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Abstract 
Channel gradiant haa been shown to have a negative relation to trout sranding stocks i d a t i n g  that aaparation of*\ mn c h e  
nch into gndicnt  classca may provide a b c m r  under~tanding of the rclationship8 bstrrsa habitat and t rou~ r b u h .  Our 
major objcctiva w a i  to determine if thcra-are significant differencsa in habitat f o n t a m ~ ~ d  atandmg sm& d m u  > I 0  
mrn between n v o c l ~ r e a  of chmnsl gradient; low (0.1-1.4% channel alope) and moderxts(U4.0%). We a h  r' - f - - e  
relations between habitat fearurca and trout atanding s toch  in each class of channel fm uamlterod s t r e a m  m z k  I-- = 
Bow Nntiond For-t. Wyoming. Low-gradiant reacheti were found to have deeper ne-m water depths, mars nmkmm - 
and mare trench pooh than moderate-gradient rapchci, while moderate-gradient re+ had more cobble m b ~ u r r  d 

- 
AT? . 

pooh formed by woody debria, and plungs~pool .  mean atandlug stock w u  261-f,$hn in low.gradian1 re.- pad: EE 
kglha in moderate-gradient reachca. Habitat foaturea corrtlated with trout standings&& differed between h a  two gma-knt 
claaacs. Our re~ultn demonnua~a that ~eparar ion of stream segmcnra into reachen of d a d n i  gradient are i m p o m 1  m idenrik 
ing featurea of trout hahitat t ha t  Ere otherwise obscured by variation over r wider pad len t  range. 

lntroductlon 

Various inmtigators  have found the gradient of 
stream channels to be negatively correlated with 
the abundance of brown trout Saimo trutta and 
brook trout Salvelinus fontinalb ( K e m ~ d y  and 
Strange, 1982, Hermansen and Krog 1984, 
Chisholm and Hubert 1986, Fausch in press).-The 
results suggested that habitat features and struc- 
t u r d  elements were different among channels o f  

differing gradients. In other studies Reeves and 
Everest (1986) used a c h n n n e h p i n g  system 
(Rosgen 1985) in weJtern Oregon coastal strehrn~ 
and found differences in rnicroha@tnt andrial- 
monid abundance between channels of different 
p d i c n t s .  We felt that the separation of stream 
channeis by gradier-t could provide a better 
means to understmd the fncrors influencing trout 
nbundance and to predict brook trout and brown 
trout stnndinu stocks in Rocky Mountain strenms. - 
Our  main objective was to determine if there arc -.- - 
significant differences in h n b i t = t ~ r ~ - ~ d  
c 7 1 O  tot&len@h b-.-7 . +  - -.- 

etween two cl~iEi-ofdKO.nncT @ h e ~ : t ;  low 
(0.1-1.4%- c h & d  slope) and moderate (1.5- 
4.0%). We also d e t e r m i n e d ~ 4 ^ t a l i s i ~ ~ ~ a ~ n n  

.. - 

'The Unit k joindy a&orted by the Uni*enity of Wyoming, 
tha Wyoming Cams m d  F i h  Deparrmenr and tho'U.S. Fuh 
l a d  Wildlife Samca .  . . 

between habi ta t -  features and trout stan* 
stocks in each otajs of channel. 

Study Area 

All study stre- were in Medicine Bow ?idmad 
Forest (MBNJ?l,auuth of Wyoming Hiqhrray 13L - 
on the Snowy Range and cast of the Cuatinent~k 
Divide on the Sicrra Madre. No native &onids 
were in the st& area, but brook truut and brown 
trout have b w m  introduced. Popufatiom are 
maintained by natural reproduction. b r d  
trout inhabit thc streams at elevations 01 3 
2,450 m. At lo== elevations reaches zuz Saah- 
ited by both breok trout and brown m ~ w h k  
others have ody  brown trout. 

Potential study streams crrendcd 5 -.~a 2233 
to 3000 m abmrmean sea lsvcl wid& -' -!e 3a.d 
Platte River draianga in MBNF. Ahm. 2 pxecnz 
of all stream dmnnsls in the study r 7 5 u  bare a 
low gradient (0J-1.4% channel dapcj;sxd 90 per- 
cent have a ' d e r a t s  gmdjam (lP.a%). We; 
selected 15 wmrsraheds thai hnd been .:sinimal+ 

- affected by human activity with no : r i s ~ g  & 
clearcut l ogpag  overgrazing, or mrb,?-q. h t n -  
tial study readin ware nelected horn ;-!.SF Fores~ 
Service records and U.S. Geologic 5.:- t o p  
ogrmphic m a p  Low-gradienl d :rderntc-  
p d i e n t  r e a c h  at laast 200 m in k:& rm - 
marked on the maps. Speciiic sarnp-sirts . 

-- 
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selected to represent the range of drainage hasin 
areaB (0.7-100 kml) and elevations o c c u r r i n ~  in 
the stddy area. Selected study reaches and the 
upstream watershed area were ground truthed to 
confirm thelack of human effects. Channel p a -  
dients were assessed with a surveyor's level prior 
to field sampling. 

A total of 16 l o w - p d i e n t  reaches and 32 
moderate-g-radient renches were selected for 
study. The 16 low-gradient rcaches were classified 
a6 C3 channels using Rosgen's (1985) channel 
classification system, while the moderatt-gradient 
rcaches were classified as B2 and B3 with 16 
reaches in each class. Low-gradient reaches 
ranged from 2420 to 2975 m above mean sea 
level and tended to be in either headwater or 
foothill  region^. The wettcd widths during lute 
summer ranged from 0.4 to 6.8 m {drainage basin 
area range = 0.7-95.0 kma). Moderate-gradient 
reaches ranged from 2377 to 2963 m in tleva- 
tion and had wettcd widths of 1.1 to 9.3 m 
(drainage basin area range = 2.2-96.2 kml). 

The underlying geology and the riparian zonc 
contributed to differences between the two gra- 
dient classes. The low-gadient channels were 
almost exclusively in meadow areas with nlluvial 
soils where large trees were lacking. but dense 
growths of willows, sedges, and grasses allowed 
overhanging banks to form as meander processes 
occurred. Subsequently, low-gradient channels 
tended to have undercut banks and trench pools 
with accumulation of fine sediment substrate that 
could support aquatic vegetation, but woody 
debris was generally lacking. In contrast, mod- 
e r a t e - p d i t n t  channels were almost exclusively in 
coniferous forest, where large trees were present 
at  or near the water's edge, with geologic forma- 
tions preventing meander processes from having 
a pronounced efiect. So moderate-gradient chnn- 
nels tended t o  have more dammed pools and 
plunge pools formed by geologic formntions and 
woody debris, coarser substrates with less fine 
sediment, more riffle habitat, limited amounts of 
undercut bank and trench pools, and less aquatic 
vegetation than low-gradient channels. 

Methods 

We used the transect method to measure stream 
habitat features over 200-rn reaches (Platts et al. 
1983). Riffles marked the upper and lower ends 
of study reaches. In 1985 we spaced transects 2 m 
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apart and made point measurements at 0.3-m in- 
tervals; in 1986 the intervals were 4 rn apart and 
the point measurements were made at seven 
equally spaced locations not including the banks. 

Watcr+depths were measured at each point; 
ghorc-depth measurements were excluded fram 
calculutions of mean depth. At each point inter- 
val across a transect, we visually classified cover. 
dominant substrate, cmbeddedness, and micro- 
habitat. Cover %.as classified into three cate- 
gories: aquatic vegetation, woody debris, or 
boulder. Substrate was classified into six cnte- 
gories (after Platts el nl. 1983; diameter in parcn- 
theses): s m d  fine sediment (dinmeter 5 0.8 mm), 
larae fine sediment (0.94.7 mm), g a v e l  (4.8-76.0 
mm), cobble (77-304 mm), smaU boulder (305609 
mm), and large boulder (1 610 mm). Em- 
beddedness (amount of fine sediment surround- 
ing the underlying substrate particles) was rated 
from zero to 100% ( P l a t t ~  et al. 1983). We 
clnssified habitat types according to Bisson el a1 
(19e2). Shore depth, undercut bank, and over- 
hanging vegetation were mewured at  each bank 
with a measuring staff. Bank angle was deter- 
mined with a clinometer (Platts et al. 4983). 

We measured the length of each pool and rif- 
fle and noted the physical structure associated 
with the formation of the pool-such as geologic 
formations (bedrock, boulders) or woody debris 
(log check dams, natural log deflectors, and 
debris jams). We also computed the percentages 
of pool habitat created by geologic controls and 
woody debris; most woody debris probably over- 
laid geologic formations, but where it was the evi- 
dent feature governing pool formation, the loca- 
tion Wa6 identified. 

We  used the removal method of DeLury 
(1951) to estimate trout standing stock over the 
study renches during late summer and early 
autumn while the streams were at base flow. Each 
reach was blocked at the upper and lower end 
with small-mesh seines to prevent upstream or 

-. downstream movemcnt of trout. Three depletion 
passes were made with a Coffelt Model BP-2 / 
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We used Scheffe's test for comparison of 
means between low-gradient and moderate- 
gradient reaches (Zar 1984). An arcsine transfor- 
mation was performed on all proportional data, 
but means of measured values were reported. 
Pearson product-moment correlation analyses 
were performed to determine univariate relations 
between stream habitat features and standing 
stocks of trout. Stepwise discriminant function 
analyses were performed to identify the major 
differences in habitat features between low- 
gradient and moderate-gradient channels (Nie et  

a1 1975). The univariate comparisons of means 
provided insight into habitat differences, but the 
resulrs were confounded by the lack of inde- 
pendence among the variables. Discriminant 
function analysis was used to eliminate the con- 
founding effect of intercorrelation among habitat 
variables. Stepwise multiple-regression analyses 
were used to develop models that accounted for 
variation in trout standing stock using variables 
identified as important in the discriminant func- 
tion andyses p i e  e l  nL. 1975). All statistical difier- 
ences were accepted as significant at P s 0.05. 

Results 

Habitat Differences 

Twenty-nine habitat variables were analyzed to 
determine if they differed in abundance between 
low-gradient and moderate-gradient channels 
(Tahle 1). The habitat variables were separated 
into four group-channel morphology, cover, 
substrate and habitat type-based on the chan- 
nel features they described. 

Four of the six channel-morphology variables 
were significantly different between the low- 
gradient and moderate-gradient channels that we 
studied (Table I). The low-gradient channels were 
deeper and narrower, a larger proportion of the 
bank adjoined deep water, and the banks tended 
to have more overhang than the moderate- 
grndient channels. The best discriminant func- 
tion to describe differences in habitat features 
between low-gradient and moderate-gradient 
channels used two variables, mean shore depth 
and the percentage of bank with a bank angle 
< 45'. Thie discriminant function properly 
clartsified 39 of 48 study reaches. 

Of the eight cover features memured, three 
were ~ i ~ c n n t l y  different between the two chan- 
nel types (Table 1). Both undercut banks and 

aquatic vegetation were more abundant in low- 
gradient reaches than in moderate-gradient 
reaches. Woody debris formed an average of only 
4 percent of the pool habitat (includes d pool 
types) in low-gradient renches, but  24 percent in 
moderate-gradient reaches. Discriminant func- 
tion analysis identified three cover variable8 as 
the best to disringuish between the two channel 
types-percentage of undercut bank, pool habitat 
30 cm deep, and woody debris forming pool 
habitat. This discriminant function correctiy 
classified 43 of 48 study reaches. 

As would be expected, substrate features dif- 
fered between the two gradient classes (Table 1). 
The abundance of large and small sediment was 
greater in low-gradient channels, a9 we11 as 
embeddedness, while cobble was more abundant 
in modernre-gradient channels. Only one sub- 
strate variable, cobble, was identifled in the 
discriminant analysis and this variable torrectly 
classified 41 7 :  -18 ~r.:dy reaches. 

The a b u n ~ ~ x ~ c c  , I  : :ur habitat types differed 
significantly between the two classes of channel 
gradients (Table I). Low-gradient reaches tended 
to have more trench pools, but fewer riffles. 
plunge pools, and dammed pools than in 
moderate-gradient reaches. The best discrimi- 
nant function to describe habitat differences be- 
tween the two gradient classea included trench 
pools, secondary channel pools, and plunge pools. 
This discriminant funcrion properly classified 45 
of 48 study reaches. 

Trout Standing Stocks 

The mean standing stock of trout differed 
si&~caatly between low-gradient and moderate- 
gradient reaches. The menn in low-gradient 
reaches was 267 kgiha (SD = 175, range = 
50611) nnd in moderate-gradient renches was 102 
kgiha (SD = 49, range = 36-204). 

Brook trout and brown trout standing stocks 
in low-gradient and in moderate-gradient reaches 
were evaluated separateiy where allopatric and 
sympatric populations occurred (Table 3). Among 
dopatr ic  populations, mean brook trout standing 
stocks were more than twice as great in low- 
gradient than in moderate-gradient; however, 
mean brown trout standing stockv were similar, 
but the sample sizes were small with only 3 and 
4 reaches in each category. Among sympatric 
populatiom of brook trout and brown trout, 
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TABLE 1. hleans for channel morpholog,  ntrenm cover, substratc, and hahitnt variables mennured in 
low-gradient (0.1-1.4%) and moderatn-jpditnt (154.0%) atraarn renchea on thc Medicine Bow 
Fiationnl Forest, Wyoming. Amxisk indica~c* a significant dificrence using Schcfir'e test (P 

- 5 0.05). 

>; ,' , i, ' Channel gradient (%) 
,,I,::\ :; c,, .' '.' ' 0.1-1.4 1.5-4.0 

.\ 
V a r i d l e  Mtan Rnngt  Mean Range 

Channel morphology 

Water depth (cm)' 

Bank rngle < 90' (70)' 
Bank angle < 45" (%)' 

Kidth-LC-depth r a ~ i o  

Shore dcpth (cm) 

Shore dcpth t 1 5 2  cm ( S b )  

Cover - --. 
Undercut bank (%Im 
Overhmging vegetation (70) 

Boulder cover (%) 

rood!  covcr (70) 
Aquatic vegetation cover (70). 

Pool r 30.5 cm deep (Sb) 

Pools with cover (70) 

Woodp dchr& control (%)* 

Substrate 

Large boulder (%) 

SmaU boulder (%) 

Cobblc ('5)' 

Gravel (70) 

Large fine sediment (%)' 

S m d l  fine scdimcnt (%)' 

- Embcddednms (A)* 
Habitat type 

Riffle (5)' 

Rapid (70) 

Secondary channel pool (70) 

Backwater pool (%) 

Trench pool (7'0)' 

Plunge pool (To)' 

Dammed pool 

Glide ( S o )  

Channcl 
pad ien t  

Low - 
Modcrate 

brook trout standing stocks were about three and moderate-gradient reaches (Table 3). Total 
times greater in low-gradient channels and stand- standing stock increased with increasing amounts 
ing stocks of both species together averaged al- of deep nearshore area. undercut bank, overhang. 
most f o u r  times greater in low-gradient reaches. ing vegetation, trench pools, and plunge pools, 

I 

The habitat features that were correlated with but decreased with incrwing water dcpth, width- 
trout abundance differed between low-gradient to-depth ratio, and riffle abundance a m 0  
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TABLE L Weun standing stocks (kgiha) of d o p a m c  and ~rm. 
patric population of brook trout and brown trow 
in low-gradient and moderate-gmdicnr stream 
reaches on the Medicine Bow National Forcsr, 

r 
Wyoming. 

Allopatnu 

Channel Brook Brown 
g~adien t  trout trout 

Low Mean 283 61 

SD 103 8 

n 7 3 

hioderare Mean 131 57 
S D 42 16 

N 14 4 

Brook Brown Both 
trout trout trout 

224 128 352 

175 34 190 

6 6 6 
43 42 85 

33 23 18 

14 14 14 

low-gradient reaches. In the moderate-gradient 
reaches, standing stock warr positively correlated 
with deep nearshore area, overhanging vegeta- 
tion, aquatic vegetation, fine sediment, embcd- 
dedness, and glide habitat, but negatively cor- 
related with width-to-depth ratio, deep pools, 
boulder and cobble substrate, and backwater 
pools. A few variables werc correlated with trout 
abundance in both gradient cIasses; deep near- 
shore areas and overhnnging vcgetation were 
positively correlated, while width-to-depth ratio 
was negatively correlated. 

Brook trout standing stocks werc found to be 
correlated with only one habitat feature among 
low-gradi~nt renches (Table 3); as width-to-depth 
ratio increased brook trout abundance declined. 

TABLE 3. Statintically significant (P 5 0.05) correlation cocfficienb for relations batwcen trout standing atock . 
and measured habitat faaturea in low-gradient and moderate-gradient rcachea on tho Medicine Bow 
Nntionnl Foruat, Wyoming. 

Channel gradient (%) * 

1.0-1.4 1.54.0 

Total Brook Brown Total Brook Brown 
trout t-out trout UDU t u o u  t aour  

Variable (11x16) (nm13) ( ~ 3 9 )  (n=32) (n=28) (n=18) - 

Total 
)UKltB 

1ang- 
'0019, 

. idth. 

Channel morphology 

Water depth (cm) 

Widtheta-depth ratio 

Bank angle < 90' ( ' 70 )  
Shore Depth z 15.2 cm ( 7 % )  

Cover 

Undercut bank ( 5 )  
Overhnnfig vegetation (A)  

Aquatic vegetation cover (5 )  

Pool habirar 2 30.5 cm deep (%) 

Pooh with cover (5)  

Substrnto 

Small boulder (5 )  

Cohblc (%) 

Ljrga fine aadirnenr (%) 

Small fine sediment (%) 

Embeddcdnsas (%) 

Riffle (%) 

Backwater pool (%) 

Trench pool (%) 

Plunge pool (%) 

Glide (%) 
: the 
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Several habitat features were correlated with 
brook t row abundance in moderate-gradient 
reaches. In r n ~ d ~ ~ ~ t e - ~ a d i e n t  reaches brook 
trout abundance increased with greater propor- 
tions of shore depth 2 152 cm deep, overhang- 
ing vegetation. aquatic vegetation, aquatic vegc- 
tntion cover, large and fine sediment, embedded- 
ntss, and glide habitat. Brook trout abundance 
went down a s  width-to-depth ratio increased and 
the abundance of pool habitat 2 30.5 cm deep 
increased. 

The habitat features correlated brown trout 
standing stocks differed from those related to 
brook trout abundance. Among low gradient 
reaches, brown trout standing stocks increased 
with greater proportions of aquatic vegetation 
cover, p o l s  with cover, boulder covcr, backwater 
pools, ~ e n c h  pools, and plunge pooh. Within low- 
gradient reaches, brown trout abundance was 
negatively correlated with water depth and the 
amount of pool habitat 2 30.5 cm deep. A dif- 
ferent set of variables was correlated with brook 
trout abundance in moderate-gradient reaches; 
the only habitat feature positively correlated with 
abundance was water depth. Among moderate- 
gradient channels, brown trout standing stock 
declined as the abundance of bank with an angle 
< 90°, pools with cover and glide habitat 
increased. 

The discriminant function analyses of habitat 
differences between low-gradient and modcrate- 
g-radient reaches identified nine variables thnt 
can be  used to separate the two channel types: 
mean shore depth, the percentages of bank with 
a bank angle < 4S0, undercut bank, pools 
formed by woody debris, cobble substrate, trench 
pools, seconday channel pools and plunge pools. 
These nine variables were used in a stepwise 
multipie.regression analysis of all 48 stream 
reaches to determine which ones may be of most 
value in accounting for variation in trout stand- 
ing stocks. Two regression models that accounted 
for substantial variation in standing stock of trout 
(S) were identified. The Fust equation (K2 = 0.64) 
included undercut bank (U), trench pools (T) and 
pools 2 30 cm deep (P): 

The second equation (R1 = 0.67) included trench 
pools and pools 2 30 cm deep, as well ns second- 
ary channel pools (S) and mean shore depth (D): 

These two equntions iIlustrate that habitat 
variables included in habitat aasessment modeis 
arc to a great degree separating stream reaches 
into low-gradient and moderate-gradient classes 
and accounting for variation due to. differences 
between the two classes. When the nine variables 
Was used in stepwise multiple-regression analyses 
involving only reaches in individud gradient 
classes, there were fewer variables that accounted 
for variation in trout standing stocks and the 
amount of variation that was accounted for was 
much less. The equation which beat accounted 
for variation in trout standing stocks among low- 
gradient channels (R' = 0.36) had only one 
variable, undercut bank; the best in moderated- 
gradient channels (R1 = 0.15) had two variables, 
pools < 30 cm deep and mean shore d e p t h  Lesa 
variation in both standing stock estimates and 
measured values of the habitat variables within 
a gradient class contributed to the reduced ability 
of the habitat variables to account for variation 
in stnnding stock. 

Discussion 

Channel morphology, cover, substrate, and---.. . 
habitat types differed between low-gradient 

\ 

(0.1-1.4%) and moderate-gradient (1.54,0%) / i 
channels sampled in MBNF. We also found dif- /' 
ferences in standing stocks of trout in channels _!- - . - 
with low and moderate gradients.Wc-belleve the !' 6& 
greatey,.starrdjng stocks-of trout in low-gadient : 
reach& wag t to a g e a t e r  abundance of pool 

habitat of all types was more abundant in low- 
habitat a'i$!&cr in  hew reaches. Total poo 

gradient reaches (mean = 41% of transect 
points) than in moderate-gradient reaches (mea 
=I 30%). Also within low-gradient reaches, cov 
within p o l  habitat-undercut bank and aquatic 
vegetation-tended to be more abundant than 
in moderate-gradient channels. 1 

DeLury 

Measures of the nine habitat variables that 
we found to discriminale between low-gradient 
and moderate-madient channels are frequently 

.2 

found in trout-habitat models developed in the 
central Rocky Mountains. For example, they are 
incorporated in the cover and substrate atmbutes 
of the habitat p a l i t y  index of Binns and Eiser- 
man (1979), the overhead bnnk cover and in- 
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components of the modified habitat suitnbility 
index model for brown trout by Wesche ct  aL 

(1987), as well  as the substrate and undercut bank 
variables in the production and biomass models 
of Scarnecchia and Bergersen (1987). We believe 
that these variables in the various habitat models 
are to a great degree accounting for natural 
changes in habitat resulting from differences in 
channel gradient. 

Our data show that habitat features cor- 
related with trout abundance differ between low- 
gradient and moderate-gradient channels, as well 
as between brook trout and brown trout. We 
believe that the separation of stream segments 
into reaches with similar gradient may enable the 
identification of features related to salmonid 
abundance that are otherwise obscured by varia- 
tion over a wider range of gradient. Habitat 
models that predict salmonid abundance should 
define the range of channel gradient to which 
they are applicable, and perhaps be developed 
for specific gradient classes or channel types, as 
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they are applicable. 

Accessibility of streams to the public in 
southeastern Wyoming has been related to trout 
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study sites were greater than in many other 
streams in MBNF because the sites tended to be 
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man (1979), Chkholm (1985) and Lanka (1985) 
confirm this belief. 
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