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Abstract. --Annual production of trout (Salvelinus and $almo spp.) in 10 small northern Colorado 
streams (elevation 2,146-3,139 m above sea level) ranged from 1.5 to 18.4 g/m 2 in 1979 and 1980. 
Midsummer biomass ranged from 3.9 to 28.2 g/m 2. Ratios of production to biomass ranged from 
0.23 to 0.95. Fish production and biomass were related inversely to elevation and directly to 
substrate diversity, conductivity, alkalinity, and water hardness. Combinations of the various 
factors explained much of the variation in production: elevation and width:depth ratio, 60%; 
elevation and substrate diversity, 54%; elevation, substrate diversity, and percentage of zero-water- 
velocity stations, 79%; and elevation, width: depth ratio, and alkalinity, 77%. Similar relationships 
were developed for midsummer biomass. There was a strong correlation between midsummer 
biomass and annual production as well as between annual production and the density of fish of 
desirable size (152 mm long or longer) in each stream. Several relationships are proposed from 
these data sets that can be used to predict trout production in small, high-elevation streams. 
Estimated habitat quality indices for the 11 sections were significantly related to midsummer 
biomass of trout in 1979 but not in 1980. 

The production of salmonids in streams has been 
studied frequently over the past 30 years (Allen 
1951; Chapman 1979; Mortensen 1979). Al- 
though many researchers have quantified physical 
and chemical characteristics of streams in which 

they also measured production (Chapman 1965; 
Hunt 1966; Le Cren 1969; Egglishaw and Shackley 
1977; Mortensen 1977), few have attempted to 
systematically relate combinations of these phys- 
ical and chemical characteristics to the observed 

production. Consequently, few of these studies have 
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resulted in the development of models ofsalmonid 
production. 

Power (1973) explained variations in produc- 
tion of Arctic char Salvelinus alpinus, brown trout 
Salmo trutta, and Atlantic salmon Salmo salar in 
northern Norwegian rivers by the sediment com- 
position of stream bottoms, width of streams, 
presence or absence of glacial silt, and land-use 
characteristics of the river valleys. Le Cren (1969) 
showed that production was much higher in En- 
glish streams high in calcium than in those low in 
calcium, even though most extra production was 
contributed by nonsalmonids. Most other habitat 
models for salmonids have been developed for 
evaluating biomass (standing crop) rather than 
production. Binns and Eiserman (1979) developed 
a "habitat quality index" (HQI) based on nine 
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physical, chemical, and biological attributes that 
explained 90% of the variation in biomass of sal- 
monids in Wyoming streams. Burton and Wesche 
(1974), who related standing crops of salmonids 
in 11 Wyoming streams to 18 different watershed 
variables, found that standing crop was inversely 
related to total stream length, drainage area, and 
stream order, and directly related to storage ca- 
pacity, mean and median basin elevation, and 
amount of forest cover. The U.S. Fish and Wildlife 

Service has developed "habitat suitability index" 
models for riverine salmonids based mainly on 
physical factors at four life stages--adult, juvenile, 
fry, and embryo (Hickman and Raleigh 1982; Ra- 
leigh 1982). 

It is too expensive and time consuming to mea- 
sure production in even a small percentage of 
Colorado's small streams. For small (first- to third- 
order) streams, it may also be impractical to mon- 
itor such factors as daily variation in water tem- 
perature or to quantify intricate physical factors 
such as cover. A more realistic approach would 
be to develop simple relationships to predict pro- 
duction and standing crop. Such an approach was 
pursued by Binns and Eiserman (1979), whose 
model II predicted standing crops on the basis of 
nine easily measured physical and chemical fac- 
tors. 

The main objective of our study was to develop 
simple empirical relationships for predicting trout 
production in Colorado's small, permanently 
flowing streams on the basis of easily measured 
physical and chemical attributes. Our secondary 
objective was to test how well Binns and Eiser- 
man's (1979) HQI model II predicted standing 
crops in Colorado trout streams. 

Study Sites 

The 10 streams studied are in northern Colo- 

rado (Figure 1); all are perennial, contain trout 
populations consisting of several age-groups, are 
small enough for reliable population estimates, and 
are either lightly fished or unfished. Elevations 
range from 2,146 to 3,139 m above mean sea level 
(Table 1). Two sections of Dale Creek (Dale 1 and 
Dale 2) and one section of each of the other nine 
streams were sampled. Seven of the sections were 
200 m long; the other four were 100-190 m long. 
The canopies varied from dense spruces and firs 
over Davis Creek to open meadow surrounding 
Little Green Creek (Scarnecchia 1983). One of four 
species oftrout--brook trout Salvelinusfontinalis, 
cutthroat trout Saltno clarki, rainbow trout Saltno 
gairdneri, or brown trout-- dominated each stream 

except in Dale and Cow creeks, where two species 
were well represented (Table 1). The stream sec- 
tions were described in detail by Scarnecchia 
(1983). 

Methods 

Population estitnates.--We sampled fish with 
backpack electrofishing units in each section twice 
in 1979 and three times in 1980 (Table 1). Nunn 
Creek was sampled three times each year. Before 
electrofishing, each section was blocked at its up- 
per and lower ends with fine-mesh seines. Cap- 
tured fish were retained temporarily in baskets 
placed in the stream at intervals along each section 
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FIGURE 1.--Locations of 10 Colorado streams in which production of trout was investigated. 

preted according to methods outlined by Williams 
and Bedford (1974). Pectoral fin rays also were 
collected from a few brown trout from Nunn Creek. and The 253.2lTj
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T^BLE 1.--Sampling dates and characteristics of ! 1 study sites in which trout production was investigated in 
1979 and 1980. Sites were 100-200 m long. 

Characteristics of study section 

Mid- 

Elevation summer Width in 

Sampling dates above dis- mid- 
Stream sea level charge a summer a 

Creek 1979 1980 order (m) (m3/s) (m) Fish species present 

Dale I Jun 19-21 Jun 24-25 3 2,146 0.14 3.6 Brook trout 
Oct 10-12 Aug 5-7 Rainbow trout 

Nov 10 Brown trout b 
Longnose sucker b,c 

Dale 2 Jun 24-26 Jun 26-29 3 2,146 0.14 4.7 Brook trout 
Oct 16-18 Aug 8-11 Rainbow trout 

Nov 10 Brown trout 

Longnose sucker • 
McCreavy Jul 14 Jul I I 2,542 0.003 0.6 Brook trout 

Aug 23-24 Aug 20-21 Brown trout b 
Sep 26-27 

Nunn Jul 19 Jul 8 2 2,938 0.019 1.9 Brown trout 
Aug 28 Aug 22-23 Cutthroat trout b 
Oct 25-26 Sep 24-25 

Roaring Jul 3 l-Aug I Jul 9-10 2 2,987 0.074 3.1 Cutthroat trout 
Sep 25-26 Aug 27-28 

Oct 2-4 

Right Fork d Aug 2 Jul 11-12 I 3,139 2,9y64.32
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T^BLE 2.--Average electro fishing trout catches as a percentage of total population estimates of age-groups 0 and 
older for 10 Colorado streams, 1979 and 1980. 

Age-group 

0 1 and older Combined 

Creek Range Average Range Average Range Average 

Dale 1 77-90 83 93 93 66-96 89 
Dale 2 85 85 99 99 89-95 92 

McCreavy 85-100 94 94-100 98 
Nunn 91-100 96 
Roaring 79-88 83 94-100 98 
Right Fork 76-100 88 100 100 100 100 
Indian 93-100 95 95-100 98 
Little Green 77-100 87 87-100 97 
Davis 80-100 95 95-100 97 

Porcupine 63-91 82 94-99 98 96 96 
Cow 97-100 94 93-100 98 

in either Roaring Creek or Right Fork. For older 
fish in these streams, we assumed that annual 
growth in grams was equal to that of branded fish 
of comparable size in each stream. 

Habitat measurements. -- Fourteen physical and 
chemical characteristics for each section were 

measured or calculated once in 1979 and once in 

1980 between August 1 and October 31 (Tables 
1, 3, and 4). In each section, a horizontal transect 
perpendicular to the flow was established at the 
downstream end of the section and every 20 m 
upstream to the upstream end of the section. Seven 
equidistant stations were established along each 
transect, the fourth of which was in the center of 
the stream; thus there were 11 transects and 77 
stations in a section 200 m long and 6 transects 
and 42 stations in a section 100 m long (Stewart 
1970). 

We measured the width of the stream at each 

transect. At each station, the depth was recorded 

and the substrate was evaluated visually by par- 
ticle size according to a modified Wentworth clas- 
sification. An average width: depth ratio was cal- 
culated. Substrate diversity was estimated later by 
applying the Shannon-Weiner index (Pielou 1975). 
Velocity was measured at 0.6 of the depth (Stal- 
naker and Arnette 1976) with an Ott model C2 
current meter. Mean velocity, the percentage of 
zero-velocity stations, and discharge also were de- 
termined. Canopy was visually ranked from 1 to 
5 (1 = open meadow; 5 = dense forest). 

We determined the number of undercut banks 

by measuring the along-stream length of any sec- 
tion of stream that was cut at least 20 cm into the 

bank and covered with water at least 10 cm deep. 
All such lengths of undercut banks were summed 
for each section of stream and the results were 

expressed as centimeters of undercut bank per me- 
ter of stream. 

The maximum summer temperature of the water 

TABLE 3.--Physical attributes of 10 small streams in northem Colorado, 1979 and 1980. 

Mean Undercut 

Maximum Mean width: banks Percent of 

tempera- Mean velocity Substrate mean (cm/m of O-velocity 
ture (øC) depth (cm) (m/s) diversity depth stream) stations 

Creek 1979 1980 1979 1980 1979 1980 1979 1980 1979 1980 1979 1980 1979 1980 

Dale 1 a 18.5 18.7 20.3 0.146 0.228 0.70 0.74 18.1 18.8 5.2 11.8 41 24 
Dale 2 a 18.5 14.3 16.3 0.167 0.235 0.65 0.63 31.3 29.6 6.3 lengj
10.32 0 Td
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(lengj
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TABLE 4.--Chemical attributes of 
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T^BLE 5.--Annual production and midsummer biomass of trout and their rankings (1-11) for 10 small streams 
in northern Colorado, 1979 and 1980. 

Production, 1979 Biomass, 1979 Production, 1980 Biomass, 1980 

Creek g/m 2 Rank g/m 2 Rank g/m 2 Rank g/m 2 Rank 
Dale 1 10.6 2 28.2 1 8.8 2 20.1 2 
Dale 2 9.6 3 20.3 2 7.5 4 14.3 4 
McCreavy 12.6 I 14. l 3 18.4 1 26.3 1 
Nunn 5.2 5 13.3 4 3.4 8 10.1 6 

Roaring 3.3 9 7.9 9 2.3 9 7.5 8 
Right Fork 3.6 8 11.1 6 1.5 11 8.9 7 
Indian 5.2 5 9.3 8 4.4 6 7.1 9 
Little Green 2.2 10 3.9 11 3.6 7 4.0 11 
Davis 1.7 l 1 4.4 10 1.9 10 5.9 10 
Porcupine 4.8 7 10.4 7 4.9 5 10.6 5 
Cow 6.3 4 13.2 5 8.3 3 17.6 3 

tion) were estimated from observations, field notes, 
and substrate data from the production study. 

Cover was the most subjective of the measure- 
ments rated. Our cover measurements , Little were 
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T^BLE 6.--Annual ratios of production (g/m 2) to
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for 10 streams in northern Colorado, 1979 and 1980. 

(1975) found that production of brown trout in 
tributaries of the River Tees, England, decreased 
with increasing elevation. For a wider range of 
elevations at a given latitude, however, a dome- 
shaped rather than a linear relationship between 
elevation and production may result. For example, 
Burton and Wesche (1974) found a direct rela- 

tionship between biomass per unit area and ele- 
vation, the opposite of our findings. Their direct 
relationship seemingly resulted from their inclu- 
sion of several low-elevation streams that have 

only marginal habitat for trout and contained many 
warmwater fish. Because trout production may de- 
crease at low elevations (or latitudes) as stream 
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TABLE 9.--Habitat quality index 
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T^BI•œ 10.--Effective combinations of variables for 

predicting trout production in Colorado's small streams. 
A maximum summer temperature of less than 23ø(2 is 
assumed. 

Range of 
Number of applicability for 
variables Suitable combinations added variable 

1 Elevation 2,000-3,000 m 
2 Elevation and width: 5-50 

depth ratio 
3 Elevation, width: depth 0-120 mg/L 

ratio, and alkalinity 
4 Elevation, width: depth <6 m 

ratio, alkalinity, and 
mean width 

production and biomass should be used in pre- 
diction equations. Because correlation analysis does 
not indicate which factors cause a response, it is 
not possible to unequivocally determine which 
physical or chemical factors cause the variations 
in production or biomass and which factors merely 
accompany these changes. Nevertheless, our re- 
sults indicate that production and biomass in these 
small Colorado streams were related to some eas- 

ily measured physical and chemical factors. We 
list some of the combinations of variables in Table 

10 that, in our judgment, can be used to effectively 
estimate the general level of production that can 
be expected, as judged by their probable causal 
connection to production and the ease and inex- 
pensiveness of their measurement. The regressions 
should be applied only to streams with variables 
in or near the ranges of those in our streams. Even 
without extrapolating beyond conditions on which 
the equations are based, however, our relation- 
ships can be used to estimate production and 
standing crop in many of Colorado's small streams 
(orders 1-3) that are apt to be fished. 

HQI Evaluation 

We believe that the limited success in applying 
HQI model II to our biomass estimates resulted 
from three causes which we briefly discuss here: 
(1) lack of exact measurements of some habitat 
variables according to the methods of Binns (1982) 
and Binns and Eiserman (1979); (2) the inability 
of model II, a less demanding model than others 
in terms of data required, to account for subtleties 
in habitat and differences between geographical 
areas that sometimes greatly influence biomass and 
production; and (3) the smallness of our streams 
relative to those from which the HQI model was 
developed. 

First, our estimates of several variables required 
by the HQI model were based on our own habitat 
measurements and not done as outlined by Binns 
(1982). Despite our best attempts to classify hab- 
itats according to his methods, unintended differ- 
ences in measurement and interpretation may have 
occurred. The overestimates of biomass in Dale 1 

and Dale 2 with the HQI were especially obvious. 
Most of our HQI estimates were too high, which 
indicated that our ratings were probably too lib- 
eral. Carefully documented manuals (Binns 1982) 
are helpful, but interj urisdictional communication 
and workshops are needed to produce standard- 
ized procedures. 

Secondly, several other HQI estimates for our 
streams missed the observed standing standing diffed
(
40.56 0 Td
(for  246.96 493.44 Tm
(ized )Tj
19.2 0 6 0 Td1.84 0 Td
Tj
3.08 0mates )dls )Tj
35Tj
16.083d1yurescc7.2 603.12and 
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