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Physical, chemical and bacterial water quality parameters of

the upper Wallowa River were sampled periodically between July 2,

1978 and June 9, 1979 at nine stream and lake sampling sites. Water

upstream from Wallowa Lake was typified by low nutrient concentra-

tions ( generally below detectable limits except for nitrates), low.

specific conductivity (50-99 micromhos), and water temperatures

below 15°C. Results of bacterial sampling were inconclusive, but

sites and areas warranting further study were identified.

An intensive study of spatial variations in bacterial water quality

and recreational use was conducted at 15 stream and lake sampling

sites on the East Fork of the Wallowa River between July 5 and

September 3, 1979. Streamflow, precipitation, water temperatures,

and fecal coliform bacteria counts were determined two or three times

per week and during storm events. Levels and patterns of recreational

use were also monitored during that period. Fecal coliform counts



varied significantly (at the 0.001 p level) with geographic patterns of

recreational use, but there was no significant relationship between

levels of recreational use. Bacterial water quality also varied signi-

ficantly (at the 0.001 p level) between habitats in the study area.

Fecal coliform counts were lowest in lakes and alpine streams and

highest in meadow and forest streams. Fecal coliform counts were

closely correlated ( r = 0.57 to 0.84, significant at the 0.01 level)

with precipitation in the lower portions of the study area, but not in

the headwaters where sources of fecal contamination were relatively

absent. Fecal coliform counts were generally highest during the

rising phase of storm runoff at those sites below 2200 m; however,

prediction equations based on hydrologic variables lacked precision

because significant levels of fecal contamination entered the areas

streams during dry periods.
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GEOGRAPHIC VARIATIONS IN WATER QUALITY AND
RECREATIONAL USE ALONG THE UPPER WALLOWA

RIVER AND SELECTED TRIBUTARIES

I. INTRODUCTION

Background

Recreational use of America's mountain and forest lands has in-

creased tremendously in recent years. Nowhere has the increase in

outdoor recreation been more evident than in Federally designated

wilderness areas. 1 Recreational use of National Forest wilderness

areas increased 700 percent from 1946 to 1964, and 66 percent from

1965 to 1975 (Hendee, Stankey, and Lucas, 1978). Although wilderness

areas provide opportunities for solitude, wilderness visitors tend to

concentrate their activities both spatially and temporally. Wilderness

use occurs primarily during summer months and tends to peak on week-

ends and holidays (Werner, 1978). And, within any particular wilder-

ness, visitors tend to concentrate on a limited number of trails and

1 According to the Wilderness Act of 1964 (Public Law 88-577), "A
wilderness, in contrast with those areas where man and his works
dominate the landscape, is hereby recognized as an area where the
earth and its community of life are untrammeled by man, where man
himself is a visitor who does not remain." The Act further defines
wilderness as "...an area of undeveloped Federal land retaining its
primeval character and influence, without permanent improvements or
human habitation, which is protected and managed so as to preserve its
natural conditions." The Act also stipulates that wilderness should
provide "...outstanding opportunities for solitude or a primitive and
unconfined type of recreation."
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campsites, especially those adjacent to streams and lakes (Hendee,

Stankey, and Lucas, 1978).

Surface waters in undisturbed or well managed mountain water-

sheds are generally assumed to be of excellent quality; however, as

levels of human disturbance increase, water pollution may become a

significant problem. For example, concentrated recreational activity

and poor sanitation practices can pose threats to public health if

enteric pathogens2 are washed or leached into waters consumed by

campers or other visitors. Also, even small additions of nutrients,

particularly nitrogen and phosphorus, from human and animal wastes,

soaps and garbage could lead to changes in the composition and pro-

ductivity of biological communities found in the nutrient-poor aquatic

ecosystems typical of mountain environments (Holmes, 1976),

Visitors to wilderness lakes and streams often drink directly

from those cool, presumably pristine waters. Unfortunately, the

purity of untreated surface waters is suspect, even in wilderness areas.

In recent years, waterborne pathogens have been responsible for out-

breaks of gastrointestinal illnesses in several mountain watersheds

(Craun and Gunn, 1979; Kirner et al. , 1978; Baas et al. , 1976;

Barbour et al., 1976), According to Craun and Gunn (1979), these

2 Enteric pathogens (i. e. , Salmonella spp. , Yersinia enterocoli-
tica, Vibrio cholerae, Giardia lamblia) are disease-causing micro-
organisms found in the intestinal tract and feces of infected humans
and animals.
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outbreaks indicate that more emphasis should be placed on surveillance

of water supplies in recreation areas. Although contamination might be

expected to occur occasionally in heavily used resort areas, some

studies have found pathogens in water samples collected in remote

mountain watersheds used primarily by backpackers (Baas et al., 1976;

Fair and Morrison, 1967; Harvey et al. , 1976).

Even the relative absence of human activity does not insure that

an area's streams and lakes have not been contaminated. Domestic

livestock grazing or traversing mountain watersheds can contribute

substantial quantities of fecal pollution to surface waters (Kunkle and

Meiman, 1967, 1968; Morrison and Fair, 1966; Skinner et al. , 1974;

Stephenson and Street, 1978). And, "Several bacteria known to cause

disease in man have been isolated from wild animals" (Stuart et al. ,

1976), In some cases, scientists have found greater numbers of indi-

cator bacteria3 in waters influenced solely by natural biological corn-

munities than in those influenced by moderate numbers of backpackers

(Stuart et al. , 1971; Stuart et al. , 1976).

Most studies of the relationships between recreation and water

quality have been conducted in heavily developed or easily accessible

3lndicator bacteria (i. e. , total coliform, fecal coliform, fecal
streptococci) when present in water samples are considered to be evi-
dence of recent fecal pollution, and indicate the potential presence of
pathogens which have similar origins and survival characteristics
(American Public Health Association, 1975).
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recreation areas, or on reservoirs used for municipal water supplies

(i, e. , Aukerman and Springer, 1976; Bennedetti, 1964; Brick ler and

Utter, 1975; Lee et al. , 1970; Carswell et al., 1969; Johnson and

Middlebrooks, 1975; Segall, 1976; Schillinger and Stuart, 1976;

Varness et al. , 1978). Relatively few scientists have studied the rela-

tionships between recreation and water quality in remote mountain

watersheds, and the results of those studies have generally been incon-

clusive and sometimes contradictory. For example, an unpublished

water quality study conducted by the United States Forest Service

(Snyder, 1979) in the Rocky Mountains of Montana revealed that counts

of indicator bacteria were no higher in lake water near campsites than

in water adjacent to undisturbed shorelines. However, that study did

find elevated counts of fecal coliform and fecal streptococci bacteria

just downstream from trail crossings used by horses and pack animals.

Another Montana study (Stuart et al. , 1971) found that indicator bacteria

were more numerous in waters draining a watershed closed to human

use than in waters draining an adjacent watershed used primarily by

backpackers. Opening the closed watershed to recreation and logging

resulted in an unexpected decrease in bacterial pollution. The decrease

in pollution appeared to coincide with an increase in human activity and

a marked decrease in the area's wild animal population (Stuart et al. ,

1971). Slightly different conclusions were drawn from a study in Teton

National Park, where Stuart and others (1976) found that bacterial water
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quality "...was not significantly influenced by the presence or absence

of human visitors but rather by the nature of the biological community

through which the stream flowed. "

Conclusions apparently contradicting those cited above have been

drawn from water quality studies conducted in other remote recreation

areas. Studies of recreational impacts on water quality in the Boundary

Waters Canoe Area, a lowland wilderness area in Minnesota, revealed

that phosphate concentrations and coliform counts were both higher in

water near campsites than in water adjacent to undisturbed shorelines

(King and Mace, 1974; Merriam and Smith, 1974). Skinner and others

(1974) also concluded that bacterial water quality was adversely affected

by recreational activities in alpine and subalpine watersheds in Wyoming.

Studies in the Sierra Nevada Mountains of California found enteric patho-

gens and relatively high levels of indicator bacteria in water at several

sites in remote recreation areas (Baas et al. , 1976; Harvey et al. ,

1976; Kawaratani and Perrine, 1975; Perrine and Mali, 1979).

Although other chemical and physical water quality parameters appeared

to be little affected by recreational activity in those California water-

sheds, coliform levels generally increased from areas of low to areas

of high recreational use (Perrine and Mah, 1979).

The scientists cited in the preceding paragraphs appear to offer

conflicting conclusions regarding the relationship between recreation

and water quality; however, all of them found evidence of fecal
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contamination in water samples taken from their study areas. Fecal

bacteria found in wilderness and other backcountry waters could come

from any of the following sources: 1) indigenous wild animal popula-

tions; 2) recreational visitors including hikers, campers, domestic

packstock and pets; and, in some cases, 3) domestic livestock grazing

summer rangeland. Although grazing is a major source of pollution in

some backcountry recreation areas, this study is concerned with water

quality in areas influenced primarily by wild animals and recreational

visitors; therefore, sources related to grazing will not be discussed

further.

Since backcountry users tend to concentrate their activities near

lakes and streams, water bodies could be contaminated through careless

or improper disposal of human wastes. According to Reeves (1979),

the following waste disposal techniques are common to backcountry

areas in the west: 1) deposition on the ground surface; 2) shallow4

burial of individual deposits, known as the cat-hole method; 3) deep

4The U.S. Forest Service information sheet "Wilderness Sanita-
tion" (FS-66, GPO 876-267) recommends that "cat-holes" not exceed
15 to 20 cm (6-8 in) in depth because the upper few inches of soil con-
tain the "biological disposers" which act most efficiently to decompose
organic material. This sheet recommends locating disposal sites at
least 50 feet from open water, but most wilderness managers now
recommend locating disposal sites at least 30 m (100 ft) from lakes
and streams.
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burial in pits 5, known as pit privies or latrines, used over a period of

time by several individuals. Although efforts have been made to use

waste disposal techniques which minimize the chances that human fecal

matter will reach surface waters, little has been done to directly con-

trol the fate of packstock wastes. Only indirect methods, such as

locating trails and tethering areas away from lake shores and streams,

seem to be feasible approaches to control packstock wastes. Wild

animals could also be major sources of water pollution in some wilder-

ness areas; however, as Stuart and others (1971) suggest, fecal

pollution may actually decrease in backcountry areas where native

animal populations have been displaced by recreational visitors.

The quantity of fecal matter deposited within a particular water-

shed may be dependent on the levels of human and animal activity

occurring within that watershed, but climatic and hydrologic conditions

can strongly influence the timing and quantity of fecal pollution ultimately

reaching surface waters. Several studies have found that the numbers

of indicator bacteria increase substantially in backcountry waters

during summer low flow periods, particularly during precipitation

events and the rising phase of storm runoff (Baas et al. , 1976; Kunkle

5 Sealed, vault-type pits are used in some backcountry areas, but
since vaults must be emptied or removed periodically (Johnson and
Urie, 1976), this method of disposal is not used in most wilderness
areas. Composting toilets, used in some backcountry areas in the
east (Fay and Walke, 1977), are not commonly employed in western
wilderness areas.
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and Meiman, 1967, 1968; Morrison and Fair, 1966; Mc Swain, 1977).

Given sufficient precipitation or snowmelt to saturate the soil, untreated

wastes can be forced to the surface and washed, along with surface de-

posits, into nearby waters (Reeves, 1979). Contamination from sub-

surface flow is less likely because the number of fecal microorganisms

tends to decrease logarithmically, relative to soil filterability, as

distance from the source increases (Reeves, 1979; Reneau, 1978).

Coarse, poorly developed soils, high water tables and rapid soil

flushing reduce soil filterability and favor the subsurface transport of

microorganisms (Johnson and Urie, 1976). Soils in mountainous

terrain are generally shallow, poorly developed mixtures of coarse

textured sands and partially weathered rock. Those soils are usually

quite permeable, contain very little organic matter, and have relatively

low levels of indigenous microorganisms--factors which greatly reduce

the ability of mountain soils to filter microorganisms of fecal origin.

Subsurface transport of fecal pollution is further enhanced when

shallow, permeable soils are underlain by fractured bedrock. Bacteria-

laden effluent percolating through fractured bedrock has been observed

to travel horizontal distances exceeding 30 meters, and may travel

much greater distances (Allen and Morrison, 1973). Bacterial trans-

port through well developed soil varies from only a few centimeters to

several meters, depending on the physical, chemical and biological

properties of the soil (Hagedorn et al. , 1978; Brown et al. , 1979;
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Reeves, 1979; Hall and Sproul, 1971). However, subsurface and up-

land contributions of fecal pollutants are quite small compared to con-

tributions from land surfaces near channels, channel sediments, and

direct fecal inputs (Kunkle, 1970).

Once fecal matter is flushed or washed into surface waters, the

survival time of fecal bacteria and pathogens is influenced by water

temperature, concentrations of available nutrients, and other environ-

mental factors (Kunkle and Meiman, 1968; McFeters and Stuart, 1972;

Mc Swain and Swank, 1972; Davenport et al. , 19 76; Stephenson and

Street, 1978). The survival time of fecal bacteria is generally quite

short in the nutrient-poor waters typical of mountain environments

(Geldrich, 1970; McFeters and Stuart, 1972; Johnson and Middlebrooks,

1975). Predation, competition with other aquatic organisms, dilution

and downstream transport also act to diminish the density and decrease

the survival time of fecal organisms in backcountry waters. Therefore,

bacterial analysis of wilderness waters can only detect relatively recent

fecal pollution.

Although much has been learned from the research cited above,

little is known regarding geographic variations in wilderness recreation

and water quality, particularly in the Pacific Northwest. None of the

studies cited earlier has systematically explored the relationships

between levels of wilderness use and geographic distributions of water-

borne pathogens or indicator bacteria. Although some scientists have
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examined relationships between use levels and bacterial water quality

at selected backcountry sites (Kawaratani and Perrine, 1975; Stuart

et al. , 1976), only Holmes (1976) has attempted to describe the geo-

graphic distribution of indicator bacteria found in remote mountain

lakes and streams. Holmes found that lakes were generally safer

sources of water than streams in his study area, but he did not relate

bacteria counts to the levels of recreational activity occurring within

that study area--the backcountry of Yosemite National Park.

Statement of the Problem

Recreational activity in wilderness areas is heavily concentrated

in areas adjacent to lakes and streams. Concentrated recreational

activity and the deposition of human and animal wastes near wilderness

streams and lakes could result in water pollution and create potential

health hazards for anyone consuming contaminated, untreated water.

Although wilderness waters are generally assumed to be of excellent

quality, little is known regarding geographic relationships between

recreational use and water quality. The intermittent nature of fecal

pollution, the relatively short survival time of indicator bacteria in

natural waters, and the transient nature of surface flows make it

extremely difficult to characterize levels of fecal pollution occurring

within a wilderness watershed. However, every bacterial study cited

earlier found levels of indicator bacteria which exceeded acceptable
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limits established for drinking water. 6 Unfortunately, bacteriological

standards and management guidelines have not been established for

natural waters consumed by recreational users at their own risk. It

should not be necessary for a public health crisis to arise due to con-

sumption of contaminated water before action is taken to monitor and

protect wilderness water quality (Reeves, 1979). Therefore, if we are

to protect water quality and minimize hazards to public health, it is

imperative that we learn more about the relationships between levels of

recreational activity and the geographic distribution of waterborne

pathogens and indicator bacteria in wilderness lakes and streams.

Purpose and Objectives

The purpose of this study is to examine geographic variations in

water quality and recreational use in a mountain wilderness in the

Pacific Northwest. The area selected for study is drained by the upper

Wallowa River in the Wallowa Mountains of northeastern Oregon. The

Wallowa River drainage upstream from Wallowa Lake provides a unique

opportunity to examine geographic variations in water quality associated

6lnterim drinking water standards established by the U. S.
Environmental Protection Agency (1977) stipulate that the arithmetic
mean of coliform colonies present in water samples from any muni-
ciple water supply should be < 1/100 ml when the membrane filter
technique (American Public Health Association, 1975) is used. The
U. S. Forest Service (1979) has similar standards for potable water
at developed camping facilities, but the Forest Service allows coli-
form counts to reach 5/100 ml before remedial action is mandated.
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with dispersed and concentrated wilderness recreation, and with

developed resort recreation. The most heavily used watersheds in the

Eagle Cap Wilderness Area are located in the study area.

The objectives of this study are:

1. to establish baseline physical, chemical and bacterial water

quality data for selected sites in the study area;

2. to determine whether fecal pollution is entering the area's

surface waters, and whether potential health hazards exist for those

consuming water directly from streams and lakes in the Eagle Cap

Wilderness Area;

3. to determine whether there are significant differences in

bacterial water quality between sites in the study area;

4. to determine whether differences between sites are related to

geographic variations in the type or intensity of recreational use, and/or

whether differences are related to variations in general environmental

conditions between sites (i. e. , are fecal coliform counts higher in lakes

or in streams draining alpine, forest or meadow environments ?);

5. to determine whether significant differences in bacterial water

quality occur over the summer use period (i. e. , are fecal coliform

counts higher on holidays and weekends, or during the week?);

6. to determine whether climatic and hydrologic variables signifi-

cantly influence bacterial water quality in the study area (i. e. , are

fecal coliform bacteria more numerous in runoff during precipitation
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and rising streamflow, or during dry periods and decreasing stream-

flow? Are bacteria counts higher during low flow periods than during

peak flows associated with snow-melt runoff?).
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II. THE STUDY AREA

Location

The headwaters of the Wallowa River originate high in the Wallowa

Mountains of northeastern Oregon. The East and West Forks of the

Wallowa River flow northward from the heart of the range, and merge

approximately 1.6 km upstream from Wallowa Lake, a glacial lake

located at the base of the Wallowa fault scarp and the southern edge of

the Wallowa Valley. The study area (Figure 1) includes that portion

(115 km2 ) of the Wallowa River drainage which lies upstream from

Wallowa Lake. The land drained by the upper Wallowa River extends

from 45°08' to 45° 17' north latitude, and from 117°10' to 117°20' west

longitude, and occupies portions of Townships three, four and five South,

Ranges 44 and 45 East, based on the Willamette Meridian. Approxi-

mately 93 percent (107 km2 ) of the study area lies within the admini-

strative boundaries of the Eagle Cap Wilderness Area in the Wallowa

Whitman National Forest.

The upper Wallowa River drainage is located approximately 350

km (road distance) east of Portland, Oregon. Joseph, Oregon (popula-

tion 900), located on State Highway 82 and ten kilometers north of

Wallowa Lake State Park, is the town closest to the study area. Access

to the study area is by way of Oregon State Highway 82, which terminates

at the south end of Wallowa Lake.
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Figure 1. Location map of the Study Area, the Wallowa River
drainage upstream from Wallowa Lake.



Physical Setting

Physiogr aphy
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The Wallowa Mountains are rugged and spectacular with peaks

rising nearly 1.7 km above the floor of the Wallowa Valley. The range

contains more than 50 glacial lakes, three major rivers, numerous

deeply incised, glaciated canyons, knife-like ridges, and steep

granitic and metasedimentary rock cliffs. Landforms and drainage

patterns in the Wallowa Mountains are the product of a complex geologic

history. Today, stream canyons radiate in all compass directions from

the center of the Wallowa Batholith, a great granitic dome intruded

during the middle Mesozoic Era. Permian age lavas and pyroclastics,

and Triassic sediments were folded and metamorphosed extensively

during the intrusion. Erosion during Cretacious and early Tertiary

times removed much of the sedimentary material covering the batholith,

and reduced the area to a rolling plain (Smith and Allen, 1941). Ero-

sional reduction of sediments overlying the dome was interrupted during

the Miocene Epoch when the entire region was covered with Columbia

River Basalts, lavas flowing from linear fissures in the earth's crust

(Cole, 1977). Rejuvenation occurred during the Pliocene Epoch when

two phases of diastrophism elevated the range to its present heights.

The area was slowly bowed into a large dome during the first phase,

then, faulting, particularly along the northeast side of the range, thrust
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peaks skyward to an average elevation exceeding 2850 m (Smith and

Allen, 1941; Cole, 1977). Elevations in the study area (Figure 2)

range from 1341 m (4400 ft) at Wallowa Lake to 3000 m (9845 ft) atop

Matterhorn Mountain.

Weathering and intensified erosion after the uplift began to remove

the overlying basalt and carve the deeply incised stream valleys, which

currently radiate from the center of the range. Erosion was further

intensified during the Pleistocene Epoch when glacial ice scoured and

carved the area's stream canyons, ridges and peaks. The ice produced

several distinctly glacial features such as cirques (most now occupied

by lakes), U-shaped valleys, hanging valleys (i. e. , the Canyon of the

East Fork of the Wallowa River), moraines (most conspicuous along the

east and west shores of Wallowa Lake), erratics, and the glacially

carved half-dome of Eagle Cap, the prominant 2925 m (9595 ft) peak

which serves as the focal point for the area's radial drainage pattern.

The largest and most extensively glaciated area in the Wallowa Moun-

tains is drained by the East and West Forks of the Wallowa River (Smith

and Allen, 1941). Today, erosion, mass wasting and deposition con-

tinue to modify and shape the landforms in the Wallowa Mountains.

The major landforms in the Wallowa Mountains are the result of

volcanism, diastrophism, erosion and deposition; however, "super-

imposed on these broad features are unique complexes of landforms

which develop with the interaction between each lithologic unit and
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erosional agent" (Cole, 1977). Hardness, texture and resistence to

erosion vary between rock formations, and strongly influence slope

angle, shape and stability in each lithological unit. Stream courses in

the study area are also controlled to a great extent by geologic struc-

ture as channels often follow contacts between resistant and less

resistant formations (Smith and Allen, 1941).

Geology

Clover Creek Greenstone (cc) is the dominant lithological unit

exposed at the lower ends of both the East and West Forks of the Wallowa

River (Figure 3). Clover Creek Greenstone is a thick (900 to 1500 m),

dense, fine-grained series of metamorphosed lavas, pyroclastics and

interbedded sediments (Smith and Allen, 1941). This Permian age rock

is highly resistant to weathering and glacial erosion. Although the entire

study area was exposed to glaciation, "the greenstone gorge of the lower

West Fork exhibits a V-shaped cross-section and a steep gradient,

attesting to the resistance of this rock type to glacial sculpting" (Cole,

1977).

The Lower Sedimentary Series (1s) is exposed in areas immediately

adjacent to the Clover Creek Greenstone, and between the Martin Bridge

Formation and granodiorite around Ice Lake (Figure 3). This sedi-

mentary series of shales, sandstones and limestone lenses was meta-

morphosed to hornfels, schists and crystalline limestone by the intrusion
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of the Wallowa Batholith (Smith and Allen, 1941). The Lower sedi-

mentary series is one of the least resistant lithological units in the

study area. Although this series was smoothed into long, straight

slopes during the Pleistocene Epoch, some of the lower slopes have

since been oversteepened by fluvial erosion. This series also produces

extensive talus slopes when it is exposed on upper canyon walls (Cole,

1977).

The Martin Bridge Formation (mb), limestones metamorphosed

into white marble, is a very prominent and highly resistant lithological

unit exposed on several ridges and slopes in the study area (Figure 3).

This formation produces steep slopes, steep stream gradients and V-

shaped cross sections. The Martin Bridge Formation generally

weathers to sand-sized particles, and often produces sandy colluvial

cones at the foot of avalanche chutes and stream channels (Cole, 1977).

The Hurwall Formation (h) is another altered sedimentary series

exposed in the study area, primarily along the crests of ridges and on

mountain peaks (Figure 3). These sediments grade from argillaceous

limestone and calcareous shale, just above the underlying Martin Bridge

Formation, to shales and hornfels. Slates and sandstones also occur in

the Hurwall Formation (Smith and Allen, 1941). This lithological unit,

like the lower sedimentary series, exhibits little resistance to weather-

ing and erosion. Weathering and mass wasting produce large angular

fragments, which often accumulate to form talus slopes at the base of
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this formation. The Hurwall Formation also includes several large

cirques formed during the Pleistocene Epoch (Cole, 1977).

Granitic rocks (g), primarily granodiorite and quartz diorite, are

exposed over nearly 60 percent of the study area (Figure 3). The

McCully prong, the exposed eastward extension of the Wallowa Batholith,

crosses both forks of the Wallowa River (Smith and Allen, 1941). This

fractured, highly jointed rock was particularly susceptable to glacial

erosion, mechanical weathering and mass wasting; therefore, the

granitic landscape is an intricate mixture of steps, jagged cliffs,

boulder fields, depressions and broad valleys. Although granitic

boulders disintegrate slowly, sands and some more finely-textured,

but poorly developed soils have accumulated in depressions and valley

bottoms (Cole, 1977).

Columbia River Basalt (b) is a dense, dark gray to black forma-

tion congealed from lavas, pyroclastics and interbedded sediments.

Although Columbia River Basalt once covered the entire Wallowa

region, it is now found only on a few ridge tops and as basalt dikes.

The most prominant remnant of the Columbia River Basalts found in the

study area caps the eastern ridge of the East Fork of the Wallowa River

and runs from Mount Howard in the north to Aneroid Mountain in the

south (Figure 3). Basalt ridges exhibit flatter crests and more rounded

slopes than most other formations in the study area. Basalt dikes often

appear as rock outcrops, particularly in granitic formations, and create
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zones of weakness in adjacent lithological units. The more resistant

basalt often creates waterfalls or local base levels for the development

of lakes or meadows (Cole, 1977).

Alluvium and poorly developed soils have accumulated in valley

bottoms, depressions, and on some slopes in the study area. The

alluvium (a) is primarily unconsolidated gravels and sands deposited in

areas where valley floors have widened and channel gradients have de-

creased (Figure 3). Wallowa Mountain soils found on steep slopes and

at elevations higher than 2000 m are generally poorly developed, coarse

textured, rocky and quite shallow. These Lithosols and Regosols are

very permeable and highly erodible, particularly in areas with sparse

vegetation and steep slopes. Soils found at elevations below 2000 m, on

valley bottoms and on slopes with gradients less than 60 percent gen-

erally belong to the Klicker-Tolo-Snell Association. Klicker soils

(Typic Argixerolls) are fine-loamy, mixed, frigid, moderately deep

(50 to 76 cm), stoney, well drained soils generally formed over basalts.

The Klicker series is found on both north- and south-facing forested

slopes. To lo soils (Typic Vitrandepts) are ashy over loamy, mixed,

frigid, moderately deep, well drained soils derived from volcanic ash.

The To lo series is found on north-facing, forested slopes, and

occasionally on grassy ridges. Snell Soils (Typic Argixerolls) are

clayey-skeletal to loamy, mixed, frigid, moderately deep, very stony,

well drained soils derived from volcanics, primarily basalts. The Snell
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series is found on open, grassy, south-facing slopes. Rock outcrops

are common in all these soils, and, although they are generally des-

cribed as moderately deep, these soils, when found in the study area,

are often quite shallow (Vance et al. , 1969).

Vegetation

Vegetative cover in the study area has been classified into six

basic types (Cole, 1977): 1) forest; 2) south slope shrub; 3) boulder

slope; 4) avalanche slope; 5) subalpine meadow; and 6) alpine, includ-

ing high elevation, dry, grasslands. Forest zones in the Wallowa Moun-

tains are generally arranged elevationally as "...the consequence of

differing responses of tree species to temperature and moisture gra-

dients..." (Franklin and Dyrness, 1973). Table 1 illustrates the gen-

eral zonal transition of the dominant tree species found the study area.

These forest zones, based on climax associations, "...delineate

important phytogeographic units"; however, they do not necessarily

appear as sequential belts, nor do they all appear on each slope in the

Wallowa Mountains (Franklin and Dyrness, 1973). Local environmental

conditions (i.e. , microclimate, rock outcrops, tallus slopes, nonforest

communities) break up the general pattern of forest transition described

in Table I. South facing slopes are generally dominated by Cercocarpus

spp. or Artemisia spp. shrub communities, while boulder slopes are

frequently populated with Acer or Populus spp. communities (Cole, 1977).
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TABLE 1. GENERAL ZONAL TRANSITION OF THE DOMINANT
TREE SPECIES7 FOUND IN THE UPPER WALLOWA
RIVER DRAINAGE.

Dominant Tree Species
Temperature and

Moisture Conditions Elevation

Pinus albicaulis cold, wet
Abies lasiocarpa
Picea engelmanni
Pinus contorta
Larix occidentalis
Pseudotsuga menziesii
Pinus ponderosa warm, dry

upper
timberline

lower
timberline

7 Sources: Daubenmire (1966), Franklin and Dyrness (1973),
and Cole (1977).

Large, park-like subalpine meadows are found in several stream valley

locations along the East and West Forks, and in the Lakes Basin. High

elevation dry grasslands, along with typical alpine communities, are

found in harsher environments on slopes and ridgetops above timber-

line. Festuca viridula, Agropyron caninum, Melica bulbosa, Stipa

spp., and Lupinus leucophyllus dominate grassland sites not historically

overgrazed by livestock or trampled by campers. Disturbed sites are

characterized by a higher proportion of bare soil, and by "weed" com-

munities such as Stipa spp. , Eriogonum spp. , Gilia nuttalli, Penstemon

rydbergii, Arenaria formosa, and Artemisia tridentata (Franklin and

Dyrness, 1973; Strickler, 1961; Cole, 1977). Alpine areas with
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rocky, very shallow soils, steep slopes and exposed ridgetops are sub-

jected to more severe microclimatic variations, and exhibit a higher

proportion of bare ground, lichens, and matted low-growth shrub forms

than are generally found in subalpine meadows located in stream valleys

and lake basins. Trees, when found above timberline, are usually

reduced to krummholz forms (Franklin and Dyrness, 1973).

Climate

Complete weather data is not available for any location in the

Wallowa Mountains; however, the seasonal characteristics of the

annual temperature cycle and the occurrence of wet and dry periods in

a given highland area are generally closely related to climatic patterns

in the surrounding lowlands (Strahler and Strahler, 1978). Therefore,

in the absence of truly representative data, weather records for Joseph

and Enterprise, Wallowa Valley stations located just to the north of

Wallowa Lake (Figure 1), have been used to characterize general

climatic conditions found in the study area during various phases of

this project.

Long-term weather records for Enterprise (Figure 4) illustrate

that mean monthly temperatures are highest in the study area during

July (17. 1°C) and August (16.0°C), and lowest during December

(-2.9°C), January (-4.7°C), and February (-1.4°C). Mean monthly

temperatures at Enterprise rise above freezing for the period March
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through November, but temperatures rise more slowly in the Wallowa

Mountains where mean temperatures relative to those at Enterprise

generally decrease with increasing elevation. The density of the

atmosphere generally decreases with increasing altitude; therefore,

the atmosphere absorbs and reflects less incoming solar and outgoing

thermal radiation than it does at lower altitudes. Rapid atmospheric

heating and cooling produce large diurnal temperature variations in

alpine environments, and greater temperature differences between

exposed and shaded slopes than are experienced at lower elevations

(Strahler and Strahler, 1978). Although 95 days usually elapse between

the last spring and the first fall frost at Enterprise, frost or snow may

occur any day of the year in the Wallowa Mountains.

Elevation, temperature and exposure also influence the amount

and form of precipitation falling in the study area. Weather records

for Enterprise (Figure 4) indicate that precipitation on the north side of

the Wallowa Mountains is usually greatest during May (4. 9 cm) and

June (5. 7 cm), and lowest during July (1. 6 cm). Although general

distribution patterns may be quite similar, orographic effects tend to

produce more precipitation on windward mountain slopes than in sur-

rounding valleys; therefore, precipitation totals in the study area are

probably significantly higher than those recorded at Enterprise.

The heavy rains in May and June coincide with the period of in-

creasing temperatures and maximum snowmelt. This late spring
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period of excess moisture is followed immediately by a period of sum-

mer drought (Figure 4). Brief, isolated, high intensity convective

storms produce most of the precipitation received during summer

months. Unfortunately, the water holding capacity is generally quite

low in the area's rocky, shallow, poorly developed soils, and much

of the summer rainfall is lost as runoff from the steep canyon walls.

Precipitation events occurring between October and June are gen-

erally associated with cyclonic (frontal) storms, which result when

moist maritime polar air from the Pacific moves inland encountering

cold, dry continental polar air. Although precipitation is more evenly

distributed during fall and winter than during the rest of the year,

almost all precipitation falling in the Wallowa Mountains during that

period accumulates as snow.

Complex terrain produces significant microclimatic variations

throughout the study area. Peaks and ridgetops present extremely

harsh environments with their shallow or nonexistent soils, strong

winds, extreme levels of insolation, temperature and evaporation, and

short growing season (Cole, 1977). South-facing slopes experience a

longer growing season than north-facing slopes, but higher insolation

and evaporation levels also produce a more severe summer drought.

The stream valleys of the East and West Forks generally exhibit the

least severe microclimatic conditions in the study area, but they can

experience large diurnal temperature fluctuations due to anabatic and
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katabatic air drainage (Cole, 1977).

Hydrology

Hydrologic conditions in the study area are strongly related to the

interaction between climatic conditions, soils, geology, topography and

vegetation. The upper Wallowa River drainage has a high runoff

potential due to the area's shallow soils, steep, sparsely vegetated

canyon walls, deep winter snowpack, and high intensity summer storms.

Runoff in the study area exhibits a distinct seasonal pattern.

Records for the U. S. Geological Survey streamgaging station on the

East Fork of the Wallowa River reveal that peak discharge generally

occurs during June or early July (Figure 5), coinciding with the period

of maximum snowmelt and maximum rainfall (Figure 4). Stream dis-

charge declines rapidly during the latter part of July, and reaches

relatively low levels in August and September; however, during that

period, intense, isolated summer thunderstorms can produce rapid,

short-term runoff events which could flush pollutants into and from

stream channels. Annual surface water records (U. S. Geological

Survey, 1950 through 1978) show that mean monthly discharge for the

period October to April varies little from month to month, or from

year to year at the East Fork gaging station. During that period, lake

surfaces freeze and precipitation accumulates as snow on the slopes of

the Wallowa Mountains. Runoff increases dramatically during May and
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June when temperatures regularly climb above freezing (Figure 4).

Although stream discharge varies little over the winter, June runoff

can vary tremendously from year to year (Figure 5), depending on the

accumulation of winter snowpack and spring weather conditions.

Use and Management History

Occupant History

The first recorded occupants of the area around Wallowa Lake

were the Nez Perce Indians. The Nez Perce wintered in the warmer

valleys of the Snake River and its major tributaries, but each spring

the Indians came to the north end of Wallowa Lake. Wallowa Lake, the

Wallowa River and several other streams in the area provided the Nez

Perce with an abundant supply of sockeye salmon, the Indians' primary

food source. While in the area, the Nez Perce grazed their large herds

of horses on the native bunch grass (Festuca viridula), which grew on

the slopes bordering the Wallowa Valley and on the moraines around

Wallowa Lake (Bartlett, 1967).

The Nez Perce supplemented their salmon diet by gathering roots

and berries, and by hunting game in the canyons of the Wallowa Moun-

tains. Hunting parties venturing into the mountains were generally

quite small, and their trips were relatively short (Cole, 1977; Josephy,

1965). Although it is known that the Nez Perce established trails and
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campsites along the East and West Forks of the Wallowa River, the

actual extent of the Indians' impact on the study area has not been

documented (Cole, 1977).

The first settlers came to the Wallowa Valley in the early 1870's,

and after a brief period of coexistence, permanently displaced the

Nez Perce in 1877. These settlers concentrated their activities in the

area around Joseph and Enterprise, but the impacts of post-Indian

settlement were also imposed on the Wallowa Mountains. Early

settlers, through hunting and overgrazing, severely diminished the

number of game animals found in the Wallowas. Mountain sheep, goats,

and grizzly bears were completely eliminated from the range, while the

populations of other game animals were reduced substantially (Bartlett,

1967). Settlers further impacted the area by damming the outlet from

Wallowa Lake, preventing the ocean run of salmon trapped behind the

dam. Kokenee, small descendents of the salmon trapped by the dam,

are all that remains of the once great salmon resource found at Wallowa

Lake (Bartlett, 1967).

Settlers had increased the number of sheep grazing on meadows

and high elevation grasslands in the Wallowa's to more than 380,000

head by the end of the nineteenth century (U. S. Forest Service, 1974).

Trampling and overgrazing resulted in prolonged and widespread alter-

ations to the vegetative cover, and increased soil erosion in several

areas, including those drained by the East and West Forks of the
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Wallowa River (U. S. Forest Service, 1974; Cole, 1977; Strickler,

1961). Sheepherders also damaged or altered vegetation in the area

by burning large tracts of land to expand meadows and enhance forage

production (Cole, 1977). The United States Forest Service, since its

establishment in 1907, has greatly reduced the number of sheep grazing

in the Wallowa Mountains, particularly in the Eagle Cap Wilderness

Area (U. S. Forest Service, 1974). The study area has not been grazed

extensively since the 1950's, although grasslands in the headwaters of

the East Fork were grazed very briefly in 1973 and 1976 (Talbot, 1979).

Mining and logging activities were relatively minor in the upper

Wallowa River drainage; however, several exploratory shafts wefe dug

during the early 1900's on a private holding just south of Aneroid Lake.

The miner, Charles Seeber, did not strike it rich, but he did build

several cabins, and, by 1927, had developed a small tourist resort at

the south end of Aneroid Lake. The land has changed hands since the

1950's, and is currently owned by Halton Tractor Company of Portland,

Oregon. The tract is used by company employees, the Portland YMCA,

and youth groups from Oregon and Washington; however, there are no

permanent human inhabitants at the Halton camp. This small, less

than 50 ha, private holding is completely surrounded by the Eagle Cap

Wilderness Area. This tract has remained in private ownership despite

repeated attempts by the U. S. Forest Service to purchase all private

enclaves within the wilderness boundaries (U. S. Forest Service, 1974;
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Stephanick, 1979).

Wallowa Lake has been a focal point of activity throughout its

recorded history. The early pioneers used the lake as a popular

gathering spot, and built several buildings and a road around the lake

to accommodate visitors (Bartlett, 1967). Over the years, a bowling

alley, dance hall, skating rink (1918), Wallowa Lake Lodge (1923),

stores, shops, restaurants, tourist cabins, two Wallowa Lake State

Parks (1946), a marina, an alpine tramway, and private residences

have been built at the south end of Wallowa Lake. These facilities are

concentrated in an area about 0.8 km wide and 2.2 km long, which

stretches upstream from Wallowa lake, and parallels the banks of the

Wallowa River and lowest segments of the East and West Forks

(Figure 6). The boundaries of the developed area roughly coincide with

the boundaries of the Wallowa-Whitman National Forest, but are also

limited by the surrounding terrain.

Recreational Use and Management History of the
Eagle Cap Wilderness Area

Approximately 93 percent (107 km2) of the study area lies within

the boundaries of the Eagle Cap Wilderness Area. Eagle Cap was ori-

ginally established as a primitive area in 1930, and was formally

designated as a wilderness area in 1940. Eagle Cap became part of the

National Wilderness Preservation System after the Wilderness Act of
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1964 was adopted. Eagle Cap was expanded to its present size (1189

km2) in 1972, when a major portion of the Minam River drainage was

included within the wilderness boundaries (U. S. Forest Service, 1974).

No permanent human inhabitants, modern facilities, roads or motorized

vehicles have been permitted within Eagle Cap since it was established.

Eagle Cap is Oregon's largest wilderness area, but use is concen-

trated on only a small portion of Eagle Cap's total land area. Steep,

unstable canyon walls and man's attraction to water have funneled

visitors down trail corridors which usually parallel stream channels

and focus on lakes or meadows (Figure 6). Although over 40 access

trails lead into the wilderness, Hendee and others (1968) found that

approximately 50 percent of Eagle Cap's visitors entered from the two

trailheads on the East and West Forks of the Wallowa River. In 1978,

nearly 64 percent of Eagle Cap's visitors traveled or camped on lands

draining to the upper Wallowa River (Bradley, 1979). These use figures

are even more remarkable when one considers that only ten percent of

Eagle Cap's land area drains to the East and West Forks of the Wallowa.

Based on these figures, it can be assumed that these Wallowa River

watersheds are more heavily used, and that water quality problems

related to recreation are potentially greater than in any other watersheds

in the Eagle Cap Wilderness Area.

Both the number of visitors and the types of recreational use are

important factors to consider when examining the environmental impacts
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associated with recreation in any given area. Historically, Eagle Cap

has been classified as a "horse-use wilderness" (U. S. Forest Service,

1974). In fact, more persons use horses and pack animals in Eagle

Cap than in any other wilderness in Oregon or Washington (Hendee,

1968; U. S. Forest Service, 1974). However, the number of wilder-

ness visitors has increased in recent years, and the proportion of

visitors using horses in Eagle Cap has decreased (Table 2).

TABLE Z. METHODS OF TRAVEL USED BY VISITORS IN THE
EAGLE CAP WILDERNESS AREA.

Year8
Horsemen Hikers

Number Number

1968.

1973

1978

56

54

26

5,080

3,433

44

46

74

4,140

9,703

8 The U.S. Forest Service (1974) is the source for 1968 and 1973
visitor data, while 1978 data was obtained from Bradley (1979).
Figures for all three years were tabulated from Wilderness Permits
issued for the Eagle Cap Wilderness.

People visit Eagle Cap for a variety of reasons, but most stay

longer than one day. Permit data for 1978 revealed that approximately

82 percent (10, 843) of Eagle Cap's visitors spent one or more nights

in the wilderness, while only 18 percent (2, 329) did not (Bradley, 1979).

The average length of stay per visitor during 1972 and 1973 was three
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days, or six visitor days 9 (U. S. Forest Service, 1974).

Recreational activity in the Eagle Cap Wilderness is generally

limited to a 140 day period between the first of July and the middle of

November. Approximately 75 percent of this activity occurs during

July and August (U. S. Forest Service, 1974). Deep snows, avalanche

hazards and remoteness have discouraged winter use; therefore, very

few people visit Eagle Cap between November and June.

Concentrated recreational activity in the Eagle Cap Wilderness

had led to environmental degradation around campsites, trails and lake

shores (Cole, 1977; U. S. Forest Service, 1974). Management pro-

grams were initiated in Eagle Cap during the late 1960's in order to

minimize and, where possible, reverse degradation occurring within

the wilderness. Management programs have included the following

measures (U. S. Forest Service, 1974):

1. Wilderness Rangers have patrolled the most heavily used

visitor zones.

2. Commercial grazing has been reduced dramatically, and

restricted to specific, little used areas within the wilderness.

3. Grazing use allowances have been initiated for recreational

livestock.

9A visitor day is the equivalent of 12 visitor hours (i.e., one
person for 12 hours, or three people for four hours each), and is the
standard Federal unit for measuring recreational use (Hendee et al. ,
1978).
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4. Some major through-trails have been rerouted away from

lake shores.

5. Pilot use and environmental studies have been conducted.

6. Some trails and watersheds have been completely or partially

closed to recreational livestock.

7. Grazing or confining livestock within 61 m (200 ft) of any lake

or stream has been prohibited.

8. Camping within 30 m (100 ft) of lakes or streams has been

discouraged. Recently, the recommended buffer has been extended to

61 m (200 ft).

9. A mandatory wilderness use permit system initiated in 1972

has been substituted for a voluntary trailhead registration system

initiated in 1965. Since 1972, each visitor group has been required to

obtain a wilderness use permit, along with a list of wilderness use

regulations, from Wallowa-Whitman National Forest offices or

Ranger Stations.

10. Leaflets explaining wilderness sanitation and waste disposal

techniques have been issued on an irregular basis to wilderness visitors.

Although pit toilets are located at some heavily used sites, such as

Aneroid, Ice, Horseshoe, and Douglas Lakes, the leaflets encourage

shallow burial of individual deposits (the cat-hole method). In fact, pit

toilets removed from some sites in recent years have not been replaced

(U. S. Forest Service, 1974). Careless or improper disposal of human
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wastes, and, packstock wastes accumulating on trails, at stream

crossings and on lakeshores could lead to episodes of water quality

degradation, possibly creating potential health hazards in the study

area.

A new wilderness management program, initiated in Eagle Cap

during 1979, emphasizes visitor education, 100 percent compliance with

permit regulations, and dispersal of visitors away from heavily used,

degraded campsites. Wilderness information specialists were

stationed during the summer of 1979 at the four most heavily used entry

points, including the trailhead for the East and West Fork Wallowa

River trails. All visitors entering the wilderness through those trail-

heads were issued wilderness permits,' if they had not already obtained

them, and lectured on wilderness management objectives, no-trace

camping techniques, and campsite conditions at their proposed destina-

tions. The initial results of the program have been promising (Bradley,

1979b; Glasford, 1979).

Study Sites

The upper Wallowa River drainage was selected for study for

several reasons:

1. Land draining to the East and West Forks of the Wallowa River

occupy only nine percent of the total area of the Eagle Cap Wilderness,

but consistently receive more than 50 percent of Eagle Cap's visitors.
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2. Watersheds in the upper Wallowa River drainage have a

greater potential for water quality problems related to recreation, due

to heavier use, than any other watersheds in the Eagle Cap Wilderness.

3. The upper Wallowa River drainage provides the opportunity to

sample and evaluate water quality in relatively undisturbed tributary

watersheds as well as in watersheds experiencing varying levels of

recreational disturbance.

4. The upper Wallowa River drainage provides the opportunity to

compare the quality of water in the Eagle Cap Wilderness with the

quality of water downstream in a developed recreational area.

5. The developed portions of the upper Wallowa drainage and the

wilderness trailheads on the East and West Forks are accessible by

State Highway 82; therefore, logistical problems are minimized.

6. The upper Wallowa River drainage provides a greater variety

of recreational use levels and use types in a smaller area than can be

found anywhere else in the Wallowa Mountains.

Sampling sites in the study area were selected to provide water

quality data for watersheds receiving various levels and types of

recreational use. Sites were selected in areas influenced by the

following types of recreational use:

1. areas experiencing little or no recreational use (areas with

no established trails or campsites);

2. areas influenced primarily by trail traffic (where campsites
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are few or nonexistent);

3. areas influenced primarily by camping (where campsites are

numerous, closely spaced, and/or frequently used);

4. areas influenced by developed recreation facilities (i. e. ,

state parks, permanent residences, paved roads, septic drainfields).

Care was taken in the selection process to insure that sites also

represented the different environmental settings within the study area.

For example, sites were selected in the following types of environ-

ments:

1. stream sites in exposed alpine settings (site elevations ex-

ceeding 2300 m and characterized by sparse, low-growth vegetation,

steep slopes and exposed rock surfaces);

2. stream sites under forest canopy;

3. lake sites;

4. stream sites in meadows and grasslands; and

5. stream sites in mixed cover types.

Periodic sampling was conducted during the baseline study (July

1978 to June 1979) at a limited number of wilderness sites located up-

stream and downstream from camping areas, particularly those with

pit toilets, at Aneroid Lake and Ice Lake (Figure 7). Baseline sites

were also located on the East and West Forks of the Wallowa River

(sites 13 and 24), just downstream from the wilderness boundary, and

on the Wallowa River (site 25) at a bridge just upstream from Wallowa
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WILDERNESS

SAMPLING SITES

o Baseline Sites - Phase I
(Sampled July 1978 -June1979)

Phase II Sites
(Sampled July - Sept.1979)

00 Sites sampled during
Phase I and Phase II,

SCALE

0

0

2 mi

3 km

Figure 7. Sampling sites in the upper Wallowa River drain-
age area.
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Lake (Figure 7). The sampling program conducted during the baseline

study was designed to identify potential problem areas warranting

closer examination, to provide baseline physical, chemical and bacterial

water quality data providing a basis for comparison in future years, and

to identify and correct any logistical or analytical problems prior to the

final phase of the project.

Based on preliminary observations of recreational use patterns,

logistical limitations, and the results of the baseline study, the decision

was made to develop a more intensive sampling program at a greater

number of sites in a smaller portion of the original study area. After

due consideration, the area drained by the East Fork of the Wallowa

River was selected for futher study. The East Fork was selected over

other drainage areas for the following reasons:

1. The East Fork drainage provides the greatest variety of

recreational use types and intensities, while providing the easiest

access of any major watershed in the study area.

2. The area around Aneroid Lake, on the East Fork, received

more than 2.5 times the number of visitors (2, 787 compared to 1, 105)

during 1978 than the area draining to Ice Lake, and showed greater

potential for having water quality problems as well.

3. The most distant sampling site in the headwaters of the East

Fork drainage is closer to road access, and potentially closer to labora-

tory facilities, than probable sampling sites in either the Ice Lake or
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Glacier Lake watersheds, or in the Lakes Basin (all of which drain to

the West Fork of the Wallowa River).

4. Although the East Fork drainage usually receives fewer

visitors (2,787 compared to 4,256 during 1978) than the Lakes Basin,

visitors to the East Fork concentrate their activities around a single

major lake (Aneroid Lake), while visitors in the Lakes Basin are dis-

tributed around six major and several smaller lakes (Figures 6 and 7).

Fifteen sampling sites, located on Aneroid Lake, the East Fork

and several of its tributaries (Figure 7), were sampled during the final

phase of this study. A detailed description of each sampling site is

provided in Appendix I.
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III. METHODOLOGY AND PROCEDURES

Sampling Schedule

Sampling during the baseline study was conducted bi-weekly

between July 2 and October 1, 1978, monthly from October through

April, and bi-weekly in May and June of 1979 (Table 3). Samples were

collected on weekends and holidays, generally the periods of heaviest

use (Werner, 1978). The baseline sampling program was not intensive

enough to provide samples representing a sufficient variety of weather

and use conditions; therefore, both the number of sites and the fre-

quency of sampling were increased during the summer of 1979. Samples

were collected at 12 primary sites two to three times per week and

during storm events (Table 3). Three supplemental sites (7, 12, and

14; Figure 7) were also sampled, but only on an irregular basis.

Nutrient Sampling

Parameters Sampled

Many nutrients are required to support biological processes, but

in most aquatic ecosystems nitrogen and phosphorus are the nutrients

in shortest supply relative to biological demand. Increasing the supply

of available nitrogen and phosphorus can alter the composition and pro-

ductivity of biotic communities, and, in some cases, may rapidly
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TABLE 3. WATER QUALITY SAMPLING SCHEDULE.

Date Parameters Sampled
Mo Days Yr Sites Sampled FC WT Q N&P SC PPT

Baseline Study:
7 2-4 78 3,4,6,13,21-25
7 21-23 78 3,4,6,13,21-25
8 4-6 78 3,4,6,13,21-25
8 18-20 78 3,4,6,13,21-25
9 3-4 78 3,4,6,13,21-25
9 15-17 78 3,4,6,13,21-25
9 29 -

10 -1 78 3,4,6,13,21-25
11 3 78 13,24,25
11 26 78 13,24,25
12 27 78 13,24,25
2 2 79 24,25
4 1 79 13,24,25
5 4 79 13,24,25
5 18 79 13,24,25
6 3 79 13,24,25
6 9 79 13,24,25

Phase II:
7 5 79 1,3-6,8-11,13,15
7 8 79 1,3-6,8-11,13,15
7 10 79 1-6,8-11,13,15
7 12 79 1-11,13,15
7 15 79 1-6,8-11,13,15
7 17 79 1-11,13,15
7 19 79 1-6,8-13,15
7 22 79 1-13,15
7 24 79 1-6,8-11,13,15
7 28 79 1-6,8-11,13,15
7 31 79 1-13,15
8 2 79 1-6,8-11,13,15
8 5 79 1-6,8-11,13,15
8 9 79 1-13,15
8 12 79 1-13,15
8 13 79 1-6,8,10,13-15
8 16 79 1-13,15
8 19 79 1-13,15
8 23 79 1,3-13,15
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TABLE 3. Continued.

Date Parameters Sampled
Mo Days Yr Sites Sampled FC WT Q N &P SC PPT

Phase II (cont.):
8
8

9

26
31

3

79
79
79

1,3-13,15
1,3-13,15
1,3-13,15

T

,1`

10Paramater symbols are as follows: FC = FC bacteria;
WT = water temperature; Q = stream discharge; N &P = nitrogen
and phosphorus; SC = specific conductivity; PPT = precipitation.
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accelerate eutrophication. 11 Although the ecological effects of increas-

ed nutrient concentrations have not been documented sufficiently for

backcountry areas of the western United States, research conducted

under a variety of conditions in other regions indicates that nutrient

concentrations exceeding 0.3 mg/1 for nitrate plus ammonia-nitrogen,

or 0.01 mg/1 for inorganic phosphorus could produce excessive growths

of algae and other aquatic plants (Uttormark et al. , 1974). However,

concentrations need not reach those levels to produce significant and

possibly undesirable changes in the fragile, nutrient-poor aquatic

ecosystems typical of mountain environments. Because of their eco-

logical significance, the following nutrient forms were sampled for the

baseline study: 1) dissolved orthophosphorus (PO4); 2) total phosphorus

(total P); 3) nitrite plus nitrate (NO2 + NO3); 4) ammonia-N (NH3 +

NH4); and 5) Kjeldahl-N (ammonia-N + organic-N).

Nitrogen

Relatively undisturbed mountain watersheds receive nitrogen

11 The term eutrophication is commonly used to refer to the
nutrient enrichment of water bodies and the excessive or luxurient
growth of aquatic plants (Frere, 1976; U. S. Environmental Protection
Agency, 1975). Although eutrophication is a natural process through
which lakes, reservoirs and estuaries age by filling with sediments,
nutrients and organic matter (Stumm and Morgan, 1970; Warren,
1971), eutrophication rates can be increased significantly due to
anthropogenic sources of pollution.
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from three major sources: 1) the atmosphere, primarily from precipi-

tation, dust and biological fixation, which transforms molecular nitrogen

(N ) to ammonia (NH3); 2) weathering soil and rock; and 3) decaying

organic matter. Physical and chemical weathering of rock and soil are

slow, continuous processes that release nutrients to ecosystem cycling

(Brown, 1974). Although crustal and sedimentary rocks store several

times as much nitrogen as the atmosphere (Strahler and Strahler,

1974), they are not a direct primary source of nitrogen inputs over

short periods. Nitrogen found in soil and rock material is in combined

forms and must be transformed before it can be released in solutions.

Weathering of soil, particularly upper horizons, can be responsible for

short term releases of nitrogen, but contributions are usually minor

when compared with atmospheric inputs (U. S. Forest Service, 1979).

The relatively clean atmosphere and poorly developed soils found in

most backcountry areas generally release low levels of nitrogen in run-

off. Nitrogen levels in mountain lakes and streams are often so low

that concentrations cannot be measured with laboratory equipment.

Biological sources of nitrogen can also be significant in some

backcountry areas. Nitrogen exists within organisms in a highly

reduced state as the ammino group (NH2), a component of amino acids,

and other nitrogen-containing compounds (Guaraia and Ballentine, 1972;

Strahler and Strahler, 1974). Decaying organic matter and metabolic

wastes are important sources of ammonia (NH3) and ammonium (NH4).
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Decomposing organic wastes can also produce substantial quantities of

nitrate (NO3 ) when NH3 and NH+ are transformed by oxidation to NO2

and then to NO3' a process known as nitrification. Nitrates are soluble

and leach readily through soil, particularly the shallow, very permeable

soils found in mountainous terrain. Ammonium and organic forms of

nitrogen are not readily leached through soil, and reach streams and

lakes primarily through erosion, surface washoff, and direct inputs of

organic wastes and debris. Nitrates and ammonium are the only forms

of nitrogen readily assimilated by most aquatic organisms; however,

some organisms, such as blue-green algae, can fix atmospheric

nitrogen when other forms are in short supply (Frere, 1976).

Phosphorus

Unlike nitrogen, phosphorus inputs to backcountry lakes and

streams are almost entirely from rock weathering and soil erosion

(McElroy et al. , 1976; U. S. Forest Service, 1979). Annual additions

of phosphorus from precipitation rarely exceed one kg/ha, even in

developed areas (Ryden et al. , 1973). Apatitic minerals are the pri-

mary source of phosphorus, and are associated with most igneous and

sedimentary rocks. The amount of phosphorus in soil solution is

extremely small because phosphates have very low solubilities and

readily adsorb to soil particles, particularly in acid soils and those

with high clay content (Ryden et al, , 1973; Frere, 1976). Phosphorus
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often moves only two or three centimeters in soil solution before all

phosphates are removed from solution by adsorption (Phillips and

Webb, 1971), However, as the number and area of surfaces capable

of adsorbing phosphorus decrease, the potential for leaching increases.

The amount of phosphorus contributed to backcountry watersheds

from human and animal wastes has not been documented. However,

the amount of pollution produced in any watershed would be dependent

on the number and type of animals present, food sources, the types of

wastes produced, and the primary locations of waste disposal or

deposition. Wagner and Benoix (1958) estimate that the average adult

human excretes about one kg wet weight of feces and urine daily.

Manure produced by domestic animals contains 50 to 90 percent

moisture, 0.2 to 6.0 percent total nitrogen and 0.06 to 2.5 percent

total phosphorus (Frere, 1976).

When increased losses of soluble phosphates do occur, they may

not be detected in drainage waters because available phosphates are

rapidly utilized by aquatic plants and converted to cellular material by

photosynthesis (McKee and Wolf, 1963). Detectable increases in phos-

phorus outputs from disturbed watersheds are most often associated

with stream sediments derived from surface and bank erosion. Sedi-

ments in well aerated streams continue to actively adsorb dissolved

phosphorus in the water; therefore, concentrations of dissolved phos-

phorus may actually be reduced as water moves downstream (Ryden



53

et al 1973). Phosphorus levels in mountain lakes and streams are

often so low, that concentrations cannot be detected using standard

laboratory analyses. Because phosphorus is in such limited supply,

both in terrestrial and aquatic ecosystems, and because phosphorus has

a tendency to revert to insoluble forms, streams draining relatively un-

disturbed watersheds often export less phosphorus annually than is

received in precipitation (Ryden et al., 1973).

Sample Collection and Preservation

Water samples were collected for nutrient analysis at three pri-

mary sites (13, 24 and 25) and two supplemental sites (6 and 22,

Figure 7), according to the schedule listed in Table 3. One-liter

samples were collected in wide-mouthed, polyvinyl chloride bottles

(cubitainers). Each sample was collected by hand.

Immediately after collecting each sample, one ml of mercuric

chloride (HgCl2) was added to the sample to stabilize and preserve the

forms of nitrogen and phosphorus present in the water at the time of

sampling. Mercuric chloride kills the organisms which might otherwise

alter the nitrate and phosphate content of the water sample (U. S.

Environmental Protection Agency, 1975). The samples were transported

by backpack to a van, and immediately placed in a large cooler contain-

ing blue ice. Within 72 hours of collection, the samples were delivered

to the U. S. Environmental Protection Agency's Corvallis Environmental
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Research Laboratory (CERL). The samples were then placed on storage

shelves and maintained at a constant temperature until CERL labora-

tory technicians could perform the appropriate analyses.

Sample Analysis

Nutrient analyses were conducted by laboratory technicians at

the Corvallis Environmental Reserach Laboratory. The analytical

methods used and the precision of each method are listed in Table 4.

TABLE 4. METHODS AND PRECISION OF LABORATORY
ANALYSES. 1Z

Parameter Method Precision

Dissolved Single reagent methods involv- + 0.005 mg/1 P
Orthophosphate colorometric determination of or +

antimonypho s phomolybd ate
complex.

Total Phosphorus

Nitrite+Nitr ate

Ammonia -N

Kjeldahl-N

Persulfate oxidation followed by
the above method for dissolved
orthophosphate.

Cadmium reduction followed by
diazotization of sulfanilamide
by nitrite coupled with N-(1-
naphthyl)-ethylene diamine.

+ 0. 005 mg/1 P
or +

+ 0.010 mg/1 N
or +

Alkaline phenol hypochlorite re- + 0. 005 mg/1 N
action producing indophenol blue, or +

Acid digestion followed by the
above method for ammonia-N.

+ 0. 100 mg/1 N
or + 5%

12U. S. Environmental Protection Agency (1975).



55

Bacterial Sampling

Indicator Bacteria Sampled

Indicator bacteria (i.e., total coliforms, fecal coliforms, fecal

streptococci), when present in water samples, are considered to be

evidence of recent fecal pollution, and indicate the potential presence

of enteric pathogens which have similar origins and survival character-

istics (American Public Health Association, 1975). The number of a

particular indicator bacteria present in a specific volume of water is

considered to be a relatively reliable indicator of the magnitude of

fecal pollution present in the source of the sample.

According to McFeters and Stuart (1972), "the occurrence of fecal

coliform bacteria is the single most important indicator of public health

hazard from infectious agents." Although total coliform bacteria are

the indicators used to evaluate the quality of municiple drinking water

(U. S. Environmental Protection Agency, 1977), fecal coliforms (FC)

have proven to be of greater sanitary significance because FC originate

only in the intestinal tract of warm-blooded animals while total con-

form (TC) occur naturally in soils, vegetation, insects, birds and

water, as well as in warm-blooded animals (U. S. Environmental Pro-

tection Agency, 1976; Slack et al. , 1973). Some variants of the indica-

tor bacteria fecal streptococci (i. e. , S. faecalis var. liquefaciens) also

occur naturally in vegetation, insects and certain types of soils
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(American Public Health Association, 1975). Therefore, estimates of

fecal pollution based solely on undifferentiated FS and/or TC tests

could be erroneous and quite misleading. Culture media currently

used to identify FS and TC colonies do not selectively exclude non-

animal strains; therefore, additional biochemical tests must be

employed to differentiate between specific varieties (American Public

Health Association, 1975; U. S. Environmental Protection Agency,

1976; Kibbey et al. 1978). Limitations of time, expense, logistics

and expertise precluded taxonomical differentiation of FS and TC

species variants for this study; therefore, sampling for the presence

of FC bacteria was selected as the most reliable and most feasible

method of assessing bacterial water quality in the study area.

Undifferentiated FC/FS ratios were considered as a possible

means of differentiating between human and animal sources of fecal

pollution. Geldreich and Kenner (1969) found that FC/FS ratios > 4.4

indicated fecal pollution primarily of human origin, while Fc/FS

ratios < 1.0 indicated pollution from domestic or wild animal sources.

Much of the data used by Geldreich and Kenner (1969) was derived from

samples of municiple sewage effluent and animal feedlot runoff, where

pollutant concentrations were large and sources were easily identified.

However, several studies have found that FC/FS ratios cannot reliably

differentiate between human and animal sources in areas of diffuse,

low-level fecal pollution, especially recreation areas (Johnson and
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Middlebrooks, 1975; Kawaratani and Perrine, 1975; Holmes, 1976;

Geldreich, 1972).

After reviewing the literature, it appears that fecal coliform

bacteria are the most sensitive indicators of water pollution resulting

from human and animal wastes. Unfortunately, standard bacterial

tests cannot reveal whether viruses or protozoa are present in water.

Viruses and protozoa (i.e. , Giardia lamblia) are often hardier, more

persistent and travel greater distances through soils and water than

bacteria (McFeters and Stuart, 1972; Mandy, 1979). Testing for

viruses and protozoa requires the filtration of relatively large volumes

of water and the isolation of individual organisms by expert microbio-

logists (Jakubowski et al. , 1978). Techniques readily adaptable to field

studies of viruses and protozoa in water are not available; therefore,

this study will only assess bacterial water quality as an indicator of

potential health hazards from fecal pollution.

Sample Collection

A preliminary study of bacterial water quality was conducted at

several sites in the study area during the summer of 1978. Bacterial

samples were collected bi-weekly on weekends between July 2 and

October 1, and monthly October through December, according to the

schedule in Table 3 . Water samples for bacterial analysis were

collected in 250 ml, glass, screw-top bottles, which were sterilized by
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autoclaving prior to each sampling trip. Grab samples were collected

by hand by lowering the glass bottle several inches below the surface

of the water and allowing the bottle to fill with approximately 220 ml

of water. To avoid contaminating the sample, each bottle was held by

its base with the hand downstream from the mouth of the bottle and the

mouth tilted slightly upstream. Each bottle was labeled with the

appropriate site number, and a field notebook was used to record the

date, time of sampling and water temperature. Precautions were

taken to avoid exposing the samples to sunlight since ultraviolet radia-

tion and increasing temperatures cause high mortality rates in bacteria.

A styrafoam cooler containing blue ice was carried in a backpack to

keep sample temperatures below 10°C until the samples could be

filtered and placed on a holding medium (see Sample Analysis).

Preliminary sampling was designed to: 1) identify potential

water quality problem areas warranting closer study; and 2) identify

sampling and logistical problems that would need to be resolved prior

to the final study. Problems related to both objectives were encounter-

ed during the preliminary investigation. First, the bi-weekly sampling

schedule did not provide an opportunity to sample under a variety of

weather conditions. Unfortunately, each sampling trip, except the

first, was made during fair weather; therefore, sampling was not con-

ducted during periods when hydrological disturbances could identify

areas with greater pollution potential. A more intensive sampling
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schedule was needed to insure that samples would be collected under a

representative variety of weather conditions.

A second problem involved the portable cooler carried during

1978. The cooler was used to store water samples (prior to filtering),

petri dishes containing a preservative or holding medium, and filtered

samples (placed on the holding medium in the petri dishes). Because

the cooler had to be small enough to carry in a backpack, it was too

small to store a large number of samples. The number of samples

collected on each trip would be increased during the summer of 1979,

and the cooler would not be able to accommodate the additional samples.

Since it would be logistically unfeasible to carry a larger cooler, it

would be necessary to locate a field laboratory close enough to the study

area to minimize temperature changes in the samples during transport

from the sampling sites to the laboratory. A laboratory located in

close proximity to the study area would also permit more frequent

sampling.

During the summer of 1979, water samples were collected at 15

stream and lake sites along the East Fork of the Wallowa River (Figure

7). Samples were collected two or three times per week and during

storm events, according to the schedule listed in Table 3. The same

procedures used to collect samples during the preliminary study were

used in 1979, but polythene sampling bottles (250 and 500 ml volumes)
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were used in place of glass bottles. 13 The polythene bottles were

sterilized in a pressure cooker at 121°C (251°F) and 6.8 Kg (15 lbs)

pressure for 15 minutes prior to each use. The bottles were placed

in clean plastic bags before being placed in a backpack. After each

sample was collected, the bottles were again placed in the plastic bags

and transported by backpack to the field laboratory.

Sample Analysis

Densities of fecal coliform bacteria present in a water sample

may be determined by using either the multiple-tube procedure or the

membrane filter technique. Of the two techniques, the membrane

filter technique is most adaptable to field use, requires less equip-

ment, materials, expertise and time to perform, and, when compared

with the multiple-tube technique, provides an accuracy of 93 percent

for differentiating between fecal coliforms from warm-blooded animals

and coliforms from other sources (American Public Health Association,

1975). Therefore, the membrane filter technique was selected for use

in this study.

When using the membrane filter technique, "The fecal coliform

group is defined as all organisms which produce blue colonies within

13Glass bottles had broken under field conditions on two occasions
during the baseline study. The problem was eliminated by using plastic
bottles during 1979.
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24 hours when incubated at 44.5 + 0.2°C on M-FC medium" (Slack

et al., 1973). Water samples analyzed for fecal coliform bacteria

should be filtered and placed in an incubator within six hours of the

time samples are collected. If it is not possible to transport the

samples to a laboratory within six hours, or if the samples may be

exposed to heating during transport, the delayed incubation technique

can be used to preserve the samples for a period not to exceed 72

hours (American Public Health Association, 1975).

Procedures Used During the
Preliminary Investigation

The delayed incubation technique was used during the preliminary

investigation conducted in 1978. The delayed technique was used

because bacteria samples could not be returned to laboratory facilities

within six hours of collection. Bacterial analysis was performed at the

Corvallis Environmental Research Laboratory, which was 400 miles

from the study area, and samples were collected over a period of 24 to

48 hours. On some occasions, samples did not arrive at the laboratory

until 70 hours after collection.

The delayed incubation technique involved using portable filtration

assemblies and a hand vacuum pump to filter water samples in the field.

Replicate samples, each 100 liters in volume, were filtered for each

sample, using procedures described in Standard Methods (American
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Public Health Association, 1975). Filtered samples were placed in

plastic, tight-lid petri dishes containing M-VFC holding medium, a

preservative which maintains the viability of fecal coliforms but sup-

presses bacterial growth for 72 hours (American Public Health

Association, 1975). The M-VFC holding medium was prepared

following the procedure described in Appendix II, and transported to

the field in a portable cooler containing blue ice, to maintain storage

temperatures below 10°C. Filtered samples were stored in the cooler

and transported within 72 hours to laboratory facilities in Corvallis.

In the laboratory, filtered samples were transferred asceptically to

petri dishes containing M-FC broth. The petri dishes were inverted,

sealed in water-tight plastic bags, placed on test tube racks, and sub-

merged in a water bath incubator at 44.5 + 0.2°C for 24 hours. After

incubation, a visual count of blue fecal coliform colonies present on

each filter was made with the aid of a binocular, dissecting microscope

set at 12X. A seven power hand lense was also used to count the FC

colonies on each filter.

Logistical constraints encountered during the preliminary investi-

gation dictated that the delayed incubation technique be used; however,

the delayed technique has several disadvantages:

1. Maintaining sterile technique when filtrations are performed

in the field is difficult, particularly under adverse weather conditions

(i.e., wind storms, precipitation events).
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2. Increasing the number of times that a filtered sample must be

transferred or disturbed increases the chance of contaminating or

damaging the sample.

3. Increasing the quantity of equipment, materials and chemicals

required at field sites creates additional logistical problems, particular-

ly when sites are several miles from roads.

4. The delayed incubation technique is only a tentative method

(American Public Health Association, 1975).

After evaluating limitations associated with the delayed incuba-

tion technique, and other problems cited in the section on sample

collection, the decision was made to establish a field laboratory at a

location as close to the study area as possible. A laboratory close to

the study area would eliminate the need to use the delayed technique,

and the techniques inherent limitations could be avoided. The field

laboratory would offer several advantages:

1. It would minimize the time and expense involved in travelling

between the study area and laboratory facilities, allowing samples to be

collected more frequently.

2. It would permit the investigator to evaluate local weather con-

ditions and patterns of wilderness use. Sampling could then be con-

ducted during periods of disturbance as well as on scheduled sampling

dates.

3. It would minimize the amount of equipment and materials to be
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carried into the study area.

Procedures Used During 1979

A field laboratory was established in the town of Enterprise,

Oregon, 24 km (15 mi) from the study area. The standard membrane

filter technique (American Public Health Association, 1975), without

significant modifications, 14 was employed to evaluate FC densities in

samples collected between July 4 and September 3, 1979. Two 100 ml

replicates were filtered from each sample.

After the samples were incubated, FC colonies present on each

filter were counted with the aid of a seven power hand lense and

flourescent lamp. The elevated incubation temperature and the M-FC

medium promotes the growth of fecal coliform colonies while inhibiting

the growth of other microorganisms. Non-fecal coliform colonies pre-

sent on the M-FC broth appear as gray or cream-colored growths, but

very few non-fecal bacteria are observed on M-FC medium.

Fecal coliform counts were recorded as the number of FC colony

forming units per 100 ml of water filtered. FC counts were recorded

for each sample replicate, and a mean count was determined for each

14Instead of using a standard laboratory incubator, a water bath
was constructed from a styrafoam cooler. A Circu-temp CRC thermo-
statically controlled heating and stirring unit was inserted through a
hole in the lid of the cooler to maintain a constant water bath tempera-
ture of 44.5 + 0,2°C. A mercury-in-glass thermometer graduated in
0. 1°C increments was used as a check against the thermostat.
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set of replicates. Although Standard Methods (American Public Health

Association, 1975) recommends filtering sample volumes of 50 to 100

ml for samples collected from lakes, FC counts for 100 ml filtrations

were rarely high enough to fall into the ideal counting range of 20 to

60 FC colonies per filter. Therefore, the FC counts may not be as

reliable as they would be under ideal conditions.

Sterilization Procedures

During the preliminary study, sampling bottles and filtration

equipment were sterilized by autoclaving at 121°C for 15 minutes.

Equipment was sterilized prior to each trip. Since filtrations were

performed in the field, each filtration unit was sealed in aluminum foil

prior to autoclaving. The foil was not removed until the moment the

unit was to be used. Methyl alcohol and the flame from a portable

propane stove were used to sterilize forceps each time a filter was

transferred, and to sterilize receiver flasks and filter holders when

several minutes elapsed between filtrations or when filtration units were

moved from one location to another. Each Millipore filter came pre-

sterilized and sealed in a peel-back envelope. New, sterile, plastic

disposable petri dishes were used for each sample. The M-FC broth

was sterilized by boiling, and the M-VFC holding medium was

sterilized by filtering it through a sterile membrane filter with a rated

pore size of 0.22 pm (American Public Health Association, 1975).
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After the portable field laboratory was established, a Presto

Cooker-Canner (Model 0178001) was used in place of an autoclave.

Sample bottles and filtration assembles, as well as the phosphate buffer

were sterilized in the pressure cooker for 15 minutes at 121°C (251°F)

and 6. 8 kg (15 lbs) pressure. All other sterilization procedures re-

mained unchanged from those used in the preliminary study.

Physical Parameters Sampled

Water Temperature

Water temperature was measured at each site at the time each

water sample was collected. Temperature readings were taken by sub-

merging a Taylor mercury-in-glass, pocket field thermometer in a

shaded section of water at or immediately adjacent to each sampling

site. Readings were recorded in degrees Celcius (°C), to the nearest

0. 5°C.

Water temperature was recorded because it affects chemical

reactions, biological processes, and the physical properties of water.

According to Stevens and others (1975), "In general, the higher the

temperature, the more active a microorganism becomes, unless

temperature or secondary effect becomes a limiting factor." Although

higher temperatures may increase microbial activity in heavily

polluted waters, microbial mortality rates increase proportional to
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temperature increases in nutrient-poor waters, where available

nutrients act as limiting factors controlling microbial populations

(McFeters and Stuart, 1972).

Specific Conductivity

The osmotic pressure exerted on aquatic organisms is the result

of the concentration of dissolved solids present in the water surrounding

those organisms. Determining specific electrical conductance is a

means of measuring the ion concentration, or concentration of dis-

solved salts, in water. Conductivity is reported in micromhos or

mhos, "the reciprical of the resistence in ohms of a column of solution

one centimeter long and with a cross section of one square centimeter,

at a specific temperature, usually 25°C" (McKee and Wolf, 1963).

Specific conductivity was measured at three sties (13, 24 and 25,

Figure 7) during the baseline study. Samples were collected in one-

liter cubitainers between July 2, 1978 and June 9, 1979, according to

the same schedule used for nutrient sampling (Table 3). A Hach 16300

portable conductivity meter with automatic temperature compensation

was used to measure the conductivity of each sample. The meter was

calibrated with a 1000 mg/1 Sodium Chloride Standard Solution equivalent

to 1990 micromhos/cm prior to testing each set of samples.
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Streamflow

Hydrologic conditions, as reflected by strearnflow measurements,

can effect both the timing and quantity of pollutants released to the

aquatic ecosystem. A primary objective of this study is to examine

the relationship between streamflow and bacterial water quality in the

study area. In order to meet this objective, discharge data had to be

collected for several streams in the study area. Fortunately, stream-

flow has been monitored on the East Fork of the Wallowa River since

1924. A United States Geological Survey (USGS) gaging station is

located on the East Fork 0.3 km (0. 2 mi) upstream from its confluence

with the West Fork, and 1.6 km (1 mi) upstream from Wallowa Lake.

Daily discharge figures for the USGS gaging station include data for

water diverted at a small dam 2.4 km (1. 5 mi) upstream. Water

diverted at the dam is piped to the Wallowa Falls powerhouse and dis-

charged into the West Fork of the Wallowa River 0.6 km (0.4 mi) below

the powerhouse, which is located adjacent to the wilderness trailhead

1.6 km (1 mi) downstream from the darn. The diverted flow is gaged

as it is discharged through the powerplant tailrace (U. S. Geological

Survey, 1978).

Hydrological conditions vary spatially according to drainage area,

topography, soils, vegetation, rainfall and snowmelt patterns. There-

fore, stream discharge was measured at several other points in the
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study area in order to characterize hydrological conditions at sampling

sites in adjacent unmonitored watersheds and on tributaries upstream

from the USGS stream gaging station. Streamflow was measured at

sites 1, 4, 8, 10, 21 and 23, and on some occasions at site 25. Flow

measurements were made in a stable reach at or near each site, and

as close to the time of sample collection as possible.

A nylon rope with six inch and foot increment markings was

used to measure stream width. Stream depth and velocity measure-

ments were made at selected intervals across the width of the stream.

Intervals varied from 0.5 to 2.0 ft (0. 15 to 0.6 m), depending on

stream width and channel characteristics. A portable wading rod,

marked at 0.1 ft intervals along the length of the rod, was used to mea-

sure depth, and a Gurley Pygmy current meter was used to take velo-

city readings at a point (0. 6 x depth) in the stream profile. Stream

discharge could then be calculated by using the following equation:

Q = AIVI + A2 V2 + ... +An V
n

where: Q is stream discharge in cfs (or m3/s), A is cross sectional

area in ft2 (or m2) for each section 1 through n, and V is mean velocity

in ft/s (or m/s) of flow in each section 1 through n. Flow per unit area

(cfsm) was also calculated from each discharge measurement.
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Precipitation

Detailed precipitation records are not available for any site in

the study area; however, a standard rain gage is located at Enterprise,

Oregon, and a recording rain gage is located at the Joseph Ranger

Station. Both stations are located on the edge of the Wallowa Valley,

just north of the study area. Precipitation data is reported as daily

totals throughout the year at Enterprise, while the Joseph Ranger

Station reports the duration and amount of precipitation falling during

each day of the fire season (usually May to November).

Since summer thunderstorms can be highly isolated, local events,

and since precipitation patterns over the Wallowa Mountains may vary

significantly from those occurring over the Wallowa Valley, supple-

mental precipitation data was collected at three sites in the area drained

by the East Fork of the Wallowa River. Metal cans were placed in open

areas at sites 1, 3, and 8 (Figure 7). Oil was added to each can to

minimize evaporation losses between readings. Sites were visited two

to three times per week and during storm events.

Recreational Use

Estimating Levels of Wilderness
Use in the Study Area

In order to characterize geographic patterns of recreational use



71

occurring within a particular drainage area, both the number of visi-

tors (people and packstock) using the area during a given time period,

and the spatial patterns of use within that area must be determined.

The total number of visitors entering or leaving an area through a

particular wilderness trailhead can be determined in a variety of ways

(Hendee, Stankey, and Lucas, 1978):

1. a direct head count by someone constantly stationed at the

trailhead (most accurate if the physical setting limits entry to a

specific trail);

2. estimated counts obtained from mandatory use permits, either

issued by government personnel or self-issued at wilderness trailheads

(subject to varying degrees of user compliance);

3. estimated counts obtained from automated monitoring devices

such as electronic trail counters or automated cameras (expensive,

subject to mechanical error, interferrence from wild animals, weather

and vandals, and interpretation errors--the devices generally cannot

distinguish between two- and four-legged animals, nor can they identify

the direction of travel, cameras may be an exception);

4. estimated counts from random, periodic or stratified sampling

(use patterns are extremely variable and sampling may not provide

reliable data unless the procedure is well designed);

5. estimates or direct counts from roadblocks on access roads

(costly and the accuracy would depend on the number of access roads
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monitored, and whether the roadblocks were monitored continuously or

according to a sampling scheme);

6. estimates based on guesswork.

For years, visitors have been required to obtain use permits

before entering the Eagle Cap Wilderness Area; however, prior to

1979 there was a high degree of noncompliance (Schimke, 1979). Un-

documented spot checks by Wilderness Rangers (Glasford, 1979) re-

vealed that only 50 to 60 percent of the people checked prior to 1979

had obtained permits before entering Eagle Cap. Therefore, wilderness

use data tabulated from permits issued prior to 1979 must be consider-

ed unreliable. However, Eagle Cap permit data must be considered

more reliable for the summer use season of 1979. Beginning July 1,

1979, U. S. Forest Service personnel were stationed at the four wilder-

ness trailheads receiving the greatest number of wilderness visitors.

The trailhead which serves as the entry point for the trails leading up

the East and West Forks of the Wallowa River was one of those moni-

tored. The Wallowa River trailheads were monitored continuously,

with only a few exceptions, from July 1 to September 3, 1979, a period

corresponding precisely with bacterial sampling conducted for this

study on the East Fork of the Wallowa River. All visitors entering the

trailhead were checked to determine whether they had obtained a

wilderness permit. An unofficial trail register was kept by personnel

at the trailhead. The register for each day contained the following
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information: 1) the name appearing on each permit for each individual

or group passing the entry point; 2) the number of people in each

group; 3) the number of packstock in each group; 4) the destination or

destinations of each group; and 5) the number of days to be spent in the

wilderness. The official wilderness permits contained similar infor -

mation, but the permits identified numbered management or use zones

rather than identifying areas by place names, such as those used on the

unofficial trail register.

Although the information on the wilderness permits was detailed

enough to calculate daily use figures, only annual use had been calculated

for each zone prior to 1979. Monthly totals are being calculated for

each zone in Eagle Cap for the 1979 records; however, daily totals are

needed to assess the relationship between recreational use and bacterial

water quality. Therefore, copies of all permits issued for the Eagle

Cap Wilderness Area during June, July, August of 1979, and the trail

registers for the period July 1 to September 3, 1979 were used to

tabulate daily use figures for the East Fork trail and Aneroid Lake

area--the areas being sampled for bacterial water quality during the

summer of 1979.

Determining Spatial Patterns of
Wilderness Use in the Study Area

It would be unfeasible to plot the exact location of each wilderness
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visitor for each day during the study period. However, spatial use

patterns can be determined from other physical evidence. The loca-

tion, size, condition and number of trails within the study area indicate

the primary and secondary routes of travel, and the relative amount

of traffic that each route receives. Fire rings and/or patches of dis-

turbed ground (tent size or larger) are good indicators of camp site

locations. Areas with a large number of campsites or a few very dis-

turbed campsites are likely to be areas of frequent and concentrated

use. Man-made structures, such as cabins, pit toilets, and corrals,

tend to attract people, and, when several structures are located in

close proximity and along a major trail, concentrated use is almost a

certainty. Areas that show no signs of campsites or man-related

trails are likely to be areas receiving little or no recreational use.

Although wilderness recreation is generally considered to be

dispersed, low density use, visitors concentrate their activities in

areas adjacent to lakes and streams (Hendee, Stankey and Lucas, 1978).

This is especially true in mountain wilderness areas with narrow,

steep canyons, such as those found in the Eagle Cap Wilderness Area.

Trails in Eagle Cap generally follow the river valleys, except when

a trail leads over a pass from one drainage area to another. Trails in

the upper drainage of the Wallowa River run adjacent to the East and

West Forks, and some of the major tributaries, such as Lake Creek

and Adam Creek. Forest Service maps of the Eagle Cap Wilderness
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Area, aerial photography, and field inspections were used to deter-

mine the location of the main and secondary trails, and man-made

structures in the study area. Field inspection and U. S. Forest

Service Coda-a-Site15 maps were used to locate and map campsites.

This information was used to assess the type and level of use in the

land area draining to each water quality sampling site sampled during

1979.

Statistical Methods

Analysis of Variances

Analysis of variance is a statistical technique which can be used

to determine whether there is a significant difference in the means of

two or more independent samples, or whether the means are derived

from the same population. The most powerful analysis of variance

technique is the parametric "F" test; however, in order to use a

parametric test it must be assumed that the samples are normally

distributed, and that the sample variances are homogeneous. If these

assumptions cannot be met, then a nonparametric, distribution-free,

15 Code-a-Site is a campsite inventory system used by the U. S.
Forest Service to locate and record information about campsites. The
inventory includes an assessment of facilities, scenery, and the degree
of environmental impact on soils and vegetation at each site. The
system is used to inventory campsites located along Forest Service
roads and in wilderness areas (Hendee, Stankey, and Lucas, 1978).



76

technique, such as the Kruskal-Wallis analysis of variance by ranks,

should be used (Hammond and McCullagh, 1974; Springer, 1976).

Bacterial water quality data collected during the summer of 1979 indi-

cate that sample variances are not homogeneous throughout the study

area (see Chapter IV); therefore, nonparametric analysis of variance

testing was used to determine whether there were significant differ-

ences in bacterial water quality between sites sampled during the final

phase of this project.

Regression Analysis

Regression analysis is used to determine the relationship or

degree of association between a dependent variable (i. e. , fecal coliform

counts) and a set of independent variables (i. e. , streamflow, precipi-

tation, water temperature, number of wilderness visitors). Regression

analysis can be used to develop predictive equations or simply to rank

variables according to the importance of their relationships (Snedecor

and Cochran, 1967). Regression analysis has been used in this study to

rank the importance of the relationships between bacterial water quality

and the variables representing recreational use and hydrological condi-

tions.
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IV. RESULTS

Results of the Baseline Study

The baseline study was designed to: 1) assess the general level

of water quality in the study area; 2) identify potential water quality

problem areas warranting further study; and 3) provide a reference

data base from which managers and scientists could design water

quality management plans or evaluate water quality impacts associated

with future activities in the study area. Analyses conducted during the

baseline study revealed that water quality in the upper Wallowa River

drainage area was generally quite good; however, there were some

notable temporal and spatial variations in the physical and chemical

characteristics of the area's streams. Analysis of bacterial samples

revealed that random or intermittent, low-level fecal contamination

did occur at some sites, but results were inconclusive due to the small

number of bacterial samples collected at each site.

Nutrient Water Quality

Nitrogen

Samples of nitrogen concentrations at selected baseline sites re-

vealed some interesting patterns. First, concentrations of ammonia-N

(NH3 + NH4) were above detectable limits (0. 005 mg/l) in only seven of
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61 samples collected between July 2, 1978, and June 9, 1979 (Table 5).

Ammonia-N concentrations did not exceed 0.005 mg/1 on more than

two occasions at any site, and sample concentrations never exceeded

detectable limits at site 24, the principal sampling site on the West

Fork of the Wallowa River (Figure 7). The maximum concentration

(0. 013 mg/1) of ammonia-N observed during the study occurred on

August 6, 1978 at site 13, the principal site on the East Fork. That

water sample also contained the maximum concentration (0. 398 mg/1)

of Kjeldahl-N (ammonia-N + organic -N). Concentrations of Kjeldahl-N

exceeded detectable limits (0.05 mg/1) in just 21 of 61 water samples

collected during the baseline study; therefore, sample means and

sample variances could not be calculated for either Kjeldahl-N or

ammonia-N. However, the following general statements can be made

regarding ammonia and Kjeldahl-N concentrations observed in the study

area: 1) concentrations were generally below the detectable limits of

standard laboratory tests; 2) maximum concentrations of both nutrients

were found in a single sample collected on the East Fork of the Wallowa

River during August, the period of peak biological and recreational

activity in the study area; 3) ammonia concentrations exceeded

detectable limits in some samples collected during July, August and

September, while concentrations of Kjeldahl-N exceeded detectable

limits in some samples collected during those months and in a limited

number of samples collected during April and May; 4) peak
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TABLE 5. NITROGEN CONCENTRATIONS SAMPLED DURING THE
BASELINE STUDY.

Date

Nitrogen Concentrations (mg/1)

NO2 + NO3 NH3 + NH4 Kjeldahl-N

( mg/1) (11.10) (mg /1)

Site 6

7/04/78 .027 .006 .087
7/23/78 * * *

8/06/78 .015 * *

8/20/78 * ,4. .162
9/04/78 ,4, * .087
9/17/78 ,4, 4,, .073
10/01/78 * ,4. .069

Site 13

7/04/78 .018 .006 .123
7/23/78 .013 .087
8/06/78 . 021 . 013 .398
8/20/78 .017
9/04/78 .022
9/17/78 .012
10/01/78 .020
11/03/78 .016
11/26/78 .032
12/27/78 .050 T 4.

2/02/79 NS NS NS
4/01/79 .045
5/04/79 .048 .059
5/18/79 .041 .084
6/03/79 .025 .157
6/09/79 .024 .068

Site 22

7/03/78 .054 .006 -*
7/21/78 .028 * .237
8/05/78 .014 ,., J-,

8/19/78 * * *

9/02/78 ,4, .006 ,4.
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TABLE 5. Continued.

Date

Nitrogen Concentrations mg/1)

NO
2
+ NO3 NH3 + NH4 Kjeldahl-N

(mg/1) (mg/1) (mg/1)

Site 22, continued

9/16/78 4. .055
9/30/78 4.

T` 078

Site 24

7/02/78 .041 * .056
7/21/78 .034 * *

8/04/78 .032 * 4.,

8/18/78 .028 ,., *

9/03/78 .032 ,d. ,.,

9/15/78 .028 TO. ,4.

9/29/78 .028 ,..,, *

11/03/78 .019 ,.,, .,,

11/26/78 .040 * *

12/27/78 .055 ,., ,.,

2/02/79 .072 * *

4/01/79 .042 * *

5/04/79 .095 ,., .059
5/18/79 .074 ,,,, .063
6/03/79 .055 ,.., *

6/09/79 .043 , *

Site 25

7/02/78 .043 .006 .096
7/21/78 .036 ,.. *

8/04/78 .035 * .092
8/18/78 .030 * *

9/03/78 .035 .,, *

9/15/78 .032 .006 ,.,

9/29/78 .032 ,,, *

11/03/78 .020 * *

11/26/78 .038 * ,.,

12/27/78 .052 * *

2/02/79 .067 * *
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TABLE 5. Continued.

Date

Nitrogen Concentrations (mg/1)
NO2 + NO3 NH3 + NH4 Kjeldahl -N

(mg/1) (mg/1) (mg/1)

Site 25, continued

4/01/79
5 /04/79
5/18/79
6/03/79
6/09/79

.048

.089

.073
.053
.038

*
4..
or

4..
or

4..,
J.
or

m4.

4m .

4
m .

.073
4 or .

Sample concentration was below the detectable limits of standard
laboratory tests; the lower limits of detection are 0.010 mg/1 for
NO2 + NO3- , 0.005 mg/1 for NH3 + NH4 , and, 0.010 mg/1 for
Kjeldahl-N.
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concentrations of both nutrients did not coincide with peak snowmelt

runoff, nor with winter low flows, but did coincide with the periods of

maximum biological and recreational activity.

Unlike ammonia and Kjeldahl-N, nitrite (NO2) plus nitrate (NO3)
3

concentrations were consistently above detectable limits (0.01 mg/1)

at sites 13, 24 and 25, but concentrations rarely exceeded 0.01 mg/1

at sites 6 and 22. Sites 6 and 22 are located in the nutrient-poor alpine

and subalpine watersheds of Aneroid Lake and Ice Lake, while sites 13,

24 and 25 are located on the lower, forest-lined reaches of the East

Fork, West Fork, and Wallowa River, respectively (Figure 7).

Analysis of water samples collected from sites 13, 24 and 25 revealed

that concentrations of NO
2

+ NO3 were consistently higher in the West

Fork and the Wallowa River than in the East Fork (Table 5, and

Figure 8). Mean concentrations of NO2 + NO3 were 0.045 mg/1 at

sites 24 and 25, and only 0.028 mg/1 at site 13 (Table 6).

All three sites are located in forested valley bottoms, but only

site 25 is in an area influenced by developed recreation facilities. Site

24 is upstream from the developed recreation area, yet concentrations

of NO2 + NO3 recorded for site 24 are quite similar to those recorded

for site 25 (Tables 5 and 6). Therefore, levels of recreational activity

cannot account for the similarities in nutrient concentrations between

sites 24 and 25, nor can they account for the differences in concentra-

tions between those sites and site 13. However, differences in lithology
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Figure 8. NO2 + NO3 concentrations sampled at sites 13, 24 and 25
between July 2, 1978 and June 9, 1979.



84

TABLE 6. DATA SUMMARY OF NO2 + NO3 CONCENTRATIONS

SAMPLED AT SELECTED SITES.

Statistic

mean concentration (mg/1)

standard deviation (mg/1)

sample variance (mg/I)
max. concentration (mg/1)
min. concentration (mg/1)
range (mg/1)

East Fork
Site 13

West Fork
Site 24

Wallowa River
Site 25

0.028 0.045 0.045

0.012 0.021 0.018

0.000 0.004 0.003

0.048 0.095 0.089

0.013 0.019 0.020

0.035 0.076 0.069
number of samples (n) 15 16 16

(Figure 3) between watersheds may account for variations in nutrient

chemistry between site 13, and sites 24 and 25. Omernik (1977) re-

ported that concentrations of inorganic nitrogen were generally higher

in streams draining areas of sedimentary and mixed lithology than in

those draining areas of igneous origin. Major portions of the area

drained by the West Fork are dominated by rock of sedimentary origin,

but, in the area drained by the East Fork, sedimentary rock is found

only in a small sector of the headwater zone upstream from Aneroid

Lake. Based on those differences in lithology, one should expect to

find higher concentrations of NO2 + NO3 in the West Fork (site 24) than

in the East Fork (site 13), Since the West Fork drains an area three

times as large as the East Fork and supplies approximately 75 percent

of the water reaching site 25, nutrient concentrations sampled at site 25
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should approximate concentrations sampled at site 24 more closely

than those sampled at site 13, and they do.

Although actual nutrient concentrations differ between sites 13,

24 and 25, seasonal variations of NO2 + NO3 concentrations follow

similar patterns at each site. Table 5 and Figure 8 illustrate that

NO2 + NO3 concentrations are lowest at all three sites during summer

and early fall, the periods of maximum biological and recreational

activity in the Wallowa Mountains. Concentrations rise substantially

during winter when both streamflow and biological productivity are at

their lowest levels, but peak concentrations occur during spring and

appear to coincide with the initial flush of snowmelt runoff. Peak con-

centrations are later diluted as snowmelt and streamflow continue to

increase through spring and early summer. Concentrations of NO2 +

NO3 decline with decreasing streamflow in July, then remain at rela-

tively low levels until winter snows return.

Although these trends are quite different from those observed

for ammonia and Kjeldahl-N, one can safely generalize that waters in

the study area are nitrogen-poor, particularly during summer when

biological demands are greatest. Concentrations of inorganic nitrogen

(NO
2

+ NO3 and NH3 + NH4 ), the form directly available for uptake by

aquatic plants, did not exceed 0.10 mg/1 in samples collected from any

site in the study area, and concentrations never approached levels

(0. 30 mg/l, as cited by Uttormark et al. , 1974) which might lead to
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eutrophication or excessive growths of aquatic plants.

Phosphorus

Concentrations of total phosphorus (total P) and dissolved ortho-

phosphorus (PO4) were sampled periodically during the baseline study

at sites 6, 13, 22, 24 and 25. Analysis of water samples collected at

each site revealed that concentrations of total P and PO4 were gen-

erally below detectable limits (0. 01 mg/1 for total P, and 0, 005 mg/1

for PO4) at all sites except site 13 (Table 7). Mean concentrations

(0. 013 mg/1) of PO4 observed at site 13 exceeded the minimum impact

level of 0.01 mg/1 (Uttormark et al. , 1974), which is thought to be

sufficient to produce excessive growths of aquatic plants unless the

availability of other critical nutrients (i. e. , inorganic nitrogen) be-

comes a limiting factor. Fortunately, concentrations of available

nitrogen were generally lower at site 13 than at other sites, and were

well below the level (0. 3 mg/1; Uttormark et al. , 1974) required to

promote excessive growth of aquatic plants.

Variations in phosphorus concentrations between sites in the study

area can be explained, to some extent, by variations in watershed litho-

logy. Site 13 represents the area drained by the East Fork of the

Wallowa River, the only drainage in the study area with a major formation

of basalt (Figure 3). Omernik (1977) reported that basalt was very high

in phosphorus content (0, 24% total P) when compared with granitic
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TABLE 7. PHOSPHORUS CONCENTRATIONS SAMPLED DURING
THE BASELINE STUDY.

Total Phosphorus (mg/1)
Date Site 6 Site 13 Site 22 Site 24 Site 25

1978:

- 7/4
- 7/23
- 8/6
- 8/20
- 9/4
- 9/17
- 10/1

*

O. 025
*
.,..,..

4.,
*
*

0. 022
O. 019
0. 018
0,017
0. 019
O. 013
O. 019
0. 022
0.023
O. 027

-
0. 016
0. 042
0. 022
0.066
O. 016

,,
O. 014

*

*,,.
*
*

,
.....,,..

*
*
*
4,,

0. 017
*
*
*

-.--'

*
*

0.016
T

O. 013
0. 016

*
*
*
*

O. 015
*
*

0. 017

O. 016
*

O. 040,,
0.037
O. 017

7/2
7/21
8/4
8/18
9/2
9/15
9/29
11/3
11/26
12/27

1979:

2/2
4/1
5/4
5/18
6/3
6/9

Date Site 6
Or thophosphorus (mg/1)

Site 13 Site 22 Site 24 Site 25

1978:

*
*

*
:,,:

*
*

*

0. 010
0.009
0. 011
0. 011
O. 013
0. 011
O. 012
O. 013
O. 015
O. 017

J..'I'
O.
..T.

4.4
-r-

Jo..r.

ale
-1".

*
*

4.
.3".

..1,I
4..e.

J
-1- o

4.
'1'

*
.3.

.14.-P

..4.
T`

*

4.1.T`

*
4.'1'

...t.,r

.3..

..r.

*
*
-If.
4..

O. 006
0. 007

7/2 - 7/4
7/21 - 7/23
8/4 - 8/6
8/18 - 8/20
9/2 - 9/4
9/15 - 9/17
9/29 - 10/1
11/3
11/26
12/27
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TABLE 7. Continued.

Date Site 6
Orthophosphorus (mg/1)

Site 13 Site 22 Site 24 Site 25

1979:

2/2
4/1
5/4
5/18
6/3
6/9

0.016
0.014
0.013
0.014
0.011

0.008

0. 010

Sample concentrations
laboratory tests. The
phorus, and 0.01 mg/1

were below the detectable limits of standard
lower limits are 0.005 mg/1 for orthophos -
for total phosphorus.
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(O. 09 to 0, 14% total P) and sedimentary (0.07% total P) rock. Granitic

and sedimentary rock units dominate the lithology of watersheds drain-

ing to sites 6, 22, 24 and 25. Therefore, concentrations of total P and

PO4 are substantially lower in streams draining those watersheds than

in those draining to site 13.

Phosphorus concentrations varied according to a definite sea-

sonal pattern at sites 13 and 25, the only sites where total P concen-

trations exceeded detectable limits in enough samples to decipher sea-

sonality. Maximum total P concentrations at both sites occurred during

May and early June, and coincided with the period of flushing associ-

ated with rising snowmelt runoff (Figure 9). Total P concentrations

(Table 7) peak a few weeks later than NO
2

-I- NO3 concentrations (Figure

8) at site 13, primarily because phosphates are less soluble than

nitrates and require a different transport mechanism to reach stream

channels. Nitrates are quite soluble and leach rapidly through saturated,

permeable soils, but phosphates adsorb readily to soil particles and

sediments. Therefore, phosphorus concentrations generally do not

increase substantially until runoff reaches levels sufficient to erode

and transport soil particles and sediments. Phosphorus concentrations

are lowest in the study area during low flow periods, particularly during

winter when surface runoff and erosion are minimal.
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Figure 9. Mean monthly discharge for the East Fork of the Wallowa River: 1951-1978; 1978;
and 1979 (U.S. Geological Survey, 1960; 1961-1978; and uncorrected, unpublished
USGS 1979 stream gaging data for the East Fork of the Wallowa River).
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Weather and streamflow conditions were somewhat erratic in

the Wallowa Mountains during the summer of 1978. Heavy precipita-

tion and unseasonably cool air temperatures contributed to rather

sharp fluctuations in snowmelt runoff during the first half of July,

while intense summer thunderstorms produced rapid, short-term run-

off events during August and September (Figure 10). However, super-

imposed over these erratic daily fluctuations, seasonal trends in

streamflow followed the usual pattern of peaking during late June and

early July, and declining through summer, fall and winter (Figure 9).

Although most sampling was conducted during periods of fair weather

(Figure 10), streamflow records and water samples collected over the

entire study period provided enough information to identify general sea-

sonal trends in the physical and chemical characteristics of the study

area's principal streams.

Although seasonal variations in stream nutrient levels have been

explained earlier by comparing sampled nutrient concentrations with

streamflow patterns in the study area, the relationship between stream-

flow and nutrient concentrations is very complex. A simple linear

regression (Draper and Smith, 1966) of NO2 + NO3 concentrations
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Figure 10, Streamflow hydrograph for the East Fork of the Wallowa River (U. S. Geological
Survey, 1978) and unpublished precipitation data for the Joseph Ranger Station,
Joseph, OR.



93

versus stream discharge at sites 13, 24 and 25 revealed that no simple

linear relationship existed between streamflow and nitrogen concentra-

tions at those sites. The highest coefficient of determination (r 2 ) value

recorded for that analysis was only 0.05. Simple linear regressions

of total P versus streamflow (r2 = 0. 09), and PO4 versus streamflow

(r 2 = 0. 15) again failed to reveal any significant linear relationship be-

tween streamflow and nutrient concentrations sampled in the study area.

Specific Conductivity

Specific conductivity readings were taken in water samples col-

lected between July 2, 1978 and June 9, 1979 at sites 13, 24 and 25.

Conductivity readings recorded during the baseline study were quite

low, less than 100 micromhos in all samples (Table 8). Since the

specific electrical conductance of water decreases proportionally as

the concentration of dissolved salts (ions) decreases, conductivity

readings indicate that ion concentrations are relatively low at all three

sites, but that concentrations are lowest and vary least at site 13.

Ion concentrations in streams are influenced primarily by the

composition and exchange capacities of soils and rock, and by

weathering rates; therefore, differences in basin lithology account for

major variations in conductivity between streams. For example, sedi-

mentary deposits, usually richer in soluble salts than other lithological

units (Wetzel, 1975), are less prevalent in areas draining to the East
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TABLE 8. SPECIFIC CONDUCTIVITY READINGS FOR WATER
SAMPLES COLLECTED AT SITES 13, 24 and 25.

Specific Conductivity (micrornhos)
Dates Site 13 Site 24 Site 25

1978:

7/2 - 7/4 66 52 63
7/21 - 7/23 69 59 70
8/4 - 8/6 74 66 75
8/18 - 8/20 72 74 81
9/2 - 9/4 74 80 89
9/15 - 9/17 73 76 82
9/29 - 10/1 73 89 93
11/3 71 93 95
11/26 75 90 94
12/27 71 94 94

1979:

2/2 99 95
4/1 71 96 92
5/4 65 75 72
5/18 61 64 69
6/3 60 64 70
6/9 69 68 78

X 70 77 82

S 4. 66 14.63 11.20

S2 21. 69 214.12 125.33

range 15 47 32
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Fork of the Wallowa River (site 13) than in those draining to the West

Fork. The igneous rocks along the East Fork are low in soluble salts;

therefore, ion concentrations and specific conductivity readings are

low at site 13 and show no significant correlation with streamflow (r2
=

0.27). Sedimentary formations rich in soluble salts occupy major

portions of the area drained by the West Fork of the Wallowa River

(Figure 3); therefore, ion concentrations are higher (except when

diluted by high flows) at site 24 than at site 13, and specific conducti-

vity readings are closely associated (r2 = 0.92, significant at 0.01 p)

with streamflow (Figure 11).

Although ion concentrations varied significantly between sites,

maximum conductivity readings (99 micromhos at site 24) were well

below optimum levels (150 to 500 micom- hos) required to support a

good mix of fish fauna (McKee and Wolf, 1963). Therefore, streams

in the study area present a rather sterile, nutrient-poor environment,

and can support only a limited array of aquatic flora and fauna.

Water Temperature

Water temperatures were measured for every sample collected

during the baseline study. Although temperature influences many

physical, chemical and biological relationships in aquatic ecosystems,

water temperature was measured for this study primarily because of its

influence on microbial activity and survival. McFeters and Stuart (1972)
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found that the number of FC colonies surviving in streams and labora-

tory test chambers was inversely proportional to temperature, and

that FC populations decreased 50 percent with each 5°C temperature

increase between 5 and 15°C. Above 15°C the effects of temperature

increases were not as significant (McFeters and Stuart, 1972). Micro-

bial activity diminishes rapidly at temperatures below 5°C; however,

as long as freezing does not occur, enteric pathogens and fecal indica-

tor bacteria remain viable, and survival time increases as water

temperatures approach 0°C (Davenport et al. , 1976).

Water temperatures in the study area are of greatest concern

during summer months (July-September), the period of maximum bio-

logical activity. Summer water temperatures measured in headwater

streams (sites 3, 4, and 21) were usually below 5°C (Table 9 and

Figure 12); however, temperatures measured at lake outlets (sites 6

and 22) and at lower elevation stream sites (sites 13, 24 and 25) were

generally between 5 and 15°C, the temperature range which results in

the highest microbial mortality rates in unpolluted waters. Summer

water temperatures at all of the baseline sites were below optimum

temperatures required for the growth of diatoms (15-25°C), green

algae (25-35°C), and blue-green algae (30-40°C), but lake and lower

elevation stream temperatures were at ideal levels for several species

of trout (McKee and Wolf, 1963). Although water temperatures in head-

water streams were in the range conducive to the survival of enteric



TABLE 9, WATER TEMPERATURES SAMPLED DURING THE BASELINE STUDY.

East Fork Sites
Water Temperature (°C)

West Fork Sites Wallowa RiverDate 3 4 6 13 21 22 23 24 25
1978:

7/2 - 7/4 1. 5 2. 0 5.5 7.0 1. 0 2.0 2.0 7. 0 7. 07/21 - 7/23 2. 5 3. 0 10.0 10.0 4. 0 8. 0 8. 0 7. 0 7. 08/4 - 8/6 2. 5 3. 0 12.0 9. 0 4. 0 12.0 12.0 9. 0 9. 08/18 - 8/20 2.5 3. 0 10.0 7. 0 4. 0 9. 0 9. 0 6. 0 6, 09/2 - 9/4 3. 0 3. 0 10.0 8. 0 7. 0 10.0 10. 0 8. 0 8, 09/15 -9/17 1. 0 1. 5 7. 0 3, 0 2. 0 6. 5 6. 5 5. 5 5. 59/29 - 10/1 1, 0 1. 0 7. 0 3. 5 4. 0 7. 0 7. 0 5. 0 5. 0
11/3 4. 0 4. 5 4. 5
11/26 1. 0 1. 0 1,5
12/27 1.0 1.0 1. 0
1979:

2/2 0. 5 0. 5
4/1 2. 0 1. 5 2. 0
5/4 3, 0 4. 0 4. 0
5/18 5. 0 5. 0 5. 0
6/3 6. 0 7. 0 7. 0
6/9 7. 0 8. 5 9. 0

5. 1 5.0 5. 1
S 2. 87 2. 78 2. 74
S2 8. 22 7. 75 7. 52

.0range 9.0 8. 0 8.5 00
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Figure 12. Trace of water temperatures sampled at selected baseline sites.
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pathogens and FC bateria, nutrient concentrations were not.

Preliminary Assessment of
Bacterial Water Quality

The bacterial sampling program conducted during the baseline

study was designed to identify potential problem areas warranting

further study, and to assess and improve bacterial sampling procedures

before initiating the final phase of this project.

Bacterial water quality in the study area is of paramount concern,

from a public health standpoint, during the summer recreation season

(July-September). Human and animal activity is at its peak in the

Wallowa Mountains during July and August, and, it is possible that

fecal matter may enter streams and lakes in sufficient quantities to

create potential health hazards for wilderness visitors.

Water samples from each baseline site (3, 4, 6, 13, 21-25) were

analyzed for the presence of FC bacteria, the most sensitive indicator

of recent fecal contamination. Evidence of low-level fecal contamina-

tion was found in several samples (Table 10) collected at three sites

(13, 24 and 25) located outside the wilderness boundaries; but, FC

colonies were detected in just two samples collected from wilderness

sites in the Aneroid Lake watershed. No evidence of fecal contamination

was found in samples collected from wilderness sites in the Ice Lake

watershed (Table 10).



101

TABLE 10, BACTERIAL WATER QUALITY AT BASELINE SITES
IN THE UPPER WALLOWA RIVER BASIN, OREGON.

Date FC Colonies/100 ml

Sites Outside the Wilderness Area
25 25' 24 24' 13 13'

7/02/78 0 1 0 0
7/04/78 1

7/21/78 0 0 0 0

7/23/78
8/04/78 :1( of`

8/06/78 0 0

8/18/78 1 0 1

8/20/78 1 0

9/03/78 1 0 1

9/04/78 0 0

9/15/78 3 3 0 3
9/17/78 0

9/29/78 1 1 0 0

10/01/78 0 0

11/03/78 0 0 0 0 0 0

11/26/78 0 0 0 0 0 0

West Fork:
Sites Inside the Wilderness Area

Ice Lake
23 23' 22 22' 21 21'

7/03/78 0 0 0 0 0 0
7/21/78 0 0 0 0 0 0
8/05/78 0 0 0 0 0 0
8/19/78 0 0 0 0 0 0
9/02/78 0 0 0 0 0 0
9/16/78 0 0 0 0 0 0
9/30/78 0 0 0 0 0 0
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TABLE 10. Continued.

Date FC Colonies/100 ml

Sites Inside the Wilderness Area (continued)
East Fork: Aneroid Lake

6 6' 4 4' 3 3'

7/04/78 0 0 0 0 0 0
7/23/78 0 0 0 0 0 0
8/06/78 0 0 * ,f,. * *
8/20/78 0 0 1 1 2 0
9/04/78 0 0 0 0 0 0
9/17/78 0 0 0 0 0 0

10/01/78 0 0 0 0 0 0

Samples were ruined when water leaked into petri dishes
while in the water bath incubator.

Replicate samples were filtered for each site.
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Unfortunately, the systematic, bi-weekly sampling schedule was

not intensive enough to provide a truly representative sample of condi-

tions found in the study area. Bacterial mortality rates, stream

flushing, dilution downstream, and the random or intermittent nature

of pollution events make it difficult to assess the actual level and

extent of fecal contamination occurring in remote mountain watersheds.

Geldreich (1970) reported that less than 20 percent of the fecal bacteria

entering natural, relatively unpolluted, waters survive 24 hours;

therefore, sampling efforts must be intensive enough, both spatially

and temporally, to detect short-term, intermittent and random con-

tamination events. Samples should be collected under a variety of

weather, streamflow and recreational use conditions to determine

whether significant levels of fecal contamination do occur in the study

area, and, if so, whether contamination follows any discernible spatial

or temporal pattern.

Although results of the bacterial analysis were inconclusive,

preliminary evidence suggested that fecal contamination did occur in

the study area on a random or intermittent basis, and that the potential

for higher levels of contamination exited at several sites (see the dis-

cussion of sampling sites in Chapter III). After assessing the problems

encountered during the baseline study, a new bacterial sampling scheme

was developed.



104

Geographic Variations in Bacterial Water Quality
and Recreational Use

An intense study of geographic variations in bacterial water

quality and recreational use was conducted during the summer of 1979

in the area drained by the East Fork of the Wallowa River. Water

samples were collected two or three times per week and during storm

events at 11 principal sites, and intermittently or during storm events

at four supplemental sites (Table 3 and Figure 7). Sampling sites

were located in each of the basin's major environments, and in areas

influenced by different levels and types of recreational use. This

phase of the study has been designed to determine whether there are

significant differences in bacterial water quality between sites in the

study area, and, if so, whether those differences are related to geo-

graphic variations in recreational use.

Results of Bacterial Water
Quality Analysis

Laboratory analysis of 279 water samples collected between July

5 and September 3, 1979 revealed that 158 samples (57%) contained

fecal coliform bacteria (Table 11). Only 74 samples (27%) contained

more than 1.0 FC per 100 ml, but maximum counts were as high as

48.5 per 100 ml at site 15, and 23 per 100 ml at site 7. Mean FC

counts recorded for each site ranged from a low of 0. 1 per 100 ml at
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TABLE 11. FC COUNTS RECORDED FOR WATER SAMPLES
COLLECTED JULY 5 - SEPTEMBER 3, 1979.

Date/ FC Colonies/100 ml
Site 1 2 3 4 5 6

July 5 0 0 0 0 0
8 0 2.0 1.5 0 0

10 0 0 1.0 0.5 0 0
12 0 0 0 1.0 0 0 0.5
15 0 0 0.5 1.0 0 0.5
17 0 0 0.5 3.0 0 0 3.5
19 1.5 9.0 2.5 1.0 0.5 0
22 0.5 4.0 3.0 4.0 0 0 1.0
24 1.0 0 0 1.0 0 1.0
28 0 0 1.5 1.0 0 0
31 0 0 1.0 2.5 0 0 3.5

Aug. 2 1.0 0 0.5 0 0 0
5 1.0 0 0 0 0 0
9 0 0 0 0.5 0.5 0 16.0

12 0 0 2.5 0 0 0 23.0
13 1.0 0 0 1.0 0 0
16 0 0 0 1.0 6.5 0 3.0
19 0 0 0 0 0 0 0
23 0.5 0 0 0 0 0.5
26 0 0 0 0 0 0.5
31 0 - 0 0.5 0 0 0

Sep. 3 0.5

X 0.3 0.8 0.7 0.9 0.3 0.1 4.3
s 0.48 2.40 0.98 1.07 1.38 0.21 7.38
s 2 0.23 5.76 0.97 1.14 1.91 0.05 54.48
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TABLE 11. Continued

Date/
Site 8 9

FC Colonies/100 ml
10 11 12 13 15

July 5 0.5 0 1.5 1.0 - 1.0 2.0
8 0.5 0 1.0 0 - 0.5 2.0

10 0 0 0 0,5 0 2.0
12 1.0 0 1.0 0 0.5 1.0
15 0.5 0 0 0 10.5 24.5
17 1.0 0 0.5 0.5 - 3.0 48.5
19 2.0 0.5 0.5 1.0 0.5 1.0 12.5
22 1.0 1.5 1.5 2.5 0 2.5 5.0
24 1.5 1.0 3.0 1,0 - 1.0 1.5
28 3.5 0 1.5 1.0 5.5 0.5
31 2.5 0 0 0.5 0 0.5 7.5

Aug. 2 7.0 1.0 1.5 1.0 2.5 2.0
5 3.5 1.5 0.5 1.5 0.5 2.5
9 1.0 0.5 1.5 2.5 0 0 1.0

12 0.5 0 1.0 1.5 1.0 0.5 4.0
13 8.0 16.5 7.0 29.5
16 3.0 1.5 1.5 3.0 1.5 1.5 2.0
19 0.5 0.5 0.5 0.5 0.5 1.0 0.5
23 0 0 1.0 0 0.5 0 2.0
26 11.5 2.0 1.5 0.5 0.5 2,5 2.0
31 1.5 0.5 0 0 0 0.5 4.5

Sep. 3 2.0 0.5 8.5 0 4.0 0.5 0

X 2.4 0.5 2.0 0.9 0.8 1.9 7.1

s 2.91 0.66 3.77 0.89 1.17 2.61 11.98

s
2 8.45 0.44 14.20 0.80 1.37 6.82 143.58

FC counts are recorded as the mean of filtered, 100 ml sample
replicates. Site 14 is not included in this table because it was sampled
only during selected storm events.
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site 6, to a high of 7.1 per 100 ml at site 15. Although FC counts were

consistently higher at site 15 than at other sites upstream, FC sample

populations did not follow a simple, distinct pattern of increasing from

headwater sites to downstream sites. For example, FC counts at

site 7 ranged from 0 to 23 per 100 ml, with a mean of 4.3 per 100 ml,

while FC counts downstream at site 11 ranged from 0 to 3 per 100 ml,

with a mean of only 0. 9 per 100 ml.

Results of the bacterial analysis (Table 11) indicate that fecal

contamination of water does occur, to varying degrees, at all sites

sampled in the study area.

Analysis of Variance
Between Sites

It is possible that sample variations between sites in the study

area are due to chance, and that there is no real difference in bacterial

water quality between sites. In order to test the alternative hypothesis

that variations in bacterial water quality between sites are significant

and not due to chance, the data must be subjected to a statistical

analysis of variance. Since the variances (s2) of the FC samples range

from 0.05 at site 6 to 143.58 per 100 ml at site 15, the parametric F

test cannot be employed. However, the Kruskal-Wallis analysis of

variance by ranks (Hammond and McCullagh, 1974), a non-parametric,

distribution-free test with a power efficiency of 95.5 percent, can be

used.
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The Kruskal-Wallis technique was used to rank (Table 12) and

evaluate the 279 observations of FC bacteria obtained from 14 sites

(1-13, 15) sampled during the summer of 1979. The Kruskal-Wallis

TH' statistic, distributed as X with k-1 degrees of freedom, was used

to determine whether there was a significant difference in FC counts

between sampling sites in the study area, or whether there was a high

probability (>0.01 p) that the observed differences were due to chance.

The H statistic was calculated from the following equation:

12
H =

N(N+1)
i=1

n - 3(N+1)

where R is the sum of ranks in each sample group, n is the number of

observations in each group, N is the total number of observations, and

k is the number of sample groups (Hammond and McCullagh, 1974).

The highest rank (1) is given to the lowest value, and when several

observations are tied, each is given the mean of the ranks all would

have received had each observation been different. If many of the ob-

servations have the same value, the test must be corrected for ties by

dividing H by:

1 - ( T/(N3 -N)

where T = t 3 -t, and t is the number of ties in each rank (Hammond and

McCullagh, 1974).

The H value, corrected for ties, was obtained and compared with



110

TABLE 12. RANKINGS OF FECAL COLIFORM COUNTS OBSERVED
DURING THE SUMMER OF 1979.

FC Count Frequency Rank FC Count Frequency Rank
(ties) (ties)

0.0 121 61 7.5 1 267

0.5 47 145 8.0 1 268

1.0 37 187 9.0 1 270

1.5 20 215.5 10.5 1 271

2.0 10 240.5 11,5 1 272

3.0 7 249 12.5 1 273

3.5 4 254.5 16.0 1 274

4.0 4 258.5 16.5 1 275

4.5 1 261 23.0 1 276

5.0 1 262 24.5 1 277

5.5 1 263 29.5 1 278

6.5 1 264 48.5 1 279

7.0 2 265.5
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the X2 table entries with 13 degrees of freedom, and the results were:

H = 107

X2(df=13) = 27.69 at 0.01 p level
34. 53 at 0.001 p level

The H value is substantially higher than the X2 table values listed

for both the preselected significance level of 0.01 p and the even more

significant 0.001 p level. The comparison indicates that there is a

probability of less than 0.001, or 0. 1 percent, that the variations in

FC counts (Table 11) between sampling sites are due to chance.

Therefore, the differences in bacterial water quality between sites are

considered to be very significant. However, further testing is required

to determine whether the differences in FC populations are related to

geographic variations in recreational use.

Geographic Patterns of
Recreational Use

Geographic patterns of recreational use in the study area were

determined from physical evidence. The locations of all roads, build-

ings, trails and campsites found in the East Fork drainage were mapped

(Figure 14), and patterns of recreational use were classified according

to the following scheme:

1, areas experiencing little or no recreational use (sites 1, 8,

9 and 12 );
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Figure 14. Anthropogenic features used to identify geographic
variations in recreational use.
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2. areas influenced primarily by trails (sites 3, 10, 11 and 13);

3. areas influenced primarily by camping (sites 2, 4, 5 and 6);

and

4. areas influenced by developed recreation facilities (site 15).

Patterns of recreational use in the East Fork drainage are

strongly influenced by the nature of the terrain and the location of

streams and lakes. Almost the entire portion of the drainage area

occupied by steep canyon walls receives little or no recreational use.

Only where major trails cross ridgelines is there a noticeable human

influence on the canyon walls. Occasionally campers leave the main

trails and travel cross-country to camp in small lake basins above the

valley floor (i.e. , Jewett Lake and Dollar Lake, Figure 14); however,

no campers were observed in these areas during any of the sampling

trips.

One major.trail leads into the area drained by the East Fork, and

it generally parallels the river for the entire length of the canyon. The

trailhead is located at the end of the highway (Figure 14) and adjacent to

the Wallowa Falls power station. The trail segment between the road

and the dam, located 1. 6 km upstream from the power station and 0.5

km north of the wilderness boundary, receives heavy summer use from

day hikers and groups of riders (generally four or more groups per day

and ten horses per group) guided by private outfitters (Is ley, 1979).

Trail traffic upstream from the dam is generally limited to those
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travelling into the wilderness area. The trail only crosses the East

Fork once, about 6. 5 km from the trailhead, but it crosses four major

tributaries before reaching Aneroid Lake. Secondary trails encircle

Aneroid Lake and provide access to campsites located along the shore-

line and to several primitive cabins located at the south end of the lake.

Relatively few of the study area's visitors travel beyond Aneroid Lake;

however, the main trail continues southward from Aneroid and forks

approximately 1.2 km south of the lake. The southeast fork leads to

the Bonny Lakes and Sheep Creek, but it is lightly traveled and the

trail sometimes vanishes amidst rocks and grasses. The southwest

fork crosses Tenderfoot Pass and leads to the North Fork of the Imnaha

River or to Polaris Pass.

Relatively few campsites are located along the trail system,

except where the trail circles Aneroid Lake. Although approximately

40 campsites ring the entire shoreline, the most frequently used camp-

sites are located along the southeast side of the lake. Most campsite

scars at Aneroid are within 25 m of the shore, but U.S. Forest Service

personnel are making a concerted effort to discourage people from

camping within 61 m (200 ft) of the lake. Halton Camp, just upstream

from Aneroid, contains several log cabins, three pit toilets, a corral,

and rowboats, and receives heavy summer use from youth groups and

Halton Tractor Company personnel. Although the land is privately

owned, the owners and users attempt to work closely with U. S. Forest
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Service personnel to insure that camp use does not conflict with.

wilderness guidelines. Another frequently used camping area is

located on the north shore of Roger Lake, 0. 8 km northeast of Aneroid

Lake (Figure 14); however, there are only four useable camp sites at

that location.

Developed recreation facilities, excluding the primitive cabins

at Halton Camp, are relegated to the roaded area at the base of the

canyon (Figure 14). Several residences, Oregon State Department of

Transportation and State Parks maintenance buildings, a highway

bridge, and several riding trails are located along the lower reaches

of the East Fork. Although no recreation facilities are located in the

area between the road terminus and the wilderness boundary, a small

diversion dam and maintenance building are located approximately

1.6 km upstream (3. 2 km trail distance) from the gaging station on the

East Fork, Water is diverted from the dam to the Wallowa Falls power

station, then discharged into the West Fork of the Wallowa River.

Although two sampling sites (14 and 15; Figure 7) were located between

the dam and the mouth of the East Fork, only site 15 was sampled on a

regular basis. Site 14 was sampled only during major storm events.

Variations in Bacterial Water Quality
and Patterns of Recreational Use

Fecal coliform samples were grouped according to the four major
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classes (patterns) of recreational use observed in the study area, and

sample statistics were calculated for each group (Table 13). Samples

collected in the developed recreation area exhibited the highest mean

FC count (7. I per 100 ml) and the greatest sample variance (143.58

per 100 ml). The second highest mean FC count (1.4 per 100 ml) was

recorded for samples collected from streams in areas influenced pri-

marily by trails; however, the sample variance (5. 76 per 100 ml) was

less than that observed for samples collected in camping area (s2 =

9. 79 per 100 ml). Although mean FC counts did not differ between

camping areas and areas receiving little or no recreational use (both

had mean FC counts of 1.0 per 100 ml), the sample variance observed

for camping areas was 2.8 times greater than that observed for areas

receiving little or no recreational use (s2 = 3.49 per 100 ml).

Comparisons suggest that samples from each area represent a

different population of FC bacteria, and that there are significant geo-

graphic variations in bacterial water quality between areas classified

according to recreational use. However, the non-parametric analysis

of variance must be applied to the grouped FC samples to determine

whether the apparent variations between groups are significant, or

whether there is a high probability (>0.01) that the variations between

groups are due to chance.
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TABLE 13. GEOGRAPHIC VARIATIONS IN FC BACTERIA COUNTS
AND RECREATIONAL USE.

Areal Classification
(sites)

FC Sample Description (FC/100 ml)
x s s2

Developed Recreation Area 7.1 11.98 143.58 22
(Site 15)

Trail Influence Areas 1.4 2.40 5.76 87
(Sites 3, 10, 11, 13)

Camping Areas 1.0 3.13 9.79 94
(Sites 2,4,5,6,7)

Areas experiencing little
or no recreational use 1.0 1.87 3.49 76
(Sites 1,8,9,12)

The Kruskal-Wallis analysis of variance by ranks (Hammond and

McCullagh, 1974) was used to determine the significance of the varia-

tions in FC populations between the four areas experiencing different

levels and types of recreational use. The H statistic, corrected for

ties, was calculated and compared with the X2 table entries with three

(k-1) degrees of freedom. The comparisons were:

H = 57.77

X 2(df=3) = 11.34 at 0.01 p level
16.27 at 0.001 p level

The H value is substantially higher than the X2 values at both the

selected significance level (0. 01 p) and the even more significant 0.001

level of probability. The comparison indicates that there is a probability
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of less than 0.001 that the differences in FC counts between areas are

due to chance. Although the results indicate that there are significant

differences in bacterial water quality between the areas examined, the

high FC counts observed in the developed area may bias the interpreta-

tion of the results. Since the mean FC counts recorded for camping

areas equal those recorded for areas experiencing little or no recrea-

tional use, an additional analysis of variance test including only the FC

observations from those two areas will be applied to determine whether

or not those sample groups come from the same background FC popu-

lation.

After reranking the FC counts observed exclusively in camping

and rarely used areas, the Kruskal-Wallis H statistic was calculated

and compared with X table entries with one (k-1) degree of freedom.

The comparisons 'were:

H = 10.67

X2(df=1) = 6.64 at O. 01 p level
10.83 at O. 001 p level

The H value did exceed the X2 table value at the pre-selected

significance level of 0.01, but unlike the previous analysis of variance

tests, the H value did not exceed the X2 value at the more significant

0.001 level of probability. The comparison indicates that although the

significance level is lower than those observed in the previous com-

parisons, there is still a probability of less than 0.01 that the two
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sample groups are from the same background population. Therefore,

it can be concluded that although the mean FC counts are similar,

bacterial water quality varies significantly between camping areas and

areas experiencing little or no recreational use.

To summarize, bacterial water quality varies significantly with

geographic patterns of recreational use in the study area. Bacterial

water quality is least reliable (FC counts are highest) in the developed

recreation area, but significant evidence of low-level fecal contamina-

tion was found in all of the areas sampled. Mean FC counts observed

in the camping areas were no higher than those observed in areas ex-

periencing little or no recreational use, but bacterial water quality

varied more and, therefore, was less reliable in the camping areas.

Although FC counts varied less, mean FC counts were higher in areas

influenced primarily by trails than in areas influenced primarily by

camping.

Variations in Bacterial Water Quality
and Levels of Recreational Use

The number of people and recreational livestock in the wilderness

portion of the East Fork drainage was tabulated for each day between

July 1 and September 3, 1979 (Table 14) to determine whether there

was a significant relationship between levels of recreational use and

bacterial water quality in the study area. Simple linear and stepwise
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TABLE 14, NUMBER OF WILDERNESS VISITORS IN THE EAST
FORK DRAINAGE AREA: JULY 1 - SEPTEMBER 3, 1979

Day
July

Humans Packstock
August

Humans Packstock
September

Humans Packstock

1 34 69 26 3
2 25 64 14 25 3
3 17 4 58 9 21 3
4 34 101 34
5 35 7 51 6
6 28 9 32
7 31 4 53 2
8 58 36 2
9 43 13 21 2

10 30 35 9
11 52 3 65 12
12 51 15 44
13 60 11 42
14 69 13 74 2
15 64 14 72
16 29 71 2
17 27 74
18 50 21 96 13
19 30 11 16 2
20 35 4 55 6
21 54 7 45 6
22 49 17 44 6
23 45 12 74 10
24 35 14 80 10
25 73 8 83 13
26 48 39
27 15 57 2
28 23 40
29 25 18 7
30 24 4
31 30 28 7

Total 1223 187 1479 176 72
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multiple regression (Draper and Smith, 1966) were used to determine

the degree of association between FC counts recorded for selected

sites, and each of the following independent variables:

1. the sum of the daily totals of hikers and campers in the study

area since the preceding FC sample;

2. the sum of the daily totals of horses and packstock in the study

area since the preceding FC sample;

3. the sums of numbers 1 and 2; and

4. the total number of recreational visitors, humans and re-

creational livestock, in the study area during the 24 hours preceding

the time each sample was collected.

It was not possible to plot the number of recreational users

visiting areas adjacent to each sampling site, but, for the purposes of

this assessment, it could be assumed that essentially all of the area's

visitors traveled in and out of the drainage on the main trail system,

and that the majority of those camping in the area camped either at

Halton Camp or along the shores of Aneroid Lake (Figure 14). Based

on these assumptions, the following sites (Figure 7) were selected to

determine whether levels of recreational use directly influenced FC

counts observed in the study area:

1. Site 4, located just upstream from Aneroid Lake and down-

stream from Halton Camp, the most frequently visited camping area

within the wilderness portion of the East Fork drainage;
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2. Site 8, located on a tributary stream draining an area

receiving little or no recreational use (selected as a check against

results obtained for sites 4 and 10);

3, Site 9, located on a tributary stream draining an area

receiving little or no recreational use, and 30 m upstream from the

trail crossing sampled at site 10 (selected as a check against results

obtained for sites 4 and 10); and

4. Site 10, located on the downstream side of a major, heavily

disturbed tributary stream crossing used by horses and packstock

(hikers use a primitive, two-log foot bridge), and downstream from

site 9.

The regression analysis failed to produce a precise or significant

equation for predicting FC counts based on recreational use levels. The

most precise regression equation (based on the total number of humans

and packstock in the drainage between samples) only explained 33.8

percent (r2
= 0.338) of the variation about the mean FC counts, and that

was for observations at site 9, an area experiencing little or no re-

creational use. However, the correlation coefficients (Table 15)

derived from the analysis suggest some possible relationships that

warrant further discussion. Although not significant even at the 0.05

level, the negative r values obtained from the regression of use levels

against FC counts at sites 4 and 10 suggested that FC counts decreased

(bacterial water quality improved) in the camping and trail areas as use
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TABLE 15. CORRELATIONS BETWEEN LEVELS OF RECREA-
TIONAL USE AND FECAL COLIFORM COUNTS.

FC Counts vs.
Use Variable

Correlation Coefficients (r)
Site 4 Site 8 Site 9 Site 10

# Human Visitors
since last sample -0.341 0.393 0.578 -0.244

# Horses & Packstock
since last sample -0.082 0.078 0.334 -0.325

# Humans & Livestock
since last sample -0.318 0.363 0,582 -0.285

# Humans & Livestock
in preceding 24 hours -0.279 0.134 0.355 -0.236

levels increased. Conversely, the relationship between use levels and

FC counts at sites 8 and 9, representing areas experiencing little or

no recreational use, was positive and significant (at the 0.05 level for

r > 0.359, and at the 0.01 level for r > 0.508, Table 15), suggesting

that FC counts increased in the unvisited areas as recreational use

levels increased in adjacent areas.

It is possible that increased human activity temporarily displaces

native animal populations from areas of concentrated recreational

activity to less impacted areas, resulting in a decrease in fecal con-

tamination of streams in the area of displacement, and a concurrent

increase in fecal contamination in adjacent, unvisited areas. This

hypothesis has been partially supported by conclusions drawn from

another study (Stuart et al. , 1971) which found that an increase in
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human activity in a relatively undisturbed mountain watershed resulted

in the displacement of a large wild animal population and a marked de-

crease in fecal contamination in the area of increased human activity.

However, more research dealing specifically with the relationships

between recreational use, native animal populations, and bacterial

water quality is needed to determine whether levels of recreational

use either directly or indirectly influence wilderness water quality.

Results obtained from the regressions used in this study are not

significant enough to state that levels of recreational use directly in-

fluences water quality in the area drained by the East Fork of the

Wallowa River, but they do suggest possible relationships which

warrant future investigation.

Geographical Variations in Bacterial Water Quality
and Background Environmental Conditions

Variations in Bacterial Water Quality
Between Environmental Settings

Since patterns of recreational use are generally dictated by

environmental factors such as terrain, vegetation, and the location of

streams and lakes, it is important from a public health standpoint to

determine whether bacterial water quality varies in a discernible geo-

graphic pattern with background environmental conditions. Therefore,

this phase of the study is designed to determine whether fecal coliform
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counts vary significantly between stream and lake sites located in each

of the major environmental settings found in the study area.

Sampling sites in the East Fork drainage were classified and

grouped according to their location in the following environmental

settings:

1, lake sites (sites 5 and 6);

2e stream sites in exposed alpine settings with site elevations

exceeding 2300 m and characterized by sparse, low-growth vegetation,

steep slopes and exposed rock surfaces (sites 1 and 3);

3. stream sites under forest canopy (sites 12, 13 and 15);

4, stream sites in meadows and grasslands (sites 2, 7, 8 and

11); and

5. stream sites in mixed cover types (sites 4, 9 and 10).

Descriptive statistics were calculated for FC observations in

each group (Table 16) to determine the characteristics of each sample

population. Comparisons of the sample statistics revealed that the

mean FC counts increased approximately linearly from a low of 0.2 per

100 ml for the lake sites to a high of 4.5 per 100 ml for forest streams.

If the developed site (15) is excluded from the analysis, the mean for the

forest streams decreases to 10 6 FC per 100 ml, and meadow streams

then exhibit the highest mean FC count, 1. 9 per 100 ml. Sample vari-

ances (s 2) also differed substantially from a low of 0.62 per 100 ml for

alpine streams to a high of 80.38 per 100 ml for forest streams
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TABLE 16. GEOGRAPHIC VARIATIONS IN FC BACTERIA COUNTS
BETWEEN ENVIRONMENTAL SETTINGS.

Environmental Setting
(Sites)

Sample Description 4Fc/100 ml)

Lake
(sites 5 and 6)

0.2 0.99 0.98 44

Alpine streams
(sites 1 and 3)

0.5 0.79 0.62 44

Mixed cover streams
(sites 4, 9 and 10)

1.2 2.31 5.36 65

Meadow streams
(sites 2, 7, 8 and 11)

1. 9 3. 77 14.20 71

Forest streams
(sites 12, 13 and 15)

4.5 8.97 80.38 55

Forest - developed site
(sites 12 and 13)

1. 6 2.28 5.21 33

(including observations from the developed site). Differences between

samples strongly suggest that bacterial water quality varies geographi-

cally between environments in the study area; however, a non-para-

metric analysis of variance must be applied to determine whether the

differences are significant, or whether there is a high probability

(>0.01) that the observed differences are due to chance.

The Kruskal-Wallis non-parametric analysis of variance by ranks

(Hammond and McCullagh, 1974), described earlier, was used to deter-

mine whether the observed differences in FC counts between the major
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environmental settings were significant. The Kruskal-Wallis H

statistic, corrected for ties, was calculated and compared with the X 2

table entries with four (k-1) degrees of freedom, and the results were:

H = 89.9
2X (df=4) = 13.28 at 0.01 p level

18.46 at 0.001 p level

The H statistic is substantially higher than the X values at both

the pre-selected significance level (0.01 p) and the even more signifi-

cant 0.001 level of probability. The comparison indicates that there is

a probability of less than 0.001 that the differences in FC counts ob-

served between environmental settings are due to chance. Therefore,

it can be concluded that bacterial water quality varies significantly

between each of the major environments found in the study area.

Variations in Bacterial Water Quality
and Hydrological Conditions

It is generally accepted that precipitation and runoff influence

surface water quality by flushing or washing soils, sediments, nutrients,

and microbial contaminants into streams and lakes. In order to deter-

mine whether there was a significant relationship between hydrological

conditions and bacterial water quality in the study area, streamflow

(Table 17) and precipitation (Table 18) were measured and compared

with FC counts at stream sites on the East Fork and selected tributaries

(sites 1, 4, 8, 10 and 15). Simple linear and stepwise multiple
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TABLE 17. DISCHARGE PER UNIT AREA FOR THE EAST FORK
WALLOWA RIVER AND SELECTED TRIBUTARIES
JULY 4 - SEPTEMBER 3, 1979.

Discharge (cfsm)
Date Site 15* Site 1 Site 4 Site 8 Site 10

July 4 4.18
5 4.53 8.28 6.25 3.77 4.02
6 4.12
7 3.92
8 4.51 7.29 7.69 4.07 5.00
9 4.18

10 3.42 5.52 6.83 4.44 3.66
11 3.35
12 3.12 6.03 5.77 3.33 3.75
13 3.02
14 2.83
15 2.74 3.45 4.90 1.85 3.48
16 2.53
17 2.52 2.93 4.04 1.48 4.02
18 2.73
19 ? 2.59 3.75 1.48 3.48
20 2.72
21 ?
22 3.01 2.41 3.17 1.48 3.66
23 2.17
24 2.38 0.69 3.08 1.11 2.86
25 1.97
26 2.23
27 2.83
28 1.95 0.17 2.40 1.11 2.50
29 1.86
30 1.90
31 1.87 0.17 1.54 1.11 2.05

Aug. 1 1.83
2 1.89 0.17 1.15 1.11 2.32
3 1.78
4 1.71
5 1.66 O. 34 1.44 1.48 1.96
6 1.66
7 1.67
8 1,60
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TABLE 17. Continued.

Discharge (cfsm)
Date Site 15* Site 1 Site 4 Site 8 Site 10

Aug. 9 1.62 0.34 1.25 1.48 1.96
10 1.59
11 1.57
12 1.57 0,17 1.06 1.48 1.96
13 1.82 0.34 1.44 2.96 2.77
14 2.17
15 1.86
16 1.71 0.05 0.96 1.85 2.14
17 1,62
18 1.58
19 1.57 0.02 1.06 1.85 2.14
20 1.59
21 1.41
22 1.50
23 1.45 0.02 1.06 1.85 2.05
24 1.53
25 1.48
26 1.48 0.02 0.96 2.96 2.23
27 1.44
28 1.46
29 1.38
30 1.54
31 1.46 0.01 0.67 1.85 2.05

Sept. 1 1.42
2 1.40
3 1.40 0.01 0.67 1.85 1.88

x 2.18 1.86 2.78 2.09 2.82

s 0.88 2,64 2.22 1.02 0.91

s2 0.78 6.95 4,93 1.04 0.82

*Strearnflow for Site 15 was calculated from U.S. Geological Sur-
vey discharge records for the East Fork Wallowa River and Wallowa
Falls Power Plant gaging stations (Uncorrected, prepublication stream-
flow data for the 1979 water year were provided by the U. S. Geological
Survey Regional Office in Portland, and the district office in La Grande,
Oregon).
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TABLE 18. PRECIPITATION EVENTS OCCURRING IN THE STUDY
AREA, JULY 1 - SEPTEMBER 3, 1979.

Date
Mo/Day Site 1

Precipitation (cm)
Site 3 Site 8 Joseph R. S.

7/6 0.20 Trace 0. 05

7/28 O. 30 O. 10 0.20 0. 05

8/13 1.27 1.27 1.27 0. 30

8/14 1.47
3. 73* 3.81* 3.25*

8/15 0.30

8/17 0. 03

8/18 O. 05

8/19 Trace Trace Trace 0.36

8/23 0. 10 Trace

8/25 Trace O. 05

8/26 Trace O. 33

8/28 0. 05

8/30 0. 13
0.80* 0.40* 0.20*

8/31 O. 10

J.

Two-day precipitation total for sites not visited daily.
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regression were used to determine the degree of association between

sampled FC counts and each of the following independent variables:

1) precipitation; 2) streamflow per unit area; and 3) the change in

streamflow per unit area (cfsm) since the last measurement.

Discharge (Table 17) at all sites followed the general pattern of

peaking during early July, the period of maximum snowmelt runoff,

then declining as the snowpack was depleted. Streamflow fluctuated

with changes in temperature and melting rates during July, and with

precipitation later in the summer. Precipitation events during August

(Table 18) produced brief, and sometimes sharp, increases in stream-

flow, particularly during one major storm in August (August 13-15;

Figure 15).

Discharge (Table 17) varied most in the headwater streams (sites

1 and 4) where the snowpack was deepest and water storage capacity

was lowest (due to steep slopes, impervious rock surfaces, shallow,

very permeable soils, and sparse vegetative cover). Streamflow varied

least at sites lower in the drainage (sites 10 and 15), where moisture

supply and storage capacity were not as limited as in the headwater.

Regression analysis of the relationships between hydrological

variables and FC counts failed to produce a precise or significant pre-

diction equation for estimating FC counts at sites 1, 4 and 15, the

headwater sites and the developed site, respectively. However, the

results for site 8 were significant at the 0.01 p level for the regression
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of precipitation and FC counts; however, the resulting equation lacked

precision, explaining only 32 percent (r2 = 0.321) of the variation about

the mean. Only four of the 22 FC samples collected at site 8 were

collected during storm events, and although two of the storm samples

contained the highest FC counts recorded at that site (8.0 and 11.5 FC

per 100 ml), 16 of the non-storm samples contained FC counts between

0.5 and 7.0 per 100 ml.

The most significant (F=45.54, with 1, 19 df) and most precise

(r =0. 706) relationship identified by the regression analysis was that

between precipitation and FC counts at site 10. The highest FC count

(16.5 per 100 ml) at site 10 was recorded during a storm, but only

three other samples from that site were collected during or immediately

after precipitation events. Although significant, the resulting equation

had no practical predictive capabilities, because 14 of the non-storm

samples contained FC counts between 0.5 and 8.5 per 100 ml. The

addition of streamflow variables did not improve the precision signifi-

cantly.

The results indicate that although storm events produce the high-

est FC counts at sites 8 and 10, significant levels of fecal contamination

occur during dry periods, and that FC counts in the study area cannot

be predicted precisely on the basis of hydrological conditions. Although

bacterial water quality could not be predicted precisely, the correla-

tions between precipitation and FC counts at sites 8 and 10 were positive
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and significant (Table 19), which indicates that FC counts at those sites

are generally higher during storms than during dry periods. Sequen-

tial sampling through storm events at sites 8 and 14 (a partial record

site sampled only during major storms) produced results that further

supported the conclusion that FC counts increased substantially during

storm events (Figure 16), particularly during the initial flush associ-

ated with the rising phase of storm runoff.

TABLE 19. CORRELATIONS BETWEEN HYDROLOGICAL VARI-
ABLES AND FECAL COLIFORM COUNTS.

FC Counts vs.
Hydrological Variable Site 1

Correlation Coefficients (r)*
Site 4 Site 8 Site 10 Site 15

Precipitation 0.242 0.034 0.566 0.840 0.379

Stream Discharge
per unit area -0.243 0.254 -0.020 -0.113 0.039

Change in Stream Dis-
charge since last
measurement

0.018 -0.312 0.530 0.356 0.099

Correlations listed in the table are significant at the 0.05 p level
for r > 0.359, and at the 0.01 level for r > 0.508, based on the one-
tailed student's t distribution with n=22 (Hammond and McCullagh,
1974, Appendix 9).

It can be concluded from these results that the highest FC counts

observed at most sites in the study area are associated with precipita-

tion events, but that significant levels of fecal contamination (from wild
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animals, packstock and the careless acts of a few recreational visitors)

occur at random throughout the summer use period. Major exceptions

to this generalization were found at sites in the alpine and lake environ-

ments where accumulations of fecal wastes between storms were

minimal, and at site 15 when the dam upstream was drained and FC

counts reached the maximum level observed during the study (48.5 FC

per 100 ml, Figure 15).
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V. SUMMARY AND CONCLUSIONS

This study was designed to examine geographic variations in

water quality and recreational use along the upper Wallowa River and

selected tributaries in the Wallowa Mountains, an area of concentrated

and dispersed wilderness recreation. The study consisted of two

phases. The first phase was a one-year baseline study designed to

assess the general level of water quality in the upper Wallowa River

drainage, and to identify potential water quality problem areas

warranting further investigation. Streamflow, water temperatures,

specific conductivity, nutrient concentrations, and fecal coliform

bacteria were sampled periodically between July 2, 1978 and June 9,

1979 at nine stream and lake sampling sites in the study area. The

second phase was an intensive study of geographic variations in

bacterial water quality, recreational use, and background environ-

mental conditions conducted at I5 stream and lake sampling sites in the

area drained by the East Fork of the Wallowa River. Streamflow, pre-

cipitation, water temperature, and fecal coliform bacteria were

sampled two or three times per week and during storm events between

July 5 and September 3, 1979. Levels and patterns of recreational use

were also monitored during that period.
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Summary of the Baseline Study

Analysis conducted during the baseline study revealed that waters

in the area drained by the upper Wallowa River were physically and

chemically quite pure; however, there were notable temporal and

spatial variations in the physical and chemical characteristics of the

area's streams. Waters upstream from Wallowa Lake were typically

nutrient-poor. Concentrations of ammonia- and Kjeldahl-N were gen-

erally below detectable limits (0.01 mg/1 for Kjeldahl-N; 0.005 mg/1

for ammonia-N), except in samples collected from the East Fork of the

Wallowa River, and during periods of peak biological activity. Except

for ammonia- and Kjeldahl-N, nutrient concentrations were generally

lowest during summer months and highest during the initial spring

flush associated with the rising phase of snowmelt runoff. Concentra-

tions of NO2 + NO3 were consistently above detectable limits (0.01

mg/1) in samples from the East Fork, West Fork and Wallowa River,

but were generally below 0,01 mg/1 in samples from Aneroid Lake and

Ice Lake. Mean concentrations of NO2 + NO3 were approximately 1.6

times higher in the West Fork and the Wallowa River (0. 045 mg/I) than

in the East Fork (0. 028 mg/1); however, concentrations of total P and

PO4 were often twice as high in the East Fork than in other streams

sampled during the study. Although mean PO4 concentrations were

0.013 mg/1 for samples from the East Fork, PO4 concentrations in
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samples from other sites rarely exceeded detectable limits (0. 005

mg/1). Variations in lithology explained the major differences in

nutrient concentrations between streams.

Specific conductivity readings ranged from 50 to 99 micromhos,

indicating that ion concentrations were quite low in streams draining

the study area. Specific conductivity was closely associated with

streamflow in the West Fork (r 2 = 0.92) and the Wallowa River

(r2 = 0. 89), but exhibited little correlation with streamflow in the East

Fork (r2 = 0.027). Variations in specific conductivity were explained

by differences in lithology between watersheds.

Summer water temperatures were generally between 5 and 15°C

at lake outlets and in the major" lower elevation streams, but were gen-

erally below 5°C in headwater streams when sampled at sunrise. 16

Water temperatures between 5 and 15°C increase microbial mortality

rates in nutrient-poor waters (McFeters and Stuart, 1972); therefore,

the waters upstream from Wallowa Lake present a relatively harsh

environment for enteric pathogens and fecal indicator bacteria.

Although preliminary results were inconclusive, evidence sug-

gested that fecal contamination did occur on a random or intermittent

16Water temperatures in the headwaters of the East Fork were
measured at different times between sunrise and sunset during the
summer of 1979, and ranged from 2 to 11°C. Maximum water
temperatures during that period reached 17°C in the littoral zone at
Aneroid Lake.
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basis at several sampling sites, and that a more intensive sampling

program was needed to obtain a representative assessment of bacterial

water quality in the study area.

Summary of Geographic Variations in
Bacterial Water Quality

Analysis of 279 water samples collected from 14 stream and lake

sites revealed that there were significant differences in bacterial water

quality between sites in the study area. The highest fecal coliform

counts (x = 7.1 per 100 ml, s2 = 143.6 per 100 ml) were found in

samples collected in the developed area, while the lowest counts

= 0.1 per 100 ml, 52 = 0.05 per 100 ml) were observed in samples

collected at the outlet from Aneroid Lake. FC counts were generally

lowest in samples collected from lake and headwater sites and highest

in samples collected in the developed area at the base of the canyon,

but FC counts did not exhibit a simple pattern of increasing with distance

downstream. However, application of the Kruskal-Wallis non-para-

metric analysis of variance by ranks did reveal that bacterial water

quality varied significantly (at the 0.001 p level) with geographic

patterns of recreational use and with variations in background environ-

mental conditions.
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Variations Related to
Recreational Use

Comparisons of sample statistics from each of the four major

zones of recreational use revealed that mean FC counts varied between

zones according to the following pattern:

1. developed area (7. 1 per 100 ml);

2. trail influence areas (1.4 per 100 ml);

3. camping areas (1.0 per 100 ml); and

4. areas experiencing little or no recreational use (1.0 per

100 ml).

Although mean FC counts sampled in camping areas did not differ from

those sampled in areas receiving little or no use, the variability of FC

counts was much greater in camping areas (s2 = 9. 79 per 100 ml) than

in areas not used by recreational visitors (s 2 = 3.49 per 100 ml).

Therefore, bacterial water quality was considered most reliable in

areas experiencing little or no recreational use, and least reliable in

the developed recreation area. However, simple linear and stepwise

multiple regression did not reveal a significant or precise relationship

between levels of recreational use and FC counts at selected sites, but

correlations did suggest that FC counts decreased at the camping and

trail sites, and increased in adjacent unvisited areas as levels of

wilderness use increased.
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Variations Related to Background
Environmental Conditions

Differences in bacterial water quality (FC counts) between

wilderness habitats were more distinct than those between use zones

(excluding the developed area). Comparisons of sample statistics from

each habitat revealed that mean FC counts varied between habitats

according to the following pattern:

1. Meadow streams (1. 9 per 100 ml);

2. Forest streams, excluding site 15 (1. 6 per 100 ml);

3. Mixed cover streams (1.2 per 100 ml);

4. Alpine streams (0.5 per 100 ml); and

5. Lakes (0.2 per 100 ml).

Sample variance was greatest for FC counts recorded for meadow

streams (s 2 = 14.2 per 100 ml), and least for alpine streams (s2 =

0. 62 per 100 ml). Therefore, excluding samples from the developed

area, the highest levels of fecal contamination occurred in meadow

streams, and the lowest levels of fecal contamination occurred in lakes

and alpine streams.

Regressions of hydrological variables and FC counts revealed that

FC counts increased significantly with precipitation at sites in the middle

and lower portions of the East Fork drainage, but not at sites in the

headwaters (sources of fecal contamination are relatively absent in the

alpine habitat). FC counts observed in samples collected sequentially at
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two middle and lower canyon sites during storm events exhibited a

distinct pattern of increasing markedly during the rising phase of

storm runoff and decreasing as runoff peaked and receded. Although

FC counts were generally highest during precipitation events, pre-

diction equations based on hydrological variables lacked precision or

utility because significant levels of fecal contamination also entered

the area's streams during dry periods. Therefore, random inputs of

fecal organisms (i.e. , direct inputs from wild animals or a few care-

less campers, or delayed release of bacteria from disturbed sediments

at trail crossings and watering points) must be considered a primary

source of fecal contamination in the East Fork and its principal tribu-

taries.

Bacterial Water Quality and Potential
Health Hazards in the Study Area

Wilderness visitors use water directly from streams and lakes

for drinking, cooking and cleaning. Fecal coliform counts in stream

samples collected in the study area frequently exceeded acceptable

limits established for total conforms (< 1 per 100 ml) in public drinking

water (U. S. Environmental Protection Agency, 1977; U. S. Forest

Service, 1979); however, these standards are not applicable to natural,
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unprotected 17 waters. The U. S. Forest Service is not responsible for

insuring the purity of natural waters within their administrative boun-

daries, but it is responsible for providing public information (warning

statements) regarding the potability of unprotected water sources

(U. S. Forest Service, 1979). Although there is no documented evidence

of disease outbreaks related to waterborne pathogens in the study area,

the presence of significant levels of fecal contamination in the area's

streams should be of some concern to wilderness visitors and

managers.

The presence of indicator bacteria (i. e. , fecal conforms) only

provide evidence of the potential presence of enteric pathogens, and do

not mean that disease outbreaks are eminent. Contraction of enteric

disease is dependent on the presence of a viable etiological (causitive)

agent, and infected source, a mode of transmission, sufficient concen-

trations to effectively innoculate or infect, and a susceptable host

(Wagner and Lenoix, 1958; Reeves, 1979). The absence of any of these

factors precludes transmission of disease. However, the absence of

indicator bacteria does not insure that waters are pure and that disease

will not be contracted. Indicator bacteria do not provide evidence of

the presence or absence of enteric viruses or protozoans (i. e. , Giardia

17Unprotected water sources (U. S. Forest Service, 1979) are
those found in areas where compliance with State and Federal drinking
water standards are physically impossible (i.e., wilderness and other
backcountry areas).
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lamblia).

Given the knowledge that fecal contamination does occur in the

study area and that it is possible that disease organisms may be pre-

sent, wilderness personnel should inform recreational visitors of

precautions that can be taken to purify water prior to consumption.

Any of the following sterilization procedures are commonly available

and recommended for use (Holmes, 1976);

1. boiling for at least 15 seconds at a rolling boil;

2. iodine tablets (commercially available); or

3. chlorination (some enteric viruses and protozoan cysts,

i.e. , Giardia cysts, resist or survive chlorination).

Although given these options, many wilderness visitors will still prefer

to use untreated water directly from streams and lakes.

Conclusions

Based on the results of this study, the following conclusions are

made regarding geographic variations in water quality and recreational

use along the upper Wallowa River and selected tributaries:

1. Waters upstream from Wallowa Lake are generally nutrient-

poor. Nutrient concentrations vary seasonally with hydrological condi-

tions and biological activity, and geographically with differences in

watershed lithology.

2. Low nutrient concentrations, low ion concentrations, and
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water temperatures generally below 15°C limit the array of aquatic

flora and fauna which can optimally survive in the area's waters.

3. Bacterial water quality (based on fecal coliform counts)

varies significantly (< 0.001 p) between sites in the study area.

4. Bacterial water quality varies significantly (< 0.001 p) with

geographical patterns of recreational use. Areas listed in order of

reliability (from lowest FC counts to highest) are; areas experiencing

little or no recreational use, camping areas, trail influence areas,

and developed areas.

5. There is no precise, significant relationship between levels

of recreational use (i.e. , daily numbers of hikers, campers and pack-

stock) and bacterial water quality in the wilderness portion of the study

area; however, correlation coefficients are sufficiently high to suggest

that bacterial water quality improves (FC counts decrease) in camping

and trail use areas and declines (FC counts increase) in adjacent un-

visited areas as use levels increase.

6. Bacterial water quality varies significantly (< 0.001 p) with

background environmental conditions (habitats) in the study area.

Differences in FC counts were even more distinct between each of the

major habitats than between zones of wilderness use (excluding the

developed site). Habitats listed in order of reliability (from lowest FC

counts to highest) are: lake sites, alpine streams, mixed cover

streams, forest streams, and meadow streams.
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7. Bacterial water quality is closely correlated with precipita-

tion events in the middle and lower portions of the study area, but not

in the headwaters where sources of fecal contamination are relatively

absent. FC counts are generally highest during the rising phase of

storm runoff; however, prediction equations based on hydrological

variables lack precision or utility because significant levels of fecal

contamination enter the area's streams during dry periods. Random

fecal inputs are a primary source of fecal contamination in the East

Fork and its principle tributaries.

8. Levels of fecal conform bacteria in streams outside the

alpine zone frequently exceed acceptable limits established for total

coliforms in public drinking water; however, no standards exist for

unprotected water sources. Given the knowledge that fecal contamina-

tion does occur at significant levels, wilderness personnel should inform

recreational visitors of precautions that can be taken to purify water

prior to consumption.

Recommendations

Based on the results of this study, the following recommendations

are made to scientists and watershed management personnel:

1. Research should be conducted to establish the probabilities of

disease organisms being present given certain levels of fecal contamina-

tion in wilderness waters.
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2. Research should be conducted to examine the relationships

between levels of recreational use, wild animal populations and

bacterial water quality.

3. More research should be conducted on the efficiency or

effectiveness of waste disposal techniques used in wilderness areas.

This should also examine the rates of microbial mortality and trans-

port in alpine environments.

4. More information should be made available to the public

regarding wilderness water quality and methods of water purification.

5. Wilderness personnel should continue to educate wilderness

visitors regarding no trace (minimum impact) camping, and although

the 61 m (200 ft) minimum camping distance from lakes is enforced to

minimize terrestrial site degradation and eliminate crowding, more

research should be conducted to determine its influence on water

quality. Wilderness visitors should be encouraged to use environ-

mentally efficient waste disposal techniques and dispose of wastes away

from surface waters to help minimize human impact on water quality.
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APPENDIX I

Description of Sampling Sites

Sites on the East Fork
of the Wallowa River

Site 1
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Location: Site 1 is located on the smaller (western) of the two main

tributaries entering Aneroid Lake from the south (Figure 17). Site 1

is located on the southeastern edge of the alluvial fan at the base of the

canyon leading from Jewett Lake, and upstream from the private hold-

ing at Aneroid Lake. The stream was sampled at a point approximately

20 meters upstream from the clump of streamside conifers situated at

the base of the canyon.

Site Elevation (approximate): 2320 m (7610 ft).

Drainage Area: 1.5 km2 (0.58 miz).

Dominant Litho logic Units: Granitics, the Hurwall and Martin Bridge

Formations.

Channel Characteristics: Cobble-sized stones of alluvial and colluvial

origin line the banks and bed of this stream. Streamflow is moderately

turbulent, until summer drought reduces the flow to a series of small

ponds and trickles (surface flow across the alluvial fan completely

ceases by early August in most years).
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Environmental Conditions: Site 1 is located on the margins of alpine

and subalpine environments (Figures 18 and 19). The area is charac-

terized by sparse, low-growth vegetation, a few small clumps of sub-

alpine fir (Abies lasiocarpa), and large areas of exposed bedrock and

rock debris. Soils, when present, are very shallow and poorly

developed. There is no canopy of riparian vegetation, but the channel

is shaded until mid-morning and during late afternoon by adjacent

ridgelines.

Recreational Use Characteristics: The area upstream from site 1

receives very little recreational use. There are no established trails

and only a few rarely used campsites in this drainage area.

Period of Sampling: July 5 to September 3, 1979.

Parameters Sampled: FC bacteria, water temperature, streamflow,

and precipitation.
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Site 2

Location: Site 2 is also located on the smaller (western) of the two

main tributaries entering Aneroid Lake from the south (Figure 17).

The site is located approximately 50 meters upstream from Aneroid

Lake and at the northeastern edge of the large alluvial fan. Water was

sampled on the downstrea'm side of a single log bridge, which is

approximately 30 meters downstream from a pit toilet (located in a

thicket and approximately 10 meters east of the stream channel).

Site Elevation (approximate): 2290 m (7510 ft).

Drainage Area: 1.6 km2 (0. 62
.2

).

Dominant Litho logic Unit: Granitics, and the Hurwall and Martin

Bridge Formations.

Channel Characteristics: Alluvial soil and rocks form the channel

bank, while the streambed is covered with gravel and cobble-sized

rock. The stream at this point is fed primarily by springs seeping

from beneath the alluvial fan, and dries up late in the summer season

(usually several weeks after surface flow across the fan has ceased).

Environmental Conditions: The lower portions of this stream are lined

with riparian vegetation, primarily brush and a few widely spaced

conifers. A grass covered alluvial fan lies to the west and southwest

of the site. The riparian vegetation provides some shade for the channel

segment just upstream from the sampling site; however, the portion of

the stream flowing across the alluvial fan receives no shade.
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Recreational Use Characteristics: Site 2 is located on the private

holding at the south end of Aneroid Lake. The stream is in an area

influenced by campsites, trails, cabins and a pit toilet. This area is

a focal point for recreational activity.

Period of Sampling: July 10 to August 19, 1979 (this portion of the

channel was dry after August 19).

Parameters Sampled: FC bacteria, water temperature.
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Site 3

Location: Site 3 is located on the main (eastern) tributary entering

Aneroid Lake from the south (Figure 17). The site is located approxi-

mately 100 m upstream from the uppermost cabin on the private hold-

ing (Halton Camp), and at the mouth of a narrow, steep-walled canyon

which leads from a small basin (approximately 500 m upstream)

dominated by high elevation grasslands and alpine vegetation.

Site Elevation (approximate): 2300 m (7546 ft).

Drainage Area: 2.7 km2 (1.04 mil)

Dominant Litho logic Units: Hurwall Formation, Martin Bridge

Formation.

Channel Characteristics: Cobble- to boulder-sized rock bed, and bed-

rock banks line this channel. Flow is perennial and turbulent.

Environmental Conditions: Steep rock walls are immediately adjacent

to the site (Figure 20), but sparse forest cover is found on the upper

eastern slope, while grassland and alpine cover types are found on the

upper western slopes and in the basin upstream.

Recreational Use Characteristics: The area upstream from site 3 is

influenced by the main trail and its two lightly travelled forks. Only

three rarely used campsites were found upstream from site 3.

Period of Sampling: July 3, 1978 - October 1, 1978; July 5 -

September 3, 1979.

Parameters Sampled: FC bacteria, water temperature, streamflow,
and precipitation.
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Figure 20. Looking upstream from site 3.
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Site 4

Location: Site 4 is located on the main (eastern) tributary entering

Aneroid Lake from the south (Figure 17). The site is located adjacent

to the northernmost cabin at Halton Camp, and approximately 40 m

upstream from Aneroid Lake, and approximately 50-65 m downslope

from two pit toilets. A corral and several log cabins are located along

the stream in Halton Camp (Figure 21). Site 4 is approximately 250 m

downstream from site 3.

Site Elevation (approximate): 2290 m (7510 ft)

Drainage Area: 2.9 km2 (1. 12 mil)

Dominant Litho logic Units: Hurwall Formation, Martin Bridge

Formation.

Channel Characteristics: Cobble- and stone-sized rock lines the bed

and banks, but the banks are only 0.3 m high and a thin layer of soil

and grass intrude on the upper portion of the bank. Flow is perennial

and turbulent.

Environmental Conditions: The site is in an area of mixed vegetation,

with forest to the east, grasses to the west and south.

Recreational Use Characteristics: The area surrounding site 4 is

heavily camped, and attracts numerous visitors because of the facilities

(cabins, toilets, corral). The camp is frequently used by large groups.

Period of Sampling: July 3 - October 1, 1978; July 5 - September 3,

1979.
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Parameters Sampled: FC bacteria, water temperature, streamflow.
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Figure 21. Looking upstream from site 4.
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Site 5

Location: Site 5 is located on the southeastern shoreline of Aneroid

Lake (Figure 17). The site is located on the north side of a small,

heavily camped peninsula, and approximately 15 m west of the outlet

to a small, spring-fed stream entering the southeast corner of the lake.

Site Elevation (approximate): 2287 m (7500 ft).

Drainage Area: 6.2 km2 (2.39 .2
).

Dominant Litho logic Units: Granitic s, Hurwall Formation.

Channel Characteristics; Not applicable.

Environmental Conditions: Many large areas of denuded, compacted

ground are found along the shore (Figure 22). Coniferous forest

occupies the eastern slopes above the site; however, this sampling site

is primarily an aquatic environment characterized by conditions found

in the lake. Aneroid is a glacial lake with a surface area of approxi-

mately 16 ha (39 ac), and has a maximum depth of 15.9 m (52 ft).

Although the lake bed is primarily granite, several centimeters of

sediment cover the granite shelf extending from the shore at site 5.

Recreational Use Characteristics: This is an area of concentrated

recreational activity. It is heavily camped, and many of the campsites

are less than 20 m from the shore; however, campers have used the

near-shore campsites much less frequently since July 1979, due pri-

marily to education and enforcement programs initiated by Eagle Cap

Wilderness personnel.
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Period of Sampling: July 5 - September 3, 1979.

Parameters Sampled: FC bacteria, water temperature.
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Figure 22. Looking across compacted campsite at site 5.
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Site 6

Location: Site 6 is located at the outlet from Aneroid Lake (Figure 17).

The outlet is located on the northeast side of the lake. The sampling

site is located approximately 15 m downstream from the point where

the outlet becomes an identifiable channel.

Site Elevation (approximate): 2285 m (7497 ft).

Drainage Area: 6.2 km2 (2.39 miz).

Dominant Litho logic Unit: Granitics.

Channel Characteristics: Poorly developed, stony soils line the shore,

and sediments of sand and silt cover the channel bottom at the outlet;

however, this site is representative of the interface of lake and stream

ecosystems, and is more closely aligned with conditions found in the

littoral zone of Aneroid Lake than with the lotic conditions found in the

East Fork. Water is ponded and moves very slowly at the sampling

site (Figure 23).

Environmental Conditions: Conifers line the north and east shores of

Aneroid, but marshes, ponds, grasslands, rock and bare soils occupy

large breaks in the forest. Alpine conditions dominate the steep walls

on the west side of the lake (Figures 23 and 24). However, this site is

primarily characterized by conditions found in aquatic environment of

Aneroid Lake (see site 5).

Recreational Use Characteristics: Several campsites connected by

lightly used trails line the eastern and northern shores of Aneroid Lake.
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These shorelines receive relatively small numbers of visitors when

compared with the numbers visiting the south shore of the lake.

Period of Sampling; July 3, 1978 to October 1, 1978; and July 5 to

September 3, 1979.

Parameters Sampled: FC bacteria, water temperatures, during both

phases of the study, and nitrite plus nitrate, ammonia-N, Kjeldahl-N,

total phosphorus, and orthophosphorus during the baseline study.

Figure 23. Outlet from Aneroid Lake.
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Figure 24. Looking southwest across Aneroid Lake from
the northeast shore above the lake outlet.
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Site 7

Location: Site 7 (Figure 17) is located approximately 90 m downstream

from the outlet from Roger Lake, and 20 m downstream from a group

of campsites on the northeast shore of Roger Lake.

Site Elevation (approximate): 2243 m (7360 ft).

Drainage Area: 1.4 km2 (0.54 mi2).

Dominant Litho logic Units: Hurvrall Formation, Granitics, Columbia

River Basalts.

Channel Characteristics: Moderately deep meadow soils form the

channel banks, while sand, silt and some cobble-size stones cover the

channel bed. Flow is primarily laminar.

Environmental Conditions: This is a stream site in a major meadow

area, and is located just downstream from a wet, poorly drained mea -'

dow-marsh complex (Figures 25 and 26).

Recreational Use Characteristics: Several campsites are located just

upstream from the sampling site. The closest campsite is 10 m from

the channel and 20 m from the sampling site. These campsites are

lo ated just off the main trail system, and are used intermittently

throughout the summer.

Period of Sampling: Sampled intermittently between July 12 and

September 3, 1979.

Parameters Sampled: FC bacteria, water temperatures.
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Figure 25. Looking upstream from site 7.

Figure 26. Roger Lake and meadow complex.
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Site 8

Location: Site 8 (Figure 17) is located on a tributary stream which

flows between the Soil Conservation Service snow survey course and

the Forest Service Soil Conservation Service cabin. The sampling site

is 50 m upstream from a small log bridge, and adjacent to the upstream

extent of the snow survey course. No trails or campsites are located

upstream.

Site Elevation (approximate): 2237 m (7340 ft).

Drainage Area: 0. 7 km2 (0.27 mi2).

Dominant Litho logic Units: Granitics, Columbia River Basalts.

Channel Characteristics: Deep meadow soils form the channel banks

(the crest of the bank is approximately 1.5 m above the stream), while

coarse sands and gravels cover the channel bed (Figure 27). Flow is

primarily laminar, and perennial.

Environmental Conditions: Meadows dominate this site. A large

population of gophers has constructed a dense system of burrows which

could speed subsurface transport of water and contaminants.

Recreational Use Characteristics: The area upstream from site 8

receives little or no recreational use.

Period of Sampling: July 5 to September 3, 1979.

Parameters Sampled: FC bacteria, water temperature, streamflow

and precipitation.
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Site 9

Location: Site 9 is located approximately 25 m upstream from a

heavily disturbed stream crossing on a principal tributary to the East

Fork (Figure 17). The stream crossing is approximately 7. 6 km

(trail distance) upstream from the wilderness trailhead.

Site Elevation (approximate): 2172 m (7125 ft).

Drainage Area: 2.8 km2 (1.08 mi2).

Dominant Litho logic Units: Granitics, Columbia River Basalts.

Channel Characteristics: Thin soils and rock debris form the banks,

and large slabs of bedrock form the channel bed. Flow is perennial

and slightly turbulent.

Environmental Conditions: This is an area of mixed forest and grass-

land. A narrow buffer of trees lines the banks and shades the stream

through most of the day.

Recreational Use Characteristics: The area upstream from site 9

receives little or no recreational use.

Period of Sampling: July 5 to September 3, 1979.

Parameters Sampled: FC bacteria, water temperature (streamflow is

measured downstream at site 10).
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Site 10

Location: Site 10 (Figure 17) is located approximately 5 m downstream

from a heavily disturbed stream crossing (Figure 28), and on the up-

stream side of a two-log foot bridge for hikers. Site 10 is approxi-

mately 50 m downstream from site 9.

Site Elevation (approximate): 2170 m (7120 ft).

Drainage Area: 2.9 km2 (1. 12 mi2).

Dominant Litho logic Units: Granitics, Columbia River Basalts.

Channel Characteristics: Thin soils, rock and tree root wads form the

banks, while cobble-sized stones and gravels cover the bed. Flow is

perennial and slightly turbulent.

Environmental Conditions: This site is in an area with a mix of grass-

land and forest. Except at the stream crossing, a narrow buffer of

trees lines the banks and shades the channel. The banks and bed just

upstream from site 10 are heavily disturbed by horse traffic.

Recreational Use Characteristics: Site 10 is heavily influenced by

trail traffic, but relatively little camping occurs in this watershed.

Period of Sampling: July 5 to September 3, 1979.

Parameters Sampled: FC bacteria, water temperature, streamflow.
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Site 11

Location: Site 11 (Figure 17) is located on the East Fork of the

Wallowa River, and about 6.8 km (trail distance) upstream from the

wilderness trailhead. Site 11 is located next to an old denuded camp-

site (no longer used due to its close proximity to both the trail and the

stream).

Site Elevation (approximate): 2160 m (7084 ft).

Drainage Area: 13.2 km2 (5. 1 mi ).

Dominant Litho logic Units: Primarily Granitics, but Columbia River

Basalts cap the ridgeline to the east, and sedimentary units are

located in the headwaters.

Channel Characteristics: Moderately deep meadow soils form the

banks, while sand and fine gravels cover the channel bed. Flow is

perennial and laminar.

Environmental Conditions: Site 11 is located just downstream from a

major meadow complex, but riparian vegetation and scattered trees

line the banks at the sampling site. The channel is several meters

(6-7 m) wide at this point, and the riparian vegetation only shades

portions of the channel.

Recreational Use Characteristics: Site 11 is in an area influenced pri-

marily by trail traffic. Although a few (4-5) campsites are found in the

area, they are rarely used.
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Period of Sampling: July 5 to September 3, 1979.

Parameters Sampled: FC bacteria, water temperature.
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Site 12

Location: Site 12 (Figure 17) is located approximately 6.4 km (trail

distance) upstream from the wilderness trailhead. Site 12 is approxi-

mately 30 m upstream from a trail crossing on the principal tributary

entering the East Fork from the west wall of the canyon.

Site Elevation (approximate): 2065 m (6775 ft).

Drainage Area: 1.5 km2 (0.58 mi2).

Dominant Litho logic Unit: Granitics.

Channel Characteristics: The stream bed and banks are in boulders,

but a thin layer of litter and duff covers the top of the banks. Flow is

over a steep series of cascades (Figure 29). This is a perennial

stream.

Environmental Conditions: The stream flows down a steep, forested

slope. The sampling site is consistently shaded by the forest canopy.

Some large organic debris (i. e. , logs and branches) accumulate in the

channel.

Recreational Use Characteristics: Site 12 drains an area experiencing

little or no recreational use.

Period of Sampling: Sampled intermittently between July 22 and

September 3, 1979.

Parameters Sampled: FC bacteria, water temperature.
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Site 13

Location: Site 13 (Figure 17) is located on the East Fork of the Wallowa

River, and approximately 20 m upstream from the upstream extent of

the pond behind the diversion dam (Figure 30). Site 13 is approximately

1.6 km upstream (3.2 km trail distance) from the wilderness trailhead

and 0. 3 km downstream from the Eagle Cap Wilderness boundary,

Site Elevation (approximate): 1738 m (5700 ft).

Drainage Area: 21.6 km2 (8. 34 mi2
).

Dominant Litho logic Units: Granitics, with Columbia River Basalts

capping the eastern ridge.

Channel Characteristics: The channel banks are boulder lined and

covered with a thin mantle of forest soil and organic debris. The flow

is turbulent over a boulder-lined bed.

Environmental Conditions: The slopes adjacent to the channel are

forested, but the upper canyon walls are not. Forest debris accumu-

lates in and adjacent to the channel.

Recreational Use Characteristics: The site is located upstream from

the first developed features. The trail system is located adjacent but

10 to 50 m up steep slopes from the stream channel. The site is in-

fluenced primarily by trail traffic.

Period of Sampling: July 3, 1978 to September 3, 1979.
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Parameters Sampled: FC bacteria, water temperature during both

phases of the study, and nitrite plus nitrate, ammonia-N, Kjeldahl-N,

total phosphorus, orthophosphorus and specific conductivity during the

baseline study.

Figure 30. Dam and pond located downstream from site 13.
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Site 14

Location: Site 14 (Figure 17) is located on the East Fork of the

Wallowa River, and approximately 75 m north-northeast of the wilder-

ness trailhead. The site is upstream from developed recreation

facilities, but downstream from the dam.

Site Elevation (approximate): 1402 m (4600 ft).

Drainage Area: 26 km2 (10.04 mi2
).

Dominant Litho logic Unit: Clover Creek Greenstone.

Channel Characteristics: The banks are rock, primarily alluvium.

The bed is covered with cobble- to boulder-sized rock. Flow is

turbulent.

Environmental Conditions: Forest cover the slopes adjacent to the

channel. The site is located at the base of a steep, V-shaped canyon.

Recreational Use Characteristics: The trail between site 14 and the

dam receives heavy use from day-hikers and four or more groups of

riders (approximately 10 horses per group) guided by commercial out-

fitters, as well as from wilderness visitors. Large amounts of fecal

wastes from packstock accumulate on the trails and wash into the

stream during major storm events.

Period of Sampling: Sampled only during major storm events in

August 1979.

Parameters Sampled: FC bacteria, water temperature.
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Site 15

Location: Site 15 (Figure 17) is located on the downstream side of the

bridge on Power Station Road (Figure 31). Site 15 is located approxi-

mately 160 m downstream from the gaging station on the East Fork of

the Wallowa River, and 100 m upstream from the confluence with the

West Fork.

Site Elevation (approximate); 1372 m (4500 ft).

Drainage Area: 26.8 km2 (10. 35 mi2).

Dominant Litho logic Units: Alluvium, Clover Creek Greenstone.

Channel Characteristics: Channel banks are deep alluvial material,

while cobble- to boulder-sized rock covers the channel bed. Flow is

moderately turbulent.

Environmental Conditions: The area around this site is primarily

forested; however, there are large open areas filled with homes,

wilderness pack stations, roads and other anthropogenic features.

Recreational Use Characteristics: This is a developed area with a full

array of tourist facilities (i.e. , cabins, parks, roads, and horse

trails). The area is heavily used between July and September.

Period of Sampling: July 5 to September 3, 1979.

Parameters Sampled: FC bacteria, water temperature, stream dis-

charge (from U.S. Geological Survey gaging station records for the

East Fork of the Wallowa River).
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Site 21

Location: Site 21 (Figure 17) is located on the southwest inlet to Ice

Lake, which is located on Adams Creek, a tributary to the West Fork

of the Wallowa River. Site 21 is located approximately 70 m upstream

from the lake, and in a straight reach just downstream from a steep

series of cascades dropping from a bench area above the lake.

Site Elevation (approximate): 2415 m (7920 ft).

Drainage Area: 1. 7 km (0. 66 mi2).

Dominant Litho logic Unit: Granitics.

Channel Characteristics: Boulders covered with a thin soil mantle

form the banks, and cobble- to boulder-sized rock covers the bed.

Flow is moderately turbulent.

Environmental Conditions: The area is primarily an alpine environ-

ment although small clumps of trees are found in the immediate

vicinity of the site. The area is characterized by steep slopes, large

areas of exposed rock and sparse vegetation.

Period of Sampling: July 2 to October 1, 1978.

Parameters Sampled: FC bacteria, water temperature, streamflow.
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Site 22

Location: Site 22 (Figure 17) is located at the outlet from Ice Lake, on

Adams Creek, a tributary to the West Fork. Site 22 is approximately

12 km trail distance from the wilderness trailhead.

Site Elevation (approximate): 2408 m (7900 ft).

Drainage Area: 5. 1 km2 (1.97 mi2).

Dominant Litho logic Units: Granitic s, lower sedimentary series,

Martin Bridge Formation, Hurwall Formation.

Channel Characteristics: Not applicable.

Environmental Conditions: This is an alpine lake site (Figure 32). Ice

Lake is a glacial lake with a surface area of 18. 6 ha (46 ac), and has a

maximum depth of 58. 8 m (193 ft). The shore is lined rock, rock

debris, and thin regolith soils. Although shallow rock shelves are

located in some areas along the shore, depth increases abruptly from

the shore at most locations.

Recreational Use Characteristics: Flat areas adjacent to the lake are

frequently used for campsites, but use is variable through the short

summer season.

Period of Sampling: July 2 to October 1, 1978.

Parameters Sampled: FC bacteria, water temperature, nitrite plus

nitrate, ammonia-N, Kjeldahl-N, total phosphorus, orthophosphorus.
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IV,

Figure 32. Looking west at the alpine environment above
Ice Lake.
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Site 23

Location: Site 23 (Figure 17) is located on Adams Creek, and approxi-

mately 75 m downstream from the outlet from Ice Lake, and 60 m

downstream from the bridge crossing Adams Creek (Figure 33).

Site Elevation (approximate): 2400 m (7875 ft).

Drainage Area: 5.3 km2 (2. 05 mi. )

Dominant Litho logic Units: Lower sedimentary series, Martin Bridge

Formation, Hurwall Formation, Granitics.

Channel Characteristics: Oversteepened, deeply incised channel in

rock, covered with thin residual soils on some portions of the slope.

The channel bed is cobble- to stone-sized rock over bedrock. Stream-

flow is moderately turbulent.

Environmental Conditions: This is an alpine/subalpine setting,

characterized by steep, sparsely vegetated slopes, and benches covered

with grasses, forbes and clumps of Pinus albicaulis and Abies lasiocarpa

(Figure 34).

Recreational Use Characteristics: Campsites and a stream crossing

are located upstream, and the trail parallels the channel above this

site. Use is variable throughout the summer.

Period of Sampling: July 2 to October 1, 1978.

Parameters Sampled: FC bacteria, water temperature, streamflow.
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Figure 33. Bridge crossing Adams Creek downstream from
Ice Lake and upstream from site 23.

Figure 34. Looking southwest across Ice Lake from a
bench above site 23.
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Site 24

Location: Site 24 (Figure 17) is located on the West Fork of the

Wallowa River, at the base of the deeply incised gorge of the West

Fork (Figure 35). The sampling site is located on the east bank just

upstream from B. C. Creek and the Boy Scout camp. Site 24 is appro-

ximately 2.4 km upstream from Wallowa Lake.

Site Elevation (approximate): 1400 m (4590 ft).

Drainage Area: 77.9 km2 (30. 08 mi2).

Dominant Litho logic Unit: Clover Creek Greenstone (many other units

are located in watersheds upstream).

Channel Characteristics: Deeply incised, solid rock form the channel

walls, while boulders cover the bed. Streamflow is very turbulent until

late summer when water levels drop significantly (Figure 36).

Environmental Conditions: Forest covers the slopes above the over-

steepened walls of the gorge.

Recreational Use Characteristics: Site 24 is located just upstream from

the developed recreation area. Trails parallel the West Fork upstream

from this site (one leads into the Eagle Cap Wilderness, and the other

crosses the river and traverses the slope above the Boy Scout Camp.

The steep gorge walls preclude recreational activity in the river for

several hundred meters upstream from the site.

Period of Sampling: July 2, 1978 to June 9, 1979.
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Parameters Sampled: FC bacteria, water temperature, specific

conductivity, nitrite plus nitrate, ammonia-N, Kjeldahl-N, total

phosphorus, orthophosphorus.
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Figure 35. Looking down the gorge of the West Fork,
upstream from site 24.
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Site 25

Location: Site 25 (Figure 17) is located on the Wallowa River, on the

downstream side of the bridge leading to the Marina and Wallowa Lake

State Park. Site 25 is approximately 350 m upstream from Wallowa

Lake.

Site Elevation (approximate): 1344 m (4410 ft).

Drainage Area: 115 km2 (44.4 mi2
)

Dominant Lithologic Unit: Alluvium over Clover Creek Greenstone

(many other units are located in watersheds upstream; Figure 3).

Channel Characteristics: The stream is straight and lined with a levee

of stones (Figure 37). Cobble- to boulder-sized stones cover the channel

bed. Flow is moderately turbulent.

Environmental Conditions: Forests cover the slopes and much of the

valley floor upstream the site; however, large open areas line the

channel. State Park picnic and camping areas, roads, parking lots and

buildings are located upstream. The rock levee minimizes direct in-

puts from overland flow and washoff from the developed area.

Recreational Use Characteristics: Site 25 is located in a developed

recreation area, which contains a full array of tourist facilities.

Period of Sampling: July 2, 1978 to June 9, 1979.



198

Parameters Sampled: FC bacteria, water temperature, specific con-

ductivity, nitrite plus nitrate, ammonia-N, Kjeldahl-N, total phos-

phorus, orthophosphorus, and streamflow (but only after runoff had

declined sufficiently to stand in the stream).

Figure 37. The Wallowa River and highway bridge upstream
from Wallowa Lake.
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APPENDIX II

Media Specifications

Fecal Coliform Delayed-Incubation

The delayed-incubation technique was conducted and media were

prepared according to Standard Methods (American Public Health

Association, 1975). The following media were used:

1. M-VFC Holding Medium (Standard Methods, p. 895);

2. M-FC Broth (Dehydrated Difco M-FC Broth Base, Standard

Methods, p. 894);

3. Dillution Buffer (Standard Methods, p. 892).

Fecal Coliform Membrane Filter Procedure

During 1979 the delayed-incubation technique, was not employed.

The standard membrane filter technique was conducted and media were

prepared according to Standard Methods (American Public Health

Association, 1975). The following media were used:

1. M-FC Broth (Dehydrated Difco M-FC broth base, Standard

Methods, p. 894; and Millipore M-FC broth, 2 ml amponles, used in

additional replicates for 120 samples);

2. Dillution Buffer (Standard Methods, p. 892).

Millipore 47 mm diameter, sterile, white, gridded filters, po4Se
rated at 0.45 p.m, 47 mm sterile absorbent pads, and Falcon dispos-
able, 50 x 9 mm; plastic petri dishes were used for the analysis.


