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Two experiments were conducted on the invasive plant species Potentilla recta

in northeastern Oregon to investigate both biological and ecological characteristics of

the species. Growth analysis was conducted on the plant at three sites over a period of

two years (2002 and 2003). Relative growth rate (RGR) was calculated for Potentilla

recta, as were net assimilation rate (NAR), leaf area ratio (LAR), specific leaf area

(SLA), and leaf weight fraction (LWF). In a second experiment, hand tool

modifications were imposed on Potentilla recta inhabited areas to obtain basic

population demography under differing environmental conditions. Morphological

characteristics including width, leaf number, height, and stem number were recorded, as

well as germination, mortality, and plant growth phase.

Potentilla recta was not significantly different from native plants in relative

growth rate (maximum mean value of 1.011 g g' week) or its components. This

suggests that there are other mechanisms contributing to Potentilla recta's success than

rate of growth.



11

The manipulations of site characteristics indicated that replacement of soil had

the greatest initial impact on Potentilla recta germination (1.8/ plants 0.25 m2) while no

manipulation resulted in the highest germination (29.9/ seedlings 0.25 m2) of Potentilla

recta. Mortality was highest (100%) when plots were clipped, overseeded, and bare.

Mortality was lowest (95%) in bare soil with a Potentilla recta plant present. The seed

bank was found to have significant impact on seedling germination in comparison to

seed rain. Survival of Potentilla recta was low overall, which may indicate other factors

such as climate and vegetative reproduction are more important than sexual

reproduction in patch expansion and stability. This study points to the importance of

population characteristics over individual fitness in the success of Potentilla recta in the

Blue Mountains of northeastern Oregon.
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Chapter One: Introduction

Invasive plants have become a major threat to native flora and biodiversity

throughout the world. This is partly a result of human activity that has accelerated

disturbance patterns in natural resource systems, which in turn favors ruderal plant

species. Practices such as farming, silviculture, mining, and construction promote

invasive species to the detriment of indigenous or endemic plants (Akcakaya et al.,

1999; Cousens and Mortimer, 1995; Hobbs and Huenneke, 1992). Advances in

transportation have also contributed to the spread and distribution of invasives

worldwide by creating new vectors for long-distance plant migration in addition to

standard dispersal methods.

Some ecosystems are less resilient than others in absorbing alien plant (or

animal) species. A particularly dominant plant can disrupt functionality of systems,

decrease fitness of native plants, reduce diversity in an area, and shift the whole

system from biotic to abiotic control (Hobbs and Humphries, 1995; Sheley and

Krueger-Mangold, 2003). It is because of these concerns that landowners and

managers must seriously examine how to deal with invasive plant species.

The Blue Mountain region of eastern Oregon, southeastern Washington, and

western Idaho is an area that is beset with problematic invasive plant species, most

notably: cheatgrass (Brornus tectorum), yellow starthistle (Centaurea soistitialis),

spotted knapweed (Centaurea biebersteinii), and rush skeletonweed (Chondrilla

juncea). Most of the land area has been or is currently used as rangeland for cattle

and sheep, including National Forest land. The region is also an ideal area for Rocky
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Mountain elk, mule deer, white-tailed deer, and bighorn sheep. All of these

herbivores require adequate forage species for consumption, which is jeopardized

by invasive plants. Some invasive plants are poor in forage quality while others are

not selected by animals for grazing.

Sulfur cinquefoil, Potentilla recta, is a plant that has recently immigrated

into the Blue Mountains region. Sulfur cinquefoil has been considered an invasive

species since its arrival in eastern North America over a century ago. It is not as

widespread as other invasive species but is characterized by its longevity 35

years) at sites, its ability to dominate an area by density and size, and its poor forage

value (Baskin and Baskin, 1990; Rice, 1991). There exists a relatively small

database concerning its biology and ecology, especially in the Blue Mountains

region.

This project first examined the biology of Potentilla recta using

observational and experimental field studies. These studies were set in the Blue

Mountains above the Grand Ronde River in northeastern Oregon for two years.

Potentilla recta plants were collected over a two-year period for growth analysis

(Hunt and Cornelissen, 1997), examining the biological components that may

provide an advantage over other plant species in the study area.

A manipulative experiment was established in the first year to determine the

response of Potentilla recta to a variety of simple treatments that mimic plant

containment techniques. Demographic data were collected from the six treatments

which included fecundity, mortality, leaf number, leaf width, and height as well as



environmental components such as site aspect, temperature, precipitation, soil, and

neighboring community vegetation. A multiple comparisons analysis of variance

(ANOVA) was conducted to compare means between treatments for each response

variable.

The overall objectives for this research were to 1) expand the knowledge

base concerning Potentilla recta biology and ecology; 2) determine if inherent

biology of the plant attributes to its dominance in the Grand Ronde River area; and

3) examine the effect of simple site manipulations on Potentilla recta demography.

3



Chapter Two: Growth Analysis of Potentilla recta

Site Description

Geography

The Blue Mountains ecoregion spans 64,702 square km of northeastern

Oregon, western Idaho, and southeastern Washington. Study sites for growth

analysis experiments were located above the lower Grand Ronde River watershed,

approximately 6 km northwest of Troy, Oregon (45° 57' N, 117° 27' W).

Climate in the Blue Mountains is characterized by arid to semi-arid, short,

warm-hot dry summers and long, cold winters (Franklin and Dyrness, 1988).

Annual precipitation ranges from 23-46 cm in valley areas to 43-254 cm in the

mountains (US Forest Service, 2003). The study sites are located within the

CanyonlDissected Uplands sub-region where elevations range from 300 to 2135 m

(Bryce and Omernik, 1997). This sub-region is described as a massive uplifted

basalt plateau that has been eroded to sharp ridges cut by deep canyons (Bryce and

Omernik, 1997; Franklin and Dyrness, 1988). Soils vary widely for the Blue

Mountains region; canyon bottom soils are a mix of colluvial and bess or ash

components while upland plateaus are similar, with bess/ash deposits but more

frigid and udic (moist). Plateau soils are classified as Typic Udivitrands if they have

a mantle of volcanic ash without a clay subsoil and as Alfic Udivitrands, Andic or

Vitrandic Eutroboralfs if they have a clay-enriched subsoil (Bryce and Omernik,

4
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1997). There is no USDA Soil Conservation Service soil survey available for the

Wallowa County, Oregon area. The sites for this study are located within the

Oregon Department of Fish and Wildlife's Wenaha Wildlife Management Area near

the U.S. Forest Service Umatilla National Forest border.

Site History

The Blue Mountains ecoregion has been cultivated for a variety of crops and

for cattle and sheep forage since settlement by European Americans in the mid- l9'

century. Livestock was brought into the Blue Mountains region in the 1 840s and

cattle herds were well distributed by the 1880s (Franklin and Dyrness, 1988; Oliver

et al., 1994). Two of the selected experimental sites have evidence of post-farming

and/or grazing activity where volunteer plants of Pyrus spp. (apples, pears) are

evident while old fence posts and barbed wire still are found in various sections of

each site (personal observation 2002).

Vegetation

All sites are located along the edge of an open forest system of ponderosa

pine (Pinus ponderosa), Douglas-fir (Pseudotsuga menziesii), western larch (Larix

occidentalis), and grand fir (Abies grandis) bordering old-fields of low shrubs and

grasses. Vegetation of the study sites falls between mesic forest and a Idaho fescue

(Festuca idahoensis)/wood rose (Rosa woodsii) graminoid/shrub mosaic (Franklin

and Dyrness, 1988). Isolated stands of ponderosa pine are scattered throughout this
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mosaic; in addition, solitary Pyrus sp. trees are found randomly over each site.

Shrub species are dominated by woodland rose (Rosa woodsii), black hawthorn

(Crataegus douglasii), oceanspray (Holodiscus discolor), blue elderberry

(Sambucus cerulea), serviceberry (Amelanchier alnfolia), and Salix sp. Perennial

forbs found in site areas include: northwest cinquefoil (Potentilla diversfolia),

sticky cinquefoil (Potentilla glandulosa), yarrow (Achillea millefolium), silky lupine

(Lupinus sericeus), stinking tarweed (Madia glomerata), Phlox sp., and Antennaria

sp. (Clark, 1975; Mason, 1975).

There are many graminoid species found within the study areas that are both

native and exotic. The most common species found were mountain brome (Bromus

marginatus), smooth brome (Bromus inermis), Idaho fescue (Festuca idahoensis),

Sandberg's bluegrass (Poa sandbergii), bluebunch wheatgrass (Pseudoroegneria

spicatum), cheatgrass (Bromus tectorum), Timothy (Phleum pratense), Poa

pratensis, and Carex spp. (Clark 1975).

Disturbance regimes

Fire plays an important role in the Blue Mountains and is arguably the most

important disturbance, helping to shape the structure of the forest communities.

Prior to settlement by non-indigenous people, fire intervals were thought to be more

frequent than today (fire intervals were historically 10-30 years); evidence suggests

that fire played an important role in maintaining healthy forest structure and

function in Blue Mountains forests (Bryce and Omernik, 1997; Oliver etal., 1994;
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Robbins and Wolf, 1994). Fire suppression, along with other activities, have led to

a current fire "cycle" of 640 years in the Blue Mountains (Oliver et al., 1994). It is

believed that aboriginal inhabitants had little need to use fire in the steppe areas of

the Columbia Basin region, instead using it in forested areas in association with

hunting (Franklin and Dyrness, 1988).

Grazing is another prominent disturbance in the Blue Mountains ecoregion.

Allotments were granted throughout the National Forests in 1905 and by 1910

heavy grazing had contributed to: (1) a general decline in range conditions in

eastern Oregon and Washington, (2) removal of highly flammable fuels in some

areas that consequently lengthened fire return intervals, (3) siltation of streams and

rivers, and (4) establishment of non-native plants that includes some noxious weeds.

(Fleischner, 1994; Oliver et al., 1994).

Invasive plants and animals have contributed to the current structure of the

Blue Mountains area. The grassland steppe of the Pacific Northwest, once

dominated by native perennial grasses (e.g., bluebunch wheatgrass) now contains

extensive areas dominated by invasive annual grasses (e.g., cheatgrass)(Sheley and

Larson, 1994). Ecologists are concerned that these communities are in jeopardy

from noxious Eurasian weeds such as yellow starthistle (Centaurea soistitalis) and

Potentilla recta (Roche and Roche, 1988).
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Potentilla recta biology

Taxonomy

Potentilla recta L. [(Rosaceae) (synonym: Potentilla suipherea Lam.),

common names- sulfur cinquefoil, erect cinquefoil] is a perennial plant species that

reproduces by achenes (Carey, 1995). It has a woody rootstock producing one to

several erect stems 30-70 cm high; stems are simple up to the inflorescence, leafy,

stout, hairy; leaves are divided into 5-7 coarsely serrated, oblong leaflets (Carey,

1995; Werner and Soule, 1976). Leaflets are hairy both above and below; basal

leaves have long petioles with progressively shorter petioles up the stem and then

are sessile (Werner and Soule, 1976). Inflorescence is cymose and many-flowered;

almost leafless; flowers are 1.5-2.5 cm across, petals 5, pale to sulphur yellow,

stamens up to 30 with five green sepals and five additional bracts; fruits are achenes

numerous in each flower (50-200), ovate, approximately 1 to 1 5 mm long, dark

brown with lighter, prominent branched ridges and narrow winged margins (Werner

and Soule, 1976). Potentilla recta, as all Potentilla genus members, is a polyploid.

Chromosome counts for Potentilla recta are either 2n= 28 or 3n= 42 (Goswami and

Matfield, 1975; Werner and Soule, 1976).

Distribution

Potentilla recta is thought to be native to Eurasia. It is found from Iran and

Asia Minor to Spain and France and is also distributed lightly throughout England

(Rice, 1991; Werner and Soule, 1976). The exact time of introduction to North
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America is not known but was noted by 1897 in Ontario; it spread throughout

eastern Canada, New England, and the Great Lakes region by the 1950's (Carey,

1995; Rice, 1991; Werner and Soule, 1976). By 1948, Potentilla recta was

discovered in Ravalli County, Montana and had become classified as a potentially

serious weed in the 1980's throughout the Rocky Mountains (Rice, 1991).

Preferred habitat for Potentilla recta includes: old-fields, roadsides,

agricultural fields, meadows, clearcuts, waste areas, and almost any disturbed

habitat not under an extensive plant canopy (Rice, 1991; Werner and Soule, 1976).

Its climactic range corresponds to areas that have 75-125 cm mean annual

precipitation, but the species has been found in semi-arid areas in western Montana,

northern Idaho, eastern Oregon, and Washington that receive as low as 35 cm of

mean annual precipitation (Werner and Soule, 1976).

Native Potentilla species

There are 305 listed species in the genus Potentilla worldwide with

numerous natural hybrids (Goswami and Matfield, 1975). In the Blue Mountains

there are at least 23 different Potentilla species known (Aitken and Parks, 2004).

These include: short-leaved cinquefoil (Potentilla brevfolia), northwest or

mountain meadow cinquefoil (Potentilla diversfolia), sticky cinquefoil (Potentilla

glandulosa), and slender cinquefoil (Potentilla gracilis) (Mason, 1975; Rice, 1991;

Aitken and Parks, 2004). All are annual, biennial, or perennial herbaceous species

with an erect or prostrate form. Potentilla species are typified by a woody taproot,
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scaly caudex, and pinnately or digitately compound leaves. It has been noted that

Potentilla diversifolia has a very similar appearance to Potentilla recta and that

careful examination of the plant is sometimes required to distinguish it from its

invasive relative (Rice, 1991).

There are accounts of Potentilla recta hybridizing in the field with Potentilla

hirta and Potentilla nepalensis, but these were not corroborated with experiments

conducted by Goswami and Matfield (1975). Although some offspring between

crossings of Potentilla hirta and Potentilla recta showed characteristics of both

contributors, the hybrids were sterile for male and female plants (Goswami and

Matfield, 1975). Whether Potentilla recta are able to hybridize with native

Potentilla in the Blue Mountains is unknown.

Relative Growth Analysis

Definition

Growth analysis of plants is used to assess a plant's carbon allocation pattern

in terms of leaf area, root mass, leaves, stems, and reproductive structures (Evans

1972; Grime 1979). Environment and genetics influence a plant's growth

throughout its life cycle and also influences its competitive ability with surrounding

plants. Growth is also temporal in nature, since a plant gains mass over a certain

period of time. To understand plant growth is to understand the influence of both



11

past and present environments on an individual plant, as past growth influences

how future growth will occur.

Relative growth rate is derived as mass that is gained over a certain interval

of time relative to the plant's mass at the beginning of the interval (Evans 1972).

This contrasts with what is termed absolute growth, which is simply the mass

obtained over a period of time, regardless of the plant's initial size. Succinctly,

relative growth is described as the efficiency of growth of a plant over a particular

time period and is subject to resource limitation, competitive effects, inherent

genetics, and physiological limitations.

Relative growth analysis involves determining the change in dry matter

production per unit of dry matter of a plant over a certain interval (Evans, 1972;

Hunt and Cornelissen, 1997; Radosevich et al., 1997). An instantaneous value for

relative growth of a plant (R) is the simplest expression of relative growth rate. It is

obtained by multiplying the change in dry weight over change in time by the inverse

of plant mass; however, occasionally a more useful value is the 'classical' mean

relative growth rate as given by Evans (1972):

R loge W2 - loge W11t2 ti

where R is the mean value for dry matter accumulation for the time interval t2- ti,

W1 is the dry weight at the beginning of the interval and W2 is the dry weight at the

end of the period (Evans, 1972; Radosevich et al., 1997). Relative growth rate can

be expressed for single plants as shown above or for plant stands, i.e., as per unit

ground area or crop growth rate (CGR).
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Relative growth rate is used in many ecological studies. It is seen as a

convenient and equitable means of comparing widely differing types of plants,

regardless of scale (Evans, 1972; Hunt and Lloyd, 1987; Hunt and Cornelissen

1997). It captures a plant's ability to utilize resources towards production of

physiological structures over a certain period of time. Relative growth also indicates

the efficiency of resource use during a time period and what processes demand

resource use. Additionally, it enables comparison of plants in terms of physiology

and morphology. For example, a different value for LAR between two plant species

can point to differences in the production of photosynthetic structures (leaves)

between the species.

Components

Relative growth rate is generally broken down into components, of which

there are usually two main parameters: net assimilation rate (NAR or ULR; unit leaf

rate) and leaf area ratio (LAR). This is often done to deduce causes of variation in

RGR. NAR is considered both a morphological and a physiological component

while LAR is expressed simply as a morphological component (Evans, 1972;

Radosevich etal., 1997). RGR is viewed as the product of NAR and LAR, where

NAR is the net result of carbon gain (photosynthesis) and carbon losses (respiration,

exudation) expressed per unit of leaf area. LAR is the ratio of leaf area and total

plant weight (Poorter and Remkes 1990). LAR can be further divided into two

parameters: a qualitative and a quantitative component. Specific leaf area (SLA, a
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ratio between leaf area and leaf weight) is the 'quality' component and the

'quantity' component is leaf weight ratio (LWR; or LWF, a ratio of leaf weight and

total plant weight) (Hunt and Comelissen 1997; Poorter and Remkes 1990). Other

types of parameters have been derived from growth analysis studies - some are

synonymous with the previously described components, others relate more to

factors such as leaf nitrogen productivity, leaf nitrogen concentration per unit area,

biomass duration, leaf area index or leaf area duration (Poorter and Remkes, 1990;

Radosevich etal., 1997; Wright and Westoby, 2001).

Methods

Site selection

Three sites were selected for collection of plant samples for growth analysis.

The sites were located within 200 m of Road 6212, approximately 6 km from Troy,

OR. Sites were adjacent to another experiment already in progress where

populations of Potentilla recta had been identified. Site 1 (Turkey Hill) is located

approximately six km southwest of Troy on Road 6212, site 2 (Hughes Ranch) is

approximately two km further west of site one on Road 6212, and site 3

(Schoolhouse) is approximately four km west of site two. All sites were once

agricultural fields and were grazed by cattle at the time of this study. Sites

constituted a whole population of Potentilla recta and varied from approximately 2

to 5 acres in size.
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Within each site, a subpopulation of the site population of Potentilla recta

was selected for growth analysis. Each site was considered a separate population for

the purposes of this study. These sampling areas were chosen randomly by standing

in the middle of the population and selecting a random compass bearing and

walking 10 m in that direction. After the center of the sampling area was located, a

30 m radius circle that was predominantly Potentilla recta cover was marked for

sampling.

Plant collection

Potentilla recta plants were collected approximately every two weeks for six

months in 2002 and 2003. Data collection started in mid-April and ended in late

September. Ten plants were collected from each sampling area at the end of each

two-week interval, totaling thirty plants every two weeks. There were a total of nine

collection intervals in 2002 (n=270 plants) and eight collection intervals in 2003

(n240 plants). Plants were randomly selected by tossing a survey flag into each

sample area, then collecting the closest plant to the flag. Whole plants were

removed by digging the root mass carefully from the soil, shaking off excess soil,

placing plants into paper bags for transport back to the laboratory at Oregon State

University, Corvallis, OR.
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Plant measurements

At the laboratory, each plant was clipped at its stem base to separate root

mass from shoot mass. Any remaining senescent growth from previous years was

also clipped and discarded. The stem portion(s) were then separated from the leaves

(including petioles) for measurement. Each stem was measured for height to the

nearest 2.5 cm after being stripped of its leaves; if more than one stem was present,

the longest stem was chosen for measurement. Flowers or seed heads were counted

on the longest stem, ignoring other stems if there were more than one. Leaf area to

the nearest 0 1 mm2 was then measured for each plant using a LiCor LI-3 100 Area

MeterTM. Leaves and stems were then placed in manila envelopes and dried (50° C

for 48 hours). Each shoot portion was then weighed.

Root mass was also placed into manila envelopes (if too large, root masses

were put into paper bags), dried in the same convection drier for 1-4 days and

weighed.

Climactic data

Weather data was collected in both 2002 and 2003. Precipitation data was

obtained from NOAA Climatological Center (www.noaa.gov) for the nearest

working weather stations to the study sites. Temperature was recorded daily at each

site using HOBO data loggers. (Onset Computer Corporation, 2003).
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Calculations

Calculations of relative growth rate (RGR) were accomplished using the

'instantaneous' method (Evans 1972; Hunt and Cornelissen 1997). Calculations

were also made of RGR components SLA and LWF, which in turn were combined

to form LAR. NAR was computed separately by using the reciprocal of the leaf area

multiplied by the change in plant dry weight over the change in time. Component

values were computed independently from each other and were not obtained as

mathematical subdivisions of RGR (Hunt and Cornelissen, 1997; Wright and

Westoby, 2001). Wright and Westoby (2001) compared the different methods for

calculating NAR (either independently or derived from RGR, SLA, and LWF) and

found a tight relationship between the two (r2 values 0.86 to 0.99). A mean value

was generated for each of these components and was used to calculate RGR for that

particular interval. The following equation demonstrates how SLA, LWF, NAR and

RGR are related:

RGR 1/La (öW/öt) * La/Lw * L/W [1]

NAR * SLA * LWF

where La = leaf area of plant, Lw = leaf weight of a plant, W = total weight of a plant,

and t = time (Evans, 1972; Hunt and Cornelissen, 1997; Radosevich et al., 1997).

Correlations between mean RGR and its components were examined using

Pearson's correlation value (R2) in S-PLUS statistical software (Lucent

Technologies, 1999). To determine whether differences existed among sites, a

Kruskal-Wallis test for non-normally distributed data was used to compare the mean

RGR of the three sites for both years 2002 and 2003. The Kruskal-Wallis test was
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selected for analysis because of its robustness to non-normal data. This test was

also conducted to determine significant differences between years. ANOVA with

fixed effects was used to determine if differences existed between stem number and

seed number between years and among sites.

Species data selection

Other plants also exist in the research area (cheatgrass, yellow starthistle,

spotted knapweed, bluebunch wheatgrass, Idaho fescue, and yarrow). Based on their

abundance throughout the Potentilla recta study sites, certain native species were

compared in RGR to the more common weed species that occupy the Grand Ronde

River area. A literature search was conducted to find data for growth analysis of

these plants. An attempt was made to find studies close to the conditions of the Blue

Mountains ecoregion; although some studies were from outside the region.

Results and Discussion

Figure 1 shows the values of root mass, shoot mass, and leaf area over the

2002 and 2003 growing seasons. These data were used to calculate LAR and NAR

and subsequently relative growth of Potentilla recta. Root mass for both years

fluctuates, which is attributable to inherent variation in root mass of collected plants.

Shoot mass has definitive peaks for mass in both 2002 and 2003. Leaf area and
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shoot mass peaks are noticeably correlated in the graphs because leaf mass would

increase with leaf area, thereby increasing total shoot mass.

Leaf area peaked during both years when leaf area reached its highest

photosynthetic capability per plant weight. However, 2002 leaf area peaked earlier,

in mid-June versus the 2003 season, when it peaked in early July. In addition, the

scale of the y-axis in 2002 (Figure 1) is approximately two to three times that of

2003. This indicates a higher emphasis towards leaf production in 2002, which

suggests environmental conditions such as temperature and precipitation may have

allowed more allocation towards producing leaves for that year. These same

environmental factors may have also negatively affected leaf production in 2003.

Sites 1 and 2 were both similar in Potentilla recta leaf area, shoot mass, and to a

lesser extent, root mass. However, Potentilla recta on site 3 was noticeably greater

in leaf area, shoot mass, and root mass. These data suggest that site 3 Potentilla

recta was older, with an increased stem number per plant and higher root mass.

Alternatively, it could suggest some differences in available nutrients between sites

or a combination of both nutrients and population age.
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Figure le Leaf area, shoot mass, and root mass of Potentilla recta in northeastern
Oregon in 2002 and 2003. Data was collected during the growing seasons of each
year (April-October). Values for each measurement are mean values (n1 0) from
each collection interval. Standard error bars are given for mean data values. Weights
are dry weightse
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Root-shoot

Root-shoot ratios for Potentilla recta for 2002 and 2003 were calculated

(Figure 2). Generally, root-shoot ratios ranged from 1:1 to 2:1, with exception of the

beginning of the seasons for both years. At that time, mid-May in 2002 and early

April in 2003, ratios were as high as 13:1 for Site 1 in 2002, 11:1 for Site 2 in 2003,

and 8:1 for Site 3 in 2002. In 2002, ratios between root and shoot were relatively

low in April, reaching their maximum in May, then declining by late May. The 2003

growing season starts with a high root-shoot ratio in early April, falling to an

average value for each site the remainder of the season.

Rapid shoot development in 2003 compared to that of 2002 may be linked to

the climactic conditions of those years (Figure 3). Mean monthly precipitation in

2003 was higher at the beginning of the growing season but fell below 2002

averages by May 2003. Precipitation remained low for the remainder of the 2003

growing season. Mean monthly temperatures in 2003 were noticeably warmer than

in 2002; early spring and summer temperatures were as much as 4.5° C warmer

(15.5 °C; May 2003) than the previous year (11.0° C; May 2002). Warmer

temperatures earlier encouraged early shoot development in 2003. Cooler

temperatures and higher precipitation may have limited shoot development in 2002

and contribute to higher initial root-shoot ratios.
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Figure 2. Root-shoot ratios of Potentilla recta collected for northeastern Oregon in
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Monthly mean temperature was calculated and then averaged; data is given in
degrees Celsius.
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Mean relative growth rate

Potentilla recta maximum mean relative growth rates for sites 1, 2, and 3 in

2002 were 0.68, 1.01, and 0.52 g g1 week -1, respectively (Figure 4). In 2003, sites

1, 2, and 3 maximum mean RGR was 0.15, 0.20, and 0.13 g g' week 1,

respectively. All maximum rates occurred at the beginning of the growing season

(early-mid April) for 2002. In 2003, maximum rates of mean RGR occurred at

different periods for each site; site 1 occurred in mid-July, site 2 occurred in mid-

April, and site 3 occurred in early July. Due to the variability of plant selection and

field conditions, mean RGR varied among harvest intervals. At times, mean site

RGR fell below zero.

2002 mean relative growth rate

03

0.2

0,1

-02

-0.3

Apr

2003 mean relative growth rate
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in 2002 and 2003 .Y-axis values are in g g 1 week; data collection occurred from
late April to late September 2002 and late April to early October 2003. Mean values
for each collection interval were used to calculate RGR.
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The negative values that occurred were probably caused as the plant

developed past the seedling or rosette stage into an adult vegetative or reproductive

phase, slowing growth. Loss of leaves due to senescence also may account for these

negative values. As the plants entered the shoot stage, a rapid phenological

development and subsequent loss of leaves was noticed, which lowered leaf mass in

relation to total mass and therefore contributed to the negative value of relative

growth during certain time periods. Plant mean total mass was higher in the

previous interval, assuming root mass did not increase. In addition, inherent

variation in the plants themselves could have contributed to the occurrence of

negative relative growth rate. Since plants were collected from a field site, variation

in plant mass and morphology was common. Efforts were made to collect plants of

a similar mass and life stage; however, some plants were markedly different within

a collection interval. This variation also caused mean plant mass means to fluctuate

among harvests.

Maximum mean relative growth rates for Potentilla recta were not

significantly different by site for either 2002 or 2003 combined using the Kruskal-

Wallis rank test (x2 1.14; p-value = 0.565). There was a significant difference

between relative growth rates by year, however (x2 = 3.86; p-value = 0.04).

Comparison of the overall mean RGR for the three sites in 2002 showed no

significant differences among sites. In 2003, sites also had no significant differences

between each other for overall mean relative growth.
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Components

Mean LAR, NAR, and LAR sub-components LWF and SLA for 2002 and

2003 in each site are shown in Table 1. Correlation matrices for these components

for both years indicated that mean RGR was most correlated with net assimilation

rate (NAR) (R2= 0.989). Leaf area ratio (LAR) was highly correlated with specific

leaf area (SLA) (R2= 0.722) and leaf weight ratio (LWF) was negatively correlated

with specific leaf area (R2= -0.488). Potentilla recta RGR was correlated with LAR

(R2 value =0.650), which generally supports the findings of Poorter and Remkes

(1990) who found that LAR correlated tightly (R2 0.96) with RGR in twenty-four

species. Correlation between RGR and NAR was high (R2 = 0.825), in contrast to

studies that found poor correlation between RGR and NAR for a variety of species

(Hunt and Cornelissen, 1997; Poorter and Lambers, 1991; Poorter and Remkes,

1990). These findings could indicate an emphasis on photosynthetic efficiency

rather than leaf area for Potentilla recta productivity. Studies in the literature also

found high correlation between SLA and LAR whereas SLA and LAR were poorly

correlated for Potentilla recta (R2 = 0.148). There was a strong negative correlation

found between SLA and LWF (R2 = -0.95 8) for Potentilla recta.
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Table 1. Maximum mean values of Potentilla recta relative growth rate (Rmax) and
growth components. Mean R = mean relative growth rate, NAR = net assimilation
rate, LAR = leaf area ratio, SLA = specific leaf area, LWF = leaf weight fraction.
Date is the month where maximum relative growth rate was obtained for that year.

Relative growth rate for Potentilla recta in the Grand Ronde River area is

slightly less than or comparable to other plants, based on results from this study. It

does not appear that RGR can distinguish Potentilla recta from other invasive or

native plants (Table 2). Maximum mean relative growth rate (Rmax) differed

considerably between years, which could indicate the influence of environmental

stress, perhaps extremes in precipitation or temperature (Figure 3). Relative growth

rate can be quite variable even within a species population. For example, Burdon

and Harper (1980) demonstrated that within a single population of Trifolium repens

almost two-fold variation in relative growth rate could occur.

2002 Mean R NAR LAR SLA LWF Date

(g g-1 week-I) g cm2 week-1 cm2 g cm2 g g/g

Site 1 0.677 0.139 1.731 3.392 0.510 April

Site 2 1.011 0.322 5.087 11.164 0.456 April

Site 3 0.517 0.086 2.204 4.355 0.506 April

2003

Site 1 0.147 0.090 1.639 3.927 0.6214 July

Site 2 0.197 0.144 2.066 23.994 0.0861 April

Site 3 0.131 0.045 2.927 5.070 0.5773 July
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Mean RGR for local plant species

Other common plant species found in the Grand Ronde River area include:

cheatgrass, yellow starthistle, spotted knapweed, bluebunch wheatgrass, Idaho

fescue, yarrow, Timothy, and red fescue. Table 2 shows maximum RGR for each

species, as well as the region where the plants were studied. Plants are grouped into

herbaceous monocots, herbaceous dicots, and woody dicots.

Potentilla recta is not exceptional in its relative growth rate value when

compared to other invasive plant species but these values were obtained from in situ

conditions in a semi-arid area with varying precipitation from year to year. Values

from other species were derived from laboratory experiments with idealized

growing conditions. However, it is notable that maximum RGR for Potentilla recta

(1.01 g g' week') is comparable to many other species (Table 2). Additionally,

some relative growth values were calculated differently; some in accordance with

Grimes and Hunt (1975) and others using the product of growth components LAR

and NAR (Hunt and Cornelissen, 1997; Poorter and Lambers, 1991; Poorter and

Remkes, 1990).



Species Growth form

cheatgrass h. monocot

medusahead h. monocot

bluebunch
h. monocot

wheatgrass

squirreltail h. monocot

Timothy h. monocot

yarrow h. dicot

red fescue h. monocot

sulfur cinquefoil h. dicot
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Table 2. Common Blue Mountain plants and their Rmax. Growth forms are based on
classification into herbaceous monocot or herbaceous dicot. Life form
classifications were categorized by annual, biennial, or perennial life forms. Rmax is
maximum value of relative growth rate obtained in the study; Rmax values are in
both g g1 day1 and g g1 week'. Date is given for when study was conducted.

Morphology

Other data for Potentilla recta collections were obtained, including height,

stem number, and seed head number per stem (Table 3). There are significant

differences among sites for stem number (F-value = 21.566; p-value = <0.001) but

no difference is found between years (F-value = 0.352; p-value = 0.556). Seed head

number per stem varied significantly among sites (F-value = 10.06 1; p-value =

0.004) and year (F-value = 16.692; p-value = <0.00 1).

Life form Area of study Authors R, Date

annual Utah
Arredondo

et. al
0.51gg'd-1 1998

annual Utah
Arredondo

et. al
0.43 g g' d1 1998

perennial Colorado
Arredondo

et. a!
0.36 g g' d' 1998

perennial Utah
Arredondo

et. al
0.41 gg'd' 1998

perennial Europe
Poorter &
Remkes

0.23 g g' d' 1990

perennial Europe
Grime and

Hunt
1.96 g g1 week' 1975

perennial Europe
Grime and

Hunt
1.l8gg1week1 1975

perennial Europe
Grime and

Hunt
0.83 g g' week' 1975
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Table 3. Potentilla recta stem and seed head number. Values are means calculated
over the growing seasons of 2002 and 2003 for each site.

Native Potentilla

There are approximately 23 different native Potentilla species in the

Umatilla and Wallowa-Whitman National Forest areas (Aitken and Parks, 2004).

The most common species found at the study sites were Potentilla diversfolia,

Potentilla glandulosa, and Potentilla gracilis. Potentilla diversifolia is similar in

appearance to Potentilla recta (Rice, 1991). Plants chosen for destructive harvest for

growth analysis had to be inspected closely to determine whether they were

Potentilla recta. Distinguishing features of Potentilla diversifolia are its relative

lack of hairs on the main stem and the color of the inflorescence (bright yellow vs.

sulfur yellow for Potentilla recta). With the exception of these two characteristics,

identification of the species is difficult, and the potential to mistake Potentilla

divers folia for its invasive counterpart is always present.

Year 2002 2003

Site 1 2 3 1 2 3

Stem number
per plant

1.4 1.8 2.3 1.5 1.4 3.0

Standard error 0.31 0.42 0.58 0.29 0.32 1.03

Seed heads per
stem

19.5 21.6 33.1 14.2 13.5 18.4

Standard error 5.74 2.67 8.33 4.21 2.28 5.56
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Native species of Potentilla were found at each study site, along with

Potentilla recta. On the other hand, native Potentilla species were also found in

habitats without Potentilla recta present, usually in less disturbed areas such as

natural meadows and alluvial flats along riparian areas. A ponderosa pine tree

plantation approximately six km northwest of site 2 was also observed to have

native Potentilla but no evidence of Potentilla recta, despite being relatively recent

in age (approximately five years). Both native and invasive Potentilla favor

unshaded to lightly shaded areas. No Potentilla species were observed under a

closed vegetative canopy.

Ecological implications

Potentilla recta does not have an unusually high or low RGR. Thus, RGR

may not be an important factor in its ability to dominate sites in the Grand Ronde

River area, i.e. that other factors are contributing to Potentilla recta ecology that

may overshadow inherent biological capabilities.

It has been hypothesized that either nutrient-rich or nutrient poor

environments may select for certain characteristics of RGR (Poorter and Remkes

1990). In nutrient-rich areas, plants will develop more leaf area to maximize light

interception in order to compete with other plants. This allocation in above ground

mass would require high leaf weight fraction and low root weight ratio.

Furthermore, new stratas of leaves would develop quickly, minimizing the time
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other leaves are illuminated. Such 'cheap' leaves need high light interception area

per unit carbon and thus would demand a high SLA (Poorter and Remkes 1990).

On the other hand, in nutrient-poor environments competition for light will

be less severe and root competition becomes important (Tilman, 1984). This results

in a shift towards high root/shoot ratio and low leaf weight ratio. In addition,

conservation of nutrients is as important as acquisition of new nutrients; this can be

achieved through leaf longevity. However, leaf longevity can only be realized

through investment in protective attributes such as leaf hairs, cuticular waxes,

phenolics, lignin, etc., which results in a higher cost in leaf construction per unit leaf

area and a lower SLA (Poorter and Remkes 1990). This hypothesis could explain

what might be occurring on Potentilla recta sites along the Grand Ronde River area.

Potentilla recta develops leaves quickly but sheds them just as quickly, it seems, as

seasonal drought progresses. Since root-shoot ratios for Potentilla recta plants in

these areas are high (? 1:1), this lends more support for Tilman' s hypothesis. More

energy is invested in root mass development and carbohydrate storage, especially

during sub-optimal growth conditions. This characteristic enables Potentilla recta to

have nutrients more readily available when conditions are most conducive to

germination, shoot elongation, and flowering. Since this experiment was conducted

in an old--field area, it seems possible that nutrient content is higher or lower than in

surrounding areas (forest or meadows). Additional studies that examine Potentilla

recta in both high and low nutrient sites could reveal more about this relationship as

it applies to Potentilla recta.
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Chapter Three: Potentilla recta demography

Introduction

Population ecology is concerned with understanding how populations of

plants change over time, from one place to another, and how these populations

interact with their environment (Akcakaya et al., 1999). It focuses on the dynamics

and the structure of plant populations (Radosevich et al., 1997). Studies conducted

in population ecology at the individual plant level, at the population level, or both.

Demographic studies of plants usually start with observations of the life

stages of the plant species, classifying them into distinct categories, and then

quantifying transitions among the stages, either through a life history model or a

transition matrix. This study will categorize Potentilla recta by life stage and

partially quantify a life history model. Fecundity rates, mortality, and morphology

were experimentally examined for Potentilla recta in the Grand Ronde River region

of northeastern Oregon. Treatments applied to Potentilla recta populations

simulated basic weed control measures: mowing, tilling, seeding, and grazing. The

study examined the effect, if any, these treatments caused to Potentilla recta plant

demography and differences among treatment methods in terms of population

parameters. For mortality of Potentilla recta, logistic regression analysis was used

to determine the probability of treatment effects. Fecundity, leaf number, width, and

height of plants were compared using analysis of variance.
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Demography

Invasive plants have received much attention in population ecology due to

their ecological and financial impact. It has been postulated that there are three

common characteristics that invasive or weedy plants share; (1) an enhanced mode

of dispersal, (2) colonizing potential or dominance, and (3), regenerative capacity

(Cousens and Mortimer, 1995).

There are two factors contributing to plant population growth: birth and

immigration (Akcakaya et al., 1999; Evans, 1972; Radosevich et al., 1997). There

are also two main factors that reduce population growth: emigration and death

(Akcakaya et al., 1999; Evans, 1972; Radosevich et al., 1997). These four processes

are fundamental to understanding the fluxes of populations and are intrinsically

interrelated. This is represented by the following algebraic equation:

N1+i=N1+BD+IE [2]

where N is equal to plant population at time t, B and D are equal to birth and death

over a certain time interval, I and E are the immigration and emigration of plants in

and out of a population, and N,+1 is the future population at the specified time

interval (Akcakaya et al., 1999; Cousens and Mortimer, 1995; Radosevich et al.,

1997). This equation is useful but overly simplistic. It is used mainly to explore the

various stages and processes that contribute to plant population growth. Currently,
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literature on Potentilla recta demography is sparse, with the exception of Werner

and Soule (1981), who studied the reproductive allocation of the species.

Life stages

The division of plant life cycles into discrete stages identifies population

values and sources of variation for each stage of development (Cousens and

Mortimer, 1995). Life stages for most vascular dicotyledonous plants include at

least the following stages: seed, seed bank, seedling, and adult plant. Biennial and

perennial plants may have other life stages due to the longevity of the plant, which

includes juvenile plants, flowering and non-flowering adult plants, and vegetative

ramets. Concurrent with life stages are life rates or transition rates. Each stage is

bound to another stage through a transitional phase that may or may not be

reversible. These phases for plants are seed set, dormancy, germination, shoot

elongation, vegetative reproduction, and gametic reproduction.

Seed and seed bank

The number of seed a plant produces in its lifetime (fecundity) is based on

plant size and reproductive effort (Cousens and Mortimer, 1995). These properties,

in turn, are influenced by intrinsic and extrinsic factors, including genotype, time of

emergence, competition, herbivory, disease, and pollinator availability (Cousens and

Mortimer, 1995; Tilman, 1986). Fecundity has been linked to plant size in a number

of studies; a log-linear relationship has been found between the two variables for
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some weeds (Cousens and Mortimer, 1995; Watkinson and White, 1985).

Herbivory can affect plant size by removing biomass therefore reducing resources

for reproduction. Plant diseases can also reduce plant size leading to reduced

fecundity. For example, infection of Senecio vulgaris by a rust (Puccinia

lagenophorae) resulted in a decrease of fecundity of 46 percent (Cousens and

Mortimer, 1995; Paul and Ayres, 1987).

Seed losses can occur in three ways: by germination, death (loss of

viability), or predation. Germination occurs when a seed breaks dormancy by

encountering the right combination of environmental conditions: soil moisture,

diurnal temperature cycle, and exposure to light. Potentilla recta seed are

considered dormant at maturity and eventually lose dormancy over a period of two

years (Baskin and Baskin, 1990; Powell, 1996). Once dormancy is broken, seed

cannot be induced back into dormancy and Potentilla recta seed must germinate or

decay (Baskin and Baskin, 1990; Powell, 1996). Light appears to be the most

important factor in dormancy breaking for Potentilla recta while temperature and

moisture are secondary in importance.

Seedling

Acquisitions to a population of plants are done by either immigration,

vegetative reproduction, or germination (Evans, 1972). Germination is the

transformation of the seed into a seedling but does not necessarily denote seedling

establishment. After the extension of the radicle underground, the plant will then
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grow an aerial portion of the plant termed the cotyledons (Radosevich et al.,

1997). Survival of the emergent seedling is dependent on a variety of intrinsic and

extrinsic factors and is highly sensitive to micro-environmental conditions. The idea

of the safe site was hypothesized by Harper (1977) based upon the observation that

most seed in a seed bank do not germinate and among those that do, few survive

(Harper, 1977; Radosevich et al., 1997). Conditions must exist where there are

available resources, proper dormancy breaking conditions, and absence of hazards

to allow germination to proceed. Micro-topography of the soil in relation to the seed

position and availability of light and water are a few of the conditions needed for a

successful safe site (Harper, 1977; Radosevich et al., 1997). Emergence of seedlings

of weed species can follow a pattern in where the coincidence of proper

environmental conditions result in a flush of seedling germination and emergence.

These flushes can be classified along seasonal periods, such as summer annuals and

winter annuals, but there are many plant species that are capable of germinating at

any time of year (Cousens and Mortimer, 1995).

Adult plant

Once a plant becomes a seedling, it can stay in this 'juvenile' form for an

indeterminate amount of time or can develop into an adult; i.e., a plant that is

capable of sexual or vegetative reproduction. It has been argued that sexual

reproduction is less important for total shoot production in weed species than

vegetative reproduction (Cousens and Mortimer, 1995; Sagar and Mortimer, 1976).
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However, sexual reproduction is a key component for the longevity of plant

populations. Many weed species are capable of autogamy or self-fertilization in

addition to outcrossing (Baker, 1974; Radosevich etal., 1997). A general hypothesis

was developed around this observation by Baker (1974), who reasoned that

outcrossing was usually sufficient with generalized pollinators or wind. In addition,

the self-crossed progeny will be as well adapted as their progenitors; in case of

severe disturbance, a single plant will be capable of regenerating another population

identical to the founder plant (Baker, 1974; Radosevich etal., 1997). This

capability, combined with opportunistic hybridization, enables a plant species to

adapt and succeed in a wide variety of environments. Although Baker noted that

perennial weeds are less likely to be autogamous and rely more on vegetative

reproduction, it should be noted that Potenti!!a recta is capable of self-pollination

and outcrossing (Baker, 1974; Batra, 1979; Powell, 1996).

Vegetative reproduction is a key aspect to the longevity of many invasive

plants (Cousens and Mortimer, 1995; Garcia and Zamora, 2003). Perennial species

are more likely to be capable of asexual reproduction than annual species (Cousens

and Mortimer, 1995; Radosevich etal., 1997). A clonal unit is described by the term

ramet and genetically distinct plants are called genets (Harper, 1977; Radosevich et

al., 1997). One of the hypothesized advantages to vegetative reproduction is the

increase in tolerance to a wide range of environmental conditions and successful

reproduction in sub-optimal systems (Radosevich et al., 1997). Vegetative



reproduction is usually most correlated to habitats with frequent but non-intensive

disturbance including those with fire, tilling, and grazing.

Mortality

Mortality is the termination of an individual plant's existence. It can occur at

any phase of a plant's life and by any number of mechanisms. It also directly

contributes to a decrease in a plant population. Causes of plant mortality are

attributed to two categories: extrinsic (density-independent) and intrinsic (density-

dependent). Density-dependence is related to population size and density and results

in competition for limited resources (nutrients, water, light) (Cousens and Mortimer,

1995). While some have argued that perennial-based communities are not

intrinsically regulated, this has been countered with observations that no single

factor can act in isolation as a mechanism (Cousens and Mortimer, 1995).

Some natural causes of extrinsic mortality are plant pathogens, weather, and

predators. Fungal pathogens such as Phytopthorapalmivora have been used to

control Morrenia odorata in citrus groves while invertebrates or nematodes are used

for a variety of weed species control (Cousens and Mortimer, 1995; Radosevich et

al., 1997). Abnormal or extreme climactic conditions often results in plant

mortality, especially at younger stages of growth. Frost can kill a substantial amount

of individuals, whether they are annuals or seedlings of biennials and perennials.

Drought conditions in the summer can also drastically reduce plant populations,

sometimes destroying a population before they can set seed (Cousens and Mortimer,
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1995). Predation of adult plants by herbivores such as ungulates, rodents, and

invertebrates can reduce a plant's fitness and/or kill it completely.

Biological components

Other aspects of plant biology that are important for growth and

establishment have been examined. These components included leaf number, width,

stem number, height, and reproductive structures. Morphological development can

have a profound impact on important plant processes. Cousens and Mortimer (1995)

stated the importance of plant height and number of seed structures for plant

dispersal. The number of stems can be linked to plant age for perennial plants (Story

et al. 2001). Morphological characteristics can be affected by density-dependent

factors such as inter- and intra-specific competition. Plant width and height can be

important factors in competition for light (Radosevich et al., 1997). Detection by the

plant of altered light quality and/or quantity can influence morphological

development in terms of leaf area, shoot height, internode length, and seedling dry

weight (Radosevich et al., 1997; Schmitt and Wulif, 1993).

Environment

Environmental parameters that were measured in this study included

temperature, precipitation, soil ph and nutrient content, and vegetation communities.

These factors can markedly affect seed germination, seedling establishment,

reproductive fitness, and plant mortality (Cousens and Mortimer, 1995; Holland and
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Steyn, 1975) Variations in temperature and precipitation have been linked to

seedling germination success, morphology, and mortality (Baskin and Baskin, 1990;

Cousens and Mortimer, 1995; Sagar and Mortimer, 1976). However, soil ph,

physical structure, and nutrient content has not been studied extensively for their

effect on seed mortality or germination success (Cousens and Mortimer, 1995).

Radiant energy can be influenced by differing aspect, slope, altitude, and latitude,

which affects vegetation composition and structure. It has been found that most

distinct variations in vegetation occur at 45° N/S latitude in regards to aspect

(Holland and Steyn, 1975). Vegetation communities can alter plant population

ecology through interspecific competition and allellopathy (Myster and Pickett,

1992; Radosevich et al., 1997).

Methods

Site selection

Two sites were selected for demography experiments. Both sites were

located in the Wenaha Wildlife Refuge in the lower Grand Ronde River watershed

in northeastern Oregon. Sites were selected for their known populations of

Potentilla recta. Site 1 is located six km southwest of Troy, OR on state road 6212.

Site 2 is located approximately six km west of site 1 and also on 6212. Both sites are

at approximately 1000 meters elevation and located on a plateau 'bench' about 400

meters above the Grand Ronde River. Bordered by the Umatilla National Forest to
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the north and west, the Wenaha Wildlife Refuge is an ecotone with a ponderosa

pine/grand Fir/western larch gradient and a bluebunch wheatgrass/ Idaho fescue!

wood rose gradient.

Site 1 was used previously for either pasture and/or orchards, while site 2

was plowed for wheat and other cereal crops; remnants of fence posts and barbed

wire were found at both sites. Both sites are still used for cattle grazing by adjacent

landowners. Site 1 has a northeasterly aspect (70 degrees) while site 2 has a

southerly aspect (170). The slope at site 1 has a slope of 5-25 degrees while the

slope at site 2 is 2-5 degrees.

Vegetation communities at both areas are similar, but with some exceptions.

Site 1 is predominantly covered by Potentilla recta, with a Festuca/Rosa association

as described by Franklin and Dyrness (1988). Site 2 contains mostly Potentilla recta

and Bromus marginatus cover, with a wide variety of minor herbaceous and

graminoid species. Both site 1 and site 2 have native Potentilla species present,

mostly P. gracilis, P. glandulosa, and P. diversfolia.

Experimental design

At each site, six treatments were randomly located within each of five blocks

in a randomized block design. Treatments were 1 m2. Treatments were established

during the summer of 2002. A buffer strip of 1 m separated each treatment with the



exception of the control (CON) treatment. Vegetation was clipped to

approximately 20 cm height in June 2002 and again in August 2002 in the buffer

area.

During the spring of the second experimental year (2003), each treatment

was divided into sixteen 0.25 meter2 quadrats. One quadrat in every treatment was

randomly selected for demography measurements, which were collected throughout

the remainder of the growing season. In each selected quadrat, ten emerging

Potentilla recta seedlings were selected and tagged for demographic study.

Treatments

The six treatments are listed in Table 4.

Measurements

Both biological and demographic components of population growth were

measured. Biological measurements were the following Potentilla recta attributes:

leaf number, rosette width, plant height, stem number, and inflorescence number.

These attributes were measured for each tagged seedling every two weeks beginning

in May 2003 and ending in October 2003. Demographic attributes of Potentilla

recta measured included number of germinating plants per square meter, plant

mortality, time of plant emergence, time of shoot elongation, time of inflorescence

and time of seed set. Seedling germination and mortality were measured throughout
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the season but June 6, 2003 was chosen for data analysis since seedling number

was at a maximum and mortality was at a minimum on that date.

Table 4. Potentilla recta treatments and their management analogues. BWP = Bare
soil with single plant, BNP = bare soil with no plant, CLP= clipped vegetation with
one plant, NEW = new soil with one plant, OVS = overseeded bare soil with one
plant, and CON = control treatment.

Treatment Purpose Management

Bare soil with a single Potentilla recta
plant in remaining in the center of the
plot (BWP)

Bare soil without Potentilla recta
(BNP)

Vegetation clipped (15 cm stubble
height) with one Potentilla recta plant
remaining (CLP)
New soil (soil from an adjacent area
without Potentilla recta) (NEW)
Bare soil and overseeded with a
mixture of native grasses (Idaho
fescue, bluebunch wheatgrass, and
Sandberg's bluegrass) with Potentilla
recta plant in the middle (OVS)
Control (no manipulation) (CON)

Determine Potentilla recta
germination, seed rain, and seed
bank without vegetative
competition
Determine contribution of
surrounding Potentilla recta
germination and seed bank
without Potentilla recta seed rain
Determine effect of canopy on
Potentilla recta seedling
germination
Estimate contribution of seed bank

Determine effect of native plant
competition on Potentilla recta
seedling germination

Measure Potentilla recta
germination and seed bank
without manipulation.

Tilling

Tilling

Mowing,
grazing

Farming

Sowing

No
management

Environment information

Weather data was collected for both 2002 and 2003. Precipitation data was

obtained from NOAA Climatological Center (www.noaa.gov) for the nearest
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working weather stations to the study sites. Temperature was recorded daily at

each site using HOBO data loggers. (Onset Computer Corporation, 2003).

Other abiotic factors such as soil nutrient content and vegetation canopy

cover were also determined. Soil pH, sand/silt/clay ratio, nitrogen, potassium, and

phosphorous content were obtained for each site. Soil samples were collected at

thiee depths (15, 30, and 46 cm) from observed high and low density areas of

Potentilla recta, as well as from random areas across the sites.

Vegetation canopy cover was visually estimated for each plot before

treatment installation (early May 2002) and at the end of the experiment (October

2003) (Wilson, 2003). Digital photos were taken of each treatment plot

approximately every 15 days to aid in plant identification and cover estimates.

Analysis

Potentilla recta demographic and morphological data were analyzed using

basic statistical procedures. Graphs were generated for examination of trends among

treatments. Treatment differences in germination were examined using analysis of

variance methods in SPLUS 2000 (1999). The hypothetical model created for

Potentilla recta germination is:

[3]

for 1 = 1..., 10 andj = I ..., 6, where t = number of plants, b site and t treatment

type. Multiple comparison ANOVA was used to examine difference among
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treatments. Leaf number and plant width were analyzed using fixed-effects

ANOVA.

Mortality of Potentilla recta seedlings was analyzed using logistic

regression in S-PLUS 2000 (Lucent Technologies, 1999), where the final site visit

(October 2003) was used to determine the number of dead seedlings in each

treatment. The hypothetical model for Potentilla recta seedling mortality is:

logit(ir) = 13° + f3ltreatment+P2Site [4]

where 13o is a constant, 13i is the treatment coefficient and 132 is the site coefficient.

Results and Discussion

Seedling number for Potentilla recta in 2003 for all treatments at both study

sites is shown in Figure 5. Seedling number was greatest in May 2003 with a total

of 2850 seedlings occurring in treatments at both sites. At the height of germination,

seedling number at site 2 was about two times greater (1929 seedlings) than at site 1

(921 seedlings). As the season progressed, seedling number declined dramatically in

all treatments until in October 2003 when only 11 Potentilla recta seedlings

remained in the entire experiment; ten seedlings for site 2 and one seedling at site 1.
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Figure 5. Potentilla recta total seedling number for site 1 and site 2. Germination
count began in May 2003 when seedlings were identifiable as Potentilla recta. The
number of live seedlings were counted per 1 m2 at each interval during the 2003
growing season.

Germination

Germination of Potentilla recta in 2003 in the various treatments differed

significantly (Figure 6; one-way ANOVA F-value = 3.83; p-value = 0.005). The

germination of Potentilla recta was highest in the untreated treatments (CON), with

a mean number of 29.9 seedlings per 0.25m2. Clipped treatments (CLP) also had

high germination compared to the other treatments, with a mean number of 23.3

seedlings per 0.25m2. New soil treatments (NEW), with soil from off-site areas

observed to have no Potentilla recta plants, had the lowest germination (1.8

seedlings per 0.25m2). These results indicate that the manipulations affected on

Potentilla recta, other than clipping treatments (CLP), had at least an initial impact

on seedling germination. Additionally, it suggests that soil seed bank of Potentilla

recta may contribute substantially to germination, since germination was lowest in

the new soil treatment (NEW) compared to all other treatments. The suppression of
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previous years seed bank germination had a noticeable impact. It should be noted

that a Potentilla recta plant was present in all new soil treatments (NEW) and seed

rain from 2002, the year of installation, was unaffected by this treatment.

Multiple comparison ANOVA was utilized to contrast germination

differences among the treatments. The most significant contrasts were between

clipped treatments (CLP) and those receiving new soil (NEW) (estimate: +21.5, SE

= 6.44, 95 percent confidence interval: 2.42 to 40.6), untreated (CON) to receiving

new soil (NEW) (estimate: +28.1, SE = 6.84, 95 percent confidence interval: 7.84 to

48.30), and bare soil with one plant (BWP) to untreated (CON) treatments (estimate:

-19.9, SE = 6.39, 95 percent confidence interval: -38.9 to 1.04). Treatments bare

soil with no plant (BNP), bare soil with plant (BWP), and overseeded (OVS) did not

significantly differ from each other or with new soil treatments (NEW). These

treatment differences are shown in Figure 6.



CLP CON
Treatment

Figure 6. Potentilla recta germination in 2003 according to treatment. BNP= bare
soil, no Potentilla recta, BWP= bare soil with one Potentilla recta plant, CLP
clipped treatments with one Potentilla recta plant, CON untreated, NEW= new
soil with one Potentilla recta plant, OVS= overseeded treatment with one Potentilla
recta plant. White horizontal lines in box plots represent the treatment median
germination value; solid colored box displays upper and lower quartile values of the
treatment data; extended lines with "whiskers" indicates data values beyond upper
and lower quartiles. Unattached horizontal lines indicate outlying data points.

There are also significant differences in germination between sites 1 and 2. Site 1

averaged 13 plants less than at site 2, regardless of treatment (estimate: -13.1, SE =

3.8, 95 percent confidence interval: -20.7 to 5.46).
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Mortality

Mortality for Potentilla recta seedlings according to treatment occurred

between the peak of seedling germination and the end of the growing season in

October 2003. Mortality was greatest in clipped (CLP), over-seeded (OVS) and

bare soil with no plant (BNP) plots with 100 percent mortality and was least in bare

soil with one plant (BWP) with 95 percent mortality. Logistic regression revealed

no significant differences among treatments or sites. Figure 7 shows both peak

germination in treatment plots and mortality at the end of the study.

300

250

200

50

0 1° LIL
BNP BWP

Potentilla recta treatment mortality

CON CLP NEW OVS

Treatment

6/6/2003

10/5/2003

Figure 7. Potentilla recta seedling mortality by treatment in 2003. Numbers above
bars on the right indicate number of plants alive at October 5, 2003. Bars on the left
for each treatment are germination rates achieved on June 6, 2003 in treatment plots.
BNP = bare soil with no Potentilla recta plant, BWP bare soil with Potentilla
recta plant, CON = control treatment with no manipulation, OVS = tilled and
overseeded with native vegetation (bluebunch wheatgrass, Idaho fescue, Sandburg's
bluegrass), NEW = new soil layer with one Potentilla recta plant, and CLP =
clipped plot vegetation with one Potentilla recta plant.
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Mortality was highest in both overseeded (OVS) and clipped (CLP)

treatments, as well as bare soil treatments with no plant (BNP). Percent mortality

rate was 100 (no survival) percent in these three treatments. The lowest mortality

was found in bare soil with plant (BWP) treatments. Mortality rate in these plots

was 95 percent (0.05 survival). Untreated (CON) treatments resulted in 99 percent

mortality. It seems contradictory that the treatments with the most germination

would also have the highest mortality. However, higher numbers of seedlings

should consequently have a higher rate of mortality due to intraspecific competition

for limiting resources: water, soil nutrients, and light. This is a well-observed

phenomenon where increasing numbers of plants competing for decreasing amounts

of resources begin to 'self-thin', which results in fewer, but stronger, plants. Micro-

topography, micro-climactic conditions and litter on the soil surface may assist

seedling germination while those same conditions could be deleterious as seedlings

continue growth and resource needs change (Harper et al., 1965; Harper, 1977).

Morphology

Analysis of leaf number and plant width failed to reveal any differences

among treatments (leaf number: F-value = 0.87, p-value = 0.51) or sites (F-value =

0.24, p-value = 0.63), since most of the seedlings that were able to survive through

the season were usually slow in growth. With the exception of one seedling, all

seedlings had a mean number of 3 leaves per plant through the growing season.



53

One of the distinctive features about Potentilla recta is its morphology

during flowering. Potentilla recta plants are phototropic regarding flower opening.

Flowering began in late May 2003 and continued through late June 2003 at both

sites. Individual plants flowered, seemingly at random, over this time period.

Potentilla recta opens its floral bud between 11:00 am to 1:00 pm on sunny days.

Flower petals also easily disengaged with the slightest force, and sometimes simply

drop off the plant by the day's end. While some plants retained their petals for a few

days, I estimated that petals on Potentilla recta last for a day on average after

opening. This trait is corroborated by past observations in western New York circa

1894 (Hill, 1894). Sepals are retained and form the enclosed seed "capsule" or

capitulam that persists on the plant through senescence.

Soil nutrients

Soil nutrient supply may play a part in determining habitability of invasive

plants (Davis et al., 2000). Results from a fixed-effects ANOVA on soil samples

taken from areas of high and low densities of P. recta indicate significant

differences between phosphorous and potassium levels (Table 5). High density

Potentilla recta sites had an average of 63 percent more phosphorous than low sites.

Potassium was an average 71 percent higher in high density sites than in low density

sites. Site differences, regardless of plant densities, were significant for all three

macronutrients but not pH. Since these data are observational, no inferences can be



made beyond these areas. However, these results suggest that both P and K could

play an important role in determining P. recta density.

Table 5. Fixed-effects ANOVA of high density vs. low density P. recta. High
density P. recta >5 plants m2; low density P. recta 5 plants m2. Statistical
values for high vs. low density are calculated from samples taken at three depths: 15
cm, 30.5 cm, and 46 cm. P-value significant at 0.05.
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Vegetation cover

Plant species and their percent cover were visually estimated before and

after treatments were installed. The same species were found before and after the

experiment, although percent cover and composition changed. Cover of the

dominant plant species at site 1 other than Potentilla recta were Madia spp. (19

percent) and Arabis spp. (8 percent). Dominant plant species at site 2 other than

Potentilla recta were Arab is spp. (8 percent) and Bromus spp. (4 percent). Average

cover ofPotentilla recta was 13 and 14 percent for sites 1 and 2, respectively

(Figure 8).

Macronutrients High/low density Site

f-value p-value f-value p-value

pH 4.105 .06 1.0

K 27.98 .0001 8.14 .013

P 22.82 .0003 8.21 .013

NO3 3.55 .08 5.53 .03
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Potentilla recta was the dominant ground cover at both sites. Madia

species and Arabis species were also dominant but surrounding vegetation was often

variable. Bromus species were the most dominant graminoid at both locations;

smooth brome (Bromus inermis), mountain brome (Bromus marginatus), and

cheatgrass were the predominant species. Native grasses such as Idaho fescue,

bluebunch wheatgrass, and Sandberg' s bluegrass were present, but occurred as

scattered clumps throughout both experimental sites.

Climate

Climactic conditions were monitored throughout both years; Figure 9 shows

the mean daily temperature for 2002 and 2003. Temperature followed the same

pattern for both years; however, 2003 was warmer much earlier with high mean

temperatures occurring in May 2003. Figure 10 illustrates the precipitation amounts

for both 2002 and 2003 in northeastern Oregon.
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Figure 8. Vegetation cover in two experimental sites in October 2003. Percent
canopy cover of each plant was estimated for each treatment plot; values are
averages by site. Left column indicates vegetation cover on site 1 and the right
column indicates vegetation cover on site 2.

2002 and 2003 temperature in northeastern Oregon
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Figure 9. Mean temperature (C°) in the Grand Ronde River Valley for sites 1 and 2
in 2002 and 2003. Temperature obtained from HOBO data loggers (Onset Computer
Corporation) placed at site 1 and site 2 in May 2002. Data before May 2002 was
obtained from NOAA Climatological Center weather stations.
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2002 and 2003 northeastern Oregon precipitation
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Figure 10. Mean precipitation (cm) in northeastern Oregon in 2002 and 2003. Data
obtained from NOAA Climatological Center weather stations at Elgin, Enterprise,
and Wallowa, OR.

In 2002 there were 28 days over 32° C in temperature, which started in June

and ended in September. 15 days over 32° C occurred in July of 2002. In 2003, 44

days were recorded from May to August that were over 32° C with 21 days

occurring in July. Precipitation data for both years indicate that the winter of

2002/2003 was higher in average precipitation but by May 2003 precipitation

dropped to below 2002 amounts. This decline in precipitation, combined with the

higher temperatures in 2003, suggests that 2003 was a poor year for summer

germination of Potentilla recta. Since Potentilla recta is capable of germination

whenever light is available, it may be that early warm temperatures and high

precipitation during the winter months allows early germination (Baskin and

Baskin, 1990). Personal observation indicates that germination of Potentilla recta
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did not occur until late April 2003, so conditions may not have permitted

Potentilla recta germination earlier in the season. In addition, higher temperatures

and lower spring/summer precipitation may have caused more mortality of

Potentilla recta seedlings.

The hand tool manipulations performed in the study impacted germination;

new soil (NEW), over-seeded (OVS) and bare soil with no Potentilla recta plant

(BNP) had the lowest germination. Mortality occurred as the season continued.

Mortality was lowest in the new soil (NEW) treatment (95 percent) as compared to

the full mortality (100 percent) in clipped (CLP), over-seeded (OVS) and bare soil

with no Potentilla recta plant (BNP) treatments. Based on this, over-seeded plots

(OVS) and bare soil treatments with no Potentilla recta plant (BNP) were the most

successful treatments overall in terms of reducing germination and having higher

mortality overall. Since bare soil treatments were made by tilling the plot area with

an adze or hoe, tilling could be an effective control method, provided no Potentilla

recta plants are left to reproduce. Over-seeded (OVS) treatments were also tilled but

had a single plant left in each treatment area. The mixture used for overseeding

(70% bluebunch wheatgrass, 20% Idaho fescue, and 10% Sandberg's bluegrass,

with <1% of forb seed) was applied in early fall 2002. No significant sprouting of

any grasses of forbs was noticed in the following year. It may be that frugivores

were attracted to the sites and ate most of the seed, including Potentilla recta. It also

is possible that germination was slow or thwarted due to climactic conditions

experienced in 2003.
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Ecological implications

Potentilla recta has become a noticeable problem in the Blue Mountains of

northeastern Oregon. Since it was first was introduced from Eurasia in the l9"

century, it has migrated from the eastern seaboard of the United States, through the

Great Lakes and Canada, through the Rocky Mountains and finally to eastern

Oregon and Washington (Rice, 1991; Werner and Soule, 1976). Some insights can

be gained from this study about the biology and ecology of this plant.

Seed bank

Once a Potentilla recta plant is established in the Blue Mountains, it can

potentially produce an average of 4300 seed per plant (Dwire, 2001). The range of

seed production could fluctuate greatly, based on the number of morphological

features plants of this species have. Stem numbers per plant can range from 1-9,

seed heads per stem (or flowers) range from 2-92 per stem, and seed per flower

range from 11-186 (Dwire, 2001). Hypothetically, a single Potentilla recta plant

could produce from 22 to 154,000 seed in the Blue Mountains region. Although

highly variable, it seems that even a single Potentilla recta plant is capable of

enough seed production to start a new satellite population and load the soil seed

bank for future seedling establishment.

The contribution of the Potentilla recta seed bank to the population

dynamics of the species is considerable. New soil treatments (NEW) that removed
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the seed bank had the lowest seedling germination (19 seedlings). Allowing the

seed bank to be expressed allowed 79 percent more germination in bare soil

treatments with no Potentilla recta (BNP) over the new soil treatments (NEW).

Clipped (CLP) treatments were slightly above average in seedling germination (62

total seedlings; Figure 6) and allowed seed bank contribution. Contrasted with bare

soil Potentilla recta treatments (BNP), clipped (CLP) treatments had twice as much

germination. These results suggest that in addition to seed bank expression, plant

cover or litter may enhance microsite conditions for seedling germination. These

results also suggest that seed bank contribution to patch stabilization is important

and that the variable fecundity of Potentilla recta is not as important as maintaining

a seed bank to perpetuate the species.

Seedling

The highest germination of Potentilla recta seedlings was in control

treatments (CON), with 29.9 seedlings per 0.25 m2. As the season progressed,

control (CON) treatments also had a high rate of mortality (99%) and survival rates

were subsequently low for this treatment. Bare with plant (BWP) treatments were

lowest in mortality rate (95%). It is apparent that some combination of factors

allowed survival of Potentilla recta seedlings in bare with plant (BWP) treatments.

A possibility is that the combination of seed bank expression, parent Potentilla recta

plant seed rain, and lack of interspecific competition is ideal for Potentilla recta

seedling germination to occur. Another possibility is that seed rain in bare with plant
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(BWP) treatments was augmented by outside seed immigration although

surrounding vegetation for all treatment plots was clipped in the summer 2002

before seed set occurred. Since bare with plant (BWP) treatments were meant to

elucidate the contribution of both seed bank and seed rain from one plant, it seems

that both life stages (seed bank and seed rain) are important singly but are most

significant when their effects are added together.

Potentilla recta morphology was not significantly altered by treatment

applications. Very few seedlings survived through the end of the growing season

and the seedlings that did were 'frozen' in growth, remaining less than 1 cm in

width and maintaining approximately 3 leaves per plant. Analysis indicated that

seedling width differed between sites (F-value = 3.24, p-value = 0.07).

Phenology

The development of morphological features over the growing season was

observed in 2003. Figure 11 provides a visual representation of this development for

Potentilla recta. Seedling germination began the third week of April 2003.

Germination was noticed throughout the growing season whenever significant

precipitation occurred, but the majority of seedlings germinated at the beginning of

the season. Shoot elongation began by the second week of May 2003 and was

relatively rapid. Shoots grew an average of 25 centimeters by the last week of June.

Inflorescence development for Potentilla recta occurred by the third week of May

2003 and lasted through June. Seed set was noticed by the second week of June
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2003. Seed rain began almost immediately after seed set and lasted throughout

the remainder of the growing season. By late July 2003, shoot senescence was

observed in some plants.

2003 phenological development

- Site I
Site 2
Site 3

//

/
I

Date

C
8

a
OC

e
U
C

a
C
Ca

0
0C

62

Figure 11. Potentilla recta phenological development in 2003 for the Grand Ronde
River area. Y-axis value is total plant mass (grams dry weight); x-axis is date of
morphological stage development.

Perennialism

Potentilla recta is a perennial plant species. As others have observed, it is

capable of living for 35 years or even longer (Baskin and Baskin, 1990; Rice, 1991).

This longevity suggests that Potentilla recta can dominate sites for many years or

May Ju Jul Sep
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Figure 12. Representation of multiple demographic strategies of persistence and
regeneration and the traits promoting them (L = longevity, VR = vegetative
reproduction, and S = seeding) in relation to environmental gradients related to
abiotic or biotic (competition) stress. Adapted from Garcia and Zamora (2003).
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even decades. Vegetative reproduction is important in patch population

stabilization and expansion (Harper 1977; Eriksson 1996). One model suggested by

Garcia and Zamora (2003) postulates that plants have multiple demographic

strategies that exist along two different gradients of abiotic and biotic stress (Figure

12). At the high end of each gradient, longevity and vegetative reproduction are

more important; at the low end of either gradient, seedling regeneration is favored

(Grime 1979; Garcia and Zamora, 2003). Potentilla recta in the Blue Mountains

area, based on the results of this study, would exist at the high end of the abiotic

stress gradient (climate, altitude, nutrients) and at a moderate or high level on the

biotic stress gradient when not stressed (inter- and intra-specific competition).
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Longevity and vegetative reproduction of individual plants appears to be

crucial to the success of Potentilla recta in an area like the Blue Mountains, because

of its droughty climate. Sexual reproduction would be more strategic during high

precipitation years coupled with lower daytime temperatures. When these conditions

occur or when resource supply is increased, the plant population undergoes what is

known as a pulse event (Davis et al. 2000). This increase in resource supply or

resource uptake has been linked to community invasibility by weeds; in particular,

dry regions that have periodic rainfall years are more susceptible to invasion

(Harrington, 1991; Li and Wilson, 1998; Davis et al. 2000)

Potentilla recta is an opportunistic plant and has evolved strategies to

maximize survival in areas such as the Blue Mountains. Its longevity, germination,

vegetative reproduction, and advantageous germination ability enables Potentilla

recta to exploit disturbed systems. Figure 13 provides a basic life stage diagram for

Potentilla recta. Table 6 gives transition probabilities for Potentilla recta based on

these data and from a concurrent study on Potentilla recta in the Blue Mountains

(Endress, unpublished study, 2004). The model is based on overall data, regardless

of treatment. Since much of the data was collected during only one growing season,

some transition elements are either missing or filled in from the concurrent study

(Endress, unpublished study, 2004). If the median value of seed production per plant

is used (2370 seeds) based on the data, approximately 10 seedlings will survive

germination (Endress, unpublished study, 2004). Of those ten, 0.5 will become
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vegetative rosettes and 0.1 will become reproductive rosettes in a given season.

However, once the plants become either vegetative or reproductive rosettes, the

probability of survival increases substantially.

Due to the limited data, these numbers should be taken as an estimate and

not as a true gauge of Potentilla recta germination. In addition, the probabilities

given for vegetative and reproductive rosette transitions do not account for mortality

of rosettes over growing seasons. The table does give an indication that Potentilla

recta plant survival is strongest once a rosette is formed, and that it is weakest at

seedling germination and establishment phases.
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Figure 13. Diagrammatic life stage of Potentilla recta. S = Seedling germination,
V Vegetative rosette, R = Reproductive rosette. Va and Ra are the individuals that
can independently form from either type of rosette after physical disturbance of the
caudex occurs.
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Table 6. Transition model for Potentilla recta in Grand Ronde River area. Column
headings represent plant stages at tine N; row headings represent stages at time N
+1. Numbers in table represent transition probabilities from time N to N+1 with the
exception of reproductive rosette (Ni) and seed (N+ 1) where numbers are mean
number of seeds produced per plant. V. rosette = vegetative rosette, R. rosette =
reproductive rosette, V. ramet = vegetative ramet, R. ramet = reproductive ramet.?
= no available data.

a from Endress (2004)
br from personal data; time is from June 2003 to September 2003.

This study spans only one year and much more could be gained by

examining Potentilla recta over several more years. Tagged seedlings that survive

can be followed throughout the years to determine how many actually survive to

later stages. Since a significant proportion of seedlings died in 2003, it also would

be interesting to know how many plants germinate in the following years among the

various treatments.

Seed Seedling V. rosette R. rosette V. ramet R. ramet

Seed 0 0 0 1210-3530a 0 ?

Seedling O.004b 0 0 0 0 0

Vegetative
rosette 0.00la 0.O5ab 0.27b ?

Reproductive
rosette

0.000la 0.Ola 0.63b .99b ? ?
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Chapter Four: Management Implications

Observations

Vegetative reproduction

There are contrasting reports in the literature concerning the ability of

Potentilla recta to vegetatively reproduce. Powell (1996), Rice (1991) and Werner

and Soule (1976) describe Potentilla recta reproducing by sprouts from fragmented

portions of the lower stem (caudex). Over time, a ring-like pattern of plants is said

to develop outwards from the original plant. Other authors do not mention this trait

or indicate that Potentilla recta is incapable of ramet reproduction (Go swami and

Matfield, 1975; Lesica and Martin, 2003). I observed that some plants have

attendant stems connected at the caudex. When these plants are manipulated in any

form, the outside stem(s) break rather easily, along with a portion of the root mass.

Approximately 10 to 15 percent of plants studied were observed to have this

condition. This observation suggests that Potentilla recta is capable of limited

vegetative reproduction. A study that is capable of detecting parental or clonal units,

perhaps with genetic markers, would contribute greatly to understanding this

attribute in Potentilla recta.

The ability to vegetatively reproduce may be a key factor in Potentilla

recta's success in maintaining patch population longevity, since the ability to

produce clonal units can be more important than sexual reproduction. Oftentimes

71
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the ability to produce clonal units and longevity of the plant are more important

than sexual reproduction in maintaining plant population size and population

expansion (Garcia and Zamora, 2003). Vegetative reproduction combined with the

potential fecundity of Potentilla recta, would explain much about its success in the

Blue Mountains. A hypothetical example for Potentilla recta expansion might

follow this example: one year following introduction and during favorable climactic

conditions, high seed production and seed rain occurred. An animal or human vector

moved some seed elsewhere to establish on the plateaus of the Blue Mountains.

Subsequent years were favorable for sexual reproduction; this pulse of seed

established satellite populations in the region. After some time, drought conditions

returned and the populations relied more on perennialism (which explains high ratio

of root mass to shoot mass) and clonal reproduction to maintain population size and

slowly expand. No new satellite populations formed during these dry periods but

origin populations increased slowly in density and size until the next period of

favorable conditions for sexual reproduction.

Livestock and grazing

One of the most prominent disturbance regimes in western North America is

grazing. Grazing by livestock, usually cattle, occurs on 70 percent of all lands in the

11 western states of the United States; 91 percent of federal lands in these states are

grazed (Belsky and Blumenthal, 1997; Crumpacker, 1984; Fleischner, 1994). Soil

erosion, species losses, and degradation of wildlife habitat have been linked to
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grazing in western states (Beisky and Blumenthal, 1997; Fleischner, 1994; Oliver

et al., 1994). Rangelands, arid woodlands, riparian area, and low to mid-elevation

forests in this vast area have been severely affected by the presence of livestock.

Livestock grazing is believed to have the following effects on these impacted

ecosystems: alteration of species composition in communities, disruption of

ecosystem function, and alteration of ecosystem structure (Belsky and Blumenthal,

1997; Fleischner, 1994). Specifically, grazing has been linked to establishment of

exotic species and disruption of native communities. This occurs by (1) livestock

being vectors for invasive plants, (2) opening habitats for invasive plants like

cheatgrass (Bromus tectorum) which thrive in disturbed areas, and (3) reducing

fitness and competition of native species (Fleischner, 1994; Hobbs and Huenneke,

1992; Mack, 1981).

Grazing occurs on a large component of the lower Grande Ronde River area

that encompasses the Potentilla recta study sites. Although the area where the

Potentilla recta study was located is contained within a wildlife refuge, there are

private lands scattered through the area. Noticeable evidence of trails made by cattle

through site areas were apparent. Trampled plants were the most direct impact that

cattle had on Potentilla recta. There was insufficient evidence that cattle were

actually grazing Potentilla recta plants as forage; a few plants did have the top

portions of shoots missing in some plots.

Cattle may have some role in the spread of Potentilla recta throughout the

Blue Mountains by being a vector for seed dispersal. It seems unlikely that cattle are
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eating portions of the stems and spreading seeds via defecation as few plants had

been noticeably grazed. It is possible that seed heads are being transported by other

methods, such as physically detaching from the plant and attaching to some portion

of the animal. This ability of the seed head to detach and re-attach was observed

personally several times on various pieces of clothing and equipment. It is also

possible that physical disturbance of various areas by herds of cattle has enabled

aggressive plants like Potentilla recta to establish by reducing canopy cover of other

species, impacting soil, and removing native forage plants.

Wildlife

In addition to livestock grazers, the surrounding region is well known for its

populations of Rocky Mountain elk, mule deer, white-tailed deer, and bighorn

sheep. These species browse in the same areas as cattle within the refuge. In the two

field seasons, I saw elk and cattle in the study areas. Cattle occupied study site 1 for

most of a day, where they trampled several plots. I did not observe any cattle or elk

grazing Potentilla recta specifically but there was evidence of inflorescences

missing from the top portion of the shoot, which I attributed to grazing.

Whether cattle or other grazing animals can be blamed for the spread of

Potentilla recta through the region is speculative; there are no studies at this time

that support this theory. Elk and other native ungulate foragers should be considered

as possible vectors, as elk, deer, and sheep have seasonal migratory patterns that
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span large areas in the Blue Mountains, from canyon bottom riparian areas to sub-

alpine forests.

Another potential vector of Potentilla recta in the Blue Mountains could be

birds, specifically wild turkeys and grouse. Both types of birds were observed

numerous times around the study area. Although they were not observed actually

grazing Potent/ha recta, their opportunistic diets make them potential vectors

(Natural Resource Conservation Service, 1999). This method of dispersal, known as

frugivory, is a possibility, but has not been tested for Potent/i/a recta.

Lessons learned! future studies

Potent/ha recta has recently gained the attention of land managers in the

Blue Mountain region as an invasive species. During the span of the project I

realized that an effective study of demography of any plant, especially one with a

perennial life form such as Potent/ha recta, would require a longitudinal study. This

study would cover all life processes of a plant population (or sub-population) from

initial invasion to senescence of the first cohort. For a plant like Potent/ha recta that

is capable of living for twenty or thirty years, however, that is impractical (Baskin

and Baskin, 1990).

Another aspect for studying Potent/ha recta that should be considered is to

include as much bio-geographic heterogeneity as possible by incorporating

populations from diverse systems (open forest, grassland, riparian, sub-alpine). This



76

kind of analysis could examine the suggested plasticity of phentoypes or

genotypes in Potentilla recta populations (Goswami and Matfield, 1975). Due to the

remote location of this study, timeframe, and having no previous knowledge of the

area, selection of invaded sites was done with access in mind, and the

recommendation of experienced people. This limited my study sites to a geographic

area above the lower Grand Ronde River canyon on a bench, or plateau. Benches

constituted a majority of the arable landscape but were predominately forested. Only

a small portion of these areas are non-forested lands: small meadows, farms, and

pastures for grazing. Riparian environments, such as the Grand Ronde River or

Wenaha River, were scouted for presence of Potentilla recta, but no major

populations were discovered in these areas. Natural meadows were found to have

native Potentilla species; no presence of Potentilla recta was detected but future

studies in this region should not rule out the possibility of these systems containing

Potentilla recta.

Projects

Future projects involving Potentilla recta should concentrate on long-term

studies involving demography, biology, and genetics. Longitudinal studies that

span site invasion to the death of the first cohort would be extremely useful;

however, a more practical plan would be to conduct a study over a period where at

least a significant climactic change occurs (i.e. the El Nino/La Nina oscillation) in

order to determine the effect of inclement and for favorable environmental
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conditions on Potentilla recta ecology. Competition experiments with other

common invasive plants (spotted knapweed, cheatgrass, rush skeletonweed) from

the Blue Mountain region also might be useful. And as previously mentioned,

grazing plays a prominent role in Blue Mountain plant ecology. Experiments that

examine grazed vs. non-grazed plots to determine impact on demography and

dispersal could yield interesting data.

Additionally, a study that focuses on light quality and quantity with

Potentilla recta to determine morphological or biological effects would be helpful.

Seeing as how the plant is notably absent under a closed canopy, it would be

interesting to know at what degree of shading Potentilla recta become adversely

affected by shade. Shade as plant cover may be the most effective tool available for

potential long-term control of Potentilla recta populations

Genetic studies

Genetically, Potentilla recta is polyploid and is known to have intraspecific

variation in chromosomal counts (2n= 28, 48) throughout Eurasia (Goswami and

Matfield, 1975; Powell, 1996). It is also genetically similar to other Potentilla and

Fragaria and is known to cross with other Potentilla. However, attempts at cross

the species with Fragaria species have failed (Goswami and Matfield, 1975;

Powell, 1996). Since it has been postulated that individual plants can live for twenty

years or more, it seems important to identify what plants in a population are progeny

of other plants (Werner and Soule, 1976). Identifying which Potentilla recta plants
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are gametic offspring and which ones may be ramets with the use of genetic

markers would be useful for future demographic studies. For example, a study could

compare two or more populations of Potentilla recta to determine what mode of

reproductive effort was more important in maintaining the patch. Then, more

specific measurements focusing on the use of genetic markers to investigate which

plants were the initial colonizers and what progeny were born from seed or were

clonal units. This could apply especially in older sites where it is suspected that

Potentilla recta plants may be mostly ramets of the initial cohorts.

Management

As suggested in this study, control methods such as tilling or mowing may

be effective strategies for short-term suppression of Potentilla recta. It seems likely,

however, that with a large or adjacent population of Potentilla recta, such control

methods would be futile over time. Several strategies exist in dealing with weedy

plants that contain both positive and negative aspects in terms of cost, labor, effect,

and feasibility. Some that have been mentioned for Potentilla recta are: biological

control agents (two Lepidoptera species; one Coleoptera species), herbicide

(picloram, glyphosate), prescribed fire, and cultural controls (Lesica and Martin,

2003; Powell, 1996). Biological control shows promise but has not been tested due

to concerns over host specificity. Native Potentilla and other Rosaceae family

members like Fragaria and Sibbaldia would need to be tested due to their similarity

to Potentilla recta (Powell, 1996). Prescribed fire led to increased germination of
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Potentilla recta in test sites in Montana but was not linked to improved survival

of plants in subsequent years (Lesica and Martin, 2003). Fire may also enhance

other exotic species colonization in the Blue Mountains.

Focusing on Potentilla recta control within the Blue Mountain ecoregion is

only looking at one aspect of a larger dilemma. Some scientists believe that

enduring invasive plant management should be based on ecological principles

(Sheley and Krueger-Mangold, 2003). Part of this paradigm requires shifting

attention away from individual plant species control and more towards an overall

system approach, of which an invasive plant is only one factor (Hobbs and

Humphries, 1995). One of the main tenets of ecologically-based invasive plant

management is that weed management programs must establish and maintain

desired, functional plant communities (Sheley and Krueger-Mangold, 2003).

Diverse communities capture a large proportion of resources within a system,

spatially and temporally, which can help prevent weed resource use (Radosevich et

al., 1997; Sheley and Krueger-Mangold, 2003; Tilman, 1986). It is accepted that

natural disturbance plays an important role in determining the invasibility of an

area. However, human-induced disturbances such as grazing, construction, land

fragmentation, and altered fire regimes are also important in contributing to

potential invasibility (Hobbs and Humphries, 1995). Socio-economic factors that

exert control over invasive plant dynamics must be considered as well. An

appropriate consideration of these socio-economic factors would shift the attention

to ecosystem management and require that weed prevention'control methods be



developed. Management priorities should be based on vulnerability of systems

and system value should be designated in terms of conservation or production

(Hobbs and Humphries, 1995; Radosevich etal., 1997).

Ecological land management

Ecologically-based weed control measures need to be implemented and used

for the Blue Mountains ecoregion. A comprehensive framework for this has been

suggested for use by Hobbs and Humphries (1995). The first feature of the

framework is the enhanced detection, knowledge, and control of new or potential

threats. Additionally, strict legislation of use and transport of known weedy species

is an invaluable preventative measure that complements this feature (Hobbs and

Humphries, 1995). A second feature relates to research on the linkage between

invasions and disturbance and the effects invasions have on ecosystems. The third

measure requires analysis of socio-economic factors behind invasive plant

problems, identifying them and dealing with them. This also implies that social

components can be changed, even if the changes are extreme. Lastly, a scheme

should be developed which prioritizes management objectives against the relative

value of an area in terms of conservation or production and also the likelihood of

successful control (Hobbs and Humphries, 1995).

These measures could be adapted for the Blue Mountains geographic

region, specifically tailoring them to each ecosystem or political unit. These

suggestions will be difficult to put into practice, however, as there are obvious
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drawbacks to implementing such a framework. A main issue is finances; rarely do

land managers have enough funding to sponsor research, detection and monitoring

programs, or control for invasive species. Another point is the political reality of

passing legislation that could potentially harm local landowners by reducing or

eliminating certain land practices.

In summary, the Blue Mountains are being threatened by much more than

just Potentilla recta ; Potentilla recta is only one facet of a multi-dimensional

problem that has manifested itself in the Blue Mountains region. Concentrated

efforts to remove just Potentilla recta will be a waste of resources as it is highly

probable that another species will fill the gap. Instead, the comprehensive ecological

management framework must be attempted for a realistic chance at controlling

Potentilla recta and other invasive species.
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