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All streams in Oregon that are inhabited by salmon and trout have a state-

mandated water temperature standard. However, temperatures of many streams,

especially during summer months, exceed the seven-day average maximum

temperature parameter (200 C for redband trout inhabited streams) accepted by the

Oregon Department of Environmental Quality. To date, management of stream

temperature has focused primarily on increasing shade by planting riparian shrubs and

preventing livestock access to the riparian zone. In remote locations, construction and

maintenance of riparian fencing is often physically and economically infeasible. To

address this problem, we tested the feasibility of using western juniper, an invasive

native tree in semi-arid ecosystems, as a resource for creating shade and reducing

summer stream temperatures.

Our study tested whether or not the placement of felled western juniper trees

over a 2uid order stream channel in southeastern Oregon would: (1) reduce maximum

summer stream temperatures, (2) exclude large herbivores from streamside willow

shrubs, and (3) affect distribution and movement of native redband trout. Four 152 m

felled western juniper treatments of covered and open were applied to a 1.2 km length

of stream. Willows (<2 m tall) within treatment areas were censused, tagged,

examined for evidence of browse, and measured for maximum height and maximum

width during 2002, prior to treatment. Measurements were repeated August 2003 and

October 2003 after treatment. Hourly air and stream water temperature and biweekly
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stream discharge data from July through August were collected. Data were collected

before and after juniper treatments had been applied, during 2002 and 2003

respectively. Movement and distribution of redband trout prior to treatment (n = 100)

and following treatment (n = 42) were tracked by swim-through passive integrated

transponder antennae.

Juniper buffered maximum stream water temperatures by (1) decreasing the

amount of stream heating, (2) decreasing the number of hours the stream exceeded 20°

C by an average of 1 hr a day, and (3) increasing the separation between maximum

daily water temperature and air temperature by over 3° C. Willows treated with

juniper cover demonstrated a 3-fold greater increase in height and 2-fold greater

increase in maximum width compared to non-treated willows. By October, the year

after treatment, unprotected willows had a 2 times greater likelihood of being browsed

than juniper covered shrubs. Additionally, movement and distribution of redband

trout throughout the study reach were affected by juniper treatment. Increases in

channel cover and buffered maximum summer stream temperatures were associated

with decreased dependence of trout on headwaters and increased use of downstream

areas as well as increased hours of daily trout activity. Percent time spent by trout in

covered versus open treatments was not different (p <0.05). The application of

juniper cover of the stream channel yielded (1) improved water quality, (2) decreased

herbivory of streamside willow shrubs, and (3) increased use of and activity within the

study reach by redband trout. However, the results of this case study are directly

linked to site-specific factors. Managers should proceed with caution before

implementing juniper treatment on other streams.
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PLACEMENT OF FELLED WESTERN JUNIPER TREES OVER A
STREAM CHANNEL: EFFECTS ON WATER TEMPERATURE,

STREAMSIDE WILLOW SHRUBS, AND REDBAND TROUT

INTRODUCTION

Elmore (1994) stated that most nparian zones in the West have changed

dramatically within the last hundred years, and Kauffman and others (1997) have

suggested that most of this change has expressed itself through changes in types and

amounts of vegetation. Within the West, Great Basin rangelands experienced heavy

grazing during the late 1800's through the mid 1900's (Griffiths 1902, Sidle and

Sharma 1996). It is hypothesized that changes in riparian vegetation have contributed

to unstable stream channels and elevated summer maximum stream temperatures as

well as the reduction and fragmentation of native fish habitat and fish populations (e.g.

redband trout) in the Great Basin (Bowers et al. 1999, Dambacher and Jones In Press,

Kunkel 1976, ODFW 2000, Platts and Nelson 1989, Sidle and Shaiiiia 1996, Thurow

1997). Although the causes for the changes listed above are not always clear, land

managers would like to restore native riparian vegetation, increase stream channel

stability, reduce summer maximum stream temperatures, and improve instream habitat

for redband trout. To do so, land managers must have a basic knowledge of the

environmental factors affecting riparian vegetation and stream channels, stream water

temperature, and redband trout. They must also be aware of state and federal laws and

the tools available for management. Lastly, managers must be able to pool this

knowledge and develop innovative management techniques.

Riparian Vegetation and Stream Channels

Healthy ripanan systems depend upon the dimension, pattern, and profile of

the associated stream channel being in balance with the landscape (Rosgen 1996).

The combined effects of geology, climate, geomorphology, soil, vegetation, and water

runoff often result in unstable stream conditions (Meehan and Platts 1978). The

stability of a stream channel varies over space and time due to the constant aggrading
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and degrading as the channel adjusts across the valley floor (Winward and Padgett

1989). Stream-side vegetation can help increase channel stability (Dunaway et al.

1994, Swanson and Myers 1994, Rosgen 1996), especially where streambanks contain

non-consolidated alluvial materials (Rosgen 1996). When land uses place additional

stress on riparian systems, instability may increase (Meehan and Platts 1978).

Willows have the ability to increase bank stability, particularly on steep and

entrenched streams where high shear stress requires a tough vegetative fabric to bind

substrate (Swanson and Meyers 1994). Willows are among the first woody shrubs to

colonize following disturbance in riparian systems (Newsholme 1992) and are critical

in maintaining channel stability during periods of high flow (Kovalchik and Elmore

1992). Willow roots bind together coarse, gravel, cobble, or boulder substrates

(Murphy and Meehan 1991, Swanson and Meyers 1994). Willows capture sediment

and debris and dissipate the energy of overland flows (Kovalchik and Elmore 1992).

Combined, willows and sedges can produce strong root systems that can hold

streambanks together (Bedell and Borman 1997). When woody plant species are

removed from C- and E-type channels reliant upon vegetation for stability,

widthldepth ratios can change, altering channel dimensions and causing instability in

the system (Rosgen 1996). Increased width/depth ratios are associated with increased

erosion rates, and a loss of productive land (Rosgen 1996).

Willow species are often chosen for streambank rehabilitation projects due to

their fast growth rate, high survival, basal stem density, form, and other characteristics

(Lamber and Darns 1990). Some willows species are better than others for riparian

restoration, but differences depend on site characteristics and management objectives.

For example, some willows are better at attracting insects for trout (William and

Mathews 1990), and others are better able to tolerate drought conditions (Newsholmes

1992). Improving riparian vegetation and channel conditions may beneficially affect

moisture regimes of meadow systems and increase forage productivity for herbivores

(Beschta 1997). Willows may also provide an important food source for birds, as well

as small mammals and many ungulates (Lowson 2004, Newsholmes 1992).
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Herbivory

Caterpillar and other insect pests, including larvae of various weevils and

willow beetles rarely prove fatal to willows, but herbivory by ungulates can have

substantial negative effects on willows (Lowson 2004, Newsholme 1992). For

example the predominant cause of willow decline in Yellowstone National Park was

attributed to herbivory by native ungulates (Singer et al. 1994). Riparian vegetation of

grasses, forbs, sedges, woody shrubs, and trees is often the only green vegetation

available for herbivores during the summer (Crouse and Kindschy 1981). Ungulate

herbivory can impact riparian vegetation in several ways, such as reducing vigor or

reproductive output of mature plants, and increasing mortality of seedlings and

saplings (Oppeiiiian and Merenlender 2000). Browsing of willows by cattle can

increase as palatability and availability of surrounding plant species decreases (Roath

and Krueger 1982, Kauffman et al. 1983). Browsing of willows late in the growing

season can decrease density and cause reduced recruitment the following year (Roath

and Krueger 1982, Kauffman et al. 1983). Deer herbivory can substantially reduce the

rate of recovery of woody riparian species within degraded riparian corridors

(Opperman and Merenlender 2000). Prior browsing of willow plants can increase

their palatability and use by elk, due to reduced tannin levels (Singer et al. 1994).

Continuous browsing can restrict overall willow plant growth, but may result in

increased numbers of leaves per leader and increased individual leader lengths.

Browsing seems to inhibit plant reproduction by diverting plant resources to

vegetative growth, and willows often respond to browsing by rapid vertical growth

(Peinetti and Menezes 2001, Shaw 1992). Plants respond by growing thicker and

longer shoots, though at low positions, and this is thought to maintain willows within

reach of ungulates and encourage a positive feedback ioop (Peinetti and Menezes

2001, Danell et al. 1985). Willow plants may not be released from herbivory

constraints on growth until their crowns exceed 150 to 170 cm (Shaw 1992).

Functional riparian plant communities can usually be reestablished and

restored, often over relatively short periods of time (Beschta 1997). Exclusionary



fencing has demonstrated promising results for protecting and releasing woody

riparian shrubs that would otherwise be exposed to deer, cattle, and elk herbivory

(Lowson 2004, Opperman and Merenlender 2000, Peinetti and Menezes 2001).

Reductions in grazing following many years of season-long grazing have also been

associated with emergence of new willow seedlings (Shaw 1992). Lowson (2004)

recommended protecting planted willow cuttings from herbivory for at least one

season after planting to increase survival. Overall, this information suggests that

willows are important parts of riparian systems in the West and that protecting them

from excessive herbivory may be beneficial to their survival.

Stream Water Theiinal Environment

Energy Transfer

Stream water temperature is related to the transfer of energy between a stream

and its environment. Energy can be transferred in multiple ways. The concept of a

stream heat budget and the four main mechanisms of energy transfer will be discussed.

However, to aid in the interpretation of concepts that will be discussed later, a few

definitions need to be introduced.

Definitions

The following definitions relate to theimal energy and heat:

Thermal energy is the total internal kinetic and potential energy of an object due to

the random motion of its atoms and molecules (Cutnell and Johnson 1998). An object

that feels hot has more thermal energy inside it than it does after it has cooled down

(energy was transferred to its surroundings during cooling).

Heat is the transfer of energy from one object at a higher temperature to another

object at a lower temperature (Cutnell and Johnson 1998). In a stream, energy is

commonly transferred by heat conduction, convection, advection, and radiation
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(Duttweiler 1963, Sinokrot and Stefan 1993). Although technically incorrect, the

word "heat" is often used to mean "thermal energy."

Heat conduction is the transfer of energy directly through a material without any

bulk motion of matter (Cutnefl and Johnson 1998). Energy can be conducted between

gas, liquids, and solids.

Heat convection is defined as the transfer of energy by bulk movement of gas or

liquid (Cutnell and Johnson 1998).

Heat radiation is the transfer of energy by electromagnetic waves (Cutnell and

Johnson 1998).

Heat advection is the horizontal transfer of energy by bulk movement of gas or

liquid (Duttweiler 1963, Meays 2000). For example, horizontal movement of air

causes changes in temperature over the earth's surface and horizontal flows of

seawater can cause changes in the temperature of the ocean. In a stream, advection of

heat is driven by the discharge and temperature of water from an upstream reach to a

downstream reach (Duttweiler 1963).

The term stream heat budget is often used to describe the net effects of heat

exchange between the stream and external mechanisms for a specified period of time

(Duttweiler 1963).

Heat Budget

Younus and others (2000) stated that the heat budget of a stream is primarily

determined by heat exchange between water surface and atmosphere, water and

sediment, inflows, and outflows. Secondary heat inputs include: chemical reactions,

plant and animal metabolism, and viscous dissipation (Duttweiler 1963, Younus et al.

2000). Duttweiler (1963) found that the various external heat exchange mechanisms
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may be grouped to form a heat budget for a specified period of time, where the net

effect of external mechanisms change the water mass temperature from its level at the

beginning of the period to its level at the end of the period.

Radiation

A stream receives radiant energy from its surroundings: atmospheric

constituents, its banks, and especially the sun (Duttweiler 1963). Distinctions between

rock, vegetation, water, road surfaces, and so forth should be made because each

object absorbs, emits, and reflects radiation differently (Larson and Larson 1996).

Even though streams receive substantial radiation from their environment, they are

constantly emitting radiation from their surfaces back to their surroundings (Beschta

1997, Brown 1970, Duttweiler 1963). Duttweiler (1963) categorized radiation

received by streams into two types: short wave radiation (solar radiation) and long

wave radiation (atmospheric radiation). Short wave radiation is composed primarily

of wavelengths 0.3-4.0 and long wave radiation of wavelengths > 4.0t. The

radiation emitted at the stream's air-water interface back to its surroundings is of the

long wavelength.

Solar radiation is scattered, reflected, and absorbed as it passes through the

earth's atmosphere (Cutnell and Johnson 1998, Duttweiler 1963). Solar radiation

eventually reaches the earth's surface partly as direct radiation and partly as diffuse

radiation (Duttweiler 1963). Maximum incident solar radiation is received

approximately at the summer solstice (Brown 1970, Duttweiler 1963, Larson and

Larson 2001, Meays 2000). Solar radiation is often the most significant heating

influence in a stream's thermal budget (Brown 1969, Brown 1970, Brown and Krygier

1970, Beschta 1997, Brown 1972, Duttweiler 1963, Sinokrot and Stefan 1993). The

diurnal variation in maximum incident solar radiation is the primary cause of diurnal

variations in soil and water temperatures (Duttweiler 1963). Some incident solar

radiation is reflected at the water surface. How much is reflected is depends on the
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character of the surface (wavelength absorptivity), the radiation (direct or diffuse), and

the sun altitude or incident angle (Duttweiler 1963, Meays 2000).

Evaporation

There are two processes associated with evaporation: the loss (gain) of heat of

vaporization at the water surface in the change of state from liquid (vapor) to vapor

(liquid), and the convection of heat with the lost (gained) quantity of water (Duttweiler

1963, Adams and Sullivan 1986). The heat transfer rate when water is evaporated is

dependent on the volume of water evaporated per unit of surface area and is a function

of vapor pressure and wind velocity (Duttweiler 1963, Adams and Sullivan 1986). At

elevated air temperatures, the vapor pressure deficit above a water surface increases

drastically causing strong evaporative cooling (Mosheni and Stefan 1999).

Conduction

Duttwejler (1963) noted that heat could be transferred at the air-water interface

by conduction as well as by the mechanisms of evaporation and radiation. Heating or

cooling of water with air depends primarily on thermal and vapor pressure gradients

and secondarily on atmospheric pressure (Advanced Seminar 1961 as cited in

Duttweiler 1963). Consider two cases: (1) air temperature greater than surface water

temperature and (2) surface water temperature greater than air temperature. When air

temperature is greater than water temperature, the thermal gradient favors conductive

heat transfer from air to water. In addition, if the existing vapor pressure of air is less

than the saturation vapor pressure of the colder water, then heat will be transferred to

the air by evaporation. However, the saturation vapor pressure of the cold water limits

the amount of vaporization that can take place. If the warm air over the colder water

is moist, then the vapor pressure of air will be greater than the saturation vapor

pressure of the cold water. This will cause the condensation of water vapor from air

onto the surface of the water (transfer of heat to water).
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When water temperature is greater than air temperature, the thermal gradient

favors conductive heat transfer from water to air. Additionally, when the temperature

of surface water is greater than the temperature of air and the saturation vapor pressure

at the water surface is greater than the existing vapor pressure in the air, then heat loss

to air through evaporation will occur. If surface water is waniier than air, the

saturation pressure at the water surface will be much higher than the vapor pressure of

air. Noting this, evaporation is always possible when the temperature of water is

warmer than air (Advanced Seminar 1961 as cited in Duttweiler 1963). Duttweiler

(1963) added that the amount of stream heat loss by conduction is usually small but

not negligible.

Advection

The advection of heat into a stream reach is dependent on the temperature and

discharge of a stream at the upstream end. In contrast, loss of stream heat by

advection depends on a stream's temperature and discharge at the downstream end of

a reach (Duttweiler 1963).

Stream Temperature and Thermal Patterns

A stream's temperature and thermal pattern is a function of the theiiiial

environment to which it is exposed (Can 2004, Meays 2000, Zwieniecki and Newton

1999). Energy inputs to streams cause increases in stream temperature (Larson and

Larson 2001, Zwieniecki and Newton 1999). Sinokrot and Stefan (1993) found that

stream water temperature will shift toward a level at which energy exchange with the

environment is at dynamic equilibrium. Within a stream reach, water temperature will

vary between the equilibrium temperature and its upstream water temperature, with

the resultant stream temperature depending upon the travel time it takes for water to

enter the reach from the above end (advection) (Mosheni and Stefan 1999). The

equilibrium temperature is solely dependent on weather (Mosheni and Stefan 1999).
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Thermal patterns and temperatures of streams are site specific and depend on a

number of factors including: elevation, meteorological conditions, solar radiation, soil

moisture and groundwater inputs, stream depth, stream width, channel substrate,

stream velocity, stream gradient and linear distance traveled, side channel inputs, and

vegetative (canopy) cover (Brown 1969, Can 2004, Meays 2000, Maloney et al.

1999). These factors also determine how heat and water are distributed within the

stream itself (Poole and Berman 2001). A streams thermal pattern also depends on the

spatial and temporal gradient of its temperature (Ward 1985).

Stream thermal patterns can be described in terms of the daily, weekly,

monthly, and yearly variations in stream temperature and includes the maximum

temperature, minimum temperature, and the rate of heating relative to time, distance,

or elevation (Can 2004, Maloney et al. 1999, and Ward 1985). Heating and cooling

cycles depend on variations in solar radiation. Beschta (1997) noted that in summer,

stream temperatures increase rapidly as solar energy increases and as streamfiows

decrease following snowmelt. Annually, peak temperatures occur in JulyAugust, and

extreme lows during winter (Duttweiler 1963, Larson and Larson 2001, Meays 2000).

Daily temperature cycles exhibit early morning minimum temperatures and

afternoon maximum temperatures. These daily stream temperature cycles closely

track daily air temperatures (Boyd and Sturdevant 1997, Stringham 2001, Meays

2000). During the day, streams heat according to solar radiation inputs (Brown 1969,

Duttweiler 1963), and at night, streams cool when heat is emitted at the air-water

interface and as streams are exposed to cool night air (Duttweiler 1963, Zwieniecki

and Newton 1999). In order for a stream to cool, it must radiate its internal energy (in

the form of heat) out into its surrounding thermal environment (Larson and Larson

1996). Thus, a stream cannot cool if its surrounding environment is not at a lower

temperature than itself.
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Radiation

The temperature regimes of small streams during the summer are determined

by the amount of radiation they receive (Brown 1972). Long wave radiation emitted

at night has been found to add to the heat load of a stream (Boyd and Sturdevant

1997). Nevertheless, over a 24-hour period, the net long wave radiation essentially

balances (Beschta 1997). Solar (short wave) radiation has been shown to be the most

influential component of a stream's thermal budget (Brown 1969, Brown 1970, Brown

and Krygier 1970, Beschta 1997, Brown 1972, Duttweiler 1963, Sinokrot and Stefan

1993). Net all-wave radiation was found to be the predominant energy source during

the day on unshaded stretches of a small stream with discharge <0.0283 m3/sec (< 1

ft3/sec) (Brown 1969). Brown (1970) found that solar radiation accounted for over

95% of the heat input during the midday period in midsummer for a small stream

(Brown 1970). He also concluded that evaporation and convection accounted for less

than 10% of the total energy exchange (Brown 1969). However, for streams having

greater discharge or at different locations within a watershed, other factors may

become more important than daily amounts of solar radiation (Larson and Larson

2001, Sullivan and Adams 1991).

Shade

Even when in complete shade, if a stream is in contact with an energy source

that has a greater temperature, energy will be transferred into the stream (Larson and

Larson 1996). Shade prevents stream heating by interfering with the amount of direct

solar radiation that reaches the stream (Brown 1972, Beschta 1997, Larson and Larson

1996, Platts 1997, Ward 1985). Shade is most important during the middle of the day

when incoming solar radiation is at its highest (Larson and Larson 1996). Brown

(1970) concluded that topographic shading was likely to be unimportant during the

midday stream heating period.
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Riparian vegetation can help maintain cool stream temperatures during the

summer and insulate the stream from heat loss during winter (Graynoth 1979 as cited

in Ward 1985, Murphy and Meehan 1991, Platts 1991). It is hypothesized that

riparian vegetation can help insulate streams from cold temperatures during winter

(Platts 1991). Graynoth (1979 as cited in Ward 1985) found that streams with

vegetative cover maintained warmer winter temperatures. During summer, Isaak and

Hubert (2001) found that there were small effects from riparian tree abundance on

maximum stream temperature. Green (1950) hypothesized that shading was the key to

controlling thermal stream temperatures after he witnessed a stream drop 7° C after

meandering through approximately 250 m of forest and brush cover. Saadi (1995)

reported that lack of vegetative cover was a major cause of elevated summertime

stream temperatures. Several other studies examining the removal of riparian canopy

have reported elevated stream temperatures during summer months (e.g. Brown and

Krygier 1970, Han and Fredriksen 1988, Brazier and Brown 1973, Theurer et al.

1985).

Humans have altered stream water temperature patterns by changing riparian

zone vegetation (Platts 1991, Bjornn and Reiser 1991). Anderson and others (1993)

concluded that loss of shade vegetation in a riparian area was directly linked to

undesirable water temperatures. Annual maximum stream temperatures increased 2 -
3° C after logging in the Bull Run watershed, but temperature increases had mostly

disappeared within three years after vegetation had regrown to shade the streams (Han

and Fredriksen 1988). A change in temperature regime caused by the loss of riparian

vegetation was associated with reduced salmonid populations in the Tucannon River

(Theurer et al. 1985). Maximum stream water temperatures increased greatly one year

after clearcut logging on a small watershed in the northwest (Brown and Krygier

1970). In another northwest watershed, where strips of brush and trees separated

logging units from the stream, no changes in temperature were observed that could be

attributed to clearcutting (Brown and Krygier 1970). Thus, it is possible that buffer

strips of vegetation might prevent increases in stream temperature due to clearcutting.
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An option often considered often by agricultural communities to lower stream

temperatures has been to increase stream shading through planting riparian vegetation

(Larson and Larson 2001). Brazier and Brown (1973) reported that it was the canopy

density along the path of incoming solar radiation that best described the ability of a

buffer strip to control stream temperature. Graynoth (1979 as cited in Ward 1985)

found that a 30 m wide bufferstrip of vegetation along a stream was effective at

maintaining the stream's temperature pattern, following logging in a beech forest.

However, a stream that was clearcut to the streambanks, with no bufferstrip, showed a

significant increase in diel temperature fluctuations, was hotter in summer, and colder

in winter. Zwieniecki and Newton 1999 also found bufferstrips (8.6 to 30.5 m wide)

were able to prevent temperature changes on low-elevation clearcut forest streams in

Oregon. St-Hilaire and colleagues (2000) stated that even with bufferstrips, logging

activities might still disrupt the natural thermal regime of rivers due to increased solar

radiation reaching the soil surface in clearcut areas. They concluded that water

draining through cut blocks were subject to a different heat budget than water draining

through an area with forest vegetation.

Shade can also impact groundwater temperatures. Woodall (1985) discovered

that much of a groundwater's heat gainlloss occurs very near the discharge point,

particularly across the unwetted surfaces of a stream channel. He also found that

groundwater discharges that demonstrated annual temperature fluctuation before shade

removal, showed definite increases in temperature fluctuation after shade removal.

Increases in annual maximum were greater than decreases in the annual minimum

temperature. Therefore, he concluded that small strategically placed buffers could

substantially reduce effluent temperature changes that would otherwise occur after

clearcutting. However, he added that shade cast by a streamside buffer would reduce,

not prevent, the summertime heating of groundwater passing beneath it (Woodall

1985).
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Air Temperature

Brown (1970) found that air temperature and the cooling effect of evaporation

were much less important than solar radiation in controlling temperature. However,

Sullivan and Adams (1991) stated that there is some location in a watershed where the

stream is of sufficient size that neither riparian canopy nor groundwater significantly

influences water temperature and water temperature is primarily related to air

temperature. Thus, temperatures of streams having greater discharge are more likely

to be influenced by air temperature than smaller streams. Daily mean stream

temperature equilibrates with and is always near mean air temperature in all streams

regardless of size (Sullivan and Adams 1991). Can (2004) and Meays (2000) found

that air temperature had a strong influence on stream temperature. Larson and Larson

(2001) found that maximum air temperatures produced the greatest thermal gradient.

Can (2004) hypothesized that factors like shade, elevation and channel shape function

in a subordinate role to climatic thermal regime in terms of effect on stream

temperature.

Elevation

Elevation has been associated with stream water temperatures (Meays 2000).

Reach elevation and climatic influence from both maximum and minimum air

temperatures were the dominant factors with respect to stream thermal patterns of

small streams in Oregon (Can 2004). Isaak and Hubert (2001) and Can (2004) found

that stream temperature maximums were directly controlled by a large negative effect

from mean basin elevation. Larson and Larson (2001) reported that an entire

watershed was heated at the same time with the coolest environments in the upper

reaches. Vertical heating and cooling due to elevational changes in topography is

often called "adiabatic" heating and cooling (Larson and Larson 2001). Zwieniecki

noted that streams they studied demonstrated a tendency to warm with downstream

direction, even under full forest cover (Zwieniecki and Newton 1999). It is know that

water traveling from headwaters warms from exposure to warmer air, incoming
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radiation, and confluences with warmer streams (Zwieniecki and Newton 1999). Can

(2004) hypothesized that cumulative downstream theuiial energy exposure was the

cause of this relationship.

Discharge

Discharge is an important hydrologic variable affecting stream temperature

(Ward 1985). Low flow streams exhibit greater temperature sensitivity than high flow

streams (IMST 2000). Reduced streamfiows have been associated with increased

afternoon stream temperatures (Beschta 1997, Constantz 1998). This is because

maximum temperature change occurs when the greatest amount of heat warms the

smallest volume of water (Brown 1970). Further, increased afternoon stream

temperatures may induce streambed losses, which lead to even greater stream

temperature and streamfiow losses. Afternoon streamfiow losses can be attributed to

streambed infiltration and increased evapotranspiration (Constantz 1998). The

capacity of a stream to buffer against temperature increase or decrease is directly

influenced by water volume and the size of the surface area that is exposed to the

energy source (Brown 1970, Larson and Larson 1996). Thus, streams having wider

surface areas, decreased water depth, and decreased discharge are potentially subject

to greater changes in temperature.

Increases in stream discharge can affect stream temperature, depending on the

temperature and volume of inflow. Waiiii water inflow can increase stream

temperatures. Cool water inflow from side channels, tributaries, or groundwater can

reduce temperature through dilution without causing losses in energy (Can 2004,

Meays 2000, Zwieniecki and Newton 1999).

Groundwater

Groundwater inflow/outflow is an important process influencing the heat

budget within a stream (Boyd and Sturdevant 1997, Can 2004, Adams and Sullivan
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1989, Woodall 1985, Stringham et al. 1998). The primary factors determining the

degree of sensitivity of groundwater effluent to thermal stimuli at the land surface are

(1) ground water depth, (2) velocity of groundwater flow, and (3) flow pattern,

including dispersive features. Seasonal heat exchange between soil and groundwater

(<4 m deep beneath an exposed land surface) is not negligible (Woodall 1985,

Younus et al. 2000). Texture of soil above groundwater likely has a minor influence

on sensitivity of groundwater to heat exchange (Woodall 1985). Groundwater inflow

can cool maximum stream temperatures and reduce rates of stream heating (Can

2004). Younus and others (2000) found that groundwater was on average a heat sink.

In magnitude, the heat sink was comparable to short wave radiation.

Subsurface inputs of cool water can decrease stream temperatures (Younus et

al. 2000). Stream segments that receive a proportionately greater contribution of

groundwater at lowflow have decreased daily maximum temperatures (Mosley 1983,

McRae and Edwards 1994). Daily maximum stream temperature for a reach located

within an irrigated meadow was found to be 1-3° C cooler than a non-irrigated reach.

However, daily minimum stream temperatures exhibited the opposite relationship,

with the irrigated meadow reach ranging from 0.5-1.7° C waiiiier than the non-

irrigated meadow reach (Stringham et al. 1998). In a stream influenced by

groundwater, Graynoth (1979 as cited in Ward 1985) noted similar results.

Streambed

Streambed conduction is an important process influencing the heat budget

within a stream (Brown 1969, Boyd and Sturdevant 1997, Adams and Sullivan 1989,

Sinokrot and Stefan 1993). Younus and others (2000) found that the streambed acted

as a sink term in the heat budget. Brown (1972) noted that stream channel bedrock

could account for approximately a 15-20% loss in the net all-wave radiation from the

stream but that gravel likely contributes very little loss. In Younus and colleagues

(2000) study, the magnitude of streambed heat sink was comparable to long wave

radiation and evaporation.
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Redband Trout

Great Basin redband trout (Oncorhynchus mykiss spp.) inhabit many streams of

southeastern Oregon that are considered water quality limited by the Oregon

Department of Environmental Quality due to high water temperature (ODEQ 2002).

Southeastern Oregon stream temperatures may fluctuate as much as 6-12° C during a

24 h period, and commonly exceed 20° C during sun-m-ier months (Gamperl and

Rodnick 2003, Kunkel 1976, Matney 2004a). Managing these streams for redband

trout requires knowledge of many different factors: state and federal laws related to

redband trout habitats, redband trout population status, characteristics of Great Basin

stream environments, redband trout behavior, redband trout biology, and the tools

available for stream habitat management.

Stream Water Quality

Water quality standards are used to assess whether the quality of rivers and

lakes are adequate for fish and other aquatic life, recreation, drinking, agriculture,

industry and other uses (ODEQ 2002). They are also regulatory tools used by the State

Department of Environmental Quality (ODEQ) and the federal Environmental

Protection Agency (EPA) to prevent water pollution (ODEQ 2002). The federal Clean

Water Act mandates that states adopt water quality standards, and states must submit

their standards to EPA for approval.

During the 1990's, Oregon, Washington, Idaho and California established

numeric nonpoint source (NPS) standards for their surface waters. Many NPS

pollutants were identified, but the primary pollutants were temperature, sediment and

bacteria. These pollutants accounted for 65% of Oregon's total listed stream miles in

1998. In Oregon, about 40,200 km of stream have been determined to be water

quality limited due to NPS pollutants, with temperature accounting for nearly 50% of

the total miles listed (ODEQ 1998). Results have been similar in Washington, Idaho

and California. Stream temperature is an important water quality parameter that
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directly and indirectly affects aquatic biota (Isaak and Hubert 2001). Water

temperature standards for the region encompassing southeastern Oregon were

determined primarily through laboratory studies on the effects of temperature on

redband trout. The standard for this species is 20° C. If a stream were in violation of

the standard, it would then be placed on the Clean Water Act 303(d) list. When a

stream is 303(d) listed, a total maximum daily load plan (TMDL) must be developed

for the entire sub-basin in which the stream occurs. A TMIDL contains a sub-basin

level surface water temperature management plan, which identifies the causes of

thermal pollution and recommends management practices for meeting the established

water quality standards.

Redband Trout Status

Fisheries biologists hypothesize that populations of redband trout

(Oncorhynchus mykiss newberrii) in the Great Basin have been impacted by the

settlement of rangeland nparian habitats and conversion of lands for human use

(ODFW 2000, Bowers 1999, Currens 1997, Williams et al. 1989, Kunkel 1976).

Oregon's Department of Fish and Wildlife (ODFW) stated in its 1999 draft of the

Conservation Status of Oregon Basin Redband Trout that the major human impact

affecting redband trout has been the fragmentation and loss of components of the

marsh/lake/stream systems. Thurow and others (1997) acknowledged that redband

trout remain in most of their potential range, but declines in abundance, reductions in

distribution, and fragmentation in to smaller populations have been apparent. This

downward trend may compromise their potential for longteiiii survival (Dunham et al.

1997, Rieman et al. 1997).

Redband trout are a rare fish species due to their fragmented populations and

their unique natural history reflecting the Pleistocene connection between the lake

basins of eastern Oregon and the Snake and Columbia Rivers (Bowers 1999, Currens

1997, Behnke 1992, Gold 1977). Due to genetic and morphological differences, as

well as their ability to withstand higher water temperatures, redband trout are
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considered a unique subspecies of rainbow trout (Behnke 1992). Variation in coloring

and spotting patterns also separate redband trout into several races throughout their

range (Behnke 1992). Some of these populations have been noted as morphologically

unique (Gold 1977).

In 1979, redband trout were considered an undescribed species of special

concern (Deacon et al. 1979). Nearly a decade later, electrophoretic studies

demonstrated redband trout were of separate populations scattered among isolated

basins, and were worthy of their own subspecific descriptions (Berg 1987). By 1989,

Williams and others published a revision of the 1979 rare North American fishes list

and addressed redband trout as having five distinct subspecies of special concern:

Interior redband trout (Idaho, Nevada, and Oregon), Catlow Valley redband trout

(Oregon), Goose Lake redband trout (Oregon and California), McCloud River redband

trout (California), and Warner Valley redband trout (California, Nevada, and Oregon).

The Oregon Natural Desert Association, Oregon Trout, the Native Fish Society, and

the Oregon Council of Trout Unlimited in 1997 petitioned the United States Fish and

Wildlife Service (USFWS) to list the species under the Endangered Species Act

(ESA). The petition claimed that habitat destruction by livestock grazing, irrigation,

removal of water from streams, fragmentation of populations, stream channelization,

and timber harvesting as well as competition and predation by non-native fish species

all contributed to a decline in redband trout numbers (Belsky 1997). In 1998, the

USFWS conducted a complete status review of the Great Basin redband trout to

determine if it needed protection under the ESA and subsequently declined to list the

redband. Though the redband was not listed under the ESA, ODFW has made it clear

that work should continue to protect redband populations and habitats (ODFW 2000).

Great Basin Stream Habitat Characteristics

The Great Basin is primarily a closed drainage basin without access to the sea

(Minshall et al. 1989). Many of its streams originate from springs and seeps at high to

moderately-high elevations (> 1000 m) and are subject to high summer temperatures
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and wide fluctuations in daily temperature (Bowers et al. 1999, Gamperl and Rodnick

2003, Stringham 2001). Summer stream water temperatures have been recorded as

low as 40
C (Stringham 2001) in morning hours and as high as 30° C in late afternoon

(Gamperl and Rodnick 2003, Stringham 2001). Stream water discharge for the region

typically peaks in May and June but drops off steeply with the lowest observations of

the year occurring in August and September (USGS 2003a, USGS 2003b).

Temperature Tolerances of Redband Trout

Generally, salmonids face life threatening conditions when temperatures

exceed 23-25° C (Bjornn and Reiser 1991). The upper incipient lethal temperature

for rainbow trout, in general, is 26° C, which causes a 50% mortality over a 7 day

period (Hammon and Breuner 2001). Redband generally exhibit a high tolerance to

warmwater. The average critical thermal maxima (upper thermal tolerance) value for

redband trout is 29.4 ± 0.10 C (Gamperl and Rodnick 2003, Rodnick et al. 2002). At

25.5° C there is a 2% probability of redband trout death; 50% at 27.5° C; and 100% at

29.6° C (Hammon and Breuner 2001). Lethal stream temperatures for acute and

chronic exposure are estimated at approximately 25.5 and 18.5° C, respectively

(Gamperl and Rodnick 2003). To increase chances of redband trout survival during

summer months it is recommended that average weekly maximum temperatures

should not exceed 20° C and daily average temperatures not exceed 24° C (Hammon

and Breuner 2001). Redband trout have been found to tolerate (<2 h) exposure to

warm water temperatures (?24° C) (Gamperl and Rodnick 2003). Swim performance

of redband trout begins to be impaired at 24° C (Hammon and Breuner 2001).

Optimum Temperatures for Redband Trout

Data suggests trout locate themselves more often in cooler water than warmer

water temperatures (Binns and Eiserman 1979, Bjornn and Reiser 1991, Gamperl and

Rodnick, Greene 1950, Li et al. 1994, Platts and Nelson 1989). Studies on several

streams in the Great Basin and John Day Basin have found thermal and solar inputs to
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be negatively correlated with trout biomass (Li et al. 1994, Platts and Nelson 1989).

Scientists have estimated the optimum temperature for growth of redband trout from

15.9 to 19° C (Hammon and Breuner 2001). However, the most recent study estimates

their optimum temperature to be approximately 12.8° C (Gamperl and Rodnick 2003).

Stream Temperature

Stream temperatures associated with either extreme summer or winter

conditions have been documented as having strong effects on fish survival and habitat

use (Schlosser 1995). A streams's summer and winter temperature regime is often a

critical characteristic of habitat quality affecting survival of trout and overall stream

carrying capacity (Beschta 1997, Platts 1991, Platts and Nelson 1989). In some

streams, temperature may be the principal factor determining whether or not trout

populations can be self-sustaining (Barton et al. 1985). Stoneman and Jones (2000)

found that water temperature was the most important habitat variable distinguishing

sites with differing total trout biomass. Fish may show three dominant responses to

high water temperatures: emigration, selection of favorable microhabitats, and

selective mortality (IMST 2000).

Solar input (Li et al. 1994, Platts and Nelson 1989), cover (Boussu 1954,

Butler and Hawthorne 1968, Wilzbach 1985) and maximum summer stream

temperatures have been investigated to understand how trout use stream habitats

(Binns and Eiserman 1979). Trout may avoid direct exposure to sunlight by seeking

streamside cover (Li et al. 1994, Platts 1991). Geometry and depth of deep pools may

moderate elevated summer water temperatures that can stress trout populations

(Matthews et cii. 1994). Surface water is often warmer than the bottom water

(Matthews and Berg 1997), but trout have been found to use this warmer water even

though cooler water was available (Matthews et al. 1994). Nonetheless, Lahontan

cutthroat trout have been observed resting on the bottom of a beaver pond in water

exceeding 24° C during the mid-afternoon (Talabere 2003).
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It is hypothesized that trout try to avoid extreme temperatures by moving to

other areas (Bjornn and Reiser 1991, Green 1950). Thermal refugia in streams may

provide habitat for species existing at the margin of their environmental tolerances

(Torgersen 1999). Schlosser (1995) stated that the spatial distribution of refugia from

harsh environmental conditions is likely to be a fundamental factor controlling fish

population dynamics by either directly influencing fish survival or by controlling

immigration/emigration rates between feeding and refugia habitats. Trout may

migrate upstream or downstream to avoid unsuitable temperatures (Greene 1950,

Bjornn and Reiser 1991). In a warm stream, salmon distribution and cool water

temperature patterns were strongly related (Torgersen 1999). Water temperature was

found to a significant factor influencing the distribution of Lahontan cutthroat trout in

a southeastern Oregon stream (Talabere 2003). Trout may use a section of stream

during one season of the year, but move to other sections at other seasons (Bjornn and

Reiser 1991). However, salmonids may not always avoid unsuitable temperatures,

especially if there is a quick change in temperature that is not part of the normal

pattern in which the fish evolved.

Stream temperatures in the Great Basin can reach levels undesirable for trout

survival (Bowers et al. 1999, Gamperl and Rodnick 2003, Kunkel 1976, Stringham

2001). Increases in stream temperature can cause increases in fish activity and

biological and chemical reactions (IMST 2000). Pathogens are favored with high

summertime temperatures, (IMST 2000), and salmonids and other cold water species

may experience increased stress levels, greater susceptibility to disease, and an

inability to compete with warm water species (Beschta 1997). In these instances, trout

mortality may be high. However, trout in the Great basin appear to persist where

water temperatures are 21° C (Bowers 1979).

Discharge

Redband trout are likely to respond to changes in stream discharge. Needham

(1936) stated that it is necessary to prevent excessive seasonal fluctuations in
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discharge. Fluctuations in stream discharge have direct and strong effects on spatial

habitat heterogeneity and patterns of habit use by fish (Schiosser 1995). Fish may

respond to low discharge by shifting their habitat use to deep poois in nearby reaches

or downstream areas (Ross et al. 1985). At high discharge, fish may be found in deep

water close to the streambed or they may become mobile (Pert and Erman 1994).

Riparian Vegetation

Riparian vegetation is an important component of stream systems inhabited by

redband trout. Riparian vegetation provides habitat (Beschta 1997, Green 1950,

Murphy and Meehan 1991, Platts 1991, Platts and Nelson 1989, Rosgen 1996). Roots

of riparian vegetation may stabilize stream banks (Rosgen 1996 and Swanson 1989)

and maintain undercut banks that offer good fish habitat (Murphy and Meehan 1991).

Riparian vegetation affects instream temperatures, overall water quality, and instream

habitats for a variety of fish and aquatic organisms (Beschta 1997). Riparian

vegetation can produce insects, which may fall in to the stream and supplement the

trout diet (Murphy and Meehan 1991, William and Mathews 1990). Riparian

vegetation may contribute logs and branches that can shape channel morphology,

retain organic matter, and provide essential cover for trout (Murphy and Meehan

1991), and may provide daytime cover in the form of shade, especially along the

margins of a stream (Platts 1991). Riparian vegetation may provide lateral habitats

and shaded stream margins that are important habitat for juvenile trout (Moore and

Gregory 1989, Platts 1991).

Shade

Shade can influence the behavior and survival of redband trout. Hicks and

others (1991) have suggested that the removal of streamside vegetation changes the

light and temperature regimes of a stream, which leads to changes in primary and

secondary production, in emergence times of salmonid fry, and in summer and winter

survival of juvenile salmonids. Unshaded streams have shown greater invertebrate
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and salmonjd abundances in summer than have shaded streams (Hawkins et al. 1983,

Hawkins et al. 1982). Riparian canopy may limit light penetration to the stream and

suppress aquatic primary production (Murphy and Meehan 1991). Greater light

intensity and increased production in the unconstrained reaches may contribute to the

greater abundance of fish in some Cascade Mountain reaches (Moore and Gregory

1989). Studies have found that some Wisconsin trout streams with open canopies

were more productive and had greater fish biomass than streams with heavier shading,

and that riparian vegetation removal is a potentially useful technique for enhancing

salmonid habitat (Hunt 1979, Hunt 1985). Open-canopy stream reaches may be more

productive during the summer than closed-canopy reaches; however, winter losses

may exceed summer gains in production if the canopies are opened completely (Koski

et al. 1984). Juvenile steelhead have been found to maintain high summer densities in

clear-cut stream reaches, but parr densities in these same reaches may decline

dramatically in winter. However, they may increase by as much as 400% in old-

growth areas having more cover (Johnson et al. 1986).

A loss of the canopy can decrease stream shading, and can cause negative

impacts on fish habitat (Rosgen 1996). Other studies have found that increased canopy

cover may be beneficial to salmonid populations (Platts and Nelson 1989) and

decrease fish mortality (Boss and Richardson 2002). Densities of steelhead trout

(Oncorhynchus mykiss) and sculpin (Cottus spp.) decreased significantly with greater

incident radiation and higher stream temperatures, although many warm-water

cyprinids increased in abundance in unshaded sites (Tait et al. 1994). A study in

eastern Oregon found that collector, shredder, and predator biomasses, and numerical

abundances of all invertebrate groups, did not change with canopy density (Tait et al.

1994). Allochthonous plant material or terrestrial invertebrates introduced to the

stream from riparian vegetation may compensate for reduced aquatic primary

productivity in closed-canopy reaches (Platts and Nelson 1989). Estimates of fish

biomass were not significantly correlated (p <0.05) with stream canopy attributes in

the Rocky Mountains (Platts and Nelson 1989). However, overstory attributes and
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thermal input were highly correlated (p <0.05) with unit-volume biomass in the Great

Basin (Platts and Nelson 1989).

In-depth studies of riparian canopy conditions and the responses of fish

populations to them have been limited (Platts and Nelson 1989). Cover in

mountainous streams has been found to allow trout to avoid impacts from elements or

enemies (Gunderson 1968, Mullan 1975). Cover may allow fish to utilize portions of

a stream they might otherwise avoid (Bjornn and Reiser 1991). Platts and Nelson

(1989) suggested that maintenance of adequate riparian overstory is critical if interior

streams are to be good producers of salmonids due to nparian vegetation's insulating

effect on stream temperature.

Habitat Use

Understanding general patterns of habitat use by many trout species can help

us understand redband trout habitat use patterns. Low trout biomass density has been

associated with sections of stream having warm water temperatures, large surface

areas (wide streams), and few pools; contrastly, very high biomass density has been

associated with areas having colder water, small surface areas (narrow streams), and

numerous pools (Stoneman and Jones 2000). Matthews noted golden trout using 3

macrohabitats (pools, runs, and riffles) but selected poois in higher proportions than

the more available runs (Matthews 1996). Trout were associated with undercut banks,

willows, bare banks, collapsed banks, open channel, aquatic vegetation, sedges,

boulders, or rootwads, but were most commonly found near sedge and undercut banks

(Matthews 1996). Jakober and others (1998) hypothesized that habitat use by trout

may depend on availability; beaver ponds and pools with large woody debris were

selected in one stream, and poois with boulders were more often chosen in the other.

Heggenes (2002) found that trout favored slower flowing pool areas, but selection

ranges were wide. Brown trout were found using pooi habitat independent of season

or period of the day (Bunnel et al. 1998). Smith and Li (1983) found that juvenile

steelhead trout shifted to higher velocity water as temperature increased, probably due
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to higher food intake requirements being satisfied with higher drift rates in the faster

water. Fausch and others (1988) found that cover provided by riparian shade and

coarse wood are helpful in predicting the presence, density, and biomass of salmonids.

However, repeated observations made on individually marked rainbow trout have

indicated that description of habitat use and preference in terms of microhabitat may

yield a false interpretation of optimal habitat for the population as a whole, and it is

likely that a few individuals, in a population of territorial trout, will exclude others

from optimal habitat (Pert and Erman 1994).

Winter habitat may be very important for all trout. Juvenile trout have been

found unable to survive winter due to lack of suitable habitat (Mitro and Zale 2002).

Simple bank habitat has been found to be unsuitable habitat. However, complex bank

habitat, high gradient, and large substrate have been found to provide good winter

habitat for trout. Further, trout located in river sections having simple bank habitat

during autumn have been found to emigrate to sections of river with complex bank

habitat by the following spring (Mitro and Zale 2002).

It has been suggested that most fishes of small streams are habitat specialists

(Gorman and Karr 1978). Redband trout appear to be no exception and choose

specific habitats during summer (Hirsch 1995, Muhifeld et al. 2001). In southeastern

Oregon, redband trout were absent or in low abundance in reaches where there had

been intensive cattle grazing (Dambacher and Jones In Press). In some streams,

numbers of redband trout were separated by long reaches of low or no abundance

during summer. Redband trout were found to be associated with stream areas have

dense riparian canopy cover, boulder substrate and vegetated banks, and cool spring

inflow (Dambacher and Jones in Press).

Fry and older redband trout used different microhabitats during the summer in

three central Oregon streams; fry generally used stream margins, backwaters, and

shallow areas, whereas older fish (? 1 year) occupied deeper areas of the channel
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(Hirsch 1995). Juvenile and adult redband of the Columbia Basin have been observed

more often than expected in deeper, slower habitats with more cover and smaller

substrates, and less often than expected in shallower water with higher velocities and

larger substrate (Muhlfeld et al. 2001). However, Columbia Basin redbands were

generally found using low-gradient, medium-elevation reaches with an abundance of

complex pools (Muhlfeld et al. 2001).

Seasonal Trout Movement

Many species of trout make seasonal movements within streams and rivers.

Northcote (1978) suggested that movement is directed, not random, and that passive

drift may occur as part of a migration. Northcote (1997) stated that potamodromous

migrations are cyclic, evolving to optimize feeding opportunities, survival, and

reproductive success. Young (1994) monitored adult browntrout in two streams from

mid JuneDecember and from late SeptemberJune. More than half of the trout he

monitored had home ranges greater than 50 m. Of these trout, larger trout (>340 mm)

moved more than smaller trout. Movement of these fish tended to be greater in

autumn (Young 1994). Young's (1998) study on cutthroat in a small stream in

Wyoming found that mean summer (JulyAugust) home ranges (32 m) did not differ

in size or location from autumn (SeptemberOctober) home ranges (38 m). Habitat

use also remained constant in both seasons; trout were in pools for over 70% of the

observations. Young attributed the lack of movement and failure to change habitat use

to the wide availability of suitable substrate for concealment and year-round low water

temperatures.

Schmetterling's (2001) study on cutthroat trout in Montana found that trout

moved both upriver and downriver to reach spawning areas. Trout staged for about

two weeks at mouths of tributaries before entering near the peak of the hydrograph.

Trout remained in tributaries for about a month but stayed for as longs two months. In

the tributaries, trout generally remained within a 200 m reach but frequently moved

within that area. After leaving tributaries, trout moved upstream or downstream to



locate overwintering areas. After trout located wintering areas, they did not move

more than 100 m for the rest of the season.

During fall and winter in Idaho, Muhifeld and Bennet (2001) consistently

relocated 23 redband trout in a stream reach with moderate gradient (2.3%) near the

site of original capture. Ten of those trout were mobile. The mean total distance

moved during the study for all trout combined was 64 m but ranged from 0 to > 350

m. The mean home range from OctoberDecember was similar. Thirteen redband

trout made short upstream and downstream movements (<370 m) that were related to

habitat use. As water temperature decreased from 3.2-6.3° C in October to 0-3.8° C

in November and December, there was a 29% average increase (46-75%) in the

proportional use of primary pool habitats (Muhlfeld and Bennet 2001). Meka and

others (2003) found that rainbow trout in Alaska made pre-spawning, post-spawning

(summer habitat), and fall (winter habitat) migrations. Most downstream migrations

in fall were attributed to relocation to winter habitat (Meka et al. 2003).

Mean home ranges for golden trout in two California meadow reaches were

18.5-54 m and 36-68.7 m (Matthews 1996). Greater than 90% of the trout were

found within 5 m of their previously recorded locations 10 days later. During the 10

days in mid-September, 12 fish moved 100-608 m (Matthews 1996). Jakober and

others (1998) found bull trout and cutthroat trout in Montana making extensive (> 1

km) downstream overwintering movements with declining temperature in the fall.

Most fish remained in winter locations until late February, but some fish made

additional downstream movements (1.1-1.7 km) during a low-temperature ( 1° C)

period marked by anchor ice formation (Jakober et al. 1998). Winter movement was

more extensive where frequent freezing and thawing led to variable surface ice cover

and frequent supercooling (<0° C). Many trout overwintered in beaver ponds.

Cutthroat and bulitrout both decreased use of submerged cover following the

formation of surface ice (Jakober et al. 1998).
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Hilderbrand and Kershner (2000) recaptured 26 of 167 passive integrated

transponder tagged cutthroat trout. Over half of the recaptured trout were found less

than 300 m from the point of capture 1 year earlier. The others were recaptured a

median of 1,407 m (range 33 1-3,292 m) from their previous locations. They found

that individuals moved less frequently and shorter distances (median = 0 m) during

autumn and winter. In contrast, trout moved more frequently and farther during spring

in association with spawning (median = 576 m), and variably and sporadically during

summer (median = 55 m). Movment seemed to be greatest in July and early August

for trout collected in traps, and their movement almost stopped by early September.

Movement timing and frequency were similar between the trapped and radio-tagged

fish. Most tagged fish did not move during autumn. The trout that did move only

made a few brief movements during Septebmer. No movements were observed as

water temperatures decreased from a daily maximums of 110 C in September to 6° C

in October and to 10 C by early November (Hilderbrand and Kershner 2000).

Adams and colleagues (2000) found that upstream movements by brook trout

were more prevalent than downstream movements during the summer, even in high

gradient streams. Marked brook trout ascended stream channels with slopes as steep

as 22% for more than 14 m; they also were able to ascend short (1.2 m) waterfalls.

Nearly vertical falls inhibited upstream movements. Fish moved father upstream at

less steep sites. Upstream movements through steep channels were dominated by trout

larger than 135 mm in total length. Adams and others (2000) found that immigration

by marked fish smaller than 95 mm was uncommon.

Diel Trout Activity

Trout activity often varies over the course of a 24-hour period. Young (1999)

tracked the diel activity of tagged brown trout in two mountain streams in the Rocky

Mountains. Mean hourly light intensity was correlated negatively with the proportion

of fish active and with the distance moved by brown trout. Maximum water

temperature was not correlated with any measure of diel activity. Trout length and
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distance moved were correlated positively. The majority of trout tended to be active

and to move greater distances during twilight and night than during the day (Young

1999). Young (1998) found that daytime activity declined from 98% of observations

in July and August to 48% in October. Brown trout displayed fidelity to diurnal

positions within a given diel cycle. Overall, fish were active an average of 11 hours a

day, had an average home range of 41 m, and moved and average of 121 m over the

did cycle (Young 1999). Hilderbrand and Kershner (2000) recorded substantial local

movements by cutthroat trout during the diel period. Matthews and others (1994)

found that radio-tracked golden trout were significantly more active and had larger

home ranges at night, They found that trout were least active during the day.

Matthews and others (1996) observed trout feeding throughout the night, even when

water temperatures were as low as 2° C. However, Hilderbrand and Kershner (2000)

found movement of cutthroat trout to decline with minimum daily temperatures below

7°C.

Bunnel and others (1998) found that in a river the majority of tagged brown

trout (268-446 mm total length) moved a total distance of less than 80 m during a diel

period. Hourly movement patterns differed among seasons. During the winter and

fall, brown trout moved only around sunrise. During the spring, trout moved at

sunrise, sunset, and intermittently throughout the night. Larger brown trout moved

greater total distances and establish wider diel ranges than small brown trout. Most

brown trout exhibited restricted diel movement within a single riffle-pool or run-pool

sequence (Bunnel et al. 1998). In a lake, trout were most active during the day,

intermediate during crepuscular periods, and least active at night during late summer

and fall (Baldwin et al. 2002).

Conclusions Concerning Redband Trout

Redband trout face extreme and widely fluctuating daily stream temperatures

(Gamperl and Rodnick 2003, Stringham 2001). They are capable of tolerating

temperatures up to 29° C (Gamperl and Rodnick 2003, Rodnick et al. 2002) but recent
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evidence suggests that most fish will only be able to survive temperatures of

approximately 25.5° C for 1-2 h and temperatures of 18.5° C for about 7 days

(Gamperl and Rodnick 2003). When available, redband trout may benefit from

optimum growth temperatures near 13° C (Gamperl and Rodnick 2003). In the stream

systems of the Great Basin, areas of optimum temperatures appear to be limited, with

much of the habitat having been disturbed (Bowers et al. 1999). Fish are more likely

to find cooler water temperatures at mid- to high-elevations (Dunham et al. 2001).

However, in some areas, it seems that sufficient stream cover or groundwater inputs

may allow fish to use mid- to low-elevation reaches (Matthews and Berg 1997).

Regardless of fish location along an elevational gradient, evidence suggests that they

are likely to be found near the bottoms of deeper pools having moderate to slow

velocities (Muhifeld et al. 2001). Thus, where these poois are in abundance, use by

redband trout may increase. Different age groups of redband trout may use habitat

differently. An investigation of this hypothesis suggested that smaller fish may choose

shallow areas or areas of stream margins or backwaters (Hirsch 1995). This may be

attributed to younger/smaller trout avoiding competition for resources or avoiding

predators (older/larger) trout. Though it is unclear why fish of different age classes

might choose different areas, the information we have suggests that the average

redband trout will locate themselves in areas of lower temperature, rather than higher

temperatures (Gamperl and Rodnick 2003, Li et al. 1994, Matthews and Berg 1997).

Western Juniper

The native western juniper (Juniperus occidentalis) tree has become an

invasive plant species in the Great Basin. Since 1936 when systematic inventorying of

juniper was first undertaken, juniper woodlands have increased five-fold from 184,536

to 890,308 ha in eastern Oregon (Gedney et al. 1999) due primarily to altered wildiand

fire cycles (Miller et al. 2000). Currently, in eastern Oregon, about 1,133,120 ha is

juniper savanna (Gedney et al. 1999). The estimated future total land area of juniper

woodland could reach 2,428,000 ha, about 10 percent of Oregon's total land area

(Gedney et al. 1999). This would make juniper woodland the most extensive forest
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type in Oregon. In 1988, Harney County, OR, had an estimated 127,071 ha of juniper

woodland (10% canopy cover) and 230,670 ha of juniper savanna (<10% canopy

cover), the majority of which was owned privately (Gedney et al. 1999). Overstory

juniper dominance has resulted in reduced diversity of understory native plant species

in affected communities (Miller et al. 2000). Thus, in affected plant communities

where junipers are increasing beyond their historic range and abundances, removal of

juniper may be beneficial in restoring vigor to native plant communities. One of the

most common removal methods is to fell the trees and leave them lay. Often, these

trees are located immediately adjacent to headwater streams. This provides a

potentially abundant resource tool for stream management.

Summary

It has been reported that the management of lands for human use has

negatively affected stream ecosystems and redband trout (Oncorhyncus mykiss

newberrii) populations of the Great Basin (ODFW 2000, Bowers 1999, Williams et al.

1989, Kunkel 1976). Many of the effects of land use on streams and fish populations

are hypothesized to have been mediated by changes in riparian vegetation (Murphy

and Meehan 1991, Hicks et al. 1991). Hicks and others (1991) have suggested that the

removal of streamside vegetation changes the light and temperature regimes of a

stream, which leads to changes in primary and secondary production, in emergence

times of salmonid fry, and in summer and winter survival of juvenile salmonids.

According to field observations, streamside vegetation has been altered and/or reduced

in redband-inhabited streams of the Great Basin (ODFW 2000, Bowers 1999, Kunkel

1976), and anglers as well as conservationists have become concerned about the future

of the redband. In 1997, conservation groups petitioned to list the Great Basin

redband trout under the Endangered Species Act. The petition was considered, but the

evidence did not warrant listing (ODFW 2000). However, the petition did increase

awareness for the plight of the species. Since that time, Oregon's Department of Fish

and Wildlife has been concerned with improving fish habitat and stabilizing redband



numbers (ODFW 2000). This has prompted land resource managers and researchers

to develop cost-effective methods for readily improving riparian systems.

Innovative and cost effective management options aimed at improving

instream and riparian habitat components within a short period of time are needed.

Improvements should be aimed at increasing stream channel cover for redband trout,

moderating stream temperature, and providing streamside riparian shrubs protection

from browse-use. Use of felled western juniper (Juniperus occidentalis) may be able

to accomplish these goals. The density of juniper woodland in Eastern Oregon has

increased greatly since 1936 and may become the most extensive forest type in

Oregon (Gedney et al. 1999). Altered fire regimes have resulted in expansion of

juniper into mountain big sagebrush communities (Artemisia tridentata ssp. vaseyana

Rydb.), often resulting in reduced understory production and diversity (Miller et al.

2000) and necessitating control measures to maintain understory plant community

integrity. The objectives of this study were to test the use of felled western juniper as

a tool to: (1) increase stream channel cover for redband trout, (2) moderate summer

stream water temperature, and (3) provide streamside nparian shrubs protection from

browse-use.
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PLACEMENT OF FELLED WESIERN JUNIPER TREES OVER A
STREAM CHANNEL: EFFECTS ON WATER TEMPERATURE

Abstract

All streams in Oregon that are inhabited by salmon and trout have a state-

mandated water temperature standard. However, temperatures of many streams,

especially during summer months, exceed the seven-day average maximum

temperature parameter set by the Oregon Department of Environmental Quality

(2002). Many factors influence the rate and magnitude of stream heating including

channel geometry, shade from streamside vegetation, and volume of water flow. To

date, management of stream water temperature has focused primarily on riparian

vegetation by planting riparian shrubs and fencing out livestock. In remote locations,

construction and maintenance of riparian fencing is often physically and economically

infeasible. To address this problem, we tested the feasibility of using western juniper,

an invasive native tree in semi-arid ecosystems, as a resource for creating shade.

Felled western juniper trees were placed as cover over the stream channel of a

southeastern Oregon headwater stream. Hourly air and stream water temperature and

biweekly stream discharge data from July through August were collected. Data were

collected before and after juniper treatments had been applied, during 2002 and 2003

respectively. By applying juniper cover over the stream channel, the number of hours

that stream water temperatures exceeded 20° C was reduced by an average of 1 hr a

day even though summer air temperatures were more extreme post-treatment. Further,

the separation between maximum air and water temperatures increased over 3° C, and

the amount of stream water heating occurring within the study reach was reduced.

Introduction

In 2002, the Oregon Department of Environmental Quality (ODEQ) listed over

21,000 km of Oregon streams as water quality limited primarily due to stream water

temperature (ODEQ 2002). Many of these streams exceeded the seven-day average

maximum temperature parameter proposed by ODEQ (Miner 2003). The temperature
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standard was established to protect salmon and trout (Boyd and Sturdevant 1997). For

streams inhabited by the Great Basin redband trout (Oncorhynchus mykiss newberrii),

the seven-day average maximum temperature standard is set at 200 C. Any stream not

meeting the temperature standard is placed on the state of Oregon's 303d list of water

quality impaired waterways. The compilation of this list has prompted land managers

to search for ways to reduce maximum stream water temperatures and to improve trout

habitat. Some land managers have asked if an abundant resource such as western

juniper could help accomplish this task. Currently there are over 16.5 million hectares

of juniper woodland in the intermountain west, with nearly 900,000 hectares in eastern

Oregon (Gedney et al. 1999). Altered fire regimes have resulted in expansion of

juniper into mountain big sagebrush communities (Artemisia tridentata ssp. vaseyana

Rydb), often resulting in reduced understory production and diversity (Miller et al.

2000) and necessitating control measures to maintain understory plant community

integrity. Therefore, in many locations, western juniper is abundant and easily

obtainable. The objective of this study was to determine if the placement of felled

western juniper (Juniperus occidentalis) over the stream channel could moderate

maximum summer stream water temperatures of a redband trout-inhabited stream in

southeastern Oregon that has exhibited summer stream water temperatures > 20° C.

Methods

Study Area

The study stream is located in Harney County approximately 160 km east of

Lakeview, Oregon (Figure 3.1). The study reach is a 2nd order Rosgen E6-type

channel with dominant and secondary substrates of silt and gravel, respectively

(Rosgen 1996). Channel characteristics were determined from 17 Rosgen stream

morphology cross-sections (values are means): bankfull width = 4.12 m, bankfull

depth = 0.28 m, floodprone width = 75 m, entrenchment ratio = 16, active channel

width = 2.42 m and slope = 0.005 (Rosgen 1996). The study reach is approximately

1.2 km in length with a sinuosity of 1.3, and is contained within the low gradient
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alluvial valley area, which begins approximately 1.6 km below the stream's source

(springs), at an elevation of approximately 2,000 m. Below the study reach, the

stream continues to flow westward down the valley and into several miles of narrow,

rugged canyon before exiting into another valley at an elevation of 1,400 m.

Geology and Physical Characteristics

On and others (1992) stated that the region encompassing the study site has

experienced dramatic climate and geographic change, with a history of volcanism,

faulting, glaciation, and flooding. The initial stretching and extension of the Basin and

Range coincided with an eruption centered in Steens Mountain about 16 million years

ago (On et al. 1992). The eruption caused fluid basaltic lavas to spread across

southeast Oregon from a large, low profile shield volcano, with flows averaging 914 m

in thickness and covering over 15,540 square kilometers (On et al. 1992). Due to this

history, the area encompassing the study site includes Tertiary basalt flows and flow

breccias of the Alvord Creek Formation and Pine Creek Foiiiiation (Fryberger 1959).

It also includes the Steens Mountain Volcanic and Steens basalt series (Fryberger

1959).

Climate

Most annual precipitation comes in the form of snow during October to April

(USDA 1988). Spring rains are common and thundershowers occur throughout the

summer months (USDA 1988). Average annual precipitation ranges from 350

mm-500 mm (OCS 2002). The site receives run-on from snowmelt during the spring

and early summer and may have snowdrifts and saturated soils until mid-May. The

soil temperature regime is frigid (USDA 1988). Extreme air temperatures range from

above 32° C during summer to 35.6° C in winter (Bowers 2002). The frost-free

period is about 30 to 60 days. Optimum period for plant growth is from mid-May to

mid-August (Bowers 2002). Our field data show that extreme stream water

temperatures range from> 28° C in summer to cold temperatures causing bank ice to
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form as early as October. A portion of the stream channel, approximately 5 km below

the headwaters, has been known to go dry during drought years.

Figure 3.1. Map of experimental study area located approximately 160 km east of
Lakeview, Oregon. Area between stars indicates study reach. Arrows indicate stream
flow. Dotted parallel lines are roads.

Soils

The study reach soil taxonomic class is Fine silty, mixed, frigid Typic

Argiaquoll. The diagnostic features include a mollic epipedon, a buried A horizon,

and an arigillic horizon. Epipedon and horizons are separated by 1 cm thick wavy

white volcanic ash layers. Parent materials are colluvial and alluvial sediments. The

full soil description can be referenced in appendix (Appendix A).

Vegetation

Willows occur as relatively large remnant patches below and above the study

reach. Reduced willow abundance within the study reach (relative to upstream and

downstream) is presumed to be related to historical management. Three species of



52

willow were identified within the study reach: Salix boothii, Salix geyeriana, and Salix

lemmonii. Most of the willows within the study reach were small shoots less than 30

cm in height; however, several of the plants were larger multi-branched shrubs with

multiple twigs and leaders. A prescribed burn implemented by the BLM in September

of 2001 burned across portions of the study reach, affecting mostly the upland

vegetation. Willow plants occurring within bankfull of the stream were not harmed by

the fire. Streamside vegetation of study reach was described using modified Winward

(2000) greenline methods (Table 3.1). Greenlines were conducted at stream wetted

width and bankfull. All plant species observed on site were documented (Appendix

B).

History of Use

The study reach was homesteaded sometime in the late 1800's or early 1900's

and abandoned shortly after. The stream was diverted from its natural channel at a

point a few hundred meters above the uppermost end of the study reach (near the road

crossing visible in Figure 3.1). The stream diversion rerouted the stream to the South.

The former stream channel can still be recognized. The present day stream channel

shows evidence of channelization. The land area adjacent the stream was farmed and

plowed for a number of years. There is evidence that homesteaders applied flood

irrigation and/or drainage to the study reach, with metal pipes conspicuously

imbedded below the soil and rising to the surface in some places. An unimproved

road crosses the stream above the study reach. Cattle and sheep have historically used

the area within and surrounding the study reach during the spring, summer, and early

fall since the late 1800's (Griffiths 1902). However, management over time has

varied. The area has recently come under new management, and livestock access

within the study area has been restricted for 4 years and is limited mainly to periods

when cattle are moved within vicinity of the study site. Feral horses have been present

on Steens Mountain since the late 1800's, but it is not known whether they occur near

the study reach. During summer through winter, native herbivores including mule

deer, pronghorn antelope, and rocky mountain elk may be present.



Table 3.1. Relative abundance of riparian plants within the study reach determined
from modified Winward (2000) greenline methods.
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Trace values less than 0.5% are indicated (T). Wetted width is defined as the width of the stream water surface to it s contact with the
stream bank, when measured at right angles to the direction of flow and at a specific discharge. Wetted width vegetation was determined

from recording the dominant vegetation occurring at the wetted width waterline during August ofpre-treatment.

Bankfull is defined as the flow event that controls the geometry of the channel which would relate to flows that result in the covering of
unconsolidated point bars. Bankfull flow events occur on an average of once every 1.5 years. Bankfull vegetation was determined from
recording the dominant vegetation occurring at the bankfuli waterline during August of pre-treatment.

Layout and Application of Treatments

The stream study reach was divided into 4 contiguous blocks of 304 m in

length. Each block was assigned two (152 m) treatments: (1) felled western juniper

trees placed over the stream channel and (2) open (Figure 3.2). The starting position

of the reach (upstream or downstream end) for the layout of contiguous blocks within

the stream reach was randomly selected. At the starting position, within a distance of

20 m, the specific starting point for block layout measurement was also randomly

Plant
% of wetted width transect

vegetation Plant

% of bankfull transect
vegetation

Glyceria elata 36 Agrostis stolonifera 24
Poa pratensis 21 Carex nebrascensis 11

Carex nebrascensis 11 Poa pratensis 8

Agrostis stolonifera 8 Juncus balticus 3

Juncusnevadensis 7 Carexmicroptera 2.5
Eieocharzs macrostachya 4 Achillea millefolium 1

Alopecurus aequalis 2 Alopecurus pratensis 1

Juncus baiticus 2 Hordeum brachyanthe rum 1

Trifolium Ion gipes 2 Juncus nevadensis 1

Achillea millefolium I Madia glomerata 1

Carex microptera 1 Phleum pratense 1

Hordeum brachyanthe rum 1 Salix spp 1

PhIeum pratense 1 Trifolium longipes 0.5
Salix spp. 1 Arnica parryi T
Alopecurus pratensis T Artemisia cana T
Arnica parryz T Aster occidentalis T
Artemisza cana T Cicuta douglasii T
Hordeum jubatum T Delphinium occidentalis T
Madia glomerata T Dulgadia hoopesii T
Mentha arvensis T Eleocharis macro stachya T
Mimulus guttatus T Juncus ion gistylis T
Phalaris arundinacea T Mentha arvensis T
Potentilla gracilis T Phalaris arundinacea T
Senecto spp. T Senecio spp. T
Veratrum caitfornicum T Veratrum californicum T
Ditch Intersection T Bare Ground 43

Ditch Intersection

Cumulative 100% Cumulative 100%
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selected. A treatment of covered was randomly assigned to the first 152 m section.

Treatments of open and covered alternated thereafter proceeding towards the opposite

end of the study reach. Blocks were assigned numbers. Numbering started at the

uppermost block and proceeded downstream. Pre-treatment data was collected during

the summer of 2002. During the first week of September 2002, juniper treatments

were placed over the stream channel. Post-treatment data was collected during the

summer of 2003. Western juniper trees 3-6 m in height were selected for use. Trees

were felled during the spring months of 2002 and transported to the study site during

late August. Most foliage had fallen from limbs before placement over the stream.

Limbs were removed from one side of the tree bole prior to placement. After limb

removal, the flat side of the tree was then placed directly over the channel. All trees

were placed across the channel in a perpendicular fashion (Figure 3.3). Care was

taken to ensure that no portion of the tree was laid below the bankfull elevation of the

stream channel.

Stream Channel and Water Quality Measurements

Paired-sets of Onset Stowaway® XTI thermistors were placed in the stream

channel, at the beginning and end of each treatment section. Stream water

temperatures were recorded hourly throughout the summer months pre- and post-

treatment. Waterproof plastic canisters were used to house thermistors. Canisters

were attached to steel rebar driven into the channel thalweg in such a manner that they

remained submerged throughout the summer and did not come into contact with

channel substrate. Thermistors were also placed at several locations above and below

the study reach, as well as at the stream's source (Figure 3.2). Mean hourly

temperatures from paired thermistors were used for data analysis, after thermistors

from each pair had been checked against each other for accuracy using a student's t-

test (p <0.05).

Air temperatures were recorded hourly at 5 thermistor locations spaced

systematically across the stream study reach during summer months pre- and post-
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treatment. Air temperature thermistors were located adjacent to the stream channel at

a height of approximately 1.5 m above the soil surface and were housed in waterproof

plastic canisters and placed in white louvered radiation shields. All temperature

thermistors were lab tested for accuracy prior to the pre- and post-treatment field

seasons (OWEB 1999).

A Rosgen (1996) level II stream classification was completed during 2002 for

the study reach. Four permanent stream channel cross-sectional profiles were

randomly located; 1 in each of the open treatments. Cross-sectional profiles were

measured once a year at baseflow. Point-in-time discharge and velocity were

measured at 8 locations approximately biweekly during the summer season pre-

treatment and post-treatment using a magnetic head pygmy flow meter attached to a

top-set wading rod and an Aqualcaic 5000® digital discharge recorder. Locations

were randomly selected within each open treatment as well as 1 location above and 3

locations below the study reach. Locations were placed in straight stream sections

having discharge that could allow pygmy meter measurements throughout the summer

months. Measurements were taken at depths of 60% of total depth from the stream

water surface. Channel discharge cross-section stations occuned every 10 cm

between stream wetted widths. All locations were sampled within a total time of 5

hours on each sample date.

Juniper Cover Measurements

Approximately 300 white shingle (0.3 x 0.3 m) ground control targets were

placed at evenly spaced intervals along both sides of the stream within the study reach.

These targets were associated with UTM coordinates using GPS ground mapping. A

small helium blimp with remote control cameras attached was elevated to a height

approximately 45 m above the soil surface at locations along the stream channel.

Photos were taken using Kodak Royal Gold 200 speed color film before and after

treatment during 2002. Photographs were scanned at a resolution of 93 dots per cm,

and saved in digital image format on compact disk for analysis. Images were



georectified using Esri ARCMAP® software. At least 6 ground control points were

used to rectify each image. Georectified images were saved at a resolution of 0.025

m2 and no root mean square errors exceeded 0.33. A UTM-based particulate grid

system and overlay within ARCMAP was referenced across each image on 0.5 m

squares. From these grids, cover was estimated by calculating the number of cover

intercepts from grid square intersections for the stream channel area within each

image. An average percent cover was then calculated from this data for each covered

treatment within the 4 study blocks.
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Figure 3.3. Depiction of juniper placement over the stream channel. Plants located
below the juniper tree represent streamside willow shrubs. All limbs have been
removed from one side of the tree bole and foliage is largely absent on remaining
limbs. No portion of the tree was allowed to extend below the bankfull elevation of
the stream channel.

Data Analysis

Stream water discharge was averaged across eight study reach cross section

transects for each of eight periods occurring June through September during pre- and

post-treatment. Stream discharge was then compared between years using an analysis

of variance (ANOVA) with Statgraphics Plus version 5.1 software (Manugistics, mc,

Rockville, MD).

Yearly differences in daily maximum air temperature for July and August

(hottest months) were determined using ANOVA. Yearly differences in daily

maximum stream temperature for July and August for the section of stream

immediately above the study reach (from the thermistor located just above the first

treatment) were also determined using ANOVA. ANOVA was use to test year, block,

and treatment effects on a variety of temperature metrics for July and August

including: (1) the number of hourly water temperature recordings at or above 200 C,

(2) the amount (°C) of daytime hourly warming between the hours 0900 and 1600, and
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Analysis of Variance Tests for Main Effects and Interactions of Air and
Water Temperature Metrics

Variable Main effects Interactions

Maximum air temperature Year

Maximum water temperature Year

Hours> 20°C Year Year x Block

Block Year x Treatment
Treatment Block x Treatment

Year x Block x Treatment

Daytime hourly warming Year Year x Block

Block Year x Treatment
Treatment Block x Treatment

Year x Block x Treatment
Daily maximum air -
maximum water temperatures Year Year x Block

Block Year x Treatment
Treatment Block x Treatment

Year x Block x Treatment
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(3) the difference between daily maximum air and water temperatures (Table 3.2).

The teiiii "hourly warming" in this thesis is used to describe the temperature (°C)

difference between the top and bottom of each treatment, on the hour, for every

heating hour of the day (0900 to 1600). When significant main or interactive effects

were found we determined differences between means with Statgraphics Plus version

5.1 software (Manugistics, mc, Rockville, MID) using a Fisher's least significant

different test.

Table 3.2. List of analysis of variance tests for main effects and interactions of air and
water temperature metrics.

By comparing measurements of stream temperature from two contiguous

segments it was possible to compare heat additions and heat losses (Miner 2003). We

used two linear regression models (Table 3.3). Hourly stream temperature change

data for each day of July and August were used to construct regression models A and

B for each of the four blocks within each year. In the first model, model A, we used

linear regression to model the within year hourly water temperature change within



Model

A Y=(m)X+b

B Y = b - (mi)*X - [(m2)*(Year = pre-treatment)1 + [(m2)*X*(Year = pre-treatment)]

Model A and B were used to describe heat additions/losses within each study reach block
X = water temperature change over the length of the upstream (covered) treatment section
Y = water temperature change over the length of the downstream (open) treatment section
m = calculated heating/cooling coefficient
b = intercept
The terms (Year = pre-treatment) are binary indicator variables (1 if true and 0 iffalse).
Equal intercepts were not assumed.

Results and Discussion

Stream Discharge

During both pre- and post-treatment, mean study reach stream discharge

(m3/sec) was on the descending limb and decreased from June through September

(Figure 3.4). The major runoff period ended during the last week of July in both

years, with the stream nearing summer baseflow discharge. Pre-treatment discharge

exceeded post-treatment discharge by an approximate average of 0.005 m3/sec (Figure

3.5); however, differences were not significant (p = 0.10).
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each block, as a function of water temperature change over the length of the upstream

treatment section (X, covered) compared to the downstream treatment section (Y,

open). Regression methods were adapted from Miner (2003). A calculated

heating/cooling coefficient (m) and intercept (b) were defined in each model. In our

second model, model B, we compared pre- and post-treatment regression slope

parameters for each block using a conditional sum of squares procedure with

Statgraphics Plus version 5.1 software (Manugistics, mc, Rockville, MID). The

comparison of regression line slopes required model B to be fitted to compare the

relationship between X, Y, and Year.

Table 3.3. Regression models A and B used to compare stream heat additions and
losses in two contiguous stream segments.

Regression Models
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Figure 3.4. Comparison of mean discharge for pre-treatment (-) and post-treatment
(---) during the summer months.

Cover

During placement of juniper cover over the stream channel, care was taken to

position similar numbers of trees across the channel for each block. The amount of

aerial juniper cover for each block was approximately 40% for the upper 3 blocks and

was greater than 50% for the loweiiiiost block (Table 3.3). Many trees in the

lowermost block retained their foliage throughout the study, whereas the felled trees

placed in other blocks were largely devoid of foliage, upon time of placement.

Table 3.4. Means and standard errors for percent aerial cover of felled juniper placed
over stream channel during September following the pre-treatment (2002) summer
stream water temperature data collection period.

Additions of Felled Juniper Stream Channel Cover
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Study Reach Segment Mean
(Covered Treatments) n (%) SE

Block 1 4 42.26 2.69
Block 2 4 40.49 1.03

Block 3 4 39.03 2.46
Block 4 3 57.41 7.28

0.01 -

0.005 -

0 I I I I I
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Air and Above Study Reach Stream Water Temperature

No differences were found pre-treatment or post-treatment between thermistors

within pairs at the a = 0.05 level. Air temperatures were higher (p = 0.04) post-

treatment (Figure 3.5), however, maximum water temperatures entering the study

reach were not statistically different (p = 0.15) between years (Figure 3.6). With this

similarity in water temperatures entering the study reach between years, we assumed

that any water temperature differences observed within the study reach were due to

treatment effects and not from yearly climatic differences.

Air and stream water temperatures appeared to heat and cool at more similar

times and rates during pre-treatment than post-treatment. Mean hourly temperatures

(June 22August 31) are displayed for the study reach (Figure 3.7). Air temperatures

are quite similar, but post-treatment maximums and minimums are slightly more

extreme than those observed pre-treatment. On the contrary, maximum and minimum

water temperatures were less extreme during post-treatment. Time of daily minimum

temperatures for water temperature pre- and post-treatment occurred both at 0700 h,

however the hour of maximum water temperature occurred approximately 1 hour later

after treatment (1600 h) than before treatment (1500 h). Time of daily air maximum

(1500 h) and minimum (0500 h) temperatures was similar between years.
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treatment air temperature (---), pre-treatment water temperature ( ), post-treatment
air temperature (), and post-treatment water temperature ().

Stream Water Temperature

Number of Hours > 20° C

The number of hourly water temperature recordings > 200 C differed by year

(p <0.01), block (p <0.01), treatment (p = 0.10) (Figure 3.8), and block by year

interaction (p = 0.01). Values within the first block were similar between years

(Figure 3.9). The lack of a year response in the uppermost block is consistent with the

between year similarity in the temperature of water entering the study reach (Figure

3.6). Data from both years indicates that the number of hours > 20° C progressively

increased in a downstream direction, however, as water traveled further downstream,

the incremental accumulation of hours > 20° C was much less in the year post-

treatment (Figure 3.9). All 3 lower blocks post-treatment averaged approximately 1

hour less of stream water temperatures exceeding 20° C than they did pre-treatment.
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At 500 m below the study reach, between year values for the number of hours > 200 C

equalized (Figure 3.10). Our data suggests that the cooling effect of juniper treatment

decreases with increasing downstream distance. Others have found that stream water

temperature is influenced by the thermal gradient it is exposed to (Larson and Larson

2001) and there is a culmulative heating effect that takes place as water travels

downstream (Zwieniecki and Newton 1999). We hypothesize that as water leaves the

treatment, it is subject to increased thermal energy inputs from solar radiation (Beschta

1997, Brown 1970). And, due to low water velocities (Brown 1970), the stream

reached temperatures, within a short distance, that were similar to pre-treatment.
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Hourly Warming

In-stream hourly warming between the hours of 0900 h and 1600 h was

affected by year, block, treatment and all interactions (p <0.01). Hourly temperature

differences between the top and bottom of covered treatments, in the year following

treatment, were negative, but temperature differences in open areas were greater than

those observed prior to treatment (Figure 3.11). This cooling is possibly explained by

the interception of solar radiation (Brown 1970) and the combined effect of possible

cool water inflow from ground water inputs (Stringham et al. 1998, McRae and

Edwards 1994) taking place in the covered area of block 4. The 4th block is located at

the point of confluence where the former stream channel re-enters the active channel.

Other studies have found groundwater inflow to reduce stream water temperatures

(Stringham et al. 1998, McRae and Edwards 1994). However, we did not directly

measure groundwater inputs.

The amount of hourly warming occurring in open treatments was much greater

than what was observed in covered treatments (Figure 3.12). Differences are likely

due to decreased exposure to solar radiation (Brown 1970) in covered treatments,

which in turn, increased the thermal gradient that stream water was exposed to in open

sections, which retained full exposure to solar radiation following treatment (Brown

1970, Larson and Larson 2001). In block 4, the covered treatment of the lowermost

block, post-treatment data indicated a decrease in water temperature and could

possibly be explained by ground water inputs within the block, as mentioned

previously.

Similar to what was observed with the number of hours exceeding 20° C, we

found that warming within each block decreased after a certain point in the stream

channel was reached, and stream water temperature progressively neared an apparent

thermal equilibrium with air temperature (Larson and Larson 2001, Sinokrot and

Stefan 1993). The amount of warming occurring post-treatment for each block was

less than what was observed pre-treatment, and amount of warming decreased in a



0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

-0.1

-0.2

-0.3

I

Pre-treatnient

YEAR

Figure 3.11. Mean hourly warming and standard error bars for covered (.) and open
() treatments within the study reach by year. Bars without a common letter are
different (p <0.05).

Post-treatment

67

downstream direction, again suggesting an approaching of therma' equilibrium (Figure

3.13) (Larson and Larson 2001). As water reached blocks 3 and 4, the pattern of

warming became more similar between years. This trend could be explained by the

fact that downstream areas of stream water have to warm incrementally less in order to

equalize with air temperature, since the water has been pre-heated during its travel

through the upper reaches (Zwieniecki and Newton 1999).
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Differences between Maximum Air and Water Temperatures

The difference between daily maximum water and air temperatures was

affected by block (p <0.05), treatment (p <0.05), and year (p <0.05). The average

separation was <2° C pre-treatment and> 5° C post-treatment (Figure 3.14). This

observed difference is reflective of the post-treatment decrease in daily maximum

water temperatures and the post-treatment increase in average maximum air

temperatures. Differences between blocks demonstrate a pattern of decreasing

difference between maximum air and water temperatures with increasing downstream

position (Larson and Larson 2001) (Figure 3.15). Treatment effects show that covered

treatments have a 0.5° C greater difference between maximum air and water

temperatures than open treatments (Figure 3.16). These data suggest that the

application of stream cover could create a separation in maximum water and air

temperatures. This agrees with Brown's (1970) findings that direct solar radiation is a

major factor influencing stream temperature and that stream cover has the ability to

reduce stream heating (Larson and Larson 1996, Beschta 1997).
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Figure 3.16. Mean difference between maximum water and air temperatures and error
bars for covered (.) and open () treatments. Bars without a common letter are
different (p <0.05).
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Heat Additions and Losses. Slope Analysis

Comparison of regression slopes indicated differences between pre-treatment

vs. post-treatment heating values for all blocks (p <0.001). For the 3 upstream

blocks, regression slopes for hourly temperature change were all positive pre-

treatment and all negative post-treatment (Figure 3.17, Table 3.4). This pattern of

change in slope between years indicates a reduction in the heating of the block (Miner

2003). The lowermost block had a negative slope pre-treatment and a positive slope

post-treatment suggesting a between-year increase in water heating in this block

(Miner 2003). This may be occurring due to groundwater input differences between

years as discussed previously. The numerically reduced stream discharge post-

treatment is symptomatic of decreased groundwater inputs, possibly explaining the

differences in regression patterns between those observed at block 4 and the other

upstream blocks. Overall, these data suggest greatly reduced water heating with

application of juniper cover.

1 2 3 4

BLOCK



Stream Heat Additions and Losses Slope Analysis Data
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Table 3.5. Regression statistics from regression model A for predicting water heating
within open treatment sections (downstream) as a function of heating within covered
treatment sections (upstream) for pre and post-treatment years. Slope = m, intercept =
b, SE = standard error, r = correlation, and R2 = coefficient of determination.

Conclusions

Our study suggests that use of felled juniper as an aerial cover source can

moderate maximum summer stream water temperatures. Juniper treatment buffered

maximum stream water temperatures by decreasing the amount of stream water

heating, and decreasing the number of daily hours exceeding 20° C by an average of 1

hour. It also increased the overall separation between maximum daily water and air

temperatures by over 3° C. This separation highlights the ability of stream cover to

insulate the stream and effectively reduce heat inputs from solar radiation (Larson and

Larson 1996), resulting in decreased diurnal fluctuations in stream temperature. This

reduction in diurnal fluctuation during summer months could benefit salmonid species,

since extreme summer and winter temperatures are suggested to limit the survival of

salmonids and determine the overall carrying capacities of streams (Platts and Nelson

1989). However, juniper cover may not affect other streams similarly, and inferences

from this study only apply directly to the stream investigated. For instance, our results

would not likely be replicated if treatments were applied to areas further downstream

where maximum water temperatures would be nearing equilibrium with maximum air

temperatures before entering the treatment, since the rate of stream water temperature

change is relative to the degree of thermal gradient the stream is exposed to (Larson

Block Year m SE of m b r R2 p value

1 pre-treatment 0.67 0.21 0.03 0.78 60.36 <0.01
2 pre-treatment 0.17 0.28 0.29 0.20 4.12 <0.01
3 pre-treatment 0.66 0.20 -0.03 0.57 32.16 <0.01
4 pre-treatment -0.51 0.31 -0.06 -0.58 33.59 <0.01
1 post-treatment -0.45 0.33 0.55 -0.51 26.20 <0.01
2 post-treatment -1.28 0.33 0.39 -0.62 38.58 <0.01
3 post-treatment -0.15 0.19 0.28 -0.17 3.02 <0.01
4 post-treatment 0.21 0.32 0.38 0.25 6.04 <0.01
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and Larson 2001). Our results are also not likely to be replicated on streams having

greater discharge where there is considerably more water volume (Brown 1970). In

these instances, the dominant factors maintaining warm stream water temperature even

under the application of channel cover would likely be the stream's "signature" of

cumulative thermal exposure from upper reaches (Zwieniecki and Newton 1999) and

the increased thermal energy gradient requirement to effect temperatures of streams

increasing in volume (Larson and Larson 1996). Further, cover placed over the study

stream was only able to moderate maximum temperatures for about 500 m below the

study reach, suggesting time and space limitations on treatment effects. Additional

research needs to be done to establish what mechanisms are resulting in effects of

stream water temperature reduction found in this study. Possible avenues to explore

include studying the effect of juniper cover on the interception of solar radiation or its

effect on streamside groundwater and soil temperatures. What can be concluded from

this study is that felled juniper reduced maximum temperatures of a headwater stream,

and by managing for cooler stream water temperatures at the headwaters of a stream it

may be possible to moderate the amount and rates of stream water heating, though for

an area limited in downstream distance from the treatment.
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PLACEMENT OF FELLED WESTERN JUNIPER TREES OVER A
STREAM CHANNEL: EFFECTS ON WILLOW SHRUB HERBIVORY

Abstract

Willow communities are important components of riparian ecosystems.

However, herbivory by livestock and wildlife species have caused declines in willow

size and density, as well as making willow restoration difficult. A common solution to

this problem has been the fencing of affected willows to exclude herbivores, but this

procedure is often expensive and may not complement desirable land management

strategies. An alternative to fencing may be the use of structures that limit access to

streamside willows, without excluding herbivore access to the entire npanan zone.

We examined the application of felled western juniper trees placed over streamside

willow shrubs. Four 152 m felled western juniper treatments of covered and open

were applied to a 1.2 km length of stream in southeastern Oregon. Willows (<2 m)

within treatment areas were censused, tagged, examined for evidence of browse-use,

and measured for maximum height and maximum width during 2002, prior to

treatment. Measurements were repeated August 2003 and October 2003 after

treatment. Results indicate that by August 2003 (post-treatment) growth of willows in

covered treatments was 3 times that of willows in open treatments, and by October

2003 (post-treatment), twice as many willows in open treatments showed evidence of

browsing compared to covered treatments. Our data suggest that felled western

juniper is an effective detenent to herbivory on small (<2 m) willow shrubs.

Introduction

Willow communities and riparian vegetation are critical components of

riparian ecosystems and serve to provide habitat for numerous wildlife species

(Newsholme 1992, Larson and Larson 1996), aid in maintenance of stream channel

structure and stability (Kovalchik and Elmore 1992), and provide shade for the aquatic

environment (Beschta 1997). However, herbivory by livestock and wildlife species

has caused declines in willow abundance (Kauffman et al. 1983, Kovalchik and
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Elmore 1992). A successful solution to the problem has been fencing to exclude

herbivores from the riparian zone (Peinetti and Menezes 2001), but rising costs of

materials have made the construction of exciosures expensive. Also, exciosures limit

access to livestock forage that would otherwise be available. An alternative to fencing

may be the use of structures that limit access to streamside willows, without excluding

herbivore access to the entire riparian zone. Recently, interest has grown regarding

the use of cut western juniper (Juniperus occidentalis) as a structure to provide

protection of willows from herbivory. Currently, there are over 16.5 million ha of

juniper woodland in the intermountain west, with nearly 900,000 ha in eastern Oregon

(Gedney et al. 1999). Altered fire cycles have allowed a 10 fold expansion of juniper

in southeastern Oregon during the last century, resulting in reduced diversity of

understory native plant species in affected communities (Miller et al. 2000).

Therefore, in many locations, western juniper is abundant and easily obtainable. The

objective of this study was to deteiiiiine if felled western juniper trees placed over

small stature willow shrubs could be used as an effective protective structure for

reducing ungulate herbivory.

Methods

Study Area

The study stream is located approximately 160 km east of Lakeview, Oregon

(Figure 4.1). The study reach is a 2nd order Rosgen E6-type channel with dominant

and secondary substrates of silt and gravel, respectively (Rosgen 1996). Channel

characteristics were determined from 17 Rosgen stream morphology cross-sections

(values are means): bankfull width = 4.12 m, bankfull depth = 0.28 m, floodprone

width = 75 m, entrenchment ratio = 16, active channel width = 2.42 m and slope =

0.005 (Rosgen 1996). The study reach is approximately 1.2 km in length with a

sinuosity of 1.3, and is contained within the low gradient alluvial valley area, which

begins approximately 1.6 km below the stream's source (springs), at an elevation of

approximately 2,000 m. Below the study reach, the stream continues to flow



westward down the valley and into several miles of narrow, rugged canyon before

exiting into another valley at an elevation of 1,400 m.

Climate

Most annual precipitation comes in the form of snow during October to April

(USDA 1988). Spring rains are common and thundershowers occur throughout the

summer months (USDA 1988). Average annual precipitation ranges from 350 mm to

500 mm (OCS 2002). The site receives run-on from snowmelt during the spring and

early summer and may have snowdrifts and saturated soils until mid-May. The soil

temperature regime is frigid (USDA 1988). Extreme air temperatures range from

above 32° C during summer to 3 5.6° C in winter (Bowers 2002). The frost-free

period is about 30 to 60 days. Optimum period for plant growth is from mid-May to

mid-August (Bowers 2002).

Soils

The study reach soil taxonomic class is Fine silty, mixed, frigid Typic

Argiaquoll. The diagnostic features include a mollic epipedon, a buried A horizon,

and an arigiflic horizon. Epipedon and horizons are separated by 1 cm thick wavy

white volcanic ash layers. Parent materials are colluvial and alluvial sediments. The

full soil description can be referenced in appendix (Appendix A).

Vegetation

Willows occur as relatively large remnant patches below and above the study

reach. Reduced willow abundance within the study reach (relative to upstream and

downstream) is presumed to be related to historical management. Three species of

willow were identified within the study reach: Salix booth ii, Salix geyeriana, and Salix

lemmonii. Most of the willows within the study reach were small shoots less than 30

cm in height; however, several of the plants were larger multi-branched shrubs with

multiple twigs and leaders. A prescribed burn implemented by the BLM in September
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of 2001 burned across portions of the study reach, affecting mostly the upland

vegetation. Willow plants occurring within bankfull of the stream were not burned in

the fire. Streamside vegetation of the study reach was described using modified

Winward (2000) greenline methods (Table 4.1). The greelines were conducted at

stream wetted width and bankfull. All plant species observed on site were

documented (Appendix B).

Figure 4.1. Map of experimental study area located approximately 160 km east of
Lakeview, Oregon. Area between stars indicates study reach. Arrows indicate stream
flow. Dotted parallel lines are roads.

History of Use

The study reach was homesteaded sometime in the late 1800's or early 1900's

and abandoned shortly after. The stream was diverted from its natural channel at a

point a four hundred meters above the uppermost end of the study reach (near the road

crossing visible in Figure 4.1). The stream diversion rerouted the stream to the South.

The former stream channel can still be recognized. The present day stream channel

shows evidence of channelization. The land area adjacent the stream was farmed and
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plowed for a number of years. There is evidence that homesteaders applied irrigation

andlor drainage to the study reach, with metal pipes conspicuously imbedded below

the soil and rising to the surface in some places. An unimproved road crosses the

stream above the study reach. Cattle and sheep have historically used the area within

and surrounding the study reach during the spring, summer, and early fall since the

late 1800's (Griffiths 1902). However, management over the years has varied. The

area has recently come under new management, and livestock access within the study

area has been restricted for 4 years and is limited mainly to periods when cattle are

moved within vicinity of the study site. Feral horses have been present on Steens

Mountain since the late 1800's, but it is not known whether they occur near the study

reach. During summer through winter, native herbivores including mule deer,

pronghom antelope, and rocky mountain elk may be present.



Table 4.1. Relative abundance of riparian plants within the study reach determined
from modified Winward (2000) greenline methods.
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Trace values less than 0.5% are indicated (T). Wetted width is defined as the width of the stream water surface to its contact with the
stream bank, when measured at right angles to the direction offlow and at a specific discharge. Wetted width vegetation was determined
from recording the dominant vegetation occurring at the wetted width waterline during August of pre-treatment.

Bankfull is defined as the flow event that controls the geometry of the channel which would relate to flows that result in the covering of
unconsolidated point bars. Bankfull flow events occur on an average of once every 1.5 years. Bankflsll vegetation was determined from
recording the dominant vegetation occurring at the bonkfull waterline during August of pre-treatment.

Layout and Application of Treatments

The stream study reach was divided into 4 contiguous blocks of 304 m in

length. Each block was assigned two (152 m) treatments: (1) felled western juniper

trees placed over the stream channel and (2) open (Figure 4.2). The starting position

of the reach (upstream or downstream end) for the layout of contiguous blocks within

the stream reach was randomly selected. At the starting position, within a distance of

20 m, the specific starting point for block layout measurement was also randomly

Plant
% of wetted width transect

vegetation Plant

% of bankfull transect
vegetation

Glyceria data 36 Agrostis stolonfera 24
I'oa pratensis 21 Carex nebrascensis 11

Carex nel,rascensis 11 Poa pratensis 8

Agrostis stolonifera 8 Juncus balticus 3

Juncus nevadensis 7 Carex microptera 2.5
Eleocharis macrostachya 4 Achillea milleolium 1

Alopecurus aequalis 2 Alopecurus pratensis 1

Juncus balticus 2 Hordeum brachyantherum 1

Trifolium longipes 2 Juncus nevadensis 1

Achillea tnillefolium 1 Madia glomerata 1

Carex microptera 1 Phleum pratense 1

Hordeum brachyanthe rum 1 Salix spp 1

Phleum pratense 1 Trifolium longipes 0.5
Salix spp. 1 Arnica parryi T

Alopecurus pratensis T Artemisia cana T
Arnica parryi T Aster occidentalls T
Artemisia cana T Cicuta douglasii T

Hordeumjubatum T Delphinium occidentalis T

Madia glomerata T Dulgadia hoopesii T

Mentha arvensis T Eleocharis rnacrostachya T

Mimulus guttatus T Juncus Ion gistylis T
Phalaris arundinacea T Mentha arvensis T

Potentilla gracilis T Phalaris arundinacea T

Senecio spp. T Senecio spp. T

Veratrum californicum I Veratrum californicum T
Ditch Intersection T Bare Ground 43

Ditch Intersection 1

Cumulative 100% Cumulative 100%
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selected. A treatment of covered was randomly assigned to the first 152 m section.

Treatments of open and covered alternated thereafter proceeding towards the opposite

end of the study reach. Blocks were assigned numbers. Numbering started at the

uppermost block and proceeded downstream. Pre-treatment data was collected during

the summer of 2002. During the first week of September 2002, juniper treatments

were placed over the stream channel. Post-treatment data was collected during the

summer of 2003. Western juniper trees 3-6 m in height were selected for use. Trees

were felled during the spring months of 2002 and transported to the study site during

late August. Most foliage had fallen from limbs before placement over the stream.

Limbs were removed from one side of the tree bole prior to placement. After limb

removal, the flat side of the tree was then placed directly over the channel. All trees

were placed across the channel in a perpendicular fashion (Figure 4.3). Care was

taken to ensure that no portion of the tree was laid below the ban kfull elevation of the

stream channel.

SPRINGS

152 meters

TREATMENTS

Oy

BLOCK 1216 meters

STUDY REACH
STREAM FLOW-

CANYON-*
. . .*

Figure 4.2. Study layout showing expanded view of covered and open treatments
assigned to blocks.
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Figure 4.3. An example of juniper placement over the stream channel. Plants located
below the juniper tree represent streamside willow shrubs. All limbs have been
removed from one side of the tree bole and foliage is largely absent on remaining
limbs. No portion of the tree was allowed to extend below the bankfull elevation of the
stream channel.

Willow Shrub Measurements

Willows within the study reach were censused, tagged, measured for maximum

height and maximum width to the nearest cm and their Universal Transverse Mercator

(UTM) coordinates were recorded by a handheld Global Positioning System (UPS)

during the first week of August pre-treatment. Round aluminum disc tags 6 cm in

diameter and road survey tassels were used to identify individual willow plants. Tags

and tassels were secured to 25 cm long hooked wire stakes and driven to the soil

surface at the base of each willow plant. Willow shoots having a unique aboveground

base exceeding 10 cm in distance from their nearest neighbor were considered

separate individuals. Willow measurements and herbivory data were collected during

the first week of August 2002 and were repeated (post-treatment) in 2003. Data were

also collected in October 2003. Shrubs were relocated post-treatment using a metal

detector and a handheld GPS. Distances of individual willows to the wetted width of

stream were recorded to the nearest cm. Each shrub was examined for evidence of

herbivory. Cattle and wildlife had access to the study area during both years of the

study. Although cattle access was limited, and cattle were not observed browsing
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willows. Cattle had access from June to late September, only in instances of escape

from adjacent pastures or during two brief periods (1 - 2 days in the spring and fall) of

herding cattle between pasture locations. During trips to the study area, deer were

present in the area almost daily from May to late October, and were noticed browsing

on willows on several occasions.

Juniper Cover Measurements

Approximately 300 white shingle (0.3 x 0.3 m) ground control targets were

placed at evenly spaced intervals along both sides of the stream within the study reach.

These targets were associated with UTM coordinates using GPS ground mapping. A

small helium blimp with remote control cameras attached was elevated to a height

approximately 45 m above the soil surface at locations along the stream channel.

Photos were taken using Kodak Royal Gold 200 speed color film before and after

treatment during 2002. Photographs were scanned at a resolution of 93 dots per cm,

and saved in digital image format on compact disk for analysis. Images were

georectified using Esri ARCMAP® software. At least 6 ground control points were

used to rectify each image. Georectified images were saved at a resolution of 0.025

m2 and no root mean square errors exceeded 0.33. A UTM based particulate grid

system and overlay within ARCMAP was referenced across each image on 0.5 m

squares. From these grids, cover was estimated by calculating the number of cover

intercepts from grid square intersections for the stream channel area within each

image. An average percent cover was then calculated from this data for each covered

treatment within the 4 study blocks.

Data Analysis

Willow plants within the study reach were censused. A total of 100 willow

plants were included in the data set with 62 occurring in covered treatments and 38 in

open treatments. All willows occurring outside of 3.5 meters from the stream water's

edge and any> 2 m in height were not included in the analysis. We focused on young
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willows (<2m in height) because this size-class represents a critical life history stage

in the development of willow clumps and can be easily impacted by herbivory

(Keigley and Fnsina 1998). Two shrubs that could not be relocated and 4 that were

found dead post-treatment were also excluded from analysis. Census data were used

to compare parameters of open treatments to covered treatments including: average

willow height, average maximum width, change in height between measurements, and

number of willows browsed. Comparison of treatments did not require statistical tests

since willow data were known population parameters (i.e. census) and not samples

(Agresti and Finlay 1999).

Results and Discussion

The number of shrubs that showed evidence of browse-use was similar during

the August months for pre-treatment and post-treatment (Figure 4.4). Generally

10% of willows in open and covered treatments were browsed by the first week of

August pre- and post-treatment. However, re-examining plants during mid-October

post-treatment revealed that over twice as many shrubs were browsed in open

treatments than covered treatments. By mid-October post-treatment, 39 and 84% of

willows occurring in covered and open treatments, respectively, showed evidence of

browse-use. This seasonal difference in willow use may be explained by the

decreasing availability of high quality herbaceous forage for deer and cattle (both were

present), where changes in herbaceous forage could have increased browse-use

demand on willow shrubs from late summer through the fall and winter (Roath and

Krueger 1982, Kauffman et al. 1983).
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Figure 4.4. Percentages of willow shrubs browsed for August pre- (n) and post-
treatment () and October post-treatment (.) for areas covered with felled juniper
("covered") or left uncovered ("open").

In both covered and open treatments, an increase in shrub height was detected

from August pre-treatment to post-treatment (Figure 4.5). Covered treatments

increased an average of approximately 30 cm and open treatments increased an

average of approximately 11 cm. Similar increases in willow growth have been

observed after release from herbivores (Peinetti and Menezes 2001, Shaw 1992).

Post-treatment browse-use during fall and winter 2002 may have lowered the energy

reserves of open treatment willow plants and removed several inches of living tissue

that would otherwise have been counted as growth in 2003. For the August post-

treatment to mid-October post-treatment period average maximum willow height

decreased in both covered and open treatments, an average of 1 and 2 cm, respectively

(Figure 4.5). This suggests browse-use by herbivores increased during the late season

time period as has been reported by others (Roath and Krueger 1982, Kauffman et al.

1983).
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Figure 4.5. Average change in shrub height (cm) for August pre-treatment to August
post-treatment (.) and for August post-treatment to October post-treatment () for
areas covered with felled juniper ("covered") or left uncovered ("open").

Average pre-treatment height of willows for covered and open treatments was

similar (approximately 40 cm) during the August 2002 data collection period (Figure

4.6). However, by the following August (post-treatment) the average height of

willows in covered treatments was over 15 cm greater than those in open treatments.

Average maximum shrub width was approximately 6 cm greater in open treatments

for the August pre-treatment period (Figure 4.7). By August post-treatment maximum

widths were approximately equal. This suggests increased growth in maximum shrub

width for willow plants in covered treatments during post-treatment, perhaps due to

their relative release (as compared to open treatments) from herbivory (Peinetti and

Menezes 2001, Shaw 1992).
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Figure 4.6. Mean shrub height for August pre-treatment (.) and for August post-
treatment () for areas covered with felled juniper ("covered") or left uncovered
("open").
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Figure 4.7. Mean maximum shrub width for August pre-treatment (.) and for August
post-treatment (ii) for areas covered with felled juniper ("covered") or left uncovered
("open").
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The above results suggest decreased willow herbivory with the addition of

felled juniper. However, there were more willows occurring in covered than open

treatments, which may have led to some unequal representation of willow browse-use

and growth. For example, browse-use could have been lower in covered treatments

due to dilution among greater numbers of plants. Further, it is possible that by

covering some willow plants with juniper and making them less accessible, use of

willows in open treatments may have increased. Willows were not re-measured

during October pre-treatment; this data would have helped to explain the differences

in willow growth observed prior to the August post-treatment without having to infer

from October results post-treatment.

Conclusions

Our results indicate that felled juniper has potential for reducing ungulate

herbivory on small stature (<2 m) willow shrubs. From September 2002 to August

2003, its use as a protective structure facilitated a 3-fold greater increase in willow

height compared to open treatments. Willow shrubs in covered treatments had a 2-

fold greater increase in maximum width compared to those in the open. Browse-use

rates were similar between treatments during August pre- and post-treatment.

However, by October post-treatment, willow shrubs in the open were twice as likely to

be browsed as those in covered treatments. Additional research is needed to determine

if excluding herbivory of willows with juniper treatment increases incidence of

browsing on adjacent uncovered willows. Additionally, because we did not partition

willow use by species of herbivore, it is unknown if these treatments would deter all

classes of herbivores equally (e.g. cattle vs. mule deer). Data collection on this project

will continue in an effort to determine the long-term implications of our treatments to

the restoration of willow communities.
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PLACEMENT OF FELLED WESTERN JUNIPER TREES OVER A
SOUTHEASTERN OREGON STREAM CHANNEL: EFFECTS ON

REDBAND TROUT MOVEMENT AND DISTRIBUTION

Abstract

Felled western juniper trees were placed as cover treatment over the stream

channel of a southeastern Oregon headwater stream. The amount of aerial juniper

cover placed over the stream channel was approximately 40%. Redband trout

(Oncorhynchus mykiss newberrii)? 100 mm in the study stream were tagged with

passive integrated transponders. Movement and distribution of redband trout prior to

treatment (n = 100) and following treatment (n = 42) were tracked by nine swim-

through passive integrated transponder antennae. Hourly air and stream water

temperature from JuneOctober were collected. Biweekly discharge data were also

collected from JuneSeptember. Data were collected before and after juniper

treatments had been applied, during 2002 and 2003, respectively. Application of

juniper cover over the stream channel reduced maximum summer stream water

temperatures. The application of cover treatment also resulted in decreased trout use

of stream headwaters during summer months and increased trout use of downstream

areas. Further, patterns of daily trout movement were altered by felled juniper

treatment, and the number of hours per day that trout were active within the study

reach was increased.

Introduction

Some land managers in the Great Basin have wanted to know if felled western

juniper (Juniperus occidentalis) trees could be used to improve stream habitat for

trout. It has been suggested that increasing stream canopy cover could reduce summer

stream temperatures and increase stream habitat quality for trout (Beschta 1997).

Fisheries biologists have hypothesized that this may be especially true for streams in

the Great Basin (Platts and Nelson 1989). Currently, there are over 16.5 million

hectares of juniper woodland in the intermountain west, with nearly 900,000 hectares
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in eastern Oregon (Gedney et al. 1999). The expansion of juniper across eastern

Oregon is expected to continue (Gedney et at. 1999). Juniper expansion across

mountain big sagebrush communities (Artemisia tridentata ssp. vaseyana Rydb.) often

results in reduced understory production and diversity of native plants (Miller et at.

2000). Thus, the problem of juniper expansion merits the implementation of juniper

control measures to maintain understory plant community integrity. In many

locations, western juniper is abundant near streams and easily obtainable. The

objective of this study was to determine if the placement of felled western juniper

(Juniperus occidentalis) over a stream channel would effect movement and

distribution of redband trout in a southeastern Oregon stream that has exhibited

summer stream temperatures > 200 C.

Methods

Study Area

The study stream is located in Harney County approximately 160 km east of

Lakeview, Oregon (Figure 5.1). The study reach is a 2nd order Rosgen E6-type

channel with dominant and secondary substrates of silt and gravel, respectively

(Rosgen 1996). Channel characteristics were determined from 17 Rosgen stream

morphology cross-sections (values are means): bankfull width = 4.12 m, bankfull

depth = 0.28 m, floodprone width = 75 m, entrenchment ratio = 16, active channel

width = 2.42 m and slope = 0.005 (Rosgen 1996). The study reach is approximately

1.2 km in length with a sinuosity of 1.3, and is contained within the low gradient

alluvial valley area, which begins approximately 1.6 km below the stream's source

(springs), at an elevation of approximately 2,000 m. Below the study reach, the

stream continues to flow westward down the valley and into several miles of narrow,

rugged canyon before exiting into another valley at an elevation of 1,400 m.
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Climate

Most annual precipitation comes in the form of snow during October to April

(USDA 1988). Spring rains are common and thundershowers occur throughout the

summer months (USDA 1988). Average annual precipitation ranges from 350 mm to

500 mm (OCS 2002). The site receives run-on from snowmelt during the spring and

early summer and may have snowdrifts and saturated soils until mid-May. The soil

temperature regime is frigid (USDA 1988). Extreme air temperatures range from

above 32° C during summer to 35.6° C in winter (Bowers 2002). The frost-free

period is about 30 to 60 days. Optimum period for plant growth is from mid-May to

mid-August (Bowers 2002). Our field data show that extreme stream water

temperatures range from > 28° C in summer to cold temperatures causing bank ice to

form as early as October. A portion of the stream channel, approximately 5 km below

the headwaters, has been known to go dry during drought years.

Soils

A soil taxonomic class was determined from conducting a site soils

description: Fine silty, mixed, frigid Typic Argiaquoll. The diagnostic features

include a mollic epipedon, a buried A horizon, and an argillic horizon. Epipedon and

horizons were each separated by 1 cm thick wavy white volcanic ash layers. Parent

materials are colluvial and alluvial sediments. A full soil description is provided

(Appendix A).

Vegetation

Willows (Salix spp.) occur in relatively large remnant patches below and above

the study reach. Most of the willows within the study reach are <2 m in height. A

prescribed burn implemented by the BLM in September of 2001 burned across

portions of the study reach, affecting mostly the upland vegetation. Willow plants

occurring within the bankfull portion of the stream were not harmed by the fire.

Streamside vegetation of the study reach was described using modified Winward
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(2000) greenhine methods (Table 5.1). The greelines were conducted at stream wetted

width and bankfull. All plant species observed on site were documented (Appendix

B).

Figure 5.1. Map of experimental study area located approximately 160 km east of
Lakeview, Oregon. Area between stars indicates study reach. Arrows indicate stream
flow. Dotted parallel lines are roads.

History of Use

The study reach was homesteaded sometime in the late 1800's or early 1900's

and abandoned shortly after. The stream was diverted from its natural channel at a

point a few hundred meters above the uppermost end of the study reach (near the road
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crossing visible in Figure 5.1). The stream diversion rerouted the stream to the South.

The former stream channel can still be recognized. The present day stream channel

shows evidence of channelization. The land area adjacent the stream was farmed and

plowed for a number of years. There is evidence that homesteaders applied flood

irrigation and/or drainage to the study reach, with metal pipes conspicuously

imbedded below the soil and rising to the surface in some places. An unimproved

road crosses the stream above the study reach. Cattle and sheep have historically used

the area within and surrounding the study reach during the spring, summer, and early

fall since the late 1800's (Griffiths 1902). However, management over time has

varied. The area has recently come under new management, and livestock access

within the study area has been restricted for 4 years and is limited mainly to periods

when cattle are moved within vicinity of the study site. Feral horses have been present

on Steens Mountain since the late 1800's, but it is not known whether they occur near

the study reach. During summer through winter, native herbivores including mule

deer, pronghorn antelope, and rocky mountain elk may be present.

Fish Habitat Status

A survey by the Oregon Department of Fish and Wildlife (ODFW) in

1994-1995 described the distribution of redband trout in the study stream starting

near the mouth and upstream to the headwaters. They surveyed a distance of

approximately 37 km including one tributary. The upper reaches, those sections of

stream above the canyon mouth to a distance of 3.2 km, and headwaters have been

reported as excellent trout habitat (Bowers et al. 1999, Kunkel 1976). The remaining

areas below the canyon mouth and between headwater and canyon reaches have been

reported as poor habitat for trout (Bowers et al. 1999, Dambacher and Jones In Press,

Kunkel 1976). Age-0+ trout were particularly concentrated at the headwaters and the

one major tributary (Dambacher and Jones In Press). Good habitat was characterized

as having dense thickets of alder and chokecherry along streambanks, stabilized

streambanks with boulder substrate and riparian vegetation, and areas of spring inflow

capable of maintaining cool stream water temperatures (Dambacher and Jones In
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Press). Poor habitat was characterized as lacking woody tree species and having

unstable or eroding stream banks, silted gravels, and water temperatures above 20° C

(Bowers et al. 1999). Restrictive angling regulations are in effect, catch is limited to 2

fish per day, and use of bait is not allowed (Bowers 2002). The stream area above the

study reach consisted of complex pool habitat with boulders, cobbles, and gravels.

Within the study reach and downstream areas, silt and clays became more prevalent

and increased with downstream position. Width to depth ratio's also increased with

downstream position.

Table 5.1. Relative abundance of nparian plants within the study reach as determined
from modified Winward (2000) greenline methods.

Trace values tess than 0.5% are indicated (T). Wetted width is defined as the width of the stream water surface to its contact with the
stream bank, when measured at right angles to the direction offlow and at a specific discharge. Wetted width vegetation was determined
from recording the dominant vegetation occurring at the wetted width waterline during August of pre-treatinent.

Bankfull is defined as the flow event that controls the geometry of the channel which would relate to flows that result in the covering of
unconsolidated point bars. Bankfull flow events occur on an average of once every 1.5 years. Bankfull vegetation was detennined from
recording the dominant vegetation occurring at the bankfull waterline during August of pre-treatment.

Plant
% of wetted width transect

vegetation Plant
% of bankfull transect

vegetation
Glyceria elata 36 Agrostis stolonitra 24
Poa pratensis 21 Carex nebrascensis 11
Carex nebrascensis 11 Poe pratensis 8

Agrostis stolonifera 8 Juncus balticus 3

Juncusnevadensis 7 Carexmicroptera 2.5
Eleocharis rnacrostachya 4 Achillea millfoIiurn 1

Alopecurus aequalis 2 Alopecurus pratensis 1

Juncus balticus 2 Hordeum brachyanthe rum 1

Trifoit urn Ion gipes 2 Juncus nevadensis I
Achillea millefolium 1 Madia glomerata 1

Carex rnicroptera I Phie urn pretense
Hordeurn brachyantherum 1 Sal ix spp 1

Phle urn pretense 1 Trifolium ion gipes 0.5
Salix spp. 1 Arnica parryi T
Alopecurus pratensis T Artemisia cane T
Armca parryi T Aster occidentalis T
Artemisia cana T Cicuta douglasii T
Hordeum jubatum T Delphinium occidentalis T
Madia gloinerata T Duigadia hoopesii T
Mentha ari'ensis T Eleocharis ,nacrostachya T
Mimulus guttatus T Juncus ion gistylis T
Phalaris arundinacea T Mentha arvensis T
Potentilla gracilis T Phalaris arundinacea T
Senecio spp. T Senecio spp. T
Veratrum californicum T Veratruni californi corn T
Ditch Intersection T Bare Ground 43

Ditch Intersection 1

Cumulative 100% Cumulative 100%
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Layout and Application of Treatments

The stream study reach was divided into 4 contiguous blocks of 304 m in

length. Each block was assigned two (152 m) treatments: (1) felled western juniper

trees placed over the stream channel and (2) open (Figure 5.2). The starting position

of the reach (upstream or downstream end) for the layout of contiguous blocks within

the stream reach was randomly selected. At the starting position, within a distance of

20 m, the specific starting point for block layout measurement was also randomly

selected. A treatment of covered was randomly assigned to the first 152 m section.

Treatments of open and covered alternated thereafter proceeding towards the opposite

end of the study reach. Blocks were assigned numbers. Numbering started at the

uppermost block and proceeded downstream. Pre-treatment data was collected during

the summer of 2002. During the first week of September 2002, juniper treatments

were placed over the stream channel. Post-treatment data was collected during the

summer of 2003. Western juniper trees 3-6 m in height were selected for use. Trees

were felled during the spring months of 2002 and transported to the study site during

late August. Most foliage had fallen from the tree limbs prior to placement over the

stream. Limbs were removed from one side of the tree bole prior to placement. After

limb removal, the flat side of the tree was then placed directly over the channel. All

trees were placed across the channel in a perpendicular fashion (Figure 5.3). Care was

taken to ensure that no portion of the tree was laid below the bankfull elevation of the

stream channel.
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Figure 5.2. Study layout an expanded view of covered and open treatments assigned
to blocks.

Figure 5.3. Depiction of juniper placement over the stream channel. Plants located
below the juniper tree represent streamside willow shrubs. All limbs have been
removed from one side of the tree bole and foliage is largely absent on remaining
limbs. No portion of the tree was allowed to extend below the bankfull elevation of
the stream channel.
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Stream Channel and Water Quality Measurements

Paired-sets of Onset Stowaway® XTI thermistors were placed in the stream

channel, at the beginning and end of each treatment section. Stream water

temperatures were recorded hourly throughout the summer months pre- and post-

treatment. Waterproof plastic canisters were used to house thermistors. Canisters

were attached to steel rebar driven into the channel thaiweg so that they remained

submerged throughout the summer and did not come into contact with channel

substrate. Thermistors were also placed at several locations above and below the

study reach, as well as at the stream's source (Figure 5.2). Mean hourly temperatures

from paired thermistors were used for data analysis, after thermistors from each pair

had been checked against each other for accuracy using a student's t-test (p <0.05).

Air temperatures were recorded hourly at 5 thermistor locations spaced

systematically across the stream study reach during summer months pre- and post-

treatment. Air temperature thermistors were located adjacent to the stream channel at

a height of approximately 1.5 m above the soil surface and were housed in waterproof

plastic canisters kept within white louvered radiation shields. All air and water

temperature thermistors were lab tested for accuracy prior to the pre- and post-

treatment field seasons (OWEB 1999).

A Rosgen (1996) level II stream classification was completed during 2002 for

the study reach. Four permanent stream channel cross-sectional profiles were

randomly located within open treatment areas. Cross-sectional profiles were measured

once a year at baseflow. Point-in-time discharge and velocity were measured at 8

locations approximately biweekly during the summer season pre-treatment and post-

treatment using a magnetic head pygmy flow meter attached to a top-set wading rod

and an Aqualcalc 5000® digital discharge recorder. Locations were randomly

selected within each open treatment as well as 1 location above and 3 locations below

the study reach. Locations were placed in straight stream sections having discharge

that could allow pygmy meter measurements throughout the summer months.
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Measurements were taken at depths of 60% of total depth from the stream water

surface. Channel discharge cross-section stations occurred every 10 cm between

stream wetted widths. All locations were sampled within a 5 hour time period on each

sample date.

Juniper Cover Measurements

Approximately 300 white shingle (0.3 x 0.3 m) ground control targets were

placed at evenly spaced intervals along both sides of the stream within the study reach.

These targets were associated with Universal Transverse Mercator (UTM) coordinates

using global positioning system ground mapping. A small helium blimp with remote

control cameras attached was elevated to a height approximately 45 m above the soil

surface at locations along the stream channel. Photos were taken using Kodak Royal

Gold 200 speed color film before and after treatment during 2002. Photographs were

scanned at a resolution of 93 dots per cm, and saved in digital image format on

compact disk for analysis. Images were georectified using Esri ARCMAP® software.

At least 6 ground control points were used to rectify each image. Georectified images

were saved at a resolution of 0.025 m2 and no Root Mean Square Errors exceeded

0.33. A UTM-based particulate grid system and overlay within ARCMAP was

referenced across each image on 0.5 m squares. From these grids, cover was

estimated by calculating the number of cover intercepts from grid square intersections

for the stream channel area within each image. An average percent cover was then

calculated from this data for each covered treatment within the 4 study blocks.

Redband Trout Capture and Tracking

Redband trout were captured using electrofishing backpack methods (Reynolds

1992). Capture of redband trout involved locating fish by proceeding in an upstream

direction to maximize the probability of detecting fish (Reynolds 1992, Gresswell

2001). Trout were tagged with Passive Integrated Transponder (PIT) tags during pre-

and post-treatment. Movements of PIT tagged trout were recorded by 9 swim-through
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PIT tag antennae located at treatment intersections throughout the pre-treatment

summer months of 2002. PIT tag antennae were constructed following directions by

Haro (2002) and a modified design (Appendix C). PIT tag antennae were constructed

of 3 windings of 12 gauge THI{N stranded electrical wire and supported by steel

stakes (Figure 5.4). Antennae were operated by Texas Instrument high performance

remote readers, tuning boards, and control modules. Hewlett Packard (100LX)

palmtops were connected to each control module for recording data.

All redband trout captured were marked by an adipose fin clip. Trout were measured

for fork length to the nearest mm. Those fish with a fork length longer? 100 mm

were implanted with a 23 long x 3.5 mm wide half-duplex PIT tag. Fish were

anesthetized using clove oil extract diluted 10:1 with ethanol, used at a rate of 1 ml per

1 liter of water. An entry point for the PIT tag was made by making a 4 mm-long

incision on the midventral line, beginning 15-20 mm anterior to the pelvic girdle.

The incision was made just deep enough to penetrate the peritoneum. The transponder

was then implanted by gently pushing it posteriorly within the cavity (Roussel et al.

2000). Sutures were not recommended for fish greater than 84 mm (Tranquilli 2002).

Redband trout were measured for weight to the nearest 0.1 gram with some having

scale samples removed for aging in the year post-treatment. A handheld Allflex

International Standards Organization compatible radio frequency identification

portable reader was used to verify functioning of individual tags before and upon

release of fish. Fish were placed in plastic containers during recovery from anesthetic

and handling, as described by Columbia Basin Fish and Wildlife Authority (1999).

Captured fish were allowed to recover from anesthesia and immediately released back

into the stream area from which they were captured.

Prior to treatment, PIT tag antennae were powered discontinuously for 4-6

day periods by 2 deep cell marine batteries until September. During September pre-

treatment, all but 3 antennae were removed. From September through October, the 3

remaining antennae were each powered continuously by 1 deep cell marine battery

and a Kyocera KC-120 solar panel. For post-treatment, MayOctober, all antennae
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were each powered continuously by 1 deep cell marine battery and a Kyocera KC-120

solar panel. During both years of the study, PIT tag antennae were programmed to

continuously scan for presence of PIT tags and to record detections on 5-second

intervals.

Figure 5.4. Photograph depicting installation of a PIT tag antenna. Antenna
completely encircles stream channel, with lower wires buried below channel substrate.

Data Analysis and Descriptive Statistics

Stream Discharge

Stream water discharge was averaged across eight study reach cross-section

transects for each of eight periods occurring JuneSeptember during pre- and post-

treatment. Stream discharge was compared between years using an Analysis of

Variance (ANOVA) with Statgraphics Plus version 5.1 software (Manugistics, Inc,

Rockville, MD).

Redband Trout

Pre-treatment PIT tag antennae data was discontinuous. Therefore, pre-

treatment data are representative of redband trout presence or absence within the study

reach for the summer months, but could not be used to determine percent of time spent
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in individual treatments for the whole summer. Post-treatment data was continuous.

Due to discontinuous data prior to treatment, we did not test for differences between

years. Post-treatment spatial area use patterns were characterized by calculating the

percent time individual fish spent: (1) above the study reach, (2) below the study

reach, (3) within covered treatments, (4) within open treatments, and (5) within the

indeterminable use of intersection areas ("unknown"). "Unknown" use is a synthetic

area of stream defined by the serial repetitive observations of redband trout locations

within individual PIT tag antennae. Time spent in this "unknown" area could have

been spent by a trout in either of two areas on each side of the PIT tag antenna it had

last been detected. Data for habitat use were analyzed within 2 time periods: (1) the

hottest (air temperature) 2 months of the year (July and August), and (2) all summer

months (June through October). The percent time spent by fish in different areas was

analyzed using ANOVA, and differences between means were determined using

Fisher's Least Significant Difference (LSD) test with Statgraphics Plus version 5.1

software (Manugistics, mc, Rockville, MID).

The number of trout located within 5 areas of stream (June - August) pre-

treatment and post-treatment were analyzed using ANOVA and Fisher's LSD. These

5 areas of stream were categorized according to longitudinal stream position: (1)

above the study reach only, (2) above and within the study reach, (3) within the study

reach only, (4) within and below the study reach, and (5) below the study reach only.

Categories of "above and within the study reach" as well as "within and below the

study reach" were created to account for serial repetitive observations of redband trout

locations across the uppermost and lowermost study reach PIT tag antennae,

respectively.

Patterns of seasonal and daily redband trout movement before and after

treatment were compared using descriptive statistics. Seasonal movement plots for

each fish (Meka et al. 2003) were used to partition spatiotemporal movement patterns

into 3 groups: (1) upstream migration to above or within the study reach during June



or July and remaining there through October, (2) upstream migration to above or

within the study reach during June, July, or early August followed by migration

downstream during September or October, and (3) complicated upstream and

downstream migrations through the study reach and adjacent areas occurring from

June through October. Daily redband trout movement was summarized by

constructing plots of the sum of observations of PIT tagged redband trout within all

antennae for each hour of the day for both pre- and post-treatment.

Results and Discussion

Stream Discharge

During both pre- and post-treatment, mean study reach stream discharge

(m3/sec) decreased from June through September. The major runoff period ended

during the last week of July in both years, with the stream nearing summer baseflow

discharge. Pre-treatment discharge exceeded post-treatment discharge by an

approximate average of 0.005 m3/sec (Figure 5.5); however differences were not

significant (p = 0.10).
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Figure 5.5. Comparison of mean discharge (m3/sec) for pre-treatment () and post-
treatment (---) during the summer months.
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Additions of Felled Juniper Stream Channel Cover
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Stream Channel Cover

During placement of juniper cover over the stream channel, care was taken to

position relatively the same number of trees across the channel for each block. Aerial

juniper cover was approximately 40% for the upper 3 blocks and was greater than

50% for the loweiiiiost block (Table 5.2). Many trees in the lowermost block retained

foliage throughout the study, whereas the felled trees placed in other blocks were

largely devoid of foliage at time of placement. Differences in amounts of foliage

retained on limbs could account for the greater aerial cover found in the lowermost

block.

Table 5.2. Percent aerial cover of felled juniper placed over stream channel in
September (2002).

Redband Trout

Age and Length

During all electrofishing attempts in May - early June only 3 redband trout

were captured above, within, or below the study reach, and none were greater than 100

mm in fork length. Effective numbers of redband trout began to appear during

electrofishing trips in mid-June. Scale data indicate that 33% of the 27 trout sampled

for scales in 2003 were age-i, 26% age-2, 33% age-3, and 8% age-4+. These fish

accounted for 44% of the 62 fish captured in 2003. Of the 62 trout, 42 were? 100 mm

and were PIT tagged. Mean fork lengths and weights as well as other related

information for redband trout captured in 2003 can be referenced in the appendix

Study Reach Segment Mean
(Covered Treatments) n (%) SE

Block 1 4 42.26 2.69
Block 2 4 40.49 1.03

Block 3 4 39.03 2.46
Block 4 3 57.41 7.28
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(Appendix D). Age composition and proportion of each age group were not expanded

by the total number of fish captured due to the small number of trout sampled and the

error that could occur in using an age-length key (Kimura 1977). Scale samples and

weight measures were not taken pre-treatment. However, length frequency histograms

suggest that the pre-treatment range of length sizes (90 - 210 mm) was less than was

observed post-treatment (70 - 230 mm) (Figure 5.6). No fish representative of age-0

were captured or visually located during either pre-treatment or post-treatment, though

they have been documented in the reach during earlier studies (Dambacher and Jones

In Press). The lack of their detection in this study is perhaps due to the inefficiency of

electrofishing for this age class of trout or variable annual production as exhibited in

nearby streams (Dambacher and Jones In Press), or preferential use of downstream

reaches with an abundance of complex pools (Muhlfeld et al. 2001).

Tracking Trout Movement

During post-treatment, all antennae were fitted with solar panels and were able

to operate continuously from May - October, with the exception of 1 antenna that had

malfunctioned for a period of 3 weeks before it could be repaired. The malfunction

occurred in August, and there was infrequent redband trout movement occurring

during August (as observed at all other antennae). Therefore, trout were assumed not

to have moved across the malfunctioning antenna during the malfunction period, and

known redband trout locations, immediately preceding the antenna malfunction, were

used to account for redband trout locations during the malfunction.

Only two trout tagged pre-treatment were recaptured in the year post-treatment. Upon

investigation, one of the recaptured trout no longer had its PIT tag and must have

expelled its PIT tag sometime after tagging. Expulsion of PIT tags has been found to

occur in other studies (Tranquilli 2002). The fate of the other 98 fish tagged prior to

treatment is not known. Some have suggested that trout may expire after their first

spawning (Behnke 1992), which could have reduced the number of trout returning to

the study area during post-treatment. In an earlier study on the lower portions of the

study stream (Kunkel 1976) redband trout captured in June, showed evidence of
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having already spawned. Redband trout from a nearby stream sampled during March

of 1975 appeared to be nearing maturation for spawning (Kunkel 1976). This suggests

the spawning for redband trout in our study stream would occur sometime in April,

with juveniles emerging sometime in late April to early May. This is consistent with

the idea that some of the tagged fish from the first year of the study could have

spawned and died prior to the sampling period that began in May of year two. Lack of

returning trout could also be due to changes in trout site selection, movement with age,

or other factors (Behnke 1992).
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Patterns of study reach stream area use by redhand trout throughout the summer and fall months

Upstream migration to above or within the study reach during June or July and remaining there through October

Pre-treatment Post-treatment
No. of Fish Percent of all fish No. of Fish Percent of all fish

Above Study Reach 46 46 Above Study Reach 12 28.6
Study Reach 3 3 Study Reach 6 14.3

Upstream migration to above OT within the study reach during June, July, or early August followed by migration
downstream during September and October

Pre-treatment Post-treatment

110

delayed upstream migration followed by earlier downstream migration, or had more

complex movement patterns (Table 5.3).

Table 5.3. Stream area use and migration patterns used to characterize redband trout
seasonal movements pre-treatment (n = 100) and post-treatment (n = 42).

No. of Fish Percent of all fish No. of Fish Percent of all fish
23 23 14 33.3

Complicated upstream and downstream migrations through the study reach and adjacent areas occurring from June
through October

Pre-treatment Post-treatment

No. of Fish Percent of all fish No. of Fish Percent of all fish
28 28 10 23.8

Spatial habitat use patterns suggest that during both years, as maximum stream

water temperatures declined over the summer and into fall, trout exited the area

immediately above the study reach (ABVSR) for areas downstream (Figures 5.7 and

5.8). Similar trends in downstream movement have been observed and attributed to

trout emigrating from headwaters to lower elevations at the onset of fall and winter

(Behnke 1992, Bjornn 1971). During this period of downstream movement, the first

week of SeptemberOctober, mean stream water maximum temperatures in

downstream positions became similar to those observed ABVSR (within 3-5° C,

Figures 5.9 and 5.10). Prior to the periods of downstream movement, differences in

mean stream water maximum temperatures between ABVSR and within study reach

(WSR) averaged 5-10° C before treatment and 5° C after treatment.
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Figure 5.7. Pre-treatment (2002) average daily maximum stream water temperatures for the study reach (. ) and number of
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Figure 5.8. Post-treatment (2003) average daily maximum stream water temperatures for the study reach (. ) and number of
redband trout present in each of 5 stream areas. Numbers of trout present below the study reach only (), below and within study
reach (---), within the study reach only ("), above and within study reach (e), and above the study reach only ().
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Figure 5.9. Pre-treatment (2002) mean daily maximum stream water temperature from all thermistors above the study reach (---),
within the study reach (-), and below the study reach (-).
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Fewer trout were found using ABVSR during the later part of the summer

during pre-treatment and post-treament years (Figures 5.7 and 5.8). In both years, we

observed trout making late summer/early fall migrations to areas downstream as day

length shortened and water temperatures of WSR neared those of ABVSR (Figures 5.9

and 5.10). However, the pattern of movement differed between years. In the year

after treatment, there was a large reduction in the proportion of trout occupying

ABVSR only (70% pre-treatment and 55% post-treatment) and transitioning between

ABVSR and WSR through August (20% pre-treatment and < 5% post-treatment).

These data suggest a greater proportion of fish occupying WSR and the downstream

areas below it in the year following treatment.

Several factors could influence the observed differences in trout use of the

study reach following treatment: increases in stream cover within the study reach,

reductions in maximum stream water temperatures, variable annual habitat selection

by different sample groups of trout monitored between years, decreases in tagged trout

and overall trout numbers following treatment, or other factors. However, comparison

of stream waIlIllng and maximum temperatures revealed that July and August

maximum stream water temperatures were significantly reduced following treatment

(Matney 2004a). Others have suggested that maximum stream water temperatures and

lack of stream canopy cover are inversely related to stream habitat use (Stoneman and

Jones 2000, Platts and Nelson 1989, Tait et al. 1994). Taken collectively, our data

suggest a link between treatment of felled juniper and temperature-related habitat use

patterns.

Stream Area Use

Differences in percent time spent by trout in stream areas, within each time

period, were significant for post-treatment (p <0.05) (Table 5.4). For July and

August, and June through October, PIT tagged redband trout (n = 42) spent

approximately half or more of their time above the study reach. Mean time spent in

areas during July and August varied widely: above study reach 58%, unknown 29%,
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open treatments 8%, covered treatments 4%, and 1% in the area below the study reach.

For all PIT tagged redband trout, there was numerically greater post-treatment use of

open treatments than covered treatments but differences were not significant (p =

0.05) in either time period. Lack of difference in time spent in covered vs. open

treatments contradicts reports that channel cover is essential for trout survival,

preferred by trout, or associated with greater trout use or biomass (Dambacher and

Jones in Press, Fausch et al. 1988, Platts and Nelson 1989, Murphy and Meehan 1991,

Platts 1991, Bjornn and Reiser 1991). However, it is possible that much of the

unknown use could have been spent in covered treatments. The large amount of time

spent by trout above the study reach is consistent with the literature, in that the above

study reach area maintained relatively cooler water temperatures (Matney 2004a) and

was characterized by riparian canopy cover and complex pool habitat (Dambacher and

Jones In Press, Fausch et at. 1988, Platts and Nelson 1989, Murphy and Meehan 1991,

Platts 1991, Bjornn and Reiser 1991, Muhlfeld et al. 2001, Stoneman and Jones 2000).

We did not make comparisons between years due to discontinuous data prior to

treatment.

Within each year, there were significant differences (p <0.05) in the numbers

of tagged trout located within 5 areas of stream for JuneAugust. In the year before

treatment, the greatest numbers of fish were found above the study reach, with

numbers of trout decreasing with increasing downstream position (Table 5.5). This

could be explained by redband trout locating themselves near cooler stream

temperatures near springs (Dambacher and Jones In Press), more complex pooi habitat

(Muhlfeld et al. 2001), and the movement of trout upstream during summer (Adams et

al. 2000). This pattern of fish distribution was not observed in the year following

treatment. After treatment, the greatest numbers of trout were again found above the

study reach. However, following treatment, there was a numerical increase in the

proportion of tagged trout using the study reach and the area below the study reach

(Table 5.5). These data suggest decreased dependence on upstream cool water habitat,



Percent of Time Spent by Trout in Different Areas

Post-treatment (June - October)

Post-treatment (July - August)

Daily Patterns of Movement

During JuneAugust pre-treatment, there was a single pronounced period of

daily trout activity (1700-2400 h). However, post-treatment, there were two general

periods of fish activity (0500-1300 hand 1900-2400 h; Figure 5.11). Both years

showed greater activity during the late afternoon and evening hours, but after

treatment, a second period of activity appeared in the morning hours. The afternoon

period of activity during both years occurred approximately 2 (pre-treatment) to 4
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possibly due to decreased maximum stream water temperatures within the study reach

following treatment (Matney 2004a).

Table 5.4. ANOVA comparing percent of time spent in different areas of the study
stream by 42 redband trout during June through October and July through August,
post-treatment. "Unknown" is defined as the indeterminable use of intersection areas
between treatments. Means without a common letter are different (p <0.05).

Stream Area Mean SE

Above Study Reach 47.49 6.38 B
Covered Treatments 2.78 0.78 A
Unknown 39.48 5.34 B
Open Treatments 6.69 2.07 A
BelowStudyReach 3.56 1.30 A

Stream Area Mean SE

Above Study Reach 58.24 7.30 C

Covered Treatments 4.06 1.58 A
Unknown 28.57 5.68 B
Open Treatments 8.00 3.07 A
Below Study Reach 1.13 0.80 A



No. of Trout Located in Different Areas During the Summer

Pre-treatment (June - August)

Post-treatment (June - August)
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(post-treatment) hours after the maximum temperature for the day was reached and as

hourly stream water temperatures began to cool. Afternoon activity subsided as

stream water temperatures fell near nightly minimum temperatures. The post-

treatment morning period of activity began approximately 2 hours before the

minimum temperature of the day was reached (sunrise). Of the two activity periods

observed post-treatment, the morning period was greatest. During pre-treatment, at

0700 h and 1200 h, there appeared a slight increase in activity that mirrored post-

treatment, but it was not nearly as pronounced or sustained. In both years there was

little activity during the hottest part of the day.

Table 5.5. ANOVA comparing mean numbers of trout located in different stream
areas during JuneAugust. Data are for both pre-treatment and post-treatment.
Means without a common letter are different (p < 0.05).

Stream Area
Mean

(No. of Trout) SE

Above Study Reach 56.31 3.44 D
Above and Within Study Reach 15.06 0.94 C

Within Study Reach 5.75 0.36 B

Below and Within Study Reach 0.58 0.11 A
Below Study Reach 0.33 0.06 A

Stream Area
Mean

(No. of Trout) SE

Above Study Reach 18.37 0.99 D
Above and Within Study Reach 2.31 0.15 B

Within Study Reach 7.15 0.41 C

Below and Within Study Reach 2.92 025 B

Below Study Reach 0.72 0.11 A
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Figure 5.11. All observations of PIT tagged redband trout within swim-through PIT
tag antennae for each hour of the day across all PIT tag antennae pre- and post-
treatment for June, July, and August. Also depicted is the hourly stream water
temperature data for the study reach. Stream temperature data are from mean hourly
stream water temperatures for the stream study reach during pre-treatment and post-
treatment for the period of June 22 to August 31. PIT tag antennae recorded
observation data every 5 seconds. Pre-treatment PIT tag observations (.1.), Post-
treatment PIT tag observations (-), Pre-treatment stream water temperature (- -), and
Post-treatment stream water temperature (-).

Recent research has reported periods of increased fish mobility and activity at

sunrise (Bunnel et al. 1998), sunset (Bunnel et al. 1998), and night hours (Matthews et

al. 1994, Matthews 1996, Young 1999) under varying stream conditions. In lake

environments, trout movement has been found to be greatest during the day (Baldwin

et al. 2002). Activity periods have been associated with cooler temperatures

(Matthews 1996). Talabere (2003) found that Lahontan cutthroat trout activity was

minimal during the hot part of the day in beaver ponds. In our study, it would appear

that fish activity follows stream temperature, with more activity at lower temperatures

and least activity during the hottest part of the day. The exact mechanism determining
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why daily pre-treatment fish activity was less than post-treatment is unknown but may

be related to changes in stream temperature and shade. The reduction in maximum

stream temperature with juniper cover during July and August (Matney 2004a)

suggests that post-treatment stream temperatures were more amicable for trout activity

throughout the day. This data should be reviewed with caution since discontinuous

data collection at PIT tag antennae prior to treatment could have influenced the

differences observed between years. However, there is a strong pattern of evidence to

suggest an increase in trout activity within the study reach following treatment.

Conclusions

Our study suggests that patterns of seasonal and daily use of the study reach by

redband trout were altered due to the placement of felled western juniper over the

stream channel. Increases in stream channel cover and the buffering of maximum

stream temperatures (Matney 2004a) were associated with (1) decreased dependence

of trout on headwaters and increased trout use of downstream areas and (2) increased

hours of daily trout activity. However, percent time spent by trout in covered versus

open treatments did not differ. This information suggests that the addition of stream

cover is potentially beneficial for buffering maximum stream water temperatures,

expanding use of downstream habitat by trout, and increasing overall daily trout

activity. But, it is unclear what underlying mechanisms are responsible for these

alterations.

The results found in this case study are site specific. Stream temperature

responses are likely to vary according to site location (Matney 2004a). Thus, trout

responses related to temperature are also likely to vary. What can be concluded from

this study is that trout may respond behaviorally to the application of cover treatment

and that cover treatment can reduce summer maximum stream water temperatures

(Matney 2004a). However, the causes for these relationships is unknown. Additional

work is needed to determine the ramifications of altered habitat use and activity

patterns with felled juniper cover on redband trout populations. In research intending
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to compare trout use of adjacent longitudinal stream areas we recommend

incorporating additional PIT tag antennae at treatment intersections to verify fish

locations. We also recommend the use of a continuous power source for PIT tag

antennae. Having a continuous power source would reduce the amount of time spent

by fish in the "unknown" and improve the ability of scientists to apply statistical tests

to fish movement data sets.
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CONCLUSION

Our study tested the impact of placing felled western juniper trees over a 2nd

order stream channel in southeastern Oregon on: (1) maximum summer stream

temperatures, (2) herbivory on streamside willow shrubs, and (3) distribution and

movement of native redband trout. Four 152 m long treatments of covered with felled

western juniper or open were applied to a 1.2 km length of stream. Willows (<2 m

tall) within treatment areas were censused, tagged, examined for evidence of browse,

and measured for maximum height and maximum width during 2002, prior to

treatment. Measurements were repeated August 2003 and October 2003 after

treatment. Hourly air and stream water temperature and biweekly stream discharge

data from July through August were collected. Data were collected before and after

juniper treatments had been applied, during 2002 and 2003 respectively. Redband

trout 100 mm were tagged with passive integrated transponders. Movement and

distribution of redband trout prior to treatment (n = 100) and following treatment (n =

42) were tracked by swim-through passive integrated transponder antennae.

The use of felled western juniper over the stream channel was found to

moderate maximum summer stream water temperatures. The juniper treatment

buffered maximum stream water temperatures by (1) decreasing the amount of stream

heating, (2) decreasing the number of hours the stream exceeded 20 °C by an average

of 1 hour a day, and (3) increasing the separation between maximum daily water

temperature and air temperature by over 3 °C. Juniper was also found to reduce

ungulate herbivory on streamside willow shrubs. Willows in covered treatments had a

3-fold greater increase in height and 2-fold greater increase in maximum width

compared to willows in open treatments. By October, the year after treatment,

unprotected willows had a 2 times greater likelihood of being browsed than juniper

covered shrubs. Additionally, movement and distribution of redband trout throughout

the study reach were affected by juniper treatment. Our data suggests that patterns of

seasonal and daily use of the study reach by redband trout were altered due to the

placement of felled western juniper trees over the stream channel. Increases in
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channel cover and buffered maximum summer stream temperatures were associated

with (1) decreased dependence of trout on headwaters and increased use of

downstream areas and (2) increased hours of daily trout activity. However, percent

time spent by trout in covered versus open treatments was not different.

Combined, the application of juniper cover over the stream channel yielded (1)

improved water quality, (2) decreased herbivory of streamside willow shrubs, and (3)

increased use of and activity within the study reach by redband trout. However, the

results of this case study are directly linked to site-specific factors. Stream

temperature responses would likely differ in relation to changes in longitudinal stream

position, volume of discharge, groundwater inputs, stream water travel time, and other

factors that are known to influence stream temperature thermal patterns (Brown 1969,

Duttweiler 1963, Meays 2000, Can 2004). Effects on stream temperature in this study

were no longer evident at a distance of 500 m below the study reach, indicating time

and space limitations on treatment effects. Additional research is needed to determine

what mechanisms are resulting in stream temperature reduction reported in this study.

Two possible avenues to explore are the effects of juniper cover on the interception of

solar radiation or the effect on streamside groundwater and soil temperatures.

Additional work is needed to determine the ramifications of altered trout habitat use

and activity patterns with juniper cover on redband trout populations. Also, future

research should focus on developing multiple PIT tag antennae systems to improve

monitoring of use of covered and open areas by trout.

Lastly, responses of cover treatment by willows could differ with geographic

location. It is unknown if juniper treatment would deter all classes of herbivores

equally. Additionally, it is not known if excluding herbivores from willows with

juniper treatment could increase the incidence of browsing on adjacent uncovered

willows; further research needs to be done to determine these effects. Caution should

be exercised when interpreting the results of this study. It is not known how felled

western juniper will affect stream systems in other locations. We studied a headwater
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stream where air and stream water temperatures were not at equilibrium. Further

downstream or in other stream systems where air and stream water temperatures are at

equilibrium, additions of channel cover may have no effect on stream temperature.

However, this study suggests that with careful planning and consideration of the site to

be treated, the use of felled western juniper as channel cover over small streams may

provide a beneficial tool for improving stream water quality, growth of native

streamside shrubs, and habitat for trout.
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Appendix A: Study Site Soil Description

Taxonomic Class: Fine silty, mixed, frigid Typic Argiaquolls

Horizon Summary

Depth from Surface (in centimeters)

0-15 Ap

15-25 A

25-32 Ac

32-33 2C

33-38 3Ab

38-39 4C

39-54 5Bab

54-82 5Btb

82-100 5Bcb
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Profile Summary

0-15cm Ap

Matrix Color: 1OYR 5/1 dry and 1OYR 2/1 moist

Structure: strong coarse granular

Texture: (silt loam) [--18% Clay, 5% very fine sand]

Consistence: hard when dry, slightly sticky but smooth when moist

Structure: very few coarse roots, few medium roots, and few fine roots. Structural

porosity present.

pH: 6.2

Boundary: abrupt smooth

15-25 cm A

Matrix Color: 1OYR 4/1 dry and 1OYR 2/1 moist

Structure: weak coarse subangular blocky parting to weak coarse platy

Texture: (silt loam) [-48% Clay, 5% very fine sand]

Consistence: slightly hard when dry, slightly sticky but smooth when moist

Structure (cont): few medium roots, few fine roots, and common very fine roots. Few

fine and few medium pores

pH: 6.0

Boundary: abrupt smooth
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25-3 2 cm Ac

Matrix Color: 1OYR 4/1 dry and 1OYR 2/1 moist (lower portion is 1OYR 5/1 dry and

1OYR 3/1 moisty)

Structure: Moderate thin platy

Texture: (silt loam) [-18% Clay, 5% very fine sand]

Consistence: hard when dry, slightly sticky but smooth when moist

Structure (cont): few fine black Mn nodules. few fine roots. few fine tubular pores.

Discontinuous areas of white ash and some mixing within the matrix

pH: 6.0

Boundary: abrupt smooth

32-33 cm 2C

Matrix Color: 1OYR 8/1 dry and 1OYR 6/1 moist

Silty lens of volcanic ash

pH: 6.2

Boundary: abrupt smooth

33-38 cm 3Ab

Matrix Color: 1OYR 5/1 dry and 1OYR 3/1 moist

Dark coatings: 1OYR 4/2 dry and 1OYR 3/2 moist

Organic coatings on root channels and ped faces: 1OYR 3/1 dry and 1OYR 2/1 moist

Structure: weak medium platy

Texture: (silt loam) [-18% Clay, 5% very fine sand]

Consistence: hard when dry

Plasticity: slightly plastic
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Structure (cont): few fine distinct black Mn soft masses. few very fine roots and few

fine roots. Few very fine tubular pores. Discontinuous areas of white ash and some

mixing within the matrix

pH: 6.0

Boundary: abrupt wavy

38-39 cm 4C

Matrix Color: 1OYR 8/1 dry and 1OYR 6/1 moist

Silty lens of volcanic ash

Boundary: abrupt wavy

39-54 cm 5Bab

Matrix Color: 1OYR 6/1 dry and 1OYR 3/1 moist.

Dry coatings on root channels and broken surfaces 1OYR 4/1(4/2) dry and 1OYR 2/1

moist.

Structure: weak very coarse sbk parting to weak very coarse platy

Texture: (silt loam) [-18-20% Clay, 5% very fine sand]

Consistence: hard when dry

Structure (cont): common very fine tubular pores, common very fine roots, few fine

roots, few fine faint poor depletions 1OYR 7/1 dry, few fine faint soft iron masses

1OYR 3/3 dry, few fine black Mn nodules.

pH: 6.0

Boundary: clear smooth



54-82 cm 5Btb

Matrix Color: 1OYR 4/1 dry and 1OYR 3/1 moist

Structure: moderate medium prismatic structure parting to moderate coarse sbk

Texture: (silty clay loam) [30% Clay]

Consistence: hard when dry

Stucture (cont): many fine prominent pore linings around tubular pores 1OYR 3/6 dry,

common very fine and fine tubular poors, common distinct 10 YR 3/1 clay films on

ped surfaces, distinct clay films in pores and on ped faces

Boundary: clear wavy

82lOOcm 5Bcb

Matrix Color: 60% 2.5Y 4/2 slightly moist, 40% 2.5 Y 4/3

Structure: weak medium prismatic

Texture: (silty clay loam) [-25% clay, 15% fine and very fine sand]

Consistence: Friable when dry, slightly sticky when wet

Structure (cont): many fine prominent pore linings 7.5 YR 3/3, many fine prominent

2.5Y 5/6 soft masses, common fine tubular pores, few very fine roots.

pH: 6.3

EXPLORATORY SOIL DESCRIPTIONS

(Notes from the field)

Location 1: At antennae AT8, southern side of creek, 2 m from edge of water

Alluvium 0-40 cm soft blocky silt, 40-70 cm gray with prominent redlbrown

redox, some gravel at 50 cm. Appears similar to that of pit. Vegetation is primarily,

Arnica, Poa, and Hordeum.
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slope and coarse fragments--------

Figure 1A. Exploratory soil locations 1, 2, and 3.

Location 4: At antennae ATO, on eastern side of creek, 5 m from edge of water. 0-12

cm 1OYR 4/2 dry and 1OYR 2/2 moist heavy silt loam. 25-30% Clay and 10%

sand. More coarse fragments than soil pit. Higher clay content than soil pit. 12-40

cm 1OYR 4/1 dry and 1OYR 2/1 moist. 40 cm- Heavy clay loam, gray redoxy with

coarse fragments, no ash lens present. Vegetation is primarily grasses.
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Location 2. Bearing Sw, 25 m upslope from location 1. Colluvium with coarse

fragements. 1OYR 3/2-5/2 dry at the surface, 10 YR 3/3-4/4 for the subsoil. Texture

is 20% clay and 20% sand. Vegetation is primarily silver sagebrush.

Location 3. Bearing Sw, 43 m upslope from location 2. Soil appears lighter brown

(1OYR 4/3) than at location 2 and there are more coarse fragments. Soil is a loam.

Rock present at 25 cm. Large cobble and small boulders present at and below soil

surface. Vegetation is primarily mountain big sagebrush and lupine.

Soil Description (field notes)

Bearing Sw--------



slope and coarse fragments---------

Figure 2A. Exploratory soil locations 4 and 5.

Location 6: Above antennae ATO, within large adult willow shrub area, 2 m from

edge of water on eastern side of creek. Iron concentrations presents in surface soil.

0-7 cm 1OYR 4/2 dry and 1OYR 2/2 moist. Texture is 25-30% clay and 10% fine

gravel (Heavy silt loam, light silty clay loam). At 15 cm and below, strong redox

formations.
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Location 5: At antennae ATO, on eastern side of creek, 55 m from location 4. 0-13

cm 1OYR 4/2 dry and 1OYR 2/2 moist. Coarse fragments present, coarse granular

structure, and silt loam texture. 13 cm - 1OYR 4/3 dry and 1OYR 2/2 moist, silt

loam texture. 38 cm is bottom of hole, no redox present, sand and small gravels

prevalent. Vegetation is primarily silver sagebrush.

Soil Description (field notes)
E Bearing

5
4



Location 7: Between 2' fence and 2nd springs on high bank on Se side of stream.

0-24 cm silty sediment 1OYR 4/3 dry and 1OYR 2/2 moist. Texture is a silt loam.

24-34 cm gravel. 34 cm- Gray redoxy soil heavy in iron.

Location 8: 40 m upslope from location 7, Se bearing. Surface soil is 1OYR 4/2 dry

and 1OYR 2/2 moist. Is high in organic matter. Is a loam with sand and fine gravel.

Subsoil is 1OYR 4/3 dry and 1OYR 3/3 moist.

Location 9. 20 m upslope from location 8, Se bearing. 0-20 cm 1OYR 4/2 dry and

1OYR 2/2 moist. 20 cm - is 1OYR 4/4 dry and 1OYR 2/2 moist. Has weak structure,

really fine,... Mixed with coarse fragments. Is a loam.

Location 10. 50 m upslope from location 9, Se bearing. Surface is a loam. Has lower

carbon than both location 8 and 9. But, has stronger structure. Subsurface is a heavy

silt loam with 1OYR 4/3 dry and 1OYR 2/2 moist.

Soi's Description (field notes)
So Bearing----------------------------

Figure 3A. Exploratory soil locations 6, 7, 8, and 9.
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Conerson Name Genus
Western Yarrow ild-rillea
Nelsons Needlegrass Adinatherum
Redtop Bentgrass Agrostis
Short-awn Foxtail riilopecuws
Meadow Foxtail Atopecarus
Meadow Foxtail Alopecurars
Columbine Aquilegia
Silver Sagebnish Artemisia
Farrys Amica Arnica
Eatons Aster Aster
Western Aster Aster
Arrowleat Balsomroot Baisamorhiza
Sloaghgrass Beckniarrnia
California Brome Aromas
European Smooth Brome Bromus
Smalthsnged Sedge Carex
Nebraska Sedge Carex
Evening Primrose Carnissonia
California Oatgrass Danthonia
California Oatgrass Danthonia
Larkspur Delphinium
Annual Hairgraus Deschampuia
Orange Sneezeweed Dsgaldia
Squirrel Tail Elymus
Intermediate Wheatgrass Elytrigia
Common Spikerush Eleocharis
Slender Wheat Grass Elymas
Common Willowherb Epiloalum
Derwe Spike-primrose Epilobium
Gray Rabtaibrush Ericameria
Green Rabbitbrrjsh Ericameria
Abortive Groundsmoke Gayophytum
Sticky Geranium Geranium
Tall Manrragrass Glyceria
Meadow Bailey Hordeum
Foxtail Bailey Hordeum
Iris Iris
Baltic Rush Juncus
Colorado Rush Juscss
Dagger-Leaf Rush Juncus
Long-Beaked Rush Juncus
Nevada Rush Juncus
Lupine Lupinus
Mountain Tarweed Martha

Field Jr/tint Months
Common Yellow Moskeyflower Mimulus
Pull-up Muhly Muhlenbergia
Needle-Leaved Navarrefis Navarretia
Yeilow Gel Clover Orthrocarpus
Rydburgs Penstemon Peretemon
Cultivated Timothy Phleum
Prostrate Knotweed Polygonsm
American Bistort Polygonum
Fan-Leaved Cinquef oil Potentilla
Kentucky Blue Grass Pox
Alkali Bluegrass Pox
Quatrirry Aspen Populus
White Water-buttercup Ranurroulus
Cudy Desk Rumex
Elderberry-blue Sambucus
Butterweed Groundsel Senecio
Emersed Bar-reed Sparganium
Great Duckweed
Mountain Snowberry
Common Dandelion
Golden Banner Thermopsis
Goats Beard Tragopogon
Long-Stalked Clover Trifolium
American Stinging Nettle U/tics
American Speedwell Veronica
False Hellebore Veratrum
Northem Mules Ears Wyethia
White Males Ears Wyethia

glomersta
arvensis
guttatus
filiformis
intertexta
lutess
rydbergil
praterrse
arenastwm
bistortoides
gracilis
praterrsis
senunda
tremuloides
aquatilis
crispus
mexicans
serra
emernum

Spirodela polyrhiza
Symphoricarpos rotundifolius
Taraeacum off icinale

rhombifolia
dubius
lorrgi pen

dioica
ameriomra
califomicum
amplexicaulis
helianthoicles

Appendix B: Site Plant List

Specific Epithet Authority
millefolium L
nelsonil Barkworth osp.
stolonif era L var,
aequatis Sobol.
pratensiu L
prutessis L
formosa Fisch.
cans Psrsh Ssp.
parryi A. Gray.
eatorili Howell.
occidentalis Torr, & A. Gray
sagisata Nutt.
syzigachne Fernald,
carinatus Hook. & Am. Var.
inermis Leyss. Sup.
microptera Mack.
nebrascensis Dewey,
tasacetifolia P H. Raven
califomica Aol.
califomics Bol,
occidentalis
danthonioirjes Benth.
hoopesil Rydb.
elymoides Swezey.
intermedia Nevuki. Ssp.
macrostachyu Britton.
trachycaulus Shinn. Sup.
ciliatum Rat. Ssp.
densiflorum P.C. Hoch & PH. Raven
nauseosa (Pail. Ax Pumh) G.L Nesom & Baird var
viasidiflora (HoOk.) L C. Anderson
heterozygum F.H. Lewis & Szweyk
viasosisuimum Flash, & CA Mey & Mey. Var.
elata A. Hitchc.
brachyantherum Nevski.
jubatum L
missouriensis Nutt.
balticus WilId. sar.
cost usus Coville.
ensifolius Wikstr.
longistylis Torr,
rrevsdensis S. Watson

Hook.
L vsr.
D.C.
Rydb.
Hook. Sap.
NutI
A. Nelson var.

Boresa
Pursh.
Hook.

J. Presl. Ssp.
Michx.
L var.

J. Presl.
Hook. Var.
Rahmsrrn.
Schleid.
A. Gray. Var.
Weberex PH. Wigg
Richardson var.
Soap.
NutI.
L sap
Schoarmn.

Durusd var.
Null.
Null

Sub-Species Airthoritv2 Code
ACMI

dorei Barkworth ACNE
stolosif era AGST

ALEQ
ALPR
ALPR
AQFO

cans ARCA
ARPA
ASEA
ASOC
BASA
BESY

carisatus BRCA
inemris BRIN

CAMI
CANE

tanacetifolia CATA
DACA
DACA
DEOC
DADA
DUHO
ELEL

interniedia ELIN
ELSIA

trachycaulas ELTR
glanduloasm P.C. Hook & PH. Raven EPCI

EPDE
ERNA
ERVI
GAHE

iscisum N.H. Holmgren. GEVI
GLEL
HOAR
HOJL)
IRMI

montanus Engelm JUBA
JUCO
JUEN
JULO
JUNE
LU

MAGL
canadensis Kuntze. MEAR

MIGU
MUFI

propinqua AG. Day NEIN
ORLU

rydbergil PERI
PHFR
POAR
FOAl
POGR
POPR

)uscifolia Soreng. POSE
POTR

capillaceus DC. RARA
RUCR
SAME

serra SASE
SPEM
SPFO

rotundifolius SYRO
TAOF

montrore Isley. THRH
TRDU
TRLO

gracilis Selander URDI
VEAM

califomicum VECA
WYAM
WYHE
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Appendix C: Antennae Configuration

Manuals and other information related to the construction of passive integrated

transponder (PIT) tag antenna equipment are available. Haro (2002), see

bibliography, provides a good description of the basic wiring and construction of PIT

tag antennae. However, manuals and literature, for the electronic equipment used,

need to be consulted. The major electronic parts used in this study were obtained from

Dynasys, which can be found on the World Wide Web: http://www.rfidusa.com!.

Other equipment used was purchased at local hardware and electronic stores.

The design of any particular antenna will vary according to the purpose of use.

For our purposes, we housed electronic PIT tag components within a sealed plywood

enclosure (control box) with detachable front door. Inside the box, solar charger

controller; pelican cases containing remote controller and reader, palmtop computer

data logger, and antenna frequency tuner; and power converters were attached to the

back wall. Batteries rested on a raised wooden platform that extended across the

bottom of the plywood box. The basic setup consisted of a wire antenna, controller

box, and solar panel. Below, figures are given to depict the setup used in our study

(Figures 1C and 2C).
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Figure IC. Cross-section depiction of PIT tag swim-through antenna layout. Letter A
identifies the PIT Tag antenna plywood control box and letter B identifies the PIT tag
antennae wire encircling the stream channel. Antenna wire is 12 ga stranded THHIN
wire, and wire is supported by steel fenceposts. Approximate dimensions of antenna
shown is 2 m across by 0.5 m tall. Lowermost antenna wire is buried below stream
substrates by approximately 10-20 cm.



remote reader
and controller

deep cell battery

antenna
frequency
tuner

palmtop cpu
data logger
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Figure 2C. Close-up photo of plywood antenna control box and internal components
with wiring. Letter A = DC to AC power converter (9 volt) to remote reader and
controller, and letter B = DC to AC power converter (3 volt) to palmtop computer data
logger. Number 1 = 12 ga stranded wires to solar panel, 2 = 12 ga stranded wires to
battery, 3 = 18 ga stranded wires to power converters, 4 = 18 ga stranded wires from
power converters to reader and controller, 5 = coaxial cables from reader to antenna
tuner, 6 = serial cable from controller to data logger, 7 = 18 ga wires from power
converter to data logger, 8 = 18 ga wires from controller to resistors and external LED
lights, and 9 = 12 ga stranded wires from antenna tuner to antenna. Dashed white
lines represent (-) current wires and dark hard lines represent (+) current wires. All
wire used were stranded THIHN.



Appendix D: Redband Trout Data

Table 1D. Fork length means, SE, medians, and range for age-i, age-2, age-3, and
age-4+ redband trout aged from scales.

Trout Fork Length Post-treatment

Age Mean Median Range
Group n (mm) SE (mm) (mm)
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Table 2D. Weight means, SE, medians, and range for age-i, age-2, age-3, and age-4+
redband trout aged from scales.

Trout Weight Post-treatment

Age Mean Median Range

Group n (g) SE (g) (g)

1 9 7.89 0.87 7.8 5.0 - 12.7
2 7 51.53 8.52 48.7 16.6 - 55.1
3 9 72.26 8.21 77.4 32.9 - 100.5

4+ 2 109.85 4.05 109.85 105.8 - 113.9

1 9 88.8 3.54 86 75 - 103
2 7 147.7 8.28 155 118 - 168
3 9 182.7 9.12 185 141-223

4+ 2 219.5 1.5 219.5 218-221



Trout Stream Area Use Post-treatment

Table 4D. Percent of time spent in different areas of stream for 6 redband trout
present in the study reach for more than 90 days during June through October post-
treatment. "Unknown" is defined as the indeterminable use of intersection areas
between other areas.

Individual fish time time spent in treatments and other stream areas
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Table 3D. Means, SE, medians, modes, and range for percent of time spent in
different areas of stream by 42 redband trout during the months of July and August
post-treatment. "Unknown" is defined as the indeterminable use of intersection areas
between other areas.

Individual No. of No. of days Covered Open "Unknown" Above Study Below Study
Trout Antennae in Study (%) (%) (%) Reach Reach

ID No. Readings Reach (%) (%)

3647 3867 127 25.18 0.36 74.46 0 0
5794 2198 97 14.93 1.33 80.98 2.76 0
5770 1663 124 4.31 17.85 73.56 0 4.27
5786 1562 102 1.67 29.13 68.60 0.60 0
5744 372 98 0.15 0.25 75.17 0 24.43
5783 19 110 0.04 67.89 32.07 0 0

Mean
(% use during

Median
(% use during

Mode
(% use during

Range
(% use during

Habitat Group July and July and July and July and
n August) SE August) August) August)

Covered 42 4.06 1.58 0 0 0-50.73
Open 42 8.00 3.07 0 0 0-100

Above Study Reach 42 58.24 7.25 95.14 100 0-100
Below Study Reach 42 1.13 0.80 0 0 0-32.01

'Unknown' 42 28.57 5.68 0 0 0-100



Table 5D. Percent of time spent in different stream areas and growth analysis for 6
redband trout during the months of June and July post-treatment. "Unknown" is
defined as the indeterminable use of intersection areas between other areas.

Stream Area Used
During Growth Period

14.6 days below study
reach and 14.4 within
study reach

5.5 days below study
reach and 23.5 within
study reach

12 days above study
reach

10 days within study
reach (open treatment)

0.66 days above study
reach, 2 within study
reach, and 5.34 in
'unknown

10 days above study
reach

Individual Trout Growth in June and July 2003 Post-treatment
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28.3 131 29 10 4.6 3.45 1.59

68.3 176 29 9 9.1 3.1 3.14

39.9 153 12 -1 1.8 -0.83 1.5

15.5 105 10 13 1.1 13 1.1

112 217 10 I 1.9 1 1.9

100 198 10 22 3.2 22 3.2

Rate of
Initial Initial Fork Growth Length Weight Length Rate of Wt

Weight Length Period Increase Increase Increase Increase
(g) (mm) (days) (mm) (g) (per 10 days) (per 10 days)




