  i n  t h e  beaver ranged from 1068 t o  2.52 cmf 

t o  77 % *  

Wfnter -T& aaetrv 

Telemetry observations were made during a 152-day period during 

Before snow and ice  win ter  198+84 and a 130-day period i n  1984-85. 

cover t ransmi t te r  ranges were 30-50 m. 

t r ansmi t t e r  ranges were s l i g h t l y  less. 

of the 3 female and 5 male transmitter-equipped brook t r o u t  were 198 

and 205 mm, respectively.  Total l engths  ranged from 182 t o  227 mm. 

Transmitter w e i g h t  ranged from 3.7 t o  7.1 5 body weight f o r  the eight 

f i s n .  

With snow and ice cover, 

I n  1983, mean t o t a l  l engths  

Mean t o t a l  lengths  or  t h e  2 fana le  and 6 male brook t r o u t  

raalo-tagged i n  1984 were 215 and 226 mm, respect ively,  range 209 t o  
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Table 4. Values of physical  parameters measured a t  th ree  t r ansec t s  
ac ross  the  Nash Fork Creek beaver pond (e leva t ion  2993 m) 
on January 15, 1985. 

- - - 
Transect Width Cross-sectional % of 3 Cross-sectional % of D V x of 

(m) Area of Water t o t a l  Area of Ice t o t a l  ice 
(m2) c ros s  (cm) (m2) c ros s  (cm) (cm/s) excluded 

sect ion sect ion h a b i t a t  

A 7.6 
. 

2.24 
~~- 

34 29.3 4.26 66 56.1 1.96 76 

B 

C 

4.0 

7.2 

1.07 

1.14 

34 15.9 2.12 

28 27.1 2.88 

66 40.2 2.52 75 

72 53.6 1.68 77 

- 
D = mean water depth across  a t r ansec t  

= mean water ve loc i ty  across  a t r ansec t ,  measured a t  0.6 t o t a l  depth and 
adjusted t o  the  condi t ion of complete ice cover by multiplying by 0.92 
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268 mm. 

BrooK-Trout Winter -Mavem ent 

Brook t r o u t  were a c t i v e  during both win te r s  when t racking  

occurred. 

(Appendix HI. 

l o c a t i o n s  w a s  86 m. 

mmea downstream, one exhibi ted n e t  upstream movanent, and one f i s h  

remained i n  t h e  same area all winter. 

from 0 t o  206 m. 

g r ad ien t  sec t ions  of t h e  stream. 

The majori ty  of movaaent during win ter  was downstream 

Average movement between home areas or s i n g l e  

Five of t he  seven f i s h  tracked during 1983-84 

Movement was var iab le ,  ranging 

All radio-tagged brook t r o u t  remained i n  law- 

During 1984-85 t rou t  exhibited downstream movanent. Net 

movement between loca t ions  or home area8 ranged from 33 t o  342 m. 

Mean d is tance  moved w a s  163 m. The most sedentary fish (Fish 10 and 

I f )  occupied pools  alongside t h e  main cur ren t  i n  t h e  higher grad ien t  

areas. 

Four of the s i x  f i s h  t h a t  moved t o  t h e  beaver pond were loca ted  t h e r e  

on October 24, the  day after implant surgery. Ul s i x  f ish occupying 

Net movaent  of these two f i s h  ranged between 33 and 36 rn. 

t h e  beaver pond were located i n  i t s  boundaries w i th in  two weeks 

fol lowing surgery. 

remained mobile during t h e  winter ,  moving from one end of t he  pond t o  

t h e  o the r  (Appendix I). 

between 54 and 342 m. 

The a x  f i s h  t h a t  moved i n t o  t h e  beaver pond 

Distances moved f o r  these f i s h  ranged 
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HabtL-ta t-SeJ-ectkon 

Seven of the eight t r ansmi t t e r s  implanted i n t o  brook t r o u t  

operated f o r  152 days and provided usefu l  data, Radio-tagged brook 

t r o u t  ranained i n  t he  1w-gradien t  meadow areas where they were 

captured f o r  t h e  e n t i r e  t racking  period. 

between t h e  d i s t r i b u t i o n  of hab i t a t  selected by ind iv idua l  fish and 

t h e  d i s t r i b u t i o n  of h a b i t a t  ava i l ab le  t o  t h e m ,  ind ica ted  s i g n i f i c a n t  

d i f f e rences  ( p  <0,001) existed f o r  the v e l o c i t y  index, subs t r a t e  and 

depth va r i ab le s  (Tab le  5 ) .  These d i f f e rences  between h a b i t a t  used 

The G-test f o r  independence 

and h a b i t a t  a v a i l a b l e  ranained when a l l  7 f i s h  and a l l  ava i l ab le  

h a b i t a t s  were combined and compared, 

The v e h c i t y  index frequency d i a t ibu t ion  f o r  areaa selected by 

a l l  f i s h  during win ter  1983-84 w a s  compared w i t h  t h e  ve loc i ty  index 

d i s t r i b u t i o n  of the ava i l ab le  h a b i t a t  i n  Figure 15. The comparison 

ind ica t ed  t h a t  highest  use occurred i n  areas with a ve loc i ty  index of 

less  than or equal t o  15-2 cm /second, These areas made up 21 % of 

t h e  a v a i l a b l e  h a b i t a t  but brook t r o u t  were observed i n  these areas 42 

% of t h e  time, 

ve loc i ty  index suppor ts  t h i s  observat ion (Appendix J). 

were combined, pos i t i ve  s e l e c t i o n  occurred only f o r  areas with a 

ve loc i ty  index of 0-15 cm /second. 

v e h d t y  class w a s  0,21, 

values  ranging from 0-02 t o  -0.12, 

Strauss '  e l e c t i v i t y  index f o r  t h e  selected water 

When a l l  f i s h  

The e l e c t i v i t y  index f o r  this 

Other ve loc i ty  classes had e l e c t i v i t y  index 

Four of t h e  seven f i s h  showed 



Table 5. G-test for independence between a v a i l a b l e  and 
s e l e c t e d  h a b i t a t s  during winter  1983-84. 
(* denotes  s i g n i f i c a n t  d i f f e r e n c e ,  p 0 .001)  

DEPTH 
F i s h  Number 

2 1 2 3 4 6 7 8 A l l  F i s h  
G-test 
statistic 32.3* 142.7* 24.3* 65.8* 57.4* 44.4* 26.8* 1035.7* 

SUBSTRATE 

2 G-test 
s tat i s t ic  

F i s h  Number 
1 2 3 4 6 7 8 A l l  F i sh  

60.2* 91.4* 20.9* 141.5* 44.2* 72.8* 43.2* 49.8* 

VELOCITY INDEX 
Fish Number 

1 2 3 4 6 7 8 A l l  Fish 
Gztest 
stat  is  t ic  378.8* 579.6* 360.7* 622.4* 183.4* 270.3* 319.3* 532,5* 

In 
N 
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Figure 15. 
. s e l e c t e d ' w i t h  velocit ies  available for a l l  f i s h  
monitored during winter 1983-84. 

Comparison of velocity index intervals 



54 

s e l e d i o n  parallel t o  t h e  seven f i s h  combined, with s t ronges t  

s e l e a i o n  occurr ing f o r  areas wi th  a v e l o c i t y  less than  o r  equal t o  

15.2 cm /second and negat ive  s e l e c t i o n  o r  random assoc ia t ion  wi th  all 

o the r  v e l o c i t y  classes. Fish 2,  3, and 4 were apparent ly  associated 

wi th  faster water, with highest  use f o r  Fish 2 occurr ing  a t  areas 

wi th  a v e l o c i t y  index between 76.2 and 91.4 cm/second. Fish 3 and 4 

occurred most o f t en  i n  areas with v e l o c i t y  i n d i c e s  of 106.7 t o  121.9 

and 15.2 t o  30.4, respec t ive ly ,  

Frequency d i s t r i b u t i o n s  of t h e  depth C l a s s  selected by a l l  f i s h  

ve r sus  t h a t  i n  t h e  combined a v a i l a b l e  h a b i t a t  are presented i n  F igure  

16. Appendix J lists St rauss '  e l e c t i v i t y  index f o r  t h e  depth 

i n t e r v a l  selected by ind iv idua l  f i s h  and all fish combined. Figure 

16 ind ica t ed  a lack of s t rong  s e l e c t i o n  for any depth class. 

brook t r o u t  use occurred i n  areas with a depth from 15.2 t o  30.5 cm, 

where they were found 31 % of t he  time. 

from 0.02 t o  -0.07 f o r  a l l  f i s h  combined. 

Highest 

E l e c t i v i t y  values  ranged 

Frequency d i s t r i b u t i o n s  of t h e  s u b s t r a t e  class i n  areas a l l  f i s h  

used ve r sus  that i n  t he  combined a v a i l a b l e  h a b i t a t  are presented i n  

F igure  17. Similar t o  depth use, s t rong  a s s o c i a t i o n  wi th  a 

particular s u b s t r a t e  class d i d  n o t  occur. Areas of highest use had a 

s u b s t r a t e  particle s ize  01 l ea s  than  o r  equal t o  4.7 mm, being 

occupied 46 % of t h e  time while  making up 36 % of t h e  a v a i l a b l e  

h a b i t a t .  R e v i e w  of the e l e c t i v i t y  index for selected s u b s t r a t e  by 

all f i s h  combined (Appendix J) , i nd ica t ed  t h a t  s e l e c t i o n  f o r  a 
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Figure 1 6 .  Comparison of depth intervals s e l e c t e d  
wi th  depths available f o r  a l l  fish monitored during 
winter 1983-84. 
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Index va lues  ranged from a h igh  particular s u b s t r a t e  class w a s  weak. 

o r  0.09 t o  -0.05. Indiv idua l ly ,  the  s t ronges t  s e l e c t i o n  occurred by 

Fish 2 f o r  areas wi th  a rubble  s u b s t r a t e  (4.8 t o  76 mm diameter), 

wi th  an index  va lue  of 0.30. Subs t r a t e  s i z e  s e l e c t i o n  by the  o the r  

f i s n  was h ighly  var iable .  

Habitat s e l e c t i o n  during win te r  1984-85 was cons i s t en t  with that 

found i n  1983-84. 

h a b i t a t  d i s t r i b u t i o n s  and selected habi ta t  d i s t r i b u t i o n s  f o r  each 

f i s h  and a l l  f i s h  combined showed s i g n i f i c a n t  d i f f e rences  existed f o r  

t h e  v e h c i t y  index, subs t r a t e ,  and depth v a r i a b l e s  i n  all cases 

(Table 6 ) .  

The G-test f o r  independence between a v a i l a b l e  

Comparison of t h e  v e l o c i t y  index recorded a t  selected h a b i t a t  

wi th  t h a t  i n  t h e  a v a i l a b l e  hab i t a t  f o r  a l l  eight f i s h  showed s t r o n g  

s e l e c t i o n  f o r  areas w i t h  a v e l o c i t y  index less than  o r  equal t o  15.2 

cm /second (F igure  18).  

than  15.2 cm /second made up 33 k of t he  a v a i l a b l e  h a b i t a t  but were 

used by the radio-tagged f i s h  86 % of t h e  time. 

Areas wi th  a v e l o c i t y  index equal t o  or less 

Six of  t h e  eight 

f i s h  showed s t rong  s e l e c t i o n  f o r  areas wi th  t h i s  v e l o c i t y  index 

i n t e r v a l  (Appendix K). These six f i s h  moved from areas w i t h  stream 

reach g r a d i e n t s  between 1.6 and 6.3 % t o  the beaver pond wi th in  two 

weeks of implanta t ion  and remained there f o r  t h e  e n t i r e  t r ack ing  

period. 

the study area were assoc ia ted  with higher v e l o c i t i e s .  

The two f i s h  that s tayed i n  t h e  higher grad ien t  s e c t i o n s  of 



Table 6. G-test for independence between available and 
selected habitats during winter 1984-85. 
(* denotes s igni f icant  difference, p 0.001) 

DEPTH 
Fish Number 

A l l  F i s h  2 9 10 11 12 13 14 15 16 
Gtest 
s t a t i s t i c  607.3* 269.7* 147.0* 923.1* 815.4* 844.8* 939.0* 549.4* 1035.7* 

SUBSTRATE 
Fish Number 

9 10 11 12 13 14 15 16 All Fish 2-test 
s t a t i s t i c  1031.8* 107.6* 192.0* 1664.0* 1547.2* 1653.3* 1210.1* 1101.2* 1825.3* 

VELOCITY INDEX 
Fish Number 

12 13 14 15 16 All Fish . . . . . 10.. . . 11 
2 

G-test 
s t a t i s t i c  997.0* 689.5* 688.9* 1671.4* 1599.7* 1716.9* 1727.3* 990.2* 2055.3* 
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Comparison of depth frequency d i s t r i b u t i o n s  of h a b i t a t  used by 
I 

all f i s h  with h a b i t a t  ava i l ab le  i s  presented i n  Figure 19. The most 

highly used depth i n t e r v a l  was 30.5 - 45.7 cm, being occupied 23 % of 

t h e  time. Strongest s e l ec t ion  occurred f o r  t h e  60.9 t o  76.2 cm 

i n t e r v a l ,  which had an index value of 0.12 (Appendix K). 

During win ter  1984-85, f i s h  were also most o f t en  assoc ia ted  wi th  

s a n d l s i l t  s u b s t r a t e  (Figure 20). 

with a s u b s t r a t e  class of 1 (4.7 'mm diameter or  less) 83 % of the 

time, and t h i s  class made up 27 % of the  a v a i l a b l e  habi ta t .  

f ish 'which muveci t o  and remained i n  t h e  beaver pond were s t r o n a y  

associated w i t h  s u b s t r a t e  class 1 (Appendix K). 

10 and 11) which remained i n  t h e  higher gradien t  s ec t ions  of the 

stream were most o f t en  associated wi th  s u b s t r a t e  classes 3 and 4 

( rubble  and boulder).  

Brook t r o u t  were present i n  a r eaa  

The six 

The two f i s h  (Fish 

Discriminant analysis of t h e  d i f fe rence  between ava i l ab le  and 

selected h a b i t a t  using width,  subs t ra te ,  ve loc i ty ,  and depth resulted 

i n  a s i g n i f i c a n t  discriminant func t ion  wi th  an associated canonical 

co r re l a t ion  of 0.58. 

s i g n i f i c a n t ,  with p < 0.0001 V a r i a b l e  loadings, group means and 

c l a s s i f i c a t i o n  results f o r  this a n a l y s i s  are presented i n  Appendix Lo 

Results of the GTest and E lec t iv f ty  Index suggested t h a t  the width 

and s u b s t r a t e  va r i ab le s  may not be important f o r c e s  i n  win ter  h a b i t a t  

se lec t ion .  When width and s u b s t r a t e  were dropped from t h e  ana lys i s ,  

s t rong  d iscr imina t ion  between t h e  groups remained (p<O.OOOl) and t h e  

Discrimination between t h e  two groups w a ~  
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relationship between the groups and the first discriminant function 

d i d  not change drastically (canonical correlation =0.49). Also, the 

percent of cases correctly classified dropped l e s s  than 6 % (Appendix 

L). 

determining brook trout winter habitat. 

This suggests that depth and velocity are important variables 
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DISCUSSION 

Stream C o n a t i o n s  

W i n t  er 1 9 8s 4 4  

Ice formed a t  the  study sites p r i o r  t o  t h e  accumulation of snow, 

but after snow cover, ice formation ceased. 

small streams by a process  hown  as shore  ice formation, whereby ice 

i s  nucleated a t  t h e  stream bank3 and proceeds from the  shore  outward. 

Shore ice formation provides t h e  means f o r  covering up areas of r a p i d  

flow (Michel 1971). 

underside,  as heat is t r a n s f e r r e d  upward through the ice (Maciolek 

and Needham 1952). 

the f o u r  study s i tes  above 2990 m, i t  was o f t e n  separated from t h e  

water surface by an air gap, and its th i ckness  diminished *through 

Ice t y p i c a l l y  forms on 

Ice th ickens  by c r y s t a l l i z a t i o n  on t h e  

Although m i n i m a l  ice cover was found a t  three of 

winter .  The most excensfve ice  formation occurred a t  t h e  NFD si te ,  

but was highly  v a r i a b l e  i n  thickness and coverage (Table  D, Figure 

8) . 
t h i s  s i t e  resultea i n  s i g n i f i c a n t  exclusion of stream hab i t a t .  

Because of t h i s  v a r i a b i l i t y ,  it i s  doubtful i f  ice formation a t  

Anchor ice was not  found a t  any of t h e  study s i tes  above 2990 m. 

Anchor ice  forms on rocks on t h e  stream bed by r a d i a t i v e  heat 



. .. 

65 

t r a n s f e r  ( B u r g i  e t  al. 

streams above 2990 m was genera l ly  complete, it prevented t h e  l o s s  of 

stream beu heat by r ad ia t ion  and anchor ice  d i d  n o t  form. 

1974). Since t h e  snow cover on t h e  study 

Fur the r  evidence of t he  p ro tec t ive  nature of snow cover a t  t h e  

study s i tes  exceeding 2990 m e l eva t ion  w a s  provided by the  time of 

t r a v e r  v e i o c i t i t e s  i n  f a l l  and winter .  Although time of t r a v e l  

v e l o c i t i e s  were much l e a s  i n  win te r  than i n  f a l l ,  when d i f f e rences  i n  

discharge were accounted f o r ,  i t  was apparent  t h a t  v e l o c i t y  

d i f f e rences  were a func t ion  of reduced flows and no t  an inc rease  i n  

channel roughness caused by ice and s n w .  

study si tes  above 2990 m i n  e leva t ion ,  ice formation was 

i n s i g n i f i c a n t  and condi t ions  similar t o  open channel flow occurred, 

d e s p i t e  complete snow cover. 

This suggested tha t  a t  t h e  

While snow cover was found t o  prevent t he  formation of surface 

and anchor ice i n  these streams, snow can a c t i v e l y  assist t h e  growth 

of wn i t e  ice i n  a l p i n e  lakes by promoting s lush ing  (Adam8 1981). 

excenmve i c e  exc lus ion  repor ted  f o r  the beaver pond on Naah Fork 

Creek ( e l e v a t i o n  2990 m) probably resulted from a combination of 

f a c ~ o r s .  Extensive pre-snow ice formation, wind a c t i o n  keeping snow 

depths  t o  a m i n i m u m ,  and whi te  ice  growth formed by snow-caused 

slusning a l l  probably cont r ibu ted  t o  ice formation a t  this beaver 

The 

pond. 

Winter 1984-85 

, 
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Stream condi t ions  changed as e l eva t ion  decreased. The l o g  va lue  

of mean snow depth and mean ice depth were both s i g n i f i c a n t l y  related 

t o  e h a t i o n  (Figures  13 and 14). The negat ive  r e l a t i o n  of ice wi th  

e l eva t ion  and t h e  p o s i t i v e  r e l a t i o n  of snow w i t h  e l eva t ion  suggested 

t h a t  depth or  snow cover may be a c o n t r o l l i n g  f a c t o r  f o r  ice depth i n  

these streams. To examine t h i s  r e l a t i o n ,  regress ion  a n a l y s i s  of mean 

ice depth on mean snow depth w a s  performed. 

s ign i f i cance  of t h e  r e s u l t i n g  r e l a t i o n s h i p  suggested tha t  there are 

o t h e r  f a c t o r s  i n f luenc ing  ice  formation, such as a i r  temperature, 

The marginal 

which snow depth does not  aadress, and y e t  t h i s  s i m p l i s t i c  r e l a t i o n  

between snow and i ce  depths i s  a n  important  one. 

Cross-sectional areaa of ice were largest a t  t h e  study s i t e  with 

t he  lowest eLevation (2280 m) and decreased as e l e v a t i o n  and snow 

cover increased.  The amount of ice-excluded h a b i t a t  a t  t h e  lowest 

s i t e  was higher  (64-84%) than  t h e  maximum repor ted  by Johnson (1981) 

01- 65171 % at a s l i g h t l y  lower e l eva t ion  (2261 m) on Wagonhound 

Creek, Wyoming. 

excludeu habitats were g r e a t e s t  i n  t h e  r i f f l e  and pool t ransec ts .  

January measurements i n  my study ind ica t ed  t h a t  below 2995 m, ice 

thickness and cross-sect ional  areas of ice a s 0  were greatest a t  the 

r i f f les  and pools. Deviation from t h i s  general  t rend  occurred a t  

S i t e  12. The r e l a t i v e l y  low amounts of  ice formation (11 t o  14 % of 

t h e  t o t a l  cross-section) encountered a t  S i t e  12 w a s  probably due t o  

t h e  south aspect of t h e  exposed left bank at t h i s  site. 

I n  Johnson's (1981) s tudy,  i n i t i a l  amounts of ice- 
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Anchor and frazil ice were observed a t  t h e  s i t e s  between 2550 

and 2'700 m i n  e leva t ion ,  but not  a t  e l eva t ions  above and below, where 

snow or  ice cover genera l ly  was complete. Because t h e  stream was 

exposed t o  t h e  air and sub jec t  t o  f r az i l  and anchor ice formation a t  

these mid-elevation si tes,  stream condi t ions  may be harsher than a t  

e l e v a t i o n s  above and belaw th is .  Maciolek and Needhaxu (1952) stated 

t h a t  anchor ice had a more pronounced effect on streamlife than 

surface ice. Reimers (1957) concluded t h a t  bottom dwell ing organisms 

are harmed less by partial snow and ice cover than by repeated 

exposure t o  t h e  radical changes i n  flow that accompany subsurface ice 

ac t ion .  Reiser and Wesche (1979) repor ted  in te r -grave l  f r eez ing  as a 

cause of. brown t r o u t  egg mor ta l i ty .  Trout mor t a l i t y  caused by anchor 

ice was documented by Tack (1938). 

Another important aspect ox underwater ice  t o  cons ider  is t h a t  

greater q u a n t i t i e s  of ice are produced i n  an  open water area as 

frazil than  tha t  produced, under i d e n t i c a l  atmospheric condi t ions,  by 

t h e  s ta t ic  growth or surface ice cover (Michel 1971). Fraz i l  f l o c s  

and slwh can fill t h e  lm ve loc i ty  areas underneath downstream ice 

cover, back up water, and e f f e c t i v e l y  dewater downstream areas 

(Maciolek and Needham 1952, Needham and Jones 1959, Michel 1971). 

Pool depths d id  not  i nc rease  i n  win te r  as stream s i ze  increased  

Regression a n a l y s i s  of average water depth and e l e v a t i o n  decreased. 

on e l e v a t i o n  produced a s l g n i f i c a n t  negat ive r e l a t i o n s h i p  f o r  all 

except t he  pool t r ansec t s .  This was probably a func t ion  of t h e  
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geology of these streams l i m i t i n g  maximum stream depths. A coro l la ry  

explanation could be t h a t  this resulted from t h e  anow cover a t  high 

e l eva t ions  i n s u l a t i n g  t h e  streams such t h a t  pool depths were 

unaffected by winter,  and ice formation a t  lower elevation pools 

e f f e c t i v e l y  decreasing water depths. 

Methods f o r  pred ic t ing  r i v e r  and lake i c e  formation are not new 

( B i l l e l l o  1963, B u r g i  e t  al 1974). 

Johnson e t  al, 

hydrologic parameters t o  predict  t h e  amount of ice-excluded hab i t a t  

However, t h e  model presented by 

(1982) is unique i n  t h a t  i t  uses  atmospheric and 

i n  a stream. Test ing of t he  model with da ta  co l l ec t ed  a t  t h e  study 

streams i n  January 1985 indicated t h a t  the model was not appl icable  

t o  these s i t e s .  Fa i lu re  t o  account f o r  t he  effects of' snow depth, 

wind, and pre-ice water temperature on ice  formation and inord ina te  

empnasis 01 t he  depth va r i ab le  could h e l p  explain t h e  models poor 

performance, It also is possible t h a t  t h e  temperature records and 

date of initial ice formation I used were not accura te  enough, but 

t h e  magnitude of v a r i a t i o n  between actual and predicted ice-excluded 

h a b i t a t  seemed t o  preclude these as s o l e  causes of t h e  model's 

failure. 

Results from t h e  win ter  stream t ransec t  monitoring suggested 

t h a t  a t  e leva t ions  greater than 2990 m, recommendations f o r  win ter  

instream flows can be baaed on h i s t o r i c a l  discharge information. 

Problans associated wi th  water withdrawal would probably not be 

compounded by winter  condi t ions a t  these elevat ions.  However, the 
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e f f e c t  of w in te r  water withdrawal on lower e l eva t ion  s i tes  on t h e  

same stream system may b e  more severe,  because of h a b i t a t  exclusion 

and a l b e r a t i o n  by surface and undewa te r  forms of ice. 

cover was genera l ly  complete and cross-sect ional  areas of ice 

extens ive  below 2550 m, I be l i eve  t h a t  t h e  most harsh and v a r i a b l e  

condi t ions  occur a t  e l e v a t i o n s  between 2550 and 2700 m, where streams 

are exposed t o  t he  open a i r  and formation of underwater and surface 

ice occurs. Ult imately,  t h e  effects of water development m u s t  be 

considered f o r  an e n t i r e  atream system, inc luding  areas downstream 

from t h e  d i r e c t l y  affected reach. 

Although ice 

Habi ta t  Se l ec t ion  

Wfnter 1983-84 

BrOOK t r o u t  h a b i t a t  s e l e c t i o n  was for areas of slow ve loc i ty  ( <  

15 d s e c o n d ) .  

selection by brown t r o u t  reported a similar preference for areas of 

Wicner's (1978) study on win te r  microhabi ta t  

ve loc i ty  (< 15 ~ a e c o n d ) .  Bustard and Narver (1975a) repor ted  

that a t  7 C o r  less, most coho salmon and steelhead t r o u t  i n  a small 

west coas t  Vancouver I d a n d  stream were assoc ia ted  with water 

v e i a i t i e s  < 15 cm/second. Tschaplinski and Hartman (1983) repor ted  

t h a t  j u v e n i l e  coho salmon win te r  microhabi ta t s  were characterized by 

water v e i v c i t i e s  less t han  or equal t o  30 cm/second. 

Although their combined s e l e c t i v i t y  was f o r  areas w i t h  v e l o c i t y  
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i n d i c e s  l ess  than  15 d s e c o n d ,  three of t h e  Seven radio-tagged t r o u t  

were associated with faster water of var ious  speeds. 

v a r i a b i l i t y  po in t s  out  p o s s i b l e  shortcomings i n  us ing  an  e n t i r e  

t r a n s e c t  t o  represent  a f i s h  loca t ion .  While f o c a l  point  v e l o c i t i e s  

would probably be more accu ra t e  and more cons i s t en t  from fish t o  

This 

f i s h ,  win ter  sampling i n  sncw covered streams wi th  t r ansmi t t e r  

d e t e c t i o n  accuracies between 0.6 t o  1.2 m presented l o g i s t i c a l  

c o n s t r a i n t s  t o  accura te ly  measuring them. 

The results from t h e  1983-84 te lemetry season ind ica t ed  t h a t  

overwinter ing brook t r o u t  are s e l e c t i n g  f o r  areas wi th  slow veloc i ty  

and these  areas are  most of ten ,  but no t  exc lus ive ly  assoc ia ted  wi th  

depths  greater than 15 cm and with sand- s i l t  subs t r a t e ,  Dis t inc t  

s e l e c t i o n  by f i s h  i n  1983-84 f o r  depth was not  apparent.  

of s e n s i t i v i t y  t o  depth could be a func t ion  of t he  secu r i ty  of 

complete snow cover found a t  t h e  study s i t e s  and t h e  r e l a t i v e l y  slow 

This lack 

veLuci t ies  throughout t h e  meadow areas where these f i s h  remained. 

Bustard and Narver (1975a) repor ted  t h a t  age I +  coho salmon and 

steelhead t r o u t  were found a t  a range or' depths mainly greater than 

45 

on these  study streams, s t rong  a s s o c i a t i o n  with a particular 

s u b s t r a t e  class d id  n o t  occur. 

t r o u t  was h ighly  var iab le ,  with areas of highest use having a sand- 

silt s u b s t r a t e  class. 

during the  win te r  months, Similar t o  depth use by brook t r o u t  

Subs t r a t e  aize s e l e c t i o n  by brook 

During win te r  1983-84 , complete overhead cover was provided by 
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snow o r  ice a t  a l l  of t h e  study areas. 

study, I be l i eve  t h a t  cover was an important f a c t o r  determining 

s u i t a b i l i t y  of brook t r o u t  win ter  habi ta t .  

aspect i n  win ter  habitat  se lec t ion ,  providing she l  ter  and reducing 

strean v e i u c i t i e s  (Tschaplinaki and Hartman 1983) 

a s soc ia t ion  wi th  t h e  bottom during win ter  a f fords  f i s h  pro tec t ion  

aga ins t  predat ion and displacement i n  t h e  stream (Hartman 1963). 

Hunt (1971) showed tha t  by adding overhanging bank cover and 

inc reas ing  pool area, overwinter survival  of brook t r o u t  was near ly  

Although not  t e s t ed  by t h i s  

Cover i s  an important 

Stronger 

doubled. 

stream, Saunders and Smith (1962) near ly  doubled t h e  population of 

brook t rou t .  They also snowed reduct ion of t rou t  populations as a 

result of des t ruc t ion  of hiding places by heavy s i l t a t i o n .  

al. (1977) and Stowell  e t  al. (1983) have reported t h a t  sediment 

depos i t ion  i n  pools  reduces the  win ter  car ry ing  capaci ty  by f i l l i n g  

i n  t h e  i n t e r s t i t i a l  spaces f i s h  use f o r  cover, 

By increas ing  t h e  number of hiding p laces  i n  a small 

Bjornn e t  

I bel ieve t h a t  brook t rou t  a s soc ia t ion  wi th  sand-sil  t subs t r a t e  

was a c t u a l l y  a func t ion  of s e l ec t ion  f o r  l a w  water v e l o c i t i e s  and 

overheaa cover. 

w in te r  has been reported by Cooper (1953) and Gibson (1978). Gibson 

(1976) reported t h a t  although rubble s u b s t r a t e  is general ly  regarded 

BPOOK t r o u t  a f f i n i t y  f o r  overhead cover during 

as preferred habitat  for Atlantic salmon parr, t h i s  is a r e f l e c t i o n  

of this s u b s t r a t e  type being associated w i t h  r i f f le  areas and a 

turbulen t  water surface. 

a t t r a c t i v e  t o  parr i n  these condi t ions (Gibson and Power 1975). 

Rubble per se d i d  not  appear t o  be 
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Gibson (1978) concluded by saying t h a t  rubble  provides pockets of 

reauced water ve loc i ty ,  suitable as holding areas and reference 

po in t s  f o r  parr i n  fast water condi t ions,  and t h a t  it i s  t h e  

turbulen t  water surf ace t h a t  is an a t t r a c t a n t  t o  At lan t ic  salmon 

parr.  

e r  1984-85 

Habitat se l ec t ion  during 1984-85 was cons is ten t  wi th  t h a t  found 

i n  1983-84. 

se le~ced.  

remained i n  t h e  beaver pond wi th in  two weeks or implantation surgery. 

Areas wi th  a ve loc i ty  index less  than 15 cm/s were 

Six of  the eight radio-tagged brook t r o u t  moved t o  and 

Fish apparently selectea f o r  water depth greater than 30 cm. 

The discr iminant  ana lys i s  supported inc lus ion  of depth as an 

important v a r i a b l e  determining selected f i s h  habi ta t .  However, this 

w a s  Probably a func t ion  of most f i s h  remaining i n  t h e  beaver pond and 

measuring beaver pond h a b i t a t  i n  t h e  summer. Winter condi t ions i n  

t he  beaver pond were such tha t  the largest percentage o r  t h e  t o t a l  

cross-sect ion w a s  ice (Table 4 ) .  Water depths i n  t h e  beaver pond i n  

January averaged 16 t o  29 an, i nd ica t ing  t h a t  there was l i t t l e  depth 

over 30 cm. 

s e l e c t i n g  pr imar i ly  f o r  l o w  v e l o c i t i e s  and overhead cover. 

This provided further evidence t h a t  brook t r o u t  were 

The dominant s u b s t r a t e  class i n  t h e  beaver pond was sand-s i l t  

and w a s  t he  s u b s t r a t e  moat o f t en  associated with brook t rou t .  It 

seems reasonable t o  conclude t h a t  apparent s e l ec t ion  for s u b s t r a t e  
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was a n  erfect ox f i s h  choosing f o r  areas of slow veloci ty .  

Velocities selected by brook t r o u t  i n  win ter  were encompassed by 

those presented as probabi l i ty  of use cr i ter ia  f o r  brook t r o u t  (Bovee 

19'(0L However, results 01 t h i s  study suggest t h a t  t he  probabi l i ty  

curve f o r  ve loc i ty  used f o r  brook t r o u t  i n  win ter  should be re f ined  

somewhat t o  reflect t h e  preference f o r  areas wi th  v e l o c i t i e s  less 

than  15 a d s .  

Impl i c i t  in all biotelemtry s t u d i e s  i s  t h e  assumption t h a t  

presence or  t he  t r ansmi t t e r  does not  se r ious ly  affect t h e  animal 

(Stasko and Pincock 1977) , Obviously, brook t r o u t  occupation of t h e  

beaver pond a t  the downstream end of t h e  study area i n  1984-85 w a s  a 

major component or t he  d i f fe rence  between ava i l ab le  and selected 

h a b i t a t  determined by this study. Since fou r  of t h e  six  f i sh  t h a t  

eventual ly  remained i n  t h e  beaver pond during win ter  were loca ted  

there the day after being implanted with t ransmi t te rs ,  i t  could be 

argued t h a t  t h e i r  initial residence i n  t h e  beaver pond w a s  the  result 

of s t ress- induced movement caused by t h e  implant surgery. Body load  

of our neu t r a l ly  buoyant t r ansmi t t e r s  w a s  high  (4.7%) , but t h i s  range 

w a s  based on air w e i g h t s ,  &Cleave and Stred (1975) implanted 

t r a n s m i t t e r s  with up t o  6 % body load i n  At l an t i c  salmon m o l t s  and 

noted no decrement i n  swimmmfng speed. Stasko and Pincock (1977) 

stated t h a t  the w e i g h t  r a t i o  (of transmitters t o  body w e i g h t )  was 

probably more cri t ical  f o r  pelagic f i s h  than f o r  bottom dwelling f i s h  

and i n ~ ~ r t e b r a t e s .  
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pond area suggested t h a t  t h e  
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movment d i s t ances  wi th in  t h e  beaver 

radio-tagged f i s h  were a c t i v e l y  

s e l e c t i n g  h a b i t a t  and no t  impeded by t h e i r  t r ansmi t t e r s .  

with w i n t e r  1983-84 results a l s o  should d ispe l  doubt as t o  whether 

post-surgery stress w a s  an  ove r r id ing  f a c t o r  i n  i n i t i a l  h a b i t a t  

Consistency 

s e l e c t i o n  during 1984-85. 

Research Recommendations 

This study was l a r g e l y  desc r ip t ive  and by no means exhaust ive of 

t he  research needs on win te r  t r o u t  h a b i t a t  requirements and stream 

condi t ions.  Research i d e n t i e i n g  t h e  major f a c t o r s  a f f e c t i n g  ice 

formation i n  amall streams is needed, with emphasis on development of 

moae:ls whicn p red ic t  t h e  amount of ice formation. Such models should 

be tested with independent data and r e f ined  t o  be app l i cab le  

r e g i a a l l y .  I n  southeas te rn  Wyoming appropr i a t e  study s i t e  

e l e v a t i o n s  would probably be on streams up t o  2450 m, where ice cover 

genera l ly  f a  complete. 

The effects of frazil and anchor ice on t r o u t  stream ecology 

snould be quan t i f i ed ,  

a c c u r a t e  methods f o r  measuring amounts, sources and effects of 

This will demand development of precise and 

underwater ice forms. Previous research i n  t h i s  area h a s  been 

1 arge ly  descri p t i v  e, 

Development of an accurate method f o r  quan t i fy ing  overwinter  

I 
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t r o u t  mor t a l i t y  w i l l  al low assessment of c r i t i ca l  stream s e c t i o n s  and 

h a b i t a t  requirements of t r o u t  i n  these areas. 

work a t  mid-elevations may i n d i c a t e  how fish i n  these reaches cope 

w i t h  anchor and frazll ice formation. 

Additional t e l a n e t r y  

Continued s t u d i e s  may show 

seasonal  movements, downstream i n  t he  win te r  and upstream i n  t h e  

spr ing ,  and may have impl i ca t ions  on recommending suitable flows on 

an annual basis. 

Abwe 2990 m, snow cover i n s u l a t e d  t h e  stream and h a b i t a t  

exc lus ion  by ice  w a s  m i n i m a l .  

w in te r  but otherwise were unaffected by win ter  condi t ions.  

e l e v a t i o n  decreased below 2990 m, snow depths decreased and ice 

formation increased.  Ice depths  and t h e  amount of ice-excluded 

h a b i t a t  was greatest a t  t h e  lowest s i t e  (2280 m), but i t  was 

speculated tha t  stream condi t ions  are  harshest and most v a r i a b l e  a t  

the  mid-elevation s i tes  (2550-2700 m) where the  streams are p a r t i a l l y  

ice and snow covered and subjec t  t o  f r a z i l  and anchor ice formation. 

Discharge rates decreased through 

As 

Johnson's (1981 1 model f o r  p red ic t ing  the  amount of ice-excluded 

stream h a b i t a t  was not  app l i cab le  on these streams. Poss ib le  reasons 

f o r  t h i s  inc lude  f a i l u r e  t o  account f o r  snow depths ,  wind a c t i o n  and 

p o s s i b l e  inaccuracies i n  temperature records and i n  e s t ima t ing  

f r e e z e u p  date. 

F ish  renained a c t i v e  during win ter ,  with movement d i s t ances  
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ranging from 0 t o  342 m. 

dow1lstream. 

two winters ,  

s e l e c t i n g  f o r  areas of slow veloci ty .  

i nd ica t ed  t h a t  v e l o c i t y  and depth were important v a r i a b l e s  

Di rec t ion  of f i s h  movement was genera l ly  

Bmok t r o u t  h a b i t a t  s e l e c t i o n  was cons i s t en t  dur ing  t h e  

Fish ranained i n  t h e  streams above 2990 m i n  e leva t ion ,  

Discriminant a n a l y s i s  

determining t h e  difference between selected and a v a i l a b l e  h a b i t a t s .  

Hawever, s ince  an important component of t h e  selected h a b i t a t  w a s  a 

beaver pond and because of ice formation average water d e p t h s  were 

less than  depths  ind ica t ed  as  being selected f o r ,  i t  was f e l t  that  

depth was n o t  being used as a s e l e c t i o n  f a c t o r  by brook t r o u t .  

Strongest  substrate as soc ia t ion  w a s  wi th  sand and silt, which was 

common i n  areas of slar veloc i ty  i n  these streams. 

Results from the  win te r  stream transect monitoring suggested 

t h a t  a t  e l e v a t i o n s  g r e a t e r  than 2990 m, recommendations f o r  w in te r  

instream flaws can be based on h i s t o r i c a l  discharge information. 

P rob lem as soc ia t ed  with water withdrawal would probably not  be 

compounded by win ter  condi t ions  a t  these e leva t ions .  However, t he  

effect or win te r  water withdrawal on lower e l eva t ion  s i tes  on t h e  

same stream system may be more severe,  because of hab i t a t  exclusion 

and a h e r a t i o n  by surface and underwater forms of ice. I propose 

t h a t  w i n t e r  instream flow recommendations f o r  streams w i t h  brook 

t r o u t  mou ld  aim at  preserving slow-water areas wi th  f i s h  access i n t o  

and out  of these areas. 
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APPENDIX A 

Location and deocript lve in€oonnation for add i t iona l  
study eitee monitored during winter 1984-85. 

S i t e  Elevation Location Brief Land Stream Stream order  a t  study 
Description Ownerehip Gradient s i te  locat ion (d 

5 2868 NU1/4,NUl/4, Naeb Pork Creek Federal 1.5% 
Section 19, approx. 1.5 km 
R78W. T16N below Green Bockr 

3 

picnic  ground 
6 2780 SE1/4,W1/4, Nash Fork Creek Federal 0.7X 3 

Section 20, a t  Uedicine Bow 
' R78W, T16N Ski  Area 

7 2767 ' SE1/4 ,SW1/4, North Fork L i t t l e  Federal 0.7% 3 
Section 1 6 ~  Laramie a t  Sand 
R78W. T16N Creek Road 

Section 21, Below Hanging 
R78W. T16N Lake 

Section 28, Libby Creek 

8 2694 NW1/4,SW1/4, Lower Naeh Fork Federal 4.3% 3 

9 2609 SW1/4 ,SE1/4, Libby Creek a t  Federal 1.6% 3 

R78W. T16N Campground Area 
1 0  2566 NE1/4 ,SE1/4, North Fork L i t t l e  Federal 3.7% 4 

Section 28, Laramie a t  Corner 
R78W, T16N Mountain 

Section 3 4 ,  Laramie Below 
R78W, T16N Confluence of Libby 

Section 18, Laramie a t  ConPlueace 
R77W, T15N - .  

Section 36, Public Fishing 
R77W, T16N . Area 

11 2511 SE1/4,NE1/4, North Fork L i t t l e  Pr ivate  2.4% 4 

12 2359 NE1/4,SW1/4, North Fork L i t t l e  Pr ivate  0.2% 4 

13 2280 sw1/4,sW1/4, L i i t l e  Laramie a t  S t a t e  0.3% 5 
~. of, L i t t l e  C4~aqrie ---- 



APPENDIX B 

Example computation of t h e  G2-test s ta t is t ic ,  f o r  t h e  s u b s t r a t e  
s e l e c t e d  by Fish  Number 1 versus  t h a t  i n  t h e  a v a i l a b l e  h a b i t a t ;  
and corresponding output  from program BMDP4F. 

Aval = a v a i l a b l e  h a b i t a t  frequency d i s t r i b u t i o n  
Se l  = s e l e c t e d  h a b i t a t  frequency d i s t r i b u t i o n  

FSO-FS4 = s u b s t r a t e  c lasses ,def ined  i n  t h e  Methods s e c t i o n  

Formula used : G2 = 2 f l n ( f / F )  
where : f is t h e  'observed' frequency 

F is t h e  'expected'  frequency 

G2= 2 [ 1049 1n(1049/102) + 301 ln(301/94) + 356 ln(356/67) + 

GB= 60.2 

226 ln(226/22)]  



APPENDIX .c 

Physical’  parametere 
atudy site, recorded 

for the Upatreen Telephone Creek 
€rota f a l l  1983 through winter 1984. 

Date Transect ’ Cross- Wetted tlean Average Top Total Wldth Average . 
(Mo./Day) Number Sect ion 1 Perimeter Depth Velocity Width (a)>15 cm Da l y  Plow 1 Area (m Q ) (m) (4 (m/s) (d deep ( r n  /a) . 

9/23 
10/6 
10/17 
10/31 
12/17 
3/10 
5 /10  

9/23 
lO/6 
10/17 
10/31 
116 
3/ 10 
5/9 

9/23 
1016 
10117 
10/ 31 
116 
31 10 
5/8  

1 0.13 
0.14 
0 .13  
0 .12  
0.12 
0.08 
0.09 

2 0 . 2 3  
0.26  
0.26 
0.24 
0 . 2 3  
0 .20  
0 . 2 0  

3 0.55 
0.59 
0.57 
0 .56  
0.52 
0 .47  
0 .51  

1.69 
1 . 8 0  
1.80 
1.27 ’ 

1.68  
1 .65  
1.65 

1y71 
1.92 
1.86 
1 . 8 0  
1 .80  
1 . 7 7  
1 .77  

2.56 
2.56 
2 .56  
2.56 
2 .38  
2.35 
2.38 

8.28 

8.39 
7.74 
0 .22  
5.71 . 
6.43  * 

16.91  
17.81 
17.81 
16.78 
15.75 
13 .70  
13 .70  

26.57 
27.83 
26.57 
26.29 
26.26 
23.74 
25.76 

a.  91 
0 .23  ‘ 1.57 0 . 0 . 0 3  
0.21  
0.31 
0 .33  
0 .42  
0.25 
0.11 

0 .13  
0.12 
0 .15  
0.17 
0 .09  
0.10 
0.05 

0.05 
0.05 
0.07 
0.07 

0.04 
0.02 

0.04 

1.57 
1 .55  
1.55 
1.46 
1 .40  
1 . 4 0  . 

1.36 
1.46 
1 .46  
1 .43  ’ 

1.46 
1 . 4 6 .  
1 .46  

2.07 
2.12 
2.13 
2 .13  
t . 9 8 .  
1.98  . 
1.98  

0 
0 
0 
0 
0 
0 

0.79  
0 .83  
0.89 
0.83 
0 .93  
0 .87  
0.75 

1 .82  
1.89 
1 .78  
1.89 
1.89 
1.85 
1.86 

0 .03  
0.04 
0.04 . 
0.05 
0 .02  
0.01 

0.03 
0 .03  
0.04 
0.04 
0.02 
0.02 
0.01 

0 . 0 3  
0.03 
0.04 
0 .04  
0.02 
0.02 
0.01 

00 
00 



APPENDIX d :(continued) 

Phys ica l  parameters for  t h e  Downstream Telephone Creek 
s tudy  si te,  recorded from f a l l  1983 through winter 1984. 

Date Transec t  Cross- Wetted Meen Average Top T o t a l  Wldth Average 
(No. /Day) Number Sec t ion  1 Perimeter Depth Veloc i ty  Width ( m ) > 1 5  cm Da l y  rlow 

Area (m 9, (m) (em) (m/s) (m) deep (m I s )  

9/23 1 0.22 4.75 4.66 0.23 4.72 0 0.05 
1016 0.28 4.82 5.82 0.21 4.81 0 0.06 
10117 0.28 4.82 5.85 0.21 4.79 0 0.06 
10131 0.22 4.82 4.59 0.18 4.79 0 0.04 
12/29 0.30 4.66 6.65 0.13 4.51 0 0.04 
319 0.20 4.63 4.49 0.15 4.45 0 0.03 

4 

4/12 0.17 4.63 3.82 0.06 4.45 0 0.01 

9/23 
1016 
10/17 
101 31 
113 
319 
5/ 2 

2 0.93 5.06 19.06 0.05 4.88 3.45 0.05 
0.93 5.06 19.18 0.06 4.85 3.47 0.06 
0.99 4.44 20.28 0.06 4.88 3.80 0.06 
0.87 4.75 18.67 0.05 4.66 3.44 0.04 
0.75 4.69 16.41 0.04 4.57 2.83 0.03 
0.76 4.57 17.92 0.03 4.24 2.99 ' 0.02 
0.77 4.72 16.96 0.01 4 .54  3.22 0.01 

9123 3 1.29 4.27 35.83 0.04 3.60 3.11 0.05 

10117 1.32 4.21 36.67 0.05 3.60 3.24 0.06 
lo /  31 1.28 4.21 35.56 0.03 3.60 3.12 0.04 
12/30  1.04 4.08 28.89 0.04 3.60 , 3.10 0.04 

10/6  1.31 4.33 36.39 0.05 3.60 3.14 . 0.06 

31 9 1.14 3.99 31.67 0.03 3.60 3.08 0.03 
4/12 1.18 4.02 32.78 0.01 3.60 3.17 0.01 



APPENDIX C (continued) 

Physica l  parameters f o r  the  Upstream Nash Pork Creek 
study site, recorded from f a l l  1983 through winter  1984. 

Date Transect Cross- Wetted Mean Average Top Total  Width Averace 
(Mo./Day) Number S e c t i o n a l  Perimeter Depth V e l o c i t y  Width (m) >15 cm Dai ly  Flow 

(d deep (m3/s) Area (m2) (m) ( 4  ( m / 4  

9/23  
10/10 
10/28  
1117 
1215 
12/29 
315 
411.9 

9/23 
l O / U  
10125 
11/7 
1215 
12/31  
315 
4 /19  

, 9/23 
10/11l 
10/2E 
i i j 7  
1215 
12/30 
315 
4/19 

‘ I  0 . 2 0  
3.22 
0 .15  
0 .16  
0.27 
0 .23 .  
0.70 , 

0.23  

2 0 .33  
0 .39  
0.34 
0 .32  
0 .43  
0 . 5 0  
0.40 
0 .44  

3 0 . 7 0  
0 .45  
0 . 4 1  
0 . 4 1  
0 . 4 6  
0. 50 
0 . 5 1  
C.46 

4 . 6 3  
4 . 6 0  
4 . 4 8  
4.57 
4 .45  
4 . 5 1  
4 .33  
4 .39  

4.18 
4 .15  
4 . 0 8  
4.00 
4 .15  
4 . 0 8  
3.96 
4.08 

2.59  
2.56 
2 .47  
2.38 
2 .41  
2.62 
2 . 6 0  
2 . 4 1  

4 .59  
5.07 
3.46 
3 .70  
6.28 
5.35 
4 .72  
5 .42  

0 . 5 3  
10.00 
8 .79  
8.33 
11.38 
13 .23  
10.50 
11 .55  

30.57 
19 .91  
18.72 
d8. 72 
22.22 
22.12 
22.87 
21.90 

0.30 
0 .36  
0.40 
0.31 
0 . 4 1  
0.30 
0.10 
0.04 

0818 
0 . 2 1  
0.18 
0.16 
0.26  
0.14 
0.05 
0.02  

0.09 
0.18 
0.15 
0 .12  
0.24 
0.14 
0.04 
0 .02  

4.36 
4.34 
4 .33  
4 .33  
4 . 3 0  
4 . 3 0  
4 . 2 4  
4.24 

3.87 
3 .90  
3.87 
3.84 
3.78 
3.78 
3 .81  
3.81 

2.29 
2 .26  
2 .19  
2 .19  
2 .07  
2.26 
2 .23  
2 . 1 0  

0 
0 
0 
0 
0 
0 
0 
0 

1.01 
1.10 
0 . 8 0  
0 .65  
0 .87  
I .  76 
0 . 7 0  
0.97 

1 .77  
1 . 6 9  
1 . 6 3  
1 . 6 2  
1 .62  
1.85 
1.94 
1 . 6 9  

0.06 
0 .08  
0.06 
0.05 
0.11 
0 . 0 7  
0 .02  
0.01 

0 .06  
0.08 
0 .06  
0 .05  
0.11 
0.07 
0 . 0 2  
0.01 

0.06 
0.08 
0.06  
0.05 
0.11 
0.07 
0 .02  
0.01 

ro 
0 
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APPENDIX .? (continued) 

Physical parameters for the Downstream Nash Fork Creek 
study site,  recorded from f a l l  1983 through winter 1984. 

Date Traneect Ctoae- Wetted Mean Average Top Total Width Average 
(bb./Day) Number Sectionql Perimeter Depth Velocity Width (m) >15 cm Da l y  Flov 4 Area (m ) (m) (cm) ( d 8 )  (4 deep (m 1 8 )  

9/23 1 
10/10 
10/28 
11/7 
1215 
1/12 
316 
4/10 

9/23 
10/10 
10/28 
11/7 
12/5 
1/12 
316 
4/10 

2 

9/23 3 
10/10 
lot28 
11/7 
12/5 
1/12 
3/ 6 
4/10 

0.39 
0.50 
0.37 
0.32 
0.96 
0.43 
0.42 
0.31 

0.33 
0.43 
0.33 
0.25 
0.90 
0.23 
0.24 
0.21 

1.49 
1.58 
1. so 
1.42 
2.02 
1.46 
1.16 
1.05 

4.94 
5.12 
5.00 
4.75 
5.67 
4.88 
4.57 
4.33 

4.08 
4.30 
3.96 
3.87 
4.69 
3.90 
2.93 
2.77 

5.15 
5.24 
5.24 
5.03 
5.39 
4.85 
4.42 
4.33 

8.14 
9.94 
7.63 
6.82 
17.20, 
8.92 
9.25 
7.47 

8.59 
10.86 
8.40 
6.67 
19.96 
5.94 
8.28 
7.84 

30.28 
31.35 
30.55 
29.89 
40.64 
30.74 
26.79 
25.74 

0.31 
0.32 
0.32 
0.38 
0.21 
0.19 
0.07 
0.10 

0.36 
0.37 
0.36 
0.48 
0.22 
0.35 
0.13 
0.14 

0.08 
0.10 
0.08 
0.08 
0.10 
0.05 
0.03 
0.03 

4.79 
5.03 
4.85 
4.69 
5.58 
4.82 
4.54 
4.15 

3.84 
3.96 
3.93 
3.75 
4.51 
3.87 
2.90 
2.68 

4.92 
5.04 
4.91 
4.75 
4.97 
4.75 
4.33 
4.08 

0 
0.23 
0 
0 
4.22 
0 
0 
0 

0 
1.00 
0.15 
0 
3.10 
0 
0 
0 

3.61 ' 

3.86 
3.65 
3.49 
4.39 
3.48 
3.26 
3.08 

0.12 
0.16 
0.12 
0.12 
0.20 
0.08 
0.03 
0.03 

0.12 
0.16 
0.12 
0.12 
0.20 
0.08 
0.03 
0.03 

0.12 
0.16 
0.12 
0.12 
0.20 
0.08 
0.03 
0.03 



APPENDIX D 
Summary of ice formation da ta  for  the r i f f l e  (Tr. 1). t r a n s i t i o n  (Tr, 21, 
and pool (Tr ,  3) traneecte,  a t  t he  four study e i t e e ,  during winter 1983-84, 

Snowy Range,. Medicine Bow National Forest. 

t Study Site 
Upstream Telephone Creek Downstream Telephone Creek 

Sampling Traneect Maximum Mean X t raneect  Maximum Mean X t raneect  
Occasion Number i c e  depth ice depth covered ice depth ace depth covered 
(Date Range- (cm) (cm) (4 ( c d  
Mo. /Day) 

1 1 0 0 0 0 0 0 
(9123) 2 0 0 0 0 0 0 

3 0 0 0 0 0 0 
2 1 0 0 0 0 0 0 

(1016- 2 0 0 0 0 0 0 
10/10) 3 0 0 0 0 0 0 -  

3 1 0 0 0 0 0 0 
(10/17- 2 0 0 0 0 0 0 
10128) 3 0 0 0 9.1 3 . 0  89 
4 1 0 0 0 0 0 0 

(I O/ 31- 2 0 0 0 0 0 0 
11/71 3 0 0 0 0.6 0 3 

5 1 0 0 0 0 0 0 
(12/5- 2 0 0 0 6.1 0.9 27 
3 3 )  . 3 0 0 0 0 0 0 

6 1 0 0 0 4.6 0 . 3  5 
(12;29- 2 0 0 0 0 0 0 
3/10) 3 0 0 0 4.6 0 . 3  8 

7 1 0 0 0 4.6 0 . 3  5 
(316-  2 0 0 0 4.6 0 .3  ‘ 7  
5/10) 3 0 0 0 4.6 0.3 8 

8 1 
(4110- 2 
4 / 1 9 )  3 

N 



APPENDIX D (continued) 
Sumnary of ice formation d a t a  f o r  t h e  r i f f l e  (Tr. 1). t r a n s i t i o n  (Tr. 2 ) .  
and pool (Tr. 3) t raneec te ,  a t  t h e  fou r  s tudy  a i t e e ,  ,during win te r  1983-84, 

Snowy Range, Hedicine Bow National Forest .  

Study S i t e  
Upstream Naeh Fork Creek Downstream Nash Fork Creek 

X t ranaec t Sampling Tranaect Haximum Mean X t r a n s a c t  Meximum Mean 
Occae ion  Number ice depth ice depth  covered ice depth  i c e  depth  covered 
(Date Range ( c d  (4 (4 (cm) 

Hog /Day) 

(9123) 2 0 0 0 0 0 0 
1 1 0 0 0 -  0 0 0 '  

3 0 0 0 0 0 0 
2 1 0 0 0 0 0 0 

(1016- 2 0 0 0 0 0 0 
10/10) 3 0 0 0 0 0 0 

3 1 0 0 0 0 0 0 
(10/17- 2 0 0 0 0 0 0 
10128) 3 0 0 0 0 0 0 
4 1 0 0 0 0 0 0 

(10131- 2 0 0 0 0 0 0 
11/71 3 0 0 0 0 0 0 

5 1 0 0 0 18.3 8.5 . 64 
(12/5- 2 15.2 2.7 1 9  17.7 7.0 44 
1/31 3 1 6 . 2  3.7 53  2 4 . 4  15.8 94 

6 1 0 0 0 12.2 4 . 3  46 
(12129- 2 0 0 0 4.6 1.5 28 
3/10) 3 3.0 0.3 1 6  13.7 6.7 78 

7 1 0 0 0 11.6 2.4 47 
(316- 2 0 0 0 5 .5  0 .6  I 1 2  
5/10) 3 4 .6  0 .3  15 15.2 7.3 92 

8 1 0 0 0 1 2 . 2  3 .4  25 
(4/10- 2 0 0 0 0 ' 0  0 
4/19) 3 0 0 0 12.2 4 . 9  3 1  

ro 
w 
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APPENDIX E 

3,s 

3.0 

2.5 

2.0 

1.5 

1 m 0  

O m 5  

0.0 

9 - RIFFLE (R--.82, P<.OOO11 

x = TRANSITION (R10.78, P<.OOO11 

2250 2450 2650 2850 3050 3250 
* ELEVATION IMETERSI 

Plot of cross-sectional area with elevation f o r  
the 13 study sites sampled in January 1985. 
Correlation coefficients and associated probabilities 
for the r i f f l e ,  transition, and pool transects are 
from a regression of cross-sectional area on elevation. 

i 



APPENDIX E (continued) 

95 

n 
LI 

W 
c3 c 
(v 
GI > a 

40.0 - 

35.0- 

30.0- 

25.0 - 

20.0 - 

15.0 - 

10.0- 

5.0 - 

* - RIFFLE (R--.72, P<.OOOl) A X TRRNS IT ION (R-. 58, P< .OOO 1 I 

0.0 I 1 I I I 1 1 I 1 

2250 2450 2650 2850 3050 3250 
ELEVATION [METERS) 

Plot of mean water depth with elevation for the 
13 study sites sampled in January 1985. Correlation 
coefficients and associated probabilities are from 
a regression of mean water depth on elevation. 
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12.0 
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8.0 
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APPENDIX E (continued) 

0 - RIFFLE (R--.78, P<.OOOll 
x = TRF”T1OM (R--.72, P<.OOOlI 
0 = POOL [R--.89, P<.OOOl) \ 

2250 2450 2650 2850 3050 3250 
ELEWITION I METERS 1 

Plot of stream width with elevation for the 
13 study sites sampled in January 1985. Correlation 
coefficients and associated probabilities are from 
a regression of stream width on elevation. 
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8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0. 

0.0- 

APPENDIX E (continued) 

0 -  RIFFLE (R--.59, P-.O341 

7 x - TRANSITION (R-m.74, P-.0021 

Plot of total stream width with %.water depth greater 
than 15 centimeters deep on elevation f o r  the 13 study 
sites sampled in January 1985. Correlation coefficients 
and associated probabilities are from a regression of 
the variable on elevation. 
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APPENDIX E (continued) 

0 
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Ty 

-1 

a 

W 
0 ‘. 
I w 
0 
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9G.0- 

80.0 - 

70.0- 

60.0 - 
50.0 - 
40.0 - 

30.0 - 

20.0- 

- 

- 

- 

- 
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2250 24SO 2650 2850 3050 3250 
ELEVATION (METERS1 

Plot of the width/depth ratio with elevation for 
the 13 study sites sampled in January 1985. 
Correlation coefficients and associated probabilities 
are from a regression of the width/depth ratio on 
elevation. 
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APPENDIX E (continued) 

14.0 - 1 
12.0 

10.0 

8.0 

6.0 

4.0 
> a 

2.0 

000 

* =  RIFFLE IR=.lS, P1.311 
x = TRRNSITION (R1.20, P-.171 

I 

0 - POOL (R1.17, Pm.241 

X 

2250 2450 2650 2850 3050 
ELEVRTION [METERS 1 

3250 

Plot of mean air gap with elevation for the 
13 study sites sampled in January 1985. 
Correlation coeff ic ients  and associated probabilities 
are from a regression of mean a i r  gap on elevation. 
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APPENDIX P 
Cross-sectional area (square meters) of water and Ice And r e l a t i v e  
percentages of water and ice tr, t h e  to ta l  c ross -sec t lon ,  f o r  t h e  13 

s tudy  s i tes  monitored dur ing  January 1985. 

S i t e  Eleva t ion  Transect* Cross-sectional X of t o t a l  Cross-sectional X of t o t a l  
(m) Number area of water cross-sec t ion  area of ice croes-ncction 

Upat rear  3206 1 0.09 . 100 0 0 
Telephone 
Creek 

2 
3 

0.13 
0.35 

100 
100 

100 
1 00 
100 

100 
83 
87 

53 
73 
72 

82 
98 
70 

46 
57 
68 

46 
57 

0 
0 

0 
0 
0 

0 
0.07 
0.07 

0.50 
0.14 
0.44 . 

0.06 
0.01 
0.31 

0.46 
0.33 
0.62 

0.41 
0.40 

0 
0 

0 
0 
0 

0 
17 
1 3  

47 
27 
28 

18 
2 

30 

54 
43 
32 

54 
43 

0.34 
0.75 
1.26 

Downstream 
Telephone 
Creek 

3158 1 
2 
3 

3121 1 
2 
3 

Upstream 
Naeh Fork 
Creek 

0.19 
0.35 
0.48 

Downs t ream 
Nash Fork 
Creek 

2993 1 
2 
3 

0.57 
0.37 
1.15 

S i t e  5 2868 1 
2 
3 

0.27 
0.42 
0.71 

S i t e  6 2780 1 
2 
3 

0.39 
0.44 
1.34 

S i t e  7 2767 1 
2 

0.35 
0.52 

3 0.78 58 0.57 42 

r 
0 
0 
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APPENDIX F (continued) 
Cross-sectional area (square metere) of water and ice  and relative 
percentages of water and ice  to the total cross-sec.tion for the 1 3  

study site8 monitored during January 1985. 

s i t e  Elevation Traneect* Cross-sectional X of total Cross-sectional X of total 
(m) Number area of water cross-section area of ice cross-section 

S i t e  8 2694 1 0.77 48 0.82 52 
2 1.06 60 0.70 40 
3 1.08 64 0.62 36 

Site 9 2609 1 
2 
3 

0.65 
1.06 
1.54 

43 0.86 57 
50 1.08 50 
49 1 .60  51  

Site 10 2566 1 
2 
3 

0.83 
0.87 
1.75 

33 
55 
52 

1.72 
0.72 
I. 61 

67 
45 
48 

1.97 
1.02 
1.46 

67 
44 
49 

S i t e  11 2511 1 
2 
3 

0.96 
1.28 
1.55 

33 
56 
51 

89 
86 
87 

0.07 
0.33 
0.47 

11 
14 
13 

2359 1 
2 
3 

S i t e  12 0.57 
2.06 
3.05 

Site 13 2280 1 
2 
3 

1.32 
1.66 
2.50 . 

35 
40 
42 

2.40 
2.47 
3.49 

65 
60 
58 

~ -~ 

*Trimsect 1 - r i f f l e  ; Transect 2 - transition ; Transect 3 - pool 



APPENDIX c 
Suuunary of va lues  ueed by WWRC Model equations,  generated predic ted  
X ice-excluded h a b i t a t ,  and observed X Ice-excluded h a b i t a t  for 

n ine  etudy si tes monitored I n  January 1985. 
~~ 

S i t e  Transec t*  S B 5 Predic ted  X Observed X Daye from 
h a b i t a t  Number ( f t . )  ( fps )  w in te r  s o l e t i c e  h a b i t a t  

excluded excluded 

1745.75 0.25 1.07 16 35.0 0 
Telephone 2 0.56 0.52 75.8 0 
Creek 3 0.87 0.22 201.1 0 
Downstream 1 1580.50 0.15 0.69 17 64.3 0 

0.59 0.17 89.6 0 
Creek 3 1.17 0.12 199.0 0 

18  80.5 0 
Nash Fork 2 0.28 0.51 72.1 0 
Creek 3 0.61 0.41 115.4 0 
Downstream 1 1372.78 0.22 1.27 17 48.2 0 

0.22 1.64 15.4 0 
Creek 3 0.98 0.29 169.0 0 
S i t e  6 1 840.00 0.41 0.65 18  31.4 0 

2 0.50 0.62 40.1 0 
3 0.97 0.31 115.5 0 

S i t e  7 1 '  856.00 0.46 1.02 19 17.7 0 
2 0.40 0.80 36.5 0 
3 0.82 0.43 107.9 0 

S i t e  11 1 816.00 0.50 1.37 24 8 . 1  0 
2 0.85 0.96 -16.2 0 

S i t e  12 1 895.94 0.37 2.33 24 21.6 0 

3 1.25 0.66 117.2 0 

Upstream 1 

Telephone 2 

Upstream 1 1027.23 0.12 1.05 

Nash Fork 2 

- 
92.7 0 

-32.8 0 

S i t e  1 3  1 706.04 0.56 1.61 19 -4.8 84 
2 1.34 1.29 -79.4 64 
3 1.34 0.90 119.1 64 

. 3  0.73 0.87 

2 1.12 0.86 

* Transec t  1 - r i f f l e  ; Transec t  2 - t r a n s i t i o n  ; Transec t  3 - pool 

P 
' 0  

N 



APPENDIX H 
Summary of brook t r o u t  movements from October 20, 1983 t o  Parch 21, 

1984, a s  determined by telemetry.  

Fish Location Distance (m) Moved Direct ion k v e d ,  Number of Length (m,thalweg) Net Distance (m) 
Number between Home Areas, Upstream (+) or Locations of Home Area Moved and Direct ion 

from release point  Downstream (-) a t  a Home (upstream f or ' 

o r  previous Home Area Area downstream -) 
7 

1 Telephone 24 3 1 - - Creek 20 1 
15 1 

5 1 
51 1 
49 - 13 10 
41 - 8 18 BP* 206 (-) 

2 Telephone 0 5 3 
Creek 61 25 5 

1 5  - 2 2 76(-) 
3 Telephone 12 21 2 

Creek 18 4 4 
47 - 2 2 
71 - 10 4 148(-) 

- - - 

- 
- - 

4 Telephone 218 + 1 
Creek 218 - 33 6 0 

Creek 6 - 18 5 20(+) 
6 Nash Fork 26 + - 14 4 

7 Nash Fork 15 4- 1 
Creek 15 

17 
43 

2 4 
1 
1 

1 8  - 29 17 BP* 9 3  (-) 
8 Nash Fork 62 - 13 12 BP* 

Creek 62 
26 

+ - 1 
1 2  24 BP* 

32 - 4 1 5 8 ( - )  

BP* : Home Area within beaver pond 



APPENDIX I 

1984 to March 1, 1985, as determined by telemetry. 
Summary of brook trout movements in Nash Fork Creek from October 23, 

Fish Number Distance (m) Moved Direction Moved, Number of Length (m,thalweg) Net Distance (m) 
Between Home Areas, Upstream (+) or Locations of Home Area Wovad and Direction 
from release point Downstream (-) at a Home (upstream + or 

downstream -) Area or previous Home Area 
- 9 34 8 1 BP* - 10 8 BP* 6 

15 + 1 BP* 342(-) 
10 12 6 

15 1 
- - .. 6 18 6 33(-) - 11 4 4 3 

17 1 - 15 1 5  3 36(-) - 12 110 1 - 69 1 
184 5 BP* 9 
12 + 3 BP* 6 
3 - 

11 BP* 9 12 - 
40 + 1 BP* 326(-) 

- 
1 BP* 

- 13 107 1 - 32 1 BP* 

6 + 15 BP* 
6 + 1 BP* 

9 + 1 BP* 

21 - 1 BP* 

5 - 1 BP* 

143(-) 

6 

BP* : Home Area within beaver pond 
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APPENDIX 1 (continued) 
Summary of brook t r o u t  movements i n  Nash Fork Creek from October 23, 

1984 t o  March 1, 1985, as determined by telemetry. 

Fish Number Distance (m) Moved Direct ion Moved, Number of Length (m,thalweg) N e t  Distance (m) 
Between Home Areas, Upstream (+) or Locations of Home Area Moved and Direct ion 
from r e l e a s e  point  Downstream (-) a t  B Home (upstream + or 
o r  previous Home Area Area downstream -) - 14 162 3 BP* 9 

6 + 5 BP* 6 
3 - 2 BP* 3 
7 + 2 BP* 3 

17 2 BP* 3 
12 4- 7 BP* 3 
20 + 1 BP* 136(-) 
151 2 BP* 3 

3 + 2 BP* 3 
25 + 4 BP* 3 
1 + 2 BP* 3 
2 - 1 BP* 
28 - 2 BP* 3 
3 - 5 BP* 3 

37 + 1 BP* 
6 - 1 BP* 

- 
- 15 

16 0 
146 
3 
18 

1 
4 BP* 6 
2 BP* 3 
3 BP* 3 

137 (-) 6 2 BP* 6 

BP* : Home Area within beaver pond 



APPENDIX j 

Strauss' Elect ivi ty  Index f o r  water velocity index 
selected during winter 1983-84, f o r  each f i s h  and 
fo r  a l l  fish combined. 

.. 

Velocity Class (cm/second) 

0.0- 15.2- 30.5- 45.8- 61.0- 76.3- 91.5- 106.8- 122.0- 137.3- 152.5 + 
15.2 30.4 45.7 60.9 76.2 91.4 106.7 121.9 137.2 152.4 

0.34 

0.05 

-0.06 

0.15 

0.26 

0.26 

0.36 

0.21 

0.03 

-0.26 

-0.14 

0.18 

0.04 

0.01 

-0.06 

-0.02 

-0.18 

-0.18 

-0.01 

-0 . 14 

-0.06 

-0.12 

-0.12 

-0.12 

0.05 -0.10 

-0.12 0.11 

-0.06 -0.10 

0.09 -0.10 

-0.10 

-0.01 -0.07 

-0.03 -0.08 

-0.03 -0.03 

-0.07 -0.02 

0.24 0.11 

0.05 0.07 0.25 

-0.18 

-0.05 -0.06 -0.04 

-0.05 -0.03 

-0.05 -0.03 

-0.02 0.00 0.02 -0 . 01 -0.01 



r 

.. 

107 

1 

2 
k a s 3  2 

4 

& 6  

7 

8 

A l l  

G 
.rl 

APPENDIX J (continued) 

Strauss' ETectivity Index f o r  water depths s e l e c t e d  during 
winter 1983-84, for each f i sh  and for a l l  fish combined. 

Depth Class (cm) 

0.0- 15.2- 30.5- 45.8- 61.0- 76.3- 91.5- 106.8- 122.0- 
15.2 30.4 45.7 60.9 76.2 91.4 106.7 121.9 137.2 , 

0.02 -0.14 0.07 0.05 -0.00 ,-O.OO 

0.08 0.13 -0.08 -0.12 -0.01 -0.00 

-0.07 0.14 -0.04 -0.02 -0.00 

-0.05 -0.14 0.03 0.15 0.01 

-0.27 0.18 0.08 0.01 

-0.05 0.01 -0.04 -0.06 0.04 0.07 0.03 -0.01 -0.00 

-0.06 -0.01 -0.04 -0.03 0.04 0.06 0.02 0.01 -0.00 

1-0.07 0.00 0.01 0.02 0.02 0.01 0.01 0.00 -0.00 



APPENDIX J (continued) 

108 

Strauss' Elect iv i ty  Index for substrate c las s  selected during 
winter 1983-84, for each f i sh  and for a l l  f i s h  combined. 

Substrate Class 

s a n d h i l t  gravel rubble boulder 

0.19 -0.17 -0.05 0.04 

-0.14 0.30 -0.12 

-0 . 10 0.01 0.12 

0. 01 0.18 -0.06 

-0.08 -0.14 0.14 

0.22 -0.11 -0.10 

-0.16 -0.05 0.00 

0.09 -0.00 -0.04 

-0.05 

-0.03 

-0.20 

0.08 

-0.01 

-0.01 

-0.05 

sand/silt : 4.7 mnt and less 
gravel : 4.8 mm to  76 nnn 
rubble ' : 76.1 mm to  304 mm 
boulder : 305 mm and more 

I 
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APPENDIX K 

Straws' Elec t iv i ty  Index for  water velocity index 
selected during winter 1984-85, for  each f i s h  and 
for a l l  f i s h  combined. 

Velocity Class (cm /second) 

0.0- 15.3- 30.5- 45.8- 61.0- 76.3- 91.5- 106.8- 122.0- 137.3- 152.5 + 
15.2 30.4 45.7 60.9 76.2 91.4 106.7 121.9 137.2 152.4 

0.67 

-0.33 

-0.33 

0. 64 

0.67 

0.67 

0.67 

0.65 

0.53 

0.26 0.35 

0.15 0.01 

-0.18 -0.13 

-0.13 

-0.14 -0.10 

-0.11 -0.03 

0.13 -0.07 -0.05 -0.04 0.22 

-0.12 -0.03 

-0.06 

-0.11 -0.07 -0.07 -0.04 -0.02 

. 
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Strauss' Electivity Index f o r  water depths s e l e c t e d  during 
winter 1984-85, for  each fish and f o r  a l l  f i sh  combined. 

Depth Class (cm) 

0.0- 15.3- 30.5- 45.8- 61.0- 76.3- 91.5- 106.8- 122.0- 
15.2 30.4 .45.7 60.9 76.2 91.4 106.7 121.9 137.2 

-0.36 

0.11 

0.16 

-0 . 35 
-0.37 

-0.38 

-0 . 36 
-0.38 

-0.30 

-0.17 

0.18 

0.01 

-0 . 15 
-0 . 13 
-0 . 11 
-0.17 

-0.10 

-0.11 

0.08 0.10 0.25 0.09 

0.15 -0.06 -0.04 -0.03 

0.01 0.01 

-0.01 -0.01 

-0.03 

0.09 0.12 0.19 

0.13 0.11 0.15 

0.11 0.14 0.10 

0.11 0.12 0.15 

0.13 0.12 0.09 

0.08 0.10 0.12 

0.08 

0.12 

0.10 

0.10 

0.12 

0.08 

0.02 0.01 

-0.00 0.00 

0.03 0.02 

0.03 0.03 

0.03 0.01 

0.02 0.01 

, 

I 

! 
I 
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APPENDIX K (continued) 

Strauss' Elect ivity Index for substrate class selected during 
winter 1984-85, for each fish and for a l l  fish combined. 

9 

10 

5 11 

!3 12 

5 13 

CI 

2 

rl 
h 

14 

15 

. 16 

A l l  

Substrate Class 

s a n d h i l t  gravel rubble boulder 
0.71 -0.15 -0.44 -0:.12 

-0.19 I 0.03 0.22 0,OO 

-0.23 0.0s 0.01 0.14 

0.67 -0.14 -0.42 -0.12 

0.70 -0.15 -0.44 -0.12 

0.70 -0.14 -0.44 -0.12 

0.60 -0 . 09 -0.40 -0.12 

0.70 -0.15 -0.43 -0.12 

0.56 -0.11 -0.36 -0.09 

s a n d h i l t  : 4.7 mm and less 
gravel : 4.8 mm t o  76 mm 
rubble : 76.1 nun to 304 mm 
boulder : 305 mm and more 

I 



APPENDIX L 

var iab les .  Group 1 ( ava i l ab le  h a b i t a t ) ,  113134; Group 2 ( s e l e c t e d - h a b i t a t ) ,  n 4 3 8 .  
R e s u l t s  fkour discriminanG a n a l y s i s  (SPSS) using width, .depth, ve loc i ty ,  and s u b s t r a t e  as 

Pooled within-groups c o r r e l a t i o n s  between the  canonical  . 

discr iminant  func t ions  and d iscr imina t ing  var iab les .  Variables  
are ordered by t he  func t ion  wi th  t h e  l a r g e s t  c o r r e l a t i o n s  and 
the  magnitude of t h a t  co r re l a t ion ,  

Function 1 
Width 0,98399 
Depth ' 0.83712 
Subs t r a t e  -0.79112 
Veloci ty  -0.68187 

Canonical discr iminant  func t ions  evaluated a t  group means (group 
cent ro ids)  Group Function 1 

1 -0.71181 
2 0.69118 

C las s i f i ca t ion  Resul t s  : 
Actual Group No. of  Cases Predicted Group Membership 

1 2 

Group 1 
~ -- 

134 117 
87.3% 

17 
12.7% 

Group 2 138 42 96 * 

30.4% 69.6% 

Ungrouped Cases 1136 1013 123 

Percent  of grouped cases c o r r e c t l y  c l a s s i f i e d  ........... 78.31 

89.2X 10.8% 
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APPENDIX L (continued) 

Resul ts  from discr iminant  ana lys i s  (SPSS) using depth and v e l o c i t y  as var iab les .  
Group 1 (ava i lab le  hab i t a t )  11434; Group 2 (selected hab i t a t )  na136. 

Pooled within-groups c o r r e l a t i o n s  between t h e  canonical 
discr iminant  funct ions and d iscr imina t ing  var iab les .  Variables  
are ordered by t h e  funct ion wi th  t h e  l a r g e s t  c o r r e l a t i o n s  and 
t h e  magnitude of t h a t  co r re l a t ion .  

Function 1 

Depth 0.97998 
Veloci ty  -0 . 76392 

Canonical discr iminant  func t ions  evaluated a t  group means (group 
cent ro ids)  Function 1 

, 
Group 

1 -0.56174 
2 0.55348 

C las s i f i ca t ion  Resul ts  : 
Actual Group No. of Cases Predicted Group Membership 

1 2 

Group 1 * 134 103 31 
76.9% 23.1% 

Group 2 136 43 
31.6% 

Ungrouped Cases 1136 

93 
68.4% 

628 508 
55.3% 44.7% P 

P w Percent of grouped cases c o r r e c t l y  c l a s s i f i e d  ............7 2.59 




