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SMALL MAMMAL ASSEMBLAGES IN NATURAL AND RESTORED WET PRAIRIES:

AN EVALUATION OF HABITAT IN OREGON'S WILLAMETTE VALLEY

ABSTRACF:

This study was conducted to explore differences in diversity and abundance of small
mammal populations in natural and restored wet prairies in Oregon's Willamette Valley.
Mammals were live-trapped in eight Willamette Valley wet prairies (four natural remnants and
four restorations) during the summer of 2000; population abundance estimates for each species
under study were computed using Program CAPTURE.

Data were analyzed using a multiple scale approach to include patterns and relationships
that might be apparent at differing scales. Within site analysis examined vegetation structure and
habitat composition, potential effects of fire, and susceptibility to predation. Arcview GIS
technologies were used to assess landscape characteristics at 500, 5,000, and 10,000-meter scales
to typify study areas by the landscapes in which they occur.

Wet prairie remnants did not differ significantly from restorations in size of Willamette
Valley small mammal populations. Further, variation in population abundance appears to be
determined by local resource availability and structure of microhabitat while species diversity
may be influenced by proximity to heterogeneous environments.

INTRODUCFION:

Wetland ecosystems provide habitat for many species (Mitsch and Gosselink

1993). Wet prairies are one of many types of wetland ecosystems that accommodate

species of plants and animals as they supply an adequate resource base and protective

cover. Oregon's Willamette Valley once housed a great expanse of native wet prairie, yet

much was lost to agricultural conversion with the onset of European settlement. By the

1950's, unclaimed arable land was difficult to find and recessions limited further

harvesting (Edge 2001). It is estimated that 1,030,604 acres of the Valley was considered

prairie in the early nineteenth century, a third of which was wet prairie (301,472 acres)

(Altman et. al. 2001). Prairie remnants now exist as small, isolated parcels in agricultural

and semi-urban landscapes. The rate of loss of native grasslands (including wet prairies)



to agriculture and urban development in the Willamette Valley is staggering; over 99% of

the historic extent has been converted (Altman et. al. 2001 and Christy et. al. 1999).

The loss of wetlands is a basis for growing concern, hence popularizing

movements toward their protection and/or restoration. Restoration refers to the act of

bringing an ecosystem to a condition resembling its state prior to human-induced

disturbance (Cairns 1989, Bisson et. al 1992, Sear 1994). Successful restorations perform

ecologically in a self-sustaining way and are functionally similar to natural ecosystems.

Following 1950, the role of agriculture in wetland loss was dramatically changed

due to policy transformations. Lands untouched by agriculture were few, and those

remaining may have been difficult and costly to convert or relatively unproductive once

converted. Subsequently, agriculture has shifted from being the prime cause of loss of

natural wetlands to a chief source of wetland restoration in the United States (Claassen et.

al. 2001). The rate of agricultural conversion of wetlands has sharply dropped in the past

fifty years, as indicated in Figure 1. Federal, state, and private programs such as

mitigation banking activities, Section

404 of the Clean Water Act, USDA's

Wetland Reserve Program, and the

Swampbuster Farm Bill provisions

have worked toward a "no net loss" of

wetlands in the U.S. (Claassen et. al.

2001 and Heimlich and Wiebe 1998).

This trend is also indicated in Figure

1. Benefits of these efforts include

Figure 1: te of Agricultural Wetland
Conversion and Net Change in the

Lkiited States from 1954-1992
(adapted from Heimlich and Wiebe 1998)
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promoting wetland water purification and value as wildlife habitat through enhanced

breeding, feeding, and mating grounds. As a result, agri-environmental policy has led to

wet prairie restoration in the Willamette Valley, since much of the land historically lost to

agriculture was that of prairie ecosystems.

Wildlife communities in grassland habitats such as wet prairies tend to be

ecologically simple, with relatively low species diversity. Diversity seems to be a

function of vegetation uniformity; communities with more homogeneous cover have

lower diversity (Altman et. al. 2001). In contrast, communities with a variety of

structural components may result in a greater diversity among species. Further,

microhabitat structure impacts population abundance more than any other demographic

variable (Adler 1988). Understanding vegetation composition and structure, and

associated impacts on habitat, is essential in comprehending the abundance and

distribution of animals. Vegetation structure and composition are also influential

determinants of habitat occupancy for animals at a microhabitat scale, as an adequate

nutrient base and sufficient cover is vital to short-term survival (Morrison et. al. 1998).

Much research has been conducted examining these microscale relationships, including

studies on inter- and intra-specific interactions, predation, population cycles, etc., that

may drive the success or failure of a population given immediate characteristics (Smith

1996 and Feldhamer et. al. 1999). Small mammals are often the subject of these studies,

as they are abundant in nearly every part of the world, and prove to be both predictable

and manipulable. Prior research on the biological and evolutionary history of such

organisms provides insight to their patterns of movement, survivorship, and home ranges

(Barrett and Peles 1999, Lidicker 1995). As a result, small mammals are often used as



indicator species in current environmental research, as well as habitat and ecological

modeling.

Local ecosystem characteristics are undoubtedly important, but diversity and

abundance of organisms can depend on both local factors and regional habitat patterns

(Pulliam 1988). In many cases, it is important to view relationships and patterns using a

macroscale approach, one that examines associations in a landscape context. Landscape

analysis of habitats is a useful tool in gathering insights in population dynamics,

ecological interactions, and the inner workings of an ecosystem, as it aids in detecting

relationships that occur at broader scales than most local studies (Adler 1988,

Bellehumeur and Lengendre 1998, Greig-Smith 1983, Levin 1992, Otis 1997, Schumaker

1996). Macrohabitat analysis has been recognized to influence population stability and

demographic patterns (Adler 1988). Further, it has been proposed that small mammals

may be a model taxon for landscape analysis, owing to the substantial amount of existing

research (Barrett and Peles 1999, Lidicker 1995). In summary, analysis of animal

populations should be conducted using a multiscale approach to include patterns and

relationships that may only be apparent at differing scales.

The purpose of this study was to explore differences in the diversity and

abundance of small mammal populations in natural and restored wet prairies in Oregon's

Willamette Valley. It was hypothesized that either H1: restorations would differ

significantly from prairie remnants in species diversity and abundance or H0: that no

significant difference exists based on wetland status as natural or restored (null

hypothesis). Further, it was predicted that population abundance and diversity may be

influenced by landscape composition at multiple scales. Therefore, wet prairie habitat
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was analyzed at site-specific and landscape scales to look for patterns in species

occurrence in different landscape contexts.

STUDY AREAS:

Overview

Eight study areas were chosen in Oregon's Willamette Valley for investigation;

four sites were natural wet prairie remnants and four were restored wet prairies. Sites

were selected on the basis of land use history, hydrogeomorphic context (HGM),

topography, and climate. All sites are located in the Corvallis/Lebanon/Eugene vicinity

and are within 70 miles of one another. Figure 2 is provided to give reference to study

site location. Study areas were all of the slope flat hydrogeomorphic subclass, which is

based on similar characteristics of soil, hydrology, and landscape position (Adamus

2000). Climate in the Willamette Valley is characterized by cool, wet winters, and

moderate, dry summers (Oregon Climate Service 2001).

Figure 2: Small mammal sampling site reference
map, Willamette Valley, Oregon.
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Individual Site History

W.L. Finley National Wildlife Refuge encompasses the largest expanse of natural

wet prairie left in Oregon's Willamette Valley. Located 10 miles south of Corvallis, the

Finley prairie was never plowed, and is assumed to be representative of native grassland

ecosystems. It was heavily grazed into the early twentieth century; these actions ceased

when it came under management as a research natural area (RNA) in 1966. The prairie

renmant has undergone annual prescribed burning since the mid-1980's to control for

invasive exotic species and was periodically burned into the late 1800's by settlers

(Streatfeild and Frenkel 1997, Pendergrass 1996, Connelly and Kauffman 1991). The

last burning session was in 1998; smoke management restrictions have prevented burns in

1999 and 2000 (Drew 2000). This patch of wet prairie is perhaps the best representation

of a natural grassland ecosystem in this study since it is far from urban development and

preserved as part of the wildlife refuge.

Jackson Frazier Wetland is a 147-acre tract of land that sits along the urban fringe

of northeastern Corvallis, Oregon. It contains a portion of intact native wet prairie and is

currently administered by the Benton County Parks Department. It was established as a

county park in 1992 to protect wetland resources and to enhance research and education.

The wetland is located just adjacent to a growing residential area, yet is restricted in part

to public use, limiting human activity to a constructed boardwalk.

Mary's River Natural Area is located along the southern edge of Corvallis,

Oregon and is also directly adjacent to a developing residential area. The site is a 74-acre

tract of land, including 54 acres of restored cropland and 20 acres of riparian area along

the Mary's River. The piece of land was initially a private conservation easement under



the Natural Resources Conservation Service Wetland Reserve Program (WRP) to

enhance the natural area surrounding a new housing development south of Corvallis.

Private ownership of the land was transferred to the City of Corvallis in 1996 and the

piece is currently managed by the Corvallis Department of Parks and Recreation.

Restoration efforts began in 1996 for this site, when Round-up was sprayed to eliminate

exotic plant species. Shrub planting followed in 1997, 1998, and 1999, including the

seeding of Camas and tufted hairgrass that once were endemic to the area (Makinson

1999). At present, a growing residential area is encroaching on the prairie at its

northwestern edge, so home building is an additive disturbance that should be noted for

this site. The trapping area is also bordered on the south and east by forested riparian

areas and telephone poles, which could potentially serve as habitat or perches

(respectively) for predators.

E.E. Wilson Wildlife Refuge was historically part of a military base in World War

II. Buildings were removed following the war, leaving behind isolated asphalt roads and

concrete platforms. The site came under protection of the Oregon Department of Fish

and Wildlife in 1948 as a wildlife area. The trapping area is considered a wet prairie

restoration through the creation of wetlands adjacent to its east. More specifically, a

drainage ditch was diked in 1995, directly altering the hydrology of the prairie under

study. This increased the duration of ponding and soil saturation in the trapping area

(Budeau 2001).

Fisher Butte Prairie and Rose Prairie exist within Fern Ridge Research Natural

Area (RNA) west of Eugene, Oregon. They were established in 1988 to exemplify intact

Willamette Valley wet prairie (Pendergrass 1996). Both of these sites are characterized



by "hummocky" micro-topography that is typical of native wet prairie habitat and are

maintained by a systematic burning regime to enhance the presence of native grassland

species. Fisher Butte Prairie was last burned in the fall of 1992, while Rose Prairie was

last burned in the fall of 1998 (J. Beal 2001). Fisher Butte is bordered on the south by

Highway 126 and has a high degree of noise and potential human disturbance. In

contrast, Rose Prairie is considerably more secluded than most other sites in this study,

and public visitation is limited to foot and bicycle traffic only. It is bordered by Amazon

Creek which empties into Fern Ridge Reservoir.

Greenhill Prairie is part of the West Eugene Wetlands Mitigation Banking

Program near Eugene, Oregon. It was previously an agricultural tract of land that has

undergone extensive treatment with its restoration in 1998. This included selective tree

removal, elimination of drainage ditches, tilling to remove agricultural grasses, and then

replanting of native grasses and forbs (City of Eugene Public Works 1996 and 1998). In

addition, this site has very low thatch cover and a fair amount of bare ground. Slow

regeneration of native species is to be expected for this site, however, since the entire

area was extensively reworked during restoration efforts.

The Oak Creek Mitigation Bank Site is located near Lebanon, OR. This tract of

land was actively farmed for more than 50 years and was restored to enhance wetland

resources and also to reconnect Oak Creek with its historic flood plain (R.P. Novitzki and

Associates, Inc. 1999). In doing so, exotic vegetation was excavated and some reseeding

of natural species was completed. The Oak Creek Mitigation Bank site appears to be a

well established restored wet prairie that has high vegetation cover and sufficient food

resources.



METHODS:

Small Mammal Trapping and Statistical Analysis

Throughout the summer of 2000, small mammal populations in each of the eight

study sites were sampled using the traditional mark and recapture techniques outlined in

Otis et. al. (1978). Live trapping of mammals was carried out in two trapping periods

that capture the peak reproductive season for the fauna, and were within existing logistic

constraints. Two natural remnants and two restored prairies were sampled in July of

2000, and the remaining prairies (two remnants and two restorations) were sampled in

August of 2000, as indicated in Table 1. Natural remnants are noted first in both

columns.

Table 1. Small Mammal Trapping Sites

Trap Period 1 (July 2000) Trap Period 2 (August 2000)
Finley Wildlife Refuge Fisher Butte Prairie
Jackson Frazier Wetland Rose Prairie
Mary's River Natural Area Greenhill Prairie
E.E. Wilson Wildlife Refuge Oak Creek Miligation Bank

Small Mammal Trapping Techniques

One hundred Sherman live traps were placed approximately 10 meters apart

within a single trapping grid in each of the eight wet prairies. This method is based on

maximizing the home range for the individuals under study. More specifically, the

average home range size for the gray-tailed vole (Microtus canicaudis) is around 50 and

100 square meters (0.25 and 1.0 hectare) for females and males, respectively (Wolff Ct.

al. 1994). Home range size for deer mice (Peromyscus maniculatus) for both sexes



averages 0.2-1.2 hectares (Burt and Grossenheider 1980 and O'Farrell 1978). Trapping

grid layout corresponds with the approach outlined in Otis et. al. (1978), and rows of

traps formed a polygon that best represented homogeneous wet prairie habitat within each

site. The concept of population closure is central to such mark-recapture experiments;

closure assumes that there is no apparent geographic or demographic change in the

population within the trapping period (Otis et. al. 1978 and White et. al. 1982). This

excludes the possibility for unknown births and mortalities as well as immigration to and

emigration from the trapping area. Essentially, data collected in closed population

estimation represents a snapshot in time.

Following five days of pre-baiting with black oiled sunflower seeds and rolled

oats, each trap was checked at sunrise for five consecutive trapping days. At this time,

species type, trap location, age, sex, and recapture information were recorded for each

herbivorous captured individual; creatures were then ear-tagged and released. (The

insectivorous species Sorex vagrans was not tagged and thus, recapture information was

not documented for this species.) Traps were reset and reseeded in the evenings at sunset

to prevent mortality in hot aluminum traps during the day. All trapping was completed

under partly cloudy skies, no precipitation, cool mornings (50-60°F) and warm

afternoons (80-90°F)

Statistical Analysis of Data

Data taken from trapping events was incorporated into Program CAPTURE, a

statistical program used to estimate the abundance of animal populations. Full

description and details of this program may be found in Otis et. al. (1978), White et. al.
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(1978 and 1982), and Rexstad and Burnham (1992). Data was input using the X-matrix

format, which uses tag number and capture/recapture information for individuals on each

trapping occasion. Estimates of population abundance (N-hat), standard error (SE), and

95 % confidence intervals were computed for all available estimators upon program

execution. Each estimator models differently for heterogeneity, behavioral, and time

effects among capture probabilities within each data set. Heterogeneity refers to

variation attributable to individual animal such as age, sex, social dominance, etc.

Behavioral effects are often illustrated by trap-happiness or trap-shyness of captured

individuals, and time effects refer to temporal variance by trap occasion (Otis Ct. al. 1978

and White et. al. 1982).

Although all available estimators were employed in program execution, one

estimator was selected to report fmal population estimates. Estimator selection was

based on highest rank in CAPTURE's Model Selection Criteria; this feature detects

variation in data due to time, heterogeneity and behavior, and recommends a best

estimator for each data set. These estimates were then pooled by type and compared

using a two sample t-test in S-Plus to determine whether there exists a significant

difference in mean population size in the natural and restored wet prairies under study.

Multiple Scale Analysis ofHabitat

Site SpecUIc Analysis

Prior to mammal trapping, hydrogeomorphic, vegetation, and site-specific field

analysis was completed to document factors that could possibly influence wildlife habitat.

Prior field analysis included estimating percent cover of plant species in five one-meter



square plots randomly placed within the trapping area. All species contained in the plots

were documented and percent cover and bare ground were noted to defme the structure of

the habitat. In addition, a 10 meter x 10 meter releve' plot was subjectively placed within

the trapping grid to further species identification and site characterization. Also noted

were additional historical and/or local disturbance-related factors for each study area.

For example, site-specific characteristics such as periodic burning, proximity to

urbanization, or extremely low thatch cover were noted because they may indirectly

influence (positively or negatively) the availability of resources or coincidence of

predation.

Landscape Analysis

To analyze landscape level characteristics, vector GIS (Geographic Information

System) coverage of natural vegetation and land use/cover classifications was obtained

from the Oregon Department of Fish and Wildlife (ODFW 1998b). This data set

classifies land cover into 27 individual habitat types (listed in Appendix A). Similar

habitats were clustered into groups for landscape summarization purposes as suggested

by Lehtinen et. al. (1999). Four primary habitat groupings (Appendix A) were outlined

by the Oregon Department of Fish and Wildlife (1998a) to best represent prominent

landscape categories in the Willamette Valley. These included agricultural, urban,

wetland/riparian, and forested land cover.

Land cover composition around each study site (within a 500, 5,000, and 10,000

meter radius) was used to characterize landscape context on immediate, local, and

regional levels. Percentages of the four different land summarization types were

12



computed at each scale for every small mammal sampling site. Results are listed in

tabular form at each level to show landscape trends in multiple contexts (see Appendix

B). Concentric circles of the buffered regions were clipped out of the ODFW

vegetation/land use coverage and displayed at the three different scales in Appendix C.

These clipping techniques follow those proposed by Lehtinen et. al. (1999) and Adamus

(2000) for the examination of landscape level characteristics.

Because the Oregon Department of Fish and Wildlife coverage was compiled in

1998, some inaccuracy is expected in describing the present landscape characteristics of

the restored sites, particularly if they were restored after 1998. This issue is of greatest

concern at within-site scales; it is unlikely that land cover at greater spatial extents have

been substantially altered.

RESULTS AND DISCUSSION:

Small Mammal Population Estimates

Results from population estimation using Program CAPTURE are illustrated in

Table 2, along with standard errors, 95% confidence intervals, and raw number of

individuals captured. A total of five species were trapped in this study, including gray-

tailed voles (Microtus canicaudis), Townsend's voles (Microtus townsendii), deer mice

(Peromyscus maniculatus), Pacific jumping mice (Zapusprinceps), and vagrant shrews

(Sorex vagrans). No more than four of these species were captured in one individual

study area. Maximum diversity was found at Jackson Frazier Wetland (a natural wet

prairie) and Mary's River Natural Area (a restoration).
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Table 2. Small Mammal Population Estimates for Willamette Valley Study Sites

Study Area/Species No. Captured N-hat SE 95% Confidence Interval
Finley Wildlife Rethge

Microtus canicaudis 25 37 8.5955 29-67
Peromyscus maniculatus 9 11 2.2678 10-20

Sorex vagrans 35

Jackson Frazier Wetland
Microtus canicaudis 5

Microtus townsendii 3

Peromyscus maniculatus 44 54 5.629 1 48-72
Sorex vagrans 31

Mary's River Natural Area
Microtus canicaudis 22 54 10.1809 40-80
Peromyscus maniculatus 33 52 7.9990 42-75

Zapus princeps 4
Sorex vagrans 42

E.E. Wilson Wildlife Refuge
Peromyscus maniculatus 22 25 3.2893 23-38

Sorex vagrans 10

Fisher Butte Prairie
Microtuscanicaudis 23 52 19.8107 32-120

Peromyscusmaniculatus 8 10 1.7499 9-17

Sorex vagrans 11

Rose Prairie
Microtus canicaudis 1

Peromyscus maniculatus 1

Sorex vagrans 5

Greenhill Prairie
Microtus canicaudis 1

Peromyscus maniculatus 2

Oak Creek Mitigation Bank
Microtus canicaudis 22 60 10.9683 45-88
Peromyscus maniculatus 9 11 1.7625 10-18

Sorex vagrans 17

Program CAPTURE yielded results from all available estimators upon execution.

Model Selection Criteria in the program suggested the presence of heterogeneity in all

data sets rather than variation due to time or behavioral effects. Therefore, all estimates

of mean population size (N-hat) were derived from the jackknife estimator and Ann

Chao's moment estimator which both model for heterogeneity. In most cases, estimates

from both models were similar; however, the Chao estimator was used when capture

probabilities were excessively low (i.e.; individuals were caught on average 1-2 times)

and/or data were sparse. The jackknife estimator performs well when heterogeneity is

14



present, yet tends to bias estimates negatively when data sets or capture probabilities are

limiting. The Chao estimator is helpful in these cases, as it reduces bias of achieved

estimates (Chao 1988 and 1989, Manning et. al. 1995). It should also be noted that

vagrant shrew (Sorex vagrans) abundance is listed using raw data only since there was no

recapture information on any occasion for this species (individuals were often dead in

traps, and live individuals were not marked). In addition, there were some instances in

which captures were too few for Program CAPTURE to estimate population abundance

at all, as in the cases of Townsend's voles (Microtus townsendii) at Jackson Frazier

Wetland and jumping mice (Zapusprinceps) at Mary's River Natural Area. These also

are indicated with raw data and subsequently, no standard error or confidence interval.

Raw data counts for each species achieved in this study were similar to data from Finley

Wildlife Refuge (Faulkner 2001) and preliminary small mammal work in Fern Ridge area

prairies (K. Beal 2001), which also reported similar diversity.

Figures 3 and 4 provide a graphical comparison of population estimates and

Figure 3: Natural Wet Prairie Diversity and
Abundance

N
(;5
c 60
o çr

.jU Finley Wildlife Refuge
40 Jackson Frazier

o 30 DFisher Butte Prairie20-I-
.10 -I-- DRose Prairie

0
In

w
C0Q

0'..-

.

CI)C

o
()

Species

15



Figure 4: Restored Wet Prairie Diversity and
Abundance
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species diversity in natural and restored wet prairies. From these figures, it is difficult to

fmd obvious differences in population abundance or diversity of small mammals based

solely on status of being natural or restored. Further, results from the two sample t-test

indicate no significant difference in mean population size between natural remnants and

restorations (p=O.859 with 6 degrees of freedom).

One trend in this study that is evident, however, is the reduction of small

mammals from the first trap period to the second (see Figures 5 and 6). These two times

were set a month apart during the peak reproductive season of this fauna to adequately

Figure 5: Trap Period I Diversity aid Abzidaice
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cover a notable number of study sites with a limited number of field assistants. Although

climate, hydrogeomorphic type, etc., were relatively constant throughout this study, there

may lie a difference in the numbers of individuals captured along a temporal gradient.

One possibility is that juveniles born earlier in the summer had been preyed upon by

August or had afready migrated out of the trapping area. In addition, behavioral

characteristics of adults may also change with reproductive phase and maturation.

Another potential explanation could be related to species-specific population

cycles. These cycles are primarily based on local phenomena such as changing

environmental conditions, predation, and resource availability (Smith 1996). Small

mammal populations tend to be density dependent, since they reproduce quickly, reach

carrying capacity, and are forced to die off upon extreme competition for then limited

resources. However, small mammals are generally resilient to this cyclic nature; they

recover from these losses quickly and may also recuperate from deficits due to external

disturbances with relative ease (i.e., fire, excavation for restoration, and development in

this case). Mammals observed in this study have an average population cycle that runs

three to four years, making it possible for two populations of the exact same species to be

out of phase with one another (Feldhamer et. al. 1999). If this were to be true,

populations in the Corvallis/Lebanon vicinity could, in fact, be higher than those near

Eugene, just 50 miles away, if the populations proved to be out of phase.

Site Spec/Ic Analysis

All sampled habitat types are considered wet prairies within urban and

agricultural landscapes. Consequently, many of the plant species found within each study
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site are very similar, yet differed in density and abundance. Plant types found in the

study areas were typical of wet prairies, and were primarily made up of graminoid, forb,

and shrub species such as Deschampsia cespitosa, Agrostis tenuis, Holcus lanatus, and

Carex, Juncus, Myosotis, Veronica, Camas, and Rosa spp.

Discussed previously was the importance of vegetation composition and structure

in defining an animal's microhabitat. Wet prairie composition in this study tended to

vary more structurally than floristically. Therefore, population abundance estimates were

compared to the percent cover and bare ground in each study site, to test the hypothesis

that greater thatch cover might result in higher numbers of small mammals. Study sites

are ranked by total population estimates in Table 3, with the most populous site listed

first (1), and the least populous site listed last (8). Percent bare ground and cover in each

wet prairie are listed by rolling averages in quartiles to eliminate noise in raw data;

therefore, the upper quartile includes Mary's River Natural Area and Jackson Frazier

Wetland, and the lower quartile contains Rose and Greenhill Prairies.

Table 3: Percent Bare Ground Vs. Vegetative Cover in Study Areas
(Santelmann 2000)

Population Rank Study Site % Bare Ground % Cover
Viary's River Natural Area 6.4% 93.6%

2 Fackson Frazier Wetland

3 )ak Creek Mitigation Bank 13.2% 86.8%

4 'in1ey Wildlife Refuge

5 isherBuUePrairie 15.5% 84.5%

6 i.E. Wilson Wildlife Refuge

7 .ose Prairie 30.2% 69.8%

8 3reenhill Prairie

The hypothesis that a habitat with more cover results in greater numbers of small

mammals is supported by the field data shown above. More specifically, the most
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populous sites had considerably more cover and less bare ground than those with fewer

small mammals. Although not likely a singular force at work in these ecosystems, the

relationship between percent cover and mammal population abundance is noticeably

strong.

Additional local characteristics may also come into play for each site. For

example, one might inquire about the effect of fire on small mammal populations and

their corresponding recovery rates following a burn. The three study sites under

observation that are regularly subject to fire and their most recent burn dates include

Finley Wildlife Refuge and Rose Prairie, 1998, and Fisher Butte Prairie, 1992.

According to Faulkner (2001), fire tends to have little effect on small mammals although

related responses vary among species. Little direct mortality or fire-induced emigration

is expected for deer mice and voles, yet may occur in higher frequencies in vagrant

shrews. Further, he states that deer mice and voles have been recaptured in a burned

habitat as soon as two weeks after a prescribed burn. Therefore, the effects of burns on

the herbivorous small mammals observed in this study may be minute, if relevant at all.

Susceptibility to predation may be another influence on the demography of small

mammal populations, as they serve as prey for an abundant number of raptor species.

The presence of perch sites in a habitat has been recognized in attracting raptors; this

hypothetically gives raptors the upper hand for accessing their prey over species that

hover and fly while foraging (Wolff et. al. 1999). The three sites with most prominent

availability of perch sites for raptors to scout their prey were Mary's River Natural Area,

Oak Creek Mitigation Bank, and E.E. Wilson Wildlife Refuge. However, it is suggested

that supplemental perch sites, while undoubtedly increasing raptor visitation to the
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regions, do not likely have a substantial effect on the demography of small mammal

populations (Wolff et. al. 1999). This notion was strongly supported by the estimates

obtained at Mary's River Natural Area, which had the largest number of small mammals

of all areas under study.

It has been proposed that individuals perish or emigrate when habitat becomes

less ideal as a product of excessive competition for resources, space, and potential mates

(Pulliam 1988). As a result, individuals may simply die or disperse to adjacent lands, or

sink habitats, to increase their own reproductive fitness and survival. This change can be

brought about by a nearly saturated population, or by external forces such as habitat

fragmentation and/or loss. Yet contrary to popular belief, recent studies indicate that

small mammal populations, unlike larger mammals, are comparatively impervious to

fragmentation or reduction of habitat. The basis for this fmding centers on the biological

nature of small mammals; they are generalist species, are tolerant to marginal habitats,

and require a rather small area to survive (Nupp and Swihart 2000, Dooley and Bowers

1998). Therefore, they are expected to endure more adverse conditions than can species

that are specialists and/or occupy large home ranges. For example, a study on gray-tailed

voles in the Willamette Valley suggested that populations were able to withstand a

significant amount of fragmentation of their habitat (70%) and a subsequent influx of

individuals from degraded portions. Further, the social structure of this vole community

allowed a population to grow to >1000 voles per hectare without tremendous competition

for resources (Wolff et. al. 1997). However, this mammal community likely only

allowed such a great influx since the receiving population was small to begin with. Small
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mammal populations are density dependent, and population maximums would eventually

be regulated by carrying capacity (Smith 1996).

In the instance of the wet prairie research, the study sites that have the potential to

be impacted by habitat fragmentation are the E.E. Wilson Wildlife Refuge divided by a

network of roads, and Mary's River Natural Area and Jackson Frazier Wetland with great

proximity to urban environments. The two latter sites posed no evidence of limitations

by urbanization, as these two sites supported the greatest populations of small mammals

in this study. E.E. Wilson Wildlife Refuge did not appear to be significantly impacted

population-wise, but was limited in diversity to deer mice and vagrant shrews.

The concept of dispersal may be taken one step further in the unique case of

Greenhill Prairie, which contained the least number of small mammals overall in this

study. During the trapping session, a solarization study was being performed using clear

plastic ground covering in a prairie adjacent to the restoration. The efforts to restore

Greenhill Prairie resulted in extensive and severe disturbance prior to restoration. The

restored vegetation is still relatively sparse and there is a good deal of bare ground,

hypothetically making it less ideal than other habitats observed in this study. As a result

of the exposed state of the restoration, small mammals at this site created a sink habitat

beneath the clear plastic used in solarization. Further, mortality of small mammals at this

site occurred beneath the plastic and may have depressed population density in the

sampled restoration.
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Landscape Analysis Trends

Landscape analysis was performed to characterize the study areas by the

landscapes in which they occur. However, the usefulness of such analysis in this study

proved to be marginal. By examining each site at 500, 5,000, and 10,000-meter scales,

immediate, local, and regional landscape characteristics were considered. All study sites

were wet prairies located in semi-urban and agricultural landscapes. Consequently, much

of the land classification at all scales represents the predominance of farming in the

Willamette Valley. Study areas showed a prevalence of wetland/riparian habitat at large,

within site scales (500 meter radii), with a tendency toward agricultural and forested or

urban areas at smaller scales (5,000 and 10,000 meter radii). Refer to Appendices B and

C for specific landscape statistics and GIS graphics for each individual study area.

When comparing small mammal abundance to landscape context, concrete

differences in landscape could not be distinguished between natural and restored wet

prairies. Therefore, it was impossible to infer that the two types of prairies differently

impacted small mammal population size based on the landscape framework in which they

occurred. In most cases, it seemed that small mammal population abundance was more a

function of the degree of inherent thatch cover (as previously discussed) and/or the

progress of restoration, rather than whether or not it was restored at all. However, one

association did appear consistent in this analysis; mammal diversity and abundance both

appeared to be highest in the presence of adjacent urban landscapes. This realization is

consistent with Altman's explanation of increased diversity in more heterogeneous

environments (2001). However, proximity to urban environments brings with it a higher

predator density, thus weakening the argument that urban adjacency would consistently
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yield higher population counts of small mammals. Therefore, the use of landscape

analysis in this experiment was only useful in determining possible sources of increased

mammal diversity rather than population abundance.

CONCLUSION:

In summary, the data collected in the summer of 2000 indicates no apparent

difference in small mammal population size and diversity due to whether the habitat is a

natural or restored wet prairie. This information is positive for restorations at work and

testimony to support the role of wetland restoration in enhancing wildlife habitat. This

study indicates that the natural and restored sites examined are comparably suitable to

sustain small mammal populations. However, this information should be used with

caution. Species of small mammals are very resilient creatures and recover quickly when

exposed to change. This is partially due to their short life span and high fecundity, their

modest area requirements and generalist approach to diet and habitat selection.

Therefore, when exposed to fire, they recover; when exposed to habitat fragmentation,

they recover; and when exposed to restoration, they recover. Essentially, as long as these

mammals have the fundamental elements of food, water, and shelter, they will find a way

to survive, if not individually, then genetically through future generations.

Acknowledging this, restoration efforts to satisfy requirements of other species should

not be discounted, as they may prove to be more complex.

In closing, the multiple scale approach used in this research was effective in

recognizing relationships that would otherwise be overlooked by a single perspective.

Variation in population abundance appeared to be largely reliant on local resource
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availability and inherent thatch cover, while species diversity was possibly a function of

proximity to heterogeneous environments. Examination of micro- and macrohabitat

characteristics worked hand in hand to provide more information regarding small

mammal populations in Willamette Valley wet prairies. However, data collected in this

study represent a snapshot in time. Therefore, trends apparent in longer term studies may

not be evident through the analyses performed here. Subsequently, it would be beneficial

to continue this study in the future to examine fluctuations in individual populations and

to increase the amount of study areas sampled.
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Appendix A. Oregon Department of Fish and Wildlife Habitat Classifications (1998a)
Habitat Groups Abbreviation Habitat Description

Agricultural HB2. I Annual row crops

Agricultural HB2.2 Grasses: annual (wheat-barley-oats)

Agricultural HB2.3 Grasses: perennial (hay and grass seed)

Agricultural HB2.4 Orchards, vineyards, berries and Christmas trees

Agricultural HB2.5 Pasture: unmanaged (weeds and blackberry)

Agricultural HB2.6 Recreation fields, parks and cemeteries

Wetland/Riparian HB9 Water: streams, rivers, ponds

Wetland/Riparian HB2O Hedgerows and hawthorn- riparian

Wetland/Riparian HB2 I Riparian: cottonwood- and hybrid poplar

Wetland/Riparian HB2 1.3 Riparian: cottonwood- urban interface

WetlancllRiparian HB22 Riparian: willow

Wetland!Riparian HB3O Wetland: reed canary grass

Wetland/Riparian HB3 I Wetland: cattail-bulrush

Wetland!Riparian HB39 Prairie: tufted hairgrass

Wetland/Riparian HB463 Pasture: ash-cottonwood-maple (wet)

Wetland/Riparian HB463 .3 Pasture: ash-cottonwood-urban

Wetland/Riparian HB999 Gravel pits, sand bars

Forested HB476 Woodland: deciduous-mixed (oak and fir)

Forested HB476.3 Woodland: deciduous-mixed-oak urban

Forested HB505 Woodland: conferous-mixed (fir and oak)

Forested HB506 Woodland: madrone and oak or fir

Forested HB5 10 Woodland: deciduous- maple and alder

Forested HB5 10.3 Woodland: deciduous-mixed-maple-urban

Forested HB5 12 Woodland: coniferous

Forested HB5 12.3 Woodland: coniferous-urban

Forested HB 1000 Woodland- unclassified-foothills

Urban HB3 Industrial and residential
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Appendix B: Land Cover Percentages of Study Areas at 500, 5,000, and 10,000 meter

scales corresponding with ODFW Land Classification Coverage

Study Area Class 500 m 5000 m 10,000 m

Finley Wildlife Refuge Agricultural 41.1% 66.5% 66.3%

Urban 0.0% 0.0% 0.3%

Wetland/Riparian 58.5% 12.9% 10.4%

Forested 0.4% 20.6% 23.0%

Jackson Frazier Wetland Agricultural 4.3% 50.4% 49.7%

Urban 39.1% 18.7% 10.0%

WetiandlRiparian 24.0% 12.4% 11.2%

Forested 32.7% 18.5% 29.1%

Mary's River Natural Area
(Restoration)

Agricultural 52.3% 58.2% 61.7%

Urban 0.0% 22.8% 10.1%

WetlandlRiparian 23.6% 13.9% 9.0%

Forested 24.1% 5.1% 19.1%

E.E. Wilson Wildlife Refuge
(Restoration)

Agricultural 7.7% 57.1% 58.2%

Urban 0.7% 2.0% 2.6%

WetlandlRiparian 79.4% 16.3% 13.1%

Forested 12.2% 24.7% 26.1%

Fisher Butte Prairie Agricultural 92.5% 50.60% 43.1%

Urban 0.0% 0.10% 10.3%

WetlandlRiparian 7.5% 33.60% 19.8%

Forested 0.0% 15.70% 26.8%

Rose Prairie Agricultural 56.0% 56.0% 50.6%

Urban 0.0% 2.5% 12.9%

WetlandlRiparian 44.0% 38.0% 19.3%

Forested 0.0% 3.5% 17.2%

Greenhill Prairie
(Restoration)

Agricultural 97.5% 57.6% 42.9%

Urban 0.0% 17.5% 21.2%

Wetland/Riparian 2.4% 13.1% 18.1%

Forested 0.1% 11.8% 17.8%

Oak Creek Mitigation Bank
(Restoration)

Agricultural 73.2% 42.4% 48.4%

Urban 0.0% 10.3% 3.7%

WetlandlRiparian 18.6% 8.5% 7.8%

Forested 8.2% 38.8% 40.1%
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Appendix C: GIS Coverage of Small Mammal Study Sites

Finley Wildlfe Refuge
I Jackson Frazier Wetland

Mary's River Natural Area (Restoration)
E.E. Wilson Wildltfe Refuge (Restoration)

I Fisher Butte Prairie
Rose Prairie
Greenhill Prairie (Restoration)

I Oak Creek Mitigation Bank (Restoration)
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Mary's River Natural Area (Restoration)
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Oak Creek Mitigation Bank (Restoration)

(10000 meter radius)

(5000 meter radius) (500 meter radius)
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