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Riparian ecosystems play numerous and essential roles related to the quality and

flow of water, and food/habitat for fish, and varieties of wildlife. Due to lateral and linear

linkages throughout the landscape, these zones influence the integrity of the terrestrial as

well as the entire aquatic-riverine ecosystem. Since Euro-American settlement in the

West, the structure and condition of many riparian ecosystems has been significantly

altered. To provide tools and an ecological perspective related to riparian restoration and

management, and to document late 20th century headwater riparian structure and biomass

in the Upper Grande Ronde Basin, this research project was undertaken.

At Meadow Creek, the response of riparian hardwood species to the termination

of livestock grazing was quantified. Regression equations were developed to predict

shrub biomass. Permanently marked hardwood plants were measured annually to quantii'

parameters of growth (height, crown area, mainstem diameter, number of stems, biomass).

Permanent belt transects on gravel bars were utilized to quantify rates of shrub

establishment. Elk/deer-proof exciosures allowed the quantification of the browsing

influence of wild ungulates. In 1991, initial shrub heights and densities reflected decades

of grazing pressure. Mean heights of515 woody plants (14 species) was 47 cm and

densities on gravel bars averaged 10.7 plants/I 00m2. After two seasons without livestock

grazing, mean crown volumes of willows (Salix spp.) increased 550% inside of wild



ungulate exciosures and 195% outside, black cottonwood (Populus trichocarpa) 773%

inside and 808% outside, and thin-leaf alder (A/mis incana) 1046% inside and 198%

outside, respectively. Willows were significantly impeded (p<0.Ol) mule deer and Rocky

Mountain elk, alder samples were too small to statistically test, and cottonwood was not

significantly impeded. However, impacts by deer and elk may be exaggerated due to high

densities and the ungulate density-dynamics unique within the 77 km2 Starkey

Experimental Forest big-game enclosure surrounding the study site. Establishment rates

are low at this time, i.e., only 10% of previously suppressed willows produced catkins.

Although in transects densities increased by 5 new woody plants/lOOm2 (50m of

streambank). Other non-anthropogenic factors influencing the recovery of shrubs,

included beaver which removed mainstems from 20% of willows, 11% of thin-leaf alder,

and 4% of black cottonwood, and active insect defoliation which was noted on 16% of

willows, 7% of thin-leaf alder, and 0% of black cottonwood. Crude protein levels

measured in willow and alder leaves was relatively high (16.1 to 16.3%) helping to explain

their palatability and use by wild and domestic herbivores.

Few studies have quantified biomass, structure and composition of headwater

riparian ecosystems. Data such as this are important given their dominant roles in

ecosystem biodiversity, and aquatic function. To document relatively intact forested

headwater ripanan conditions in the Upper Grande Ronde Basin, the biomass, structure

and composition along six headwater reaches was quantified. Sampling was done using a

nested belt transect/plot arrangement along 500 meter reaches. Total aboveground

biomass (TAGB) ranged from 203 to 261 Mg/ha, with overstory conifers contributing 101

to 177 Mg/ha. Living understory components (saplings, seedlings, shrubs, and herbs)

comprised 5 to 18 Mg/ha (2 to 9% of TAGB), while forest floor detrital accumulations

comprised 65 to 101 Mg/ha (29 to 42% of TAGB). Average shade per day for July, 1993

ranged between 53% and 75%, reducing the unshaded solar energy potential of 2390

Mi/day to between 680 and 1280 Mi/day striking each m2 of stream surface. This base-

line reference information can serve in multi-disciplined research, as well as, be a basis for

long term studies of natural systems responding to changing climate and different resource

management scenarios.
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THE ECOLOGY OF RIPARIAN ECOSYSTEMS OF NORTHEAST OREGON:

SHRUB RECOVERY AT MEADOW CREEK AND THE STRUCTURE AND

BIOMASS OF HEADWATER UPPER GRANDE RONDE ECOSYSTEMS

CHAPTER I

INTRODUCTION

Headwater nparian zones are among the most numerous and important of riparian

ecosystems. They provide multiple functions related to ecosystem integrity and the

support of terrestrial and aquatic communities. Among their complex roles are included

channel structure and the flow and quality of water, as well as, food, habitat, and energy in

support of the riverine ecosystem (Cummins 1974, Vannote et al. 1980, Minshall et al.

1985, Dahm et al. 1987, Maser et al. 1988). Riparian zone structure and composition are

reflections of many kinds of disturbance including fluvial, lire, wind, insects, disease, and

human activity (Resh et al. 1988, Gregory et al. 1991). Soil properties, water table depth,

and the microtopography of valley floors can be extremely varied over short distances,

contributing to the high degrees of structural and compositional diversity. This diversity is

manifested in high levels of productivity and unique plant communities with multiple edges

associated with various levels of vegetative strata. Riparian zone productivity, diversity,

elongated nature, and proximity to water also makes them ideal zones for nesting,

foraging, refuge, and migration for varieties of wildlife from the headwaters to the sea

(Hubbard 1977, Johnson 1978, Thomas et al. 1979, Kauffman 1988).

Riparian vegetation plays many physical, biological, and hydrological, roles in the

functioning of ecosystems. They protect and strengthen streambanks, deflect and slow the

erosional high flows, assist in the settling out and trapping of transported materials, and

play major roles in the aggradation of soils and nutrients in channel and floodplain

recovery processes (Meehan et al. 1977, Elmore and Beschta 1987, Gregory et al. 1991,

Elmore 1992). Riparian vegetation is also important in moderating stream temperature

extremes and in influencing the hydroperiod (i.e., higher and cooler base flows during



warm summer drought periods and warmer winter flows with less anchor ice

development) (Winegar 1977, Ehnore 1992). With regard to stream ecosystem

restoration, riparian plant community regrowth and the accompanying successional

processes are central to the rebuilding of strearnbanks, reconnection of water to the

floodplain, and the recovely of food/habitat for fish, plant, and wildlife populations

(Elmore and Beschta 1978, Sedell and Beschta 1991, Platts 1991, Ehaore 1992).

Early explorers and fur trappers in the Columbia Basin repeatedly described

streams as abounding with beaver and salmon and nparian areas as dominated by dense

stands of willow (Salix spp.), aspen (Populus tremuloides), and cottonwood (Populus

trichocarpa) (Thwaites 1905, Rollins 1935, Ogden 1950). By the early 1900's, many of

these stands had been severely degraded or eliminated due to the removal of beaver

(Parker Ct al. 1985) and overgrazing by livestock (Kauffman 1988, Elmore and Kauffman

1994). Because cattle tend to congregate and have strong affinities for riparian areas

(Biyant 1982, Roath and Krueger 1982) many have been overgrazed (Fleischner 1994).

Unfortunately, the biological consequences of overgrazing riparian systems are

disproportionately high because of the diversity and large number of aquatic and terrestrial

organisms that depend on these systems (Mackie 1978). With increased awareness of this

problem more efforts may likely be directed toward riparian ecosystem restoration (Jenson

and Bourgeron 1994). To assess riparian condition and trends, to plan for restoration in

the near and long term, to define desired future conditions, and to provide tools and a

reference base for monitoring purposes, ecologists and managers need documented

baseline ripanan information.

At Meadow Creek, in northeast Oregon, during the early stages of recovery of a

degraded system I quantified shrub re-growth and rates of establishment following release

from livestock grazing pressures (Chapter II). Riparian logging and decades of.heavy

grazing had resulted in a depauperate and suppressed riparian condition where stream

temperatures, winter ice floes, and declines in fish habitat are known problems (Beschta et

al. 1991, McIntosh 1992, Bouhie 1994). It was hypothesized that the release from

domestic grazing would facilitate a nparian recovery. To separate the browsing influences

of wild ungulates, elk-proof exciosures were utilized to protect one-third of the shrubs.



Land use history and initial riparian conditions, general riparian ecological functions, the

ecology of the Salicaceae family, grazing impacts on riparian shrubs, native herbivoty

inherent to ecosystems, shrub reproduction dynamics, and the social relationships between

elk, deer, and livestock are all also discussed. A total of 244 tagged plants representing

eight common nparian species were used to quantify the first stages of shrub regrowth.

And fifty-two 2x25m belt transects were used to quantify densities and rates of

establishment of woody riparian species.

Biomass prediction equations for riparian shrubs are scarce to non-existent in the

Pacific Northwest and valuable to ecologists studying natural systems. To calculate shrub

biomass it was necessary to develop biomass prediction models. In Chapter II, 75

regression equations were developed for predicting component and total shrub biomass of

four common riparian shrubs, thin-leaf alder (Alnus incana), black cottonwood (Populus

lrichocarpa), Mackenzie willow (Salix rigida var. mackensieana), and coyote willow

(Salix exigua var. exigua). Models were generated by regressing combinations of the four

independent variables height, crown area, mainstem diameter, and number of stems against

the oven dry weights of leaves, twigs, and stems. Shrub form based equations and

equations using different variables were also developed. Nutrient concentrations for these

species and plant parts were also determined. Combined with nutrient concentrations

these equations are of value as predictors in a variety of ecological studies where biomass,

rates of biomass accumulation, and nutrient dynamics are important.

To facilitate riparian restoration and management, to help define desired future

conditions, and to provide a background and basis for further and long term nparian

research, the composition, structure, and biomass of relatively intact forested headwater

riparian ecosystems of the Upper Grande Ronde Basin was quantified (Chapter IV). The

structure and biomass contributions by all aboveground living and dead components was

measured. Riparian forest community components included trees, snags, saplings,

seedlings, shrubs, and coarse woody debris, in the stream and on the floodplain.

Terrestrial portions of small woody debris, fine woody debris, herbaceous materials, and

litter were also measured. In addition, a solar pathfinder was used to quantiI' the percent

shade and solar energy inputs averaged for the day and month striking the stream surface.



The overall objectives of this project were to document intact forested headwater

conditions including the quantification of all aboveground living and dead structures and

biomass. The second principle objective was to quantify the shrub recovery rates along a

degraded nparian system. Both studies should be useful to ecologists and managers in the

planning and monitoring of restoration projects. In addition the riparian structure and

biomass data should prove useful in multi-disciplined ecological studies where riparian

ecosystems provide an important function. Both studies should be valuable in the next

century and beyond as researchers adapt to and study natural systems responses to

changing climate and alternative management scenarios.



CHAPTER II

THE RESILIENCE AND RECOVERY OF WILLOWS, BLACK

COTTONWOOD, AND THIN-LEAF ALDER AT

MEADOW CREEK IN NORTHEAST OREGON



Abstract

Willows (Salix spp.), thin-leaf alder (Alnus incana), and black cottonwood

(Populus trichocarpa) are keystone species in northeast Oregon riparian ecosystems.

They play major roles in maintaining ecosystem biodiversity, fish and wildlife populations,

and water quality and quantity. In addition, they are very palatable to livestock and native

herbivores. Due to the removal of beaver, overgrazing by livestock, and other land use

activities, many riparian areas have been degraded with consequences for aquatic biota and

in fact for the entire ecosystem. The recovery and sustainability of streamside tree and

shrub communities is of paramount importance to the ecology and restoration of these

systems.

Journals by early explorers provide clues to the historical composition of riparian

ecosystems of Northeast Oregon. Captain Bonneville in his journals describing the upper

Grande Ronde stated: "some of the narrow deep streams were completely choked with

salmon, which they took in great numbers" (Irving 1955) and Martha Gay Masterson in

1860 exclaimed "Oh!, the fish! the fish! we caught loads of them....the water was black

with great schools of fish" (Barton 1986). Expressions like these reflecting on fish and

wildlife abundance are conmon in the early journals and diaries, and although dams and

harvest play important roles in the decline of salmonids, they give us some perspective on

past ecosystem productivity, as well as potential.

By 1991, following a century of extensive use, Meadow Creek in the Upper

Grande Ronde Basin of northeast Oregon, had lost much of its riparian forest community

and fishery. With a depauperate composition and structure of riparian trees and shrubs, it

was hypothesized that the removal of livestock would initiate a riparian recovery response

necessary for stream and ecosystem restoration. To test this hypothesis and to quantify

the early recovery processes, this initial phase of a long-term study was conducted. In

addition to measuring changes in shrub growth and establishment, we used elk and deer

proof exclosures to quantify the browsing influence of native ungulates.

At the out set of the study, remnant shrub physiognomy reflected the influences of

heavy browsing with mean heights of the 515 streambank woody plants (14 species)



ranging between 24 and 96 cm (mean 47 cm). Shrub densities in 52 gravel bar transects

averaged 10.7 plants/lOOm2 (e.g. thin-leaf alder 1.0, black cottonwood 1.3, willow 6.7,

and all others combined 1.6 plants/I 00m2). After two seasons in the absence of livestock,

mean biomass of willows increased 439% inside of wild ungulate exciosures and 235%

outside. Black cottonwood biomass increased 316% inside and 568% outside, while thin-

leaf alder increased 422% inside and 152% outside. During this initial phase of a passive

restoration project, shrub density increases were low, due to the few sources of

propagules (i.e., only 10% of existing willows produced catkins). Nevertheless, overall

shrub densities of 15 species increased 50% within transects, in the presence of wild

ungulates, or approximately one new shrub for every 9 meters. Willow shrub densities

increased to 9.5 plants/lOOm2, thin-leaf alder to 1.6, and black cottonwood to 2.0. Other

ecosystem factors influencing the recovery of shrubs, included beaver which removed

mainstems from 20% of willows, 11% of alder, and 4% of cottonwood, and active insect

defoliation which was observed on 16% of willows, 7% of alder, and 0% of cottonwood.

These data indicate that willows, cottonwood, and alder retain high levels of resilience and

can rapidly respond to a release from riparian livestock grazing. Black cottonwood,

Mackenzie willow, and Pacific willow exhibited the strongest regrowth response, while

recovery of coyote willow (S. exigua var. exigua), and Watson willow (S. rigida var,

watsoni,) were significantly impeded by deer and elk. However, elk and deer impacts may

be exaggerated due to the restriction of seasonal migrations and the unique social

interactions between livestock and elk.



Introduction and Literature Review

The Historical Context

Records kept by early explorers and fur trappers in the Columbia basin described

the land as abounding with wildlife, and streams rich with salmon and beaver (Thwaites

1905, Rollins 1935, Ogden 1950, Naimen et al. 1988). Streambanks were repeatedly

described as dominated by dense stands of willow (Salix spp.), aspen (Populus

trenniloides), and black cottonwood (Populus trichocarpa). By the early 1900's, many of

these stands had been severely degraded or eliminated, in large part due to the removal of

beaver (Parker et al. 1988) and heavy livestock grazing (Kauffinan 1988, Chancy et. al.

1990, Elmore and Kauffman 1994, Fleischner 1994). The creation of the grazing

allotment system in 1906 and then the Taylor Grazing Act of 1934 helped to improve

upland range conditions, but the traditional grazing systems were not developed for

riparian woody species (Platts and Raleigh 1984). Because cattle tend to congregate and

have strong affinities for riparian areas (Bryant 1982, Roath and Krueger 1982, Gillen et

al. 1984, Platts 1991), many of these zones have remained overgrazed (Carothers 1977,

Armour et al. 1991, Fleischner 1994). The biological consequences of overgrazing

riparian systems are disproportionately high because of the diversity and large number of

aquatic and terrestrial organisms that depend on these ecosystems. For example, in

semiarid zones of the western US 75 to 80% of birds, mammals, and herptiles depend on

riparian areas at least part of the year (Thomas et al. 1979, Knopf 1985, Hubbard 1977).

Recent reports have concluded that riparian conditions throughout much of the west are

now the worst in American history (GAO 1988, Chancy et al. 1990) and that overuse by

livestock is the major cause (Carothers 1977, Platts 1978, Armour et al. 1991).

Riparian Functions

In the semi-arid west, intact riparian plant communities are typically composed of

distinct species with greater rates of primary productivity than the adjacent uplands.

Fluvial disturbance, coupled to a high diversty of edaphic and hydrologic conditions,

creates a diverse ecosystem in terms of structure, composition, and species richness with



many edges and habitats (Hunter 1990, Thomas et al. 1979, Kauffman 1982). The

importance of riparian communities to birds, small mammals, waterfowl, ungulates,

insects, and to many ecosystem processes cannot be overemphasized (Massey and Ball

1944, Carothers 1977, Bull and Skovlin 1982, Mosconi and Hutto 1982, Munther 1982,

Brunsfeld and Johnson 1985, Knopf 1985, Dodge and Price 1991, Elmore 1992, Kay and

Chadde 1992). Riparian vegetation is also important in stream function and productivity

(Kauffman and Krueger 1984, Murphy and Meehan 1991, Swanston 1991). In low-order

streams, bank vegetation strongly influences channel form and fish habitat (Sedell and

Beschta 1991, Elmore 1992), while providing up to 99% of in-stream food energy

(Cummins 1974). Vegetation protects and stabilizes streambank soils, deflects and slows

the erosional flow forces, assists in the settling out and trapping of transported materials,

and plays major roles in the streambank recovery processes following natural or

anthropogenic disturbance (Meehan et al. 1977, Elmore and Beschta 1987, Gregory et al.

1991, Elmore 1992).

Riparian vegetation may also play important roles in moderating stream

temperature extremes and in influencing the hydroperiod, including higher and cooler base

flows during warm summer drought periods and warmer winter flows (Winegar 1977,

Elmore 1992). With regard to stream ecosystem restoration, riparian plant community

regrowth and the accompanying successional processes are central to the rebuilding of

streambanks, water tables, and fish and wildlife populations (Sedell and Beschta 1991,

Elmore 1992). The interactions of high flows, transported sediment, and riparian

vegetation are integral to the recovery processes (Elmore and Beschta 1978, Platts 1991).

When released from livestock overuse, shrub communities can re-establish, thereby

increasing shade and improving many critical riparian functions, i.e., streams tend to

narrow, deepen, cool, and support greatly increased levels of biological activity (Platts and

Rinne 1985, Sullivan et al. 1986). The quickest healing response occurs in the absence of

grazing ungulates (Chaney et al. 1990, Kovalchik and Elmore 1992, Elmore and Kauffman

1994, Fleischner 1994).
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Ecology of the Salicaceae

Willows and cottonwood of the Salicaceae family play unique and important roles

in riparian and aquatic ecosystems. Many kinds of wildlife and insects are a part of the

ecological web centered around members of the Salicaceae; numerous aphids, caterpillars,

willow beetles, weevils, fungi, worms, epiphytes, bees, wasps, sawflys, and gall makers

participate in their ecology (Massey and Ball 1944, Warren-Wren 1972, Dodge and Price

1991). Willow and cottonwood stands were once abundant along many streams

throughout the interior West (Ogden 1950, Thwaites 1905), and many of these stands

were strongly associated with beaver (Kindshy 1985, Naimen 1988).

In the West, willows occur as small trees, tall and/or many stemmed shrubs, or as

decumbent colonial shrubs. Most non-alpine species are riparian obligate requiring moist-

wet situations in alluvial valleys, along streams, rivers, lake shores, and on sand and gravel

bars (Massey and BalI 1944, Brunsfeld and Johnson 1985). Willows are intolerant of

shade and typically occur in the absence of an overstory, thus flourishing in openings

created by fire, logging, insects, floods, and beaver activity but are more scattered when

under a cottonwood canopy (Kauffman 1982, Brunsfeld and Johnson 1985). Willows are

typically a pioneer species and among the first vegetation to appear on newly formed

gravel bars. The capacity of willows to sprout when crowns are damaged enhances their

persistence following disturbances. Pliable stems flattened and covered with sediment

during floods can be sources of emerging new shoots. This can create a clonal group

which can progress downstream and is referred to as flood-training(Everitt 1968). Once

established, some shrubby species such as sandbar willow (Salix exigua var melanopsis), a

prolific sprouter with underground shoots, can form thickets on gravel bars that can

extend for many meters (Douglas 1991). Willows and cottonwood produce roots

abundantly from any part of the trunks, branches, or twigs when placed under favorable

conditions of moisture and temperature. Willow twigs, stems, or branch fragments when

broken off by wind, water, ice, or browsing animals, can root and establish when

deposited in sediments (cladaptosis). They can also reproduce by suckering or coppicing

from established root systems, like when sheared by ice or beaver (McBride and Strahan

1984, Rood and Mahoney 1990). Coppice regrowth following fire or crown removal by.
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beaver, can be rapid compared to seedling growth (Kindshy 1985). With cottonwood,

propagation by coppicing and suckering is more common with the middle aged trees,

although it declines with age and is often more associated with stands on higher terraces

(Rood and Mahoney 1990). Seedling propagation on the other hand, occurs more

commonly along moist streambanks (Rood and Mahoney 1990). Most of the natural

spread of riparian willows and cottonwood is through the deposition of seeds or stems

during fluvial events (Massey and Ball 1944). When defoliated excessively or repeatedly,

root biomass and plant vigor can not be maintained (Crider 1954, Troughton 1957).

Willow seeds are distributed widely by wind and water. They are short lived (less

than 1 week) and therefore not stored in the soil (Warren-Wren 1972). Seeds bear tufts of

hair making them easily carried by wind and have been known to float up to 3 km and 3

days when conditions are right (Warren-Wren 1972). Cottonwoods produce profuse

quantities of cottony seeds, which are also usually wind dispersed from late May into July

depending on the location (Rood and Mahoney 1990). Animal fur is also a means of

propagule distribution (Warren-Wren 1972). Kay (1994) reported that willows in

Yellowstone National Park, produced on average 300,000 seeds/m2 of canopy when

protected from high densities of elk by exclosures.

Germination, establishment, survival, and vigor of members of the Salicaceae are

closely correlated to the period of inundation and timing of spring flood recession (Barnes

1983, Douglas 1987). Ideal sites provide roots access to the water table and contain

coarsely textured soils such as newly deposited gravels at meander lobes and point bars

(Brunsfeld and Johnson 1985, Busse 1989, Rood and Mahoney 1990). The growth and

community structure in this family are intimately related to the development of the

floodplain and movement of the channel, with a unique set of requirements corresponding

to each distinct species (Everitt 1968, Barnes 1983, Douglas 1987, Busse 1989). Bradley

and Smith (1986) found that because the annual hydroperiod is variable, conditions for

cottonwood seedling survival may only occur every 2-10 years. Linear features associated

with the channel such as fluvial scouring, sediment deposits, ice floe influence, and depth

to the water table can create distinctive bands of evenaged cottonwood stands which

develop parallel to the channel at meander lobes and point bars (Bradley and Smith 1986).
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Because these areas actively migrate, these vegetative bands provide a record of years of

good survival conditions (Everitt 1968). The limits of root growth in the first season

probably determine seedling success. Seedlings tend to be intolerant of drought but

tolerant of flooding (Rood and Mahoney 1990). They require abundant sunlight and

moist soils for the first few weeks following germination.

Large Herbivore Impacts on Riparian Vegetation

Domestic livestock and native ungulates influence riparian shrubs not only by

browsing the palatable young shoots but by trampling and breaking stems (Kovaichik and

Elmore 1992, Kay 1994). Overgrazing and browsing can also influence soil properties

(Bohn and Buckhouse 1985, Pastor et al. 1988, Irwin et al. 1994). For example,

biogeochemical cycles can be altered via disruptions in litter decomposition, declines in the

presence of nitrogen fixing shrubs, destruction of cryptogamic crusts, and through declines

in soil microbial activity (Pastor et al. 1988, Fleischner 1994, Irwin et al. 1994). In

degraded riparian systems, where stream channels have incised nutrient transport to the

floodplains via overbank flows may have been eliminated or are rare (Green and Kauffman

1989). Incised channels also sever riparian plant linkages to the water table. These

combined factors greatly influence the composition, structure, and aerial extent of riparian

plant communities.

When livestock are present during the growing season, the highly palatable willow

shoots are vulnerable to excessive herb ivory (Kovalchik and Elmore 1992). In addition,

seed production can be greatly diminished or non-existent when shrubs are repeatedly

overgrazed (Davis 1977, Kay and Chadde 1992). Kay (1994), studying willows in

Yellowstone National Park where elk densities are high, found that catkin production

outside of exciosures was zero on plants smaller than a browse height of 2.5m and

averaged 670 on taller plants. First year willow seedlings are very sensitive to grazing and

easily pulled from the ground or trampled. The browsing of seedlings can kill the plant

(Kovalchik and Elmore 1992). In Arizona, cattle grazing and trampling of small seedlings

prevented cottonwood regeneration (Glinski 1977). Grazing and trampling by livestock

had transformed many riparian zones into evenaged non-reproducing plant communities
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(Carothers 1977). Along Catherine Creek in Northeast Oregon grazing retarded

succession in willow-cottonwood communities resulting in little regeneration (Kauffman

1982). Without recruitment, willow stands develop unbalanced age structures and

eventually the stand can be eliminated (KaufThan 1988). Davis (1977) concluded that

livestock was probably the major factor contributing to the failure of nparian communities

to repropagate themselves. Bull and Skovlin (1982) attributed livestock grazing to the

paucity of deciduous woody vegetation along Oregon streams. Grazing inhibited

establishment of willows and cottonwood and young age classes were non-existent in

grazed areas of central Oregon (Busse 1989). Busse (1989) stated "without the

implementation of corridor fencing, it is probable that Salicaceae would soon disappear

from the landscape."

Cattle prefer gentle or level areas and tend to congregate near water (Bryant 1982,

Roath and Krueger 1982). They use willows especially after mid-season, when the

palatability of alternate forage decreases, and when forage utilization levels are

approximately 45% (Kovalchik and Elmore 1992). At the 65% utilization level, cattle

consume the previous years leader growth, and at 85% they will consume all the willow

shoots available. Recovery from a single season of heavy impact can take three or more

years (Kovalchik 1992), but the rate of recovery can also depend upon the season in which

the willows were used. Shrubs store carbohydrates below ground following fall

senescence, but during the growing season these reserves are in the growing tissue and

vulnerable to removal. However, when pristine pacific willows (Salix lasiandra var.

lasiandra) that had been isolated from livestock by rugged lava flows were cut during the

dormant season to simulate beaver, they quickly regrew 250 cm the first season (Kindshy

1989). Conversely, those cut during the summer growing season showed inhibited growth

rates which persisted for two years. Platts and Raleigh (1984) also found that shrubs used

during the hot season did not recover as rapidly. A survey of 44 different streamside

communities indicated that riparian vegetation defoliated during the hot months responded

poorly (Meyers 1981). With continued overuse, willows show a sharp decline in vigor.

This can lead to the complete elimination of a willow stand in 30 years, due to root

dieback and a lack of regeneration (Kovalchik 1987). No studies have investigated
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riparian shrub root relationships to defoliation, but with grass species heavy defoliation

reduced the growth of the whole plant, and root dieback occurred to a greater extent than

did shoot decline (Troughton 1957, Crider 1954).

Recovery Potential Following Livestock Removal

Riparian ecosystems are remarkably resilient and shrub recovery can be dramatic

following the elimination of livestock grazing (Platts and Rinne 1985, Elmore and Beschta

1987, Green 1991), although responses can vary from system to system. Riparian

responses ranged from immediate recovery to very little, even after many years of

protection (Crouse and Kindshy 1984). Crouse and Kindshy (1984) provided a method

for predicting riparian recovery potential in the form of a dichotomous key. Willows can

quickly re-establish following release from overuse (Hansen 1992). Although initially low

in vigor, native willows began showing a strong response after four years of rest, but a

minimum of six to eight or more years may be required to restore some level of

aquatic/riparian health (Duff 1977). Because 10 to 12 years may be insufficient time for

willow recovery, (Knopf and Cannon 1982) indicate it is more difficult to improve a

degraded stream than it is to protect a good one. Following a decade of release from

livestock grazing, shade cover at Camp Creek, Oregon, increased 75% (Claire and Storch

1977). However, revegetation does not indicate total riparian rehabilitation, other factors

such as recovery of coarse woody debris, restored streambanks, and watertables may

require many decades (Platts and Raleigh 1984).

Few studies have quantified riparian shrub recovery, although many scientists and

managers have observed a dramatic recovery process (Crouse and Kindshy 1984, Platts

and Rinne 1985). The restoration of riparian vegetation is fundamental to restoring

watertables, fish and wildlife populations, aesthetics, and water quantity/quality. Willow,

cottonwood, and alder species play principle roles. To improve our understanding of the

restoration process, it is important to document plant responses especially during early

critical stages. This study was designed to meet this need by quantifying shrub dynamics

following the removal of livestock grazing, with and without wild ungulate herbivory.



Hypotheses

The removal of livestock grazing from Meadow Creek will initiate the

recovery of woody riparian species.

Wild ungulate herbivory is an important factor influencing early recovery

rates of riparian shrub communities.

This study represents the initial phase of an ongoing project designed to test these

hypotheses. Shrub regrowth will be documented under two scenarios: (1) without livestock

grazing and (2) without grazing by any large ungulates (e.g., livestock, deer, and elk).

Study Objectives

Quantify the initial shrub composition and structure following the removal of cattle after

decades of heavy riparian livestock grazing.

Quantify shrub rates of regrowth (e.g., changes in height, crown volume, mainstem

diameter, and number of stems), over a two year period 1991 to 1993.

Quantify the rates of establishment and densities of all woody species growing on gravel

bars.

Quantify the influence of native ungulates on shrub recovery (i.e., differences in growth

inside and outside of elk/deer proof exciosures.
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Study Site

Site Description

The study site is located on a third order stream reach of Meadow Creek on the

Starkey Experimental Forest in the Blue Mountains of northeast Oregon (Figure 11.1).

Meadow Creek is a main tributary to the Grande Ronde River of the lower Snake River

Basin. The study site is approximately 50 kilometers southwest of La Grande. The

primary access is by way of Oregon highway 244. The sections of Meadow Creek used

in the study lie in the southern halfofT3S, R34E of the Willamette Meridian. Elevation

of the site ranges between 1130 and 1400 meters. Mean annual precipitation is

approximately 60 cm, with two-thirds falling as snow during winter, and the balance

occurring mainly as rain during the spring and fall. July and August are the driest months

of the year and frost can occur in any month. Stream annual average discharge varies

between 0.056 and 5.60 m3s' and annual peaks have occurred more often in March but

can occur anytime between January and June (McIntosh 1992). Over the 4 km reach,

average channel drop is approximately 10 m km' with an average sinuosity of

approximately 1.13 m m' (Skovlin et al. 1977, Ganskopp 1978). The stream bottom

consists mainly of gravel-cobble aggregates with some fines but little sand. Rubble-size

material is plentiful. Stream widths at low flow vary between 1.5 and 4.6 meters, with

3.1 pools/km (McIntosh 1992). Streamside conditions range from cutbanks 1.8 m in

height to long sections of recently deposited or sod covered gravel-cobbles sloping back.

The floodplain width averages 50 m. Dry meadows comprise up to 93% of the

dry/moist/wet meadow complex (Skovlin et al. 1977). Evidence of past soil saturation

recorded in incised cutbanks and the minimally incised and narrow remnant old channels

indicate a much altered stream floodplain interaction than that which occurred historically.
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Figure 11.1.
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Meadow Creek Land Use History and Condition

Meadow Creek has been subjected to many forms of land use since the arrival of

the first settlers (Skovlin 1991). These historic perturbations have included extensive

beaver trapping, stream cleaning and log drives via splash dams, streamside railroad

logging, and a century of domestic livestock grazing. The resulting loss of riparian trees

and shrubs has undermined many of the crucial riparian functions important to ecosystem

health and productivity (Forsgren 1985, Beschta et al. 1991, McIntosh 1992).

Destabilization of streambanks, decreases in channel roughness, decreases in sinuosity, and

the consequent increases in erosional flow forces have combined to cause channel

downcutting and widening. The severed input linkages to the flood plain and the one

month earlier runoffs, due to changes in the uplands of the upper Grande Ronde Basin

(McIntosh 1992), have altered nutrient cycles, seed-dispersal patterns, and the delicate

balance between hydroperiods and riparian plant establishment. These factors have likely

contributed to the degradation of the riparian zones. In addition, the frequent shifting of

degraded streambeds and streambanks (Ganskopp 1978, Beschta et al. 1991), the

consequent increases in anchor ice and spring ice flows (Winegar 1977, Bryant 1982), and

the continuous grazing pressures have combined to prevent riparian recovery (Busse 1989,

Kovaichik and Elmore 1992). In 1991 at the outset of this study, Meadow Creek

supported a depauperate composition of streambank shrubs, and the stream was

characterized as a relatively shadeless, simplified, riffle-dominated system (ODFW 1987,

ODEQ 1988, NPPC 1990, Sedell and Everest 1991, Anderson et al. 1992). Summer

stream temperatures were at lethal levels for salmomds with a mean 7 day maximum

temperature of 22. lo C) (Bryant 1982, Bouhie 1994). Pool abundance had declined an

average of 50% since F940 (McIntosh 1992). Channel bottom small rubble substrates had

increased from 22% to 41% of composition since 1941 (McIntosh 1992). Fine sediment

buildup in spawning gravels may be above maximums allowable for fry emergence and

survival (Anderson et al. 1992), and the timing of peak discharge may have shifted to one

month earlier in the year since 1904 (McIntosh 1992). In addition, during the summer of

1989, significant amounts of large log structures had been placed in the Meadow Creek
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channel in an attempt to improve fish habitat and control ice flows. However, most of the

emplaced woody structures were washed downstream during the 1990 spring runoff,

causing significant channel changes, floodplain loss, and bank erosion (Beschta et al.

1991).

Grazing History

Domestic cattle introductions along Meadow Creek began around 1865, when

emigrants along the Oregon trail discovered better forage resources and a shorter route

through the Starkey area (Skovlin 1991). By the 1870's Starkey settlers had established

herds to service the mining boom and western cattle producers were driving large herds

across the Starkey Basin toward the markets and railheads in Cheyenne, Wyoming. As

many as 25,000 head were known to have bottlenecked at Pilot Rock waiting for the

snows to melt. By the 1890's the dwindling grass resources were also being impacted by

roving bands of sheep with up to 50,000 head reported within a 16 km radius around the

Starkey Prairie (Gordon et al.1883, Skovlin 1991). Reports of the grazing damage to

ground cover and forest seedlings in the Pacific Northwest spurred President Roosevelt

and Gifford Pinchot to establish the National Forest Reserves and the grazing allotment

system to address these problems (Skovlin 1991). In 1907, the Starkey Cattle and Horse

Allotment had over a dozen permittees practicing season long grazing with stocking rates

at 0.81 hectares/Animal Unit Month (AUM). An AUM is the amount of forage or feed

required for one mature cow or equivalent for one month based on a daily consumption

rate of 11.4 kg/day for 28 days. By 1940 these stocking rates had been reduced to 3.0

hectares/AEJM. From 1942-1975 a two-unit deferred-rotation management was

practiced (Harris 1954, Stickler 1966), then in 1975 a major research program was

initiated to examine the influences of rest rotation, deferred, and season-long grazing on

streambank soil properties, water quality, and riparian forage production. These three

grazing systems were practiced within half of the area used in this study. The other half

has been grazed season long since 1980.
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Meadow Creek Riparian Studies

Meadow Creek on the Starkey Experimental Forest, has been the subject of

several riparian studies beginning in 1975, mostly related to livestock influences on stream

and riparian soil parameters (e.g., riparian forage production, water quality, and soil bulk

density and infiltration) (Skovlin et al. 1977). Four grazing treatments have been

compared: 1) simulated five pasture rest rotation, 2) two pasture deferred rotation, 3)

season long grazing and 4) no grazing (control). Utilization levels were monitored at

approximately 70% of herbaceous growth with a grazing intensity of 3.2 ha/AUM. After

two grazing seasons no increases in streambank erosion had occurred among the grazing

treatments (Knight 1977). He reported that winter ice floes were the more probable cause

of bank erosion. Bohn and Buckhouse (1985) reported greater infiltration rates, a

decrease in soil compaction, and a decrease in sediment production under rest rotation

grazing, but little to slightly negative impacts under deferred and season long grazing.

Riparian forage production increased 35% under the three grazing schemes, but above

average precipitation may have been a confounding factor (Bryant 1982). Based on four

years of data, Bryant and Skovlin (1982) reported that shrub utilization was 60 - 65% in

all treatments and that elk/deer browsing accounted fOr about one quarter of this impact.

In 1975 eight species of rooted shrubs and five species of willow and cottonwood stem

cuttings totaling 5350 shrubs were planted (Bryant and Skovlin 1982). In 1978 after 3.5

years, 224 whiplash willow, 37 cottonwood, 9 coyote willow, and 4 red-osier dogwood

had survived (approximately 5% of those planted). Planting failures were blamed on poor

site selection, high water following planting, winter icing, and livestock and elk herbivory.

Some of the coyote willow, whiplash willow, and black cottonwood shrubs in this study

are from the 1975 plantings. During the same set of grazing studies, fecal coliform

bacteria had increased for all grazing treatments, but levels were not over the federal

guidelines for water quality (Bryant and Skovlin 1982).



Methods

Field Procedures

In the fall of 1990, livestock grazing was terminated along Meadow Creek and in

the spring of 1991 265 established streamback woody plants were tagged and measured.

During the winter of 1992 three elk/deer proof exclosures were constructed. To quantify

the initial shrub responses, annual changes in height, crown area, mainstem diameter and

number of stems, as well as, changes in shrub densities on new and old gravel bars were

measured. Initial shrub heights of tagged plants and plants within transects at the

beginning of this study were similar and did not differ significantly between previous

treatment areas, therefore initial conditions were considered to be the same for the entire

site. Elk and deer browsing impacts were quantified by comparing shrub growth and

establishment inside vs outside of the elk/deer exciosures.

To quantify annual rates of growth and changes in riparian structure, a total of 286

shrubs were permanently tagged, mapped, and measured at the outset of the study and for

the two following growing seasons. Measurements included height, elliptical crown area,

number of basal stems, and mainstem diameter at the soil surface. Elliptical crown area

(A) was calculated utilizing the formula:

A = (it x w1 x w2) /4

where w1 is the maximum crown diameter and w2 is the perpendicular diameter at its

midpoint. Crown volume is the elliptical crown area times height. Also recorded were

stem removals by beaver, active stem defoliation by insects, >50% damage due to peak

flows, number of catkins, and browsing status. One third of all tagged shrubs occurred

within the elk exclosures.

To quantify establishment rates for early seral willow and cottonwood

communities on gravel bars, fifty-two 2m x 25m permanent belt transects were

established. Transects were located on gravel bars generally parallel to the stream course

and typical habitats occupied by members of the Salicaceae. Each transect was mapped

and marked at each end with a yellow painted rebar stake. Twenty-six of the transects

were placed on new gravel bars that were formed by a May 1991 highflow event. The
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species and height of all shrubs within the transects were recorded. A permanent photo

reference point was established and a photo taken from the upstream stake of each

transect by setting the center focus on the downstream stake. Eight of the 52 transects

occurred within elk exelosures. All shrubs encountered were identified to species

according to Hitchcock and Cronquist (1973) and are listed in Table 11.2 including alpha

codes which appear in some of the figures and tables. Annual measurements were made

during late June and early July.

Data Analysis

Biomass calculations were made using the prediction equations developed in

Chapter ifi and listed in Table II-!. Between treatment comparisons (data for tagged

plants inside elk-proof exclosures vs. outside of elk-proof exciosures) of crown volume,

crown area, and biomass were determined using co-variate analysis of variance with log

transformed variables. Significance levels were set at p<O. 10. Crown volume was used as

the co-variate. Between treatment comparisons for changes in height, mainstem diameter,

and number of stems were detennined using ANOVA with untransformed variables.

Between years analysis was conducted using paired 1-tests to account for the within plant

variability. Between year changes in density (transect data) were also tested using the

paired i-test.

Table 11.1. Equations for predicting total plant biomass (BAT) using measured values for
htheight (cm), ca=crown area (cm2), d=main stem diameter (cm), and
stnumber of stems (#).

SPECIES EQUATION R

Thin-leaf alder In BAT -2.468+1.269 In (ht) +1.383 In (d) + 0.179 (st) 0.99

Black cottonwood hi BAT= -1.558 + 0.684 In (Ca) +1.390 In (d) 0.99

Coyote willow In BAT= -8.199 + 1.233 In (ht) + 0.913 In (Ca) 0.95
Sandbar willow

Mackenzie willow In BAT= -2.439 + 0.844 In (hi) + 0.345 In (ca) + 0.940 In (d) + 0.061 (Si) 0.94
Watson willow
Whiplash willow
Lemon's willow



Table 11.2. Common names, scientific names and alpha codes for woody
species sampled at Meadow Creek 1991-1993. Species marked
with an asterisk (*) were tagged and sampled inside and outside
of the elk exclosures. All species were encountered in belt
transects.

Common name Scientific name Alpha code

black cottonwood *Populus trichocarpa POTR

black hawthorn Crataegus doug/ash CRDO

common snowberry Symphoricarpos a/bus SYAL

coyote willow *Salix exigua var exigua SAEX-E

Lemon's willow *Salix le,n,nonii SALE

Mackenzie willow *Salix rigida var. mackensieana SARI-M

Pacific willow Salix lasiandra var. lasiandra SALA-L

pearhip rose Rosa woodsii ROWO

red-osier dogwood Cornus sto/onfera COST

red raspberry Rubus idaeus RUB)

sandbar willow *Sa/ix exigua var. me/anopsis SAEX-M

service berry A,nelanchier a/,ifo/ia AMAL

stinking currant Ribes hudsonianuin RIHEJ

thin-leaf alder *A/;7us incana ALIN

Watson willow *Salix rigida var watsonii SARI-W

wax currant Ribes cerurn RICE

whiplash willow *Salix lasiandra var. caudata SALA
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Results

Initial Shrub Composition and Stature

In late June of 1991 at the outset of the study and the first season without

livestock, shrub densities were low and their physiognomy reflected decades of heavy

browsing pressure. The riparian community composition included fourteen woody species

that were barely taller than the surrounding grasses. Initial mean heights of the 244

tagged samples ranged between 32 and 82 cm (mean 57 cm)(Appendix A Table 11.9,

Figure 11.2). Mean heights of the 271 shrubs (14 species) occurring within the 52

transects was 47 cm (Figure 11.3). Total number of thin-leaf alder, black cottonwood, and

willows sampled along the 4 km reach both as tagged plants and in transects equaled 55,

72, and 344, respectively. Sandbar willow (Salix exigua var. melanopsis), Mackenzie

willow (S. rigida var. Mackensieana), and Watson's willow (S. rigida var. watsonil) were

by far the most abundant of the willows. Other important woody species at Meadow

Creek were stinking currant (Ribes hudsonianurn) and common snowberry

(Symphoricarpos albus). Initial shrub densities in 52 gravel bar transects varied widely

between 0 and 102 plants/lOOm2. Only eight transects had densities >20 plants/lOOm2.

The overall density of all shrubs combined equaled 10.7 plants/lOOm2 (i.e., thin-leaf alder

1.0, black cottonwood 1.3, willows 6.7 and all other species combined 1.6 plants/lOOm2).

Shrub Growth Inside and Outside of Elk Exciosures

Following the removal of livestock and in the presence wild ungulate browsers,

riparian shrub regrowth was dramatic. Since shrub growth is three dimensional, the best

measure of overall growth is change in crown volume (Figure 11.4). The largest plants in

the study were thin-leaf alder growing outside of the elk exclosures. The greatest two

season growth relative to initial size was by the small thin-leaf alder plants growing within

the elk exclosures (1046%). In terms of percent growth relative to initial size and after

two seasons of no grazing, crown volume increases ranged between 47% and 808% for all

tagged species outside of elk exclosures (Table 11.3). Small shrubs displayed

proportionately greater increases than larger shrubs, and for this reason a crown volume
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Figure 11.2. First two seasons of height growth of three tagged riparian shrubs outside
and inside of elk exclosures following the cessation of livestock grazing at
Meadow Creek. Asterisk (*) indicates a significant difference (p<O.l 0) in
height growth 199 1-1993 outside vs inside of elk exclosures.
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Thin-leaf alder

Black cottonwood

Willows combined:

Coyote willow

Sandbar willow

Whiplash willow

Lemons wil low

Mackenzie willow

Watson willow

Out In Out In In Out In Out In

Table 11.3. Overall increases (%) in shrub parameters outside (out) and inside (in) of elk exciosures at Meadow Creek
following the termination of livestock grazing (1991-1993).

Species Sample
size

Height Crown Area

Out

Crow n
volume

Mainstem
Diameter

Out In

Number of
Stems

Calculated
Biomass

Out In

27 4 46 129 112 405 198 1046 46 105 43 -5 152 422

23 17 72 151 268 248 808 773 59 59 35 23 568 316

117 41 18 86 132 228 195 551 44 38 49 49 235 439

8 16 2 102 30 303 47 705 21 42 57 75 48 745

29 5 3 59 87 63 97 122 53 62 65 100 84 131

18 7 33 56 194 133 260 263 77 54 68 37 358 216

5 2 138 153 30 71 105

33 2 14 107 106 175 161 488 49 36 58 58 415 606

38 11 37 80 159 240 270 586 38 20 15 18 157 239
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co-variate was used for between treatment analyses (inside vs outside of exciosures). In

general, shrubs taller than one meter proportionately increased in crown volume one-half

to one-third less than the smaller shrubs. Factors influencing performance included wild

ungulate browsing, beaver removing main stems, insect defoliation, high flow damage

which are all discussed in a latter section. Outside of elk-proof exclosures 44 to 85

percent of shrubs were browsed each year by wild ungulates (Table 11.4).

Table 11.4. Shrubs (%) browsed by elk and
deer outside of elk exclosures,
1992 and 1993.

1992 1993

Even with wild ungulate browsing, the mean crown volume of thin-leaf alder increased

200% and cottonwood 808% during the 2 year period (Table 11.3). Crown volume and

biomass increases between species, years, and treatments is seen directly in absolute

numbers (Figures 11.4 and 11.5). Wild ungulate impacts on growth were significant

(p<O.l 0) on coyote willow and Watson willow but not significant on black cottonwood,

sandbar willow, pacific willow, or thin-leaf alder. It is possible that given larger sample

sizes thin-leaf alder, sandbar willow, and Mackenzie willow would also show significant

impacts. For example, to detect a statistical difference between thin-leaf alder inside and

outside of elk exciosures we would need a sample size of 11 to detect a 50% difference

and 24 for a 33% difference (Stafford and Sabin 1994). When comparing willow crown

volume growth within the same size classes (accounting for the co-variate) increases were

550% inside exclosures, versus 195% outside. Of all the shrubs, coyote willow

Percent

Willow 85 78

Alder 72 75

Cottonwood 44 60
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Figure 11-4. Crown volume growth with error bars outside and inside elk exclosures
following livestock removal at Meadow Creek, Oregon (1991-1993).
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(Salix exigua var. exigua), and Watson willow (Salix rigida var. watsonil) were impacted

the greatest by wild ungulates with significant differences (p<O. 10) in crown volume

growth of 47% vs 705% and 270% vs 586%outside and inside, respectively (Table 11.3).

Height increases for the two growing seasons were 46% (38 cm) for thin-leaf alder, 72%

(25 cm) for black cottonwood, and a range between 2% (1 cm) and 37% (39 cm) for the

willows (Figure 11.2, Table 11.3). When protected from wild ungulates percent height

increases more than doubled to 129% (52 cm) for alder, 151% (49 cm) for cottonwood

and 56% (32 cm) to 107% (53 cm) for the willows. Whiplash willow (Salix lasiandra

var. caudata) use by native ungulates was insignificant; similar crown volume increases of

approximately 260% occurred both outside and inside of the exclosures. The potentially

tall Mackenzie willow and Watson willow had height increases of approximately 100%

while crown volume increases were 500% within exclosures. This amount, however, was

reduced '/2 to 2/3 by wild ungulate browsing.

Initial mean biomass (oven dry weight) of thin-leaf alder, black cottonwood, and

willow species outside of elk exciosures was 343 g, 38 g, and 84 g, respectively

(Appendix A Table 11.9). In terms of changes in biomass (Figure 11.5), all species showed

a dramatic increase after 2 years in the absence of livestock. Biomass increases ranged

from 48% to 568% outside of elk exclosures and 131% to 745% inside. Species with the

strongest response in the presence of deer and elk were Mackenzie willow, black

cottonwood, whiplash willow, and thin-leaf alder with increases of415%, 568%, 358%,

and 152%, respectively. In most cases growth was reduced 1/3 to ½ by wild ungulate

browsing.

Percentage increase in numbers of stems/plant, stem diameters, and plant heights

ranged between -5% and 151% for all species (Table 11.3). The greatest stem diameter

increases over the two seasons occurred with the potential tree species thin-leaf alder and

black cottonwood. Stem diameters increased 46% (8 mm) and 59% (7 mm),

respectively, with browsing during the two years. Alder stem diameter increases inside of

the elk exciosure were more than double (105%) the increases outside. The greatest



increase in number of stems were measured for the many-stemmed coyote willow and

sandbar willow. Increases were 57 and 65% outside of elk-proof exciosures vs. 75 and

100% inside (i.e. an average of 7 new stems/plant) (Tables 11.2, Appendix Table 11.9).

Rates of Establishment, Densities, and Seed Production

Changes in shrub densities and frequencies were relatively low during the initial

phases of the restoration project (Figure 11.6, Appendix Table 11.10). This may partially

be explained by a lack of seed source for the site (i.e., only 10% of willows produced

catkins). Sandbar willow, the most abundant gravel bar shrub at Meadow Creek,

increased from 5 to 7 plants/lOOm2 in two seasons. The second most abundant woody

plant was cottonwood which increased from 1.3 to 2.0 plants/lOOm2, while the third, thin-

leaf alder, increased from 0.9 to 1.5 plants/lOOm2. Because of low densities, other shrub

density increases were summed together equaling less than 0.5 plants/lOOm2. None of

these increases were statistically significant due to the large variations between transects.

In May of 1990, a major high flow created numerous new gravel bars, and we placed half

of the gravel bar transects in those locations. Shrub densities by 1993 in these transects

were approximately half that of the old gravel bars for willow, alder, and the other shrubs

combined (Figure 11.7). Cottonwood on the other hand showed higher densities on new

gravel bars. When all shrubs were combined together, densities equaled 20 plants/lOOm2

on old bars and 9 plants/lOOm2 on new bars.

Increases in the distribution of species (frequency) throughout the study area were

measured (Appendix Table 11.10, Figure 11.8). Alder occurred in 24% of the transects in

1991 increasing to 29% by 1993. Cottonwood occurred in 20% in 1991 and did not

increase during the 2 years. Sandbar willow occurred in 36% of transects in 1991

increasing to 38% by 1993; whiplash willow (Salix lasiandra var. cauckita) increased from

8% to 17%, and other willows showed none or only slight increases or decreases in

occurrence. Some other shrubs showing some dominance and changes in frequency

included stinking currant (Ribes hudsonianzini), which increased from 20% occurrence to

28%, and common snowberiy (Symphoricarpos albus), from 8% to 14%(see species list

30
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Table 11.2). All other shrubs showed little presence with no or only slight changes in

distribution (Appendix Table 11.9). The best expression of woody plant establishment

rates at Meadow Creek following the removal of livestock, comes from the changes in

total number of all shrubs encountered in all transects combined (Figure 11.9). The number

of shrubs increased 50% from 271 to 412 in the two seasons following removal. This is

equivalent to a mean of one new shrub for every 9 meters of transect length. The greatest

mesured increase was in sandbar willow (Salix exigua var. melanopsis); 25% of the 144

new pants were this species.

Willow seed production was low at Meadow Creek (Table 11.5). Sandbar willow

and coyote willow were the most prolific making up 80% of the species producing seed.

The mean number of catkins produced increased three fold the first season then decreased

slightly the second season to a mean of 135 aments/plant. Most individuals producing

seed were inside of the elk exciosures, especially the second year, with 14 inside vs. 3

outside. Not all flowering shrubs flowered the second season. There were 9 new seed

producing plants at the end of the first year and 4 new seed producers the second.

Table 11.5. Number of willow plants producing seed at Meadow Creek,
Oregon from 1991-1993.

1991 1992 1993

Sandbar willow 5 8 4

Coyote willow 8 9 10

MacKenzie willow 1 2 2

Watson's willow 1 0 0

Whiplash willow 1 2 1

Total 16 20 17

%of all willows 9.2 11.4 9.8

Mean#catkins/plant 55(16) 164 (48) 135 (32)

# outside exclosures w/ catkins 6 8 3

# inside exciosures w/ catkins 9 12 14
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Other Ecosystem Factors Influencing Tree/Shrub Recovery

Other ecosystem factors influencing shrub recovery over the two seasons included

beaver, which removed mainstems from 20% of willows, 11% of alder, and 4% of

cottonwood (Figure 11.10). Active insect defoliation was noted on stems of 16% of the

willows, 7% of the alders, and 0% of the cottonwoods. Cottonwood received the least

browsing impact by all herbivores. In all cases of wild forms of herbivory, willows were

the preferred species, an illustration of their supportive role in numerous ecosystem

processes (Massey and Ball 1944). Peak flows were also important influences, damaging

stems of 6% of recovering shrubs in 1993.

80

Deer/Elk Beaver

Figure 11.10. Percent of individuals browsed by deer and elk outside elk exclosures in
1993, and the percent browsed by beaver and insects outside during the
199 1-1993 period at Meadow Creek.



Discussion

Factors Influencing Rates of Growth

In general, willow shoot regrowth will vary depending upon degree and season of

use in previous years along with a multitude of climatic/soil variables (Kovalchik 1992).

Overuse by large herbivores during previous growing seasons can produce a sharp decline

in vigor (Kovalchik 1987), although browsing during the dormant season is less damaging

(Kindshy 1989). The length of previous year's snow cover (i.e., the length of growing

season), early season temperatures, levels of summer drought, plant resource

accumulation the previous year, and conditions during late season bud development, are

all important influences affecting shoot and root growth (Koslowski 1984, Wijk 1986,

Kovalchik 1992). Other factors influencing shoot growth include frost, air and soil

temperature during winter and spring, diurnal climate, soil nutrients and chemistry, levels

and duration of flooding, plant age, insects and pathogens (Massey and Ball 1944,

Koslowski 1984, Dowsley 1987, Dodge and Price 1991, Kovaichik 1992). At Meadow

Creek all of these factors have interacted to provide a unique growing season for each

plant. Growth without wild ungulate browsing gave some indications of between year

differences in growth as well as between species differences (Table 11.6). It may be that

the second season was more favorable to plant growth since willows, black cottonwood,

and alder all increased more the second season than the first. But this is not completely

clear because of mixed responses and the cumulative effects of previous years.

Initial Shrub Composition and Stature

Willow species made up 71% of the tagged samples and comprised 60% of shrubs

encountered in the streambank transects. They are by far the dominant riparian shrub,

although few in number and scattered at this time. Sandbar willow was three fold more

abundant than the next most abundant shrub, black cottonwood. This relationship is likely

to continue as sandbar willow is a prolific sprouter (Hansen 1992) and its densities have

increased faster than the other species (Figure 11.6).

35



Table 11.6. Changes in crown volumes for each season without wild
ungulate influences. Numbers in parenthesis are standard
errors.

36

Crown volume is an important index to shrub growth, because growth is often

lateral as well as vertical for the spreading colonial species like sandbar willow. Also,

browsing by ungulates on low profile shrubs has a top down influence which can bias the

quantification of overall growth. However, the following discussion uses height since it is

the growth parameter common in the literature.

In 1991, shrub physiognomy at Meadow creek reflected decades of heavy grazing

pressures with mean heights of 6 of 9 species less than their mean widths (<5 0cm).

Before the construction of livestock exclosures at Catherine Creek which is also in the

Upper Grande Ronde Basin, shrub statures were also severely suppressed, mean heights of

5 willow species were <1, 15, 2, 16 and 29 cm (Kauffinan 1982). Elsewhere in Oregon,

heights following heavy livestock use ranged from 8 to 20 cm (Shaw 1992). Severely

reduced shrub statures are not uncommon in overgrazed nparian systems (Benke and

Raleigh 1978, Platts and Rinne 1985).

Shrub Growth Inside and Outside of Exciosures

Kovaichik (1992) suggested that severely browsed willows can initially lack vigor

following release and that annual height growth in central Oregon npanan zones can range

Crown volume (m3)
year I growth

Crown volume (m3)
year 2 growth

Sample
size

Thin-leaf alder 0.11 (0.03) 0.39 (0.15) 4

Black cottonwood 0.17 (0.08) 0.42 (0.18) 17

Willows combined 0.48 (0.10) 0.38 (0.10) 41

Coyote willow 0.79 (0.18) 0.62 (0.23) 16

Sandbar willow 0.12 (0.04) 0.0 (0.04) 5

Whiplash willow 0.27 (0.19) 0.14 (0.07) 7

Mackenzie willow 0.70 (0.61) 0.29 (0.09) 2

Watson's willow 0.31 (0.12) 0.35 (0.12) 11
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between 15 cm and 45 cm, decreasing with age. On our sites mean annual height growth

varied between 10 cm and 24 cm the first season in the presence of elk and deer browsing

(Table 11.7). During the second season however, wild ungulate impacts were more severe

and height growth for willow and cottonwood was reduced to 1 cm. To help clarif' the

influence of browsing we must also consider crown area expansion (Table 11.8), where

growth is assessed in terms of aerial extent as well as height for each year (crown

volume). Crown volume expansion the second season with wild browsing is

approximately 50% for alders, 20% for cottonwood and 50% for willows compared to the

first seasons growth. Nevertheless, in terms of total crown volume growth over two

seasons, cottonwood increased 773% inside elk exclosures and 808% outside, while

willows increased 555% inside and 195% outside (Table 11.3).

In contrast to willows the less preferred alder species grew taller, an average 15

cm during the second season and 23 cm the first. Inside the elk exciosures, average height

increases ranged between 17 cm and 31 cm for all the three species. On average wild

ungulates within the Starkey Experimental Forest big game inclosure are retarding early

recovery growth (crown volumes) by up to two-thirds for willow and one-half or less for

other species depending on year. In terms of biomass (Figure 11.5), wild ungulate

influence is less dramatic with no influence on black cottonwood and whiplash willow, but

Table 11.7. Annual height growth (cm) during 2 seasons outside and inside of
elkldeer proof exclosures, at Meadow Creek in northeast Oregon.
Numbers in parenthesis are standard errors.

SPECIES Year 1 Year 2

Inside

Alder 23 (3) 26(9) 15(4) 25(6)

Cottonwood 24 (4) 17 (4) 1 (5)* 31 (5)*

Willow 10 (2)* 28 (3)* 1 (2)* 18 (4)*

Combined 13(2)* 25(3)* 3(2)* 22(3)*
* Indicates a significant difference inside vs outside of elk exclosüres (p<O.I 0)
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biomass was reduced 30 to 50% for the other species. More years of data and larger

samples are needed to filly explain the influence of browsing between years and among

species.

On Catherine Creek, a third order stream in the foothills of the Wallowa

Mountains, height increases for willows and cottonwood were 100 cm over 10 years or 10

cm/year, while alder increased 200 cm or 20 cm/year (Green 1991). In our study the

strongest mean height response was from cottonwood protected from wild browsers

which grew an average of 31 cm during the second season (Table 11.7). In Utah willow

regrowth within exclosures was also slow (Behnke and Raleigh 1978). After four years

plants had just emerged above the sedges and grasses, reaching a height of 50 cm

Table 11.8. Shrub mean crown volume expansion (m3) between 1991 and 1993
outside and inside of elk/deer proof exclosures at Meadow Creek,
Oregon. Numbers in parenthesis are percent growth for the year.

SPECIES Yearl Year2

Alder ** 0.67 (103%) 0.11(220%) 0.61 (46%) 0.39 (244%)

Cottonwood 0.21 (420%) 0.17 (213%) 0.21 (81%) 0.42 (168%)

Willow 0.20 (83%)* 0.48 (300%)* 0.17 (39%)* 0.38 (60%)*
* Indicates a significant difference inside vs outside of elk exclosures (p<O.l 0)
** Sample sizes for alder are too small to detect significant differences.

for a growth rate of 12.5 cm/year. Elsewhere in Oregon severely suppressed sandbar

willow with initial heights of 8-20 cm increased 250%, 150%, 260%, and 40%,

respectively, during four years in four different grazing treatments: 1) no grazing, 2)10

days spring grazing light to moderate, 3)10 days fall grazing light to moderate, and 4)

season long grazing (Shaw 1992). These growth rates translate into 5 to 12 cm height

growth increments per year in exciosures. In the same study, heights of pacific willow

(Salix lasiandra var lasiandra) increased 180%, 201%, 100%, and 44%, respectively, or

3.6 to 9 cm per year. On Meadow Creek following two growing seasons, willow height

38
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increases for the 6 species averaged 10 cm the first year and 1 cm the second with elk and

deer browsing, compared to 28 cm the first year and 18 cm the second with protection

from browsing.

Wild Ungulate Influences on Recovery

Clearly, elk and deer browsing is considerable at Meadow Creek. Browsing was

observed on all species and on 44 to 85% of the individuals in 1992 and 1993 (Table 11.4).

Willow crown volume increases outside of elk exclosures were approximately 35% of

those measured inside, while height increases outside were only 20% of those inside over

the 2 seasons. However, during the second season alone the impact on cottonwood height

growth was significant (p<O. 10). Height growth of all species inside of the protected

zones was similar during both years, (Table 11.7). Both cottonwood and willow height

growth was reduced to an average of 1 cm the second season by wild browsers;

nevertheless, crown areas did expand. It may be that with increased stature the palatable

new shoots are more visible and therefore more vulnerable to browsing.

Game trails, elk pellets, and shrub use along Meadow Creek indicate that elk

presence is high. Elk studies at the Starkey Experimental Forest utilize captive herds of

elk, deer, and cattle enclosed within a 77 sq. km big-game-proof fence. During the 1991-

1993 seasons, elk densities were approximately 6/sq km (14-16/sq. mile); deer were 5/sq

km (12-13/sq. mile) and cattle were 8/sq km (20/sq. mile)(Bruce Johnson, Forest and

Range Science Lab, La Grande, Pers. Comm.). Cattle were excluded from the Meadow

Creek drainage which is approximately 12.8 sq. km (5 sq miles).

It is possible that elk impacts in the Meadow creek drainage were higher than what

would be expected outside of the Starkey big game enclosure for the following reasons:

(1) Elk and deer are restricted from their seasonal migrations thus leading to year

around browsing pressures. Edgerton and Smith (1971) reported that elk use in the

Starkey Experimental Forest before the big game enclosure was in place, was highest

during May/June and November when elk were migrating to and from summer ranges.

Deer use was more constant from April to December. Under current management elk and

deer are present on a year around basis.
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(2) Elk in particular may be being forced into the Meadow Creek drainage by their

social instincts to avoid cows which are elsewhere throughout the Starkey big game

enclosure. Several studies reported the observance of a strong social intolerance by elk

towards cattle (Roberts and Becker 1982). Nelson and Burnell (1979) found elk leaving a

management unit when cattle were introduced, and afterward elk were not observed

except in areas without cattle. In Montana elk/logging studies, systematic observations

revealed a significant tendency for elk to avoid cattle (Lyon et al. 1985). In Alberta,

Canada, a study of dietary interactions between elk, deer, and, cattle reported a diet

overlap between elk and cattle of 0.98, yet a weak temporal overlap of 0.15. On the other

hand, deer and cattle diet and temporal overlaps were 0.11 and 0.61 while elk and deer

overlaps were 0.22 and 0.76, respectively (Berg and Hudson 1982). Skovlin et al. (1968),

in northeast Oregon also reported a social intolerance by elk towards cattle. Research on

cattle grazing influences on mule deer habitat selection in the Sierra Nevada summer range

found that mule deer shifted habitat use to those avoided by cattle (Loft et al. 1991).

Overuse of shrubs by wild ungulates can be severe. In Yellowstone National Park

where vegetation and herbivores are reported to be in disequilibrium, willow and

cottonwood stands have been reduced by 90% over the past decades (Kay 1994).

However, in Idaho naturally occurring elk did not negatively influence riparian shrubs

(Platts and Raliegh 1984). Rickard and Cushing (1982) reported increased stature and

density of woody plants when livestock were excluded but in the presence of elk and deer

browsing. Others have suggested that deer may be as important as elk when assessing

native riparian browsing (Bruce Johnson, Forest and Range Science Lab, La Grande,

Pers. Comm.), since deer prefer shrubs to a greater degree (Skovlin and Vavra 1979).

Our study showed that willows were preferred over alder and cottonwood. This

preference may be partly explained by the higher nutrient values of willows. For example

coyote/sandbar willow and thin-leaf alder leaves contained higher concentrations of crude

protein (16.3% and 16.1%) than the other shrubs (Chapter III). Other research found that

willow and cottonwood were both equally preferred over alder (Kufeld 1972).
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Densities, Establishment Rates and Seed Production

Shrub densities and rates of establishment were low along Meadow Creek,

compared to other sites. Along our site, Ganskopp (1978) described 44 riparian plant

communities of which seven contained hardwood species, one contained willow, two had

thin leaf-alder, but none contained black cottonwood. One hundred and thirty-five distinct

gravel bar stands totaling 3.2 hectares were described as recently exposed or deposited

gravels on which a soil had not yet developed. Individual herbaceous plants were quite

dispersed, and no woody species were found on these gravel bars. These are sites that

could potentially be occupied by willows (Busse 1989). In contrast, on Catherine Creek

with a recent history of good livestock management and livestock exclosures, willow,

alder, and cottonwood species were present in one-third of the major community types

(Kauffman et al. 1985). In addition, all gravel bars contained several willow species.

Following 10 years of rest on Catherine Creek, willow and alder stem densities increased

three and seven fold, respectively, with cottonwood stem densities increasing 50% (Green

1991). At roughly 6, 4, and 10 stems/plant for thin-leaf alder, black cottonwood, and

willow, respectively, this translates into approximately 6 alder, 35 cottonwood, and 176

sandbar willow per lOOm2 (Green 1991). In contrast, our data indicated 1.6 alder, 2.0

cottonwood, and 7.0 sandbar willow occupied lOOm2 gravel bar transects at Meadow

Creek after two years of cattle exclusion (Figure 1.6).

Establishment rates are in part a function of seed production. Seed production at

Meadow Creek is low with only 10% of willows producing seed. At Yellowstone

National Park seed production only occurred on plants above browse height outside of

exclosures (Kay 1994), indicating that it takes several years before protected plants begin

producing catkins. Few studies have quantified riparian recovery following release from

heavy grazing pressure. In Montana sandbar willow was a prolific sprouter which quickly

re-established where it had not been totally removed by grazing (Hansen 1992). Also in

Montana shrub production was found to be 13 times greater inside of exciosures

(Marcuson 1977). Shrub canopy cover in north central Colorado was 8.5 times higher in

protected areas (Schultz and Leininger 1990). In south central Washington after 10 years

protection from livestock, woody plants had increased in stature and density to form a
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more or less continuous tree corridor along the entire length of the stream (Rickard and

Cushing 1982). At Meadow Creek just below our study site, a control treatment excluded

from grazing for 15 years has recently experienced an explosion of willow and alder

growth along the streambank (Skovlin et al. 1977), thus giving clues to the potential for

riparian shrub recovery at Meadow Creek.

Conclusion

In general, many riparian zones in the west have been damaged sense Euro-

American settlement, with consequences to fish, wildlife, and water quality and quantity.

This decline was either unnoticed or not given much value until recently. Although much

damage occurred at the turn of the century, the continuous grazing pressure by livestock

in many nparian systems has forestalled their recovery. Because the traditional grazing

strategies have focused on the ecology and production of upland communities,

riparian/fisheries and wildlife habitat have often been overlooked (Wagner 1978,

Fleischner 1994). As in many systems of the interior west, Meadow Creek shrubs were

nearly eliminated from the system. Reduced to the stature of grasses, grazed and browsed

shrubs are vulnerable to herbivory, especially during middle and late season. At high use

levels, the reduced photosynthate, carbohydrate reserves, root mass, and reproductive

mechanisms can eventually lead to the elimination of shrubs from the system (Kovaichik

1992, Kovalchik and Elmore 1992).

Few studies have quantified riparian recovery. We examined the inherent

resilience and early regrowth responses, following the removal of livestock, with and

without wild ungulate browsing. While vigor is typically low during the first seasons

following release, growth increases were dramatic. In two seasons, average shrub crown

volume increases varied between 195% and 808% among species. Thin-leaf alder

increased 198%, cottonwood 808%, and willow species 195% outside of elk/deer

exclosures. Inside of elk/deer proof exclosures thin-leaf alder increased 1046%,

cottonwood 773% and willows 5 50%. Willow crown volume growth was significantly
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impeded by deer and elk, cottonwood growth was not different inside or outside, and

alder sample size was too small to test (alder appears impeded). With regard to wild

ungulate browsing, elk concentrations in the Meadow creek drainage may be high due to

high densities and the unique conditions imposed by the 77 sq. km big game enclosure

surrounding the Meadow Creek study site. The combination of restricted elk migrations

and a strong social avoidance interaction between elk toward cattle elsewhere throughout

the Starkey game enclosure may exaggerate the summer presence of elk along Meadow

Creek. This observation warrants further investigation due to implications regarding elk

traffic in areas excluded from cattle.

Shrub densities and rates of establishment were low at Meadow Creek due to the

scarcity of parent shrubs and the absence of reproduction mechanisms. Nevertheless, the

total number of shrubs increased 50% in two seasons. If this trend continues artificial

plantings would be unnecessary. We expect that as stature and vigor increase more shrubs

will produce seed and densities will continue to increase.

The restoration of endangered fisheries is a paramount and current concern for

many western stream/riparian ecosystems (Nehlsen et al. 1991, Fnssell 1993). Aquatic

restoration is directly related to the re-establishment of streamside plant communities

which provide many essential ecological functions. Overbrowsing by herbivores can

severely reduce seed production, plant establishment, and plant vigor/survival. Without

seedling establishment, community populations are not sustainable. Due to their

accessibility and palatability, recovering low profile shrub communities remain vulnerable

when herbivores are present. Although light seasonal livestock grazing in some systems

may be compatible with some objectives, complete protection during the first 5-10 years

offers the greatest likelihood of initiating restoration (Fleischner 1994, Kovalchik and

Elmore 1992, Chaney et al. 1990). Where elk and/or deer populations are high, additional

protection measures may be required at least during the initial recovery period.



Appendix A

Thin-leaf alder, black cottonwood, and willow species (tagged samples) dimensional increases outside (out)and inside (i
of elk exciosures at Meadow Creek in the Upper Grande Ronde Basin, Oregon from 1991- 1993. Statistical compariso
between years were made using a paired t-test and like letters indicate no difference (p< 0. 10). A difference in growth
inside vs. outside of deer/elk exciosures was determined using co-variate analysis (co-variate is crown volume) and an
asterisk (*) indicates a significant difference (p< 0.10).

Thin-kafaldcr: 27 4

Black ctwood: 23 17

Willows comInned 41

In Out In (Jut In Out In (Jul In

Species Year F1eit Crown Aiea Crown Volume Mainstem Diameter Number of Stems Calculated Biomass Sample size
(an) (sq. meters) (Cu. meters) (mm) (grams)

Out' Out hi Out hi

1991 82' 40' 0.55' 0.12 0.65' 005' 18 15' 4.7' 5.0 343' 87
(8) (4) (0.12) (0.03) (0.17) (0.02) (2) (7) (0.6) (1.9) (84) (68)

1992 105b 66b 087b 024b 132b 016b 23b 21b 64b 7.0' 586b 182"
(9) (10) (0.18) (0.03) (0.40) (0.03) (2) (7) (0.9) (1.6) (136) (97)

1993 120' 92° 1.16' 0.58' 1.93' 0.55' 26' 31" 6.7" 4.8' 862' 455°
(10) (12) (0.23) (0.08) (0.56) (0.15) (2) (12) (0.9) (1.4) (188) (136)

Total 38 52 0.61 0.46 1.28 0.50 8 16 2.0 0.2 520 368
Growth (5) (14) (0.16) (0.13) (0.42) (0.17) (1) (5) (0.6) (1.0) (142) (90)

1991 35' 32 0.12' 0.16' 0.05' 0.08' 12' 12' 3.1' 4.8' 38' 72'
(3) (3) (0.03) (0.07) (0.01) (0.04) (1) (2) (0.3) (0.9) (9) (42)

1992 59b 49b 034b 033b 0.26" 025" 16b 13' 53b 5.4' 145" 122"
(5) (5) (0.08) (0.13) (0.08) (0.12) (2) (2) (0.7) (0.7) (43) (57)

1993 60" 81' 045" 0.54° 0.47" 0.67' 19" 18b 4.2° 5.9' 257' 300°
(7) (8) (0.14) (0.18) (0.20) (0.29) (2) (3) (0.5) (1.3) (91) (119)

Total 25 49 0.33 0.39 0.42 0.59 7 7 1.1 1.1 218 228
growth (7) (7) (0.12) (0.13) (0.19) (0.26) (2) (2) (0.5) (1.0) (86) (92)

1991 63' 53' 0.28 0.24' 0.24' 0.16' 9 1P 7.4 8.5' 83' 80' 131
(2) (3) (0.04) (0.03) (0.05) (0.03) (0.3) (1) (1.0) (1.0) (11) (15)

1992 72" 82" 048" 063b 044b 0.64' 12" 13" 104" 85' 143" 24D
(3) (5) (0.06) (0.08) (0.08) (0.12) (0.4) (1) (1.0) (0.8) (19) (43)

1993 73" 100' 0.60' 0.82° 0.61' 1.02' 14° 15° 11.2' 12.6" 178° 430°
(3) (7) (0.07) (0.16) (.13) (0.19) (1) (1) (1.4) (1.3) (26) (79)

Total 10* 46 0.32* 0.57 0.37 0.86 4 4 3.9 4.1 195* 351
Growth (3) (5) (0.05) (0.09) (0.09) (0.17) (1) (I) (0.8) (1.0) (71) (71)

Table 11.9. n)
ns
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Appendix A (continued)

Table II 9 (continued)

Coyote willow:

Sandbar willow

Whiplash willow

Year

1991

1992

1993

Total
Growth

1991

1992

1993

Total
Growth

1991

1992

1993

Total
Growth

Out'

69'
(7)

72'
(6)

70'
(9)

1*

(13)

66'
(5)

71'
(5)

68'
(4)

2*

(5)

60'
(6)

79"
(7)

78"
(6)

18
(7)

Height
(cm)

63'
(4)

100b

(7)

127'
(12)

64
(12)

42'
(6)

59"
(5)

67"
(3)

25
(4)

55'
(7)

76"
(7)

87"
(9)

31
(6)

Crown Area
(sq. meters)

Out In

0.13' 0.27'
(.04) (.06)

0.13' 088b

(0.02) (0.15)

0.16' 1.10'
(0.05) (0.22)

0.04* 0.83
(0.07) (0.18)

0.37' 0.20'
(0.08) (0.06)

064b 034b

(0.14) (0.07)

0.69" 032"
(0.19) (0.06)

0.32 0.12
(0.14) (0.08)

0.25' 0.23'
(0.06) (0.11)

059b 0.42'
(0.16) (0.21)

0.71° 0.54'
(0.17) (0.24)

0.47 0.31
(0.13) (0.16)

Crown Volume
(cu. meters)

Out In

0.09' 0.20'
(0.03) (0.05)

0.09' 099b

(0.02) (0.22)

0.14' 1.61'
(0.05) (0.38)

0.04* 1.41
(0.07) (0.35)

0.29' 0.09'
(0.08) (0.04)

050b 021b
(0.12) (0.06)

0.5D 021b

(0.19) (0.04)

0.28 0.11
(0.16) (0.06)

0.18' 0.15'
(0.06) (0.08)

053b 0.42"
(0.18) (0.26)

0.63" 0.56"
(0.17) (0.30)

0.45 0.41
(0.14) (0.23)

Mainstem Diameter
(mm)

9 12'
(1) (1)

10' 15"
(1) (1)

11' 17'
(1) (1)

2* 5

(2) (1)

10' 7'
(1) (1)

13b 13b

(1) (2)

15b 12b

(2) (1)

5 5

(1) (2)

10' 10'
(1) (1)

15b 14"
(1) (2)

16" 16"
(1) (3)

7 5

(1) (1)

Number of Stems

3.5' 7.1'
(0.5) (1.1)

5.3 14.7'
(1.1) (1.2)

5.5 12.5"
(1.0) (2.4)

2.0 5.4
(0.8) (2.0)

12.6' 6.4'
(4.3) (1.3)

17.3° 80b

(4.3) (1.6)

20.7° 12.8"
(5.4) (2.1)

8.1 6.4
(2.6) (3.0)

5.6' 6.6'
(0.9) (2.3)

8.7" 7.4'
(1.5) (2.0)

9.3° 9.0'
(1.6) (2.7)

3.7 2.4
(1.2) (1.7)

Calculated Biomass
(grams)

39' 78'
(14) (18)

41' 387"
(9) (85)

57' 655'
(20) (153)

19 578
(30) (142)

111' 35'
(30) (16)

184b 79b

(40) (21)

205° 80"
(62) (13)

94 45
(56) (20)

59' 99
(13) (59)

210" 187'
(48) (101)

270° 312'
(70) (181)

211 213
(69) (132)

Sample size

16

18



Species Mainstem Diameter Number of Stems Cakulated L3iomass Sample siie
(mm) (grams)

In Out In Out In Out In Out In Out In
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Table II 9. (continued)

Year

Out'

Height
(cm)

Appendix A (continued)

Crown Area
(sq. meters)

Out In

Lemons willow: 1991 58' 0.21' 0.14' 9' 3.2' 50
(7) (0.06) (0.05) (2) (1.2) (15)

1992 72' 0.31' 0.26' 13b 4.8' 106'
(12) (0.10) (0.10) (2) (1.9) (33)

1993 59' 046b 0.33' 12b 5.2' 102'
(9) (0.15) (0.14) (2) (2.1) (36)

Total 1 0.25 0.19 3 2.0 52
Growth (10) (0.15) (0.15) (1) (1.1) (36)

Mackenzie willow 1991 70' 50' 0.36' 0.41' 0.40' 0.20' 10' 10' 5.9' 12.0' 108' 84' 33
(6) (7) (0.11) (0.01) (0.18) (0.03) (1) (2) (0.8) (3.5) (31) (11)

1992 79b g5 055b 0.90' 0.67" 0.90' 12" 12' 9.3" 13.5' 253b 282'
(7) (22) (0.14) (0.32) (0.28) (0.47) (1) (2) (1.4) (1.8) (82) (139)

1993 80b 103' 0.74' 112b 1.05' 1.19' 14" 14' 94b 19.0' 556' 593'
(8) (8) (0.19) (0.31) (0.46) (0.40) (1) (1) (1.3) (5.0) (293) (271)

Total 9 53 0.36 0.71 0.65 0.99 5 4 3.5 7.0 448 509
Growth (6) (2) (0.12) (0.41) (0.30) (0.52) (1) (5) (0.9) (2.0) (270) (368)

Watson willow 1991 55' 45' 0.21' 0.23' 0.13' 0.11' 9' 10' 7.4' 12.0' 65' 91' 38
(3) (4) (0.03) (0.05) (0.03) (0.03) (1) (1) (1.3) (2.5) (13) (29)

1992 66b 69b 0.35" 0.49" 026b 042" 11b ob 8.6' 9.2" 133" 135"
(3) (7) (0.05) (0.12) (0.05) (0.14) (1) (1) (1.3) (1.4) (31) (44)

1993 71' 83' 0.47' 0.77' 0.39' 0.77' 12b 12b 9.2' 138b 168' 308'
(4) (8) (0.07) (0.18) (0.08) (0.22) (1) (1) (1.3) (2.4) (39) (88)

Total 16* 38' 0.26' 0.55 0.26 0.66 3 2 1.8 1.8 103' 217
Growth (4) (5) (0.06) (0.15) (0.07) (0.21) (1) (1) (1.3) (1.3) (35) (76)
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1992

Appendix B

Table 11.10. Shrub densities and frequencies on gravel bars at Meadow Creek, Oregon
(199 1-1993). Numbers in parenthesis are standard errors.

'Changes in density were not significantly different between years at the p4). 10 level.
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Species 1991 1992 1993

Densitie& (#/100m2)

1991 1993

Frequencies (%)

1991 1992 1993

Thin-leaf alder 24 31 41 0.96 (0.22) 1.19 (0.39) 1.58 (0.47) 24 23 29

Black cottonwood 32 49 52 1.28 (0.67) 1.88(0.78) 2 (0.94) 20 21 19

Coyote willow 7 16 18 0.28 (0.17) 0.62 (0.33) 0.69 (0.41) 8 10 8

Sandbar willow 125 162 181 5.00 (2.40) 6.23 (2.98) 6.96 (3.25) 36 35 38

Pacific wifiow 4 10 10 0.16 (0.08) 0.38(0.12) 0.38 (0.12) 8 17 17

Lemon's willow 1 1 1 0.04 (0.04) 0.04(0.04) 0.04 (0.04) 2 2 2

MacKenzie willow 13 20 15 0.52 (0.17) 0.77 (0.23) 0.58 (0.18) 20 25 21

Watson willow 25 21 23 0.88(0.24) 0.81 (0.23) 0.88 (0.26) 28 25 25

Red-osier dogwood 3 4 4 0.12 (0.09) 0.15 (0.17) 0.15 (0.09) 4 6 6

Black hawthorn 3 4 3 0.12 (0.12) 0.15 (0.09) 0.12 (0.11) 2 2 2

Stinking currant 23 25 36 0.92 (0.46) 0.96 (0.15) 1.38 (0.51) 20 29 27

Common snowberry 9 15 23 0.36 (0.22) 0.58 (0.27) 0.88 (0.37) 8 12 13

Wax currant 1 4 1 0.04 (0.04) 0.15 (0.32) 0.04 (0.04) 2 2 2

Pearhip rose 1 4 3 0.04 (0.04) 0.15 (0.15) 0.12 (0.08) 2 4 4

Service berry 0 1 1 0 0.04(0.11) 0.04 (0.04) 0 2 2

Red Raspbeny 0 1 0 0 0.04 (0.04) 0 0 2 0

Totals 271 368 412 10.72 14.14 15.84



CHAPTER ifi

BIOMASS EQUATIONS AND NUTRIENT CONCENTRATIONS FOR FOUR

NORTHEASTERN OREGON RIPARIAN SHRUBS

48



Abstract

Obligate riparian shrubs play critical roles in riparian/aquatic ecosystems. The

quantification of shrub biomass is important in the assessment of riparian ecological status,

population trends, and/or rate of recovery, yet few non-destructive means of estimating

biomass have been developed. Models that predict 1eaf twig, stem, and the total biomass

of riparian shrubs are scarce; therefore, regression equations were developed for the

northeastern Oregon ripanan shrubs thin-leaf alder (Alnus incana (L.) Moench), black

cottonwood (Populus trichocarpa T. & G), Mackenzie willow (Salix rigida var.

mackenzieanna (Hook). Cronq.), and coyote willow (Salix exigua var. exigua Nutt).

Models were generated, using best-fit combinations from the four independent variables,

height, elliptical crown area, main stem diameter, and number of stems. All the variables

except number of stems were log-transformed and the equations were adjusted for log

bias. Equations were generated using a range of plant heights of 30 to 565 cm for thin-

leaf alder, 19 to 340 cm for black cottonwood, 55 to 210 cm for Mackenzie willow, and

45 to 250 cm for coyote willow. Most equations resulted in R2 values> 0.90.

Generalized equations using all species combined and species with similar physiognomies

were also developed (R2 0.90 to 0.99). In addition, the concentrations of nitrogen,

carbon, and sulfur were determined for each species and plant part. Foliar nitrogen

concentrations were 2.57, 1.91, 1.98 and 2.61 % by weight for alder, cottonwood,

Mackenzie willow, and coyote willow respectively. Leaf C:N ratios were highest in

cottonwood (26) and lowest in coyote willow (14). These equations combined with

nutrient concentration data should prove acceptable predictors in a variety of ecological

studies where destructive sampling is not possible but estimates of biomass, rates of

biomass accumulation, and nutrient dynamics are needed for obligate nparian species.
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Introduction

With increased interest and heightened efforts to restore and protect endangered

fish stocks and as management agencies move toward ecosystem management (FEMAT

1993, Jenson and Bourgeron 1994), more efforts will be directed toward riparian

ecosystems. To accurately quantify ecological status and/or recovery of riparian shrubs

and to accurately quantif,' shrub and tree biomass, predictive equations and models are

often needed. Non-destructive biomass equations enable scientists and managers to

accurately inventory, study, and compare the structure and function of nparian shrub

communities. Biomass equations facilitate the study of primary productivity, nutrient

cycling, leaf litter inputs, aquatic and riparian corridor resources, as well as, ecological

responses to alternative management practices (Kauffman and Krueger 1984, Waring and

Schlesinger 1985, Platts 1991).

Biomass prediction equations for riparian shrubs are scarce, especially in the

interior Pacific Northwest. Equations exist for only a few species and geographic

locations. Most developed equations to date are for upland species, using stem basal

diameter as a single independent variable (Stanek and State 1978, Gholz et al. 1979, Smith

and Brand 1983). Only a few studies of upland shrubs have utilized shrub crown variables

as a parameter of interest (i.e. crown area, crown volume, and plant height) (Rittenhouse

and Sneva 1977, Kauffman and Martin 1990). Etienne (1989) and Pitt and Schwab

(1988) provide a thorough review.

Of particular importance in northeast Oregon is the development of equations for

the common riparian species, thin-leaf alder (Alnus incana), black cottonwood (Populus

trichocarpa), Mackenzie willow (Salix rigida var mackenzieanna), and coyote willow (S.

exigua var. exigua). These species are often dominant in riparian ecosystems of the

interior West and important in many riparian and stream restoration projects (Bryant and

Skovlin 1982, Kauffman 1982, Kovalchik 1987, Busse 1989, Green 1991).

The objectives of this study were to develop component and total biomass

prediction equations for four common riparian shrubs of northeast Oregon. The four

independent variables height, elliptical crown area, size of the main stem, and number of
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stems were used to quanti the dependent variables, dry weights of leaf, twig (<0.5 cm),

stem (>0.5 cm), and total biomass. In addition, the concentrations (%) of C, N, and S.

were quantified for each plant part so that nutrient pool dynamics could also be

ascertained.

Study Area

The study was conducted along a 3 km reach of Catherine Creek on the Hall Ranch

of the Eastern Oregon Agricultural Research Center in Northeast Oregon. Catherine Creek

is a third-order tributary to the Grande Ronde River in the foothills of the Wallowa

Mountains. The site is located 19 km southeast of Union, Oregon (Figure III.!). It has a

westerly aspect at an elevation of 1030 m. The climate is continental with cold wet winters

and hot dry sunmiers. The mean annual precipitation is 600 mm which falls mostly as winter

snow.

To



Methods

Field and Lab Procedures

In mid July 1992 fifteen to eighteen individuals from each species, with heights

ranging between 20 and 630 cm were randomly selected from populations along a 3-km

reach (Table 111.1). Individuals were chosen to represent the typical range in shrub

dimensions within 14-year-old livestock exciosures at Catherine Creek. Thin-leaf alder

and black cottonwood were sampled to larger heights and widths than the willows. The

biomass of sampled plants ranged from 1.6 to 12,762.6 g. The shrubs were measured for

maximum height, elliptical crown area, diameter of the main stem, and total number of

stems. Elliptical crown area (A) was calculated utilizing the formula:

A = it x w1 x w2 /4

where w1 is the maximum crown diameter and w2 is the perpendicular diameter at its

midpoint. Shrubs were then clipped at ground level, and dried at 60° C for one week.

The dry plants were then segregated into leaves, twigs (<0.5 cm diameter), and stems

(>0.5 cm diameter), and weighed to the nearest tenth of a gram. In addition, a Carlo-Erba

NA 1400 CNS analyzer was used to determine concentrations of carbon (C), nitrogen (N),

and sulfur (S), for each plant part. Five random samples from the total of each component

from each species was used for the analysis.

Statistical Procedures

Using SAS statistical software, stepwise multiple regression procedures (i.e.

coefficient p-values, Mallows Cp, R2 statistics, and comparison of regression lines) were

used to determine the best-fit equations (Stafford and Sabin 1994). Regression statistics

were calculated from the dry weights of foliage, twigs, stem wood, and total mass

(dependent variables). Equation coefficients, standard errors, R2, estimate error (S,,), and

coefficient of variation (CV) were determined (Crow and Schlaegel 1988). Equations are

in the log-log form.... ln(Y) = a + bln(X1) + cln(X2) + dln(X3) + e(X4), where X's are the

independent variables height, elliptical crown area, main stem diameter, number of stems,
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and Y is the dependent variable biomass. To meet equal variance and linearity

assumptions, natural log transformations were applied, to all variables except number of

stems. The equations were adjusted for log bias by adding half the error variance to the

predicted intercept as suggested by Baskerville (1972) and Yandle and Wiant (1981).

Models based on combinations of the independent variable were tested, and all best fit

equations are provided. In addition to the equations of best fit, alternative equations with

fewer and different independent variables often measured in studies of shrub ecology were

also included. For example, ecologists may wish to estimate biomass from remotely

sensed data, whereby models using crown area would be the only variable possible to

measure. In other cases, alternative variables may meet a certain requirement or be

valuable in checking against other models.

Table 111.1. Range of shrub measurements used to develop prediction equations of
biomass for selected common riparian species of northeast Oregon.

SPECIES Sample Plant height Crown area Stem diam. No. of Biomass
size (cm) (cm2) (mm) stems (g)

Thin-leafalder 17 30- 565 213 - 21195 6.82 -66.60 1 - 8 4.2-12762.6

Blackcottonwood 15 19-340 129- 17348 4.65-50.14 1-6 1.4-820.6

Mackenziewillow 15 55-210 1060-8690 8.80-23.70 2-14 41.5-532.7

Covotewillow 15 45-250 569-14679 4.50-27.12 1-24 9.4-1718.7



Results

Biomass Equations

For the range in shrub sizes measured, for 7 species and species combinations, and

for the four plant parts 75 models were generated. Most performed very well including

the model using the single indepentdent variable crown area, i.e., mean R2 = 0.92) (Table

111-2). Best fit equations predicting leaf; twig, stem, and total biomass for thin-leaf alder,

black cottonwood, and coyote willow had R2 values of 0.94 to 0.99 and coefficient of

variations (CV) 3-7 except for coyote willow stems with a slightly loose fit (R20.87).

For variables of Mackenzie willow, R2 were a little less at 0.88 to 0.94 and CV 4-12. For

generalized models where shrubs with like form were combined most also fit well, i.e., R2

values >0.89. For thin-leaf alder and cottonwood combined (sample size 33) a four

variable model predicting total mass and leaf mass had an R2 of 0.99 and 0.98 and a CV of

2.9 and 4.7. For willows combined (sample size 30) a four variable model had an R2 of

0.94 and 0.93 and a CV of 5.5 and 6.9. Models predicting stem and twig mass fit less well

(R2 0.90 and CV 14). The generalized equations combining all species produced R2

values between 0.81 and 0.99.

For thin-leaf alder and black cottonwood, the variables most effective in predicting

biomass were crown area and main stem diameter. This is reasonable since stem diameters

and crown area increased throughout the range of shrub sizes. Conversely, all

components of biomass for the many-stemmed willows were best explained by crown area

and height. For willows stem diameter was of little predictive value because stem sizes

were small throughout the range sampled.
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Dependent Independent variables (coefficients)

cients and
i ndepende

variable

Thin-leaf alder:

Constant
(a)

1-leight
(cm)
(b)

Crown area
(cm2)

©

Main stem
diameter (mm)

(d)

No of stems
(e)

R2

Statistics

Estimate
error
S

Coefficient of
variation

CV

Total mass -2468 1269 1383 0179 0.99 0.179 3.11

-1 912 0.757 I 349 0.97 0.3548 6.16

-6587 1444 0.90 0.5641 9.79

Leaf mass -2 554 0.699 0919 0098 0.98 0.2095 4.59

-3 719 0.917 0 496 0.96 0.2993 6.55

-2984 I 232 0816 0 181 0.95 0.3077 6.74

-5 441 1.17 0.95 0.3328 7.29

Twigmass -7682 1249 0.443 1882 0162 0.99 0.3677 7.81

-13.724 I 776 0.95 0.6389 13.56

-13.419 2119 0.92 0.7847 16.66

Stem mass -1.469 0467 1.283 0162 0.99 0.164 3.92

-3.382 0823 0.59 0.93 0.3959 9.45

-5.423 1123 091 0.4292 10.25

Black cottonwood:

Totalmass -1.558 0.684 139 099 0.2072 4.2

-5.299 1.25 095 0.3861 7.83

Table 111.2. Biomass prediction equations for four common northeast Oregon riparian shrubs. Coeffi statistics were
generated by the regression form Ln(y)=a+bLn(x1)+cLn(x2)+dLn(x3)+e(x4) where x's are nt variables.
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Dependent variable Statistics

Table 111.2. (continued)

Constant
(a)

Independent variables (coefficients)

Height Crown area Main stem
(cm) (cm2) diameter (mm)

(b) © (d)

No of stems
(e)

Estimate
error

Coefficient of
variation

CV

Leaf mass -2441 0.691 0.900 0.98 0.2217 5.85

-4.862 1.057 0.95 0.302 7.97

Twig mass .1.8 0.493 1.605 0 152 0.97 0.2643 6.98

-3.591 0.812 1.000 0.96 0.3214 8.68

-6.281 1.2169 0.94 0.3898 10.53

Stem mass -1.471 0.508 2.010 0.98 0.2422 6.3

-6.879 1.326 0.91 0.5319 13.84

Mackenzie willow:

Total mass -2.439 0844 0.345 0.940 0061 0.94 0.214 4.00

-5.588 0 979 0.733 0 81 0.3075 5.75

-2,235 0.908 0.58 04633 8.67

Leaf mass -2.732 0503 0.39 1.002 0064 0.92 02254 11.90

-6.084 0646 0.803 0.77 0 3255 8.57

-3.869 0.919 069 03916 10.31

Twig mass 0.681 0487 1.211 0100 082 02648 6.29

-3.922 0635 0.6 056 04.155 9.86

2.952 1.442 0107 0.75 03102 7.60

-1.745 0.714 0.45 04616 10.96

Stem mass -9.681 I 43 0.859 088 0 3086 6.82

-4.783 1.115 0.55 05996 13.26



Dependent variable Independent variables (coell

Constarn Main stem R2
(a) diameter (mm)

(d) Srx

Table 111.2. (continued)

Height
(cm)

(b)

Crown area
(cm2)

©

icients)

No of stems
(e)

Statistics

Estimate
error

Coefficient of
variation

Cv
Coyote willow:

Total mass -8.199 I 233 0.913 095 0.3492 7.09

-5.748 1.283 0.85 0.5868 11.92

Leaf mass -6.556 0.716 0.846 0.95 0.2565 7.00

-5,144 1.058 090 0.3711 10.13

-4.882 1.916 0.60 0.7593 20.73

Twig mass -6.8 0.614 0.926 0.031 0.95 0.3462 9.45

-7.704 0.847 0.938 0.93 0.3689 9.51

Stemmass -15.699 1.896 1.305 0.87 0.8976 23.14

-11.947 1.871 0.76 1.1346 29.26

All shrubs combined:

Total mass -3.896 0.827 0.546 0.77 00448 0.99 0.1871 3.56

-5.372 0.91 0.729 0.383 0.97 0.2587 4.92

-6.776 1.068 0.832 0.97 0.2855 5.43

-5.256 1.267 0.86 0.5734 10.91

Leaf mass -3.713 0.381 0.664 0504 0.98 0.1905 4.79

-2.428 0.714 0795 0.96 0.2442 6.14

-4.873 1.06 0.90 0.3847 9.68

Stemmass -4.241 0582 0.508 1112 0117 0.81 0.6475 16.00

-7.277 1.356 0.70 0.9922 24.52



Twig mass

eaT alder & black
wood combined:

Total mass

Table 111.2. (continued)

Dependent variable

Thin-I
cotton

Constant
(a)

-10.536

-8.648

Independent variables (coefficients)

Height Crown area Main stem
(cm) (cm2) diameter (mm)

(b) © (d)

1327 1002

1 542

No of stems
(e)

R2

091

080

Statistics

Estimate
error
S

03291

08412

Coefficient of
variation

CV

7.94

20.3

-2.051 0.729 0.278 1 455 0 1479 0.99 0.1549 2.88

-6.606 1.10 0.792 0.96 0.377 1 7.02

-6.108 1.37 0.87 0.5165 9.61

Leafmass -3.577 0.678 0.424 0.695 0 131 0.98 0.1986 4.73

-1.874 0.583 1.136 0 104 0.97 0.2458 5.85

-5.333 1.138 0.94 0.3663 8.72

Twig mass -3.231 1 049 2.248 0 215 0.93 0.583 13.76

1.704 3.289 0.88 0.762 17.98

Stemmass -5.027 1 012 0.74 0.90 0.5688 14.13

-7.333 1 355 0.89 0.5995 14.9

Willow species
combined:

Total mass -4 114 0850 0.564 0773 0042 0.94 02846 5.54

-7 195 0 968 0.932 0.88 0 3883 7.56

-5854 1.307 0.78 05153 10.04



Table 111.2. (continued)

Dependent variable

Constant
(a)

Independent variables (coefficients)

Height Crown area Main stem
(cm) (cm2) diameter (mm)
(b) © (d)

No of stems
(e)

R2

Statistics

Estimate
error

Coefficient of
variation

CV

Leaf mass -3.324 0 380 0.576 0.688 0.033 0.93 0.2562 6.87

-6.495 0 542 0.923 0.86 0.3521 9.44

-5.743 1.134 0.82 0.3966 10.63

Twigmass -3.688 0.521 0.560 0618 0057 0.90 0.3357 8.30

-6772 0.762 0.869 0.87 0.4012 9.92

-4.93 1.077 0.77 0.5148 12.73

Stem mass -7.616 1415 0.487 1.772 0056 0.90 0.6048 14.85

-4.835 I 719 2.602 0.84 0.728 17.88
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Nutrient concentrations

Nutrients in general were higher in coyote willow and thin-leaf alder than the other

three species (Table 111.3). For example, foliar nitrogen concentrations (%) were highest

in coyote willow (2.61), followed by thin-leaf alder (2.57), Mackenzie willow (1.98), and

black cottonwood (1.91). Twig and stem nitrogen concentrations followed a similar

pattern with thin-leaf alder and coyote willow approximately 40% higher in nitrogen than

black cottonwood and Mackenzie willow. Carbon concentrations on the other hand were

Table 111.3. Concentrations (%) of nitrogen, carbon, and sulfur and the C:N ratio for
selected riparian shrub species in northeastern Oregon. Numbers are means
with standard errors in parenthesis. Like letters indicate no difference (p<O.l 0)
between species for similar shrub components.

SPECIES Comnonent Nitrogen (N) Carbon (C) Sulfur (S) C:N ratio

Coyote willow: Foliage 2.61 (0.43)a 46.44 (0.24)d 0.559 (0.107)a 14

Thin-leaf alder: Foliage 2.57 (0.15)a 51.99 (0.32)a 0.112 (0.012)c 22

Mackenzie willow: Foliage 1.98 (0.14)b 48.60 (0.21)c 0.205 (0.034)b 24

Black cottonwood Foliage 1.91 (0.05)b 49.27 (0.49)b 0.158 (0.013)bc 26

Coyote willow: Twigs<0.5cm dia. 0.99 (0.21)a 49.88 (0.42)b 0.069 (0.012)a 38

Thin-leaf alder: Twigs <0.5cm dia. 1.02 (0.05)a 52.00 (0.49)a 0.034 (0.002)c 54

Mackenzie willow: Twigs <0.5cm dia. 0.58 (0.06)b 49.64 (0.03)b 0.043 (0.007)cb 74

Black cottonwood Twigs <0.5cm dia. 0.64 (0.06)b 49.22 (0.20)c 0.043 (0.004)b 92

Coyote willow: Stems >0.5cm dia. 0.53 (0.06)b 48.91 (0.30)b 0.047 (0.005)a 85

Thin-leaf alder: Stems >0.5cm dia. 0.73 (0.08)a 51.51 (l.32)a 0.037 (0.005)bc 83

Mackenzie willow: Stems >0.5cm dia. 0.32 (0.02)c 48.66 (0.29)b 0.034 (0.002)c 148

Black cottonwood Stems <0.5cm dia. 0.35 (0.03)c 49.15 (0.26)b 0.041 (0.003)b 126
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comparable although 6% higher in thin-leaf alder than the other 3 species (52% vs 49%).

Sulfur varied the most with 3 to 5 fold higher concentrations in coyote willow foliage

than in the other 3 species. Coyote willow and thin-leaf alder contained the highest

nutrient concentrations for all components followed by Mackenzie willow and black

cottonwood. Nitrogen concentrations were 5 to 6 times higher in leaves than stems for all

four species, and 2 times higher than in the twigs. C :N ratio's help ecologists ascertain

rates of decomposition and cycling of nutrients (Waring and Schlesinger 1985). Low

values indicate a high rate. The C:N ratio was lowest for coyote willow foliage (14)

followed by thin-leaf alder (22), Mackenzie willow (24), and black cottonwood (26). The

ratios for twig and stem wood follow the same pattern as the foliage except Mackenzie

willow stems showed the lowest decomposition rates.

Discussion

The spread about the regression line as a percent variation is the co-efficient of

variation (CV). It is often considered a better index to the fit of an equation than is R2

(Crow and Schlaegel 1988). A CV of less than 10 is good for models predicting plant

biomass (Etienne 1992). In this study 10 equations generated a CV <5 and 48 equations

had a CV <10. In general total mass and leaf mass prediction models were better fit than

twig and stem models. Thin-leaf alder, black cottonwood and Mackenzie willow model

fits were tight and coyote willow models were less tight. Of the four independent

variables used in the models, crown area had the best explanatory power, which is

reasonable since it often represents shrub size. The variable crown area occurred in 66 of

the 75 equations. Good prediction models were found utilizing just crown area as a

predictor of leaf, twig, stem, and total mass. Eighteen equations were generated with a

CV between 7 and 13 and most had r2 <0.85. Height and stem diameter had explanatory

power in 35 and 33 equations but neither could stand alone as a good predictor of shrub

components or total biomass.
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Previously published equations for cottonwood, alder, and willow species usually

utilized stem diameter as a single independent variable predicting the mass of the

individual stem (Telfer 1969, Brown 1976, Ohmann et al. 1976, Gholz et al. 1979

Roussopoulos and Loomis 1979, Murray and Jacobson 1982). R2 values for the 37

equations contained in these studies ranged from 0.54 to 0.99 (mean 0.87). These studies

utilized species exclusively from the Northeastern USA and Canada except results from

species sampled in Montana/Idaho (Brown 1976) and in western Oregon (Gholtz et al.

1979).

Nutrient values of plants vary with phenology and the season (Welch 1989).

Crude protein was higher in the spring than summer by 5 to 40% for nine rangeland shrubs

(Welch 1989). July concentrations for big sagebrush (Artemisia tridentata), bitterbrush

(Purshia tridentata), and several grasses were 85-95% of the early spring concentrations,

while December concentrations were the lowest for the year (i.e. 56-70% of potential)

(Welch 1989). After I converted crude protein to N (crude protein = Nx 6.25), Dietz's

(1972) summer leaf nitrogen values for aspen (Populus grandidentata), chokecherry

(Prunus virginiana), serviceberry (Amelanchier alnfolia), and common snowberry

(Symphoricarpos occidentalis) were 1.92, 2.43, 1.97, and 1.7 1% respectively. These

values are similar in range but less than the July leaf nitrogen concentrations for coyote

willow (2.61) and thin-leaf alder (2.57) found in this study. In general, summer rangeland

grass and shrub concentrations of leaf nitrogen are below the values of the riparian shrubs

measured in this study (Sosebee et at. 1977).

The best prediction models are those developed on a site specific basis (Crow and

Schlaegel 1988, Etienne 1989). Some caution needs to be exercised when applying

biomass equations outside of a sampling area. Factors such as degree of overstory

closure, annual precipitation, soil productivity, influences of herbivory, shrub age, shrub

density, and season of sampling may affect these relationships. Large differences in site

and stand characteristics could result in spurious estimates of biomass. For best results,

these equations should only be applied within the range of shrub sizes used to fit the

regressions. If accurate estimates are needed for a particular area, site specific equations
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may need to be developed. However, given the scarcity and cost of development of site-

specific, species-specific models, it is often necessary to extrapolate beyond a site or

species. To assist ecologists in the development of models we also generated equations

from similar species and similar physiognomy. It is likely that when shrub forms are

similar, a form based equation would allow for a wider range of extrapolation (Etienne

1989). Generalized models need further research. Perhaps models based on a shrub form

classification system would prove useful. For example, shrubs could be classified by form

(i.e. tall, prostrate, many-stemmed, spreading, narrow-leaved, compact, etc.), then models

developed for each specific bioclimatic zones.

The quantification of riparian shrub foliage, twig, stem and/or total biomass is

important in many ecological studies concerning process, conditions, or rates of recovery.

Currently there is a scarcity of published equations specific to riparian species,

particularly in the West. These equations will help meet this need, and when applied in a

similar geographic setting, they should prove acceptable predictors in a variety of

ecological studies.
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CHAPTER

COMPOSITION, STRUCTURE, AND BIOMASS OF SIX INTACT FORESTED

HEAD WATER RIPARIAN ECOSYSTEMS OF NORThEAST OREGON



Abstract

Riparian ecosystems provide numerous and essential processes related to the

quality and flow of water, food, and habitat for fish, birds, and varieties of wildlife.

Headwater areas are by far the most numerous of riparian zones on the landscape. Due to

lateral and linear linkages, these zones directly influence the integrity of the terrestrial as

well as the entire aquatic riverine ecosystem. Riparian areas are also in many ways highly

important to and utilized by people.

Few studies have quantified the biomass, structure and composition of headwater

riparian ecosystems. Data such as this are important given their dominant roles in

ecosystem biodiversity, and aquatic funtion. In the Blue Mountains of northeast Oregon

historically it was natural disturbances, (i.e., floods, fire, and insects) but more recently

humans that have significantly influenced the structure and condition of riparian zones and

processes. To facilitate their restoration and management, to help define desired future

conditions, and to provide a background and basis for further riparian research, the

composition, structure and biomass of relatively intact forested headwater riparian

ecosystems was quantified. Parameters were measured for six headwater streams in the

Abies grandis associations of the Upper Grande Ronde Basin of northeast Oregon. Live

conifer basal areas ranged between 16.5 and 28.6 m2/ha with snags comprising 6.1 to 12.6

m2/ha. Total aboveground biomass (TAGB) ranged from 203 to 261 Mg/ha, with

overstory conifers contributing 101 - 177 Mg/ha. Understory saplings, seedlings, shrubs,

and herbs contributed 5 - 18 Mg/ha (2 - 9% of TAGB), while forest floor detrital

accumulations contributed 65 - 101 Mg/ha (29 - 42% of TAGB). Of this amount, coarse

woody debris (CWD) biomass was 25 to 59 Mg/ha and litter 18 - 36 Mg/ha. Average

shade per day for July, 1993 ranged between 53% and 75%, with solar energy inputs

registering 680 - 1280 Mi/day on each sq meter of stream surface. Total potential for

unshaded streams in our locale is 2390 Mj/day.
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Introduction

Headwater riparian ecosystems are among the most numerous and important of

temperate forest ecosystems. They provide multiple functions in support of terrestrial and

aquatic communities, including the regulation of flows, food, and energy that affect the

entire rivenne ecosystem (Cummins 1974, Vannote et at. 1980, Minshall et al. 1985,

Maser et at. 1988). Ripanan zone structure and composition are reflections of fluvial

disturbance, as well as, fire, wind, disease, insects, and human activity (Resh et al. 1988,

Gregory et al. 1991). Soil properties, water table depth, and microtopography of valley

floors can be extremely varied over short distances, contributing to high degrees of

structural and compositional diversity. This diversity is manifested in high levels of

productivity, unique plant communities, and high numbers of microsites, edges, and

vegetative strata important to varieties of wildlife as well as stream ecosystem function

(Hubbard 1977, Thomas et al. 1979, Hunter 1990, Kauffman 1988). In headwaters,

standing and fallen trees and shrubs are important to streams by providing shade, instream

habitat, litter and nutrients, and structural features that help slow streamfiow and influence

channel morphology (Minshall et al. 1985, Power et at. 1988, Gregory et at. 1991).

Roots diminish streambank erosion and interact with the stream to form undercut banks

important to fish and other aquatic organisms. Fallen trees, trapped debris, and plant

stems within and along streams, also play important structural roles in the maintenance

and rebuilding of streambanks and bottoms, watertables, and floodplains (Meehan et al.

1977, Bitby 1981, Cummins et at. 1983). Debris and nutrient accumulations, aggraded

streambottoms and elevated water tables in turn feedback to enhance riparian diversity and

production (Dahm et a! 1987).

Many riparian areas of the interior west are in a degraded state and in need of

restoration (GAO 1988, Chaney et al. 1990). Along many streams logging, roading,

mining, and overgrazing have removed streambank plant communities (Armour et al.

1991, Fleischner 1994). To assess riparian condition and trends, to plan for restoration in

the near and long term, to define desired future conditions, and to provide a reference base

for monitoring purposes, ecologists and managers need documented baseline riparian
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information, some typical questions include: What are the potential biomass,

composition, and structure of forested headwater stream ecosystems7....How is this

biomass distributed between components and determined by environmental factors?.. .How

are these components changing in the face of current management scenarios and

restoration efforts7....What is the effect of local and global climate change?

The Upper Grand Ronde Basin (UGRB) of northeast Oregon once supported large

populations of anadromous and resident salmonids (NPPC 1990). Many of these stocks

are extinct or threatened and endangered (Frissell 1993, Nehlsen et al 1991, Ratliff and

Howell 1992). These declines have, in part, been attributed to deteriorated riparian

condition and agencies, scientists, ranchers and the public are involved in efforts toward

riparian/aquatic restoration (ODFW 1987, ODEQ 1988, NPPC 1990, Anderson et al.

1992). For example, in the Upper Grande Ronde Basin Protection, Restoration, and

Monitoring (UGRBPRM) plan, the recovery of riparian vegetation was recognized as a

critical factor in achieving fish habitat restoration goals (Anderson et al. 1992).

Revegetation goals include achieving full occupancy by natural plant communities and

90% of potential ground cover associated with a given site. To adequately define desired

future conditions, set goals for restoration planning, and provide a basis for long term

monitoring, baseline riparian structural data from relatively intact reaches was needed.

The quantification of riparian vegetation, (i.e. its composition, structure, and

biomass), can also provide the basis for other ecosystem studies by documenting

conditions and referencing processes across space and time. For example, permanently

established and frequently measured reaches could be excellent sites to correlate

vegetative conditions with soils, fish and aquatic biology, wildlife habitats and populations,

forest insects and disease, or alternative grazing systems and silviculture. At larger scales,

the quantification of forest structure and biomass in the interior West can contribute to our

understanding of the regional, continental and global roles of mixed conifer forests.

The quantification of the biomass of aboveground components of forest

communities is also important in studies of succession, mineral cycling, net productivity,

and organic matter and energy transfer in forests (Olsen 1975, Cole and Rapp 1981). In

North America, native upland forest ecosystem structure and biomass have been quantified
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in many areas including in the Pacific Northwest and Northern California (Westman and

Whittaker 1975, Grier and Logan 1977, Gholz 1980, Grier Ct al. 1981, Gholz 1982), in

the Eastern US (Whittaker 1966, Whittaker and Woodwell 1969, Whittaker et al. 1974,

Rosson 1993), in Arizona (Whittaker and Neiring 1975) and in different world ecosystems

(Art and Marks 1971, Olsen 1975, Rodin et al. 1975). General forest biomass has been

widely estimated, some have measured aboveground living components, but only a few

have included the detrital component. In addition, in the Pacific Northwest non-forested

meadows and shrub dominated ripanan communities have been quantified by Grier and

Ballard (1980), Kauffinan et al. (1985) and Green (1991). However, no published studies

were found that estimate the composition, structure and mass specific to forested nparian

zones.

This study was undertaken to meet the needs of the UGRBPRM project, to

document reference reach composition, structure and biomass in northeast Oregon, and to

provide the foundations for other and future riparian ecosystem studies. The objectives

were to quantify TAGB and riparian structure along six headwater streams of the Upper

Grande Ronde Basin. Our approach to biomass sampling follows the hypothetical model

presented in (Figure VI. 1), where components are grouped and separated based on

structure, ecological function and location in the ecosystem.
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Study Objectives

Along six relatively intact forested headwater stream of the UGRB we established

permanent research transects to:

I Quantify the overstory composition by species, height, diameter, density, basal area,

and biomass of living and dead trees.

II Quantify the midstory and understory trees, seedlings, and streambank shrubs by

species, height, cover, densities, and biomass.

Ill Quantify the volume, mass, and cover of coarse woody debris (CWD) by decay class

in both the riparian and aquatic zones of the ecosystem.

IV Quantify the forest floor biomass of small woody debris (SWD), fine woody debris

(FWD), litter, and herbaceous materials (grasses, forbs, and sedges).

V Quantify and compare the shade and solar energy inputs to streams at each selected

reach.

Study Area

The study area is located along six headwater tributaries of the Upper Grande

Ronde Basin (UGRB) in the Blue Mountains of northeast Oregon (Figure VI.2). These

reaches are along Limber Jim Creek, West Chicken Creek, East Sheep Creek, Lookout

Creek, Squaw Creek and Cove Creek. The Grande Ronde River is a major tributary of

the Snake River, extending 342 km from the headwaters to the mouth. Most of the land

in the upper basin is publicly owned and managed by the USDA Forest Service. The area

is mountainous and dominated by conifer forests, with high mountain meadows and

alluvial valley bottoms. Summers are typically warm and dry, mean annual precipitation is

approximately 65-70 cm with the majority occurring as snow from November to May.

The six research sites are in the upper portions of the UGRB. Sampled riparian

sites fall into Engelmann spruce/arrow-leaf ground sd (Picea engelmannii/Senecio

triangularis) Community Types grading toward subalpine fir/arrow-leaf groundsel
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Kilometers

Figure IV.2. Site locations in the Upper Grande Ronde Basin. Sample reaches are
Limber Jim Creek, West Chicken Creek, East Sheep Creek, Lookout Creek,
Squaw Creek and Cove Creek.

(A b/es lasiocarpa/Senecio triangularis) Plant Associations (Crowe and Clausnitzer in

press). Near uplands are classified in the associations A b/es grandis/Linnaea borealis

and Abies grandis/Vacinium membranaceum (Hall 1973, Johnson and Clausnitzer 1992).

Engehnann spruce is the dominant conifer on all six sites. Grand fir (Abies grandis) is a

minor component of all sampled stands. Wildfire has played a major role in forest

succession in the Blue Mountains (Agee 1994, Robbins and Wolf 1994). Native

Americans were often the source of ignition of the low intensity bums which they used to

manipulate food plants and keep an open forest structure (Agee 1994, Robbins and Wolf

1994). Because of their topographic position, the community associations at the study
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sites are the cooler and moister members of the Grande-fir series, where fire return

intervals are likely longer, and the fires more severe. Stand replacement fires occurred at

intervals of around 100-200 years in these forests (Agee 1994). Wildfire average for the

La Grande Ranger District during the past 23 years has been 0.146 fires/1000 ha/yr

(Chuck Whitlock, Fire Management Officer, USFS, La Grande District, pers. comm.).

Based upon the Rosgen Stream Classification system (Rosgen 1985), West

Chicken Creek, Lookout Creek, and Squaw Creek were all similar geomorphically and

classified as B2 in the group with a gradient of (1. 5%-2. 5%), sinuosity 1.2-1.4, and bed

materials of cobbles, coarse gravels, and sand. Limber Jim Creek and Sheep Creek were

classified in the B 1 group, with a higher gradient (2. 5%-4 .0%), lower sinuosity (1.1-1.3),

and bed materials of small boulder, large cobble, and coarse gravel. Cove Creek at the

highest elevation was classified as an A3 with gradient >4%, sinuosity 1.2-1.3, and

channel substrates of boulders, cobble, gravel and sand. Soils that are not alluvial (upland

soils) are formed under forests; they are relatively deep (69 to 244 cm) and contain

accumulations of volcanic ash. Soil textures grade between sandy loam, silt loam, and

silt.

Study Reach Locations

A large complex of interconnected mountain meadows extends several kilometers

up each of five main tributaries to the upper Grande Ronde system. Five of the sites are

2nd order streams located in the low gradient forested zones just above the extent of this

main meadow system. Two sites are in the Fly Creek sub-basin and three are in sub-basins

with their name. Cove Creek the only 1St order stream is in the Beaver Creek basin and

located just below the City of La Grande watershed reservoir. Reaches were selected

based on similar elevations, aspects, stream gradients, and land use history. All were in

the mixed conifer zone of the UGRB. Ages of the dominant species ranged between 60

and 90 yrs at all sites except Cove Creek where age was 110 to 130 yrs (USFS, La

Grande District).

Limber Jim Creek (1380-1410 m), a west draining tributary to the Upper Grande

Ronde River is dominated by Engelmann spruce in the overstory and the mid-story along
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the stream is comprised of dense stands of mature alder species. The reach lies east of FS

road 5130 near the end of FS road 100. The study reach began 135 m from the washed

out bridge of FS road 023. It was selectively logged approximately 30 years ago when

1 1m2/ha basal area of large diameter western larch (Larix occidentalis) and Douglas-fir

(Pseudotsuga mensisi,) were removed. No grazing has occurred since the termination of

the Limber Jim allotment in 1978.

West Chicken Creek (1380-1410 m) is a 2nd order stream draining north. The

study reach was established above the upper limits of the meadow complex and within the

Sheep Ranch allotment. Sampling began approximately 384 m above the culvert at FS

road 5175. Because of its proximity to the main meadows, it may receive higher cattle

grazing pressures than the other sites. Nevertheless channel morphology appeared to be

little affected. Although shrub statures reflect browsing, this could also be caused by wild

ungulates. Livestock presence was evident but appeared light. A basal area of 9.5 m2/ha

of large diameter western larch and Douglas-fir (mean DBH 61.7 cm) had been selectively

removed from the overstory a couple decades earlier (from our data).

East Sheep Creek (1409-1433 m) is also a north facing exposure. It is a second

order stream and the largest of the upper basin tributaries that was sampled. Sampling

began approximately 69 m above the culvert at FS road 181. The dominant species

occurring in the overstory tree and streambank shrub strata are Engelmann spruce and

stinking currant, respectively. The reach is outside of the Sheep Ranch allotment so

grazing pressures have been minimal as reflected in the well developed shrub layer. A

recent timber sale removed sections of the overstory along the upland slope of the east

bank, but the removal was well outside of the measured riparian transects. Otherwise no

logging has occurred along the site.

Lookout Creek (1430-1460 m) is a tributary of Fly Creek. It drains northerly and

the beginning of the study reach is located 69 meters upstream from the culvert at FS road

5160. Engelmann spruce, lodgepole pine (Pinus contorta), thin-leaf alder (Alnus incana)

and stinking currant (Ribes hudsonianum); are the dominant overstory and midstory

species. The riparian areas above FS road 5160 were never logged, and the adjacent

upland stands are mid-seral and dominated by lodgepole pine. Successive insect epidemics



74

over the last two decades have created a large component of standing dead and fallen

trees. The area receives some occasional light grazing (personal communication with

permittee), but the jackstrawed snags and fallen wood currently impede livestock access.

Squaw Creek (1402-1439 m) is also a tributary to Fly Creek and drains northerly.

It is the adjacent drainage to Lookout Creek, but slightly lower in elevation. Squaw Creek

is close in proximity to the open meadows of the Sheep Ranch allotment, and as a result,

the grazing impact is the heaviest of the six study reaches. Sampling began 476 m above

the ATV bridge at FS road 322. Although streambank shrubs exhibited a heavily browsed

stature, the stream channel morphology and banks appeared relatively intact. Light

season-long grazing is the management regime. Within the past two decades, 1.8 m2/ha

basal area of lodgepole scattered along the west bank was removed along with most of the

overstory trees higher up on the adjacent west slope.

Cove Creek (1570-1622 m) was the only first order tributary sampled. It is

located within the protected La Grande City watershed in the upper reaches of the Beaver

Creek drainage (i.e. access is limited and livestock or timber harvesting are not allowed).

Sampling began 50 m above the catch basin at the end of FS road 279. Cove Creek is the

highest in elevation of the sampled reaches and contains the highest stream gradient, the

smallest floodplain width, and least stream sinuosity of the sampled reaches. Cove Creek

also has the greatest basal area/ha, the highest canopy cover, and the understory shrub and

herbaceous vegetation is sparse. Western larch and Engelmann spruce, stinking currant

and prickly currant (Ribes lacistre) are the dominant species defining two strata. Because

it is one of the few areas where cattle grazing is prohibited, elk presence in the upper

Beaver Creek drainage is intense.

Land Use History

The Cayuse Indians were the humans using resources in the UGRB prior to Euro-

American settlement. They frequented the upper basin in the spring and fall to harvest

salmon, steelhead, berries, roots and herbs, and it is speculated that they had done so for

several thousand years. They kept horses in large numbers beginning in the early 1700's

(Robbins and Wolf 1994, Ruby and Brown 1972). The earliest European explorers and
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trappers arrived in the early 1800's and often expressed awe at the abundance and beauty

of the Basin (Irving 1955, Rollins 1935). Euro-American influences to ecosystems of

UGRB include extensive beaver trapping, livestock grazing, fire suppression, roading, and

logging. Although streamside logging by way of splash dams and railroad was common

to riparian areas in the lower Grande Ronde reaches, the upper tributaries were probably

little affected until heavy roading and logging began in earnest in the upper sub-basins in

recent decades. All our study sites except Cove Creek and Lookout Creek have had some

roading and logging within their sub-basins. Two sites, West Chicken Creek and Limber

Jim Creek, were selectively logged approximately 20-30 years ago (no records), when

basal areas of 11 m2/ha and 9. 5m2/ha of large diameter western larch, Douglas-fir, and

Ponderosa Pine were removed (see stump data in Appendix C).

The area containing five of our study sites are within the Sheep Ranch grazing

allotment. Although grazing pressures were high in the meadow systems, impacts within

the Abies Grandis associations were probably minimal due to the low forage availability.

Currently the Sheep Ranch Allotment is grazed season long at a stocking rate of 10

haJAUM. This is to limit utilization to <35% (Doug Barton, Range Manager, USFS, La

Grande District, pers. comm.). Refer to Chapter II for discussions of grazing and logging

histories in the UGRB.
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Methods

Site Selection and Layout

Forested headwater reaches along six different tributary streams of the UGRB

were subjectively chosen for their similarities in elevation, aspect, geomorphology, and

land use history. Five hundred meter long reaches representing relatively intact

ecosystems were sampled to reference good conditions in managed riparian systems.

Elevations ranged between 1380 and 1622 meters with valley azimuths looking

upstream clustered around 1800, except for Limber Jim at 800 (Table VI. 1). Mean

valley bottom widths averaged between 36 and 59 m for the six reaches. Stream

gradients ranged between 1.5% and 4% except for Cove Creek with a gradient of

9.5%. Aquatic zone widths were approximately 3 m except for the larger tributary

East Sheep Creek which was 5.2 m. Sinuosity was calculated as a ratio between stream

length and transect length and adjusted for the bearing deviations from its mean.

Species were identified using Hitchcock and Cronquist (1973) as a taxonomic

reference.

Table IV. 1. Mean valley and channel characteristics for six sampled streams of the
Upper Grande Ronde Basin.

Cove West Squaw East Limber Lookout

Creek Chicken Creek Sheep Jim Creek

Creek Creek Creek

Reach: Elevation (m) [570-1622 1380-1410 1402-1439 1409-1433 1390-1408 14514463

Upstream Azimuth () 185° 190° 215° 175° 80° 230°

Valley width (m) 36 49 44 59 36 53

Stream: Average gradient (%) 9.5 2.8 3.5 2.1 3.7 1.8

Stream order 1 2 2 2 2 2

Average stream width (m) 3 2.5 1.9 5.2 3.4 3.4

Sinuosity (rn/rn) 1.11 1.23 1.27 1.18 1.28 1.44
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Along each reach, 10 nested plots each 25m long were established at 50m intervals

(Figure V1.3). Plots were located along the stream center line. Plot locations were

permanently marked with a PVC stake (Appendix A Table IV. 14). Each nested plot

consisted of six differently sized transect/plots in which the multilayered riparian structure

was sampled (Figure IV.1, Table IV.2).

Field Sampling Methods

Trees >10cm DBH (i.e.. the overstory), were identified to species and measured

for height and DBH within 60 x (25) m plots. Transect width was measured 30m

perpendicular on each side of a straight line (chord) drawn between the beginning and end

of each 25 meter stream length. The chord length and bearing were measured for all 10

Table IV.2. Plot dimensions and number used to sample ecosystem components within
each of the nested plots at each reference stream in the Upper Grande
Ronde Basin, Oregon.

Component Plot dimensions

Trees >10cm DBI-12 60m x (25)'

Trees <10cm DBH and >2m ht 1 5m x (25)

Tree seedlings <2m ht 4m x 25m

Shrubs >5cm ht 4m x 25m

Coarse woody debris CWD >10cm (terrestrial) 4m x 25m

Coarse woody debris CWD >10cm (aquatic) aquatic zone width x 25m

Small woody debris SWD <10cm >1cm Im x im

Fine woody debris FWD <1cm 0.5m x 0.5m

Herb and subshrubs 0.5m x 0.5m

Litter, dufi moss, wood fragments 0.5m x 0.5m

'Transect lengths varied between 20 and 25 meters depending upon stream sinuosity.
2 DBH diameter at breast height, 1.3 meters.

# of plots
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sections ( Appendix Table IV. 15). Permanent 1.5" white pvc pipe stakes were marked

with an engraved aluminum metal tag, and placed 7.5m perpendicular to the beginning and

end of each chord on both sides of the stream. Tree heights were estimated visually,

utilizing a clinometer (approximately 10/reach). Tree condition was also categorically

recorded as: 1=good condition (no visible insect defoliation), 2=light insect damage

(<10% defoliation), 3=heavy insect damage (>10% and <95% defoliation), and 4=dead

(>95% defoliation).

Trees <10 cm DBH (saplings) were measured within a 1 Sm wide transect with the

midline axis the same as the larger plot (Figure IV.3). Tree DBH and heights were

measured for all trees >2m height.

Conifer seedlings <2m height - Seedlings growing within 2 - 2 x 25m belt transects

adjacent to the aquatic zone were identified to species and measured for height (Figure

IV. 3).

Shrubs - Woody deciduous species were also measured within the 2 - 2 x 25m belt

transects along the aquatic edge Aquatic edge is defined as the point where terrestrial

vegetation begins. This is wider than the low flow wetted channel, but often less than

bank-full width. Each riparian shrub was identified to species and the basal diameter of

the main stem, number of stems, shrub height, and elliptical crown area (A) were

measured. Elliptical crown area (A) is calculated utilizing the formula:

A=(itxW1xW-,)/4

where W1 is the maximum crown diameter and W., is the perpendicular diameter to W1 at

its midpoint. Crown areas for alder >2m tall were calculated using the equations

described in data analysis.

Coarse woody debris (terrestrial zone) - CWD>10 cm in diameter was also

measured within the 2 - 2 x 25m transects adjacent to the aquatic area (Figure IV.3).

Lengths, top and bottom diameters, and decay condition class 1-5 (Maser and Trappe

1984) were recorded for each piece. Decay class was defined and determined as follows:

1=bark intact; 2=50% of bark falling oft 3=bark fallen off and condition sound; 4=wood
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10 transect/plot
configurations
per 500m reach

60 meters

II
.1

60 x <25m transects 15 m rs
trees >10 cm DBH

S - 1 sq. m and 1/4 sq. m plots
(SWD, FWD, herbs, lifter)

Figure IV.3. Nested transect/plot configuration for sampling all aboveground biomass (not to scale).

stream section, length 25 meter

2 x 25 meter belt transects
(shrubs, seedlings, CWD)

IS x <25 in transects
(saplings <10 cm DBH)
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partially decomposed and falling apart; 5wood fallen apart and incorporating into soil

substrates but still a recognizable structure.

Coarse woody debris CWD (aquatic zone) - CWD>10 cm in diameter occurring in

or over the aquatic zone was measured by length and diameters as above. Although

condition class was not determined.

Small woody debris (SWD) - SWD is defined as pieces between 1 and 10 cm in

diameter at the butt. Each piece was measured for top and butt diameters and length.

Biomass, volume, and cover were calculated. A density of 0.352 g/cm3 was used. Within

each of the 10 - 25m reference reach sections, im plots were placed at each 5m interval

along the straight drawn at 7.5 m from the midline (Figure IV 3). Fifty total per stream.

Lengths and diameters (<10cm >1cm) were recorded. Plots were distributed half to each

side of the stream.

Fine woody debris (FWD). herbs, and litter - FWD is defined as pieces less than 1

cm in diameter. Plots 25 x 25 cm were nested within the 1 m2 plots and used to sample

FWD (<1cm diameter), litter, and herbaceous vegetation. FWD included all twigs <1cm

in diameter. Herbs included subshrubs not measured in shrub transects and litter included

all organic horizons (i.e. litter, duff, mosses, bark, and wood fragments). Components

collected in the 50 small plots were dried in ovens at 60° C and weighed to the nearest

gram. Herbaceous samples were taken in mid-summer 1992 at Limber Jim and Lookout

creeks and in mid-summer 1993 at West Chicken, East Sheep, Squaw, and Cove Creeks.

Since precipitation levels during the months May through August 1993 were more than

double the 1992 amounts, it is probable that the herbaceous samples would reflect this

differences.

Shade and solar insolation - A solar pathfinder (Platts et al. 1987) was used to

measure percent shade and solar energy per day reaching the stream surface. It resembles

a densiometer by measuring the portion of unobstructed sky as seen from a point and

averaged for the day and month. Riparian and topographic features cast shade on a

graphic image placed on the instrument which then accounts for latitude, compass bearing,

azimuth, and number of cloud free days for the locale. Per cent solar input for any month,
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season, or year long can be determined. Readings were made at 25 m intervals along the

500 m sampled reach. Insolation is expressed in Mj/m2/day for any month and values for

July were utilized in this study. Solar input calculations are based on daily per cent of

potential (i.e., the per cent of day that is unshaded) averaged for the month.

Data Analysis

Tree biomass was calculated using prediction equations developed for interior

species of the Pacific Northwest (Table IV.4). Equations which had the highest R2,

sample sizes within our range, and with both diameter and height as independent variables

were used for biomass calculations. When equations using log transformed variables

lacked a log bias correction, a correction factor of half the predicted error variance was

added to the intercept (Baskerville 1972). Tree volumes were calculated using the

equation:

Volume= BAxH/F

BA is the basal area at breast height (m2), H is height (m) and F is the form factor which

follows in Table W.3 (Mark Harmon Oregon State University, pers. comm.):

Table IV.3. Volume equation form factors and wood densities for seven
riparian conifers.

Species Form Factor Densities (g/cm3)

Engelmann spruce 2.31 0.349

Douglas-fir 2.74 0.481

(Irande fir 2.31 0370
Sub-alpine fir 2.31 0.320

Lodgepole pine 1.89 0.410

Ponderosa pine 2.18 0.400

Western larch 2.18 0.519

'Wood densities are taken from U.S. Forest Products Laboratory (1974).
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Snag biomass was calculated using live tree equations (Table IV.4), but

subtracting the mean foliage portion. The foliage biomass portion was calculated using

foliage equations from Standish (1985) and the mean was approximately 10% of mass for

shade tolerant species and 6% of mass for shade intolerant species. For Douglas-fir I used

a foliage portion of 10%. These reductions for foliage were consistent with Standish

(1985) who found foliage amounted to approximately 9% of biomass for shade tolerant

species. The biomass of trees with broken tops was calculated using the equation for the

fru strum of a cone. Top diameters were estimated using an average taper which was

calculated by regressing heights against diameters and averaging for all species (Table

IV.4). The biomass of stumps was measured and calculated as CWD using length and

diameters. Sapling biomass was determined by using both the stem wood and crown mass

equations of Brown (1978). Trees smaller than 2 meters in height were analyzed using

interior seedling equations from Walstad and Ross (1986). Crown area for thin-leaf alder

taller than 200 cm was calculated using a prediction model derived from the data in

Chapter III:

CA=EXP(-0.0258+ 1.6l9xlnH+ .01179xN)

where H is height (cm) and N is number of stems. Wood densities corresponding to five

decay classes of CWD follow the density loss pattern for Douglas-fir reported by

Means et al. (1985). Based on an average sound wood density of 0.416 g/cm3 class 1 is

100% of this value, class 2 is 76%, class 3 is 66%, class 4 is 54%, and class 5 is 19%. All

CWD biomass in the aquatic zone was calculated using a wood density of 0.352 g/cm3.

Shrub and conifer seedling densities/100 meters of channel length were calculated to

include a 2 meter wide band adjacent to the aquatic area, including both sides of the

stream (e.g., per 400m2). Statistically significant differences for all comparisons were

based on least significant difference (LSD) at the p< 0.10 level.

Structural diversity was calculated for each sampled reach using the Shannon-

Weaver index:

H' = - , p ln p1

The quantity p1 is the proportion of biomass represented by the individual component. All



Table IV.4. Biomass (g) prediction equations used in riparian ecosystem studies in
the Upper Grande Ronde Basin of northeast Oregon. Equations using
English units are noted, otherwise dbh=diameter at breast height (cm)
ht = height (cm), dba = stem diameter (cm), d = mainstem diameter (cm),
st=number of stems (#), w1= maximum crown diameter (cm),
w2=perpendicular diameter at the mid-point of w1 (cm) ca=crown area
(t x w1 x w7)14 (cm2), EXP=ex where x is the equation.

Reference

Trees >10cm dbh
PIEN

PSME3

ABGR

ALBA

PICO

P11'O

LAOC

SNAGS (shade tolerant)

SNAGS (shade intolerant)

SNAGS wi broken tops

Saplings <l0cmdbh, >2mht
PIEN

PSME

ABGR

ABLA

IAOC

PICO

PIPO

Seedlings <2mht
PIEN, PSME, ABGR, ABLA

PICO, PIPO, LAOC

Shrubs
AUN, BEOC

SAEX

BAT2= 41000 + 0.1409 x dbh2 x lit

BAT= 1054 + 0.2057 x dbh2 x ht

BAT= 30200 + 0.1469 x dbh2 x ht

BAT= 14300 + 0.1862 x dbh2 x ht

BAT= 34700 + 0.1608 x dbh2 x ht

BAT= 1160 +0.l870xdbh2xht

BAT= 74100 + 0.1251 x dbh2 x hi

BAT= 0.90(BAT of live tree for PLEN, PSME, ABGR, ABLA)

BAT= 0.94(BAT of live tree for PICO, PIPO, LAOC)

BAT'= ir x ht/12 x (dbh2 + (dbh-0.018)2 + dbh(dbh-0.Ol8ht))

BAT5= EXP(0.8381 + 1.380 x In dbh) + EXP(0.1242 + 2.008 x In dbh) Brown (1978)

BAT= (0.74 + 1.591 x dbh2) + EXP(0.1242 + 2.0083 x In dbh)

BAT= (0.34 + 0.09182 x dbh2 x ht) + EXP(1.0152 + 1.6839 x In dbh)

BAT= (1.55 + 0.4140 x dbh3) + EXP(1.0152 + 1.6839 x In dbh)

BAT=' (0.65 + 0.1004(dbh2 x hi)

BAT= EXP(-0.3258 + 0.9203 ln(dba2 x hi) + 0.024/2)

BAT= EXP(0.1495 + 0.8669 x ln(dba2 x hi) + 0.026/2)

BAD= EXP(3.147 + 2.145 xlnht) (original form ht=ft)

BAT= EXP(1 .678 + 2.352 x In ht)

BAT7= EXP(-2.450 + 1.269 x in ht + 1.383 x had + 0.179 x at)

BAT= EXP(-8.1378 + 1.238 x in hi +0.9134 x In Ca)

BAT= EXP(-5.540 + 0.9792 x In ht + 0.7330 x In Ca)

BAT=EXP(5.847 + 0.9399x1n(w1 xw2xht))

SARI, COST, LOEN, SYAL,
SACE, SASP

R]HU, RILA, RUm,
REAL, ROWO

See species list in Appendix A for alpha code.
BAT - Biomass aboveground plant total (g).
Biomass prediction equation for PSME was taken from Shaw because of a better fit with our range of tree sizes.
Equation is for the frustrum of a cone and top diameter was calculated from data (d2=d1-.0l Sht).
Equations by Brown (1978) are in original form (dbh=inches, BATIbs, and log bias corrected).

6 Equations by Stanek and State (1978) are in original form (ht=feet, BAT=grama) and log bias correction unknown.
Chapter III equations corrected for log bias and incorporated into intercept term.

83

Standish et al. (1985)

Shaw (1979)

Standish et ai. (1985)

Standish et al. (1985)

Standish et al. (1985)

Standish et al. (1985)

Standish ci al. (1985)

Standish et al (1985)

Standish ci a! (1985)

Brown (1978)

Brown (1978)

Brown (1978)

Brown (1978)

Ross and Walstad (1986)

Ross and Walsiad (1986)

Stanek and State (1978)

Stanek and State (1978)

Chapter III equation

Chapter III equation

Chapter III equation

Ross and Walstad (1986)



Results

Biomass

Total aboveground biomass (TAGB) was remarkably similar among the six

sampled reaches and ranged between 203 and 261 Mg/ha (Table IV.5, Figure IV.4).

TAGB of West Chicken Creek, Squaw Creek, Lookout Creek, and Limber Jim Creek

were not significantly different from each other. Cove Creek had the largest mass, a

reflection of its high live tree biomass component. The total live to total dead ratio of

biomass was close to 1.0 (e.g. 0.7 to 1.3) for the six streams (Figure IV.5). The ratio at

Lookout Creek was least (0.7) due to the large component of insect killed trees. The

highest ratio was at West Chicken Creek which had the lowest forest floor dead biomass

and the highest herbaceous component. Total overstory biomass for the six sampled

reaches, ranged between 101 Mg/ha at Limber Jim and 177 Mg/ha at Cove Creek, with

snags contributing 22 and 38 Mg/ha to this amount. Overstory trees comprised 39% to

53% of TAGB. Snags contributed 11-15%, except Lookout Creek which had the largest

snag component (25%). Total understory contributions (saplings, seedlings, shrubs,

herbs) ranged between 1.7% at Cove Creek and 9.0% at Limber Jim Creek (i.e., 4.5 -

18.1 Mg/ha, respectively). Shrub contributions to TAGB ranged widely between 1 and

5% (Table IV.5, and Figure IV.4). For example shrub biomass at Limber Jim Creek was

dominated by mature alder with 10 times the shrub biomass of Cove Creek and 2 to 3

times that of the other sampled reaches. CWD accounted for 11 to 30 % of ecosystem

biomass and was similar to the biomass of both snags and litter (Figure IV.4, Table IV.5).

Limber Jim and East Sheep Creeks contained the highest levels of CWD at 59 and 55

Mg/ha, while Squaw Creek, West Chicken Creek, and Cove Creek contained significantly

less, about half this amount (Table IV.5). Small woody debris SWD (diameter <10cm

>1cm) and fine woody debris FWD (diameter < 1cm) biomass ranged from 2.3 - 11.4

Mg/ha and 0.6 - 2.9 Mg/ha, respectively. This is approximately 4% of TAGB for SWD

and 1% for FWD.
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Figure IV.4. Total aboveground biomass by components at six headwater
sampled reaches in the Upper Grande Ronde Basin, Oregon
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Figure IV. 5. Total live vs total dead riparian ecosystem biomass, at six
sampled stream reaches in the Upper Grande Ronde Basin, Oregon.
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Stream

Trees (>9.9 cm dbb)

Snags (>9.9cm dbh)

Shnlbsb

Saplings (<10 an dbh)

Dead saplings

Seedlings (<2 in height)

Herbs and subshrubs

Coarse woody debris (>9.9 cm dia

Small woody debris (>1<10cm di

FWD (<I cm dia,)

Utter

Total

't)tal live

Total dead

Live l)ead ratio

Total forest floor (% of total)

Struotural diversity (H')

ss (Mg/ha) by corn pone headwater riparia
errors are in parenthesi letters indicate no

Cove West Chickm Squaw East Sheep Limber Jim Lookout Upper Grande
Creek Creek Creek Creek Creek Creek Ronde Mean

139.4 (10.4)a 118.5 (14.6)ab 109.4(1 1.9)bc 94.4 (13.8)bcd 79.7 (9.9)cd 74.3 (10.4)d 102.6 (9.2)

37.6 (7.9)ab 30.8 (5.4)b 27.7 (4.8)b 36.0 (6.4)ab 21.7 (6.2)b 50.5 (12.3)a 34.1 (3.7)

0.3 (0.1)d 3.2 (0.4)bc 1.4 (O.3)cd 4.8 (0.5)b 10.2 (2.3)a 3.2 (0.7)bc 3.9 (1.3)

2.1 (0.3) be 1.2 (0.3)c 1.0 (0.3)c 2.8 (0.7)b 3.3 (0.3)ab 4.5 (1.1)a 2.5 (0.5)

1.0 (0.4)bc 0.6 (0.2)bc 0.2 (0.1)c 1.7 (0.4)ab 2.8 (0.9)a 1.3 (0.4)bc 1.3 (0.3)

0.32 (0.06)bc 0.29 (O.07)bc 0.18 (0.05)c 0.56 (O.15)ab 0.5 (0.1)ab 0.78 (0.20)a 0.4(0.1)

0.8 (O.1)bc 2.7 (0.2)a 2.0 (0.4)b 2.0 (0.3)ab 1.3 (0.2)d 2.4 (0.4)cd 1.9(0.2)

34.4 (5.3)bc 25.3 (5.2)c 29.7 (4.5)bc 55.4 (8.0)8 59.4 (9.8)a 43.3 (8.0)ab 41.3 (5.2)

a.) 5.9(I.0)b 8.3(2.1)a 11.4(2.1)ab 9.5(1.3)aI, 2.3(0.6)c 6.2(1.4)bc 7.3(1.2)

2.9 (O.4)a 2.4 (0.4)at 2.6 (0.6)ab 2.9 (0.5)a 0.6 (0.2)c 1.7 (0.3)bc 2.2 (0.3)

36.4 (4.9)ab 29.2 (6. 1)a 28.8 (6.3)ab 33.4 (4.8)a 21.5 (3.8)b 17.9 (2.9)b 27.9(2.6)

261a 222bc 214bc 243ab 195c 205c 223.5(9.1)

143 126 114 105 95 85 111.3(7.8)

118 97 100 139 108 121 113.9(5.8)

1.21 1.3 1.13 0.75 0.88 0.7 0.98

80(30%) 65 (29%) 73 (34%) 101 (42%) 84(41%) 69 (34%) 78.7(35%)

1.87 2 1.78 2.02 1.88 1.98

Table IV 5. Total aboveground bioma nets in six n ecosystems of the Upper Grand Ronde
Basin, Oregon. Standard s and like significant difference between streams
(P<0. 10).



Litter biomass was 18 - 36Mg/ha or 9-14% of TAGB. Herbaceous biomass was

similar to the biomass of saplings, shrubs and FWD, (e.g., varying between 1.5 and

2.5 Mg/ha except for Cove at only 0.8). The herbaceous contribution to TAGB is

small (i.e., approximately 1%).

Structural Diversity

Structural diversity based on species and biomass contribution is quite similar

among reaches (1.78 - 2.02). Streams with fewer species were less structurally

diverse. Cove Creek with the largest overstory biomass, had the fewest shrub species

(3) and smallest shrub biomass (0.3 Mg/ha). It's diversity was 1.87. Squaw Creek

with the lowest structural diversity (1.78) also had a small component of shrub biomass

(1.4 Mg/ha). East Sheep Creek was the most structurally diverse (2.02) containing

high numbers of species, and seedling, shrub, and detrital components of biomass.

Overstory Conifer Composition and Structure

For trees > 10cm DBH mean tree densities ranged between 254 trees/ha and

422 trees/ha (Table IV.6). Mean DBH ranged between 23.5 cm and 27.5 cm for the

six sites, however diameters up to 90 cm commonly occurred (Appendix C Tables

IV. 16-22). Shade tolerant species comprised 60 to 90% of all overstory species at all

six streams (Figure IV.6). Engelmann spruce was the dominant tree at all sites

comprising 58 to 73% of overstory composition (Figure P1.7). Western larch and sub-

alpine fir were the main co-dominants but not more than 20% of basal area. Sub-

alpine fir was the first co-dominant at Cove Creek, Squaw Creek, Lookout Creek, East

Sheep Creek, and Limber Jim Creek (e.g. 130, 74, 72, 65, and 49 #/ha respectively)

(Table 1V.7). Western larch at West Chicken, Squaw, and Cove Creeks was the

second co-dominant conifer at these sites (e.g. 25, 30 and 30 #/ha respectively). The

highest tree basal area was at Cove Creek (37.6 m2/ha) and snags accounted for 8.8

m2/ha of this quantity (Table IV.6). Total basal area at the other sites ranged between

26 and 31 m2/ha, with snags contributing 8 to 13 m2/ha. Severely defoliated trees

(defoliation from 25 to 95% of the canopy) were measured on 28 to 53% of trees in
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Live tree density (no/ha)

Shade-tolr. spp. density (no/ha)

Shade-intolr. spp. density (no/ha)

Live trees mean DBH (cm)

Live trees basal area (m/ha)

Trees wI 25-95% defoliation (n/ha)

Per cent WI 25-95% defoliation (%)

Snags density (no/ha)

Snags mean DBH (cm)

Snags basal area (mi/ha)

Snags wI broken lops density (no/ha)

Stumps mean DBI-1 (cm)

Stumps basal area (mfha)

Sapling density (no/ha)

Sapling density shade-tolr. spp. (no/ha)

Sapling density shade-intols, spp. (noiha)

Saplings basal area (mVha)

Dead saplings density (no.,ha)

Seedling density (no/ha)

Seedling density shade-tolr spp (no/ha)

Seedling density shade-intoir, spp. (no/ha

Seedling density (no/l0O meters)

Grande Ro
difference

UNDERSTORY

Conifer saplings
(<10cm dbh.
>2m tall)

Table IV.6. Mean structural characteristics for six selected riparian ecosystems in the Upper nde Basin. Standard
errors are in parenthesis and like letters between streams indicates no significant at the p<O.IO level.

STREAM

OVERSTORY

Live conifers:
(>10 cmdbh)

Snags:
(w/ >95% defoliation)

Cove West Chicken Squaw East Sheep Limber Jim Lookout Upper Grande
Creek Creek Creek Creek Creek Creek Ronde Mean

422(21)a 322(l9)bc 283(26)cd 290(22)cd 358(39)b 253(19)d 321 (23)

387(17)a 249(16)bc 171(30)d 236(20)c 289(21)b 221(15)c 259(27)

35(8)a 73(10)a 112(23)a 53(8)a 69(25)a 33(8)a 63(11)

25.7 (0.8) 25.7(1.0) 27.5 (1.9) 24.6 (1.1) 23.5 (1.0) 25.8 (1.2) 25.5(0.5)

28.6 (2.1) a 22.9 (2.3) b 21.8 (2.1) b 18.4(2.4) be 19.4 (2.3) be 16.5 (1.9) c 21.3 (1.6)

166(10) 92(14) 18 (6) 127(9) 96(12) 134 (18) 106(19)

39 28 7 44 28 53 33 (6)

104(9)c 112(16)c 100(12)c 157(13)b 117(15)bc 238(30)a 138(48)

28.5 (2.3) 26.2 (1.6) 26.9 (2.5) 25.2 (1.3) 21.1 (1.0) 22.5 (0.9) 25.1 (1.0)

8.8(1.4) be 8.4 (1.2) be 7.5 (1.3) be 10.3 (Li) ab 6.1 (1.4) c 12.6(2.4) a 9.0(0.8)

20.9 (3.8) 18.8 (2.9) 22.5 (4.8) 25.7 (5.0) 20.1 (4.4) 30.7(6.4) 23.1 (1.6)

0 61,7(5.0) 22.9(2.0) 0 78.9(3.9) 0 54.5(13.8)

0 9.5 (3.3) 1.8 (0.5) 0 11.0(3.7) 0' 7.4 (2.4)

309cd 242cd 198d 527bc 614ab 845a 456(94)

309(47) be 169 (60) c 142 (50) c 503 (l28) ab 478(104) ab 558 (127) a 360(67)

0.00 c 73(22) be 56(29) be 24(8) be 136 (31) b 287 (108) a 96(39)

0.8(0.1)bc 0.5(0.t)c 0.4(0.t)c 1.1(0.3)ab l.3(0.2)ab L.5(0.4)a 0.9(0.2)

103(36)be 116(32)be 14(8)d 208(48)a 82(22)cd 169(44)ab 115(25)

Conifer seedlings 6350(1103)a 2950(97)b 1000(257)c 3240(396)b 1950(666)be 3650(638)b 3190(679)
(<2ni tall) 6120 (1080) 2670 (948) 640 (183) 3110(379) 1690 (589) 3110(568) 2890 (754)

240(73) 280(81) 360(168) 130(57) 260(84) 540(187) 302(52)

254(44)a 118(39)b 40(10)c 130(16)b 78(27)bc 146(26)b 128(27)



Shrub density (no.1100 meters)

Shrub individual slents (no/tOO meters

Shrub canopy volume (ni'!IOO meters)

Shrub mean height (cm)

Shrub cover (%)

Snag volume (m'/ha)

CWD decay dass I volume (ni'fba)

CWD decay class 2 volume (ni3/ha)

CWD decay class 3 volume (nt'flsa)

CWD decay class 4 volume (m3/ha)

CWD decay class 5 volume (m'/lsa)

Total (CWD) volume (m3/1a)

CWD projected area (mz/m!)

Small woody debris vol. (<10cm dbh)

Fine woody debris vol. (<I cm dbh)

Log volume (m'/ha)

Logs total lineal length/b

Log projected area (m1/m2

Log surface area (m2Iin)

Mean butt diameter (cm)

Table IV.6. (cont)

Per 100 meters of stream length and within a 2 meter band along both banks (400 m1)

STREAM

Shrubs:
(2m band at streanbank)

Cove
Creek

107(9)bc

520(28)

West Chicken
Creek

133(10)b

1320(130)

Squaw
Creek

69(10)d

780(66)

East Sheep
Creek

203(12)a

1680(130)

Limber Jim
Creek

223(19)a

1030(112)

Lookoul
Creek

99(8)c

910(100)

Upper Grande
Ronde Mean

139(23)

1040(153)

9(1) 106(13) 52(8) 209(22) 184(23) 108(15) 111(28)

31(1) 110(5) 67(3) 101 (4) 248(6) 130(5) 115(28)

5(l)b 27(3)b 14(I)b 81(40)a 112(38)a 26(5)b 44(16)

DETRITUS:

Terrestrial 90.9 (21.4) a 69.2 (12.3) ab 68.8 (12.9) ab 71.4 (10.3) ab 40.0 (12.5) b 109.8 (30.5) a 75.0(8.8)

10.7(8.9) 5.8 (3.7) 5.6 (4.2) 2.6 (2.6) 2.2 (1.8) 0.4 (0.4) 4.6(1.4)

13.6 (5.6) 21.1 (7.8) 29.2 (13.7) 23.6 (11.8) 21.3 (21.0) 11.7(5.4) 20.1 (2.4)

24.6 (7.8) 18.8 (5.6) 41.5 (12.8) 63.2 (21.3) 58.2 (29.1) 41.4(14.1) 41.3(6.6)

86.9 (23.8) 56.1(24.2) 57.2 (26.5) 162.4 (35.6) 72.3 (18.0) 64.9(17.9) 83.3 (15.0)

71.1(15.6) 37.8 (17.0) 16.9 (4.3) 39.0 (13.6) 14.7(4.0) 4.6 (2.4) 30.7(8.9)

207(37)bc 140(28)c 153(29)bc 291(34)ab 169(30)a 123(23)ab 181(23)

0.09(0.01) 0.09 (0.02) 0.07(0.01) 0.15 (0.01) 0.06(0.01) 0.07 (0.01) 0.09(0.01)

17(3)b 24(6)ab 31 (6)a 26(4)ab 7(2)c 18(4)b 20(3)

5.3 (1.1) a 6.9(1.0) ab 7.5 (1.8) ab 8.2 (1.4) a 1.7 (0.5) c 4.9(2.0) be 6.3 (1.0)

Aquatic zone 207.4 (28.9) 184.5 (46.2) 302.2 (54.2) 286.7 (53.3) 240.1 (66.5) 200.3 (37.3) 237.0(18.0)

Oin (meters) 149.4(11.6) abc 88.6(16.0) c 106.7 (12.0) be 198.2 (39.8) a 170.0 (32.7) ab 193.4 (33.3) a 151.1(16.9)

0.11(0.01) 0.13 (0.03) 0.13 (0.02) 0.16 (0.03) 0.11 (0.02) 0.11 (.01) 0.13 (0.01)

0.33 (0.04) 0.26 (0.05) 0.41(0.05) 0.52 (0.10) 0.36(0.09) 0.35 (0.02) 0.37(0.03)

22.3 (0.8) 23.4 (1.5) 23.4 (1.3) 28.6 (1.2) 21.0(1.0) 19.9(0.8) 23.1 (1.1)
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Figure IV. 7. Percent of conifer basal area by species at six sampled stream
reaches in the Upper Grande Ronde Basin, Oregon.
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sampled reaches (Table IV.6). Squaw Creek was an exception with only 7% of the trees

affected to this level. The distribution of the conifer component, when separated into

diameter classes, was similar between sites with two exceptions (e.g., Cove Creek with the

highest densities in the small size class and Squaw Creek with the lowest) (Appendix E

Table IV.29, Table IV.8). Average tree heights for all species >10 cm DBH ranged

between 15 and 17 meters at all 6 streams with maximum heights reaching 36 to 39 meters

(Appendix C).

Table IV. 7. Mean density of overstory conifers >10 cm DBH (#/ha) for six
headwater riparian forests of the Upper Grande Ronde Basin, Oregon.
Standard errors are in parenthesis.

Understory Composition and Structure

The species composition of saplings (<10cm DBH) and seedlings (<2m ht) closely

follow the same dominance pattern, with shade tolerant species making up 70 to 100% of

the composition (Table IV.6, Figure IV.7). Stream reaches with the strongest presence of

the shade tolerant species western larch, lodgepole pine, ponderosa pine, and Douglas fir

were Squaw Creek and Lookout Creek where 30 to 40% of the understory saplings and

seedlings were the early seral shade intolerant species. Seedling densities were relatively

high along stream banks (Table IV 6); density was> 3000 seedlings/ha at four reaches.

Squaw Creek had the lowest seedling density at < 1000/ha.

SPECIES Cove West Squaw East Limber Lookout

Creek Chicken Creek Sheep Jim Creek

Creek Creek Creek

Engelmann spruce 245 (14) 236 (16) 154 (27) 164 (18) 234 (15) 131 (15)

Sub-alpinefir 130 (10) 1(1) 7(7) 65(13) 49(10) 72(11)

Western larch 30 (7) 17 (6)) 30 (6) 8(4) 10 (5) 4 (2)

Douglas-fir 3 (2) 30 (5) 8 (3) 20 (5) 30 (4) 6 (3)

Lodgepole pine 2 (2) 25 (8) 74 (25) 23 (5) 28 (17) 22 (7)

Grandefir 12(4) 11(2) 10(3) 7(3) 6(2) 17(7)
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Table IV.8. Mean densities by diameter class, all species combined (>10cm dbh),
in six headwater riparian forests of the Upper Grande Ronde Basin,
Oregon. Standard errors are in parenthesis.

Diameter Class West Squaw East Limber Lookout
Chicken Sheep Jim

10-20cm 185(13) 148(16) 136(22) 131(14) 182(33) 104(18)

20- 30cm 95 (9) 87 (11) 62 (9) 80(9) 83 (8) 66(8)

30 - 40 cm 63 (7) 26 (4) 23 (5) 39 (9) 50 (5) 48 (10)

40 - 50 cm 51(5) 26 (5) 28 (5) 22 (5) 26(5) 27 (3)

50 -60cm 20 (3) 24 (6) 22 (3) 14 (3) 17 (4) 14 (3)

60-70cm 15(6) 12(3) 13(3) 14(4) 8(0.4) 15(7)

70 - 80 cm 8 (0.1) 8 (0.4) 15 (2) 17 (9)

>80 cm 7(0.1) 8(1) 8(8) 7(0.1) 9(9) 7(7)

7000

6000

50o0

,4OOO

3OOO

2000

1000

0
COVE SQUAW LIMBER JIM

W CHICKEN E SHEEP LOOKOUT

Figure IV. 8. Conifer seedling densities (<2m ht) at six sampled riparian forests in the
Upper Grande Ronde Basin, Oregon.
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Shrub densities within a 2m band along 100 m of stream bank ranged from 69

to 223 plants/100 m of channel length (i.e., #/400m2). Individual stems within this

band were around 10 times this amount except at Limber Jim with an average of 5

stems/plant (Table IV.6). Shrub cover at sites segregated into two groups differing

significantly (Table IV.6). Cove, Squaw, Lookout, and West Chicken Creeks had

shrub covers of 5, 14, 26, and 27%, respectively, while much higher levels of shrub

cover occurred at Limber Jim and Sheep Creek, (e.g., 73 and 112%, Figure IV. 10).

Shrub species composition at all six streams followed a varied pattern of dominance.

Thin-leaf alder, stinking currant, prickly currant, and red-osier dogwood were the most

abundant of shrubs (Table IV.9, Appendix D). Mean shrub heights ranged from 31

cm at Cove Creek to 248 cm at Limber Jim (Figure IV. 11). In relation to overstory

biomass, shrub heights and cover increased wih decreasing overstory biomass.

Forest Floor Composition and Structure

When separated into decay classes, the largest coarse woody debris (CWD)

contributions to the ecosystem were in the older classes while the recently fallen wood

of class 1 provided the smallest fraction to the total (Figure IV. 12). CWD volumes in

the terrestrial zone ranged between 123 and 291 m3/ha. Sheep Creek had thet highest

volume with most occurring in the low-density decay classes. Volumes and lengths of

logs in the aquatic zone were also highest for these same creeks. CWD projected areas

(cover) varied between 6 and 15% (Table W.6). Log volumes in the aquatic zone

ranged between 184 and 302 m3/ha, with log projected areas (cover) ranging between

11 and 16%. CWD surface areas in the aquatic zone ranged from 0.26 to 0.52 m2/m2,

while lineal lengths were 89-198 meters per 100 meters of stream. Mean butt

diameters were 20 to 29 cm. Volumes of FWD ranged from 1.7 to 8.3 m3/ha.
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Table IV.9. Mean dominant shrub densities along 100 meters of stream (2 m band
along both banks). The six sampled reaches are in the Upper Grande
Ronde Basin, Oregon. Standard errors are in parenthesis.

SPECIES

l'hin-leaf alder

Stinking currant

Prickly currant

Red-osier dogwood

,-.200

50

100

rIDz
50

COVE SQUAW
W CHICKEN

Cove
Creek

1.2 (0.9)

4.8 (2.7)

100.8 (9.2)

West Chicken
Creek

25 (9.0)

40.4 (6.2)

50.0 (6.5)

10.0 (2.5)
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Squaw East Sheep Limber Jim Lookout
Creek Creek Creek Creek

8.4 (3.9) 48.0 (7.6) 174 (35.1) 44.0(11.5)

31.2 (4.8) 26.5 (3.7) 17.6 (3.1) 30.4 (4.0)

24.8 (6.2) 52.8 (7.0) 17.2 (3.7) 22.0 (5.5)

7.2(4.3) 11.6 (2.1) 1.2(0.9)

LIMBER JIM
E SHEEP LOOKOUT

Figure IV.9. Shrub densities per 100 meters of channel length (plants/400 m2) at six
sampled stream reaches in the Upper Grande Ronde Basin, Oregon.
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Figure IV. 10. Mean shrub cover (%) along six sampled reaches in the Upper
Grande Ronde Basin, Oregon.
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Figure IV. 11 Mean shrub heights along six sampled reaches in the
Upper Grande Ronde Basin, Oregon.
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Figure IV. 12. Coarse woody debris by decay class on streambanks at six sampled
riparian reaches in the Upper Grande Ronde Basin, Oregon.

Shade and Solar Insolation

Lookout Creek had the least amount of shade with 53.1% and the highest solar

energy inputs 1280 Mj/m2/day (Table IV.10). This is probably due to the high level of

insect killed trees in this reach. In contrast, Cove Creek had the highest amount of shade

per day and the least solar input (e.g., 75% and 680 Mj/m2/day). Cove Creek also had the

smallest component of streambank shrubs, therefore the overstory trees produced the

shade. Table IV.9 allows comparisons of tree biomass, shrub biomass and percent shade.

Understory biomass was closely and inversely related to overstory biomass. In forested

systems shrubs are smaller and a less important source of shade than in a system with a

more open canopy. East Sheep Creek had the second highest level of streambank shrub

cover (8 1%, Table IV.6), yet in terms of quantity of shade over the stream it was 4th

(Table IV.9). Valley topography, stream channel width, and overstory crown closure all
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influence amounts of shade. For example, at East Sheep Creek only a few shrubs hung

over the stream, while at Limber Jim the tall thin-leaf alder plants often did span the entire

creek.

Table IV. 10. Mean insolation and percent shade per day taken at the stream
centerline at six different headwater streams in the Upper Grande
Ronde Basin, Oregon. Understory and overstory biomass parameters
are included. Numbers in parenthesis denote standard errors.

Relationships to Overstory Biomass

Riparian ecosystem structural components are plotted against tree biomass to

evaluate its importance as a determinant, Figure IV. 13. Litter was positively and

significantly correlated to teee biomass r= 0.83, p= 0.04. The CWD correlation

was weak at r=-0.68, p=O. 13. Sapling and seedling biomass were both negatively and

significantly correlated with tree biomass, r=-0.74, -0.76 and pO.O9, 0.08, respectively.

Shrub height correlation (r=-0.74) was also negative and significant (pO.O9). Shrub

cover was weakly correlated (r=-0.62, p=O.l 9). Sapling density was also negatively

correlated and significant (r=-0.74, p=O.O4). Shade over the stream was positively

correlated to tree biomass (r=0.71, p=O. 12). Shrub densities were not well correlated to

tree biomass but shrub size was well correlated.

STREAM Insolation Shade/day Understory Tree Understoiy
(megajoules/m2/day (%) living biomass

(mg/ba)
biomass
(mg/ha)

per cent of
total biomass

Cove 680 (194) 75 4.5 139 2

West Chicken 840 (266) 69 8 118 4

Squaw 1210(400) 56 4.8 109 2

East Sheep 1040 (335) 62 11.9 94 5

Limber Jim 940 (314) 66 18.1 80 9

Lookout 1280 (316) 53 12.2 74 6
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Figure IV. 13 Pearson correlation coefficients (r) and significance (p) for riparian
ecosystem structural components vs. a gradient of overstory tree biomass
at six sampled streams in the upper Grànde Ronde Basin, Oregon.
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Discussion

Total living aboveground biomass and production have been quantified in several

regions of the world (Art and Marks 1971, Cole and Rapp 1981, Ajtay et al. 1979).

However, few have measured non-living components (Table IV. 11), and no other

published studies were found that focused specifically on forested riparian ecosystems.

Because headwater streams run through the forest and under a canopy it may be

appropriate to compare with non-riparian forests which have been quantified. To compare

physical parameters across forest types we list living and dead components of ecosystem

biomass as reported in several temperate and boreal forest studies (Table IV. 11). The

shrubs, herbs, seedlings, and saplings (understory), as well as, CWD, SWD, FWD, and

litter (forest floor) have been combined to make these comparisons. Not surprisingly,

aboveground biomass from other studies reflect strong relationships with precipitation

and temperature. Forest floor biomass generally decreased with increasing temperature,

and living biomass production increased with precipitation (Waring and Schlesinger 1985).

Lieth (1975) suggested that Net Primary Production (NPP) for various ecosystems

increased positively but curvilinearly with increasing precipitation and mean annual

temperature. Conversely, Waring and Schlesinger (1985) suggested no simple

relationships exist and that amounts of respiring tissue, depth of roots, and evergreen

winter photosynthesis can complicate the relationship. Providing moisture is not limiting,

decomposition (microbial activity) increases exponentially with increasing temperature and

is highest at around 40% soil moisture content (Waring and Schlesinger 1985).

In the UGRB of northeast Oregon, the ratio of living biomass to dead biomass was

nearly equal (Figure IV. 5). In contrast are the extremes along the temperature gradient

(i.e., 4% total detritus at North Carolina sites vs. 81% and 41% detritus at the Alaskan

sites). Conifer litter is more resistant to decomposition due to phenolic compounds and

higher lignin/nitrogen ratios than litter in hardwood forests (Waring and Schlesinger

1985). Forest floor biomass at our study sites ranged from 29% to 42% (Table IV. 12)

of the TAGB. Coarse woody debris accounted for approximately 50% and litter 33% of

the dead component (Figure IV.4). Litter accumulations at the study sites ranged from 9



E Sheep Ck. Grande fir
NE Oregon riparian

Olympic Douglas-fir!
Nat. Park w hemlock

Andrews Douglas-fir
Ore. Cascades ancient

Cascade head w hemlock
Oregon coast mature

Cedar River sub-alpine fir
Wash. Cascades SW slope

Thompson Douglas-fir
Western Wash, plantation

Kongalund Spruce
Spruce. Sweden plantation

Oakridge Popular
Tennessee mesic

Coweeta Oak-I-1ickor
North Carolina

Hubbard Brook Northern
New I larupshire hardwoods

Alaska Black Spruce
Muskeg

Alaska Paper Birch

Overstor includes trees and snags.
2 linderstory includes all shrubs, herbs,

Forest floor includes small woody deb
Per cent of total hiomass

floor biomas
boveground

age (111111) (°c) (in) story1 story2

[his study

Agee and I-luff(1987)

Grier and Logan (1977)

Cole and Rapp(1981)

Grier et al (1980)

Cole and Rapp (1981)

Nihlgard (1972)

Cole and Rapp (1981)

Hendersonetal (1978)

Cole and Rapp (1981)

Cole and Rapp(l98l)

Cole and Rapp(1981)

Table IV 11 Overstory , understory, and forest s (Mg/ha) in selected temperate and boreal forest types in North
America. Percent (%) is of total a biomass.

seedlings, saplings.
ris <10cm dia,, fme woody debris <1cm dia., and litter.

Forest region Location Forest type Stand ppt Temp Elev. Over- Under- Forest Total Reference
floor3 Biomass

Temperate 90 600 9.9 1420 130.4 11.9 101.2 243

coniferous 54%4 5% 42%

Temperate 515 >2500 530 1107.9 6.2 557.3 1765

coniferous (63%) (0.4%) (32%)

Temperate 450 2250 8.5 550 802.2 5.6 218.5 1026
coniferous 78% 0.5% 21%

Teniperate 121 2500 10.1 200 915.4 4.3 301.1 1221

coniferous 75% 0.4% 25%

Temperate 180 2730 5.4 1140 602.5 0.2 224.0 827
coniferous 73% 0.02% 27%

Temperate 42 1360 9.8 210 129.3 3.4 26.7 159.4

coniferous 81% 2% 17%

Temperate 60 800 7.0 120 288.8 0.01 18.5 307.3
coniferous 94% 1 6%

Temperate 50 1400 13.3 225 124.7 8.8 6.0 139.5

deciduous 89% 6% 4%

Temperate 200 1628 13.6 706 137.5 -- 9.5 147

deciduous 94% 6%

Temperate 60 1250 2.8 550 134.0 0.05 48.0 182

deciduous 74% T 26%

Boreal 55 287 -3.4 470 24.0 6.3 133.3 163.6

coniferous 15% 4% 81%

Boreal 50 268 -3.4 97.4 0.1 68.8 166.2

deciduous 59% T 41%
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to 14% with the highest concentrations measured at Cove Creek where overstory biomass,

canopy cover and elevation were greatest (coolest site). In conifer plantations of Sweden

(Table IV. 11), low levels of forest floor biomass were probably due to intensive

management practices (Cole and Rapp 1981).

Studies of soil forming processes and wildlife habitat sometimes include fallen

log projected areas (cover). Harmon et al. (1986), reported that stands similar to those in

the UGR.B have CWD projected areas varying between 4.5 and 12%. In coastal Douglas-

fir/western hemlock forests projected areas were 14-25% (Harmon et al. 1986). At our

sites in the UGRB, I found similar levels at 6 to 15% CWD cover. In temperate conifer

forests, CWD volumes range between 50 and 400 m3/ha in the oldest stands. Volumes of

CWD in deciduous forests are usually an order of magnitude less than in conifer forests

due to different decay rates, input rates, and disturbance regimes. We measured CWD

volumes of 123 - 291 m3/ha, which is double that reported by Harmon et al. (1986) for

Abies series ecosystems. Harmon et al. (1986) also reports a range of 10 to 180 m3/ha for

snag volumes west of the Cascade Range divide. This is similar to this study where 40 to

110 m3/ha were found. The range of values for CWD biomass in conifer forests varies

from 10 to 511 Mg/ha, while those reported for deciduous forests ranged from 11-38

Mg/ha. The volume of CWD in 5 Idaho streams with similar forest types and stream sizes

as this study, ranged from 2.5 to 120 m3/ha (Harmon et al. 1986). In the UGRB sampled

streams we found 184 to 300 m3/ha in streams, which was 0%, 0%, 30%, 42%, 62% and

100% greater than the associated terrestrial amounts (Table IV. 5). Higher CWD volumes

in small streams were also reported by Harmon et al. (1986). This is likely due to down

slope movements of materials, and slower decomposition rates. The high level of snags

and CWD found in general at our sites and is probably a reflection of insect epidemics

over the past 2 decades, as well as fire suppression over the last century (Hessburg et al.

1994).

The understory component of ecosystem biomass often follows a pattern inversely

proportional to overstory biomass and cover (Long and Turner 1974). Typically, the

midstory along the stream bank in intact riparian systems contains higher levels of

structure and biomass than what is generally found under a forest canopy, due to canopy
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openings over streams and the higher levels of moisture. For example, at the Sheep Creek

site the contribution of the understory to TAGB was 10 fold greater than other coniferous

forests (Table IV.5, Table IV.!!). At our sites, understoiy biomass comprised from 1.7%

to 9.0% of the TAGB (mean 4.5%). In other coniferous sites understory biomass was 1.0

to 4.0%. For example the three reaches with the lowest stand basal area (Lookout Creek,

Limber Jim Creek, and Sheep Creek) had the highest understory biomass. In contrast

Table IV. 12. Total aboveground biomass (Mg/ha) basal area (m2/ha) and contributions
by strata (%) in the six sampled reaches of the Upper Grande Ronde Basin.

Cove Creek, had the greatest basal area (28 m2/ha) and the smallest understory biomass

(Table IV.12). Agee and Huff (1978) in the Olympic National Park reported the

understoty component of biomass at 0.3% of TAGB or 6.2 Mg/ha of the total 1765

Mg/ha. This inverse relationship between overstory and understoiy biomass was

supported in this study. When we compared and correlated ecosystem components

against tree biomass (Figure IV. 13) we see this inverse relationship displayed. Saplings,

seedlings, and shrubs (live understory) appear to follow this trend with two exceptions

which may be related to herbivory. At Limber Jim creek, which has been protected from

W Chicken
Creek

E Sheep
Creek

Squaw
Creek

Cove
Creek

Lookout
Creek

Limber Jim
Creek

Mean

Overstory
basal area 22.9 18.4 21.8 28.6 16.5 19.4 21.3
biomass 149 130 137 177 125 101 137

% of total 67% 54% 64% 68% 61% 50% 61%

Understory
biomass 8.0 11.9 4.8 4.5 12.2 18.1 10.0

%oftotal 3.5% 4.9% 2.2% 1.7% 5.9% 9.1% 4.4%

Forest Floor
biomass 65.2 101.2 72.5 79.6 69.1 83.8 78.7
%oftotal 29% 42% 34% 30% 34% 41% 35%

Total
biomass 222 243 214 261 205 203 225
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livestock grazing for 14 years, higher levels of biomass, density, height, and cover for the

three understory components saplings, seedlings, and shrubs occurred. Conversely, at

Squaw creek with the highest current and historic grazing levels among the six sites, we

see a negative deviation from the trend (i.e. a reduced understory, see Figure IV.13).

Table IV. 13. Stand structure and living biomass at selected stands in North America.

'(1) this Thesis, (2) Grier and Logan (1977), (3) (Irier et al (1980), (4) Westinan and Whittaker (1975),
(5) Whittaker and Nienng (1975), (6) Whittaker et al (1974), (7) Whittaker and Woodwell (1969),
(8) Whittaker (1966).

Location and Forest Type Precip. Air Age
(reference)' (mm) Temp

(c)

Mean Basal Tree Shrub Herb Total live
Height Area Biomass Biomass Biomass Biomass

(m) (m2/ha) (Mg/ha) (Mg/ha) (Mg/ha) (Mg/ha)

Blue Mtns Grande- 400 9.9 90 16 21 137 8.1 1.9 146.6
Oregon (1) fir/spruce

Cascades Douglas-fir 2250 8.5 450 53 665 6.4 .02 771.4
Oregon (2)

Cascades sub-alpine 2730 5.4 180 22 74 446 .01 .06 446.1
Washington (3) fir

Mendocmo Co. Sequoia 970 11.6 80 247 3200 T 0.1 3200.1
N California (4)

Mendocino Co. pine 970 11.6 88 21 73 400 14.7 0.2 414.9
N California (4)

Santa Catalina Douglas-fir 800 12.1 321 28 118 783 6.8 0.1 789.9
Arizona (5)

Santa Catalina ponderosa 800 12.1 142 18 46 250 0.03 0.05 250.1
Arizona (5) pine

Santa Catalina sub-alpine 800 12.1 106 33 58 356 0.6 1 356.6
Arizona (5) fir

Santa Catalina aspen 800 12.1 34 16 32 124 0.98 0.03 125.0
Arizona (5)

Hubbard Brook maple/beech 1250 2.8 106 16 26 162 0.15 0.04 162.2
N Hampshire (6)

Brookhaven oak/pine 1240 9.8 43 9 16 64 1.58 .02 65.6
New York (7)

Great Smoky cove forest 1500 14.2 31 53 500 0.01 .35 500.4
Tennessee (8)

Great Smoky spruce/fir 1820 10.2 26 50 310 0.1 0.02 310.1
Tennessee (8)



104

Solar energy reaching the stream surfaces ranged between 680 and 1280 Mj/m2 or

31-47% of its potential maximum for the locale (2390 Mj/m2). In contrast, elsewhere in

the Blue Mountain Province, Li et al. (1994) reported that well shaded mountain streams

in the upper John Day Basin received from 70-300 Mj/m2 of solar radiation, while streams

with an intermittent canopy received 990 Mj/m2. Streams devoid of a canopy received

near their maximum at 2230 - 2250 Mj/m2. At our sites it is likely that grazing impacts on

shrubs and overstory canopy reductions due to insect epidemics have reduced the

potential shade for the sites.

Compared to conifer forests west of the Cascade Mountains, ripanan forest

biomass and basal area in the UGRB is small (Table IV. 12). In the A bEes grandis

associations of the Blue Mountains mean basal areas for the uplands ranged between 26

and 39 m2/ha (Johnson and Clausnitzer 1992). In the Willamette National Forest in the

west Cascade Mountains Gregory and Ashkenas (1990) suggest that riparian areas contain

75% of the upland basal area values. At our sites, live tree plus dead tree (>10cm dbh)

basal areas ranged from 25.5 m2/ha to 37.4 m2/ha and this is within the range suggested by

Johnson and Clausnitzer (1992)(Table IV.6, Table P1.13). At Lookout Creek where basal

areas were the smallest (16.5 m2/ha) snags comprised 12.6 m2/ha. This is 43% of the

overstoly basal area and a reflection of the heavy mortality experienced in some eastern

Oregon forests.

At a different point along the precipitation and temperature gradient, but also in the

continental climate zone (compared to a maritime climate), climax stands in Arizona

contained 2 to 5 times more biomass and basal area per unit area than did the UGRB study

sites. The factors likely creating this difference are the doubling of annual precipitation

and the 20% higher mean annual temperatures. Although, the frequency of severe stand

replacing fires may also be a factor. Basal area, height, and live biomass of the stands of

the UGRB are similar to that of the north eastern hardwood stands at Brookhaven and

Hubbard Brook in New York and New Hampshire (Table IV. 12). Southern hardwood

forests were also generally similar in live structure and biomass, however, they did not

contain the levels of detritus as do the more northern stands. Table IV. 13 puts UGRB

ecosystem biomass into perspective with other worldwide ecosystem types. Forests in a
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maritime climate can support 2-10 times the biomass of northeast Oregon. while the

Brazilian Amazon, Northern boreal forests and the California chapparral are often similar.

Shrub and grass dominated ecosystems can be similar to each other in biomass but have

only a fraction of the aboveground biomass of a forest.

Table IV.14. Total aboveground biomass of selected world ecosystem.

Ecosystem type Biomass (Mg/ha)Reference

Mendocino Co. - California coastal redwood 1115-3200 Westman and Whittaker (1975)

West Cascades - Oregon Douglas-fir- w hemlock 554-975 Grier and Logan (1977)

Cascade Head - Oregon coast w hemlock-spruce 871 Fugimori (1976)

Brazilian Amazon iropical humid 181-425 KauffmanandUhl (1990)

California chaparral 260 Liethll. (1975)

Northern Taiga Forest Boreal forest 125-300 Olsen (1975)

Northeast Oregon riparian mixed conifer forest 203-261 This Study

savanna (low free/shrub) 75 Ajtay (1979)

NE New Brunswick jackpine-hardwood 59 McLean and Wein (1976)

Mendocino Co. - California pigmy forest 26 Westinan and Whittaker (1975)

East Cascades - Oregon jumper 21 Gholz (1980)

shrub tundra 6 WhittakerandLikens(1975)

NE Oregon ripaiian - willow/alder 1.4-2.8 Kauffman (1982)

Yukon - Canada alpine - willow 7 GrierandBallard(1981)

Yukon - Canada alpine - grass 2 GrierandBallard(1981)

NE Oregon riparian meadow (moist) 3.5-15.0 Kaufman (1982)

NE Oregon riparian meadow (diy) 2.6-4.2 Kauffman (1982)



Summary

This study established six permanent riparian research sites and quantified the

structure and biomass of second-order headwater riparian ecosystems. Total aboveground

biomass (TAGB) at six relatively intact stream reaches ranged from 203 to 261 Mg/ha

with overstory conifers comprising 10 1-177 Mg/ha. Total detritus was high and

approximately equal to living biomass which may be related to insect epidemics, as well

as, fire suppression activities. Snags comprised 22 to 52 mg/ha, and CWD 25 to 59

Mg/ha. Conifers with 25-95% insect defoliation comprised on average 33% of the stand.

Of the seven conifer species present Engelmann spruce dominated overstory composition

with 58-73% of basal area, while the early-seral fire tolerant western larch, was a principle

sub-dominant at three sites comprising 4 - 20% of basal area. Sub-alpine fir was also a

principle co-dominant at four sites, <18% of basal area. Understory shrub biomass was

negatively correlated with overstory biomass and varied from 0.3 Mg/ha at Cove Creek to

10.2 Mg/ha at Limber Jim Creek. Sapling, seedling, and shrub biomass were negatively

correlated with the overstory, i.e., r= -0.74, -0.76, -0.68, respectively. Shade per day for

July averaged 53 - 75%, with solar insolation ranging between 680 - 1275 Mj/m2 at the

stream surface. Thin-leaf alder, stinking currant, prickly currant, and red-osier dogwood

were the principle shrub species at all sites. Organic horizons (litter) contributed 9 - 14 %

of total biomass with values of 18 to 36 mg/ha.

These data should be useful to scientists and ecologists: planning and monitoring

riparian restoration; tracking the post insect epidemic dynamics; correlating fish and

aquatic integrity to riparian structures; assessing wildlife food and habitat; assessing fuels

in riparian areas; building global carbon models. This data is especially important as a

reference base for future generations, because it documents riparian forest condition and

structure in the final decade of the 20th century, in northeast Oregon. This should be

valuable in future decades/centuries as ecologists study natural systems in response to

changing climate and various management/restoration scenarios.
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Appendix A

Table IV. 15 Transect lengths and reference stake offsets at the beginning and end of each
transect at six sampled reaches in the Upper Grande Ronde Basin..
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TRANSECT

West Chicken Creek

Transect length 22.6 22.3 23.4 22.3 25.0 17.1 18.8 19.6 22.3 24.8

Begin PVCstakeoffset Eside 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

Begin PVCstakeoffsetWside 7.5 7.5 7.5 7.5 7.5 12.5 12.5 7.5 7.5 7.5

EndPVCstakeoffsetEside 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

End PVC stake offset W side 7.5 7.5 7.5 7.5 7.5 7.5 7.5 12.5 7.5 7.5

East Sheep Creek

Transect length 24.5 22.4 25.0 24.0 25.0 24.9 23.6 23.8 21.3 25.0

BeginPVCstakeoffsetEside 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

BeginPVCstakeoffsetWside 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

End PVC stake offset E side 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

End PVC stake offset W sides 7.5 7.5 7.5 7.5 7.5 7.5 7.5 12.5 7.5 7.5

Squaw Creek

Transect length 20.4 22.4 21.6 15.6 24.2 16.1 22.2 20.2 20.6 23.1

Begin PVC stake offset E side 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

Begin PVC stake offset W side 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

End PVC stake offset E side 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

End PVC stake offset W side 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

Cove Creek

Transect length 23.3 23.0 24.2 23.9 23.9 23.1 23.4 23.9 22.3 24.5

BeginPVCstakeoffsetEside 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

Begin PVC stake offset W side 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

End PVC stake offsetEside 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

EndPVCstakeoffsetWside 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

Lookout Creek

Transect length 19.9 15.0 17.3 21.1 22.5 20.2 25.0 22.3 20.9 24.5

BeginPVCstakeoffsetEside 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

BeginPVCstakeoffsetWside 7.5 7.5 7.5 7.5 12.5 7.5 7.5 5.0 7.5 7.5

EndPVCstakeoffsetEsicje 7.5 12.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

EndPVCstakeoffsetWside 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

Limber Jim Creek

Transect length 19.2 25.0 25.0 24.2 24.8 22.1 14.4 21.8 23.1 20.0

BeginPVCstakeoffsetEside 12.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 17.5

BeginPVCstakeoffsetWside 7.5 7.5 7.5 7.5 7.5 7.5 12.5 7.5 7.5 7.5

End PVC stake offset E side 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

EndPVCstakeoffsetWsjde 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
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Appendix B

Table IV. 16 Scientific names, common names, and Alpha Codes for woody species
encountered at six sampled headwater reaches o the Upper Grande
Ronde Basin, Oregon 1991-1993.

Common name Scientific name

Engelmann spruce Picea engelmannii PIEN

Douglas-fir Pseudotsuga mensiesii PSME

grand fir Abies grandis ABGR

sub-alpine fir Abies lasiocarpa ABLA

lodgepole pine Pinus contorta PICO

ponderosa pine Pinus ponderosa PIPO

western larch Larix occidentalis LAOC

thin-leaf alder Alnus incana ALIN

sandbar willow Salix exigua var. melanopsis SAEX-M

Mackenzie willow Salix rigida var. mackensieana SARI-M

blue elderbeny Sam bucus cerulea SACE

water birch Betula occidentalis BEOC

bearbeny Lonicera involucrata LOIN

alder beriy Rhamnus a1nfo1ia RHAL

willow species Salix spp. SASP

red-osier dogwood Cornus stolon/'era COST

stinking currant Ribes hudsonianuin RIHU

common snowbeny Symphoricarpos albus SYAL

prickly currant Ribes lacustre RILA

pearhip rose Rosa woodsii ROWO

red raspberiy Rubus idaeus RUID
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Appendix C

Table IV.17. Mean overstory tree parameters (dbh>lOcm) at the Cove Creek reference site. Numbers are means and standard
errors.

'Scientific and common names in appendix.

Species' Density DBH Max. DBH Height Max. Height Basal Area Biomass
(no.Iha) (cm) (cm) (cm) (cm) (m2/ha) (kg/ha)

PIEN 245 (14) 26.3 (0.9) 82 1642 (40) 3965 16.8(1.1) 77.1 (4.9)

PSME 3(2) 61.3 (7.1) 72 2669 (308) 3050 0.9(0.5) 6.5(3.4)

A]3GR 12(4) 19.2 (4.4) 44 1070 (223) 2288 0.4 (0.1) 1.4 (0.5)

ABLA2 130(10) 19.9(1.3) 53 1376(109) 2745 4.9(0.7) 23.6(4.1)

PICO 2 (2) 25.0 (4.0) 29 2173 (38) 2745 0.1 (0.1) 0.5 (0.4)

LAOC 30(7) 47.0 (4.4) 88 2905 (119) 3660 5.6(1.5) 30.1 (7.9)

ALL SPECIES 422 (21) 25.7 (0.8) 88 1641 (42) 3965 28.6 (2.1) 139.4 (10.4)

SNAGS 104 (9) 28.5 (2.3) 95 1522 (95) 3965 8.8 (1.4) 37.6 (7.9)



Scientific and common iiam
Stumps are harvest legacies
Only one tree found.

1705 (86)

1475(119)

1035 (84)

1525 (1525)

1394 (82)

3050 (3050)

2955 (166)

1711 (88)

1331 (53)

Appendix C (continued)

Table IV. 18. Mean overstory tree parameters (dbh>lOcm) at the West Chicken reference site. Numbers are means and standard
errors.

Species' Density DBH Max. DBH Height Jvlax. Height Basal Area
(no/ha) (cm) (cm) (cm) (cm) (m2/ha)

PIEN 236 (16) 25.6 (1.2) 89 3843 16.2 (2.0) 80.3 (12.7)

PSME 30(5) 27.1 (4.8) 86 3507 2.5(0.7) 16.0 (5.3)

ABGR 11(2) 19.9 (2.3) 50 1830 0.5 (0.2) 1.5 (0.6)

ABLA2C 0.7 (0.7) 24.0 (24.0) 24 1525 0.03 (0.03) 0.1 (0.1)

PICO 25 (8) 16.5 (1.3) 22 2135 0.6 (0.2) 2.6 (0.9)

P1PO 0.9 (0.9) 66.0 (66.0) 66 3050 0.3 (0.3) 2.2 (2.2)

LAOC 17.1 (6.2) 44.9 (4.6) 63 3965 2.8 (0.9) 15.7 (5.1)

ALL SPEC1ES 321 (19) 25.7 (1.0) 89 3965 22.9 (2.3) 118.5 (14.6)

SNAGS 110(18) 26.2(1.6) 115 3965 8.4(1.2) 30.8(5.4)

STUMPSb 27 (7) 61.7 (5.0) 136 9.5 (3.2)

es in appendix B
b of 20 yrs+.



(no/ha) (cm) (cm) (cm) (cm) (m/1ia) (kg/ha)

STUMPSb 49 (16) 22.9 (2.0) 39 -- -- 1.8 (0.5)

Appendix C (continued)

Table IV. 19. Mean overstory tree parameters (dbh>lOcm) at the Squaw Creek reference site. Numbers are means and standard
errors.

Scientific and common names in appendix
b Stumps are harvest legacies of 20 yrs+.

Specie? Density DBH Max DBH Height Max Height Basal Area Biomass

PIEN 154 (27) 32.4 (2.3) 84 1811 (92) 3782 14.9 (2.1) 75.0 (11.4)

PSME 8(3) 18.6 (5.3) 45 1019 (265) 2288 0.23 (0.13) 1.0 (0.8)

ABGR 10(3) 13.2 (1.0) 21 573 (67) 1067 0.15 (0.06) 0.5 (0.2)

ABLA2 7(7) 17.1 (1.8) 27 1081 (1081) 1678 0.17 (0.17) 0.6 (0.6)

PICO 74 (25) 17.0 (0.7) 43 1475 (45) 2593 1.8(0.6) 8.9 (2.9)

LAOC 30(6) 41.3 (1.6) 82 2597 (71) 3660 4.4 (0.9) 23.4 (5.3)

ALL SPECIES 283 (26) 27.5 (1.9) 84 1742 (83) 3660 21.8 (2.1) 109.4(11.9)

SNAGS 100(12) 26.9(2.5) 84 1571 (89) 3660 7.5(1.3) 27.6(4.8)



Scentific and comm
Only one found.
Stumps ate harvest I

Appendix C (continued)

TableIV 20 Mean overstory tree parameters (dbh>lOcm) at the East Sheep Creek reference site. Numbers are means and standard
errors.

on names in APPENDIX B.
b

C egacies of 20 yrs+.

Species' Density DBH Max. DBH Height Max. Height Basal Area Biomass
(no/ha) (cm) (cm) (cm) (cm) (m2/ha) (kg/ha)

PIEN 164 (18) 26.5 (2.3) 84 1699 (124) 3660 12.2 (2.2) 62.5 (12.5)

PSME 20(5) 26.5(4.0) 97 1538(183) 3050 1.5(0.4) 8.9(3.0)

ABGR 7 (3) 23.7 (4.4) 39 1403 (325) 2592 0.3 (0.1) 1.0 (0.4)

ABLA2 65 (13) 21.4 (1.4) 48 1345 (94) 2745 2.5 (0.5) 10.3 (2.4)

PICO 23 (5) 20.7 (1.0) 40 1642 (185) 2745 0.9 (0.2) 4.2 (1.2)

PIPOb 1(1) 35.5 (22.5) 58 1876 (1327) 3203 0.2 (0.2) 2.9 (1.9)

LAOC 8 (4) 37.4 (10.4) 80 2394 (362) 3507 0.8 (0.4) 4.6 (2.0)

J1JOCL 1(1) 18.0 (18.0) 18 610(610) 610 0.02 (0.02) 0.1 (0.1)

ALLSPECIES 290(22) 24.6(1.1) 97 1591 (65) 3660 18.4(2.4) 94.4(13.8)

SNAGS 158 (13) 25.2 (1.3) 97 1280 (64) 3203 10.3 (1.1) 36.0 (6.4)

STUMPSC 0 0 0 0 0 0 0



DBII Biornass

(no/ha) (cm) (cm) (cm) (cm) ( ) (kg/ha)

SNAGS 122 (15) 21.1 (1.0) 100 I 139 (34) 2743 6.1(1.5) 22.5 (6.5)

Appendix C (continued)

Table IV.21 Mean overstory tree parameters (dbh>lOcm) at the Limber Jim Creek reference site. Numbers are means and standard
errors

'Scientific and common names in appendix

Species' Density Max DBH Height Max Height Basal Area
m2/ba

PIEN 234 (15) 24.7 (1.2) 66 1497 (69) 3048 13.5 (1.6) 57.2 (7.5)

PSME 30(4) 20.2(1.5) 48 1218(86) 2438 1.2(0.3) 5.6(1.4)

ABGR 6(2) 19.7 (3.6) 32 1102(176) 1676 0.2 (0.1) 0.6 (0.2)

ABLA2 49(10) 21.5 (1.5) 53 1311 (91) 2590 1.9(0.4) 8.1 (1.8)

PICO 28(17) 17.0 (1.7) 27 1210(183) 1829 0.7 (0.4) 2.9(1.8)

LAOC 10(5) 32.2 (16.3) 97 1772 (395) 3353 1.0 (0.7) 5.3 (3.7)

ALL SPECIES 358 (39) 23.5 (1.0) 97 1432 (56) 3353 19.4 (2.3) 83.8 (10.7)



Biomass
(kg/ha)

11.0(1.8) 50,0 (9.2)

0.4(0.3) 2.7(1.8)

0.8(0.3) 3.8(1.3)

0.8(0.5) 3.8(2.5)

0.4 (0.2) 1.2 (0.5)

2.9 (0.5) 12.9 (2.7)

16.5 (l;9) 74.3 (10.4)

12,6 (2.4) 50.5 (12.3)

Appendix C (continued)

Table IV 22 Mean overstory tree parameters (dbh>lOcm) at the Lookout Creek reference site Numbers are means and standard
errors.

'Scientific and common names in appendix

Species' Density DBI-1 Max. DBFI Height Max. Height
(nojha) (cm) (cm) (cm) (cm)

PIEN 131 (15) 30.5 (2.4) 68 1788 (156) 3658

PSME 6(3) 23.1 (4.5) 61 1415 (293) 3048

ABGR 17 (7) 13.9 (1.2) 28 737 (67) 1372

ABLA2 72(11) 21.3(2.3) 61 1262(119) 3170

PICO 22(7) 20.6(3.4) 39 1369(241) 2438

LAOC 4 (2) 42.8 (12.8) 80 2438 (233) 3048

ALLSPECIES 254(19) 25.7(1.2) 80 1537(105) 3658

SNAGS 238 (30) 22.5 (0.9) 133 1352 (83) 4572



Appendix D

Table IV 23. Mean understory shrub dimensions at the Cove Creek reference site Numbers are means and
standard errors.

b Scientific and common names see appendix

SpeciesA Density Cover Height Crown Area Crown No. Stems Stem Diam
(no/lOOm) (m2/ha) (cm) (m2) Volume (/plant) (mm)

(ms)

ALIN <200 1.2(0.9) 4.0(4.0) 30.3 (0.4) 0.14 (0.13) 0.03 (0.03) 1.0(0.0) 11.1 (5.5) 0.2(0.2)

RILA 100.8(9.2) 427.0(60.0) 36.8(1.0) 0.17(0.02) 0.08(0.01) 4.9(0.3) 6.5(0.1) 298.8(43.2)

RIHU 4.8(2.7) 30.0 (21.0) 42.6 (5.3) 0.25 (0.11) 0.15(0.07) 5.3 ?(2.3) 8.3 (0.9) 25.3 (17.0)



Table IV 24 Mean understory shrub dimensions at the West Chicken Creek reference site. Numbers are means and
standard errors.

Scientific and common names see app
b ALIN spp. with heights >200cm were

endix.
analyzed as trees and crown areas were not measured

Appendix D (continued)

Specie? Density
(no./1 OOm)

Cover
(m2fha)

Height
(cm)

Crown Area
(m2)

Crown
Volume

(mi)

No. Stems
(/plant)

Stem Diam
(mm)

Biomass
(kg/ha)

SYAL 2.4 (1.2) 57.9 (49.6) 71(4) 0.96 (0.02) 1.10(0.0 1) 19.0 (0.2) 6.3 (0.7) 13.8 (0.2)

ALIN <201b 8.8 (2.5) 208.5 (93.8) 123 (11) 0.95 (0.20) 1.40 (0.4) 5.5 (1.0) 18.9 (1.4) 198.4 (149.6)

ALIN >200 16.4 (6.5) 611.9(261.9) 306 (26) 1.25 (0.17) 4.2 (0.8) 1.2 (0.2) 43.6 (1.9) 576.2 (239.2)

SACE 0.4 (0.4) 17.4 (17.4) 125 (0) 1.74 (0.00) 2.10(0.00) 2.0(0.0) 24.9 (0.0) 5.7 (5.7)

BEOC 0.4 (0.4) 2.3 (2.3) 72(0) 0.23 (0.00) 0.17 (0.00) 3.0 (0.0) 7.7 (0.0) 0.3 (0.3)

LOIN 0.4 (0.4) 8.6 (8.6) 180 (0) 0.86 (000) 1.60 (0.00) 8.0 (0.0) 17.3 (0.0) 4.4 (4.4)

RUID 3.6 (1.8) 9.8 (4.5) 51(4) 0. 10 (0.01) 0.07 (0.01) 3.6 (0.3) 3.4 (0.3) 9.0(4.2)

COST 10.0 (2.5) 104i (38.9) 58(5) 0.42 (0.09) 0.60 (0.18) 4.6 (0.7) 11.7 (1.0) 50.8 (20.4)

RILA 50.0 (6.5) 348.3 (82.8) 108(11) 0.28 (0.06) 0.25 (0.09) 5.7 (0.6) 6.7 (0.3) 412.5 (155.4)

RIHU 40.4 (6.2) 1361.3 (229.4) 57 (2) 1.34 (0.15) 1.50 (0.23) 21.0 (2.6) 10.7 (0.4) 1161967.0
(300.0)

ROWO 16.4 (0.0) 8 9 (0.9) 88 (3) 0.09 (0.00) 0.09 (0.00) 5.0 (0.0) 7.9 (0.0) 1.4(1.4)



Appendix

he Squaw

(mi)

SAEX 0.4 (0.4) I. 1 (1. I) 35 0. 11 0.04 2 18. I 0.1 (0. I)

D (continued)

AScientific and common names see appendix.
BPJJN spp. with heights >200cm were analyzed as trees and crown areas were not measured

Table IV.25. Mean understory shrub dimensions at t
standard errors.

Creek reference site Numbers are means and

SpeciesA Density Cover Height Crown Area Crown No. Stems Stem Diam Biomass

(no.!! OOm) (m2/ha) (cm) (m2) Volume (/plant) (mm) (kg/ha)

ALIN <201 7.6 (3.4) 267.0(183.0) 109 (9) 1.4 (0.3) 2.2 (0.7) 4.1 (0.9) 28.9 (2.5) 176.7 (145.6)

ALIN>200B 0.8 (0.5) 20.9 (14.5) 285 (45) 1.0 (0.3) 3.1 (1.2) 51.9 (13.6) 28.2 (21.7)

SACE 0.4 (0.4) L0(1.0) 40 0.1 0.04 4 16.5 0.2 (0.2)

RBAL 1.6 (1.2) 95.2 (83.5) 73(9) 2.4 (0.5) 1.9(0.5) 20.7 (7.2) 8.2 (0.5) 95.6 (88.8)

LOIN 2.0 (1.2) 10.0 (5.6) 48(1) 0.20 (0.03) 0.11 (0.01) 1.8 (0.3) 8.9 (1.1) 2.4 (1.4)

RILA 24.8 (6.2) 247.0 (91.0) 47(2) 0.40 (0.07) 0.23 (0.05) 8.0 (0.9) 6.9(0.3) 201.6 (82.6)

RIHIJ 31.2 (4.8) 774.0 (161.0) 68(3) 1.0(0.12) 0.84 (0.12) 16.1 (1.7) 9.4 (0.4) 861.0 (192.6)

SARI 0.4 (0.4) 1.8(1.8) 61 0.18 0.11 3 14.0 0.5 (0.5)



(no. ) ( ) (cm) (m2) (mi) (no/p ) (mm) (kg/ha)

559.1 (203.8)

593.0 (128.0)

914.0 (194.0)

275.6 (154.1)

46.5 (26.4)

166.3 (108.2)

497.4 (94.7)

.7) . 0) ) 1.7 (0.18) I ) . . ) 11.7 (0.5) 0)

Appendix D (continued)

Table IV 26 Mean understory shrub dimensions at the East Sheep Creek reference site Numbers are means and
standard errors.

b Scientific and common names see appendix.
ALIN spp. with heights >200cm were analyzed as trees and crown areas were not measured.

Speciesb Density
/lOOm

Cover
m2/lia

Height Crown Area Crown Vol Stems
lant

Stem Dia Biomass

SYAL 57.2(9.1) 62(2) 0.38(0.11) 0.33(0.19) 6.6(1.4) 6.8(0.2) 156.2(62.2)

ALIN <201 29.2 (3.9) 116(5) 0.77(0.11) 1.1 (0.2) 3.7 (0.8) 20.7 (1.6) 318.4 (102.3)

ALIN>200 18.8 (3.7) 303 (18) 1.9(0.2) 6.2(0.9) 1.0(0.0) 43.6 (3.7) 1819.3 (701.4)

RHAL 7.2 (3.0) 94(6) 1.4 (0.8) 1.5 (0.9) 24.8 (8.4) 9.4 (0.6) 109.6 (50.7)

LOIN 2.8 (1.6) 62(10) 0.74 (0.3) 0.53 (0.25) 9.3 (1.7) 12.7 (1.3) 10.6 (6.2)

COST 7.2 (4.3) 107(11) 1.3 (0.6) 1.84 (0.97) 6.5 (0.8) 13.7 (0.8) 49.7 (29.9)

RILA 52.8 (7.0) 62 (2) 0.37 (.06) 0.29 (0.06) 6.0 (0.5) 7.2 (0.2) 631.2 (130.0)

RIHU 26 5 (3 5060 0 (4068 90 (4 .77 (0.24 22 0 (2 7 1668.0 (222.



Appendix D (continued)

Table IV 27. Mean understory shrub dimensions at the Limber Jim Creek reference site. Numbers are means and
standard errors.

Species" Density Cover Height Crown Area Crown Stems Stem Diam Biomass
(no./1 OOm) m2iba (cm) (m2) Volume (no/plant) (mm) (kg/ba)

(m3)

ALIN <201 49.6 (10.4) 1063.2 (256.1) 141 (4) 0.75 (0.06) 1.1 (0.1) 4.7 (0.3) 21.5 (0.6) 721.0 (253.0)

ALIN >200c 124.4 (24.7) 5187.0 (1052.4) 354 (10) 1.68 (0.08) 6.8 (0.5) 1.6(0.1) 46.9(1.1) 8297.3 (2302.8)

SACE 0.4 (0.4) 2.7 (2.7) 110(0) 0.27 (0.00) 0.3 (0.0) 6.0 (0.0) 9.3 (0.0) 1.3 (1.3)

SASP 1.2 (0.6) 2.2 (1.4) 39 (10) 0.08 (0.00) 0.03 (0.0) 2.0(0.0) 6.6(1.8) 0.5 (0.3)

COST 11.6 (2.1) 160.7 (38.5) 100(7) 0.60 (0.10) 0.8 (0.2) 5.4 (0.7) 11.0(0.8) 65.5 (17.5)

RILA 17.2 (3.7) 205.3 (87.3) 74(3) 0.50(0.10) 0.4(0.1) 7.1 (0.8) 8.7(0.4) 255.0 (110.0)

RIHU 17.6 (3.1) 684.7 (1734) 95(5) 1.50 (0.20) 1.6 (0.2) 23.1 (5.5), 12.9 (0.6) 837.7 (212.7)

SARI 0.8 (0.0) 15.2 (13.2) 166 (74) 0.76 (0.57) 1.6(1.5) 5.5 (0.0) 13.3 (5.3) 9.7 (8.8)

"Scientific and common names see appendix.
ALIN spp. with heights >200cm were analyzed as trees and crown areas were not measured
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he Lookou

449.6 (83.7) 179.3 (32.9)

547.2 (255.5) 598.7 (286.6)

13.3 (13.3) 3.6 (3.6)

2.5 (1.8) I .6 (I . 1)

89.5 (82.0) 42,6 (40.3)

193.5 (53.9) 232.9 (71.4)

1 283.0 2102.9
(317.3) (529.2)

mes see appendi
200cm were ana

D (continued)

'Scientific and common na x.
b ALIN spp. with heights> lyzed as trees and crown areas were not measured

Table IV.28. Mean understory shrub dimensions at t
standard errors.

Specie? Density Cover Height
(no./IOOm) (m2/ha) (cm)

t Creek reference site. Numbers are means and

Crown Area Crown Stems Stem Diam Biomass
(m2) Volume (no/plant) (mm) (kg/ha)

(m2)

ALIN<201 27.2(4.5) 115(5) 0.6(0.1) 0.85(0.12) 3.7(0.3) 21.4(1.1)

ALIN>200b 16.8 (7.0) 291 (16) 1.2 (0.1) 3.7 (0.5) 1.7 (0.2) 44.0 (2.5)

LOIN 0.4 (0.4) 95 (0) 1.3 (0.0) 1.26 (0.0) 6 (0.0) 19.3 (0.0)

SASP 1.2 (0.9) 98(27) 0.1 (0.0) 0.1 (0.07) 1(0.0) 11.2 (2.4)

COST 1.2(0.9) 183(41) 3.0(1.0) 6.9(4.1) 14.7(13.5) 18.0(4.1)

RILA 22 (5.5) 65 (2) 0.4 (0.0) 0.3 (0.03) 6.5 (0.4) 7.9 (0.3)

RH-lU 30.4 (4.0) 97 (3) 1.7 (0.2) 1.9 (0.3) 20.1 (2.8) 12.3 (1.2)



Appendix E

Table IV.29 Basal areas, densities, and biomass by diameter class at six sampled reaches
in the Upper Grande Ronde Basin.

121

Dia. Class

Basal Area
(m2/ha)

Cove Creek

Density
(4/ha)

Biomass
(Mg/ha)

Lokout Creek

Basal Area Density
(m2/ha) (4/ha)

Biomass
(Mg/ha)

Limber Jim Creek

Basal Area Density
(m2/ha) (#lha)

Biomass
(Mg/ha)

10 - 20 cm 2.7 185 11.0 1.7 104 6.3 2.9 182 12.2

20 - 30 cm 4.6 95 19.7 2.8 66 10.8 3.7 83 14.5

30 - 40 cm 63 26.9 4.4 48 19.2 4.6 50 19.2

40 - 50 cm 7.6 51 37.3 4.0 27 18.5 3.7 26 16.2

50 - 60 cm 4.7 20 24.3 3.1 14 15.3 3.7 17 17.5

60 - 70 cm 4.7 15 28.2 5.0 15 30.7 2.6 8 12.9

70-80cm 3.1 8 18.5 - - -
>80cm 4.2 7 26.4 3.6 7 18.2 7.0 9 38.0

Dia. Class West Chicken Creek

Basal Area Density
(m2/ha) (#/ha)

Biomass
(Mg/ha)

East Sheep Creek

Basal Area Density
(m2lha) (#Iha)

Biomass
(Mg/ha)

Squaw Creek

Basal Area Density
(m2iha) (#/ha)

Biomass
(Mg/ba)

10 - 20cm 2.3 148 10.6 2.1 131 10.0 2.2 136 10.1

20 - 30cm 3.9 87 16.5 3.7 80 15.3 2.6 62 11.0

30 40 ii 2.4 26 11.4 3.4 39 16.0 2.1 23 10.2

40 - 50cm 4.0 26 21.4 3.4 22 17.4 4.3 28 20.7

50 - 60 cm 5.4 24 28.7 3.2 14 18.4 5.0 22 26.3

60 - 70 cm 12 24.3 4.4 14 25.9 4.3 13 22.9

70 - 80cm 3.3 8 18.1 7.0 17 48.3 6.2 15 36.8

> 80 cm 8 30.2 3.8 7 22.3 4.2 8 25.4
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