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Linkages between graminoid-dominated riparian vegetation and groundwater

levels were described in two montane floodplains in the headwaters of the Grande Ronde

River in the Blue Mountains, northeast Oregon. Vegetation composition andbiomass

were sampled in association with well fields installed for groundwater monitoring at each

of two meadows, one on Squaw Creek and one on West Chicken Creek. Stream channels

were incised in the downstream half of both study sites.

Average growing season (May-June) groundwater levels were highly correlated

with species composition, explaining >70% of the variance in community structure on

both sites. Wells dominated by hydrophytic vegetation (sensu Wake ly and Lichvar 1997)

had higher average growing season groundwater levels (27 and 34 cm in depth at Squaw

Creek and West Chicken Creek, respectively) than wells dominated by mesophytic

vegetation (z67 cm in depth at both sites). Aboveground biomass was high where

groundwater levels were high (634 g/m2 at Squaw Creek, 829 g/m2 at West Chicken

Creek); where groundwater was low, aboveground biomass was also low (330 g/m2 at

Squaw Creek, 555 g/m2 at West Chicken Creek). Belowground biomass, sampled at a



subset of wells, showed the same pattern as aboveground biomass. Where groundwater 

was high, belowground biomass was also high (4375 g/m2 at Squaw Creek, 2784 g/m2 at 

West Chicken Creek); where groundwater was low, belowground biomass was also low 

(1237 g/m2 at Squaw Creek, 1632 g/m2 at West Chicken Creek). 

Channel incision of z0.5 m appeared to alter vegetation/groundwater 

relationships such that species adapted to less hydric conditions increased in abundance 

on the incised reaches. Wells associated with incised portions of the stream had lower 

groundwater levels, more mesophytic vegetation, and lower biomass than wells upstream 

of a nickpoint where the channel was not incised. 

These findings suggest that minor channel incisions and the associated decline in 

groundwater level may lead to a type conversion of meadow vegetation. The decrease in 

belowground standing crop has possible feedback implications for streambank stability 

and channel morphology. Such disturbances are of particular concern because Blue 

Mountain headwater streams are valued spawning and rearing habitat for threatened 

spring chinook salmon and Snake River steelhead trout. 
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Ecological Characteristics of Montane Floodplain Plant Communities 
in the Upper Grande Ronde Basin, Oregon 

CHAPTER 1
 
INTRODUCTION
 

Riparian meadow systems have high ecological and economic values. Floodwater 

energy is dissipated as overbank flows spread across riparian floodplains (Hillman 1998). 

Soils bound by dense graminoid roots hold fine-textured soils in place and resist erosion 

(Dunaway et al. 1994). Meadow vegetation contributes to fisheries habitat and water 

quality by providing allochthonous inputs (Webster and Benfield 1986), streambank 

structure (Zimmerman et al. 1967), and shading of the water surface in headwater streams 

(Beschta 1997). Throughout the western USA, headwater streams serve as important 

salmonid spawning and rearing habitat (Bustard and Narver 1975, Moore and Gregory 

1988). High levels of native plant and animal species diversity have been recorded in 

riparian meadows (Kauffman et al. 1982). Because of their gentle terrain and lush 

vegetation, the meadows are preferred foraging sites for domestic livestock (Marlow and 

Pogacnik 1986, Roath and Krueger 1982) and mule deer (Odocoileus hemionus) (Loft et 

al. 1991). Montane meadows are also heavily used by humans for recreational uses such 

as camping, birdwatching, hunting, and fishing. 

Many western riparian meadows are in degraded condition due to land use 

activities such as beaver removal, cattle grazing, logging, mining, road building, and 

water impoundment (Cooke and Reeves 1976, Ferguson and Ferguson 1983, Kauffman 

and Krueger 1984). These activities have led to channel incision, water table decline, and 
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type conversions of riparian vegetation (Bryan 1928, Graf 1979, Winegar 1977). The 

arroyos of the southwestern US and central Oregon are spectacular examples of channel 

incision. These incised channels, or gullies, are characterized by steeply sloping walls in 

cohesive, fine sediments and can be several meters deep (Cooke and Reeves 1976, 

Peacock 1994). In the arid and semi-arid west, channel incision has an especially strong 

effect on riparian plant community composition because the vegetation usually depends 

on streamflow and associated groundwater. 

Depth to groundwater, particularly during the growing season, is a primary 

environmental factor influencing composition of shallow-rooted graminoid and herb 

communities (Aukland 1978, Van der Valk and Bliss 1970). Allen-Diaz (1991) described 

the relationships between growing season water table patterns and plant community types 

in Sierra Nevada meadows. The most hydrophytic meadow species were found in areas 

with a narrow range (0-40 cm) of annual groundwater fluctuation, while more mesophytic 

species were in habitats with a much wider range of groundwater fluctuation (20-80 cm). 

Similar results were reported by Halpern (1986) who found seasonal groundwater 

fluctuation and site aspect were important in structuring the vegetation composition. In a 

high elevation Rocky Mountain meadow, meadow communities and soils were related to 

major hydrologic regimes, soil moisture gradients, and nutrient gradients (Cooper 1990). 

Stromberg et al. (1996) found shallow groundwater important in structuring both 

herbaceous and woody riparian plant communities along the San Pedro River, Arizona. 

Few studies of vegetation/groundwater relations in riparian systems have 

quantified the impacts of channel incision, and those that have were at sites with one to 

several meters of incision (Graf 1979, Stromberg et al. 1996, Winegar 1977). This is 
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unlike the levels of moderate channel incision (i.e., 0.2-1.0 m) typical of many montane 

headwater reaches of the western USA. Studies into possible vegetation/groundwater 

relationships in riparian meadows are important because of the large proportion of low-

order stream miles in montane systems. I was unable to find any studies that reported the 

effects of minor (<1 m) channel incision on the groundwater levels and plant community 

composition and biomass in headwater meadows. 

Few studies have related above and belowground biomass of graminoid

dominated riparian vegetation to growing season groundwater dynamics. Manning et al. 

(1989) examined four community types in Sierra Nevada meadows and reported live root 

mass, root length density, and groundwater levels. Ratliff and Westfall (1988) studied 

Carex nebrascensis-dominated meadows, also in the Sierra Nevada, and reported above 

and belowground biomass, and net primary production, but no groundwater data were 

given. John M. Bernard and co-workers published a number of studies on the above 

and/or belowground biomass of various single sedge species, but again, no groundwater 

data were reported (Bernard 1974, Bernard and Bernard 1977, Bernard and MacDonald 

1974, Bernard and Hankinson 1979, Bernard and Fiala 1986). Some United States 

Forest Service riparian zone plant association classifications report aboveground biomass 

data and limited groundwater data, but no belowground biomass data (Crowe and 

Clausnitzer 1997, Kovalchick 1987, Volland 1976). 

In this study, the first of its type in the Blue Mountains, I investigated the 

relationships of both community composition and biomass to groundwater levels in two 

headwater riparian meadows. It is important to understand the dynamics of these 

vegetation/groundwater relationships, and how wetland graminoid communities may 



4 

differ in structure from mesic grassland communities. Structural and compositional 

differences between meadow community types, although often not readily visible to the 

eye, may have important implications for fisheries habitat and water quality. I also used 

comparisons of community composition between incised and unincised reaches as a 

space-for-time substitution to predict the consequences of groundwater decline on 

montane floodplain vegetation. By comparing incised and unincised reaches, this study 

addresses the implications of land use-related channel incision on riparian hydrology and 

vegetation. 

To address these issues this study focused on the following objectives: (1) 

determine the relationship between plant community composition and water table 

dynamics in two montane riparian headwater meadows; (2) describe the association of 

channel incision with community composition and groundwater; (3) determine the 

relationship between herbaceous biomass and growing season groundwater levels; and (4) 

describe the association of channel incision with herbaceous biomass and groundwater 

levels. 
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CHAPTER 2
 

Composition of Montane Floodplain Plant Communities 

in Relation to Groundwater Gradients 

Nicholas J. Otting 
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ABSTRACT
 

Linkages between graminoid-dominated riparian vegetation and groundwater 

levels were described in two montane floodplains on headwater tributaries of the Grande 

Ronde River in the Blue Mountains, northeast Oregon. Vegetation composition and 

growing season groundwater levels were sampled in association with well fields installed 

for groundwater monitoring at each of two meadows, one on Squaw Creek and one on 

West Chicken Creek. Stream channels were incised in the downstream half of both study 

sites. 

Average growing season (May-June) groundwater levels were highly correlated 

with species composition, explaining >70% of the variance in community structure on 

both sites. Wells dominated by hydrophytic vegetation (sensu Wake ly and Lichvar 1997) 

had higher average growing season groundwater levels (27 and 34 cm in depth at Squaw 

Creek and West Chicken Creek, respectively) than wells dominated by mesophytic 

vegetation (z67 cm in depth at both sites). 

Channel incision of =0.5 m appeared to alter vegetation/groundwater relationships 

such that species adapted to less hydric conditions increased in abundance on the incised 

reaches. Wells associated with incised channels had lower groundwater levels and more 

mesophytic vegetation than wells associated with unincised channels. These findings 

suggest that minor channel incisions and the associated decline in groundwater level may 

lead to a conversion of meadow vegetation from hydrophytic to drier types. 
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INTRODUCTION
 

Throughout the west, montane headwater streams serve as important salmonid 

spawning and rearing habitats (Bustard and Narver 1975, Moore and Gregory 1988). 

Maintaining and recovering the wetland attributes and functions of headwater meadows 

are key components of efforts to restore endangered fisheries in the Pacific Northwest 

(Anderson 1992). McIntosh et al. (1994) suggest that efforts to recover stream and 

riparian habitats focus on unconstrained reaches because of their high biotic productivity 

and high proportion of pool habitat. 

Riparian meadows associated with unconstrained reaches provide numerous 

ecological and economic values. Floodwater energy is dissipated as overbank flows 

spread across riparian floodplains (Hillman 1998). Soils bound by the dense roots of 

hydrophytic (plants inhabiting wet sites) graminoids were three times more resistant to 

erosion than soils bound by roots of mesophytic (plants inhabiting moist sites) graminoids 

(Dunaway et al. 1994). Hydrophytic graminoids contribute to fisheries habitat and water 

quality by providing high-quality allochthonous inputs (Webster and Benfield 1986), 

streambank stabilization and sediment trapping which influence creation of narrow, deep 

channels (Zimmerman et al. 1967), and shading of the water surface in headwater streams 

which maintains cooler water temperatures (Beschta 1997). High levels of native plant 

and animal species diversity have been recorded in riparian meadows (Kauffman et al. 

1982). Riparian wetland meadows are important in mitigating impacts on water quality 

(Green and Kauffman 1989). 

Depth to groundwater, particularly during the growing season, is a primary 

environmental factor influencing composition of shallow-rooted graminoid and herb 
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communities (Auk land 1978, Van der Valk and Bliss 1970). Groundwater is defined 

here as the water contained in interconnected pores located below the water table in an 

unconfined aquifer. Allen-Diaz (1991) studied Sierra Nevada meadows and related 

growing season groundwater patterns to plant community types. Some meadow species 

(e.g., Carex angustata) were found in areas with a narrow range (0-40 cm) of annual 

groundwater fluctuation, while other species (e.g., Poa pratensis) were in habitats with a 

much wider range (20-80 cm). Another Sierra Nevada meadow study found seasonal 

groundwater fluctuation and site aspect had important influences on plant community 

composition (Halpern 1986). 

Many western stream-floodplain ecosystems are in a degraded condition as a 

result of livestock grazing, logging, water impoundment, and road building (Cooke and 

Reeves 1976, Ferguson and Ferguson 1983, Kauffman and Krueger 1984). As a result of 

these activities, groundwater decline associated with channel incision has occurred 

western riparian areas since Euro-American settlement (Bryan 1928, Graf 1979, Winegar 

1977). Groundwater decline associated with the 1930's drought in the Great Plains 

caused higher mortality in riparian plants than in upland plants because the riparian plants 

were shallow-rooted and were not adapted to moisture stress (Albertson and Weaver 

1945). In California, decline in groundwater caused by pumping was associated with 

changes in riparian species composition, destabilization of streambanks, and channel 

widening (Groeneveld and Griepentrog 1985). 

Little is known of the influence of minor channel incision (<1 m) on the 

composition of shallow-rooted graminoid and forb communities in riparian meadows. In 

this study, the first of its type in the Blue Mountains, I used comparisons of community 
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composition between incised and unincised reaches as a space-for-time substitution to 

predict the consequences of groundwater decline on montane floodplain vegetation. My 

objectives were: (1) to determine the relationship between plant community composition 

and the dynamics of groundwater patterns in two montane riparian meadows; and (2) 

describe the influences of channel incision on community composition and groundwater 

dynamics at the two sites. 

SITE DESCRIPTION 

Field measurements occurred between June, 1994 and September, 1995 in two 

riparian meadows located along headwater reaches of the Grande Ronde River in Union 

County, Oregon. The sites were floodplains of two second order streams: Squaw Creek 

(45°07'44"N, 118°32'23"W; elevation 1,370 m) and West Chicken Creek (45°3'17"N, 

118°24'11"W; elevation 1,330 m). They are in the Blue Mountains physiographic 

province approximately 40 km southwest of La Grande and are located on lands 

administered by the La Grande Ranger District of the Wallowa-Whitman National Forest. 

The Squaw Creek site (0.5 ha, 150 X 30 m) occupies a shallow v-shaped valley 

bottom (stream gradient is 2.5%) within a 632 ha drainage basin with elevations ranging 

up to 1,852 m. The West Chicken Creek site (1.4 ha, 210 X 70 m) occupies a flat valley 

bottom (stream gradient is 1.8%) within a 1,014 ha drainage basin with elevations ranging 

up to 1,930 m. Surrounding uplands are underlain by a mix of Grande Ronde basalts and 

rhyolite-dominated deposits of the John Day Formation with the soils derived from mixed 

alluvium (Walker and Macleod 1991). Stream discharge in Squaw and West Chicken 

Creeks during the third week of July, 1991 was 0.05 and 0.06 m3/second, respectively 
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(stream survey data on file at the La Grande Ranger District, La Grande, Oregon). Mean 

annual precipitation at the Starkey Experimental Forest weather station (1,260 m 

elevation) =15 km north of the study sites is 54 cm (weather records on filliwt PNW 

research lab, La Grande, Oregon). Most precipitation (>80%) falls between November 

and June; snowmelt begins in March or April and the runoff period usually extends into 

May. 

Populations of federally listed (National Marine Fisheries Service 1995) spring 

chinook salmon (Oncorhynchus tshawytscha) and Snake River steelhead trout (0. mykiss) 

use West Chicken Creek as spawning and/or rearing habitat. Snake River steelhead trout 

use Squaw Creek as rearing habitat (stream survey data on file at the La Grande Ranger 

District, La Grande, Oregon). Mixed conifer forests of ponderosa pine (Pinus 

ponderosa), western larch (Larix occidentalis), and Douglas fir (Pseudotsuga menziesii) 

form the overstory of nearby uplands, while lodgepole pine (Pinus contorta) and 

Engelmann spruce (Picea engelmannii) occupy the toeslopes. The study sites are 

dominated by graminoids ("grass-like" plants: predominantly sedges (Carex spp.), grasses 

(Poaceae), and rushes (Juncus spp.)). Herbaceous dicots, shrubs, and conifers are also 

present but are not dominant (Appendix). 

Livestock grazing, timber harvesting, road building, and fire suppression are the 

predominant anthropogenic disturbances in the drainage areas of the study sites. The 

Squaw Creek site is within a 3,187 ha allotment grazed yearly by 100 cow/calf pairs and 

the West Chicken Creek site is within a 3,941 ha allotment grazed yearly by 102 cow/calf 

pairs. The season of use for both sites begins on 16 June and ends variously between 15 

August and 15 October (Allotment Operating Plans on file at the La Grande Ranger 



11 

District, La Grande, Oregon). The allotment containing both study sites has been 

continuously utilized, mostly by cattle, since the 1870's. The 1.4 ha West Chicken Creek 

research site was fenced to exclude cattle in June, 1995. Timber harvest has been 

extensive on slopes surrounding the study sites: uplands around West Chicken Creek 

have been selectively logged and clearcutting is more common in the uplands of the 

Squaw Creek basin. Road densities in the upper Grande Ronde subbasin are 4 4 km/km2, 

excluding roadless areas (McIntosh et al. 1994). 

A hydrologic study on the influence of groundwater on temperature of headwater 

streams began on the sites in 1993 (Webster and Beschta 1994). One of the criteria used 

in selecting the sites for that study was the presence of an in-channel erosional feature 

called a nickpoint. A nickpoint is an abrupt change of elevation and slope gradient where 

falling water causes a concentration of flow and turbulence, which results in the 

migration of an erosional front upstream (Brooks et al. 1991). The upstream migration of 

the nickpoints at the study sites appears to be arrested by the presence of coarse woody 

debris or boulders in the middle of each research reach. The nickpoint at Squaw Creek, a 

small waterfall (z0.5 m high), is more extreme than at West Chicken Creek where the 

nickpoint is a more gradual riffle of cobbles and boulders. Whereas at Squaw Creek the 

channel incision is continuous downstream from the nickpoint, at West Chicken Creek 

the channel incision is discontinuous downstream from the nickpoint. 
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METHODS
 

Data collection 

Hydrology 

At each site, depth to groundwater was measured at water wells installed in a grid 

pattern on transects crossing the floodplain (Figure 2.1). The Squaw Creek site had 53 

wells in 10 transects placed perpendicular to the stream and 17 m apart. Each transect 

had 5 to 7 wells at a spacing of 5 m between wells; 25 wells were downstream of the 

nickpoint (i.e., along the incised reach). West Chicken Creek had 55 wells in 8 transects 

at a 30 m spacing along the stream. Each transect had 6 to 7 wells at a spacing of 10 m 

between wells; 28 wells were downstream of the nickpoint. Well casings were 

constructed from 2.54 cm diameter PVC pipe hand drilled with 4 mm diameter holes at a 

density of approximately 300 holes per meter. Approximately 30 cm of pipe was not 

drilled and projected aboveground after installation. Each pipe was plugged at the bottom 

and inserted through the meadow soils and 10-15 cm into gravels and cobbles. 

Installation depths ranged from 50 to 146 cm at Squaw Creek and 47 to 180 cm at West 

Chicken Creek; typical installations were 1 m deep at both sites. Well elevations at the 

soil surface were determined with a standard surveyor transit. 

Water wells were installed in June 1993. For this study, depth to groundwater 

was measured every 2 weeks from 19 May to 9 September, 1995. A copper wire and 

meterstick attached to an ohmmeter were lowered into the wells to read water depth. At 

contact with free water, an electric current registered on the ohmmeter and the depth from 

the top of the well was recorded. The aboveground length of PVC pipe was subtracted 
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Figure 2.1. Maps of well fields on study sites at A) Squaw Creek (transects are 
approximately 17 m apart and wells within transects are approximately 5 m apart) and B) 
West Chicken Creek (transects are approximately 30 m apart and wells within transects 
are approximately 10 m apart), upper Grande Ronde River basin, Oregon. 

from the measurement to determine depth to groundwater from the soil surface. The 

stage, or height, of water in the creeks was measured at staff gages every two weeks from 
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19 May to 9 September, 1995. Staff gages, constructed from metal fence posts with 

metal meter sticks attached, were installed in the stream channel. 

Vegetation 

I sampled species composition and abundance at each well at Squaw Creek 

between 4 July and 17 July, 1994 and at West Chicken Creek between 26 July and 12 

August, 1995. The meadow vegetation, dominated by perennials, appears not to have 

been influenced by extreme disturbances such as fire or high magnitude flooding in many 

years. Therefore, I assumed that species composition was relatively constant from year to 

year. Vegetation was sampled using a point sampling frame attached to the water wells 

(Mueller-Dombois and Ellenberg 1974). At each well, there were eight radial transects 

each with five sampling points systematically oriented and extending from 0.5 m to 1.0 m 

from the well pipe (n-=-40 points). Wire pins were dropped through the sampling frame 

from each sampling point to the soil surface and each contact of vegetation with the pins 

was tallied. Litter and bare ground were not tallied. Vascular plant nomenclature follows 

Hitchcock and Cronquist (1973). 

Species diversity was summarized three ways: alpha diversity, the average species 

richness per well; beta diversity, the degree of heterogeneity in species composition in the 

wells, represented by the ratio of the total number of species (gamma) to the average 

species richness per well (alpha); and gamma diversity, the total number of species across 

all wells (Whittaker 1978). 
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Data analysis 

Relationships between plant species composition and depth to groundwater 

Vegetation and groundwater relationships were interpreted by multivariate data 

analysis, conducted using the PC-ORD program (McCune and Mefford 1997). Sampling 

points (wells) were ordinated according to similarity in species composition and a matrix 

of environmental variables representing groundwater dynamics was overlaid on the 

ordination to find correlations. Environmental variables included groundwater level for 

each sampling date, highest groundwater level, lowest groundwater level, seasonal 

drawdown (highest groundwater level minus lowest groundwater level), average growing 

season groundwater level (May-Sept.), and positional variables including distance of each 

well from the creek and elevation of each well above the creek. 

Before performing the analysis, the raw species data from each site were 

relativized by each "species maximum", an adjustment in which the value of a particular 

species is set at 1 in the sample unit where it is most abundant (i.e., maximum), and the 

abundance of that species at all other wells is expressed as a proportion of the maximum. 

For each site, species present in fewer than 5% of the wells (Squaw Creek n=31, West 

Chicken Creek n=28) were removed from the analysis. Out of 108 wells, 12 were 

removed from the analysis either because of missing groundwater data (Squaw Creek 

n=3, West Chicken Creek n=1) or because the wells were determined to be outliers 

(Squaw Creek n=3, West Chicken Creek n=5). Outliers were defined as wells with 

species composition more than two standard deviations from the mean, as determined by 

outlier analysis in PCORD. The final dimensions of the plant species matrices used in the 
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ordinations were 47 wells X 59 species for Squaw Creek and 49 wells X 52 species for 

West Chicken Creek. A separate matrix was constructed for the environmental variables. 

I used the non-parametric ordination technique Non-metric Multidimensional 

Scaling (NMS) (algorithm of Kruskal 1964) for the multivariate analysis of vegetation 

and groundwater relationships. NMS has been found to be particularly robust for the 

ordination of ecological data (Minchin 1987, Prentice 1977). The distance measure used 

was Sorenson's, a city block measure (i.e., 1-2W/(A+B), where W is the sum of shared 

abundances and A and B are the sums of abundances in individual sample wells). All 

ordinations were displayed on two axes. The ordination diagrams graphically displayed 

the wells based on plant species occurrence and abundance; wells with a similar species 

composition were located close together in the diagram, while wells with dissimilar 

composition were located farther apart. Values for each environmental variable listed . 

above were subsequently overlaid on the species-based ordinations and the relationship 

between environmental variables and ordination axes was determined via regression 

analysis. Correlation of the environmental variables with the ordination axes was 

reported in terms of correlation coefficients; the squared correlation coefficient 

expressing the proportion of variation in position on an ordination axis that was 

accounted for by the variable in question (McCune and Mefford 1997). In order to 

improve the interpretability of the relationship between groundwater variables and the 

ordinations, the ordination diagram was rotated to maximize the proportion of variance 

explained on the first axis. 

To further describe the relationship between vegetation and groundwater level at 

each site, I classified the wells by their wetland indicator species composition. I then 
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used a non-parametric test of differences between groundwater levels of the resulting 

groups of wells. Wells were classified according to their wetland indicator species 

composition and abundance using the Federal Manual for Identification and Delineation 

of Jurisdictional Wetlands (Federal Interagency Committee for Wetland Delineation 

1989). A weighted average technique was used to array the plant species composition 

along a single environmental gradient, in this case moisture. Each species was assigned 

to a wetland indicator category (Table 2.1) using the National List of Plant Species that 

Occur in Wetlands: Northwest (Region 9); (Reed 1996). 

Table 2.1. Indicator categories, probability ranges, and indicator index values for species 
occurrence in wetlands (Reed 1996). 

Wetland Indicator Probability of Occurrence Indicator 
Category in Wetlands Index 

Obligate wetland (OBL) >99% 1 

Facultative wetland (FACW) 67-99% 2 
Facultative (FAC) 34-66% 3 

Facultative upland (FACU) 1-33% 4 
Obligate upland (UPL) <1% 5 

Relative species abundance and indicator status of each species at each well were 

used to calculate a wetland score (WS) for each well using the following formula 

(Wakely and Lichvar 1997) 

WS = (IOBLAOBL IFACWAFACW IFACAFAC IFACUAFACU IUPLAUPL)/ 

(AOBL AFACW AFAC AFACU AUPL), 

where I0BL = 1, IFAcw = 2, IFAc =39 IFAcu = 4, and ILL = 5 are the weighted average indicator 

index values for all plant species present at a well, and AOBL = the relative abundance of 
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OBL plants at a well, AFACW = the relative abundance of FACW plants at a well, etc. The 

vegetation at a well was defined as hydrophytic if the WS was <3.0 and mesophytic if the 

WS was (Federal Interagency Committee for Wetland Delineation 1989). 

At each site, a Mann-Whitney U test was applied to determine if differences 

existed between the growing season (here defined as mid-May to early September) 

average groundwater depth of the hydrophytic and mesophytic groups defined in the 

above analysis (Sokal and Rohlf 1981). 

Impacts of channel incision 

Differences in species composition of wells on the incised and unincised reaches 

were tested using multi-response permutation procedures (MRPP) (Mielke 1984). This 

test, a multivariate analysis of species composition and abundance, allowed the testing of 

the hypothesis of no difference in composition between the incised and unincised reaches. 

The average groundwater depth for the growing season was then calculated for the 

groups of wells located along the incised and unincised reaches. At each site, a Mann-

Whitney U test was applied to determine differences in groundwater levels between 

reaches (Sokal and Rohlf 1981). 

RESULTS 

Composition of vegetation 

Floristics 

The two sites and reaches within sites differed little in alpha, beta, or gamma 

diversity (Table 2.2). Compositional heterogeneity (beta diversity) was relatively high for 
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both sites and was only slightly greater across each site than it was within the groups of 

wells within the unincised and incised reaches. 

Table 2.2. Species diversity of vascular plants on Squaw Creek and West Chicken Creek, 
upper Grande Ronde River basin. Alpha diversity, the average species richness per 
sample unit; beta diversity, the degree of heterogeneity in species composition in the 
sample units, represented by the ratio of the total number of species (gamma) to the 
average species richness per sample unit (alpha); and gamma diversity, the total number 
of species across all sample units (Whittaker 1978). 

Diversity measure 

n alpha beta gamma 

Squaw Creek 53 15.4 5.8 90 

Unincised 27 16.1 4.4 71 

Incised 26 14.7 4.8 70 

West Chicken Creek 55 17.0 4.7 80 

Unincised 27 16.7 3.9 66 

Incised 28 17.4 4.0 70 

Graminoids comprised 40% and 36% of the species present at the West Chicken 

and Squaw Creek study sites, respectively (Appendix). Grass and sedge species 

dominated the cover at the sites: 49% of the cover on the West Chicken Creek sample 

plots was comprised of three graminoid species (Poa pratensis 22%, Deschampsia 

cespitosa 17%, and Festuca rubra 10%) and at Squaw Creek, 38% of the cover belonged 

to the three most dominant graminoid species (Carex aquatilis 17%, Poa pratensis 15%, 

and Carex lanuginosa 6%). Perennial species dominated the vegetation: 91% of the 

species present at Squaw Creek and 88% of the species present at West Chicken Creek 

were perennial. 
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Abundance of hydrophytic vegetation 

Hydrophytic vegetation occurred at 47% of the wells at Squaw Creek and 59% at 

West Chicken Creek. Two grass species, Deschampsia cespitosa and Poa pratensis 

(facultative wetland and facultative species, respectively), accounted for 44% of the cover 

in the hydrophytic group at West Chicken Creek (Table 2.3). At Squaw Creek, two sedge 

species, Carex aquatilis and C. lanuginosa (both obligate wetland species), accounted for 

39% of the cover at the hydrophytic wells. Dominant species of the hydrophytic wells at 

one stream site were often very low in abundance at the other. For example, at West 

Chicken Creek, Carex aquatilis and C. lanuginosa had only 8% abundance, and at Squaw 

Creek, Deschampsia cespitosa had an abundance of 2%. Because Squaw Creek had a 

higher abundance of obligate wetland species, the wetland scores of the hydrophytic 

group at Squaw Creek were generally lower than those of West Chicken Creek (wetland 

scores were 2.1 and 2.6 for Squaw Creek and West Chicken Creek, respectively) (Table 

2.4). Likewise, because of the abundance of upland and facultative upland species such 

as Calamagrostis rubescens, and Fragaria virginiana at some Squaw Creek wells on the 

riparian/upland ecotone, wetland scores at the dry end of the gradient ranged higher than 

at West Chicken Creek. 

Multivariate outliers 

Eight outlier wells discarded from the multivariate analysis were atypical, either 

because of vegetation abundance or unique species dominance at the wells. The three 

outlier wells at Squaw Creek had very little vegetation cover and unusual species for the 

site. Two of the wells were dominated by Carex geyeri, a species of open woodlands and 
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Table 2.3. Wetland indicator status and cover of dominant species within groups of wells 
classified as hydrophytic and mesophytic at Squaw and West Chicken Creeks, upper 
Grande Ronde River basin. Wetland indicator categories: OBL=obligate wetland, 
FACW=facultative wetland, FAC=facultative, FACU=facultative upland, and 
UPL=upland. 

Wetland Indicator Percent 

Species Category Cover 

Squaw Creek hydrophytic wells 
Carex aquatilis OBL 30 

Carex lanuginosa OBL 9 

Poa pratensis FAC 8 

Calamagrostis canadensis FACW 8 

Sanguisorba sitchensis FACW 5 

Squaw Creek mesophytic wells 
Poa pratensis FAC 22 

Trifolium longipes FAC 10 

Calamagrostis rubescens UPL 7 

Pinus contorta FAC 5 

Fragaria virginiana FACU 4 

West Chicken Creek hydrophytic wells 
Deschampsia cespitosa FACW 24 

Poa pratensis FAC 20 

Festuca rubra FAC 10 

Aster occidentalis FAC 4 

Carex lanuginosa OBL 4 

West Chicken Creek mesophytic wells 
Poa pratensis FAC 25 

Festuca rubra FAC 12 

Trifolium repens FAC 11 

Bromus carinatus UPL 9 

Trifolium longipes FAC 7 
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Table 2.4. Summary of wetland scores for each site and for groups of wells with 
mesophytic and hydrophytic vegetation at Squaw and West Chicken Creek, upper Grande 
Ronde River basin. 

Squaw Creek 
Wetland score 

West Chicken Creek 
Wetland score 

n range mean n range mean 
Hydrophytic 
Mesophytic 
Total site 

22 
25 
47 

1.4-2.9 
3.0-4.2 
1.4-4.2 

2.1 

3.5 
2.8 

29 
20 
49 

2.1-2.9 
3.0-3.5 
2.1-3.5 

2.6 
3.3 
2.9 

dry slopes, and the other was dominated by Vaccinium scoparium, another woodland 

species. All three outlier wells at Squaw Creek were located at the edge of the study site, 

on the ecotone between the floodplain and hillslope vegetation. At West Chicken Creek, 

the five outlier wells had unusual species dominance. Three of the wells were dominated 

by Carex utriculata, one by C. canescens, and the other by Juncus balticus, species not 

abundant at any other wells at the site. 

Vegetation/groundwater relationships 

Correlations between vegetation composition and groundwater 

Vegetation composition was strongly correlated with the average, minimum, and 

maximum growing season groundwater levels. These groundwater variables explained a 

large proportion of the variance in the NMS ordinations. Average growing season 

groundwater depth explained 76% of the variance in community structure at Squaw 

Creek and 74% at West Chicken Creek (Table 2.5). However, correlations were almost 

exclusively with axis 1; none of the measured environmental variables were highly 

correlated with axis 2. Surprisingly, seasonal groundwater fluctuation (maximum 
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Table 2.5. Pearson correlations with ordination axes (regression coefficients in terms of 
r2). Average, minimum, maximum, and fluctuation are 1995 groundwater level 
parameters and distance and elevation are locations of each well with respect to the 
stream on Squaw and West Chicken Creek, upper Grande Ronde River basin. 

Squaw Creek West Chicken Creek 

AXIS 1 2 1 2 

Average 0.76 0.01 0.74 0.01 

Minimum 0.63 0.00 0.60 0.03 

Maximum 0.73 0.03 0.56 0.04 

Fluctuation 0.01 0.05 0.01 0.01 

Distance 0.25 0.05 0.01 0.13 

Elevation 0.45 0.01 0.10 0.10 

groundwater level minus minimum groundwater level) showed poor correlation with the 

ordination axes at both sites. The distance of the wells from the creeks explained less 

than 30% of the variance in the ordinations. Importance of well elevation above the 

stream level differed between the two sites: at Squaw Creek it explained 45% of the 

variance in the plant community structure, while at West Chicken Creek it explained only 

1%. 

Groundwater levels better explained variance in community structure on some 

sampling dates during the growing season than it did at other times (Figure 2.2). At West 

Chicken Creek, the groundwater level of the first sampling date of the growing season (19 

May) explained relatively little of the variance. Groundwater levels measured in June and 

early July accounted for >65% of the variance in community composition, and after mid-

July groundwater explained progressively less. At Squaw Creek the early-season pattern 

was similar, but groundwater level continued to explain >70% the variance in community 

composition through the end of the growing season. 
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Figure 2.2. Variance explained by groundwater levels on each sampling date during the 
1995 growing season at Squaw Creek and West Chicken Creek, upper Grande Ronde 
River basin, Oregon. The x axis represents the 1995 groundwater sampling periods; the y 
axis represents variance in terms of Pearson correlations with ordination axes. 

Groundwater levels of hydrophytic and mesophytic vegetation 

Water surface levels of the mesophytic and hydrophytic vegetation as defined by 

the classification were quite distinct throughout the 1995 growing season (Figures 2.3, 

2.4). Stream water surface level, as indicated by staff gage data, generally reflected the 

groundwater levels at each site. 

Water surface levels were characterized by a general pattern of high late spring 

groundwater levels associated with snowmelt runoff and a steady drop to a late summer 
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Figure 2.3. Average groundwater levels of wells with hydrophytic and mesophytic 
vegetation (A) and stream water level (B) at Squaw Creek, upper Grande Ronde River 
basin, Oregon. 
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Figure 2.4. Average groundwater levels of wells with hydrophytic and mesophytic 
vegetation (A) and stream water level (B) at West Chicken Creek, upper Grande Ronde 
River basin, Oregon. 
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base level. However, the graph curves were spiked by two storm events, a 4.7 cm 

precipitation event of 17-19 June and, to a lesser degree, a 2.2 cm event between 7-10 

August (weather records on file at PNW research lab, La Grande, Oregon). At West 

Chicken Creek, the average groundwater level of wells in the hydrophytic group was near 

the soil surface in mid May, remained within 30 cm of the ground surface through June, 

and dropped sharply in early July. In contrast, average groundwater level of wells in the 

mesophytic group dropped sharply during late May and early June to about 65 cm depth, 

at which time the rate of decline slowed. At Squaw Creek groundwater levels for both 

groups were less variable. Groundwater levels were not as close to the soil surface early 

in the growing season and they did not drop as much late in the growing season as did the 

groundwater levels at West Chicken Creek. 

Some broad similarities are notable in the groundwater patterns of both sites. At 

Squaw Creek, the groundwater levels of the hydrophytic and mesophytic groups were 

synchronous, differing by approximately 40 cm throughout the growing season. At West 

Chicken Creek, the groundwater levels of the hydrophytic and mesophytic groups differed 

by approximately 27 cm at the beginning and end of the growing season; but the 

difference was larger (approximately 40 cm) at the end of June. Within each site the 

magnitude of decline of groundwater level through the growing season was similar for the 

hydrophytic and mesophytic groups: groundwater at the Squaw Creek hydrophytic and 

mesophytic wells declined 32 and 35 cm, respectively, and groundwater at the West 

Chicken Creek hydrophytic and mesophytic wells declined 62 and 64 cm, respectively. 
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Impacts of channel incision 

Vegetation on unincised and incised reaches 

Plant species composition differed significantly between wells of the incised and 

unincised reaches (P<0.01 from an MRPP test for both Squaw Creek and West Chicken 

Creek). Abundance of obligate wetland and facultative wetland species was greater in the 

unincised than the incised reaches at both sites (Figure 2.5). On the unincised reach at 

Squaw Creek obligate wetland and facultative wetland species accounted for 64% of the 

vegetation cover while accounting for only 22% along the incised reach. Facultative 

species were the most abundant indicator category on the incised reach at Squaw Creek, 

accounting for 48% of the total cover for the reach. At West Chicken Creek, the 

differences between the reaches were less distinct for obligate wetland and facultative 

wetland species, but were more pronounced for facultative upland and upland species. 

On the incised reach, upland and facultative upland species accounted for 52% of the 

cover while accounting for 34% of the cover along the unincised reach. 

Wells dominated by hydrophytic vegetation were more common on unincised 

reaches at both sites. At Squaw Creek, 71% of the wells on the unincised reach and 22% 

of the wells on the incised reach had vegetation classified as hydrophytic. At West 

Chicken Creek, there was less difference between the reaches: 75% of the wells on the 

unincised reach and 44% of the wells on the incised reach had vegetation classified as 

hydrophytic. 
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Figure 2.5. Frequency of occurrence of wetland indicator species (Reed 1996) relative to 
channel incision at Squaw Creek (A) and West Chicken Creek (B), upper Grande Ronde 
River basin, Oregon. Wetland indicator categories: OBL=obligate wetland, 
FACW=facultative wetland, FAC=facultative, FACU=facultative upland, and 
UPL=upland. A=Squaw Creek, B=West Chicken Creek. 
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Groundwater on unincised and incised reaches 

At Squaw Creek, mean growing season groundwater level of unincised and 

incised areas differed significantly (Table 2.6). An even more pronounced difference was 

found in mean groundwater level of wells classified as having hydrophytic versus 

mesophytic vegetation. At West Chicken Creek, there was a significant difference in the 

mean groundwater level of wells classified as hydrophytic and mesophytic. However, 

mean groundwater level differences were less pronounced relative to nickpoint position 

(P=0.109 from a Mann-Whitney U test). 

Table 2.6. Average growing season groundwater levels (cm) of groups of wells defined 
by reach location and by wetland indicator scores at Squaw Creek and West Chicken 
Creek, upper Grande Ronde River basin, Oregon. Groundwater levels are means ± 
standard errors. Means of groups of wells within sites with different letters denote a 
significant difference (P<0.05). 

Squaw Creek West Chicken Creek 
n Water level n Water level 

Unincised 24 33.9 ± 4.0b 23 43.7 ± 3.7 
Incised 23 64.3 ± 5.7a 26 53.4 ± 4.1 
Hydrophytic 25 27.0 ± 2.1b 29 36.4 ± 2.1b 
Mesophytic 22 68.0 ± 4.8a 20 66.9 ± 3.5a 

DISCUSSION 

Community composition in these headwater riparian meadows closely reflected 

groundwater conditions. Both multivariate analysis and tests that compared groundwater 

with classified vegetation showed the association of hydrophytic vegetation with high 

groundwater levels. The results of this study are similar to those of Allen-Diaz (1991), 
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Halpern (1986), and Manning et al. (1989) who found that species composition of 

montane meadows was linked to groundwater levels. The sensitivity of the hydrophytic 

vegetation of my study sites to groundwater level also supports conclusions by Stromberg 

et al. (1996) that predicted that herbaceous riparian vegetation was more vulnerable to 

groundwater decline than woody vegetation. 

The season-long high groundwater levels of Carex aquatilis-dominated 

hydrophytic wells at Squaw Creek contrasted with the groundwater levels of the 

Deschampsia cespitosa-dominated hydrophytic wells at West Chicken Creek, where 

groundwater was at or above the soil surface early in the season, but low late in the 

season. Others in the western United States have reported similar groundwater levels for 

these two species (Crowe and Clausnitzer 1997, Hansen et al. 1995, Kovalchik 1987). 

Both community types flood during spring high flows (indeed, such flooding was 

observed at both sites in May 1995) but sites dominated by Deschampsia cespitosa 

drained more quickly in mid-summer than Carex aquatilis community types. 

At both Squaw Creek and West Chicken Creek, the groundwater level in the 

mesophytic group was deeper than 50 cm for almost all of the growing season. Poa 

pratensis, an introduced grass species, dominated the mesophytic wells at both sites but 

was abundant at hydrophytic wells also (Table 2.3). This ubiquitous species was the most 

widespread species at both sites, being present at 83% of wells at Squaw Creek and at all 

wells at West Chicken Creek (Appendix). Because of its wide ecological amplitude Poa 

pratensis would likely become dominant in what are now Carex aquatilis and 

Deschampsia cespitosa-dominated areas should groundwater decline occur. 
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Interestingly, distance from the stream and elevation above the stream were not 

strongly correlated with the community composition of the sites. If well distance from 

the stream had been highly correlated with the vegetation, a gradient of wet-to-dry 

community types, ranging from the streams to the toeslopes, would have been apparent, 

but this was not the case. Instead, some wells far from the creeks had hydrophytic 

vegetation and high groundwater levels. The groundwater levels on 29 June 1995 of four 

wells on one transect perpendicular to the stream at West Chicken Creek illustrates this 

point: the groundwater was highest (7 cm) at the well most distant from the stream, 

intermediate (48 cm) at the next well, lowest (76 cm) at the next, and intermediate (32 

cm) again at the well closest to the stream. The uneven water table was probably due to 

water moving through relict buried channels and depressions in the floodplain. Well 

elevation above the stream was not correlated with community structure at West Chicken 

Creek, perhaps because of the reach-scale flatness of the meadow surface and the 

irregular microtopography of both ground surface the water table across the site. Well 

elevation was moderately correlated with the Squaw Creek community structure (r2 = 

45%), perhaps because the valley bottom has a slight v-shape, sloping away from the 

toeslopes toward the creek. 

These results indicate that hydrophytic vegetation is adapted to and dependent 

upon high growing season groundwater levels. Reduced soil conditions associated with 

high water tables cause wetland plants to root more profusely near the surface (Jackson 

and Drew 1984). For example, in a study of meadow vegetation in the Sierra Nevada, 

only 4% of the live root and rhizome biomass of Carex nebrascensis, an obligate wetland 

species, was in the 30-40 cm layer of a 0-40 cm soil profile (Manning et al. 1989). 
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Because of this concentration of roots in surface soils, obligate wetland species are 

vulnerable to groundwater decline resulting from channel incision. After incision, species 

adapted to more aerobic soils can invade the wetlands and quickly displace the obligate 

wetland species (Stromberg et al. 1996). 

It could be hypothesized that the dissimilarity of the groundwater levels and 

vegetation across the nickpoints is not related to channel incision but to an unmeasured 

discontinuity, whether it be groundwater-related, edaphic, or topographic. I believe that 

this is an unlikely explanation for the current distribution of groundwater and vegetation 

characteristics of the sites. Field observations of soils made during installation of 

sampling wells, consistency of meadow soil depths, and uniformity of floodplain and 

terrace geomorphology upstream and downstream of the nickpoints do not indicate any 

other physical reason than nickpoints for differences between the incised and unincised 

reaches. It is more plausible that the migration of the nickpoints resulted in channel 

incision which in turn altered the groundwater level of the incised reaches. Additional 

evidence that the nickpoints have migrated to their present positions is provided by 

observations of dramatically incised channels (often >1 m) downstream of both study 

sites. Whether channel incisions were management-caused or were caused by natural 

erosion processes, the implications for meadow groundwater levels and vegetation 

composition are the same. My assumption is that the present-day vegetation reflects both 

historical disturbances and the current groundwater conditions of the sites. 

These results suggest that channel incisions of as little as 40 cm, if linked with 

floodplain groundwater, could lead to a conversion from hydrophytic vegetation to a drier 

mesic type. Such a compositional change to mesic species dominance may be associated 
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with a reduction in aboveground and belowground biomass (Manning et al. 1989, see 

chapter 3 this study), a structural change with implications for channel, streambank, and 

floodplain morphology. Type changes in vegetation associated with channel incision and 

decline in groundwater level may occur relatively quickly as the wetland-adapted 

hydrophytic species are replaced by mesophytic species. This conversion is less apparent 

than similar type conversions involving woody vegetation, which leave behind evidence 

of the previous community such as standing dead shrubs or tree stumps. Conversion 

from hydrophytic vegetation to mesophytic vegetation in montane meadows, although 

more difficult to detect than changes in shrub or tree communities has far-reaching 

implications for form and function of stream-floodplain ecosystems. Therefore, 

preventing channel incision (thus maintaining groundwater levels and hydrophytic 

vegetation in montane headwater meadows) may be crucial for providing quality habitat 

for native fishes and other riparian-dependent wildlife species. 
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CHAPTER 3
 

Biomass of Montane Floodplain Plant Communities 

in Relation to Groundwater Gradients 

Nicholas J. Otting 
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ABSTRACT
 

Linkages between graminoid-dominated riparian vegetation and groundwater 

levels were described in two montane floodplains on headwater tributaries of the Grande 

Ronde River in the Blue Mountains, northeast Oregon. Above and belowground biomass 

and species composition were sampled in association with well fields installed for 

groundwater monitoring at each of two meadows, one on Squaw Creek and one on West 

Chicken Creek. Stream channels were incised in the downstream half of both study sites. 

Wells dominated by hydrophytic vegetation (sensu Wake ly and Lichvar 1997) had 

higher average growing season groundwater levels (27 and 34 cm in depth at Squaw 

Creek and West Chicken Creek, respectively) than wells dominated by mesophytic 

vegetation (z67 cm in depth at both sites). Where groundwater was high, aboveground 

biomass was also high (634 g/m2 at Squaw Creek, 829 g/m2 at West Chicken Creek); 

where groundwater was low, aboveground biomass was also low (330 g/m2 at Squaw 

Creek, 555 g/m2 at West Chicken Creek). Belowground biomass, sampled at a subset of 

wells, showed the same pattern as aboveground biomass. Where groundwater was high, 

belowground biomass was also high (4375 g/m2 at Squaw Creek, 2784 g/m2 at West 

Chicken Creek); where groundwater was low, belowground biomass was also low (1237 

g/m2 at Squaw Creek, 1632 g/m2 at West Chicken Creek). 

Channel incision appeared to alter vegetation/groundwater relationships such that 

species adapted to less hydric conditions increased on the incised reaches. Wells 

associated with incised portions of the stream had lower groundwater levels, more 

mesophytic vegetation, and lower biomass than wells upstream of the nickpoint. 
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These findings suggest that minor channel incisions and the associated decline in 

groundwater level may lead to a type conversion of meadow vegetation. The decrease in 

belowground standing crop has implications for streambank stability and channel 

morphology. Such disturbances are of particular concern because Blue Mountain 

headwater streams are valued spawning and rearing habitat for threatened spring chinook 

salmon and Snake River steelhead trout. 
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INTRODUCTION
 

Vegetation plays a crucial role in shaping the geomorphology of stream-floodplain 

ecosystems (Graf 1979, Hicken 1984). This is particularly true in depositional reaches 

where plant biomass of meadows protects fine-textured soils. Aboveground plant parts 

serve to reduce turbulence and velocities near soil surfaces during overbank flows, thus 

reducing erosion (Thorne 1990). Belowground plant parts knit sediments and prevent 

soil particle entrainment (Dunaway et al. 1994, Kouwen and Unny 1973). 

Many western riparian meadows on depositional reaches are in a degraded 

condition as a result of livestock grazing, logging, water impoundment, and road building 

(Cooke and Reeves 1976, Ferguson and Ferguson 1983, Kauffman and Krueger 1984). 

These activities have often lead to channel incision, water table decline, and type 

conversions of riparian vegetation (Bryan 1928, Graf 1979, Winegar 1977). 

Few studies have addressed the relationship of above and belowground biomass 

of graminoid-dominated riparian vegetation to growing season groundwater dynamics. 

Manning et al. (1989) examined four community types in Sierra Nevada meadows and 

reported live root mass, root length density, and groundwater levels at four wells per 

community type. Ratliff and Westfall (1988) studied Carex nebrascensis-dominated 

meadows, also in the Sierra Nevada, and reported above and belowground biomass and 

net primary production, but no groundwater data were given. John M. Bernard and 

collaborators published a number of studies on the above and/or belowground biomass of 

various Carex species, but again, no groundwater data were reported (Bernard 1974, 

Bernard and Bernard 1977, Bernard and MacDonald 1974, Bernard and Hankinson 1979, 

Bernard and Fiala 1986). Some USFS riparian zone plant association classifications 
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contain aboveground biomass data (Crowe and Clausnitzer 1997, Kovalchick 1987, 

Vol land 1976). I was unable to find any studies that reported the effects of minor (<1 m) 

channel incision on the biomass and groundwater levels in riparian meadows. 

Here I report the results of a two year study on the relationship between above and 

belowground biomass and groundwater dynamics in headwater riparian meadows. A 

total-species approach based on wetland indicator status (Reed 1996) was used to classify 

the vegetation of the study sites and to compare the biomass and groundwater dynamics 

of the classified groups. Surface soil textures were described for parts of the study sites. 

My objectives were: (1) to determine the relationship between herbaceous biomass and 

growing season groundwater levels in two montane riparian meadows; and (2) describe 

the association of channel incision with herbaceous biomass and groundwater at the sites. 

SITE DESCRIPTION 

Field measurements were taken between June, 1994 and September, 1995 in two 

riparian meadows located along headwater reaches of the Grande Ronde River in Union 

County, Oregon. The sites were floodplains of two second order streams: Squaw Creek 

(45°07'44"N, 118°32'23"W; elevation 1,370 m) and West Chicken Creek (45°3'17"N, 

118°24'11"W; elevation 1,330 m). They are in the Blue Mountains physiographic 

province approximately 40 km southwest of La Grande and are located on lands 

administered by the La Grande Ranger District of the Wallowa-Whitman National Forest. 

The Squaw Creek site (0.5 ha, 150 X 30 m) occupies a shallow v-shaped valley 

bottom (stream gradient is 2.5%) within a 632 ha drainage basin with elevations ranging 

up to 1,852 m. The West Chicken Creek site (1.4 ha, 210 X 70 m) occupies a flat valley 
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bottom (stream gradient is 1.8%) within a 1,014 ha drainage basin with elevations ranging 

up to 1,930 m. Surrounding uplands are underlain by a mix of Grande Ronde basalts and 

rhyolite-dominated deposits of the John Day Formation with the soils derived from mixed 

alluvium (Walker and Macleod 1991). Stream discharge in Squaw and West Chicken 

Creeks during the third week of July, 1991 was 0.05 and 0.06 m3/second, respectively 

(stream survey data on file at the La Grande Ranger District, La Grande, Oregon). Mean 

annual precipitation at the Starkey Experimental Forest weather station (1,260 m 

elevation) .15 km north of the study sites is 54 cm (weather records on file at PNW lab, 

La Grande, Oregon). Most precipitation (>80%) falls between November and June; 

snowmelt begins in March or April and the runoff period usually extends into May. 

Populations of federally listed (National Marine Fisheries Service 1995) spring 

chinook salmon (Oncorhynchus tshawytscha) and Snake River steelhead trout (0. mykiss) 

historically used West Chicken Creek as spawning and/or rearing habitat. Snake River 

steelhead trout historically used Squaw Creek (stream survey data on file at the La 

Grande Ranger District, La Grande, Oregon). Mixed conifer forests of ponderosa pine 

(Pinus ponderosa), western larch (Larix occidentalis), and Douglas fir (Pseudotsuga 

menziesii) form the overstory of nearby uplands, while lodgepole pine (Pinus contorta) 

and Engelmann spruce (Picea engelmannii) occupy the toeslopes. The study sites are 

dominated by graminoids ("grass-like" plants: predominantly sedges (Carex spp.), grasses 

(Poaceae), and rushes (Juncus spp.)). Herbaceous dicots, shrubs, and conifers are also 

present but are not dominant. 

Livestock grazing, timber harvesting, road building, and fire suppression are the 

predominant anthropogenic disturbances in the drainage areas of the study sites. The 
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Squaw Creek site is within a 3,187 ha allotment grazed yearly by 100 cow/calf pairs and 

the West Chicken Creek site is within a 3,941 ha allotment grazed yearly by 102 cow/calf 

pairs. The season of use for both sites begins on 16 June and ends variously between 15 

August and 15 October (Allotment Operating Plans on file at the La Grande Ranger 

District, La Grande, Oregon). The allotment containing both study sites has been 

continuously utilized, mostly by cattle, since the 1870's. The 1.4 ha West Chicken Creek 

research site was fenced to exclude cattle in June, 1995. Timber harvest has been 

extensive on slopes surrounding the study sites: uplands around West Chicken Creek 

have been selectively logged and clearcutting is more common in the uplands of the 

Squaw Creek basin. Road densities in the upper Grande Ronde subbasin are 4.4 km/km2, 

excluding roadless areas (McIntosh et al. 1994). 

A hydrologic study on the influence of groundwater on temperature of headwater 

streams began on the sites in 1993 (Webster and Beschta 1994). One of the criteria used 

in selecting the sites for that study was the presence of an in-channel erosional feature 

called a nickpoint. A nickpoint is an abrupt change of elevation and slope gradient where 

falling water causes a concentration of flow and turbulence, which results in the 

migration of an erosional front upstream (Brooks et al. 1991). The upstream migration of 

the nickpoints at the study sites appears to be arrested by the presence of coarse woody 

debris or boulders in the middle of each research reach. The nickpoint at Squaw Creek, a 

small waterfall (.0.5 m high), is more extreme than at West Chicken Creek where the 

nickpoint is a more gradual riffle of cobbles and boulders. Whereas at Squaw Creek the 

channel incision is continuous downstream from the nickpoint, at West Chicken Creek 

the channel incision is discontinuous downstream from the nickpoint. 
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METHODS
 

Data collection 

Hydrology 

At each site, depth to groundwater was measured at water wells installed in a grid 

pattern on transects crossing the floodplain (Figure 2.1). The Squaw Creek site had 53 

wells in 10 transects placed perpendicular to the stream and 17 m apart. Each transect 

had 5 to 7 wells at a spacing of 5 m between wells; 25 wells were downstream of the 

nickpoint (i.e., on the incised reach). West Chicken Creek had 55 wells in 8 transects at a 

30 m spacing along the stream. Each transect had 6 to 7 wells at a spacing of 10 m 

between wells; 28 wells were downstream of the nickpoint. Well casings were 

constructed from 2.54 cm diameter PVC pipe hand drilled with 4 mm diameter holes at a 

density of approximately 300 holes per meter. Approximately 30 cm of pipe was not 

drilled and projected aboveground after installation. Each pipe was plugged at the bottom 

and inserted through the meadow soils and 10-15 cm into gravels and cobbles. 

Installation depths ranged from 50 to 146 cm at Squaw Creek and 47 to 180 cm at West 

Chicken Creek; typical installations were 1 m deep at both sites. Well elevations at the 

soil surface were determined with a standard surveyor transit. 

Water wells were installed in June 1993. For this study, depth to groundwater 

was measured every 2 weeks from 19 May to 9 September, 1995. A copper wire and 

meterstick attached to an ohmmeter were lowered into the wells to read water depth. At 

contact with free water, an electric current registered on the ohmmeter and the depth from 
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the top of the well pipe was recorded. The aboveground length of pipe was subtracted 

from the measurement to determine depth to groundwater from the soil surface. 

The stage, or height, of water in the creeks was measured at staff gages every two 

weeks from 19 May to 9 September, 1995. Staff gages, constructed from metal fence 

posts with metal meter sticks attached, were installed in the stream channel. 

Community composition 

I sampled species composition and abundance at each well at Squaw Creek 

between 4 July and 17 July, 1994 and at West Chicken Creek between 26 July and 12 

August, 1995. The meadow vegetation, dominated by perennials, appears not to have 

been influenced by extreme disturbances such as fire or high magnitude flooding in many 

years. Therefore, I assumed that species composition was relatively constant from year to 

year. Vegetation was sampled using a point sampling frame attached to the water wells 

(Mueller-Dombois and Ellenberg 1974). At each well, there were eight radial transects 

each with five sampling points systematically oriented and extending from 0.5 m to 1.0 m 

from the well pipe (n=40 points). Wire pins were dropped through the sampling frame 

from each sampling point to the soil surface and each contact of vegetation with the pins 

was tallied. Vascular plant nomenclature follows Hitchcock and Cronquist (1973). 

Species diversity was summarized three ways: alpha diversity, the average species 

richness per well; beta diversity, the degree of heterogeneity in species composition in the 

wells, represented by the ratio of the total number of species (gamma) to the average 

species richness per well (alpha); and gamma diversity, the total number of species across 

all wells (Whittaker 1978). 
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Biomass 

Aboveground herbaceous biomass was sampled during late July and early August 

1995. Green vegetation and litter were clipped in a 25 X 25 cm quadrat at a random 

location between 0.5 m and 1.0 m from each well (n=53 at Squaw Creek and n=55 West 

Chicken Creek). Woody vegetation and woody debris such as conifer cones and branches 

were excluded. Samples were bagged, air dried, and then oven dried for 36 h at 65° C 

and weighed to obtain dry weight (g/m2). 

Due to the high costs of collecting and processing root samples, I sampled 

belowground herbaceous biomass at a subset of the total wells at each site (n=10 at 

Squaw Creek and n=15 West Chicken Creek). Belowground herbaceous biomass, 

consisting of living and dead roots and rhizomes, was sampled by the auger method 

(Bohm 1979). Cores were taken at random locations between 0.5 m and 1.0 m from the 

wells using a 67 mm diameter Gidding's soil coring and sampling tube. The wells 

selected for belowground biomass measurements were based on hydrologic criteria. At 

Squaw Creek I took cores at the 5 wells with the highest mid-summer (July 15) 

groundwater levels and at the 5 wells with the lowest groundwater levels. At West 

Chicken Creek, in addition to sampling the 5 wells with the highest mid-summer 

groundwater levels and the 5 wells with the lowest groundwater levels, I sampled the 5 

wells with intermediate groundwater levels. Soil cores were separated into four 

segments measured from the soil surface downward (0-10, 10-20, 20-30, and 30-40 cm). 

Biomass was then separated from soils in a Gillison's root washer (woody material such 

as cones, needles, and shrub and tree roots was excluded), then dried at 60° C for 48 

hours and weighed. Weighed 
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subsamples of the herbaceous biomass from each layer were combusted in a muffle 

furnace at 500° C for 24 hours to determine ash-free weight (Bohm 1979). 

Soil texture 

At the same subset of wells sampled for belowground biomass, I sampled surface 

(0-10 cm) soil textures (n=10 at Squaw Creek and n=15 West Chicken Creek). Three 

samples were taken at each well near the location of the biomass core and were 

composited into one sample for analysis. Particle size analysis was done by the 

hydrometer method and was performed by the Soils Physical Characterization Lab, 

Oregon State University. 

Data analysis 

Aboveground biomass 

Wells were classified according to their wetland indicator species composition 

and abundance using the Federal Manual for Identification and Delineation of 

Jurisdictional Wetlands (Federal Interagency Committee for Wetland Delineation 1989). 

This method uses a weighted averages technique to calculate a wetland score (WS) and 

to array the plant species composition along a single environmental gradient, in this case 

moisture. Each species was assigned to a wetland indicator category (Table 3.1) using the 

National List of Plant Species that Occur in Wetlands: Northwest (Region 9); (Reed 

1996). The vegetation at a well was defined as hydrophytic if the WS was <3.0 and 

mesophytic if the WS was -3.0 (Federal Interagency Committee for Wetland Delineation 

1989). The relative species abundance and indicator status of each species at each well 
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Table 3.1. Indicator categories, probability ranges, and indicator index values for species 
occurrence in wetlands (Reed 1996). 

Wetland Indicator Probability of Occurrence Indicator 
Category in Wetlands Index 

Obligate wetland (OBL) >99% 1 

Facultative wetland (FACW) 67-99% 2 
Facultative (FAC) 34-66% 3 

Facultative upland (FACU) 1-33% 4 
Obligate upland (UPL) <1% 5 

were used to calculate the wetland score for each well using the following formula 

(Wake ly and Lichvar 1997): 

WS = (loBLAom, IFACWAFACW IFACAFAC IFACUAFACU IunAupL)' 

(AOBL AFACW AFAC AFACU AUPL), 

where loBL = 1, TFAcw = 2, IFAc =3, IFAcu = 4, and km = 5 are the weighted-average 

indicator index values for all plant species present at a well, and AoBL = the relative 

abundance of OBL plants at a well, AFAoAT = the relative abundance of FACW plants at a 

well, etc. 

The classification was verified by comparing average growing season (here 

defined as mid-May to early September) groundwater levels of the hydrophytic and 

mesophytic groups. Aboveground biomass was then compared between the two groups. 

A separate analysis was made for wells grouped by geographic position relative to the 

nickpoint: groundwater and biomass were compared for wells upstream and downstream 

of the nickpoint. For each comparison, a Mann-Whitney U test was applied to determine 

if differences between the groups existed (Sokal and Rohlf 1981). Out of 108 wells, 4 
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were removed from the analysis because of missing groundwater data (Squaw Creek n=3, 

West Chicken Creek n=1). 

Below ground biomass and soils 

A non-parametric Kruskal-Wallis test was applied to test for differences among 

root biomass and soils of the 2 groups sampled at Squaw Creek and the 3 groups sampled 

at West Chicken Creek (significance was set at P<0.05). If significant, a Mann-Whitney 

U test was applied to determine where differences among the groups existed (Sokal and 

Rohlf 1981). 

RESULTS 

Soils 

At West Chicken Creek samples taken where groundwater levels were high had 

significantly more clay (47%) than samples taken where groundwater levels were low 

(23%) (Table 3.2). At the same site, soils where groundwater levels were high had 

significantly less sand (16%) than soils where groundwater levels were low (29%). The 

Squaw Creek site had significantly less silt (44%) in soils where groundwater levels were 

high than in soils where groundwater levels were low (56%). 

Community composition 

Wetland indicator scores were similar for both sites (Table 3.3). The Squaw 

Creek scores were higher at the upper end of the scale, ranging up to a high of 4.5 (4-5 = 

upland) compared to a high score of 3.5 at West Chicken Creek (Federal Interagency 

Committee for Wetland Delineation 1989). Scores on both sites ranged as low as 1.5. 
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Table 3.2. Soil particle size (%) along a groundwater gradient at Squaw Creek and West 
Chicken Creek, upper Grande Ronde River basin, Oregon. Numbers are mean ± standard 
error. 

Squaw Creek West Chicken Creek 

Component HGL LGL HGL IGL LGL 

Sand 22.6 ± 5.6a* 25.7 ± 1.4a 15.7 ± 2.2a 26.2 ± 5.8ab 29.3 ± 1.9b 

Silt 44.2 ± 1.4a 56.5 ± 4.1b 37.4 ± 5.5a 43.7 ± 4.2a 47.8 ± 3.2a 

Clay 33.2 ± 5.3a 17.8 ± 3.2a 46.8 ± 6.4a 30.2 ± 2.7ab 22.8 ± 2.2b 

Soil type Clay loam Silt loam Clay Clay loam Loam 
*Means of components within sites with different letters denote a significant difference 
(n=5; P<0.05). HGL=high groundwater level; IGL=intermediate groundwater level; 
LGL=low groundwater level. 

Table 3.3. Summary of wetland indicator scores for total site and for groups of wells 
with mesophytic and hydrophytic vegetation at Squaw and West Chicken Creek, upper 
Grand 
Ronde River basin, Oregon. 

Squaw Creek 

Wetland score 

West Chicken Creek 

Wetland score 

Hydrophytic 

Mesophytic 

Total site 

n 

22 

28 

50 

range 

1.4-2.9 

3.0-4.5 

1.4-4.5 

mean 

2.1 

3.5 

2.9 

n 

34 

20 

54 

range 

1.2-3.0 

3.0-3.5 

1.2-3.5 

mean 

2.5 

3.3 

2.8 

Aboveground biomass (all wells) 

Wells with hydrophytic vegetation had significantly more total aboveground 

biomass (TAGB) than wells with mesophytic vegetation at both sites (Table 3.4). At 

West Chicken Creek the TAGB was almost two times greater in samples taken where 

groundwater level was high (816 g/m2) than in samples taken where groundwater was low 

(445 g/m2). The ratio at Squaw Creek was similar, but the average TAGB values were 
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lower (554 and 302 g/m2 for the samples taken where groundwater level was high and 

low, respectively). At both research sites green vegetation accounted for approximately 

60% of the TAGB in all groups and was twice as abundant at wells with hydrophytic 

vegetation. 

Table 3.4. Aboveground herbaceous biomass (g/m2) and average growing season 
groundwater depth (cm) of groups of wells defined by wetland indicator scores at Squaw 
Creek and Chicken Creek, upper Grande Ronde River basin, Oregon. Numbers are mean 
± standard error. 

Squaw Creek West Chicken Creek 
Component Hydrophytic Mesophytic Hydrophytic Mesophytic 
TAGB 554 ± 50a* 302 ± 39b 816 ± 51a 445 ± 41b 

Green 323 ± 37a 180 ± 26b 458 ± 32a 286 ± 27b 
Litter 230 ± 30a 122 ± 16b 358 ± 33a 159 ± 25b 

Groundwater 27 ± 2a 68 ± 5b 34 ± 2a 67 ± 4b 
*Means of components within sites with different letters denote a significant difference 
(P<0.05). TAGB=total aboveground herbaceous biomass; groundwater=average growing 
season groundwater depth. 

Wells on the unincised reaches had significantly more TAGB than wells along the 

incised reaches at both sites (Figure 3.1). The majority of wells upstream of the nickpoint 

on the unincised reaches were dominated by hydrophytic vegetation (71% and 75% at 

Squaw Creek and West Chicken Creek, respectively). Average growing season 

groundwater levels were lower in meadows on incised reaches than on unincised reaches: 

at Squaw Creek the difference was significant (34 cm and 66 cm for the unincised and 

incised reaches, respectively); at West Chicken Creek the difference was not statistically 

significant (40 cm and 52 cm for the unincised and incised reaches, respectively). 
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Figure 3.1. Distribution of total aboveground biomass (g/m2) on unincised and incised 
reaches at Squaw Creek and West Chicken Creek, upper Grande Ronde River basin, 
Oregon. 

Belowground biomass (subset of wells) 

At Squaw Creek, the total belowground biomass (TBGB) was more than three 

times greater in samples taken where groundwater level was high (4375 g/m2) than in 

samples taken where groundwater was low (1237 g/m2) (Table 3.5). Belowground 

biomass differences were much more pronounced than aboveground. Where groundwater 

was high, the average herbaceous root biomass was particularly high (2784 g/m2) in the 

0-10 cm layer of the meadow soils. The amount of root biomass in high groundwater 

sites declined abruptly with depth: 64% of the biomass at 0-10 cm; 17% at 10-20 cm; 9% 

at 20-30 cm; and 10% at 30-40 cm. A similar decline in root biomass with soil depth 
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occurred where groundwater levels were low, but the biomass at each depth was only 

one-third of that where groundwater levels were high. 

Table 3.5. Belowground herbaceous biomass (g/m2) on a groundwater gradient at Squaw 
Creek and West Chicken Creek, upper Grande Ronde River basin, Oregon. Numbers are 
mean ± standard error. 

Squaw Creek West Chicken Creek 
Component HGL LGL HGL IGL LGL 

n 5 5 5 5 5 

TBGB 4375 ± 1241a* 1237 ± 131b 2784 ± 737a 2325 ± 275a 1632 ± 274a 
0-10 cm 2784 ± 517a 886 ± 136b 1652 ± 313a 2005 ± 258a 1096 ± 189a 
10-20 cm 749 ± 310a 181 ± 33a 354 ± 118a 180 ± 28a 292 ± 83a 
20-30 cm 413 ± 265a 101 ± 13a 514 ± 287a 90 ± 14b 144 ± 41b 
30-40 cm 429 ± 303a 69 ± 6a 264 ± 138a 50 ± 18a 100 ± 31a 

Groundwater 14 ± 3a 88 ± 4b 12 ± 2a 43 ± lab 85 ± 3b 

*Means of components within sites with different letters denote a significant difference 
(n=5; P<0.05). HGL=high groundwater level; IGL=intermediate groundwater level; 
LGL=low groundwater level; TAGB=total aboveground biomass; TBGB=total 
belowground biomass. 

At West Chicken Creek, the TBGB followed the same pattern of high biomass 

where groundwater levels were high and lower biomass where groundwater levels were 

low, but the differences were not statistically significant (P=0.185). TBGB ranged from 

2784 g/m2 where groundwater levels were high to 2325 g/m2 where groundwater levels 

were intermediate to 1623 g/m2 where groundwater levels were low. Of the four depth 

segments sampled three had no significant differences (0-10 cm, P=0.102; 10-20 cm, 

P=0.533; and 30-40, P=0.203). The 20-30 cm segment was significant (P=0.024), but 

was anomalous due to one Carex utriculata-dominated well that had 10 times the 

belowground biomass of the other wells in the group. The well, located in the annual 
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floodplain, had .10-20 cm of recent sediment deposits which contributed to uneven root 

distribution. 

Combined above and belowground biomass at the subset wells sampled for TBGB 

ranged from 5009 to 1567 g/m2 at Squaw Creek and from 3613 to 2187 g/m2 at West 

Chicken Creek (Figures 3.2, 3.3). The root:shoot ratio was highest in the samples taken 

where groundwater levels were high. At Squaw Creek the root:shoot ratio ranged from 

6.9 in high groundwater level samples to 3.7 in low groundwater level samples. At West 

Chicken Creek the root:shoot ratio ranged from 3.4 in high groundwater level samples to 

2.9 in low groundwater level samples. In terms of total biomass, belowground biomass 

comprised 75-87% of the herbaceous biomass in these montane meadows. 
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Figure 3.2. Above and belowground biomass by average growing season groundwater 
level at Squaw Creek, upper Grande Ronde River basin, Oregon. Dark 
bars=aboveground biomass, light bars=belowground biomass. HGL=high groundwater 
level, LGL=low groundwater level. 
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Figure 3.3. Above and belowground biomass by average growing season groundwater 
level at West Chicken Creek, upper Grande Ronde River basin, Oregon. Dark 
bars=aboveground biomass, light bars=belowground biomass. HGL=high groundwater 
level, IGL=intermediate groundwater level, LGL=low groundwater level. 

DISCUSSION 

Biomass 

A strong relationship was found in this study between high groundwater levels 

and high aboveground biomass. Hydrophytic vegetation had higher groundwater levels 

and greater aboveground biomass than mesophytic vegetation. Similar relationships were 

found on unincised reaches where quantities of aboveground biomass were greater and 

groundwater levels were higher than on incised reaches, suggesting that relatively minor 

channel incision (.0.5 m in these studies) may be associated with groundwater decline 

and loss of belowground biomass. Riparian plant community classifications have 
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recorded a similar relationship of aboveground biomass to groundwater (Crowe and 

Clausnitzer 1997, Kovalchick 1987, Vol land 1976). 

Only five samples were collected for each of the three groundwater categories at 

West Chicken Creek and for the two groundwater categories at Squaw Creek because of 

the amount of time required to extract the soil cores from the meadows and because of the 

expense of extracting the roots from the soil. Difficulty in acquiring below ground data is 

a problem common to studies of this type (Kuramoto and Bliss 1970, Ratliff and Westfall 

1988). Despite these limitations, the relation of groundwater to biomass was apparent in 

this study. At Squaw Creek there were significant differences in the TBGB of the 

sampled groups with the most biomass associated with the highest groundwater levels. 

Although the differences between groups at West Chicken Creek (p=0.185) were less 

than at Squaw Creek, the data show the same trend of increasing belowground biomass as 

groundwater levels increase (Table 3.3). These results are similar to a species-based 

study in the Sierra Nevada (Manning et al. 1987) that reported hydrophytic sedges and 

rushes with high belowground biomass and mesophytic sedges and grasses with lower 

biomass levels. Belowground biomass to a depth of 20 cm at the sedge-dominated high 

groundwater wells at Squaw Creek and West Chicken Creek was similar to the range of 

values reported by Bernard and Fiala (1986) for three wetland sedge species: Carex 

trichocarpa, 2237 g/m2; C. rostrata, 4464 g/m2; and C. lasiocarpa, 4948 g/m2. 

Studies in other graminoid-dominated ecosystems report wide ranges of values for 

root:shoot ratios. Root:shoot ratios (4.8 to 8.9) reported from mixed grasslands of the 

Great Plains were similar to the range of root:shoot ratios in this study (Sims and Singh 

1978). However, aboveground (101-270 g/m2) and belowground (904-1298 g/m2) 
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biomass values from the mixed grasslands were less than those reported here for montane 

meadows. Relatively high root:shoot ratios (8.2-13.4) were reported for graminoid

dominated subalpine meadows in the Olympic Mountains, Washington (Kuramoto and 

Bliss 1970). These high root:shoot ratios are largely attributable to reduced levels of 

aboveground biomass noted at high elevations and latitudes (Bernard et al. 1988). 

The high quantity of belowground biomass of the hydrophytic vegetation in 

headwater meadows is surprising, given the seasonally harsh conditions of wetland soils. 

But in fact, the high belowground biomass of wetland species is a response to seasonal 

flooding and the stresses of saturated soils. Riparian species are well adapted to annual 

flood events. Sedges and rushes have roots and stems (i.e., rhizomes) underground, with 

only leaves and reproductive structures aboveground. The rhizomes function as protected 

sites for nutrient and energy storage for rapid recovery after burial or loss of aboveground 

plant parts. In this study root:shoot ratios were found to be highest in areas of high 

groundwater (6.9 at Squaw Creek and 3.4 and at West Chicken Creek). 

In a study of three wetland sedge species Bernard and Fiala (1986) reported that 

less than 20% of total root biomass was living, with dead roots concentrated deeper in the 

soil profile and live roots at the top. Manning et al. (1989) reported 12% of living Carex 

nebrascensis root biomass at between 20-40 cm depth. My results, in which living and 

dead roots were collected together, indicate 19-28% of total root biomass between 20-40 

cm depth at sedge-dominated wells. Anoxia and low temperatures in wetland soils 

inhibit decomposition, leading to accumulation of biomass (Clymo 1983). Dead roots 

and rhizomes of hydrophytic vegetation may contribute to erosion resistance and 

structural integrity of streambanks and floodplains (Dunaway et al. 1994). 



56 

Soils 

Many riparian vegetation studies report little fidelity of particular species or 

communities with soil texture. For example, Kovalchick (1987) described soils of Carex 

aquatilis communities ranging from sandy barns to carbon-rich sedge peats, soils of 

Deschampsia cespitosa communities ranging from silt, to sandy clay loam, to silty clay 

loam, and Poa pratensis communities ranging from silt, to sandy clay loam, to silty clay 

loam. Soil texture samples in this study were taken at wells which were selected based 

on groundwater levels. The pattern of overbank flows that deposit clays on some surfaces 

and sands or silts on others may or may not be related to groundwater dynamics. 

However, there are some patterns apparent in the results, particularly at West Chicken 

Creek. Wells where groundwater levels were low had a high proportion of sand and were 

classified as barns. These low groundwater level wells were dominated by Poa 

pratensis, z1 facultative wetland species which requires aerated soils through the growing 

season. The wells with high groundwater levels had the highest proportion of clays and 

were in seasonally flooded areas. The species that dominated these high groundwater 

wells, Carex aquatilis, C. utriculata, and C. lanuginosa, are classified as obligate wetland 

species and are adapted to the seasonally saturated conditions commonly associated with 

heavy clay soils. 

Implications for management 

Stream-floodplain ecosystems are shaped by the interactions of biotic, hydrologic, 

and geomorphic components (Figure 3.4) (Kauffman et al. 1997). Because of linked 

feedback mechanisms, alterations of any one component will influence all other 
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components of the system. This study describes the links between a biotic component, 

the biomass of graminoid-dominated meadow vegetation, and a hydrologic component, 

groundwater. The vegetation of headwater meadows, particularly where dominated by 

hydrophytic graminoids, influences channel and floodplain geomorphology by resisting 

erosion and trapping sediments on streambanks and floodplains. 

Figure 3.4. Conceptual model of linkages between the biotic, hydrologic, and 
geomorphic components of stream-floodplain ecosystems. 

Of all human management activities, cattle grazing has the largest impact on 

graminoid-dominated montane floodplains in the western United States (Fisher 1995, 

Kauffman and Krueger 1984, United States General Accounting Office 1988). Cattle 

affect streambank and floodplain morphology by trampling and by removal of vegetation 
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(Trimble and Mendel 1995). Removal of streambank and floodplain biomass reduces the 

amount of resistance to the force of moving water and leads to increased soil erosion. 

The relationship between vegetation loss and erosion involves a feedback loop, whereby 

decreased vegetation on floodplains and streambanks leads to channel erosion and 

incision, which lowers groundwater levels and in turn accelerates further decline of the 

vegetation (Graf 1979). 

In this study, the difference between the average growing season groundwater 

levels of the hydrophytic and mesophytic groups was z40 cm at both study sites, which 

suggests that a minor channel incision, if accompanied by a similar drop in groundwater 

level, would create conditions for conversion from hydrophytic vegetation to a drier type. 

Because hydrophytic vegetation has greater biomass above and belowground than drier 

vegetation types, disturbances causing even minor channel incisions may have far-

reaching implications for the geomorphology and productivity of headwater stream-

floodplain ecosystems. 
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CHAPTER 4
 
SUMMARY 

Vegetation and groundwater were closely linked in the meadow systems of this 

study. Although both sites had a large proportion of vegetation classified as hydrophytic 

the species composition of the hydrophytic vegetation differed between sites. The 

hydrophytic vegetation was dominated by sedges (Carex aquatilis and C. lanuginosa) at 

Squaw Creek, and by a wetland bunchgrass (Deschampsia cespitosa) at West Chicken 

Creek. At both sites the mesophytic vegetation was dominated by Poa pratensis. 

Average growing season groundwater depth explained more than 70% of the variance in 

the community composition. Groundwater was significantly closer to the surface for a 

longer period during the growing season in hydrophytic vegetation than in mesophytic 

vegetation. 

Likewise, at both sites aboveground biomass reflected growing season 

groundwater depth, with the greatest amount of biomass associated with areas with the 

highest groundwater levels. Belowground biomass differed significantly with 

groundwater level at Squaw Creek. At West Chicken Creek, although there was only a 

weak statistical difference (P=0.185) along the groundwater gradient, the trend of 

increasing levels of belowground biomass with increasing groundwater levels was the 

same as at Squaw Creek. Channel incision had a significant effect on aboveground 

biomass at both sites: wells along the incised reaches had significantly less biomass than 

wells along the unincised reaches. Average growing season groundwater levels differed 

across the nickpoint at Squaw Creek, but not at West Chicken Creek. 
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These results suggest that channel incisions of as little as 40 cm, if linked with 

floodplain groundwater, could lead to a conversion from hydrophytic vegetation to a drier 

mesic type. Type changes in vegetation associated with channel incision and decline in 

groundwater level may occur relatively quickly as the shallow-rooted hydrophytic species 

are replaced by mesophytic species. This conversion is less apparent than type 

conversions of forested or shrub communities, which leave behind evidence of the 

previous community such as standing dead stems or stumps. Based on the results of this 

study, such a compositional change to mesic grass dominance would likely be associated 

with a reduction in aboveground and belowground biomass, a structural change with 

implications for the geomorphology and productivity of headwater stream-floodplain 

ecosystems. Therefore, maintaining groundwater levels and hydrophytic vegetation in 

montane headwater meadows may be crucial for providing hospitable habitat for native 

fishes and other riparian-dependent wildlife. 
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Appendix. Plant species identified in the Squaw and West Chicken Creek study plots. 
Wetland indicator categories: OBL=obligate wetland, FACW=facultative wetland, 
FAC=facultative, FACU=facultative upland, and UPL=upland. Percent frequency 
represents the proportion of the total wells that a species occurred on at each site. 

Percent frequency 

Wetland Indicator Squaw West Chicken 

Species Category Creek Creek 

Achillea millefolium FACU 45 80 

Aconitum columbianum FACW 2 

Agoseris glauca FAC 2 24 

Agropyron caninum FACU 29 

Agrostis alba FACW 4 

Agrostis scabra FAC 2 

Allium geyeri var. tenerum FACU 2 

Allium validum OBL 38 7 

Alnus incana FACW 2 

Amelanchier alnifolia UPL 2 

Aquilegia formosa FAC 2 

Arctostaphylos uva-ursi FACU 2 

Arenaria lateriflora UPL 11 5 

Arnica chamissonis FACW 4 31 

Arnica cordifolia UPL 11 

Aster occidentalis FAC 72 93 

Berberis repens UPL 2 

Bromus carinatus UPL 25 47 

Bromus ciliatus FAC 8 

Bromus inermis FAC 2 

Calamagrostis canadensis FACW 38 4 

Calamagrostis koelerioides UPL 4 

Calamagrostis rubescens UPL 42 4 

Camassia quamash FACW 5 

Carex aquatilis OBL 40 44 

Carex aurea FACW 6 13 

Carex canescens FACW 9 9 

Carex disperma FACW 15 

Carex geyeri UPL 30 

Carex lanuginosa OBL 55 80 

Carex lenticularis FACW 6 
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Appendix (Continued) 

Percent frequency 

Wetland Indicator Squaw West Chicken 
Species Category Creek Creek 
Carex microptera FAC 40 51 

Carex muricta OBL 2 

Carex pachystachya FAC 9 24 

Carex praticola FACW 4 25 

Carex utriculata OBL 2 13 

Cerastium nutans FACU 9 36 

Cerastium viscosum UPL 4 
Cirsium arvense FAC 2 

Cirsium scariosum FAC 13 2 

Collinsia parviflora UPL 2 2 

Dactylis glomerata FACU 9 

Danthonia califomica FACU 5 

Danthonia intermedia FACU 4 11 

Danthonia unispicata UPL 2 

Deschampsia cespitosa FACW 30 87 

Draba verna UPL 2 

Elymus glaucus FACU 49 4 
Epilobium angustifolium FACU 9 

Epilobium glandulosum UPL 6 

Epilobium minutum FACU 2 18 

Equisetum arvense FAC 15 

Equisetum laevigatum FACW 6 2 

Festuca occidentalis UPL 30 4 

Festuca pratensis FACU 2 

Festuca rubra FAC 28 96 

Fragaria virginiana FACU 47 51 

Galium asperrimum UPL 17 

Galium bifolium UPL 9 

Galium boreale FACU 30 18 

Galium trifidum FACW 11 

Geum macrophyllum FAC 36 4 

Geum triflorum FACU 4 

Glyceria elata FACW 13 11 
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Appendix (Continued) 

Percent frequency 

Wetland Indicator Squaw West Chicken 
Species Category Creek Creek 

Habenaria dilatata FACW 6 

Iris missouriensis FACW 2 

Juncus balticus FACW 22 

Juncus ensifolius FACW 11 

Juncus tenuis FACW 9 

Linaea borealis FACU 9 

Luzula campestris UPL 11 24 

Luzula parviflora FAC 4 
Microsteris gracilis UPL 11 

Montia linearis UPL 16 

Montia sibirica UPL 2 

Myosotis micrantha UPL 2 

Osmorhiza chilensis UPL 2 

Pedicularis groenlandica OBL 2 

Penstemon rydbergii FACU 5 

Perideridia gairdneri FAC 11 

Phleum alpinum FAC 13 4 
Phleum pratense FAC 6 49 
Picea engelmannii FAC 15 

Pinus contorta FAC 15 

Plantago major FAC 2 

Poa palustris FAC 25 15 

Poa pratensis FAC 83 100 

Polemonium occidentale FACW 42 13 

Potentilla fruticosa UPL 2 

Potentilla gracilis FAC 8 80 

Prunella vulgaris FACU 8 

Pyrola secunda UPL 4 
Ranunculus orthorhynchus FACW 2 

Ranunculus uncinatus FAC 28 45 

Rhamnus alnifolia FACU 2 

Ribes hudsonianum FACW 2 

Rumex acetosella FACU 2 2 
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Appendix (Continued) 

Percent frequency 

Wetland Indicator Squaw West Chicken 

Species Category Creek Creek 

Sanguisorba occidentalis UPL 6 

Sanguisorba sitchensis FACW 40 5 

Scirpus microcarpus OBL 2 2 

Senecio crassulus FACU 9 

Senecio pseudaureus FACW 40 11 

Sisyrinchium angustifolium FACW 2 2 

Smilacina stellata UPL 21 

Stellaria longipes FACW 17 42 

Taraxacum officinale FACU 36 42 

Thalictrum occidentale FACU 19 2 

Trifolium longipes FAC 60 69 

Trifolium repens FAC 8 64 

Trifolium wormskjoldii FACW 13 

Trisetum canescens UPL 38 4 

Urtica dioica FAC 2 

Vaccinium myrtilifolia UPL 2 

Vaccinium scoparium FACU 21 

Valeriana sitchensis FAC 4 

Veronica serpyllifolia FAC 2 

Viola adunca FAC 49 31 

Viola palustris OBL 4 




