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EXECUTIVE SUMMARY

The question of what seed is genetically and eccédly appropriate for restoration projects in
the Willamette Valley has been hotly debated ferldst two decades. The lack of data regarding
variability of native Willamette Valley species Hasmpered seed production and restoration
efforts and has caused costly delays — both bicédgind financial. To address this lack of data,
we utilized common garden studies to measure @ifiegs and similarities among populations
and to provide informed seed transfer zones recardat®ns.

Findings and recommendations:
In general, populations of the five species we arathshowed little geographic
structure to their variation in the Willamette \@f| suggesting that a single seed zone
may be recommended for this ecoregion, with sonceions. Movement of seeds
between this ecoregion and others is currentlyemtmmended.
Sidalcea campestris
We recommend a single seed transfer zon& faampestrisvithin the Willamette
Valley.
Eriophyllum lanatunvar.lanatum
Most populations within the Willamette Valley appéarepresent a single ecotype. A
population at Kingston Prairie is somewhat uniqoe &we do not recommend using seed
from that site in large scale production effortsviedespread use.
Epilobium densiflorum
Most populations appear to be of a single ecoptlypethree populations were clearly
morphologically and phenologically similar to oneother and divergent from other
populations (Kingston and Sublimity Prairies, CapRd, and Mt Richmond). We
caution against the use of the four atypical papaia outside of similar habitats and
geographic areas.
Potentilla gracilisvar. gracilis:
We recommend a single seed transfer zon® fgraciliswithin the Willamette Valley.
Conservatively, we suggest seed from Yamhill Colretymitted from large-scale seed
increases for use elsewhere in the Willamette Ydtieeduce the chance of includiRg
gracilis var.fastigiatain areas where it is not currently distributed.
Prunella vulgarisssp.lanceolata
We recommend a single seed transfer zon@ifonella vulgarisssp.lanceolatawithin
the Willamette Valley.

Key Messages:
Genetic differences among populations do not apyefailow a geographic
pattern based on our measured characteristics.
Large within population-level variation is commoSome population level
differences are detectable among all species



Most morphological and phenological traits werempooorrelated with
geographic and climatic variables. Therefore, patpmns included in these
studies appear to be of a single ecotype.

This study included populations only below 230 ewvation in the Willamette
Valley. Elevation may be an important factor dntyiecotypic differentiation in
the Willamette Valley, but it does not appear taslgmificant below 230 m. Our
highest Willamette Valley populations were at Kitags(224 m) and Sublimity
Prairies (213 m) and these were atypical in sosexaHowever, this may be
due to differences in soil type rather than el@ratiRegardless, seeds from these
sites should be avoided for widespread mixing wither low elevation sources.
We do not recommend using seed from outside th&akivdtte Valley without
further investigation.

The scope of inference of these results is limitetthe populations included in
the common garden. Sampling from additional paparda could alter these
findings (for example, some Willamette Valley caestand higher elevations
were not represented).

Additional common garden research should broademtimber of populations
examined to include a full range of environmental alimatic conditions in
which wild populations occur. Also, future studsgt®uld determine the
presence and significance of local adaptation.
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ABSTRACT

Restoration of prairie habitats in the Willamettally is urgently needed but often limited by
seed availability. Information on the distributiohgenetic variation within and among local
populations of native species can help managersratathd how this variation is structured on
the landscape and use available seed resource®fficisintly. We used common garden
studies of five species to determine differencesragrpopulations and to evaluate seed transfer
decisions for natives used in habitat restoratiofise primary goal of this project is to identify
practical seed transfer zones in the Willamettdeydlor movement of native seeds from source
locations to restoration sites.

METHODS (Brief)

Seed Collection and Propagation:

Seeds were collected for each species from muliifle30) georeferenced populations across,
and in some cases outside, the Willamette Vali@g.average, five individuals per population of
each of the 5 species were grown in a completelgomized design at the USDA-NRCS Plant
Material Center in Corvallis Oregon. Between 18 ab phenological and morphological traits
were measured for all individuals. Traits weréot@d to maximize quantification of variability
of important traits among populations. Several hiot experts or species authorities were
consulted for recommendations during the traitctila process.

Data Analysis:

To detect trends and patterns in the measured mlagibal and phenological variables nonmetric
multidimensionalscaling (NMS) was used. NMS ortimrahas no assumptions of multivariate
normality of the data, is able to handle large nemlof zeros, and yields the most accurate
representation of data structure when data arenoomal or on discontinuous scales. We compared
the relative position of each population on themation by visually assessing each ordination axis.
Due to the degree of difficulty assessing individaampling units within a population, additional
coding subgroup overlays such as county, Levelagtdfpon, and 20 mile Eugene buffer we used.
These subgroup overlays were based on geographimatiative or habitat units that are either in
practice in the Willamette Valley or logical potehiseed transfer zone boundaries. Spatial clusters
defined by hierarchical agglomerative cluster asialyvere also used as an overlay to provide
unbiased spatially defined units. To gain insight what mechanism may be influencing the
observed variation, correlations between ordinatixes and the environmental (geographic and
climatic) variables were performed.

Species:

The species used in these common garden studiesire Willamette Valley forbs:

Sidalcea campestris, Eriophyllum lanatwar. lanatum, Epilobium densiflorum, Potentilla gracilis
var. gracilis, andPrunella vulgarisssp.lanceolata A unique report for each species follows a
general introduction.




INTRODUCTION

The use of native seed in restoration, reintroductand the creation of new populations
is widely employed as a habitat enhancement togldwernmental and private organizations
(Reinartz 1995). Maximizing the successful essdntient of plant materials is an essential goal
in restoration efforts. The diversity of speciegd, the diversity of populations within a species,
and how well adapted the source populations atieetoestoration site are all essential factors
that can determine the degree of establishmenesacd/NVhile the importance of species-level
diversity in restoration is relatively well underystl, substantial debate surrounds the issue of
which populations within a species should be use@storation (McKay et al. 2005).

The question of which source populations shouldds=l in restoration is fundamentally
a question of the genetics of the source populat@om the genetics of the existing native
populations in the area of the restoration sifHse genetics of source populations for plant
materials can, in fact, have significant impactgestoration success (see examples in
Broadhurst et al. 2008). The impacts can occuruthin an increase or decrease in the fitness of
the plants used in restoration, the plants alrgaegent at the site and nearby populations, and
alterations in fitness of offspring from the exigtiand new populations. Additionally, there are
potentially broader evolutionary impacts involvisgjection or drift acting on the frequency of
new alleles (genes) introduced at the restoraitenwhich could result in new evolutionary
trajectories for the natural populations.

If the genetics of the source population(s) are@ pnatch for the local conditions at the
restoration site, using sources from non-localtéiy areas may result in poor establishment.
Furthermore, if there are native populations preaethe site that show strong local adaptation,
bringing in divergent genes may threaten the gemetiegrity of the local populations and reduce
fitness by the introduction of maladaptive genalleles that are foreign to a population may
disrupt coadapted gene complexes resulting in Bngeia fitness in first and second generation
offspring (Lynch and Walsh 1997, Pélabon et al.500

Alternatively, mixing populations from differentesrs may result in increased vigor of
the offspring (i.e., heterosis and positive epistasee Fenster and Dudash 1994 and Lynch and
Walsh 1997). This “hybrid vigor” is often observatien crossing inbred lines of crops (e.g.,
Moll 1965), but it is also observed in native plaopulations, especially when the populations
are small and isolated (Fenster and Dudash 1994ying a greater number of genotypes at
restoration sites also increases the probabilay dine of those genotypes performs better, either
by chance or due to adaptation to similar selegressures found at the restoration site. Mixing
populations in restoration sites may also helpsted#ish gene flow that has been inhibited by
more recent habitat fragmentation. This may béqadarly relevant in the Willamette Valley
that has just 1% of the formerly extensive anddirgontiguous native prairie habitats
persisting (Christy and Alverson 1994, Clark andséf 2005).

The ability to predict when restoration successroups by using local seed sources
versus a composite of populations from greateadsts is not readily apparent (e.g., Lawrence
and Kaye 2008). Further, the degree of genetiag@ographic distance in which local fithess
declines is not predictable. Local adaptation megur on the scale of hundreds of meters or
thousands of kilometers (Fenster and Galloway 2B@@bon et al. 2005). In general, however,
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the degree of local adaptation is a function oé¢hcomponents: amount of additive genetic
diversity present in the populations, how divergemd strong the selective pressures are among
populations, and how much gene flow among populataccurs. The presence of large
amounts of additive genetic diversity allows potfiolas to evolve more quickly to selective
pressures. Having strong selective pressurestbatifferent for different populations drives the
adaptations of each population in alternative dioes. Last, if populations have a large amount
of gene flow among populations, local adaptaticarmot easily develop, even if there is
sufficient additive genetic variation and strongetgent selection. It should also be mentioned
that local adaptations are more difficult to depelor very small populations that face greater
impacts of non-adaptive change due to genetic. drift

While the degree of local adaptation is one sidéefsource population issue, the degree
to which populations are fixed for deleterious lekeis another factor that can have significant
influence on the fitness of offspring at the reatimn site. Small and isolated populations are
particularly prone to harboring alleles that redfiteess. In some cases, deleterious mutations
can increase in frequency and threaten populagosigience (i.e., “mutational meltdown”
Lynch et al. 1995). When outcrossed, these débeterlleles can be masked in the
heterozygous condition in the offspring. So, treamfitness of offspring increases when
crossing two inbred populations that are fixeddeleterious alleles at different loci. Last,
adding more alleles per locus in the populatioovedl an opportunity for selection to remove the
deleterious alleles. This will allow greater ewaunary flexibility and in this context will result
in higher short-term fitness of the first few geatens.

Seed Source Guidelines

While predicting the consequences to the restaraticcess and surrounding populations
is extremely difficult and few data are presentshitecommendations advocate the use of
“local” seed (Broadhurst et al. 2008). Using las®ed is based on the idea that populations may
be locally adapted and seeds from nearby popukataeih have higher establishment rates and
there will be fewer negative consequences to sading populations through the introduction of
maladaptive genes (Keller et al. 2000; McKay e2@D5; O’Brien et al. 200in Broadhurst et
al. 2008). In some cases the guidelines are bassgatial distances. The Nature Conservancy
and West Eugene Wetlands Partnership in the Wili@mé&lley follow the guideline of a 20
mile radius from the restoration location (West &uwg Wetlands Seed Collection Manual 2003).
English Nature in the United Kingdom use sourcagiwi5 miles of the restoration site and 15
km is used for the Western Australian Forest Mamaage Plan 2004—2014 (Broadhurst et al.
2008). In other cases, correspondence of envirataheariables between source populations
and the restoration site is recommended (Mortld@®02in Broadhurst et al. 2008). Genetically
delineated seed zones have been used by the Uest IService when they are available, but
they may include topographic, climatic, and sultetiaformation when the genetic data is
insufficient (Knapp and Dyer 1998 and referencedimein Broadhurst et al. 2008). Often,
however, we lack any information on the spatiat@ological scale in which plant materials
should be moved, and most decisions are basedsbigbesses without an understanding of
adaptive and non-adaptive variation (Broadhursi.e2008).



Adaptive and Non-Adaptive Variation

Local adaptation by populations is expected to takenany forms. Populations may
have physiological or anatomical adaptations tbamiditions or other environmental factors
that are not readily apparent. For example, pajous of willows in regions with historic
moose populations are more heavily defended withites and other defensive compounds than
regions lacking historic moose populations (Spamand Hobbs 1992) and populations of
Mimulusgrowing on toxic mine tailings look morphologigallimilar, yet have physiological
mechanisms for tolerating heavy metals not founactiner populations (Allen and Sheppard
1971). In most cases of populations developinghygical adaptations, it is expected that
morphological traits will diverge as well, eithérough pleiotropy (i.e., one gene causing
expression in more than one trait), or becausd &mtaptation requires selection and reduced
inter-population gene flow. Without the homogengeffects of gene flow, morphological or
phenological traits of populations are likely teelige. Local adaptation is commonly expressed
directly, however, in the plants’ morphology or pbtgy (e.g., low-growing plants from higher
elevations, see Clausen, Keck, and Heisey 1940e meavily pubescertrabidopsisin regions
with invertebrate herbivores; floral morphologibattbest match the local pollinator pool, see
Armbruster 1993; flowering time i8yringiaacross latitude, see Briggs and Walters 1997).

Local adaption is, therefore, expected to resudt pattern of populations looking and
behaving differently and in a manner that is cdesiswith their environment. For example,
populations of plants from high elevation populatianay all possess a more prostrate growth
form than low elevation populations. We shouladagpect that individuals within a population
show a reduction in variation for traits most sgiyrassociated with local adaptation.

Within-species variation in morphology, phenologgd genetics is partitioned at
multiple levels, within and among individuals, arong populations. Variation among
populations is often the most obvious source olesknv vascular plants (see Briggs and Walters
1997) and the component of variation that shouldetate most strongly with local adaptation.
Differences among populations are due to threenpiatesources: environmental, genetic, and
environmental by genetic interactions. Differelrnates, soil conditions, ecological interactions
(e.g., herbivory or competition), and maternal e@eare examples of environmental sources of
variation that are commonly observed. The gersatizce of variation is due to different alleles
in the populations resulting in variation in ex@ies (phenotypes). For example, some
populations may have alleles that code for mora tree flower color, leaf dissection, etc.
Individuals with different genetics (i.e., genotgpenay also produce dissimilar morphological
and phenotypic expressions that respond differeatiyarious environmental conditions. For
example some genotypes may produce broader ametiaaves when grown in shaded
habitats, but other genotypes may not.

Use of locally adaptive individual reduces the tis&t a plant is not adapted to its
environment. Yet, genetically “local” is a nebusoconcept. However, it can be defined simply
as “plant materials that reflect the amount ane typpgenetic diversity that is typical for a
particular plant species in the area under congimer’ (Rogers and Montalvo, 2004).



Approaches to Evaluating Seed Sources

Seed transfer zones outline regions within whi@npmaterials can be transferred with
little risk that they will be poorly adapted to emlocation. Seed zones attempt to maintain
diverse natural genetic structure through use adllp adapted or genetically appropriate native
plant populations. Guidelines for seed transferemtablished using studies that identify
adaptive differences among populations. Commodegastudies explore the relative influences
of genotype and environment on phenotype (i.e.ege&rrsus environment in producing
individuals) (Clausen, Keck, and Heisey 1940, Regerd Montalvo 2004). Studies using
common gardens typically use populations from wegigeographic sources grown in a uniform
environment. In this way, environmental variatisminimized and the remaining differences
are genetically based. Traits believed to beedl&d adaptation are measured and the
relationships between traits and environment/cliecnadriables of the source locations are
determined. The more overlap that exists with mmmental variables and measured traits
suggests a greater chance of successful planwvaljrassuming that locally derived seed sources
are best adapted to similar climatic variablesshttuld be noted that locally derived seed
sources do not always perform better (Raabova @08l7). Seed sources from the more distant
populations of the rar€astilleja levisectgperformed better at restoration sites than closer
populations (Lawrence and Kaye 2008).

Seed transfer guidelines in the form of seed teargines were first established by the
federal government in the 1930’s (McCall 1939).e Qeneral ecological construct behind these
zones were stimulated by tree provenance testsiiegias early as the #&entury in Europe,
which were implemented to increase productionmabgr products. Seed zones, as defined by
the USDA Forest Service Seed Handbook, reflectrea with altitudinal limits within which
soil and climate are reasonably uniform, indicatinggher probability of maintaining a species
of plant adapted to that particular set of envirental conditions. Seed transfer guidelines and
ultimately zones are species specific and in masgs do not extend even into similar families
or genera. Common garden studies have increasiegly conducted to evaluate seed transfer
decisions for native grasses and forbs used intdtaeistoration projects (Gordon and Rice 1998,
Knapp and Rice 1998, Montalvo and Ellstrand 200@ickSon, Mandel and Sorensen. 2004,
Doede 2005). However, little information regardimggive plants seed zones within the
Willamette Valley ecoregion is currently availaleleen though several large scale restoration
projects are underway (e.g., West Eugene Wetlaadsétship, U.S. Fish and Wildlife Service,
Bureau of Land Management, Natural Resources Castsen Service, The Nature
Conservancy, Portland Metro, and the InstituteAjpplied Ecology).

Project Goals:

This report summarizes the findings ®idalcea campestris, Eriophyllum lanatwar. lanatum,
Epilobium densiflorum, Potentilla graciligar. gracilis, andPrunella vulgarisssp.lanceolata The
primary goal of this study was to delineate seaddfer zone(s) for these speacigthin the
Willamette Valley, which will assist in the ident&tion of genetically appropriate sources of this
species for restoration and revegetation enhandepnejects.
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Distribution of morphologic and phenological variaton of
Sidalcea campestrim the Willamette Valley: a common garden
study to inform seed transfer zones

MATERIALS AND METHODS

Study species

Sidalcea campestriGreene (Malvaceae) is a native perennial commianigd in upland
prairie habitat of the Willamette Valley, Oregolts distribution extends from southern
Washington to central Oregon, primarily in the \Afillette Valley; it is uncommon east of the
Cascades, but a few scattered populations extefaat aast as ldaho. It is considered
“apparently globally secure” and “apparently setumeOregon by NatureServe (G4-S4) (2008).
Sidalcea campestrisas small, pink or white flowers that are contdimedense, hairy calyxes in
a terminal raceme (Gisler 2003). It typically flers from June to AugusSidalcea campestris
is gynodiecous, where populations are composeemh&éphrodite and female (male-sterile)
individuals. Flowers of hermaphrodites have lapgals and female flowers are substantially
smaller and lack anthers. Female individuals alleiscompatible and require pollen transfer
between individuals for seed set. Although hermagites are self-compatible, protandry
(mechanism whereby anthers dehisce pollen befapmatis receptive) minimizes self
pollination (Gisler 2003). As such, insect poltioa is generally required for seed production
for both sexes.
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Population sampling

Sidalcea campestriseeds were collected from 32 populations distetbwbhroughout the
Willamette Valley in August 2006 when the seedsenaature, but had not dehisced (Fig. 1,
Table 1). Latitude, longitude, and elevation we@orded for each location. To avoid impacts
to natural populations no more than 25% of avadlagled was collected from all individual
plants at each location. A large variation in naltpopulation sizes were present for this
species; population sizes ranged from 5 individt@algreater than 350. Habitats at nearly all the
sites were similar prairie remnants along roadsatesnall natural areas. These populations had
roughly similar substrates and hydrology. For gsial locations were classified based on
individual populations, county, EPA defined leveEdoregion (Griffin and Omernik 2008)
(Apendix 1), and presence or absence within a Eeg@®mile buffer zone (West Eugene
Wetlands Seed Collection Manual, 2003).

Experimental design

Seeds were sown on February 12, 2007 into flaBagfLeach “Cone-tainers” and grown
in a greenhouse at the Natural Resources Consam&dirvice Plant Material Center in
Corvallis, Oregon. Tenone-tainers were started for each population (M¥3hd were
randomly placed within flats. Seeds were lightlgrfieed by rubbing them on sandpaper prior to
sowing. Flats were watered and placed in an untleatenhouse. Average daytime
temperatures ranged between 10 and 15.5° C andimgltemperatures were between 4.4 and
7.2° C. No supplemental greenhouse lighting wad;useedlings were subjected to typical early
spring daylight. After ten weeks in the greenhoudants were moved to a shade house and
allowed to acclimatize for several weeks to outdeanperatures.

Prior to transplanting, herbicide was applied ® study site to eliminate any existing
weeds. The study site was then covered with timeees of bark mulch to further aid in weed
suppression. Plants 1-10 from each population wleosen replicates; if plants 1-10 did not
emerge or survive additional plants were useditmlihe total number of plants per population
to ten. Some populations did not have ten plangstdumortality thus only 20S. campestris
study plants were transplanted using a completeigamized design in June 2007. An
additional row ofS. campestrigvas planted on each side of the plot as a boadeta buffer
against edge effects. Plants were placed 0.7 sapart within rows and rows were placed one
meter apart.

Plant trait measurement

Traits were chosen based on characteristics descibHickman (1993) and Hitchcock
and Cronquist (2001). Traits thought to have adaignificance, or associated with
reproductive success, taxonomically importantdraand traits with high degrees of variability
between local congenerS.(campestrisS. virgata andS. cusickii were included (Gisler 2003).
While measuring pre-defined traits, additionaltsavere included based on apparent visual
differences among plants. Several botanical egmerspecies authorities were consulted for
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recommendations during the trait selection procdsgle 2 shows a list of the traits and how
they were measured.

Phenological and morphological traits were meastoeall individual hermaphrodit8.
campestriglants during 2008. All morphological traits weneasured in a single day. To
reduce measurement error, one person measurexhvitale a second recorded. Floral traits
were recorded three weeks from when an individiust flowered using only newly opened
flowers. Morphological traits less than 25 cmendth were measured by dial calipers to 0.01
mm. Traits greater than 25 cm were measured witlet@r stick to the nearest centimeter.
When measuring a single trait in triplicate on mdividual, no measurements were made from
the same organ (e.g., average petal length wasélaa length of three petals from three separate
flowers chosen haphazardly). Infructescence cdiogeand leaf dissection were calculated as a
ratio of multiple traits (Table 2). Emergence dates monitored on a daily basis; when cone-
tainers contained more than one seedling, germimatas recorded for the first seedling that
emerged in each cone-tainer. Flowering date wastored on transplanted individuals three
times a week until a value was obtained for eagtlysplant. Female plants, misidentified plants,
and plants with missing values were removed froenahalysis.

Climatic Data

Climatic conditions at each population locatior sitere characterized using digital maps
produced in ArcGIS 9.3 and data generated by PRifftvhte models (PRISM group, 2008).
PRISM is an analytical model that uses point dathadigital elevation model (DEM) to
generate gridded estimates of monthly and annweabge daily maximum/minimum climatic
parameters (PRISM group, 2008). PRISM incorporatesnceptual framework that addresses
the spatial scale and pattern of climate variatiiasallows for estimation of variables in regions
with heterogeneous terrain (PRISM group, 2008).9MRWwas parameterized to use 1971-2000
mean daily maximum/minimum climate variable gridstae predictor grids in the interpolation.
The resolution of each cell within the grid is 4 kaveraged within the cell) and therefore the
precision of the estimate for a single locationasbetter than half the resolution of the cell.
Variables were modeled monthly. An annual average produced by averaging the monthly
grids. For this analysis, mean annual temperdtu&ANNAV) and precipitation (USANNP),
mean dates of the first (SPRFRST) and last frdst FIRST), and the number of frost free days
(FRSTFREE) was gathered for each population baseghoh population’s unique latitude
(LAT) and longitude (LONG).

Data analysis

Ordination analyses were performed on morpholdgicd phenological variables using
nonmetric multidimensional scaling (NMS) based arliElean distance measures (Kruskal
1964). Analyses were completed using PCORD 5 (MeCand Mefford 1995). NMS
ordination has no assumptions of multivariate naditgnaf the data, is able to handle large
numbers of zeros, and yields the most accurateseptation of data structure when data are
non-normal or on discontinuous scales (Petersorivaa@@luine 2001). To account for variable
collection on different scales (i.e., Julian dagyd aentimeters) data were relativized using the
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standard deviates of each column variable. Poioelativization, emergence and flowering date
variables were monotonically log transformed to pogess high values and spread low values by
expressing values as orders of magnitude. Monotoansformation of individual variables
allows for independent changes to data point vakigeout altering their rank. Individual’s
greater than two standard deviates from the meahdian distance were defined as outliers and
removed from the analysis§0909, CB0217, CB0409, RO0422, HR0410, HR1202, RI31KI0101,

KN0819, NB0704.

Since adaptive variation is important in desigmaseed transfer zones and is most
directly related to variation within and among seedrces, we used individuals as our sampling
units instead of mean population estimates. Timgsimain data matrix consisted of individual
plants and traits measured at the common gardervistially clarify the distribution of
sampling units in ordination space, a second matiitx additional information (latitude,
longitude, county, elevation, and climatic varia)le/as overlayed or jointly-biplotted.

NMS uses an iterative search for an ordination Vaii stress, a measure of the
relationship between ranked distances in multidsiaral space to the ranked distances in the
reduced ordination (Peterson and McCune 2001)enBoire that the ordination was below an
acceptable level of stress, we used a random s#le@50 runs of real data. Dimensionality was
assessed visually using a scree plot. Monte Garlalations using 250 replicate were used to
assess the probability that final stress could leeen obtained by chance. A stability criterion
of 0.0001 was used.

We compared the relative position of each poputaiticordination space by visual
assessment. Due to the degree of difficulty agsggsdividual sampling units within a
population, we used additional coding subgroup laysrsuch as county (n = 6), Level 4
Ecoregion (n = 3), 20 mile Eugene buffer (n = 23l§le 1). These subgroup overlays were based
on geographic-administrative or habitat units #rateither in practice in the Willamette Valley
or logical potential seed transfer zone boundariesidentify spatial clustering based on latitude
and longitude we used hierarchical agglomeratiustering patterns calculated using Euclidean
distances and nearest neighbor linkages to maxidistimctness of groups. The resulting
clustering dendrogram was scaled using a log toamsftion and information was retained at the
5.1E-02 level (Fig. 2). This allowed us to pastitithe dataset into more homogenous subsets
based exclusively on geographic location. This subyas then used as an additional plot
overlay.

We quantitatively compared the relative positiorpopulations in the ordination using
Euclidian distances and unblocked Multi-ResponsenB&ation Procedure (MRPP) analysis on
weighted groups. Data were relativized for MRPRIgsis using the standard deviation of each
variable. MRPP is a nonparametric test used tomee@whether populations on matrix plots
occupy different regions of ordination space.

Correlations between ordination and the environalergriables were calculated using
Pearson Correlation Coefficients. The percentaoiagion in the original ordination was also
recorded. A Bonferroni correction was used wheltipla comparisons were performed to
maintain a low probability of relationships appeagrsignificant when, in fact, they only appear
significant by chance.
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Univariate calculations were made for each vaediyl population. Trait means were
used to produce pairwise Pearson Correlation Guefiis for each variable with latitude,
longitude, and climatic variables using SAS 9.2 &SAstitute 2008). Ordination axes were
individually regressed on geographic and clima#igables in PCORD.

RESULTS

Morphological and phenological patterns across pogdations

The Nonmetric Multidimensional Scaling (NMS) argsyprovided a 3-dimensional
ordination best solution to the data based ona fitress of 18.39849, a final instability of
0.00001, and 484 iterations. Using Clarke’s cutoiffacceptable instability, values between 10
and 20 represent a usable picture (McCune and @@@2). Therefore, values at the upper end,
such as our results, suggest a potential to becatsig and thus too much reliance on details of
the plots should be discouraged. Together the ex@ained 76.2% of the variance: 24.2%,
37.4% and 18.8% for axes 1, 2, and 3, respectiviiis 1 was strongly influenced by total
raceme height, and axis 2 was strongly influengeddsal leaf measurements (mean leaf length,
width, lobe A, and lobe dissection). Although sainagts show strong correlations to ordination
axes, they are inconclusive in explaining the thatron of individuals in ordination space (Fig.
3; Table 3). Since the majority of variation iagnted for within axis 1 and 2, they are used to
visually describe the data.

NMS ordination provided little evidence of discretastering of populations in
ordination space based on morphological and phgiealbcharacteristics. Howeverpst hoc
analysis using Multi-Response Permutation Proce(MRPP) indicated some significant
differences between individual populations (Taldg 4This pattern was not immediately
apparent in the ordination plots (Fig. 4). Witt646tal comparisons only 23 pairs of
populations were significantly different represaegtjust 3% of the population level contrasts.
Glaser x Parker, Tupper x Turner, and Mt. Richmdandhinated these comparisons.
Interestingly, these populations are not signifiadifferent than each other, and they are not
geographically close together (Fig. 1). Furtherile'eMRPP suggests statistical significance of
populations, many values were close to zero, indicating little witlpiopulation similarity (i.e.,
individuals were not necessarily more similar tbestmembers of their populations than to
individuals from other populations). Thestatistic is a descriptor of within-group homogéne
compared to random expectation (McCune and Gra@®)2G heterogeneity within groups
equal chance expectation th&nl; however, if less agreement (heterogeneity)texighin
groups than expected by chance, tAefd. In such cases where smaNalues are statistically
significant careful consideration of the ecologis@nificance of the results is warranteAl.
values of less than 0.3 represent substantialdggeaeity (variability) between contrasted
groups.

Populations that dominate many of the populatieelleomparisons have the potential to
strongly influence subsequent overlays used inyaigl County as a subgroup overlay suggests
it is not sufficient in visually defining differels in plant variation based on the traits measured
(Fig. 5). Post hodVIRPP analysis, however, suggests Linn County wasfieantly different

15



from all other counties in the analysis (Table 4bhis difference is largely driven by the
inclusion of the Glaser x Parker in the Linn Cougtgup of populations. Similarly, no visual
clustering was found in the Eugene overlay, whiotmgs no difference between plants within or
outside the 20 mile Eugene seed transfer zone §figndividuals from within the 20 mile
Eugene seed transfer zone overlap in morphologyhadology with individuals outside of the
20 mile zone. Although a significant differenceswetected between populations within and
outside the Eugene 20 mile buffer (T=-2.5044066&, 00312368p = 0.02) based opost hoc
MRPP, this does not match individual populatioriedénces. In this case, tAevalue is
exceptionally low suggesting no real ecologicalalt#nce exists.

Ten geographic clusters were defined using HiereatiClustering (Fig. 2). At this
coarse clustering level, ordination revealed sepmaraf Cluster 5 (Glaser x Parker, Sand Ridge)
from all other clusters (Fig. 7). MRPP suggestera differences in clusters, yet they are
similar to those suggested at the population IEvable 4c). Cluster 5 is significantly different
than all other clusters. Again, these populataneslow in sample units and include Glaser x
Parker. Cluster 10, which includes the most nortiperpulations, is significantly different than
Clusters 2 and 6. Clusters 2 and 6 are both gpbmaly adjacent to each other and are located
in the southern portion of Benton and northern Blagounties. Thus, using unbiased spatially
defined groups of populations through Hierarch{Chistering indicates that populations that are
closer are often not more similar.

EPA defined Ecoregions (Level 4) within the Whllatte Valley did not cluster in the
ordination; much overlap of individuals betweensheones is apparent (Fig. Bpst hoc
MRPP analysis again indicates Ecoregion level diffees are not significant suggesting that
this is not an appropriate delineation of seed dmable 4d). These results correspond to other
overlays investigated in this analysis.

Correlations of traits with geographic and climaticvariables

Nineteen traits were measured or calculated fan @atividual in each population.
Ranges and means {+SD) of populations indicate substantial varigplboth between and
within populations (Appendix A). High levels of Wit population variability suggest nearly all
populations are highly polymorphic in the WillaneeYtalley. Population level variability is
apparent in most traits. In particular, phenolobmaasurements, although less important in
ordination, show substantial differences in timargong populations. Seed germination began
February 21 and continued until May 3, 2007, withean date of March 15. Initial flowering
began as early as April 20 and as late as Jun®80; 20 individuals, incidentally from Glaser
x Parker and Sand Ridge (Linn County) flowered ptaoJune. Average flowering was June 10.
This suggests that although phenology was nossitaily important it is still biologically
important in differentiating populations, partictfethose populations that are consistently
different in this ordination.

Regression of ordination axes with climatic andgyaphic variables identified a few
weak associations (Table 3), (Figs. 9-10). Neittede of emergence nor flowering date proved
to be correlated with latitude or longitude. lingortant to note that correlations with axes are
difficult to ascertain since variables are not issegily linearly correlated or parallel to axes.
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Some significant correlations were present betweevariate traits and geographic or
climatic variables. Longitude was correlated wigveral plant traits specifically those related to
leaf morphology (Table 5). The relationship wasipee for the basal leaf mean length from
base of sinus to base of leaf and lobe dissectidmagative for the mean length from outermost
lobule to base of sinus (Table 5). Frost free dats also positively associated with basal leaf
mean length from base of sinus to base of leaf@mel dissection.

DiscussION

Population level differences do not appear to fellbogeographical pattern based on the
measured characteristics in this studyree populations (Glaser x Parker, Tupper Turaed,
Mt. Richmond) were significantly different than nasher populations and similar to one
another; however, these populations are separgtbdtiveen 20 -60 km and numerous
populations were found between them (some populatiess than 1 km away). Inflorescence
length, total plant height, and leaf morphology egupto be strongly correlated to ordination
axis, but are highly variable within and among dapans. Interestingly, prior morphometric
analysis of individualg situ found plant height as an important character{gimbert 2008)
with heights shortest in the Linn County area, Whiorresponds to the findings in this study.
Most other generalizations regarding plant heigiat geographic area did not correspond to our
findings perhaps due to the differences in popotetiand traits used in the analyses. High
degree of variability within and among populatiovere common in all Pairwise MRPP
population comparisons (representeddyalues less than 0.3), with only Glaser x Parker
showing mild signs of reduced variability. Thigm®st likely an artifact of small sample size
and potential inbreeding or relatedness of theviddals used in the common garden.

Support for a difference between plants within gisae the 20 mile Eugene seed
transfer zone was extremely weak, suggesting ndigiedle ecological difference exists. In a
few cases populations separated by a few kilometers detectibly different, but generally
populations were not different from one another nvbeparated by distances of up to 150 km.
Populations grouped by Ecoregion, also did not showdifferences. Therefore, the coarse
previous habitat types defined by the Ecoregionaatappear to be related to the morphology
of S. campestripopulations. County is an artificial boundary oftesed by managers, although
rarely biologically meaningful. In this study, ety proved ineffectual in defining clusters in
ordination space. Linn County was found to beificantly different than all other counties;
however, large within group variability was presantl Linn County contains the distinctive
Glaser x Parker population. Grouping populatioasda in Hierarchical Clustering of geography
again separated out the cluster containing theeGha®arker population. Using this method,
northern populations were significantly differeh&n populations in the southern portion of
Benton and northern Marion counties, but no difiétban the populations in Lane County.
Only Cluster 5 (Glaser x Parker and Sand Ridgeygudo have moderatvalues in pairwise
comparisons. Hierarchical Clustering is a bettet for defining spatially clustered geographic
areas though, in this case, they do not correspmddferences in morphological or
phenological variability of these measured popali
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Despite the slight difference of the Glaser x Pagapulation with other population it is
important to realize that this population in natisrextremely small (only five individuals).
Thus it is not surprising measurements taken oivishaals from this population show very little
variability; individuals in this population are &ky closely related and inbred and therefore more
likely to be similar to one another and differemtrh other populations. These differences most
likely represent non-adaptive genetic drift, ratthem local adaptation. We strongly recommend
the addition of other populations and more indigiduvithin Linn County in future seed
guideline studies. Too few seed sources and reptatsve samples from populations make
accurate inferences this part of the valley slightbre complicated to ascertain.

Correlations of traits with geographic and climaticvariables

Morphological and phenological traits were pooryrelated with geographic and
climatic variables. High levels of within populatigariability, in most traits, suggest high levels
of polymorphism in populations in the Willamettelds. Some significant, although weak,
correlations were found between univariate traid geographic or climatic variables. Basal leaf
length and lobe dissection decreases with incrgdatitude (and increases with number of frost
free days), while it simultaneously decreasesHerrhean length from outermost lobule to base
of sinus. For all past seed zones studies witterWillamette Valley, little to no correlation
with geographic and climatic variables was foundgson, Mandel, and Sorensen 2004; St.
Clair, Mandel, and Vance-Borland 2005). The puai strong climatic by trait relationships is
anticipated since the Willamette Valley has a Wewynogenous climate. Additionally, it should
be emphasized that the Willamette Valley was a motess expansive and continuous prairie
and savanna that experienced large-scale distigbauch as fire and floods prior to Euro-
American settlement (Johannessen et al. 1971, ORBYY). These factors suggest that strong
differential selective pressures in different regiavere unlikely and larger contiguous habitats
undergoing broad-scale disturbances would faatlisatbstantial gene flow across the Willamette
Valley. Strong local adaptation for various sigthin the Willamette Valley is therefore not
likely.

The strong overlap of measured characteristicssagropulations suggests movement of
seed among populations with similar environmentkiwithe Willamette Valley would result in
a high probability of plant establishment. We dat have representation 8f campestris
populations above 229 m in elevation and it is fdsghat populations from higher elevations
may show local adaptation. We therefore recomntleatplant materials from below 229 m are
not mixed with higher elevation plants. In additiere do not recommend movement of seed
from sources outside the Willamette Valley, orpopulations inhabiting unusual habitats within
the Willamette Valley without further study.

RECOMMENDATIONS

In summary, our data indicate there is a genack bf morphological and phenological
differentiation in populations @&. campestriacross the Willamette Valley. While a few
populations were morphologically different, therereszno apparent spatial, climatic, or
environmental factors that were related to the faimns. One of these populations, at least, is
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very small and likely inbred. Glaser x Parker, pepx Turner, and Mt. Richmond populations
proved to be slightly divergent, particular in terof phenology (although not significantly in
this analysis). We therefore caution against ugbese three populations outside of similar
habitat and geographic area. Else, we recommeanthbe seed transfer zone r campestris
within the Willamette Valley under 229 m and fro®.39° latitude in the north to 43.92° in the
south. We did not include plants from outsideha$ area and cannot assume their inclusion in
this seed transfer zone. We suggest that usingipteupopulations in reintroductions will
increase restoration success and assist in regtarame historic levels of gene flow. Last,
additional studies are recommended to determinprésence and/or scale of local adaptation
and the genetic basis for the adaptations if tmeyaund.
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Table 1.List of population names with corresponding abkagens and number of individuals
represented per population as sampling units. §odn= Benton, 2 = Polk, 3 = Lane, 4 = Linn,
5 = Marion, 6 = Yamhill. Eugene: 1 = within 20 mibuffer, 2 = not present in buffer. Cluster is
based on dendrogram interpretation at the 5.1@3.| EPA defined Ecoregion level 4. 1 =

Valley Foothills, 2 = Prairie Terraces, 3 = WillaitgeRiver and Tributary Gallery Forest.

Population
Population Codes N Latitude Longitude County| Eugene | Cluster | Ecoregion
Airlie x DeArmond AD 1 2 44.743550 -123.284900 1 1 1 2
Alpine Rd. AL 2 7 44.32430 -123.341500 1 2 3 2
Airlie x Saurkraut AS 3 3 44.444541 -123.192378 2 1 2 2
Berry Creek Rd. BC 4 6 44.729000 -123.361000 2 ] | 1
Berthelsdorf BE 5 7 45.156330 -123.324900 6 1 10 1
Bellfountain x 53rd BL 6 5 44.506200 -123.3192P00 1 1 4 2
Coburg Ridge CO 7 3 44.164000 -123.099000 3 y. [ 2
Camas Swale CS 8 7 43.9590P0 -123.012D00 B D 3 3
Dillard Rd. DL 9 3 43.95900 -123.027000 3 2 8 3
Dykstra Rd. DY 10 8 44.196690 -123.190880 1 2 7 2
E.E. Wilson EE 11| 10] 44.7021Q0 -123.203700 1 2
Glaser x Parker GP 11 6 44.527450 -123.017R00 1 1 5 2
Helt HE 13 8 43.925590 -123.051000 3 2 8 3
Hill Rd. HI 14 7 45.25200( -123.2300Q0 6 1 10 2
Junction City JC 15| 14 44.102373 -123.113838 3 2 T 3
Kingston Prarie KN 16 8 44.775340 -122.744300 4 1 g 1
McFarland Rd. MC 17| 10 44.359000 -123.333800 1 y. K 2
Monroe MN 18| 10{ 44.18300p -123.1746B5 1 2 7 3
Morrows MO 19 4 44.912850 -123.327300 2 1 6 2
Masonville Rd. MS 20| 10 44.714870 -122.847000 g jl 9 1
Mt. Richmond MT 21 2 45.18000D -123.2900p0 6 1 10 1
Maxfield Creek MX 22 3 45.38840D -123.2564P0 2 1 1( 1
Panther Creek PC 23 g 45.262000 -123.227000 b 1 0 2
Rockyford Rd. RF 24 8 45.3580Q0 -123.253000 g jl 10 2
Red Prarie Rd. RP 2% 1 45.085000 -123.415000 b L 1 1 2
Smithfield Rd. SM 26 3 44.590062 -123.155(75 2 1 1 2
SandRidge SN 27 3 44.530300 -122.967¢00 1 3 2
SR 22 SR 28 4 44.933870 -123.186350 2 1 g 1
Story x Maxfield Creek ST 29 3 44.817000 -122.7MP0 2 1 9 1
Sublimity Prarie SU 30 4 44.841010 -122.743800 E jl 9 1
Tampico Rd TP 31 19 44.694000 -123.250600 1 | 2
Tupper x Turner TU 32 2 45.375000 -123.262(00 q ] 0 1 2
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Table 2.List of phenological and morphological traits measonS. campestriplants in

common garden study.

Trait Abbreviation |Measurement Method
Initial Julian date of cotyledons emergence moeitioon a
Emergence date JULEMER | daily basis recorded for the first seedling thaeeged in
each cone-tainer.
Initial Julian date of flowering monitored on trgfsnted
Flowering date JULDATE | individuals three times a week until a value watawted for
each study plant.
Distance (mm) from base leaf to the tip of the neddbe
Mean basal leaf length AVELEAFL| measured on 3 haphazardly selected basal leaves.
_ Distance (mm) across widest part leaf measured on 3
Mean basal leaf width AVELEAFW haphazardly selected basal leaves.
Mean basal leaf lobule td Mean length from outermost lobule to base of spu8
sinus length AVEAL haphazardly selected basal leaves
Mean basal leaf sinus to Mean length from base of sinus to base of leaf on 3
base length AVEBL haphazardly selected basal leaves
Calculated as a ratio of multiple traits: lengttoatermost
Leaf dissection LOBEDISS lobule to base of sinus /(length of base of sinusase of
leaf + length of outermost lobule to base of sinus)
) Mean width (mm) between outermost lobule on midoltes
Mean lobe width AVELOBEW| o, 3 haphazardly selected basal leaves
Height HT Total height of plant (cm) base to tip
Total number of racemeg TOTRACE | Total number of racemes
Mean number of Number of branches on a raceme counted for 3 hapiligz
branches AVEBRANC | gojected racemes
Flower color FLWRCLR E(I)cl)c\g\;(:.r color ranked according to appropriate weleevh
1 CC3399
2 CC33cCC
3 CCe66CC
4 CC66FF
5 ccooccC
6 CC99FF
7 FF66FF
8 FF99CC
9 FF99FF
10 FFCCFF
11  FFFFFF
12 FF66FF
Mean petal length AVEPETL hMeeaa(\jnspetal length (mm) on 3 haphazardly selectaaet
Mean petal width AVEPETW hMeeaa:jnSpetaI width (mm) on 3 haphazardly selecteddio
Mean sepal length AVESEPL hM(:J‘eaa:jnssepal length (mm) on 3 haphazardly selectadefl
Length (cm) from the base of the plant to the fithe tallest
Tallest raceme length AVEINFLL

inflorescence
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Mean inflorescence Mean length (cm) from bottom to top of inflorescerfafter
length AVEINFLFL | seed set) measured on 3 haphazardly selected raceme

) Mean number of fruits on a measured infloresceength
Mean number of fruits | AVEFLWR | counted on 3 haphazardly selected racemes

nRELOWCM Calculated as the ratio of two measured traits: iMaanber

Infructescence congestid . :
of fruits/ mean infructescence length

Table 3. Correlation of axes with measured trait variabled secondary geospatial and climatic
variables. Kendall’ tau is a rank regression eatémof correlation, whereas B the square of
the linear correlation coefficient.

AXxis: 1 2 3

R? tau R2 Tau R2 Tau
Latitude 0.02 -0.06 0.01 0.05 0.01 0.05
Longitude 0.09 0.21 0.00 -0.04 0.00 0.01
Emergence date 0.02 0.07 0.01 0.03 0.00 -0.03
Flowering date 0.20 -0.27 0.00 0.04 0.05 -0.07
Mean basal leaf length 0.05 0.15 0.80 -0.73 0.00 0.00
Mean basal leaf width 0.09 0.21 0.75 -0.69 0.01 -0.04
Mean basal leaf lobule to sinus
length 0.25 0.33 0.59 -0.56 0.17 -0.28
Mean basal leaf sinus to base
length 0.18 -0.27 0.00 -0.06 0.40 0.48
Leaf dissection 0.27 0.38 0.20 -0.30 0.40 -0.50
Mean lobe width 0.04 0.16 0.58 -0.56 0.01 -0.02
Mean sepal length 0.00 -0.02 0.01 -0.23 0.05 0.25
Mean petal length 0.03 -0.11 0.15 -0.25 0.04 0.16
Mean petal width 0.00 -0.03 0.08 -0.20 0.15 0.32
Total number of racemes 0.09 -0.19 0.03 0.11 0.02 -0.12
Height 0.44 -0.46 0.05 -0.14 0.11 -0.25
Tallest raceme length 0.58 -0.55 0.01 -0.06 0.09 -0.19
Mean number of branches 0.18 -0.29 0.00 0.00 0.27 -0.31
Mean inflorescence length 0.02 -0.13 0.06 -0.20 0.00 -0.03
Mean number of fruits 0.05 -0.16 0.03 -0.11 0.00 -0.04
Infructescence congestion 0.00 -0.03 0.02 0.11 0.00 -0.02
First day of fall frost 0.00 0.03 0.02 -0.07 0.00 0.00
Number of frost free days 0.02 0.07 0.02 -0.07 0.00 0.04
Last day of spring frost 0.03 -0.13 0.01 0.07 0.00 -0.07
Mean annual temperature 0.01 0.07 0.00 -0.01 0.00 0.04
Mean annual precipitation 0.01 -0.05 0.00 0.05 0.00 -0.06
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Table 4. Significantly different MRPP multiple pair-wise cgarisons with adjusted Bonferroni
correction, test statistit and agreement statisticgrouped by (a) populatiop £0.000)) (b)
county(p<0.003 (c) dendrogram defined clustgr<(005) (d) Ecoregionp<0.008.

Comparisons with moderate biological significanceitalicized (A%.17).

(@)

Populations T A

1 wvs. 7| -0.2118503 0.0055277
1 wvs. 27| -1.7125852 0.1593815
3 vs. 21 -2.1920574 0.1625477
3 vs. 32 -0.3954577 0.018816¢8
7 vs. 21| -1.8830267 0.13216B
9 wvs. 32 -0.328770% 0.0188821
19 vs. 21| -0.7647124 0.0595707
21 vs. 26| -0.548858% 0.0427297
22 vs. 32| -0.43064 0.0214264
26 vs. 32| -0.13922 0.01023%9
27 vs. 32| -0.65426783 0.0515612
12 vs. 17| -7.9175569 0.1797211
15 vs. 24| -6.9948547 0.1148342
16 vs. 24| -6.922475¢ 0.1261569
11 vs. 12| -7.686475% 0.1714481
12 vs. 31| -7.7595996 0.2015766
12 vs. 15| -7.741227 0.2080759
12 wvs. 18| -7.7277856 0.2192805
15 vs. 25| -6.1852838 0.0957027
16 vs. 20| -6.201949¢ 0.1074663
12 vs. 24| -7.3993061 0.2408932
16 vs. 25| -5.917266] 0.1114811
10 vs. 12| -6.500845]1 0.18984%9

(b)

County T

1 vs. 4 -12.88( 0.03998

6 vs. 4| -13.324( 0.05672

3 wvs. 4| -9.3211( 0.05328

2 wvs. 4| -8.6951 0.0462

6 vs. 3| -5.8151 0.0187

2 vs. 6 -5.688( 0.01801

1 wvs. 6| -5.5952| 0.01234

1 wvs. 2 -4.806 0.0124

()

Zone T A
1 vs. 2| -16.74 0.0446f
3 vs. 2| -16.74 0.0601B8
4 vs. 2| -13.96 0.1055f
1 vs. 4] -3.167 0.006%
1 vs. 3] -2.361 0.003y
(d)
Cluster T A
1 wvs. 5 -15.2671  0.1004{L
2 wvs. 5 -11.193 0.13634
2 vs. 10| -3.9323 0.01558
3 wvs. 5 -4.5634 0.1362p
4 wvs. 5 -5.4901 0.1351f
5 wvs. 9 -10.134 0.0863
5 wvs. 8 -6.1531] 0.1286p
6 vs. 5 -14.384  0.1052B
7 wvs. 5 -11.184 0.1470p
10 vs. 5 -15.517  0.08256
10 vs. 6 -6.183  0.0200P
(e)
Ecoregion T A p
2 vs. 1| 0.0129 0.0000 0.4362
2 vs. 3| -0.4117 0.0006 0.2872
1 wvs. 3| -1.7505 0.0058 0.0604
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Table 5.Univariate Pearson Correlation Coefficients of bsai of measured traits with
geographic and climatic variables. Significantretations are shown in bold.

First Frost Last

Frost Free Frost | Mean Annual | Mean Annual
Variable Longitude Latitude Date Days Date | Temperature Precipitation
Height -0.23422 0.10135 -0.11342-0.19676( 0.25484 -0.11725 0.0643¢
p-value 0.197 0.581 0.536% 0.2804 0.15p2 0.5228 0.7p62
Tallest Raceme length -0.25827 0.00372 0.0011f7-0.03385 0.0674 -0.14609 0.1593
p-value 0.1535 0.9839 0.994p 0.8541 0.71L4 0.425 0.3838
Mean basal leaf length 0.12482 -0.188§4  0.15953 0.14132( -0.09414 0.01671 0.0313
p-value 0.4961 0.3007 0.383[L 0.4404 0.6083 0.9277 0.9649
Mean basal leaf width 0.13638 -0.203§  0.1964P 0.21171| -0.1894¢ -0.02721 0.06414
p-value 0.4567 0.2631 0.281B 0.2447 0.2989 0.8825 0.1273
Mean basal leaf lobule to sinus length 0.37474 -0.4314 0.2947( 0.31606| -0.2812 0.19291 -0.12317%
p-value 0.0346 0.0137 0.1016 0.078] 0.1189 0.2901 0.5018
Mean basal leaf sinus to base length -0.41005 0.30888| -0.17111 -0.24406| 0.28144 -0.18528 0.1114
p-value 0.0198 0.0854 0.3491 0.178B 0.1186 0.1 0.5446
Mean lobe width -0.16759 -0.0225 0.05864 0.01059| 0.04611 -0.05242 0.0067¢%
p-value 0.3592 0.902§ 0.749p 0.9541 0.8021 0.7757 0.9707
Leaf dissection 0.45538 -0.4484 0.28569| 0.33695( -0.33225 0.22748 -0.12944
p-value 0.0088 0.0101 0.1129]| 0.0593| 0.0632 0.2109 0.4801L




Figure 1. Mapped collection locations (populations)@fcampestrisvithin the Willamette
Valley. Circled populations represent clustersraef by hierarchical cluster analysis.
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Figure 2. Resulting dendrogram from Hierarchical Cluster Asa. Populations of the same
color are grouped into spatial clusters definedibyilar latitude and longitude.
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Figure 3.NMS 3-dimensional ordination. Each symbol représan individual in multivariate
space. Symbols that are closer spatially are wsiangar morphologically and phenologically.
Individuals from Population 12 (Glaser x Parkes eircled with a red ellipse.
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Figure 4. NMS ordination of individuals within each populatiwith variables (axis 1 vs. 2).

Multiple individuals (sample units) are represengda single color for each population.
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Figure 5. NMS ordination with County overlay (axis 1 vs. €punty: 1 = Benton, 2 = Polk, 3 =
Lane, 4 = Linn, 5 = Marion, 6 = Yamhill.
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Figure 6. NMS ordination with Eugene overlay (axis 1 vs. B)dividuals within 20 miles of
Eugene are shown in red; those outside of this saadfer zone are shown in green
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Figure 7. NMS ordination using Clusters defined by HierarehiCluster Analysis overlay (axis
1 and 2).
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Figure 8. NMS ordination using Ecoregion Level 4 defined B3A(axis 1 and 2): 1 = Valley
Foot hills, 2 = Prairie Terraces, 3 = Willamettee®iand Tributary Galley Forest.
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Figure 9. NMS ordination axis 1 vs 2 with climatic variablermelations jointly biplotted with
population (a) annual precipitation, (b) annualpenature (c) first day of fall frost (d) last dafy o
spring frost (e) number of frost free days (averggaving season length). Red lines indicate
regression lines (r), while the blue line represéfgndall’ tau (a rank regression). The size of
each symbol represents the relative magnitudeeotlimate variables.
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Figure 10.NMS ordination axis 1 vs. 2 with geographic vareabbrrelations jointly biplotted
with population (a) latitude, (b) longitude. Reukls indicate regression line (r), while the blue
line represents Kendall’ tau (a rank regressidrt)e size of each symbol represents the relative
magnitude of latitude and longitude.
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Distribution of morphologic and phenological variaion of
Eriophyllum lanatumin the Willamette Valley: a common garden
study to inform seed transfer zones

MATERIALS AND METHODS

Study species

Eriophyllum lanatun(Pursh) Forbes (Asteraceae) is a common nativeshmon
perennial found in upland prairie habitat of thdls¥nette Valley, Oregon. This species is
considered globally secure and is not ranked asaleational level (G5 — SNR; NatureServe
2008). Its distribution extends from British Colbia to California and is found well east of the
Cascades. Twelve varietiestoflanatumare currently recognized; six occur in Oregon: var.
achillaeiodes var.grandiflorum var.integrifolium, var.lanatum var.lanceolatumand var.
leucophyllum(USDA 2008). Our analysis was confined to theetgiE. lanatumvar.lanatum
Eriophyllum lanatums a perennial that typically has flower headsimgle stalks, with 8-13
yellow ray flowers that bloom all spring and summehis species is an important and
distinctive member of Willamette Valley remnantipes and is widely used in restoration.
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Population sampling

Eriophyllum lanatunvar.lanatumseeds were collected in 2006 from 16 populations
distributed throughout the Willamette Valley, or@pplation south of the Willamette Valley, and
two populations in the state of Washington (FigTdble 1). Latitude, longitude, and elevation
were recorded at each location. At each locahormore than 25% of available seed was
collected from each identified plant. A large @#ion in natural population sizes were present
for this species; population sizes ranged fromal@reater than 300 individuals. For analysis,
locations were classified based on individual papahs, county, EPA defined level 4 Ecoregion
(Griffin and Omernik 2008), presence or absenchiwid Eugene 20 mile buffer zone, and
presence or absence within the Willamette Valley.

Experimental design

Seeds were sown on December 15, 2006 into fla&agfLeach “Cone-tainers” and
grown in a greenhouse at the Natural Resourcese@aton Service Plant Material Center
(PMC). The PMC is located in Benton County, CdisaDregon, at 68.5 m elevation. Thirty
cone-tainers were started for each population @24), and were randomly placed within flats.
Flats were watered and placed in polyethylene baganoved to a walk in cooler (dark,
constant temp of 1.1° C). On February 18, 2004 ctholer temperature was changed to 12.7° C.
On March 21, 2007 flats were moved to an unheateeindpouse. Average daytime temperatures
ranged between 15.5 and 23.8° C and nighttime teweps between 7.2 and 12.7° C. No
supplemental greenhouse lighting was used; seadiiege subjected to typical early spring
daylight. After ten weeks in the greenhouse, glavgre moved to a shade house and allowed to
acclimatize for several weeks to outdoor tempeestur

Prior to transplanting, herbicide was applied ® study site to eliminate any existing
weeds. The study site was then covered with timeees of bark mulch to further aid in weed
suppression. The 22 lanatumvar.lanatumstudy plants were transplanted on May 25, 2007
using a completely randomized design. An addiliooa of E. lanatumwas planted on each
side of the plot as a border row to buffer agaguigje effects. Plants were placed 0.6 meters
apart within rows and rows were placed one metartap

Trait measurement

Traits were chosen based on characteristics descmbHickman 1993, and Hitchcock
and Cronquist 2001. Traits thought to have adegignificance, or associated with
reproductive success, taxonomically importantdraand traits with high degrees of variability
between varietied lanatumvar. achillaeoidesand varintergrifolium) were included. While
measuring pre-defined traits, additional traitsevecluded based on apparent visual differences
among plants. Several botanical experts or spaci#grities were consulted for
recommendations during the trait selection procdsle 2 shows a list of the traits and how
they were measured.

Phenological and morphological traits were meaktoeall individualE. lanatum
plants during the summer of 2008. Each growth was measured in a single day. To reduce
measurement error, one person measured traits asgeond recorded. Floral traits were
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measured using only new flowers. Morphologicaltdress than 25 cm in length were measured
by dial calipers to 0.01 mm. Traits greater tharcéh were measured with a meter stick to the
nearest centimeter. When measuring a singleitraiiplicate on an individual, no

measurements were made from the same organ (eegage petal length was the mean length of
three petals from three separate flowers chosenazapdly). An additional index of flower

color was calculated as the difference in petajtierof each colored segment of an individual
petal (whole flower petal length — inner flower gletolor length). Emergence date was
monitored on a daily basis; when cone-tainers eoatimore than one seedling, germination
was recorded for the first seedling that emergeshirh cone-tainer. Flowering date was
monitored on transplanted individuals three timegeak until a value was obtained for each
study plant. Two plants with missing values weraaged from the analysis (LT0O711 and
RU0921).

Climatic Data

Climatic conditions at each population locatiom sitere characterized using digital maps
produced in ArcGIS 9.3 and data generated by PRifgivate models (PRISM group, 2008).
PRISM is an analytical model that uses point dathadigital elevation model (DEM) to
generate gridded estimates of monthly and annwabge daily maximum/minimum climatic
parameters (PRISM group, 2008). PRISM incorporatesnceptual framework that addresses
the spatial scale and pattern of climate variatiiasallows for estimation of variables in regions
with heterogeneous terrain (PRISM group, 2008).9MRWwas parameterized to use 1971-2000
mean daily maximum/minimum climate variable gridstae predictor grids in the interpolation.
The resolution of each cell within the grid is 4 kaveraged within the cell) and therefore the
precision of the estimate for a single locationasbetter than half the resolution of the cell.
Variables were modeled monthly. An annual average produced by averaging the monthly
grids. For this analysis, mean annual temperdtu&ANNAV) and precipitation (USANNP),
mean dates of the first (SPRFRST) and last frdst FHRST), and the number of frost free days
(FRSTFREE) was gathered for each population baseghoh population’s unique latitude
(LAT) and longitude (LONG).

Data analysis

Ordination analyses were performed on morpholdgicd phenological variables using
nonmetric multidimensional scaling (NMS) based awrliElean distance measures (Kruskal
1964). Analyses were completed using PCORD 5 (MeCand Mefford 1995). NMS
ordination has no assumptions of multivariate nditgnaf the data, is able to handle large
numbers of zeros, and yields the most accurateseptation of data structure when data are
non-normal or on discontinuous scales (Petersorivin@lune 2001). To account for variable
collection on different scales (ie. Julian days aedtimeters) data were relativized using the
standard deviates of each column variable. Poioelativization, difference in flower color,
mean number of heads per inflorescence, and letthwiere monotonically log transformed,
and total number of racemes was squareroot transfibto compress high values and spread low
values by expressing values as orders of magnitivimotonic transformation of individual
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variables allows for independent changes to daitat palues without altering their rank.
Individuals greater than 2 standard deviates frioenntean Euclidian distance were defined as
outliers and removed from the analysis (CB0909, ZIB) CB0409, RO0422, HR0410,
HR1202, RU1015, KI0101, KN0819, NB0704).

Since adaptive variation is important in desigmaseed transfer zones and is most
directly related to variation within and among seedrces, we used individuals as our sampling
units instead of mean population estimates. Timgsmain data matrix consisted of individual
plants and traits measured at the common gardervistially clarify the distribution of
sampling units in ordination space, a second matittx additional information (latitude,
longitude, county, elevation, and climatic varia)le/as overlayed or jointly-biplotted (Table 1).

NMS uses an iterative search for an ordination Vaii stress, a measure of the
relationship between ranked distances in multidsiaral space to the ranked distances in the
reduced ordination (Peterson and McCune 2001)enBoire that the ordination was below an
acceptable level of stress, we used a random s#le@%0 runs of real data. Dimensionality was
assessed visually using a scree plot. Monte Garlalations using 250 replicates were used to
assess the probability that final stress could leen obtained by chance. A stability criterion
of 0.0001 was used.

We compared the relative position of each poputaiticordination space by visual
assessment. Due to the degree of difficulty assggsdividual sampling units within a
population, we used additional coding subgroup laysrsuch as county (n = 7), 20 mile Eugene
buffer (n = 2), and presence or absence withinwiilamette Valley (n = 2) were used (Table 1).
To identify spatial clustering based on latitudd &ngitude we used hierarchical agglomerative
clustering patterns calculated using Euclidearadists and nearest neighbor linkages to
maximize distinctness of groups. The resultingtelusg dendrogram was scaled using a log
transformation and information was retained atAs% and 87.5% levels (Fig. 2). This allowed
us to partition the dataset into more homogenohsets based exclusively on geographic
location. These subsets were then used as addiplmiaverlays.

We quantitatively compared the relative positionpopulations in the ordination using
Euclidian distances and unblocked Multi-ResponsenB&tion Procedure (MRPP) analysis on
weighted groups. MRPP is a nonparametric test tssedamine whether populations on matrix
plots occupy different regions of ordination spaCGarrelations between ordination axes and the
environmental variables were calculated using P@a@orrelation coefficients. The percent of
variation in the original ordination was also ret®d. A Bonferroni correction was used when
multiple comparisons were performed to maintaiava pprobability of relationships appearing
significant when, in fact, they only appear sigrafit by chance.

Univariate calculations were made for each vaedtyl population. Traits were
used to produce pairwise Pearson Correlation Guerfiis for each variable with latitude,
longitude, elevation, and climatic variables usBAS 9.2 (SAS Institute 2008). Ordination
axes were individually regressed on geographicciinthtic variables in PcCORD.

RESULTS
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Morphological and phenological patterns across pogations

The Nonmetric Multidimensional Scaling (NMS) argsyprovided a 3-dimensional
ordination best solution to the data based onal fitress of 19.98888, a final instability of
0.00001 and 146 iterations. Using Clarke’s cutoifacceptable instability, values between 10
and 20 represent a usable picture (McCune and (32862); however, values at the upper end
suggest a potential to mislead and thus too mu@npe on details of the plots should be
discouraged. Together the axes explained 71.7%eofdriance, 19.1%, 25.8% and 26.8% for
axes 1, 2, and 3 respectively. Axis 1 was stronglyenced by flower petal measurements
(flower color petal length, mean ray length andthjdaxis 2 the difference in color, and axis 3
was strongly influenced by the categorically defifiewer color. These traits show strong
correlations to ordination axes, and explain mude distribution of individuals in ordination
space (Fig. 3; Table 3). Since the majority ofatesn is accounted for within axis 2 and 3, they
are used to visually describe the data.

NMS ordination provided evidence of discrete ausig of populations in ordination
space based on morphological and phenological cteaistics. Post hocanalysis using Multi-
Response Permutation Procedure (MRPP) indicatedfisent differences between many
individual populations (Table 4a). Although muckedap between populations exists, many
populations seem to be clustered in ordinationegig. 4). With 161 total comparisons 156
pairs of populations were significantly differeepresenting 97% of the population level
contrasts. Further, madyvalues were close to zero, suggesting little witmoup dissimilarity.
Avalues close to zero, indicate little within pogida similarity (i.e., individuals were not
necessarily more similar to other members of thepulations than to individuals from other
populations). Thé\ statistic is a descriptor of within-group homogéneompared to random
expectation (McCune and Grace 2002). If heteroggmethin groups equal chance expectation
thenA=1; however, if less agreement (heterogeneity)texighin groups than expected by
chance, thed=0. In such cases where smaNalues are statistically significant careful
consideration of the ecological significance of tesults is warrantedA values of less than 0.3
represent substantial heterogeneity (variabiligiiween contrasted groups.

Using county as a subgroup overlay indicates thanty is sufficient in visually defining
some differences in plant variation based on thiéstmeasured (Fig. 5). Individuals from Linn
and Douglas Counties, as well as those in the $fatéashington, are distinctly clustered away
from individuals throughout the remaining Willaneettalley counties. Polk County individuals
may also be clustered; however, those within Waghm Yamhill and Lane counties do not
appear to be clustered by county and greatly opetikually. Post hodMIRPP analysis suggests
all counties differ significantly from one anothamich is expected since it reflects much of the
population level contrasts (Table 4b). Populatittrad dominate many of the population level
comparisons have the potential to strongly infleesgbsequent overlays used in analysis.

Similarly, some clustering of predefined populatgroups appears in the Eugene
overlay. This clustering is greatly influencedibgividuals outside the Willamette Valley, as
well as the more unusual individuals found in L@ounty (Fig. 6). Again, significant
differences were detected between populationsiag lkeé&her outside or within the Eugene 20
mile buffer (T=-28.814378, A = 0.01837288«< 0.0001) based goost hodIRPP; however
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significant difference are not present when the Mraggton (Olympic Mountains) populations are
removed. This pattern matches many of the indaligaopulation and county level differences.

The Willamette Valley visual overlay suggests tindividuals within the valley cluster
based on the traits measured (Fig. 7). Individimlsd outside the valley, whether in the State
of Washington or in Douglas County, Oregon clusesmingly surrounding individuals within
the valley. Again, this corresponds to significdifterences within the population and county
overlays further suggesting that, at a minimum Whkamette Valley as a whole should be
considered a distinct seed zone. Individuals withe Valley that appear close to clusters
outside the valley are all from Kingston Prairi@&@@ole School Rd (Linn County), which are
both at elevations greater than 219 m. To exghlisepattern further, we grouped populations
into a high elevation overlay that defined all plapions greater than 219 m as high elevation.
Here most of the low elevation populations tigldllyster (Fig. 8a). Jointly biplotting the
difference in color with elevation suggests thawir petals, of lower elevation populations, are
a single color or have a larger inner flower petdbr length (Fig. 8b).

Clustering of populations based on Hierachical @liisg at the 9.2E-06 (75%) and 6.2E-
08 (87.5%) levels using Euclidean distances reguit€ and 5 geographic clusters respectively
(Fig. 9). At the 75% coarse clustering level, vidnapection of ordination revealed separation
of Clusters 2 and 3 from each other but both opendh Cluster 1. MRPP suggests several
differences in clusters comparable to populatioth @unty levels (Table 4). Clustering at the
87.5% level suggests 2, 4 and 5 as separate but thggmyields the same results (Fig. 10). Thus,
hierarchically defined clusters appear ineffectoalgrouping our data for use as a meaningful
ordination overlay. When populations outside thdlaftiette are included in the analysis, county
appears to be a better geographic representatonctosters defined by hierarchical clustering.

EPA defined ecoregions (level 4) within the Willaeevalley overlapped in the
ordination (Fig. 11). Ecoregions not found in thdl&vhette Valley were concentrated and few
individuals overlapped with populations within tealley further indicating that use of seed
from outside the Willamette Valley is not appropgiaPost hodMIRPP analysis again indicates
ecoregion level differences are significant butiaganall A values suggest this difference is not
biologically meaningful (Table 4 e). These resualtsrespond to other overlays investigated in
this analysis.

Correlations of traits with geographic and climaticvariables

Twenty-two traits were measured or calculated &mhendividual in each population.
Ranges and means {+SD) of populations indicate substantial varigplboth between and
within populations (Appendix B, C). High levelswithin population variability suggest high
levels of polymorphism in populations. Populatievel variability is apparent in most traits.

Regression of ordination axes with climatic andgyaphic variables identified a few
weak associations (Table 3), (Figs. 12-13). itportant to note that correlations with axes are
difficult to ascertain since variables are not isseeily linearly correlated or parallel to axes.

Pearson’s Correlation coefficients between univarigits and geographic and climatic
variables identified some significant but weak etations. Longitude was negatively correlated
with mean ray length and width, as well as flonalioc and flower petal length but these
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associations were very weak (Table 5). Elevatias weakly correlated with mean ray width,
the difference in flower color and negatively asated with flower color 2 (Table 5). Frost free
date was also positively associated with the diffiee in color yet negatively associated with
flower color 2. The first frost free day of sprin@s positively correlated with mean ray length
and width, and the difference in color, while n@ggly associated with flower color 2. Mean
annual temperature and precipitation had the sasingprrelations with the difference in color,
flower color 2 and emergence date (Table 5). Algtosignificant, no correlation was stronger
than 0.46 (diffcolr x usannp). Using a subsetagyations found only within the Willamette
Valley, all correlations are further reduced andcogelation is stronger than 0.40 (longitude x
total racemes). Morphological and phenologicalaldes are poorly correlated with geographic
and climatic variables especially between poputetio the Willamette Valley.

DISCUSSION

Populations oE. lanatumvar.lanatumshow some discreet clustering in ordination space
based on morphological and phenological charatiesisowever, these clusters do not appear
to follow a clear geographic pattern within the M#hette Valley. Populations that are closer
together geographically do not appear to be maondasi morphologically. The traits in the
NMS ordination that explained the most variatioroas populations were flower color, flower
color petal length, and the difference in floweloco These traits were moderately correlated
with all axes, but are highly variable both witlsind among populations. That is, individuals
within populations displayed a large range in flowelor traits, as well as different populations
tending to have different colored ray flowers.

Using county as a subgroup overlay suggests thattgas marginally sufficient in
visually defining differences in plant variationdea on the traits measured. Relative to the
distribution of this species, however, few counties represented within this study.

Eriophyllum lanatunvar.lanatumis clearly distributed to a greater extent withacth county,

but these populations are not represented witlsncthmmon garden (Oregon Plant Atlas,
December 5, 2008). This substantially limits ooitity to make inferences in areas under-
sampled or absent from the collection. Coungnisrtificial boundary often used by managers
and is rarely biologically meaningful. Althoughwty appears to be adequate to define areas,
substantial amounts of missing data limit the usefss of this classification to inform seed
zones. We strongly recommend addition of otheufains and more individuals within all
counties in future seed guideline studies. Toodeed sources and representative samples from
populations make accurate inferences in these afdhe valley difficult to ascertain.

Although much overlap between populations existmyrpopulations seem to be
clustered in ordination space. MRP&st hocanalysis suggests little within group dissimilarit
between populations. The within group dissimilaist more than expected by chance. Not
surprisingly, Hurricane Ridge, Elwha (elev. 1602248 m), and North Bank/Roseburg (elev.
244 m) appear to cluster away from most other @ipmris, but have some overlap with
populations within the Willamette Valley above 200n elevation. Regardless of whether the
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population was in the State of Washington or in @as County, Oregon, those outside the
Willamette Valley cluster away from those withifhis pattern is further exemplified in all
other overlays. Willamette Valley plants tend &wvé greater variability in floral traits, while
those outside the Valley display less differenpiatin flower color. In particular, the high
Olympic populations had relatively small lengthsrofer flower color in relation to the entire
petal length creating larger differences in coldhis pattern may be due to pollinator-driven
selection, non-pollinator driven selection (e.g@g Strauss and Whittall 2006), or non-adaptive
factors. High levels of and/or current gene flomthe Willamette Valley is likely responsible
for the uniformity across low elevation populationghe differences inside and outside of the
Willamette Valley suggests that, at a minimum, semalces from outside the Willamette Valley
are not recommended for use in restoration withé\talley.

Individuals within the Willamette Valley that areost morphologically similar to
clusters outside the valley (in the ordination) faoen Kingston Prairie and Cole School Rd
(Linn County), which are both at elevations greéttan 219 m. Populations grouped as low
elevation (less than 219 m) tightly cluster patacly when color differences (DIFFCOLR ) are
less pronounced. However, overlap exists alondgpthumdary of these clusters in the ordination,
revealing overlap of individuals within Lane and $dangton County populations. This
corresponds to the many population level MRPP egtdrthat indicate a high degree of
variability within and between populations. Coleh8ol Rd and Hacker Rd depart from this
pattern and were generally less variable withinybaons. This is likely an artifact of
relatedness of individuals within the common gard€ollection records indicate small
populations at both locations (three and ten imlligls. respectively). Since each population is
represented by 20 common garden individuals, tiseme question that some level of relatedness
exists among individuals. During the original seetlection maternal records were not kept and
instead seed was bulked by location. Random satect seed was used to propagate replicates
for each population but for small populations thebability of selecting related replicates is
high. Reduced levels of within population variaace expected when individuals within a
population are related. Without maternal recondiciating relatedness of individuals, within
population variance can not be accurately estimaR®moving these populations from the
analysis did not change the general patterns obdemd instead it clarified the distinctness of
populations outside the Willamette Valley (not sinpw

Correlations of traits with geographic and climaticvariables

Morphological and phenological traits were poortyrelated with geographic and
climatic variables. Pearson’s Correlation Coeffitsebetween univariate traits and geographic or
climatic variables identified some significant acdations. The strongest positive correlation was
represented by the difference in flower color andual average precipitation. Later emergence
dates with lower amounts of annual average prextipit was the only moderate
phenological/climatic correlation. Since populasdrom outside the Willamette Valley are
from much different environments, stronger coriete with climatic variables were anticipated.
However, these results may indicate that mean sdlased on these PRISM data may be too
coarse. Investigation of finer scale climatic abtes to discern slight microclimate difference
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could prove useful. Alternatively, little corralan between climate and morphological or
phenological variation may exist for this taxon.

RECOMMENDATIONS

In summary, our findings suggest that populatidnis.danatumvar.lanatum,within the
Willamette Valley counties included in this studg anorphologically and climatically within a
single ecotype up to approximately 200 m in eleratiAlthough elevation did not appear as a
strong geographic variable in the correlation maitiis a measureable marker that delineates
Kingston Prairie from the remaining populationsingston Prairie is a TNC preserve which
represents one of the best examples of native iatte Valley Prairie that has retained much of
its original vegetation in both wet and dry uplamdas. Kingston Prairie also has much different
soil structure than most other prairies in theesalivhere it is characterized by basalt bedrock
that underlays shallow soil. Due to its uniqueriegsoth soil structure and as a population
which stands out in this analysis, we do not receminusing seed from Kingston Prairie in

large scale production efforts for widespread ugsestoration sites in the Willamette Valley.

We also do not recommend movement of seed fronteswutside the Willamette Valley, or
beyond within Valley distributions without furthstudy. Realistically this study has too few
seed sources and representative samples to malisepireferences valley wide. Populations
from a full range of environmental and climatic ddions in which this species occurs should be
included in future seed guideline studies. Additilly, studies are recommended to determine
the presence and/or scale of local adaptationf@denetic basis for the adaptations if they are
found.
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Table 1.List of population names with corresponding abbtieves and number of individuals

represented per population as sampling units. oarr State of Washington, 2 = Washington

(county), 3 = Yamhill, 4 = Polk, 5 = Linn, 6 = Lané= Douglas (outside Willamette Valley).

Eugene: 1 = within 20 mile buffer, 0 = not presenbuffer. Willamette Valley 1 = IN, 2 =
OUT. Within 20 mile Eugene buffer = 1, outside =C2uster75 is based on dendrogram
interpretation at the 9.2E-06 level and ClusteaBthe 6.2E-08 level.

Willamette
Population Code Eugenel Cluster7§ Cluster87 | Ecoregion| County Valley LAT LONG
Coble 1 CB 1 1 1 2 6 1 44.06434 -123.20040
Cooper Mountain 2 CM™M 0 2 3 1 2 1 45.449p2 -122.87[19
Crowe 3 CR 0 2 3 1 4 1 45.05702 -123.47150
Cole School Rd 4 CS 0 2 4 1 5 1 44.72621 -122.79930
Elwha 5 ER 0 3 5 4 1 2 44.147%0 -123.28750
Fisher Butte 6 FB 1 1 1 2 6 1 44.055[71 -123.25p70
Greenhill 7 GR 0 2 3 1 3 1 45.16600 -123.31300
Hacker Rd 8 HA 1 1 1 2 6 1 44.06807 -123.24900
Hurricane Ridge 9 HR 0 3 5 4 1 2 45.37649 -123.P587
Hazel Dell 10 Hz 1 1 1 1 6 1 44.02975 -123.22320
Kirk Pond 11 Kl 1 1 1 2 6 1 44.11040 -123.27000
Kingston Prairie 12 KN 0 2 4 1 5 1 44.775B4 -12230
Long Tom ACEC| 13 LT 1 1 1 2 6 1 44.140%9 -123.28(90
North
Bank/Roseburg 14 NBH| 0 1 2 5 7 2 44.13450 -123.29520
Oxbow East 15 OE 1 1 1 2 6 1 44.05659 -123.18420
Oxbow West 16 OW 1 1 1 2 6 1 44.05278 -123.18880
Royal Amazon 17 RA 0 2 4 2 5 1 44.572B0 -122.79D00
Rose Prairie 18 RO 1 1 1 2 6 1 44.08100 -123.23500
Rupers 19 RU 0 2 3 1 4 1 45.035[L5 -123.424190
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Table 2. List of phenological and morphological traits maasl onE. lanatumplants in

common garden study.

Trait Trait Measurement
Emergence date JULEMR Date of cotelydon emergence (Julian)
_ Date of first flower was recorded for each indivadlu This
Flowering date FLWRJUL | traits was recorded three times a week until aevalas
obtained for each study plant (Julian)
Mean flower ray length AVERAYL Mean flower ray length was measured on three fldveads
chosen haphazardly (mm)
Mean flower ray width AVERAYW Mean flower ray width was measured on three flomeads
chosen haphazardly (mm)
Mean flower head diameter AVEFHDIA | Mean flower head diameter (does not include raysh)
The number of racemes was counted in a 0.125 sytbsam
Total number of racemes EXTOTRCM and was extrapolated to calculate the total nuraber
racemes within an individual plant.
Height HT Total height from base to tallest flower head (cm)
Diameter DIA Z:Or;?l plant diameter measured across the top obltoe
Leaf arrangement LARRGT Leaf arrangement:
1 Opposite
2 Alternate
Leaf edge:
Leaf edge LEAFEDG 1 Planar
2 Revolute
Often 2 colors appeared on a single ray. In thgedhe
Inner flower color FLCR1 inner flower color was measured in terms of lermita
single ray (mm).
Whole flower ray length FCPTL On_the date inner flower color was measured, a uneasf the
entire ray length was also measured (mm).
Difference in color DIFFCOLR @ Difference in flower color was calculated by subtitag the
inner flower color from the whole ray length.
Categorical:
1 Dy Dark Yellow
2
Categorical flower color FLCL2 Y Y.eIIow
3 LY Light Yellow
4 DYY Dark Yellow (inner) Yellow (outer)

5 DYLY Dark Yellow (inner) Light Yellow (outer)

Mean number of flowers per raceme

AVEHDINF,

| Mean number of flowers per raceme was measuretires t
racemes chosen haphazardly

Mean peduncle length was measured on three racemes

Mean peduncle length AVEPEDL
chosen haphazardly (mm)
Mean flower ray length AVERAY Mean ray length measured on three flower headsechos
haphazardly (mm)
Categorical:
1 .
Leaf color LEAFCLR Not silvery
2 Moderately silvery
3 Very silvery
Mean basal leaf length AVELEAFL | Mean basal leaf length measured leaves chosen

haphazardly(cm)
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Mean number of leaf lobes AVELOBE | Mean number of lobes present on one side of a leaf
measured on three leaves chosen haphazardly

Mean leaf tip AVELEAFTIP| Mean leaf tip: Pointed or rounded (recorded for 3
haphazardly chosen leaves)

Leaf width LEAFW Leaf width measured on a single basal leaf chosen
haphazardly (cm)

Table 3. Correlation of axes with measured trait variabled secondary geospatial and climatic
variables.

Axis 1 AXis 2 AXis 3
R? tau R? tau R? tau

Elevation 0.066 0.089| 0.055 -0.23% 0.028 -0.1%0
Latitude 0.054 0.024( 0.038 -0.12 0.073 -0.082
Longitude 0.281 -0.364( 0.023 -0.01 0.004 0.032
First date of Fall frost 0.025 -0.037| 0.045 0.12 0.067 0.146
Number of frost free days 0.100 -0.101f 0.029 0.06 0.081 0.136
Last date of spring frost 0.172 0.345( 0.015 0.07 0.080 -0.107
Mean annual temperature 0.083 -0.017( 0.071 0.16 0.092 0.010
Mean annual precipitation 0.078 -0.025| 0.076 -0.18 0.108 -0.161
Flowering date 0.006 -0.040( 0.004 -0.03 0.000 0.035
Mean ray length 0.484 0.487 | 0.009 -0.053| 0.029 0.09§
Mean ray width 0.490 0.478 | 0.000 0.017| 0.002 -0.034
Mean flower head diameter 0.022 -0.110{ 0.001 -0.06 0.002 -0.010
Total number of racemes 0.101 -0.207| 0.073 -0.23 0.150 0.247
Height 0.001 0.019| 0.242 -0.35 0.118 0.209
Diameter 0.004 -0.061| 0.299 -0.36 0.211 0.337
Flower color 0.087 0.242( 0.250 0.34Q0 0.551 0.554
Flower color petal length 0.507 0.516( 0.057 -0.159| 0.070 0.174
Difference in color 0.037 0.107| 0.461 -0.506 | 0.332 -0.403
Mean number of flowers heads per raceme| 0.011 0.081| 0.109 -0.22 0.017 0.032
Mean peduncle length 0.005 -0.033| 0.123 -0.25 0.141 0.243
Mean ray length 0.138 -0.302| 0.019 -0.09 0.001 -0.030
Emergence date 0.005 0.011( 0.124 0.23 0.025 0.133
Mean leaf length 0.095 0.194| 0.035 -0.12 0.043 -0.118
Mean number of lobes 0.064 -0.178| 0.103 -0.23 0.019 -0.097
Basal leaf width 0.185 0.282| 0.000 -0.01 0.044 -o.1zo
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Table 4. Significantly different MRPP multiple pair-wise cgarisons with adjusted Bonferroni
correction, test statistic T and agreement statistyrouped by (a) populatiop £0.0003 (b)
county(p<0.003 (c) dendrogram defined cluster {f&<0.00]) (d) dendrogram defined cluster
87.5 p<0.001).

(a)

Populations T A 10 vs. 18| -16.99578 0.13446
1 vs. 10| -16.76739 0.1373 |12 vs. 14] -13.36997 0.10395
2 vs. 4 -16.09353 0.0961l5 12 vs. 16 -14.05758 0.11504
2 vs. 5 -15.75794 0.09108 12 vs. 17| -13.46725 0.08439
2 vs. 6 -15.40643 0.08986 12 vs. 18| -13.03645 0.08799
2 vs. 8 -16.54999 0.10461 |12 wvs. 19| -14.70170 0.09447
2 vs. 9 -15.14626 0.092718 |13 wvs. 19| -12.48738 0.08619
2 vs. 10| -18.92427 0.12434 |14 vs. 17] -15.61606 0.14794
2 vs. 13| -14.19794 0.09372 | 1 vs. 4| -12.98632 0.08985
2 vs. 14| -15.60339 0.1120 | 1 vs. 9| -13.43063 0.09571
3 vs. 4| -17.92360 0.17564 1 vs. 121 -11.79175 0.078§3
3 vs. 12| -15.22418 0.12845 | 1 vs. 14| -14.04833 0.14234
4 vs. 5| -18.15656 0.11547 3 vs. 6| -14.94918 0.12379
4 vs. 6| -1539986 0.09749 | 4 vs. 16| -14.26376 0.11484
4 vs. 8| -1460259 0.088g7 | © vs. 13| -16.69123 0.14196
4 vs. 9| -17.36063 0.11702 | ° Vvs. 14| -11.57045 0.07933
4 vs. 10| -22.86811 0.21045 | ° Vvs. 16| -12.34004 0.09373
4 vs. 11| -14.18262 0.10647 | ° Vvs. 18 -13.86182 0.09739
4 vs. 13| -16.44888 0.12275 | / Vvs. 10| -15.24368 0.14521
4 vs. 14| -17.37905 0.15498 | 8 vs. 10[ -16.45549 0.12831
4 vs. 17| -1357363 0.08543 | 8 vs. 12| -12.52939 0.07539
4 vs. 18| -13.97110 0.09397 | 8 vs. 16| -14.29642 0.12132
4 vs. 19| -1855718 0.1340d3 | 8 vs. 17| -15.57354 0.11798
5 vs. 6| -17.52462 0.12313 | 9 vs. 16| -13.75169 0.10835
5 vs. 8| -16.60671 0.101g5s | 9 vs. 18| -14.01815 0.10311
5 vs. 10| -16.13506 0.10948 |10 vs. 11} -15.00840 0.129§7
5 vs. 12| -16.53944 0.10244 |12 vs. 13| -10.81108 0.069§4
5 vs. 17| -15.07620 0.10370 |13 vs. 14 -14.26551 0.14428
6 vs. O -15.63665 0.10060 14 wvs. 18| -14.72049 0.14449
6 vs. 10| -2051342 0.16447 | 1 vs. 5| -12.83637 0.08847
6 vs. 12| -12.93374 0.07740 | 3 vs. 5| -1542277 0.1369/
6 vs. 14| -16.19013 0.14279 | 3 vs. 17 -13.96890 0.12190
6 vs. 19| -12.36992 0.07286 | S Vvs. 11} -13.70603 0.10485
8 vs. 14| -16.76758 0.14273 | 6 vs. 16| -12.79725 0.10205
9 vs. 12| -15.27813 0.097q7 |13 vs. 17} -12.89916 0.097¢8
9 vs. 13| -14.65773 0.1060 |13 vs. 18 -12.99500 0.10618
9 vs. 17| -15.18180 0.10694 1 vs. 8 -14.04526  0.110

10 vs. 12| -21.04095 0.17448 5 vs. 7| -13.55572 0.113

10 vs. 13| -17.35907 0.15548 | 6 vs. 8 [ -14.12930 0.095

10 vs. 14| -18.42114 0.18890 8 vs. 13| -13.81187 0.106

10 vs. 15| -14.23492 0.10541 |14 vs. 16| -14.04374 0.158

10 vs. 16| -15.96552 0.13845 |14 vs. 19| -13.59980 0.124

10 vs. 17| -18.45178 0.15246 |17 vs. 19| -10.96699 0.068
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(b)

County T A

6 vs. 2| -15.67016| 0.01857

6 vs. 4| -21.64843| 0.02474

6 vs. 5| -39.67795[ 0.0435

6 vs. 1| -40.29290| 0.0445

6 vs. 3| -27.16104[ 0.0335

6 vs. 7| -34.42795 0.0439

2 vs. 4] -11.68747| 0.0480

2 vs. 5| -16.64525[ 0.0597

2 vs. 1| -20.20784| 0.0757

2 vs. 3| -16.54999| 0.1046

2 vs. 7| -15.60339[ 0.1126

4 vs. 5| -31.99740( 0.1169

4 vs. 1| -21.95853| 0.0774

4 vs. 3| -13.27774] 0.0676

4 vs. 7| -19.28299| 0.1183

5 wvs. 1| -31.62970] 0.0929

5 vs. 3| -17.99896| 0.0676

5 vs. 7| -21.55827[ 0.1016

1 wvs. 3| -18.97881] 0.0729

1 vs. 7| -15.27939| 0.0628

3 vs. 7| -16.76758| 0.1427
(©)

Cluster75% T A

1 wvs. 2| -11.44048| 0.00833

1 wvs. 3| -27.72797| 0.02938

2 vs. 3| -33.94514| 0.04600
(d)

Cluster87% T A

1 vs. 3 -12.73099 0.01251

1 vs. 4 -23.9698%  0.02538

1 vs. 5 -32.01758 0.03703

1 vs. 2 -30.09158 0.04098

3 vs. 4 -27.45711 0.04957

3 vs. 5 -29.4358%  0.06480

3 vs. 2 -25.07209 0.07289

4 vs. 5 -33.11121 0.07725

4 vs. 2 -23.89580 0.078%4

5 vs. 2 -15.27939 0.06284
(e)

Ecoregion T A

2 vs. 1| -19.777 0.015

2 vs. 4| -39.699 0.046

2 vs. 5| -31.965 0.044

1 vs. 4] -26.851 0.037

1 vs. 5| -23.237 0.040

4 vs. 5| -15.279 0.063
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Table 5.Univariate Pearson Correlation Coefficients of nueed traits with geographic and
climatic variables. Significant correlations ab®wn in highlighted bold.

Latitude | Longitude | Elevation | Firstday of | Lastday of | Mean annual | Mean annual
fall frost spring frost temperature precipitation

Emergence date 0.0567 0.0745 -0.2541 0.2573 -0.2966 0.3814 -0.4102
p-value 0.3131 0.1843 <.0001 <.0001 <.0001 <.0001 <.0001
Flowering date 0.0435 0.0506 -0.1566 0.1807 -0.2650 0.1973 -0.1951
p-value 0.4389 0.3676 0.0051 0.0012 <.0001 0.0004 0.0005
Mean ray length -0.0505 -0.3224 0.2083 -0.1247 0.3208 -0.2332 0.2264
p-value 0.3684 <.0001 0.0002 0.0260 <.0001 <.0001 <.0001
Mean ray width 0.2141 -0.3672 0.3561 -0.2556 0.3811 -0.3068 0.2857
p-value 0.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
Mean flower head -0.0658 0.0723 -0.0378 0.1206 -0.1442 0.1463 -0.1524
diameter
p-value 0.2414 0.1977 0.5008 0.0313 0.0099 0.0089 0.0064
Total racemes 0.0372 0.3718 -0.0964 -0.0114 -0.1541 0.0292 -0.0304
p-value 0.5081 <.0001 0.0856 0.8393 0.0058 0.6033 0.5885
Height 0.1435 0.0816 -0.0352 0.0234 -0.1491 0.0882 -0.1022
p-value 0.0103 0.1462 0.5312 0.6772 0.0076 0.1160 0.0684
Diameter 0.0396 0.1464 -0.0391 0.0137 -0.1072 0.0438 -0.0505
p-value 0.4810 0.0088 0.4866 0.8074 0.0558 0.4352 0.3686
Leaf arrangement 0.0676 0.2125 0.0661 -0.0589 -0.0637 -0.0399 0.0496
p-value 0.2284 0.0001 0.2392 0.2944 0.2569 0.4781 0.3769
Leaf edge 0.0349 -0.0693 0.0475 0.0093 0.0044 -0.0042 0.0050
p-value 0.5342 0.2174 0.3982 0.8682 0.9376 0.9401 0.9298
Flower color -0.0139 -0.2087 -0.2151 0.2749 -0.1712 0.2818 -0.3007
p-value 0.8046 0.0002 0.0001 <.0001 0.0021 <.0001 <.0001
Flower color petal 0.0156 -0.2674 0.1859 -0.1351 0.2709 -0.2239 0.2096
length
p-vglue 0.7818 <.0001 0.0008 0.0157 <.0001 <.0001 0.0002
Difference in color 0.0256 0.0187 0.3555 -0.3797 0.3725 -0.4514 0.4603
p-value 0.6491 0.7399 <.0001 <.0001 <.0001 <.0001 <.0001
Categorical flower -0.0726 0.0541 -0.3205 0.3259 -0.3313 0.4007 -0.4177
color
p-value 0.1956 0.3357 <.0001 <.0001 <.0001 <.0001 <.0001
Mean number of flower 0.1303 0.0162 0.1417 -0.0551 0.0059 -0.0965 0.0869
heads per raceme
p-value 0.0200 0.7729 0.0113 0.3267 0.9165 0.0854 0.1212
Mean peduncle length 0.0514 0.1312 -0.0993 0.1264 -0.2470 0.2118 -0.2270
p-value 0.3598 0.0191 0.0767 0.0239 <.0001 0.0001 <.0001
Mean number of rays -0.0658 0.3279 -0.0647 0.0697 -0.1910 0.1251 -0.1234
p-value 0.2415 <.0001 0.2491 0.2145 0.0006 0.0255 0.0276
Leaf color -0.1507 0.0228 0.0422 0.1050 -0.0476 0.0368 -0.0434
p-value 0.0070 0.6853 0.4523 0.0610 0.3969 0.5130 0.4401
Mean leaf length -0.1054 -0.1805 -0.0013 0.0085 0.0590 -0.0193 0.0314
p-value 0.0600 0.0012 0.9820 0.8798 0.2932 0.7316 0.5763
Mean number of lobes 0.1484 0.2423 -0.0091 -0.0692 -0.0973 -0.0310 0.0292
p-value 0.0079 <.0001 0.8720 0.2179 0.0827 0.5816 0.6033
Leaf tip 0.1555 -0.0438 0.2023 -0.1525 0.1238 -0.1745 0.1696
p-value 0.0054 0.4353 0.0003 0.0064 0.0271 0.0018 0.0024
Leaf width -0.1433 -0.1483 0.0477 0.0272 0.0750 -0.0301 0.0281
p-value 0.0104 0.0080 0.3963 0.6283 0.1817 0.5917 0.6165
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Figure 1. Population distribution oE. lanatumseed collection locations within and outside the
Willamette Valley. Circles represent hierarchigalefined clusters at the 87.5% level. Lines
connecting clusters represent clusters defineldea? 5% level.
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Figure 2. Hierarchical Dendrogram of populations to deteastdring defined by geographical
variables Latitude and Longitude (a) 9.2E-06 (7®%rmation remaining) (b) 6.2E-08 (87.5%

information remaining).
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Figure 3.NMS 3-dimensional ordination; Population is usedn&soverlay. Each symbol
represents an individual in multivariate spacemBgls that are closer spatially are more similar
morphologically and phenologically. Vectors (ratek) indicate variables with significant
correlations to axes (Ror tau) < 0.50).
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Figure 4. NMS ordination of individuals within each populatiwith variables with >0.50 R
value. Vectors (red lines) indicate variables vsignificant correlations to axes{R 0.50).

Multiple individuals (sample units) are represengd single color.
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Figure 5. NMS ordination with county overlay. County: 1 = &taf Washington, 2 =

Washington (county), 3 = Yamhill, 4 = Polk, 5 = hir6 = Lane, 7 = Douglas (outside

Willamette Valley).
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Figure 6. NMS ordination with Eugene overlay. Individuals lwiit 20 miles of Eugene are
shown in green, those outside of this seed trazsiee are shown in red.
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Figure 7. NMS ordination with populations present or absarthe Willamette Valley: 2 = IN, 1
=O0uUT

AXis 3

ERLA
A nsosp WV
NB1201 A 1
NBO102 A2
A
A A
A A
ER1205 . 4 A ADIA A
. A AA fROSE
NBNB]_W ‘ A A NBOS51L
A A A A
HRO 4 A A AA NB0605
FRUB o307 ER0509 A A “ A A 80608 HRO211
A 5 A A, A%y Ay A A A
NB1122 A A‘ A A A A A
A ERO516 ‘ A P A A A A wRosu A L Os0
A ERJD% AA ‘ ‘ A A A NB0412
DIFFCOLR A A: A AA A
NBAOBZZ AERUZIBA - AA ‘ A A
ERO105 oo A A A A A A AM A FLCR1
A AERsz EROTZ EROQZ'ﬁ A; A A A NB0614
A AA WA A A “AA ‘AA AAA
ER1120 AA HRO9T3 ‘ A A Af ‘ AM AA A
A A M A A A
A ERO710 AA A A A A A
A A
HRO816 A t “ A A
A A N
AA R A, A,
A ER1009 “
A
A
A
Axis 2

62



Figure 8. NMS ordination using Elevation as an overlay whereelevation < 200m and 2 =
elevation > 200 m (a) axis 3 and 2 rotated by aategl flower color (b) diffcolr jointly
biplotted with high elevation overlay rotated byegorical flower color.
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(b)

ERLA

Axis 3

0 4 8 12
DIFFCOLR
Axis 2
r=-823 tau = -.628
Axis 3
r= .248 tau = .165

HIGHELEV

Al
A2

Axis 2

64




Figure 9. NMS ordination using Cluster overlay defined byrarehical cluster analysis at 75%
level.
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Figure 10.NMS ordination using Cluster overlay defined byrarehical cluster analysis at
87.5% level.
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Figure 11.NMS ordination using Ecoregion level 4 defined WAE(axis 3 and 2): 1 = Valley
Foot hills, 2 = Prairie Terraces, 3 = Willamettes&iand Tributary Galley Forest.
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Figure 12.NMS ordination with climatic variable correlatiojmntly biplotted with population
(a) annual precipitation, (b) annual temperatuydi(st day of fall frost (d) last day of spring

frost (e) number of frost free days (average grgvaeason length). Red lines indicate

regression lines (r), while the blue line represéfgndall’ tau (a rank regression). Larger

symbols represent larger magnitudes.
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(b)
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Figure 13.NMS ordination axis 2 vs 3 with geographic variatderelations jointly biplotted
with (a) Latitude, (b) Longitude, (c) elevationedlines indicate regression line (r), while the
blue line represents Kendall’ tau (a rank regregsid.arger symbols represent larger

magnitudes.
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Distribution of morphologic and phenological variaion of
Epilobium densiflorumin the Willamette Valley: a common garden
study to inform seed transfer zones

MATERIALS AND METHODS

Study species

Epilobium densiflorunfLindl.) Hoch & Raven (Onagraceae) (synonyBoeisduvalia
densiflorg, is an annual herb commonly found in wet prauabitat of the Willamette Valley,
Oregon. lts distribution extends from Californiarth to British Columbia, and east of the
Cascades to Montana and Neva#@ailobium densiflorunimas small, pink flowers that are
clustered in leafy, terminal and lateral spikeggPand Mackinnon, 1994). It typically flowers
from June through August and is thought to be predately selfing (Seavy et al. 1977),
although pollination by bees and syrphid flies pesviously been reported (Raven 1979). This
species is considered globally secure (G5) andtisamked in Oregon (NatureServe 2008).
While common in the Willamette Vallefg. densiflorums considered endangered in British
Columbia due to habitat loss (COSEWIC 2005, Natere&2008).

Population sampling
Epilobium densiflorunseeds were collected in 2006 from 22 populatioasiduted
throughout the Willamette Valley (Fig. 1,Table Latitude, longitude, and elevation were
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recorded at each location. At each location, ncentlwan 25% of available seed was collected
from each identified plant. A large variation iataral population sizes were present for this
species; population sizes ranged from 50 indivisit@algreater than 1000. For analysis, locations
were classified based on individual populationsintg, EPA defined level 4 Ecoregion (Griffin
and Omernik 2008), and presence or absence witBiugane 20 mile buffer zone (West Eugene
Wetlands Seed Collection Manual, 2003).

Experimental design

Seeds were sown in February 22, 2006 into flaRayf Leach “Cone-tainers” (Stuewe &
Sons, Inc., Corvallis, OR) and grown in a greenkatghe Natural Resources Conservation
Service Plant Material Center in Corvallis, Oregdiirty cone-tainers were started for each
population (N=660), and were randomly placed wifftats. The PMC is located in Benton
County, Corvallis, Oregon, at 225 ft elevation. efage daytime temperatures ranged between
4.4 and 12.8° C and nighttime temperatures wengdmet 1.1 and 4.4° C. No supplemental
greenhouse lighting was used; seedlings were geljéc typical early spring daylight. After
ten weeks in the greenhouse, plants were movedhade house and allowed to acclimatize for
several weeks to outdoor temperatures. Givenitftedermination rates for all populations, it
was decided to reduce the sample size to 15 régdigeer population (N = 330).

Prior to transplanting, herbicide was applied ® study site to eliminate any existing
weeds. A drip irrigation system was installed loa field. Drip tapes were placed in long rows
across the field 3 ft apart. The field was irrightgproximately once every two weeks to help
the plants establish during the first summer. Stuely site was then covered with three inches of
bark mulch to further aid in weed suppression. 3B@E. densiflorunstudy plants were
transplanted in June 2007 using a completely ramkdesign. An additional row &
densiflorumwas planted on each side of the plot as a bordetaduffer against edge effects.
Plants were placed 2 m apart within rows and roerevwplaced one meter apart.

Plant trait measurement

Traits were chosen based on characteristics descnbWinn and Gross (1993). Traits
thought to have adaptive significance, or assodiaftiéh reproductive success, taxonomically
important traits, and traits with high degrees arfiability between varietie€( densiflorunvar.
densifloraandE. densiflorunvar. salina) were included. While measuring pre-defined $rait
additional traits were included based on apparesoiaV differences among plants. Several
botanical experts or species authorities were dtetstor recommendations during the trait
selection process. Table 2 shows a list of thestead how they were measured.

Phenological and morphological traits were meastoedll individual E. densiflorum
plants during the summer of 2008. Each growth was measured in a single day. To reduce
measurement error, one person measured traits ageond recorded. Floral traits were
measured using only new flowers. Morphologicaltsress than 25 cm in length were measured
by dial calipers to 0.01 mm. Traits greater tharcéh were measured with a meter stick to the
nearest centimeter. When measuring a singleitraiiplicate on an individual, no
measurements were made from the same organ (eegage petal length was the mean length of
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three petals from three separate flowers chosenazapdly). Emergence date was monitored on
a daily basis; when cone-tainers contained mone ¢in@ seedling, germination was recorded for
the first seedling that emerged in each cone-taiféwering and seed set date was monitored
on transplanted individuals three times a weel antalue was obtained for each study plant.
Plants with missing values were removed from tredyais (SR1611, WI0112, WI0316,
WI0608).

Climatic Data

Climatic conditions at each population locatiom sitere characterized using digital maps
produced in ArcGIS 9.3 and data generated by PRifgivate models (PRISM group, 2008).
PRISM is an analytical model that uses point dathadigital elevation model (DEM) to
generate gridded estimates of monthly and annwabge daily maximum/minimum climatic
parameters (PRISM group, 2008). PRISM incorporatesnceptual framework that addresses
the spatial scale and pattern of climate variatiiasallows for estimation of variables in regions
with heterogeneous terrain (PRISM group, 2008).9MRWwas parameterized to use 1971-2000
mean daily maximum/minimum climate variable gridstae predictor grids in the interpolation.
The resolution of each cell within the grid is 4 kaveraged within the cell) and therefore the
precision of the estimate for a single locationasbetter than half the resolution of the cell.
Variables were modeled monthly. An annual average produced by averaging the monthly
grids. For this analysis, mean annual temperdtu&ANNAV) and precipitation (USANNP),
mean dates of the first (SPRFRST) and last frdst FHRST), and the number of frost free days
(FRSTFREE) was gathered for each population baseghoh population’s unique latitude
(LAT) and longitude (LONG).

Data analysis

Ordination analyses were performed on morpholdgicd phenological variables using
nonmetric multidimensional scaling (NMS) based awrliElean distance measures (Kruskal
1964). Analyses were completed using PCORD 5 (MeCand Mefford 1995). NMS
ordination has no assumptions of multivariate naditgnaf the data, is able to handle large
numbers of zeros, and yields the most accurateseptation of data structure when data are
non-normal or on discontinuous scales (Petersorivin@lne 2001). To account for variable
collection on different scales (i.e., Julian dagyd aentimeters) data were relativized using the
standard deviates of each column variable. Poioefativization, mean flower petal length was
monotonically log transformed to compress high galand spread low values by expressing
values as orders of magnitude. Monotonic transétion of individual variables allows for
independent changes to data point values withoertirad) their rank. Individuals greater than
two standard deviates from the mean Euclidian degtavere defined as outliers and removed
from the analysis (BF0511, CO0308, CO0704, FIOBMN0412, KN1905, LP0415, MR0911,
MS0213, SR0603).

Since adaptive variation is important in desigmageed transfer zones and is most
directly related to variation within and among seedrces, we used individuals as our sampling
units instead of mean population estimates. Tingsmain data matrix consisted of individual
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plants and traits measured at the common gardervistially clarify the distribution of
sampling units in ordination space, a second matittx additional information (latitude,
longitude, county, elevation, and climatic varia)le/as overlayed or jointly-biplotted .

NMS uses an iterative search for an ordination Vaitir stress, a measure of the
relationship between ranked distances in multidsiaral space to the ranked distances in the
reduced ordination (Peterson and McCune 2001)enBoire that the ordination was below an
acceptable level of stress, we used a random sie@%0 runs of real data. Dimensionality was
assessed visually using a scree plot. Monte Garlalations using 250 replicates were used to
assess the probability that final stress could leeen obtained by chance. A stability criterion
of 0.0001 was used.

We compared the relative position of each poputaiticordination space by visual
assessment. Due to the degree of difficulty assgasdividual sampling units within a
population, additional coding subgroup overlayshsag county (n = 7), 20 mile Eugene buffer
(n = 2), and visually defined clusters (n = 5) waesed (Table 1). These subgroup overlays were
based on geographic-administrative or habitat uh@sare either in practice in the Willamette
Valley or logical potential seed transfer zone ltames. To identify spatial clustering based on
latitude and longitude we used hierarchical agglatne clustering patterns calculated using
Euclidean distances and nearest neighbor linkageskimize distinctness of groups. The
resulting clustering dendrogram was scaled usilog &ransformation and information was
retained at the 75% and 50% levels (Fig. 2). @Hmwved us to partition the dataset into more
homogenous subsets based exclusively on geogrimghiton. These subsets were then used as
additional plot overlays.

We quantitatively compared the relative positiorpopulations in the ordination using
Euclidian distances and unblocked Multi-ResponsenB&tion Procedure (MRPP) analysis on
weighted groups. MRPP is a nonparametric test tese@amine whether populations on matrix
plots occupy different regions of ordination spaGarrelations between ordination axes and the
environmental variables were calculated using P@a@orrelation coefficients. The percent of
variation in the original ordination was also ret®d. A Bonferroni correction was used when
multiple comparisons were performed to maintaiova pprobability of relationships appearing
significant when, in fact, they only appear sigrafit by chance.

Univariate calculations were made for each variéglpopulation. Traits were used to
produce pairwise Pearson Correlation Coefficieotefch variable with latitude, longitude,
elevation, and climatic variables using SAS 9.2 $9Astitute 2008). Ordination axes were
individually regressed on geographic and clima#igables in PCORD.

RESULTS
Morphological and phenological patterns across pogations

The Nonmetric Multidimensional Scaling (NMS) arssyprovided a 3-dimensional
ordination best solution to the data based onal fitress of 15.03680, a final instability of
0.00001, and 306 iterations. Using Clarke’s cutoiffacceptable instability, values between 10
and 20 represent a usable picture (McCune and (2862); however, values at the upper end
suggest a potential to mislead and thus too mu@npe on details of the plots should be

79



discouraged. Together the axes explained 85% ofahance, 42.7%, 18.9% and 23.3% axes 1,
2, and 3 respectively. Axes 1 and 2 were modegratélenced by flower and seed set date,
plant height and diameter, while axis 3 was mamengfly influenced by mean leaf length and
width. Leaf measurements showed the strongestlaba®s to ordination axes, explaining some
of the distribution of individuals in ordinationaqe (Fig. 3; Table 3). Since axes 1 and 3 explain
the majority of the variance in the ordination ttag used in all 2-dimensional graphical data
representations.

NMS ordination provided evidence of discrete ausiy of populations in ordination
space based on morphological and phenological cteaistics. Although much overlap between
populations exists, some populations seem to Isterked in ordination space (Fig. Bpst hoc
analysis using Multi-Response Permutation Proce(MRPP) indicated significant differences
between many individual populations (Table 4a).tAf2i31 total comparisons 171 pairs of
populations were significantly different represagti’4% of the population level contrasts.
Further, many significant MRPP population level gamsons had values above 0.40
suggesting a moderate level of within group sintjarTheA statistic is a descriptor of within-
group homogeneity compared to random expectatiaaCiihe and Grace 2002). If heterogeneity
within groups equal chance expectation tAed; however, if less agreement (heterogeneity)
exists within groups than expected by chance, Awh In such cases where snaNalues are
statistically significant careful considerationtbé ecological significance of the results is
warranted.A values of less than 0.3 represent substantiatdgeaeity (variability) between
contrasted groups. The largest within group digaiities occur in the Kingston, Sublimity
Prairie, Coburg Rd., and Mt. Richmond populaticespectively. These populations appear as
distinct clusters in ordination space (Fig. 4) patarly in terms of flowering and seed set dates
represented by axis 1.

Populations that dominate many of the populatieelleomparisons have the potential to
strongly influence subsequent overlays used inyaisalUsing county as a subgroup overlay
suggests that county is insufficient in defininffefiences in plant variation (Fig. 5). Individuals
within all counties do not appear to be clustergddunty and greatly overlap. Despite the large
amount of overlap in ordination spapest hodMIRPP analysis suggests all counties differ
significantly from one another, which is expectetts this analysis reflects much of the
population level contrasts (Table 4b). Despitaigicant differences in MRPFA values are
exceptionally low. These low values indicatedittionfidence that these groupings of
individuals by county are in fact unique.

Similarly, some clustering appears in the Eugerezlay, which is greatly influenced by
individuals found in Kingston, Sublimity PrairiepBurg Rd, and Mt. Richmond populations
(Fig. 6). Significant differences were detectetilg®n populations as being either outside or
within the Eugene 20 mile buffer (T=-28.8143787M.01837289% < 0.0001) based gpost
hocMRPP. Again a smah value indicates almost no differences betweenggod his pattern
matches county level differences, suggesting nedbenty nor the Eugene buffer represent
adequate defining overlays.

Clustering of populations based on Hierachical @liisg at the 6.4E-02 (75%) and 1.3E-
01 (50%) levels using Euclidean distances resutteight and five geographic clusters
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respectively (Fig. 2). At the 75% clustering lewagual inspection of ordination revealed
separation of clusters 7 (Kingston and Sublimitgifes) and 8 (Mt. Richmond) from all other
clusters but overlap with each other. MRPP suggesteral differences in clusters comparable
to population level differences (Table 4a,c,d)usiéring at the coarser 50% level suggests little
visual separation of groups yielding slightly bettesults than those at the county level (Fig. 7).
It appears population or perhaps clustering a78% level are better geographic overlay
representations than county or clusters at the [80&4 (Fig. 8).

EPA defined Ecoregions (level 4) within the Whtlatte Valley did not clearly cluster in
the ordination; much overlap of individuals existween these zones (Fig. 9). The concentration
the Valley Foothills Ecoregion at the top of thdiaation reflects individuals from Kingston and
Sublimity Prairies and Mt. Richmond (the most nerthpopulation). Individuals from Spores
tend to concentrate in the lower half of the ortdorg but overlaps with Coburg Rd, Granger
Avenue, Lupine Meadows, and others. This patteggests that although some clustering is
occurring it is not geographically defineBost hodMIRPP analysis indicates ecoregion level
differences are significant however, agAimalues are very small. These results correspond to
other overlays investigated in this analysis.

Correlations of traits with geographic and climaticvariables

Nine traits were measured or calculated for eadlvidual in each population. Ranges
and means (4 SD) of populations indicate substantial variptboth between and within
populations (Appendix D). High levels of within pdption variability suggest high levels of
genetic polymorphism in populations in the Willatee¥alley. Population level variability is
apparent in most traits, as well.

Regression of ordination axes with climatic andgyaphic variables identified a few
weak associations (Table 3), (Figs. 10-11). itportant to note that correlations with axes are
difficult to ascertain since variables are not 1ssegily linearly correlated or parallel to axes.

Pearson’s Correlation coefficients between univarigits and geographic and climatic
variables identified some significant but weak etations. Latitude and longitude were
negatively correlated with flowering and seed sg#esd, as well as plant diameter, but these
associations were very weak (Table 5). The strein@gsociations were positive correlations of
pubescence and longitude, as well as diametermmebhaverage temperature; however, these
traits did not appear to be strongly correlatedhwitdination axes (Table 5). Although
significant, no correlation was stronger than qdidmeter x mean annual temperature).
Morphological and phenological variables are poodyrelated with geographic and climatic
variables especially.

DISCUSSION

Population level differences do not appear to fellodistinct geographical pattern based on
the measured characteristics in this study. Flmgeand seed set dates, height and diameter, as
well as leaf length and width appear to be strowglyelated to ordination axes. Although
much overlap exists between populations, some ptipuk are clustered in ordination space.
Kingston, Sublimity Prairie, Coburg Rd, and Mt. Ricond populations appear as a distinct
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cluster in ordination space particularly in term$lawering and seed set dates. At the
population level, much between group dissimilaexysts. Clustering of individuals within a
population reflects reduced variability. Reducedability is expected in annual species, and is
even more pronounced when the species is predothirsatogamous. With small sample
collections and autogamous reproduction, we exdatedness within populations used in the
common garden. However, without data regardingemat individuals sampled, it is not
possible to accurately estimate within populatianance.

County is an artificial boundary often used by agers although rarely biologically
meaningful. In this study, county proved ineffedtun visually defining clusters in ordination
space. Linn County was found to be significantffedent than all other counties, however this
is largely due to the inclusion of the unusual kKsitmyn and Sublimity Prairie populations in that
group. Using county provided no additional insigtid defining spatial clusters. Clustering
based on Hierarchical Clustering at the 75% legairaseparated out the cluster containing the
Kingston and Sublimity Prairies, and in a sepacaister Mt. Richmond. EPA defined
ecoregions yielded similar results concentratirdmiduals from Kingston and Sublimity
Prairies and Mt. Richmond (the most northern paputy.  Population level differences appear
to be the best overlay for visual interpretatioonvever, Hierarchical Clustering at the 75% level
provided a geographic representation that was natelgrbetter than either county or coarser
hierarchical levels.

Since clear population level differences exist das@these data, although geographic
patterning is unclear, we strongly recommend addihgr populations throughout the
Willamette Valley in future seed guideline studi@®o few population sources and
representative samples from populations make atecunierences more difficult to ascertain.

Overlap of measured characteristics between papaotasuggests movement of seed
between populations with similar environments waalldw for the survival of plants used in
restoration within the Willamette Valley. Howeyenr this study, the populations Mt.
Richmond, Kingston and Sublimity Prairies show ghhilegree of clustering away from other
populations, primarily based on early flowering aeed set. If flowering plants are used in
restorations where pollinator activities are inggprately timed, mixing of genetic material can
be reduced limiting future generation of plantd tieguire outcorssing. This is less critical on
the for autogamous annuals, as in this case; haweheepotential effects of using plants with
different flowering times on associated pollinators restoration are unknown. Until
populations from a full range of environmental a&hichatic conditions in which this species
occurs are included in future studies, at a mininwerdo not recommend movement of seed
from sources outside the Willamette Valley, or beythe distribution we have sampled.
Additionally, we caution against the use of theethfunusual populations” outside of similar
habitats and geographic areas.

Correlations of traits with geographic and climaticvariables

Although the ordination was largely explained bgpblogical characteristics,
morphological and phenological traits were poodyrelated with geographic and climatic
variables. With little differences in climatic vahles within the Willamette Valley based on
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coarse PRISM data, no significant correlations veerécipated; finer measures of climatic
extremes or microclimate are highly recommendedture analyses of climatic variables for
this species due to its habitat requirements. F@ast seed zones studies within the Willamette
Valley, little to no correlation with geographicdanlimatic variables was found (Clausen, Keck,
and Hiesey 1940; Erickson, Mandel, and Sorense#; 280 Clair, Mandel, and Vance-Borland
2005).

Epilobium densiflorunmequires wet winters for successful seed gernunaiet thrives
during summer drought conditions allowing it tos#xn areas of high environmental stress.
Although this species has a high level of toleraodeoth wet and dry extremes, mortality
occurs vinen soil moisture is insufficient to meet the neefs plant. The specialized, open,
ephemerally wet habitats of this species are bampmicreasingly fragmented and encroached upon
by woody and invasive species. Habitat alterat@arssubstantial change hydrology and reduce
water availability for these plants. Loss of habdoupled with its annual reproductive biology
suggests that once a population is lost, theregsigible probability of recolonization. Sinceghi
species requires such a particular microclimatestand success, more precise climatic
measurements should be included in future analysis.

RECOMMENDATIONS

In summary, our data indicate there are recogfezdifferences in populations across the
Willamette Valley forE. densiflorum Three populations were clearly morphologicaty a
phenologically similar to one another and diverdemm other populations. Two of these
populations were closely located and shared aairaid unusual habitat. Kingston Prairie is a
TNC preserve which represents one of the best ebesngp native Willamette Valley Prairie that
has retained much of its original vegetation imbeet and dry upland areas. Kingston and
Sublimity Prairies also have a much different stilicture than most other prairies in the valley
where it is characterized by basalt bedrock thdedays shallow soil. The third population, Mt.
Richmond, was ca.100 km to the northwest and oedurr a typical wet meadow in valley
foothill habitat (other associated species founithigtlocation includ€arex densa, Juncus ¥p.
A fourth population, Coburg Rd, was also divergenin other populations but was not
phenologically or morphologically similar to thehet three aberrant populations. No apparent
spatial, climatic, or environmental factors werkated to population variation. We therefore
recommend limiting seed movement to sources fromncgs within the Willamette Valley, and
not beyond the distribution of populations we haampled. Additionally, we caution against
the use of the four “unusual populations” outsiflsimilar habitats and geographic areas. We
suggest that using multiple populations in reinticicbns will increase restoration success and
assist in restoring more historic levels of geoefl Last, additional studies are recommended to
determine the presence and/or scale of local atilapt@nd the genetic basis for the adaptations
if they are found.

Table 1.List of population names with corresponding abbtievis and number of individuals
represented per population as sampling units. odrn= Washington, 2 = Yamhill, 3 =
Marion, 4 = Linn, 5 = Benton, 6 = Lane. Eugene: Within 20 mile buffer, 0 = not present in
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buffer. Clusters are based on Hierachical Clustealysis dendrogram interpretation at the
6.4E-02 and 1.3E-01 levels, retaining 75% and 50%eoriginal information respectively.
EPA defined Ecoregion Level 4: 1 = Valley Foothilks= Prairie Terraces, 3 = Willamette River
and Tributary Gallery Forest.

Population Code County| Eugend Cluster7 | Cluster5 | Ecoregion | Elevation| Latitude | Longitude
Ankeny WLR 1 AK 4 0 1 1 2 62 44.8004 -123.06B2
Belts Drive 2 BD 5 1 3 2 2 137 44.3000 -123.0300
Bald Hill 3 BH 3 0 2 1 2 148 44,5676 -123.33p2
Bellfountain Rd x 53rd St. 4 BH 3 0 2 1 2 89 443(06-123.3192
Baskett Slough 5 BS 2 0 5 4 2 84 44,9855 -123.2642
Coburg Rd 6 CO 6 1 3 2 2 115 44,1640 -123.0p90
Deer Creek Park 7 D(@ 1 0 6 4 1 170 45.1700 -12®.390
Finely 8 FI 3 0 2 1 2 110 44.4148 -123.3008
Gahr Farm 9 GH 1 0 6 4 1 150 45.1660 -123.3[130
Granger Avenue 10 GH 3 0 2 1 2 150 44.6287 -123.232
Jackson Creek 11 Jd 3 0 2 1 1 227 44.6[141 -123.p883
Kingston Prairie 12 KN 5 0 8 5 1 224 44773 -1223
Lupine Meadow 13 LM 3 0 2 1 2 93 445511 -123.3488
Lakepark Skate Park 14 LH 3 0 2 1 2 93 44.6B25 .2¥AB

Mt. Richmond 15 MR 1 0 7 4 1 87 45.38844 -123.2564
Masonville Rd. 16 MS 1 0 6 4 1 116 45.18p0 -123®@P0O
Oak Creek 17 OA 5 0 4 3 2 211 44,4963 -122.8[/62
ODOT Mitigation Site 18 OD 5 0 4 3 2 84 44.54p4 31031
OSU Horse Center 19 0% 3 0 2 1 2 98 44546 -1P8.81
Sublimity Prairie 20 SP 4 0 8 5 1 213 44.8410 -1238
Spores 21 SR 6 1 3 2 3 127 44.0947 -122.9424
Wintercreek 22 Wi 2 0 2 1 2 110 44.72p0  -123.2415

Table 2.List of phenological and morphological traits measuonE. densiflorunplants in
common garden study.

| Trait

| Abbreviation |Description
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Diameter DIAM Distance across broadest part of plant (cm)
Height HT Total height of plant (cm)
Length of fl tal d on 3 haph eh fl
Mean flower petal AVEPETL ength of flower petal measured on 3 haphazardbs owers
length
Emergence date JULEMER | Date at first sign of cotyledon emergence (Julian)
Flowering Date JULFLWR | Date at first sign of flowering (Julian)
Pubescence PUB Degree pubescence was recorded (1 low - 4 high)
Upper leaf length were measured on 3 haphazardiyeshflowers
Mean leaf length AVELEAFL (mm)
. Upper leaf width were measured on 3 haphazardlgemdowers
Mean leaf width AVELEAFW (mm).
Seed set date JULSEED | Date at first sign of mature fruit (Julian)

Table 3. Correlation of axes with measured trait variables secondary geospatial and climatic
variables. Kendall’ tau is a rank regression eat&of correlation, whereas B the square of
the linear correlation coefficient.

Axis 1 AXis 2 AXxis 3

R2 tau R2 tau R2 tau
Latitude 0.079 -0.137 0.01 -0.07 0.052 0.132
Longitude 0.088 -0.061 0.155 0.233 0.001 0.034
Elevation 0.058 -0.083 0.047 0.124 0 -0.011
Flowering date 0.543 0.498 0.454 -0.511 0.112 -0.237
Height 0.482 0.517 0.002 0.032 0.002 0.018
Diameter 0.481 0.502 0.019 0.085 0.001 0.021
Emergence date 0 -0.015 0.01 -0.044 0.004 -0.042
Mean flower petal length 0.01 0.064 0.047 0.145 0.031 0.11p
Seed set date 0.456 0.509 0.53 -0.556| 0.149 -0.251
Mean leaf length 0.101 0.223 0.098 -0.21 0.571 0.536
Mean leaf width 0 -0.003 0.076 -0.192| 0.677 0.636
First date fall frost 0.088 0.231 0.001 -0.037 0.07 -0.196
Number of frost free days 0.013 0.167 0.003 -0.06 0.057 -0.189
Last day of spring frost 0.008 0.061 0.019 -0.076 0.034 0.12p
Mean annual temperature 0.164 0.19 0.004 -0.025 0.006 -0.026
Mean annual precipitation 0.069 -0.123 0.018 0.094 0.014 0.12L

Table 4. Significantly different MRPP multiple pair-wise cgarisons with adjusted Bonferroni
correction, test statistit and agreement statisttcgrouped by (a) populatiop £0.0003 (b)
county(p<0.003 (c) dendrogram defined cluster at the 75% Ié¢peD.005 (d) dendrogram
defined cluster at the 50% levek(0.007). Comparisons with biological significance are
italicized (A>0.30).

85



(@)

Populations T A

1 vs. 2| -18.147 0.450
1 vs. 3 -6.295 0.12
1 vs. 4 -7.982  0.147
1 vs. 5 -6.570 0.114
1 vs. 6| -13.497 0.352
1 vs. 7 -6.666  0.147
1 vs. 8 -9.622  0.17¢
1 vs. 9| -10.038 0.202
1 wvs. 10| -12.844 0.29p
1 wvs. 11| -9.357 0.182
1 wvs. 12| -17.319 0.470
1 wvs. 14| -9.118 0.20f
1 wvs. 15| -16.522 0.413
1 vs. 16| -7.763 0.14]
1 wvs. 18| -15.210 0.346
1 wvs. 20| -17.822 0.460
1 wvs. 21| -11.256 0.27f
1 wvs. 22| -13.391 0.317
2 vs. 3| -15.991 0.368
2 vs. 4] -12915 0.268
2 vs. 5| -18.426 0.435
2 vs. 6| -14.618 0.397
2 vs. 7] -16.369 0.395
2 vs. 8] -13.344 0.270
2 vs. 9] -16.760 0.399
2 vs. 10| -16.963 0.413
2 vs. 11| -12.334 0.24p
2 vs. 12| -13.812 0.315
2 vs. 13| -16.691 0.356
2 vs. 14| -15.429 0.372
2 vs. 15| -12.010 0.248
2 vs. 16| -14.642 0.321
2 vs. 17| -14.933 0.333
2 vs. 18] -12.588 0.26p
2 vs. 19| -12.135 0.264
2 vs. 20| -13.976 0.28p
2 vs. 21| -15.654 0.382
2 vs. 22| -15.488 0.390
3 vs. 4 -6.074  0.118%
3 vs. 6] -10.257 0.268
3 vs. 10| -8.065 0.178
3 wvs. 12| -15.823 0.440
3 wvs. 15| -12.591 0.316
3 wvs. 18] -7.356 0.160
3 wvs. 20| -15.890 0.395
3 vs. 21| -6.138 0.14}Y
4 vs. 5 -9.387  0.163
4 vs. 6| -13.237 0.359
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14 vs. 21| -8.442 0.20p
15 wvs. 16| -10.102 0.23p
15 vs. 17| -13.146 0.322
15 wvs. 18| -11.612 0.26p
15 wvs. 19| -11.277 0.28p
15 wvs. 21| -14.319 0.405
15 vs. 22| -11.824 0.320
16 vs. 18] -7.650 0.15p
16 vs. 19| -6.460 0.138
16 vs. 20| -15.344 0.365
16 vs. 21 -8.901 0.23f
16 vs. 22| -6.548 0.15p
17 wvs. 18| -7.451 0.14p
17 vs. 20| -15.004 0.354
17 vs. 21 -8.966 0.208
17 vs. 22| -7.798 0.18{
18 vs. 19| -9.882 0.218
18 vs. 20| -13.755 0.294
18 wvs. 21| -12.847 0.295
19 vs. 20| -13.466 0.326
19 wvs. 21} -7.249 0.15p
19 vs. 22| -10.361 0.25B
20 vs. 21| -16.255 0.432
20 vs. 22| -14.802 0.395
21 vs. 22| -9.942 0.24p
(b)

County T A

1 wvs. 2| -49909 0.0284

1 wvs. 3| -6.2281 0.0239

1 wvs. 5[ -9.0588 0.0509

2 vs. 5] -11.2527 0.097(

3 vs. 2| -5.1273 0.0254
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3 vs. 5| -13.1855 0.061 1 wvs. 7 -16.522 0.413
4 vs. 1| -8.6679 0.055 1 wvs. 8 -25.681 0.441
4 vs. 2| -13.3443 0.145 2 vs. 4 -4.820 0.018
4 vs. 3| -6.7980 0.035 2 wvs. 5 -4.461 0.018
4 vs. 5| -4.6516 0.045 2 vs. 7 -22.420 0.096
4 vs. 6| -10.9973 0.088 2 vs. 8 -50.900 0.207
6 vs. 1| -13.0320 0.067 3 wvs. 2 -14.085 0.052
6 vs. 2| -9.3943 0.071 3 wvs. 4 -9.687 0.089
6 vs. 3| -9.1658 0.040 3 wvs. b5 -7.501 0.091
6 vs. 5| -9.6570 0.062 3 vs. 6 -13.617 0.111
3 wvs. 7 -14.326 0.190
3 wvs. 8 -27.565 0.273
5 wvs. 4 -7.148 0.089
5 wvs. 7 -16.879 0.392
5 wvs. 8 -26.626 0.446
6 vs. 4 -6.767 0.056
6 vs. 7 -17.999 0.206
6 vs. 8 -37.551 0.377
7 vs. 4 -16.126 0.234
8 vs. 4 -27.972 0.320
8 vs. 7 -4.654 0.060
(d)
Cluster 50% T A
1 wvs. 2 -16.729 0.05p
1 vs. 4 -4.727 0.01%
1 wvs. 5 -55.216  0.20P
1 wvs. 3 -6.285  0.02%
2 vs. 4 -13.989 0.07p
2 wvs. b5 -27.565 0.278
2 wvs. 3 -9.687 0.089
4 vs. b5 -35.818 0.25p
4 vs. 3 -6.523  0.03¢
5 wvs. 3 -27.972 0.320
(©)
Cluster 75% T A
1 wvs. 2 -8.524 0.035
1 wvs. 3 -10.860 0.141
1 wvs. 4 -12.234 0.176
1 wvs. b5 -6.570 0.114
1 vs. 6 -8.057 0.084




Table 5.Univariate Pearson Correlation Coefficients of nueed traits with geographic and
climatic variables. Significant correlations gexathan (30.25 correlation coefficients are

highlighted.
Latitude | Longitude First Number Last day Mean Mean
date of of frost of spring annual annual
fall frost | free days frost temperature | precipitation
Flowering date -0.2775 | -0.2620 0.3355 0.1988 -0.0353 0.3447 -0.3533
p-value <.0001 <.0001 <.0001 0.0003 0.5277 <.0001 <.0001
Height -0.2403 | -0.0095 0.2359 0.1691 -0.0825 0.2505 -0.1139
p-value <.0001 0.8650 <.0001 0.0023 0.1389 <.0001 0.0408
Diameter -0.2746 | -0.0539 0.2002 0.0872 0.0408 0.4292 -0.1521
p-value <.0001 0.3344 0.0003 0.1176 0.4647 <.0001 0.0062
Pubescence 0.0618 0.4102 -0.0811 0.0618 -0.2080 -0.0367 0.0304
p-value 0.2685 <.0001 0.1458 0.2678 0.0002 0.5110 0.5867
Emergence date | 0.1391 -0.0900 | -0.0926 | -0.0662 0.0321 -0.2364 0.1453
p-value 0.0124 0.1065 0.0966 0.2354 0.5659 <.0001 0.0089
Mean flower -0.1213 0.0294 0.0350 -0.0060 0.0489 0.1938 -0.1251
petal length
p-value 0.0293 0.5992 0.5306 0.9151 0.3807 0.0005 0.0246
Seed set date -0.1377 | -0.2713 0.1948 0.0739 0.0613 0.2319 -0.2547
p-value 0.0133 <.0001 0.0004 0.1852 0.2720 <.0001 <.0001
Mean leaf length | 0.0452 -0.1049 | -0.0219 | -0.0595 0.0941 0.0340 -0.0391
p-value 0.4181 0.0596 0.6957 0.2862 0.0914 0.5432 0.4841
Mean leaf width 0.3120 -0.1386 | -0.2626 | -0.2490 0.2117 -0.1648 0.1579
p-value <.0001 0.0127 <.0001 <.0001 0.0001 0.0030 0.0045
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Figure 1. Population distribution oE. densiflorunseed collection locations within the
Willamette Valley (defined by the red outline). dations within circles represent populations
hierarchically clustered at the 75% level. Ciijcimed with a line represent populations
clustered at the 50 % level.
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Figure 2. Hierarchical Dendrogram of populations to deteastdring defined by geographical
variables Latitude and Longitude (a) 6.4E-02 (7®¥%0nmation remaining) (b) 1.3E-01 (50%

information remaining).
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Figure 3.NMS 3-dimensional ordination; Population is usedn&soverlay. Each symbol
represents an individual in multivariate spacemBgls that are closer spatially are more similar
morphologically and phenologically. Vectors indeaariables with significant correlations to

axes (R (or tau) < 0.50).
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Figure 4. NMS ordination of individuals within each populati¢axis 1 vs 3). Multiple

individuals (sample units) are represented by glsicolor. Kingston (12), Sublimity Prairies

(20), and Mt. Richmond (15) are all found withire tfed ellipse.
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Figure 5. NMS ordination with County overlay (axis 1 vs. @punty: 1 = Washington, 2 =

Yamhill, 3 = Marion, 4 = Linn, 5 = Benton, 6 = Lane
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Figure 6. NMS ordination with Eugene overlay (axis 1 vs. B)dividuals within 20 miles of

Eugene are shown in green, those outside of teid sansfer zone are shown in red.
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Figure 7. NMS ordination with clustering at the 75% leveligk vs. 3).
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Figure 8. NMS ordination using Cluster overlay defined byrarehical cluster analysis at 50%
level (axis 3 and 1).
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Figure 9. EPA defined Ecoregion level 4: 1 = Valley Foothills= Prairie Terraces, 3 =

Willamette River and Tributary Gallery Forest (akiss. 3).
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Figure 10.NMS ordination jointly biplotted populations with)(flowering date (b) seed set
date. Red lines indicate regression lines (r), vttie blue line represents Kendall’ tau (a rank
regression). Larger symbols represent larger mages of the variables.
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Figure 10.NMS ordination axis 1 vs. 3 with climatic varialderrelations jointly biplotted with
population (a) annual precipitation, (b) annualpenature (c) first day of fall frost (d) last dafy o
spring frost (e) number of frost free days (averggaving season length). Red lines indicate
regression lines (r), while the blue line represéfgndall’ tau (a rank regression). Larger
symbols represent larger magnitudes of the vagable

(@)

>

>
> > PP >

BCA Y
> >

Al dd e

> > 2> B> >> >

> >

> »r B> e

1300

USANNP

Axis 1

r= .123 tau = .126
Axis 3

r= .262 tau= .121

1500

AXis 3

Epilobium densiflorum

POP

Ay, A
Ay A A A
A A A
AA s 7\
A4 ‘ N
A AA&A A A
ity 2t i
A A A:t A‘_ A ; ‘A
A A
! ﬁ’i “i 2 he,
AA
Aq A ﬁ A AA
3 A A A
T A NPV
A P Aﬂ A‘A
M, M R
AA N .
A
A
Axis 1
1500 4 AA A AAAA am s . R
1300 “ll: A “‘A“A“A aa .
11001 ’ :‘AA A‘::‘é;:i‘;:::::‘:;?‘“‘;;‘ .‘:“A AA A‘ A

101



(b)

> >

> »> B>

a
A A
4
at F
Aa A
ah z
A
A
%, .
£ Al
WAl

>
L 4444

1
p 4
& s
j: N
A
B
Y
4 4
A
A
A
A
A
A
10.6 11.0 11.4 11.8
USANNAV
Axis 1
r=-.088 tau = -.032
Axis 3

r=-.404 tau = -.190

AXxis 3

Epilobium densiflorum

11.8

11.4

Axis 1

Aaa

A
A
A

A AAAd A s AN AL A A
AMM A t » ’“AA . ana AAA

AR A raaadiagt 4 Sul 4808 ML aa

A A AL

AA MM AAA A A

102



()

: \
A
%
A
4
N A
[
2
: N
A :k
3
A N N
A A |
! ta
a a §
L oa
A . A 2 'y
] AL
%‘ N | Y
A 4 " a A
A:: n A ‘Af
[ 3 1 Y *‘
“ha L B
A, : A N A
A A 2 R “
ry 'y A
A &8 A*
A 4 2
A ‘:
4
a
'
4
A
i
a
a
A
284 288 292 296 300
FLLFRST
Axis 1
r=-271 tau = -.200
Axis 3

r=-292 tau = -.229

AXis 3

Epilobium densiflorum

A La
A A A
A A a
A
AAAAAA
Yiayoat
*AAA e
A

A

288 |

284 1

AXxis 1
A A M A MMMAM AL 4 'y A A A A
A AAMA A A M A M A A A A

AAN MDA A DADNNA SEUACEEOMAN. AMA L A A AMMAA A

A A MM A “ A

A A A A AA M

A A AA A Mar A M A
A A A A AA MAAA A AMDA M
A AN A A Y A AM
ALALAM A A AA A AA
AA AMA M a A A

Ma

103



(d)

Epilobium densiflorum

POP

A
N
‘ A
N A
A A .
4
A A *
A & . a4
N,
A : 2 4
A N 4
L 2
A z 4 F (92
A A m
A = 4 A —
$ 4 g A A 1 é
A
44 4 t . i
- A A
S e
H A .
" g
A 5 A A
2 a 4
:
F 3 A
A
A
A
A
A
A
A
114 118 122 126
SPRFRST i
Axis 1 126 4
r= .182 tau = .125
Axis 3
r=-.091 tau = -.063 T
122
118 4
114

AXxis 1
A AN AAAM AM A AMAA A AN
AA AAA 'y A A A A A
A A AA A MAA A M A

AAM MAA A SAAS ARMINAMG AMAN A A AN “ .
AN A ANAN A N AN AA A 2 A A Y AA
A ANMA A AAUAAAMAMA A A A A
A A AA AAMAMA MM AAA A MM AMAA AMAA A A

104



(€)

3
A
b2
A
A a A
¥
A
H (e
A A “
. R
G gt
i AT 5 A
A 4 A ,A%a
it 1 tht
LA
:t CL
A: a a ta
2 ; N %
Af 4 :A *
A : sat
A s A
A a Iy
. 4
A2
a
A
A
A
A
A
A
155 165 175 185
FRSTFREE
Axis 1
r=-.240 tau = -.193
Axis 3

r=-111 tau = -.165

Axis 3

Epilobium densiflorum

A

POP

A

A

A A
AA A AAAA
A M

Axis 1
A A MMAAM AL A A A A A A
AMM A A A A A A

HA A A A A
A A A A A
NVONAM /A MM A A A A A

105



Figure 11.NMS ordination axis 1 vs. 3 with geographic vareabbrrelations jointly biplotted
with ITS seed zone (a) Latitude, (b) Longitude,dl@vation. Red lines indicate regression line
(n, while the blue line represents Kendall’ taudak regression). Larger symbols represent
larger magnitudes of the variables.
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Figure 12.Mean flowering and seed set dates for each populati
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Distribution of morphologic and phenological variaion of
Potentilla gracilis var. gracilian the Willamette Valley: a common
garden study to inform seed transfer zones

MATERIALS AND METHODS

Study species

Potentilla gracilisDouglas ex Hook. (Rosaceae) is a native perenaraimonly found in
upland prairie habitat of the Willamette Valley,eQon. Due to its widespread distribution
within this habitat it has been highly recommentigdextensive use in restoration projects
throughout the Willamette Valley. Four varietiddlis species are currently accepted: var.
brunnescengRydb.) C.L. Hitchc., varfastigiata(Nutt.) S. Wats., vaflabelliformis (Lehm.)
Nutt. ex Torr. & Gray, and vagracilis Dougl. ex Hook (USDA 2008)Potentilla gracilis
grows in a tufted form with ascending stems witteagding hairs (Hitchcock and Cronquist
2001). Stalks can have few to many flowers thgicslly flower in late spring to early summer.
This species is thought to require outcrossingeiriget flowers; however, the complex to a large
extent is apomictic (Clausen, Keck and Hiesey 1986bentilla gracilisis the most variable
cinquefoil in western North America requiring ahawal key to differentiate between the two
varieties found within the Willamette Valley (vagracilis and var fastigiatg; pubscent (var.
gracilis) or glabrous (varfastigiatg) under leaves (Turner and Gustafson 2006; Hitdheod
Cronquist 2001). All plant grown in the commondgn had, to some degree, pubescent leaves
identifying them a$otentilla gracilisvar. gracilis.
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Population sampling

Potentilla gracilisvar.gracilis seeds were collected in 2005 from 13 populations
distributed throughout the Willamette Valley (Fig.Table 1). Latitude, longitude, and elevation
were recorded for each location. At each locatrmngore than 25% of available seed was
collected from each identified plant. A large @aéion in natural population sizes were present
for this species; population sizes ranged from gréater than 1000 individuals. For analysis,
locations were classified based on individual papahs, county, EPA defined Level 4
Ecoregion, presence or absence within a Eugenel26 buffer zone, and visually defining
populations into geographic zones based on subgentap interpretation.

Experimental design

Seeds were sown on February 22, 2006 into flaBagfLeach “Cone-tainers” and grown
in a greenhouse at the Natural Resources Consam&girvice Plant Material Center in
Corvallis, Oregon. Thirty cone-tainers were stffta each population (N = 390), and were
randomly placed within flats. Flats were watered placed in polyethylene bags and moved to a
walk-in cooler. After 90 days of cold-moist stratédtion, the flats were moved to an unheated
greenhouse. Average daytime temperatures rangeed® 21.1 and 29.4° C and nighttime
temperatures were between 7.2 and 10° C. No smgpi@l greenhouse lighting was used,;
seedlings were subjected to typical early springdiglat. After ten weeks in the greenhouse,
plants were moved to a shade house and allowetttionatize for several weeks to outdoor
temperatures. Severe dampening off occurredeadehdling stage, reducing the overall number
of plant available for outplanting. In additiomepopulation, E.E. Wilson, was completely
eradicated from the common garden plot after it \daatified asPotentilla recta a noxious
Eurasian invasive that is morphologically very santoP. gracilis Thus, replicates from each
population are uneven (between 3 and 30 repligeepopulation) totaling 179 individuals.

Prior to transplanting, herbicide was applied ® study site to eliminate any existing
weeds. The study site was then covered with timeees of bark mulch to further aid in weed
suppression. The 1/ gracilisstudy plants were transplanted in June 2006 wsitgmpletely
randomized design. An additional rowRfgraciliswas planted on each side of the plot as a
border row to buffer against edge effects. Plame placed 0.6 meters apart within rows and
rows were placed one meter apart.

Trait measurement

Traits were chosen based on characteristics descimbHickman 1993, and Hitchcock
and Cronquist 2001. Traits thought to have adegignificance, or associated with
reproductive success, taxonomically importantdraand traits with high degrees of variability
between varieties were included. While measurmegdefined traits, additional traits were
included based on apparent visual differences amtargs. Several botanical experts or species
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authorities were consulted for recommendationsngutfie trait selection process. Table 2
shows a list of the traits measured and how they weeasured.

Phenological and morphological traits were meastoedll individualP. gracilis plants
during the summer of 2008. Each morphologicat tkais measured in a single day. To reduce
measurement error, one person measured traits awk#eond recorded. Morphological traits
less than 25 cm in length were measured by digdealto 0.01 mm. Traits greater than 25 cm
were measured with a meter stick to the nearesinceter. WWhen measuring a single trait in
triplicate on an individual, no measurements weaglenfrom the same organ (e.g., average petal
length was the mean length of three petals frometiseparate flowers chosen haphazardly).
Emergence date was monitored on all subset ofichaéNs but due to extreme dampening off,
several unmonitored individuals from the same pafpah were used as replacements; this trait
is not included in the analysis. Flowering dateswenitored on transplanted individuals three
times a week until a value was obtained for eagtiysplant. Plants with missing values were
removed from the analysis.

Climatic Data

Climatic conditions at each population locatiom sitere characterized using digital maps
produced in ArcGIS 9.3 and data generated by PRifftvhte models (PRISM group, 2008).
PRISM is an analytical model that uses point dathadigital elevation model (DEM) to
generate gridded estimates of monthly and annwabge daily maximum/minimum climatic
parameters (PRISM group, 2008). PRISM incorporatesnceptual framework that addresses
the spatial scale and pattern of climate variatiiasallows for estimation of variables in regions
with heterogeneous terrain (PRISM group, 2008).9MRWwas parameterized to use 1971-2000
mean daily maximum/minimum climate variable gridstae predictor grids in the interpolation.
The resolution of each cell within the grid is 4 kaveraged within the cell) and therefore the
precision of the estimate for a single locationasbetter than half the resolution of the cell.
Variables were modeled monthly. An annual average produced by averaging the monthly
grids. For this analysis, mean annual temperdtu8ANNAV) and precipitation (USANNP),
mean dates of the first (SPRFRST) and last frdst FHRST), and the number of frost free days
(FRSTFREE) was gathered for each population baseghoh population’s unique latitude
(LAT) and longitude (LONG).

Data analysis

Ordination analyses were performed on morpholdgicd phenological variables using
nonmetric multidimensional scaling (NMS) based awrliElean distance measures (Kruskal
1964). Analyses were completed using PCORD 5 (MeCand Mefford 1995). NMS
ordination has no assumptions of multivariate naditgnaf the data, is able to handle large
numbers of zeros, and yields the most accurateseptation of data structure when data are
non-normal or on discontinuous scales (Petersorivin@lune 2001). To account for variable
collection on different scales (Julian days andioggters) data were relativized using the
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standard deviates of each column variable. Poioelativization, total height, total number of
racemes, mean tooth crest to tooth valley, meah teadley to midvein, number of racemes per
branch, and number of flowers per branch were namaoally log transformed to compress high
values and spread low values by expressing vakiesders of magnitude. Monotonic
transformation of individual variables allows fadiependent changes to data point values
without altering their rank. Individual's greatdian two standard deviates from the mean
Euclidian distance were defined as outliers ancorerd from the analysis (SP0510, SR0911,
SP1703, OE0905, WC1502, KP0312, FI0612, SP160250E$P0903, LU1708, FI1512,
BH0306, SP0102, FI1001. SR0911).

Since adaptive variation is important in desigmaseed transfer zones and is most
directly related to variation within and among seedrces, we used individuals as our sampling
units instead of mean population estimates. Tingsmain data matrix consisted of individual
plants and traits measured at the common gardervistially clarify the distribution of
sampling units in ordination space, a second matittx additional information (latitude,
longitude, county, elevation, and climatic varia)le/as overlayed or jointly-biplotted.

NMS uses an iterative search for an ordination Vaiti stress, a measure of the
relationship between ranked distances in multidsiaral space to the ranked distances in the
reduced ordination (Peterson and McCune 2001)enBaoire that the ordination was below an
acceptable level of stress, we used a random sie@%0 runs of real data. Dimensionality was
assessed visually using a scree plot. Monte Garlalations using 250 replicate were used to
assess the probability that final stress could leeen obtained by chance. A stability criterion
of 0.0001 was used.

We compared the relative position of each poputaiticordination space by visual
assessment. Due to the degree of difficulty assgasdividual sampling units within a
population, additional coding subgroup overlayshsag county (n = 5), Ecoregion Level 4 (n =
2), 20 mile Eugene buffer (n = 2), and visuallyidefl geographic zones (n = 4) were used
(Table 1). These subgroup overlays were basecetogrgphic-administrative or habitat units
that are either in practice in the Willamette Vgl logical potential seed transfer zone
boundaries. To identify spatial clustering basedatitude and longitude we used hierarchical
agglomerative clustering patterns calculated ukingidean distances and nearest neighbor
linkages to maximize distinctness of groups. Tlseilteng clustering dendrogram was scaled
using a log transformation and information wasiretd at the 1.4E-06 level (Fig. 2). This
allowed us to partition the dataset into more hoemagis subsets based exclusively on
geographic location. This subset was then used aslditional plot overlay.

We quantitatively compared the relative positiorpopulations in the ordination using
Euclidian distances and unblocked Multi-ResponsenB&tion Procedure (MRPP) analysis on
weighted groups. Data were relativized for MRPRIysis using the standard deviation of each
variable. MRPP is a nonparametric test used tomee@whether populations on matrix plots
occupy different regions of ordination space.

Correlations between ordination and the environalerariables were calculated using
Pearson Correlation Coefficients. The percentaniagion in the original ordination was also
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recorded. A Bonferroni correction was used wheltipla comparisons were performed to
maintain a low probability of relationships appeagrsignificant when, in fact, they only appear
significant by chance.

Univariate calculations were made for each vaediyl population. Trait means were
used to produce pairwise Pearson Correlation Guefiis for each variable with latitude,
longitude, and climatic variables using SAS 9.2 &SAstitute 2008). Ordination axes were
individually regressed on geographic and clima#igables in PCORD.

RESULTS

Morphological and phenological patterns across pogdations

The Nonmetric Multidimensional Scaling (NMS) arg$yprovided a 3-dimensional
ordination best solution to the data based ona fitress of 12.96858, a final instability of
0.00001 and 116 iterations. Using Clarke’s cutoffacceptable instability, values between 10
and 20 represent a usable picture (McCune and @@@2®); however, values at the upper end
suggest a potential to mislead and thus too mu@nce on details of the plots should be
discouraged. Together the axes explained 88.6%eofdriance, 20.5%, 26.4% and 41.7% for
axes 1, 2, and 3 respectively. Axis 3, which exyslahe majority of the variability, was strongly
influenced by basal leaf and flower petal measurgsn@gnean tooth crest tooth valley, mean
tooth valley to midvien, and mean petal width).i#A% was weakly correlated {50) with
both flowering date and the petal length and widixis 1 was strongly influenced by total
height and diameter. Leaf tooth traits show thengfest correlations to ordination axes, and
adequately explain the distribution of individuadrdination space (Fig. 3; Table 3). Since the
majority of variation is accounted for within a@sand 3, they are used to visually describe the
data.

NMS ordination provided evidence of discreet ausig of populations in ordination
space based on morphological and phenological ctaarstics (Fig. 4).Post hocanalysis using
Multi-Response Permutation Procedure (MRPP) comsfinmany significant differences between
individual populations (Table 4a). More than 58f4he total population level comparisons
resulted significant differences, some with lafgealues. Fort Hill (FH), the most northern
population, dominated the comparisons. These ptipuk were not different than Bald Hill or
Hazel Dell. Interestingly, Bald Hill and Hazel Dale significantly different from each other
when analyzed at the population level, but thiagieared when grouped into respective visual
zones and clusters.

Using county as a subgroup overlay suggests thattgas marginally sufficient in
visually defining differences in plant variationdea on the traits measured (Fig.4). Not
surprisingly, Fort Hill individuals’ (Yamhill Coun) are clustered in the ordination, yet they
overlap with individuals represented by both Berdod Lane Countie®ost hodMRPP
analysis suggests all counties are significantifigdint from one another (Table 4b), although
true difference based @gxvalues are only found between Yamhill, Marion, amth Counties.
Similarly, no clustering was found in the Eugenerntay, which displays no visual difference

114



between plants within or outside the 20 mile Eugssed transfer zone. Individuals inside the
20 miles buffer appear to be less variable thasdloutside (Fig. 5). Significant differences
were detected between populations as being eitlteide or within the Eugene 20 mile buffer
(T=-2.5044066, A = 0.00312368~= 0.02) based opost hodVIRPP, but the extremely low
value suggests little within group dissimilaritydais therefore poor support for a difference
between individuals inside and outside of the buffeopulations that dominate many of the
population level comparisons have the potentiattongly influence subsequent overlays used
in analysis. These differences could be stronglyed by the influence of the Fort Hill,
Sublimity and Kingston Prairie populations.

The visually defined geographic overlay again marilee results found in the population
and county level overlays. The Fort Hill populatis distinctly separated from Zones 2 and 4
(Finely, and Kingston/Sublimity Prairies respechy€Fig. 6). Visual zones 1 and 6 overlap
greatly despite being geographically furthest frame another (Fig. 2).

Clustering of populations based on Hierarchicals@ting using Euclidean distances
resulted in four geographic clusters (Fig. 2). s tcoarse clustering level, visual inspection
yields two distinctly different clusters (Clust&snd 4). Here the Spores population is clustered
with the Linn County populations of Kingston ando®mnity Prairies. MRPP suggests several
differences in clusters similar to those suggeatetie population, County, and visual zone
levels (Table 4a). Hierarchically defined clusteppear better in geographic representation than
county but smalA values suggest visually defining the clusters iv@ya more accurate
reflection in this example (Fig. 8).

The valley foothill populations of Kingston andiflimity Prairies appear to have less
variability among individuals in the ordination;wever, other populations within this ecoregion
are quite variable and overlap with most other egimns. The Spores population, which
represents the only population in the WillametteeRiTributary and Gallery Forest ecoregion, is
also less variable among individuals in the ordoratvith some overlap with individuals from
other ecoregiong?ost hodMRPP analysis again indicates ecoregion leveérifices are
significant, but lowA values suggests questioning the strength of teidtr€Table 4 d). These
results correspond to all other overlays inveséidan this analysis.

Correlations of traits with geographic and climaticvariables

Fourteen traits were measured or calculated fdn emltividual in each population.
Ranges and means {+SD) of populations indicate substantial varigploth between and
within populations (Appendices E and F). High lesveld within population variability suggest
high levels of polymorphism in populations in thaéllémette Valley. Population level
variability is apparent in most traits.

Regression of ordination axes with climatic andgyaphic variables identified a few
weak associations (Table 3), (Figs. 10-11). Neitlz#e of emergence nor flowering date proved
to be correlated with latitude or longitude. lingortant to note that correlations with axes are
difficult to ascertain since variables are not sseeily linearly correlated or parallel to axes.
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Pearson’s Correlation Coefficients between univarigits and geographic or climatic
variables identified some significant correlatiobsngitude and elevation were correlated with
several plant traits, specifically those relateflaaer petal measurements (Table 5). Both mean
tooth crest, tooth valley, and mean tooth crestithvein were negatively correlated with
longitude. Mean petal length and width are botkitpeely correlated with the last date of spring
frost.

DISCUSSION

Populations displayed some discrete clusteringopiifations in ordination space based
on morphological and phenological characteristicsyever, these clusters do not appear to
follow a clear geographic pattern. Basal leaf thoer petal measurements (mean tooth crest,
tooth valley, mean tooth valley to midvien, and meatal width) appear to be strongly
correlated to axis 3 but are highly variable witaimd between populations. Fort Hill (FH), the
most northern population, was the only represeargaif northern Polk County, as well as
visually and hierarchically defined clusters basedts proximity from all other populations.
This population was characterized by reduced vaitiain some measurements. Populations of
rather small uniform composition in one locality arot unusual foPotentilla gracilis although
nearby populations may be much more variable (lddack 1993). A general measure of basal
leaf lobe dissection, which was greater in indialdurom this location, appears to set this
population apart. Whether this trait is adaptivéhis population or if the population is actually
var. fastigiata(currently limited to Yamhill Co. within the Willagtte Valley based on Oregon
Flora Project 2008) warrants further investigation.

Using county as a subgroup overlay indicates thahty is marginally sufficient in
defining differences in plant variation based oa tifaits measured based on the very limited
number of populations sampleBotentilla gracilis var. graciligs clearly distributed extensively
within each county but these populations are notagented in this common garden analysis
(Oregon Plant Atlas, December 5, 2008). This suttitlly limits our ability to make inferences
in areas under sampled or absent from the collectiNot surprisingly, Fort Hill individuals’
(Yamhill County) are clustered in the ordinatiorf yhey overlap with individuals represented
by both Benton and Lane Counties. Incidentallséhdifferences have smallvalues based on
post hodVIRPP analysisPost hodVIRPP analysis suggests Yamhill (FH) is signifi¢ant
different than both Marion and Linn Counties. Heee this again may be biased as each of
these counties are represented by only a singlelgibn, thus reflecting only population level
differences. More populations within all threetloése counties should be included for a more
accurate depiction of county level variance.

No clear visual clustering was found in the Eugewerlay, which shows no difference
between plants within or outside the 20 mile Euges®xl transfer zone. Both groups appear to
have high within group dissimilarity and overlapaharge portion of the ordination. Only 33
individuals are represented within Eugene, whilé a& outside. It appears that populations
within the buffer are similar in morphological chateristics, however individuals from
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populations outside the buffer that overlap witbsth populations include individuals from Fort
Hill, Junction City, Lupine Meadows, and Finelyhése results indicate no clear geographically
meaningful pattern and little reason to continuegis 20 mile buffer as a boundary for this
species. Further investigation of spatial autaaation is strongly recommended. Large
differences in sample size combined with the higfrde of variability within populations may
substantially bias this result.

Geographically defined visual and hierarchical ®@ugielded similar results as found at
the population level. Hierarchical clustering ¢cenuseful tool in defining spatial clusters when
populations are on continuous scale or when elevalifferences are included in the region
wished to be defined. County is an artificial bdary often used by managers although rarely
biologically meaningful. Although county appeassde adequate to define areas, substantial
amounts of missing data limit the usefulness of dhassification to inform seed zones. This is
also the case in the ecoregion overlay. We styoreglommend the addition of other populations
and more individuals within all counties in futigeed guideline studies. Too few seed sources
and representative samples from populations mak@raie inferences to these areas of the
Willamette Valley slightly more complicated to age@.

Correlations of traits with geographic and climaticvariables

Morphological and phenological traits were poortyrelated with geographic and
climatic variables. Pearson’s Correlation Coeffitgebetween univariate traits and geographic or
climatic variables identified some significant ecgdations. Little correlation with climatic
variables was anticipated since we do not expest¢omean level differences within the
Willamette Valley based on coarse PRISM data. &mesults are similar to other seed zones
studies within the Willamette Valley (Erickson, Mbat, and Sorensen 2004; St. Clair, Mandel,
and Vance-Borland 2005). Rather than highlightmgan climatic differences within the
Willamette Valley, we suggest switching focus tolbgically relevant characteristics such as
emergence or flowering dates. Despite the absainstatistical significance of phenological
traits in this analysis, these traits are likelywotightly linked to selection and gene flow, teth
to pollinator activity and invertebrate herbivorinvestigation of less coarse climatic variables to
discern slight microclimate difference could prasaful.

Our findings suggest that populationgrofgracilis var. gracilis within the Willamette
Valley are morphologically and climatically withansingle ecotype up to 227 m in elevation; no
collections were from higher elevations. Populaifrom a full range of environmental and
climatic conditions in which each species occursushbe included in future seed guideline
studies if a range larger than the Willamette \faitein question. Thus, we do not recommend
movement of seed from sources outside the Willaaméddley, or beyond within Valley
distributions without further study. Conservatiyele also do not recommend using seed from
Yamhill County so as to reduce the chance of inoly@. gracilisvar.fastigiatain zones where
is not currently distributed.

The strong overlap of measured characteristicssagropulations suggests movement of
seed among populations with similar environmentkiwithe Willamette Valley would result in

117



a high probability of plant establishmerRotentilla gracilisis a widespread species ranging in
distribution from Alaska to MexicoPotentillaspp. are able adapt to a variety of environments
where they have been documented to alter theim@aphology in response to environmental
changes, particularly drought (Teeri 1978; Loik &tatte 1997). In response to global climate
change, where drought and increased temperatwegsedicted in the Pacific Northwest, using
P. gracilisas a species in seed mixtures for restoration sdald prove essential to restoration
success. Within the Willamette Valley, restoratspecialists and botanists believe that as a
widespread perennial speci€atentilla gracilisprovides a foundation for other native plants
and pollinators (M. Gisler, personal communication)

Agricultural production of native plant materials

The goal of acquiring locally adapted seeds isnodti€ficult especially when populations
are extirpated from restoration areas and wildeotdid seed is not abundant or is very expensive.
These problems have encouraged agricultural pramuof many native species. While this
aims to solve seed availability it creates equadlydifficult considerations. Planting collected
seeds in production fields may not capture allntverandom mortality of a population.
Agricultural production may influence seed dormaaogl germination requirements, and
survival/death of plants based on production mamage, essentially selecting for good
production plants but perhaps losing diversityhia process. Single year collection does not
reflect changes in original population after seeliection (seed from seed bank germination or
seeds/pollen arrival from another locations), onemmental/climatic changes (Rogers and
Montalvo 2004). In addition, geographically asst@il pest, hybrids, and alternative genotypes
can easily be increased and potentially transfeoetw environments. For exampRatentilla
recta,a noxious Eurasian invasive with morphology simitaP. gracilis can easily be mistaken,
as the primary discriminating feature, flower colsrnot evident during seed collection. We
made this error and the invasive plant was growtheéncommon garden and a small production
field until they flowered, were correctly identifieand destroyed. Collection of only a few
noxious seeds can be devastating to a restoratearsl not easily noticed in a production field.
Identification of individuals within a productiorefd should warrant destruction of the field and
vigilance to remove future invasive volunteers.isidan result in significant financial losses;
however, the financial cost if the invasive spetsasot detected and seeds are moved to a
restoration site will be orders of magnitude greatdaximizing local adaptation and
minimizing ecological and financial risks in agritwal production of native species is a very
difficult balance.

RECOMMENDATIONS

In summary, our data indicate there is some moggical and phenological
differentiation in populations d?. gracilisvar.gracilis across the Willamette Valley. A few
populations were clearly morphologically differehgwever, there were no apparent spatial,
climatic, or environmental factors that were redate the populations. Therefore, we
recommend a single seed transfer zonéfagracilis var.gracilis within the Willamette Valley
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under 227 m and from 45.39¢ latitude in the nootd3.92° in the south. Conservatively, we
also do not recommend using seed from Yamhill Cptmteduce the chance of includiRg
gracilis var.fastigiatain zones where is not currently distributed. \iterebt include plants

from outside of this area and cannot assume thelusion in this seed transfer zone. We
suggest that using multiple populations in reinticicbns will increase restoration success and
assist in restoring more historic levels of geoefl Last, additional studies are recommended to
determine the presence and/or scale of local atilapt@nd the genetic basis for the adaptations
if they are found.
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Table 1. List of population names with corresponding abbtens and number of individuals
represented per population as sampling units. §odn= Benton, 2 = Polk, 3 = Lane, 4 = Linn,
5 = Marion. Eugene: 1 = within 20 mile buffer, Zhet present in buffer. Zone is based on
visually defining geographic population aggregat€suster is based on dendrogram
interpretation at the 1.4E-07 level. EPA definedtegion Level 4: 1 = Valley Foothills, 2 =
Prairie Terraces, 3 = Willamette River and Tribyt&allery Forest.

Population Code VZone | Eugene| County | Cluster | Ecoregion
Bald Hill BH 1 3 2 1 1 2
Fort Hill FH 2 1 2 2 3 2
Finely FI 3 4 2 1 1 2
Hazel Dell HD 4 6 1 3 2 1
Jackson Creek JC 5 3 2 1 1 1
Kingston Prairie KP 6 2 2 4 4 1
Lupine Meadows LU 7 3 2 1 1 2
Oxbow East OE 8 6 1 3 2 2
Philomath Prairie PP 9 3 2 1 1 1
Sublimity Prairie SP 10 2 2 5 4 1
Spores SR 11 5 1 3 4 3
Willow Creek WC 12 6 1 3 2 2
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Table 2.List of phenological and morphological traits measionP. gracilisplants in common

garden study.

Trait

Abbreviation

Measurement Methods

Flowering Date

Mean basal leaf height

Total height

Diameter of floral stalk crown
Diameter of basal stalk crown
Mean flower petal length

Mean flower petal width

Total number of racemes

Mean basal leaf length

Mean leaf tooth crown to
valley

Mean leaf valley to midvien

Number of branches per
raceme

Number of flowers per branch

FLJUL

AVEBASHT|

TOTHT

DIAFL

DIABAS

AVEPETL

AVEPETW

TOTRAAC

AVEBASLL

AVETCTV

AVETVM

RACEBRAN
FLBRAN

Flowering date was monitored on transplanted imldials three times a wee
until a value was obtained for each study planigdy

Base of plant to top of basal leaf crown height wasasured in 3
haphazardly choosen locations on an individual tpdtam)

Mean total height was calculated from 3 measuresnakien from the base
to the tip of 3 flowering stalks chosen haphazawdtyin a plant (cm)
Diameter of flowering stalk crown was measured aatcne widest point in
the floral crown (cm)

Diameter of basal crown was measured once at ttlestvpoint of the basal
crown (cm)

Mean flower petal length was calculated from 3 pletagth measurements
taken from 3 different flowers chosen haphazardiy)(

Mean flower petal width was calculated from 3 petalth measurements
taken from 3 different flowers chosen haphazardiyg)(

Each plant was sectioned into 4 equal quadratesepting 25% of the plan
area. One quadrat was randomly chosen and alineseounted therein.
The total number of racemes was then extrapolateepresent the whole
plant.

Mean basal leaf length was measured on 3 haphgzardsen individuals
(cm)

Mean basal leaf 3rd tooth crown to tooth valley wasasured on 3
haphazardly chosen individuals (cm)

Mean basal leaf valley of 3rd tooth to midvein wiasasured on 3
haphazardly chosen individuals (cm)

Number of branches per raceme based on a singlenmchosen
haphazardly

Number of flowers per branch based on a singledirahosen haphazardly
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Table 3. Correlation of axes with measured trait variables secondary geospatial and climatic

variables.
Axis 1 Axis 2 AXxis 3

R2 tau R2 tau R2 tau
Latitude 0.01 -0.09 0.12 0.3 0.05 0.16
Longitude 0.03 0.14 0.25 0.33 0.06 0.1
Elevation 0 -0.02 0.12 0.25 0 0.02
Flowering Date 0 -0.02 0.1 -0.25 0.5 -0.55
Mean basal leaf height 0.02 0.06 0.35 -0.42 0.12 -0.23
Total height 0.21 0.31 0.31 -0.37 0.03 -0.14
Diameter of floral stalk crown 0.51 0.53 0.06 0.18 0.35 0.41
Daimeter of basal stalk crown| 0.56 0.55 0.05 -0.14 0.06 0.15
Mean flower petal length 0.02 -0.08 0.54 -0.54 0.35 -0.43
Mean flower petal width 0.03 -0.1 0.64 -0.61 0.33 -0.44
Total number of racemes 0.37 0.45 0.15 0.3 0.14 0.31
Mean basal leaf length 0.09 -0.24 0.49 -0.5 0.08 -0.2
Mean leaf tooth crown to
valley 0.21 -0.32 0.61 -0.62 0.15 -0.25
Mean leaf valley to midvien 0.23 -0.34 0.67 -0.64 0.19 -0.3
Number of branches per
raceme 0.12 -0.23 0.19 -0.26 0.13 0.27
Number of flowers per branch| 0.02 0.09 0 0 0.04 -0.14
First day of fall frost 0 0.05 0.15 -0.2 0.04 -0.04
Number of frost free days 0 0 0 -0.16 0.02 0.06
Last day of spring frost 0 -0.01 0.25 -0.33 0.23 .350
Mean annual temperature 0.01 0.1 0.13 -0.18 0.8 .11-0
Mean annual precipitation 0 0.01] 0.26) 0.44 0.06 0.2

122



Table 4. Significantly different MRPP multiple pair-wise cgarisons with adjusted Bonferroni
correction, test statistic T and agreement statistyrouped by (a) populatiop €0.0007 (b)
county(p<0.005 (c) visual zon€p<0.003 (d) dendrogram defined clustgr<(005) (e) level 4

ecoregion(p<0.003.
(a)
Populations T A
1 vs. -12.460734 0.2443675

2
vs. 4 | -6.6406762 0.11110]
vs. 5 | -6.420474¢ 0.08802]
7 | -11.798962 0.074972
vs. 8 [ -10.677441 0.15427]
vs. 11 -10.2927§ 0.132883
vs. 12 -10.900042 0.1608538
3 -18.096071 0.1896577
vs. 5 [ -5.2686132 0.093232
vs. 6 | -15.077442% 0.3021223
7
8
9

VS.

[ QA U SN

VS.

-10.712699 0.0887577
-6.4275091 0.1046239
VS. -5.593547 0.249509
vs. 10| -18.04195f7 0.236982
vs. 11 -9.385499 0.2250215
vs. 12| -5.280611¢6 0.08575%6
vs. 4 -7.826327 0.0715135
vs. 5 -8.2208078 0.063389%4

4

2

VS.
VS.

vs. 7 | -15.04505¢ 0.072854
vs. 8 [ -13.95448¢ 0.11697¢
vs. 10 -6.6043008 0.0308445
vs. 11 -12.47322 0.08911%9
vs. 12 -13.29991% 0.1106986
vs. 6 -8.8674871 0.1452815
vs. 10 -9.8775138 0.1109412
vs. 6 | -10.457177 0.1441864
vs. 10 -11.343218 0.11330§2
vs. 11 -6.007301 0.112225
vs. 7 | -18.604711 0.1266606
vs. 8 | -13.620833 0.2008451
vs. 11 -14.2278380.1764386
vs. 12| -13.270564 0.2082119
vs. 10 -23.603027 0.1402889
vs. 11 -10.884007 0.0805091
vs. 10f -15.59484 0.1615738
vs. 11| -7.471352] 0.1474434

O 00 N N O OO0 o O O 01 A A W W W W W WWMDMNDDNDDNDNDDNMNMDMNDDDNMDNNERPRPRPRPRPRPPRERPRE
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t

10 vs. 11 -13.68740t 0.11850
10 vs. 12 -15.070678 0.15783
(b)
County T A
1 wvs. 2| -16.955239| 0.058567p
1 wvs. 3| -18.304071| 0.044526p
1 wvs. 4| -10.21416| 0.0291274#
1 vs. 5| -16.802261| 0.044643f
2 vs. 3| -7.9141006| 0.064213f
2 vs. 4| -15.077442| 0.3021223
2 vs. 5[ -18.041957| 0.236982
3 vs. 4] -22.893618( 0.159302p
3 vs. 5| -25.123367[ 0.151523)
4 vs. 5| -4.3005621] 0.02537p
(©)
Zone T A
3 vs. 1| -13.090845( 0.064408#4
3 vs. 4| -7.8759484( 0.026439p
3 vs. 6] -12.026719( 0.044022
3 vs. 2| -24.770962( 0.075902p
3 vs. 5| -11.484749( 0.048436)
1 wvs. 4| -18.09607| 0.189657}
1 vs. 6| -7.4768868 0.064448p
1 wvs. 2| -25.090366| 0.181949[
1 wvs. 5[ -9.385499| 0.2250215
4 vs. 6| -22.253372| 0.1474991
4 vs. 2| -5.2087644| 0.0180404
4 vs. 5| -12.47322| 0.0891159
6 vs. 2| -32.283423] 0.180111
6 vs. 5| -11.036691| 0.113426p
2 vs. 5| -18.559656] 0.101113B
(d)
Cluster T A
1 wvs. 3| -16.955239 0.058567p
1 wvs. 2| -18.304071| 0.044526p
1 wvs. 4| -20.615384| 0.046365p
3 vs. 2| -7.9141006( 0.064213)
3 vs. 4| -25.090366( 0.1819491
2 vs. 4] -34.074287] 0.15263f
(e)
Ecoregion T A
2 vs. 1| -14.513 0.030
2 vs. 3 9.957 0.027
1 vs. 3| -12.407 0.056

9
1
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Table 5.Univariate Pearson Correlation Coefficients of bsai of measured traits with
geographic and climatic variables. Significantretations are shown in italicized.

Number
First day| of frost | Lastday| Mean Mean
of fall free of spring | annual | annual
Latitude Longitude | Elevation | frost days frost temp precip

Flowering Date| -0.22813 0.04469 0.05563| -0.0093 -0.28392| 0.43792 -0.2367)2 0.32814
p-value 0.0021 0.5529 0.4595 0.9014 0.0001 <.0001 0.0014 <.0001
Mean basal leaf
height -0.15294 -0.2311t -0.17727| 0.16333 -0.06705| 0.3479¢ -0.2697 0.17095
p-value 0.041 0.0019 0.0176 0.0289 0.3725| <.0001 0.0003 0.0221
Total height -0.35502 -0.24373 -0.35283| 0.36149 0.22867 0.1703 -0.40289 0.29519
p-value <.0001 0.001 <.0001 <.0001]] 0.0021 0.0227 <.0001 <.0001
Diameter of
floral stalk
crown -0.00086 0.1492p -0.03608( -0.0321% 0.11672| -0.23317 0.06237 -0.02072
p-value 0.9909 0.0467 0.6316 0.6694 0.1197 0.0017 0.406p 0.7831
Diameter of
basal stalk
crown -0.08495 -0.0532p -0.11306| 0.0958% 0.0475( 0.06604 -0.07064 0.08842
p-value 0.2582 0.479 0.1318 0.20141 0.5277 0.3795 0.347f4 0.2392
Mean flower
petal length -0.35466 -0.35857 -0.24977| 0.33732 -0.04506 0.57| -0.41797| 0.42691
p-value <.0001 <.0001 0.0007] <.0001| 0.5492| <.0001 <.0001 <.000
Mean flower
petal width -0.44757 -0.44067 -0.30472| 0.44719% 0.09867| 0.5037( -0.4924| 0.46129
p-value <.0001 <.0001 <.0001 <.0001 0.1888| <.0001 <.0001 <.000
Total number
of racemes 0.1353p 0.36345 0.18576( -0.24981 -0.13657| -0.15181 0.24694 -0.10328
p-value 0.0708 <.0001 0.0128 0.00041 0.0683 0.0425 0.000p 0.1689
Mean basal leaf
length -0.27045 -0.2662[L -0.23912( 0.19733 -0.01525| 0.3157¢ -0.42857 0.28702
p-value 0.0003 0.0003 0.0013 0.008] 0.8395| <.0001 <.0001 <.000
Mean leaf tooth
crown to valley -0.07482| -0.56435| -0.19637| 0.2769% -0.04635| 0.48289 -0.29398 0.10014
p-value 0.3196 <.0001 0.0084| 0.0002| 0.5378| <.0001 <.0001f 0.1823
Mean leaf
valley to
midvien -0.08562| -0.54907| -0.23401| 0.28667 -0.02513 0.4634 -0.31p 0.09777
p-value 0.2545 <.0001 0.0016| 0.0001| 0.7384| <.0001 <.0001] 0.1929
Number of
branches per
raceme -0.07892 -0.11642 -0.12929| 0.07899 0.08812( -0.02348 -0.16711 0.04355
p-value 0.2937 0.1194 0.0846 0.2933 0.2408 0.755 0.025¢4 0.5627
Number of
flowers per
branch -0.0711 -0.16846 -0.02561| 0.16276¢ 0.14761| 0.00564 -0.018§87 0.01107
p-value 0.3443 0.0244 0.7336 0.0294 0.0486 0.9403 0.802L 0.8831
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Figure 1. Population distribution oP. gracilisseed collection locations within the Willamette
Valley. Circles represent visually defined clustetines connecting visual clusters represent
clusters defined by hierarchically clustering asaly
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Figure 2. Hierarchical Dendrogram of populations to detegstring defined by geographical variables latitadé longitude.
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Figure 3.NMS 3-dimensional ordination; Population is usedn&soverlay. Each symbol
represents an individual in multivariate spacemBgls that are closer spatially are more similar
morphologically and phenologically.



Figure 4. NMS ordination of individuals within each populati¢axis 2 vs 3). Multiple
individuals (sample units) are represented by glsicolor.
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Figure 5. NMS ordination with County overlay (axis 2 vs 3puty: 1 = Benton, 2 = Polk, 3 =
Lane, 4 = Linn, 5 = Marion.
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Figure 6. NMS ordination with Eugene overlay (axis 2 vs B)dividuals within 20 miles of
Eugene are shown in red, those outside of this sardfer zone are shown in green.
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Figure 7.

NMS ordination with Visual Zone overlay (axis 23
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Figure 8. NMS ordination using Clusters defined by hierarahduster analysis overlay (axis 3
and 2).
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Figure 9. NMS ordination using Ecoregion level 4 defined lBA(axis 3 and 2): 1 = Valley

Foot hills, 2 = Prairie Terraces, 3 = Willamettee®&iand Tributary Galley Forest
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Figure 10. NMS ordination axis 2 vs 3 with climatic variablermelations jointly biplotted with
ITS seed zone (a) annual precipitation, (b) anteraperature (c) first day of fall frost (d) last
day of spring frost (e) number of frost free daggefage growing season length). Red lines
indicate regression lines (r), while the blue lrepresents Kendall’ tau (a rank regression).
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Figure 11.NMS ordination axis 1 vs 3 with geographic variatderelations jointly biplotted
with ITS seed zone (a) Latitude, (b) LongitudeE&vation. Red lines indicate regression line
(r), while the blue line represents Kendall' taugak regression).

(a)
POGR NMS
N POP
Al
2
3
2 a2
A i
N A A A e
. AA 4o A e
: A A A8
a 49
) : A tod Nt
i . @ A A * ¥Y
A‘ . 3 A N A 12
X N < A A
. i A S 4l
4 & A . A
. A A
A A A
; A AA
A
44.0 44.4 44.8 45.2 Axis 2
XIS
LAT 45.2 4
Axis 2
r=-261 tau = -.224
Axis 3
r= .184 tau= .083 asd * “

44.4 4

44.0

140



(b)

POGR NMS
. A POP
Al
) : A “ L2
s s . a A A L 3
L, A A A A A4
" A A A
“a A 'V :
- N A A A A S
s A A
4 N ‘A A
X : A s A 4.0 a N
A A9
i N . * N A LA A . ~ |l a10
R ¥ . A s a i ah s A
o ad i . ™ . M A 4. : All
: : . » A A A A
N 2 A 12
. s 2 A A A 4 A
a a N A A ‘A
H a » < A A A
ahoy t A A A 4 A A
. .
P f A A A TR
. : A A A
N
" sk A
. A A
[y A
R H
.
H
.
.
41236 -1234 1232 -123.0 -122.8
LONG ]
Axis 2 -122.8 4
r =-.480 tau = -.315
Axis 3 )
r=-.033 tau = -.061 123.0
-123.2 4
1 s . o~ SA0A fu aam oaik o ma 2
-123.4 4 Lo B
1 A A M A A -
-123.6

141



(©)

Axis 3

a N
a
. a
s
B A
N N
. N
A B A
N . R s
A . s H
a
N . . .
O .
i t2 4
a a a
A N N
a N
A . H
N s
N A N %
A Y
a
N N
N N
A A a
A
[ A
a
N
i
.
80 120 160 200 240
ELEVATIO
Axis 2
r=-.215 tau = -.180
Axis 3

r=-.023 tau = -.024

POGR NMS
A POP
Al
A * a2
. . “ A3
A A . A4
A a AA A5
X 6
AA A A a R A7
A ‘ A A A A A8
A9
A ‘ . R A
L T VY S (¥
A A A s P A Al2
A A A s AA
AA A A . A LA A
A ‘ A
A AA At A
A A ) A
A A A N AA a
A A A A

142



Distribution of morphologic and phenological variaion of
Prunella vulgarisin the Willamette Valley: a common garden study
to inform seed transfer zones

MATERIALS AND METHODS

Study species

Prunella vulgarisL. ssp.lanceolata(W. Bartram) Hultén (Lamiaceae)ascommon
native perennial found in wetland habitat of thdl&vinette Valley, Oregon. Its distribution
extends throughout North America and is even cameitla weedy speciednother subspecies,
Prunella vulgarisssp.vulgaris also occurs in Oregon on more disturbed sitessandt native
(USDA 2008). The inflorescence Bfunella vulgarisssp.lanceolatahas a terminal dense four
angled spike of verticillasters each with six floe/é&hree flowers per cymule). Flowers are
typically purple, but may be white and flower dgriate spring and early summer. Plants are
assumed to predominately outcrossing, however adnixating system is likely as many other
Prunellaspecies are self-fertile and highly clonal (Hitcbic@and Cronquist 1993).
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Population sampling

Prunella vulgarisssp.lanceolataseeds were collected in 2005 from 10 populations
distributed throughout the Willamette Valley (Fig.Table 1). Latitude, longitude, and elevation
were recorded for each location. At each locatimngore than 25% of available seed was
collected from all individual plants. A large vation in natural population sizes were present fot
this species; population sizes ranged from 80 ¢atgr than 2000 individuals. For analysis,
locations were classified based on individual papahs, county, EPA defined level 4 Ecoregion
(Griffin and Omernik 2008), and presence or absevittén a Eugene 20 mile buffer zone (West
Eugene Wetlands Seed Collection Manual, 2003).

Experimental design

Seeds were sown in February 22, 2006 into flaRayf Leach “Cone-tainers” and grown
in a greenhouse at the Natural Resources Consam&@drvice Plant Material Center (PMC).
The PMC is located in Benton County, Corvallis, §ine, at 225 ft elevation. Thirty cone-
tainers were started for each population (N = 380) were randomly placed within flats. Flats
were watered and placed in an unheated greenhdwsgage daytime temperatures ranged
between 4.4 and 12.8° C and nighttime temps wetkedas 1.1 and 4.4° C. No supplemental
greenhouse lighting was used; seedlings were deljéc typical early spring daylight. After
ten weeks in the greenhouse, plants were movedhiade house and allowed to acclimatize for
several weeks to outdoor temperatures.

Prior to transplanting, herbicide was applied ® study site to eliminate any existing
weeds. A drip irrigation system was installed loa field. Drip tapes were placed in long rows
across the field 3 ft apart. The field was irrightgproximately once every two weeks to help
the plants establish during the first summer. Stuely site was then covered with three inches of
bark mulch to further aid in weed suppression. ZB2P. vulgarisssp.lanceolatastudy plants
were transplanted in June 2007 using a compledgigamized design. Some seedling mortality
reduced the overall number of plants availableofdplanting. Thus, replicates from each
population are uneven (between 12 and 30 repligaepopulation) totaling 232 individuals.

An additional row of. vulgarisssp.lanceolatawas planted on each side of the plot as a border
row to buffer against edge effects. Plants weaeqd 0.6 meters apart within rows and rows
were placed one meter apart.

Trait measurement

Traits were chosen based on characteristics descmbWinn and Gross 1993. Traits
thought to have adaptive significance, or assodiaftiéh reproductive success, taxonomically
important traits, and traits with high degrees arfiability between local conspecificB.(
vulgaris ssp.vulgarisand ssplanceolatg. While measuring pre-defined traits, additiomaits
were included based on apparent visual differeaogsng plants. Several botanical experts or
species authorities were consulted for recommemaatiuring the trait selection process.
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Phenological and morphological traits were meaktoeall individualP. vulgarisvar
lanceolataplants during the summer of 2007 (Table 2). Adirphological traits were measured
in a single day. To reduce measurement errorpensn measured traits while a second
recorded. Floral traits were measured using oaly flowers. Morphological traits less than 25
cm in length were measured by dial calipers to @i Traits greater than 25 cm were
measured with a meter stick to the nearest cergimé&¥hen measuring a single trait in triplicate
on an individual, no measurements were made frensélme organ (e.g., average petal length
was the mean length of three petals from threeraggpfiowers chosen haphazardly).
Emergence date was monitored on a daily basis; wbee-tainers contained more than one
seedling, germination was recorded for the firseddag that emerged in each cone-tainer.
Flowering and seed set date was monitored on tiamggal individuals three times a week until a
value was obtained for each study plant. Plants missing values were removed from the
analysis (SP1401, SP1314, SP1808, SP1705, SP1850218).

Climatic Data

Climatic conditions at each population locatior sitere characterized using digital maps
produced in ArcGIS 9.3 and data generated by PRifftvhte models (PRISM group, 2008).
PRISM is an analytical model that uses point dathadigital elevation model (DEM) to
generate gridded estimates of monthly and annweabge daily maximum/minimum climatic
parameters (PRISM group, 2008). PRISM incorporatesnceptual framework that addresses
the spatial scale and pattern of climate variatiiasallows for estimation of variables in regions
with heterogeneous terrain (PRISM group, 2008).9MRWwas parameterized to use 1971-2000
mean daily maximum/minimum climate variable gridstae predictor grids in the interpolation.
The resolution of each cell within the grid is 4 kaveraged within the cell) and therefore the
precision of the estimate for a single locationasbetter than half the resolution of the cell.
Variables were modeled monthly. An annual average produced by averaging the monthly
grids. For this analysis, mean annual temperdtu&ANNAV) and precipitation (USANNP),
mean dates of the first (SPRFRST) and last frdst FIRST), and the number of frost free days
(FRSTFREE) was gathered for each population baseghoh population’s unique latitude
(LAT) and longitude (LONG).

Data analysis

Ordination analyses were performed on morpholdgicd phenological variables using
nonmetric multidimensional scaling (NMS) based arliElean distance measures (Kruskal
1964). Analyses were completed using PCORD 5 (MeCand Mefford 1995). NMS
ordination has no assumptions of multivariate naditgnaf the data, is able to handle large
numbers of zeros, and yields the most accurateseptation of data structure when data are
non-normal or on discontinuous scales (Petersorivaa@luine 2001). To account for variable
collection on different scales (ie. Julian days aedtimeters) data were relativized using the
standard deviates of each column variable. Poioelativization, mean number of flowers was
monotonically log transformed to compress high galand spread low values by expressing
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values as orders of magnitude. Monotonic transébion of individual variables allows for
independent changes to data point values withoetirad) their rank. Individuals greater than 2
standard deviates from the mean Euclidian distarere defined as outliers and removed from
the analysis (KP1113, OE1501, SP1711).

Since adaptive variation is important in desigmaseed transfer zones and is most
directly related to variation within and among seedrces, we used individuals as our sampling
units instead of mean population estimates. Timgsimain data matrix consisted of individual
plants and traits measured at the common gardervistially clarify the distribution of
sampling units in ordination space, a second matittx additional information (latitude,
longitude, county, elevation, and climatic varia)le/as overlayed or jointly-biplotted (Table 1).
NMS uses an iterative search for an ordination Vaiti stress, a measure of the relationship
between ranked distances in multidimensional sf@atee ranked distances in the reduced
ordination (Peterson and McCune 2001). To enswatthe ordination was below an acceptable
level of stress, we used a random seed with 25§ etireal data. Dimensionality was assessed
visually using a scree plot. Monte Carlo simulasiesing 250 replicates were used to assess the
probability that final stress could have been atgdiby chance. A stability criterion of 0.0001
was used.

We compared the relative position of each poputaiticordination space by visual
assessment. Due to the degree of difficulty agsggsdividual sampling units within a
population, additional coding subgroup overlayshsas county (n = 7), Level 4 Ecoregion (n =
3), 20 mile Eugene buffer (n = 2) (Table 1). Theskgroup overlays were based on geographic-
administrative or habitat units that are eithepiiactice in the Willamette Valley or logical
potential seed transfer zone boundaries. To ifyesypiatial clustering based on latitude and
longitude we used hierarchical agglomerative cliusgigpatterns calculated using Euclidean
distances and nearest neighbor linkages to maxidistimctness of groups. The resulting
clustering dendrogram was scaled using a log toamsftion and information was retained at the
75% level (Fig. 2). This allowed us to partitidretdataset into more homogenous subsets based
exclusively on geographic location. These subsetg\then used as additional plot overlays. A
subjective measure visually defining populatiorts ieasonable zones (visual zones) was also
used.

We quantitatively compared the relative positiorpopulations in the ordination using
Euclidian distances and unblocked Multi-ResponsenB&tion Procedure (MRPP) analysis on
weighted groups. MRPP is a nonparametric test tssedamine whether populations on matrix
plots occupy different regions of ordination spaCGarrelations between ordination axes and the
environmental variables were calculated using P@a@orrelation coefficients. The percent of
variation in the original ordination was also ret®d. A Bonferroni correction was used when
multiple comparisons were performed to maintaiava pprobability of relationships appearing
significant when, in fact, they only appear sigrafit by chance.

Univariate calculations were made for each vaedtyl population. Traits were
used to produce pairwise Pearson Correlation Guerfiis for each variable with latitude,
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longitude, elevation, and climatic variables usBAS 9.2 (SAS Institute 2008). Ordination
axes were individually regressed on geographicciinthtic variables in PcCORD.

RESULTS

Morphological and phenological patterns across pogdations

The Nonmetric Multidimensional Scaling (NMS) ars$/provided a 3-dimensional
ordination best solution to the data based witina stress of 18.72940, final instability of
0.00001 and 175 iterations Using Clarke’s cutoffdoceptable instability, values between 10
and 20 represent a usable picture (McCune and (2862 Therefore, values at the upper end,
such as our results, suggest a potential to beeauslg and thus too much reliance on details of
the plots should be discouraged. Together the ex@ained 76.6% of the variance, 22.4%,
24.8% and 29.5% for axes 1, 2, and 3 respectivikes 1 and 2 were weakly influenced by
flower and seed set date, and axis 3 was modeiatelgnced by mean leaf length and width.
Only leaf measurements show moderate correlatmosdination axes, explaining some of the
distribution of individuals in ordination space ¢FB; Table 3). Since the majority of the
variation is accounted for within axes 2 and 3ytaee used to visually describe the data.

NMS ordination provided little evidence of dise@&lustering of populations in
ordination space based on morphological and phegitabcharacteristicsPost hocanalysis,
however, using Multi-Response Permutation Proce(MRPP) indicated significant differences
between many individual populations (Table 4a).cNloverlap between populations exists, but
some populations seem to be slightly clustereddmation space (Fig. 4). With 45 total
comparisons 27 pairs of populations were signifigashfferent representing 60% of the
population level contrasts. Further, mafyalues were close to zero suggesting high within
group heterogeneityA values close to zero indicate little within popidatsimilarity (i.e.,
individuals were not necessarily more similar thestmembers of their populations than to
individuals from other populations). THhestatistic is a descriptor of within-group homogéne
compared to random expectation (McCune and Gra@2)2G heterogeneity within groups
equal chance expectation th&nl; however, if less agreement (heterogeneity)texighin
groups than expected by chance, tAefd. In such cases where smaNalues are statistically
significant careful consideration of the ecologis@nificance of the results is warranteal.
values of less than 0.3 represent substantialdgeeaeity (variability) between contrasted
groups.

Populations that dominate many of the populatieelleomparisons have the potential to
strongly influence subsequent overlays used inyarsal Using county as a subgroup overlay
suggests that county is sufficient in visually dafg some differences in plant variation based on
the traits measured (Fig.5). Individuals within 8himgton, Lane, and Marion Counties appear
to be somewhat clustered away from one anothealbather counties greatly overlap visually.
Post hodVIRPP analysis suggests all counties differ sigaiftly from one another, which is
expected since it reflects much of the populatexel contrasts (Table 4b).
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No clustering appears in the Eugene overlay (Big.Yet significant differences were
detected between populations as being either @utsivithin the Eugene 20 mile buffer (T= -
13.843156, A =0.03987868,<0.0001) based gmost hodMRPP. This pattern matches many of
the individual population and county level diffeces. HoweverA values were close to zero.
Bald Hill, Lupine Meadows, Kingston Prairie, Coofpountain, Bertheldorf, and Stayton were
the populations that cluster outside the Eugentebahd are geographically located throughout
the Willamette Valley provide little informationif@aoning or movement distances.

The geographic visual overlay suggests little eusty based on our geographic
groupings (Fig. 7). Clusters 1 and 4 overlap dyeas do Cluster 2 and 3; whereas Cluster 1
appears slightly separated from Clusters 3 an@lGsters run from north to south, 1 through 5,
respectively. No geographic structure is appapased on the visual overlay.

Clustering of populations based on Hierachical @luisg at the 1.6E-01 (75%) levels
using Euclidean distances resulted in 4 geogragbsters (Fig. 2). At the 75% coarse clustering
level, visual inspection of ordination revealed & with clusters 1 and 4 which are separated
from clusters 2, and 3 (Fig. 8). MRPP suggestsrsgdifferences in clusters comparable to
population and county levels (Table 4). Thus,dnehnically defined clusters appear better than
county and visual clusters for grouping our dataufge as a meaningful ordination overlay.

EPA defined ecoregions (level 4) overlapped betwthe two zone represented in this
ordination (Fig. 9). These zones are almost idahtd the Eugene buffer overlay due to the
relatively low number of populations representethm analysis Post hocMRPP analysis again
indicates ecoregion level differences are signifigget not biologically meaningful (T=-10.08,
A=0.01, p <0.0001). These results correspond teraikierlays investigated in this analysis.

Correlations of traits with geographic and climaticvariables

Eleven traits were measured or calculated for @atikiidual in each population. Ranges
and means _(t SD) of populations indicate substantial variabbboth between and within
populations (Appendices G and H). High levels ahwi population variability suggest high
levels of polymorphism in populations. Populatievel variability is apparent in most traits.

Regression of ordination axes with climatic andgyaphic variables identified a few
weak associations (Table 3), (Figs. 10 and 11ijs ifhportant to note that correlations with axes
are difficult to ascertain since variables arematessarily linearly correlated or parallel to axes

Pearson’s Correlation coefficients between univarigits and geographic and climatic
variables identified some significant but weak etations. Longitude was positively correlated
with flowering and seed set date, but these assmusawere very weak (Table 5). Latitude was
negatively correlated with galea pubescence. HElmvavas positively correlated with flowering
and seed set date (Table 5). Fall frost date wasiyely associated galea pubescence, yet
negatively associated with flowering date. The ks of spring frost was weakly negatively
correlated with mean leaf width and positively witlean corolla length. Annual temperature
and precipitation had the strongest correlatiorik galea pubescence. No correlation was
stronger than 0.375 suggesting that measured miogibal and phenological variables are
poorly correlated with geographic and climatic aates.
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DISCUSSION

While statistically significant differences weretgited among many populations of this
taxon in the Willamette Valley, population leveffdrences do not appear to follow a
geographical pattern based on the measured chastctein this study The ordinations display
considerable overlap among populations and indalgluoded by different geographic,
administrative, or ecological overlays. These ltesndicate that a large amount of differences
in morphology and phenology exist within populai@nd while populations are sometimes
different from one another, proximal populations ao more likely to be similar than distant
populations.

Using county as a subgroup overlay suggests thattgas marginally sufficient in
visually defining differences in plant variationde& on the traits measured based on the very
limited number of populations sampled. Individualthin Washington, Lane, and Marion
Counties appear to be somewhat clustered awaydraranother but all other counties greatly
overlap. Visual clustering does not appear inEbhgene overlay bytost hodVIRPP suggests
otherwise yet agaiA values are very small. Individuals outside thgé&ne buffer, which do not
overlap with those within are individuals from Badidl, Lupine Meadows, Kingston Prairie,
Cooper Mountain, Berthelsdorf, and Stayton. Sihesé populations are geographically located
throughout the Willamette Valley, this informatiprovides little information for recommending
transfer zones or movement distances within théa¥ditte Valley.

Geographically defined visual and hierarchical @usyielded similar results as found at
the population level. Hierarchically defined ckrstappear marginally better than county and
visual clusters for grouping these data for usa aeeaningful ordination overlay.

Hierarchical clustering can be useful tool in defgnspatial clusters when populations are on
continuous scale or when elevation differencesrarieded in the region wished to be defined.
All defined areas in this analysis (county, visyadnd hierarchically) are missing data from
intervening populations, limiting the usefulnesgshdse classification to inform seed zones. We
strongly recommend addition of other populationd arore individuals within all counties in
future seed guideline studies. Too few populatimage accurate inferences these areas of the
valley slightly more complicated to ascertain.

Correlations of traits with geographic and climaticvariables

Morphological and phenological traits were poartyrelated with geographic and
climatic variables. Pearson’s Correlation Coeffitsebetween univariate traits and geographic or
climatic variables identified some significant aitlyh weak correlations. Western and higher
elevation populations flowered and set seed latan eastern and low elevation populations.
Earlier fall frosts and greater amounts of rainfedire correlated with more pubescence. Little
correlation with climatic variables was anticipatadce we do not expect to see major
differences within the Willamette Valley climateaded on coarse PRISM data. These results are
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similar to other seed zones studies within the aitiktte Valley (Erickson, Mandel, and
Sorensen 2004; St. Clair, Mandel, and Vance-Bori#i@@b). Rather than highlighting mean
climatic differences within the Willamette Valleywe suggest switching focus to biologically
relevant characteristics such as emergence or flogvdates. Investigation of less coarse
climatic variables to discern slight microclimaiéfetrence could prove useful.

Our findings suggest that populationsRofvulgarisssp.lanceolatawithin the Willamette
Valley are morphologically and climatically withansingle ecotype up to 213 m in elevation; no
collections were from higher elevations. Populai@mom a full range of environmental and
climatic conditions in which this species occurewgd be included in future seed guideline
studies if a range larger than the Willamette \faitein question. Thus, we do not recommend
movement of seed from sources outside the Willaaméddley, or beyond within Valley
distributions without further study. We also dd recommend using seed from populations
whereP. vulgarisssp.vulgarisis present to reduce the chance of potential higadidn.

Natural hybridization between these species has deeumented in California (Nelson 1963)
and it is unknown if this occurs within the WillatteeValley.

The strong overlap of measured characteristicssagropulations suggests movement of
seed among populations with similar environmentbiwithe Willamette Valley would result in
a high probability of plant establishmerRrunella vulgarisssp.lanceolatais a widespread
species ranging in distribution throughout the BdiStates, proving its ability to adapt to a
variety of environments.

Agricultural production of native plant materials

The goal of acquiring locally adapted seeds isnodti€ficult especially when populations
are extirpated from restoration areas and wildeotdld seed in not abundant or is very
expensive. These problems have encouraged agr@iutroduction of many native species.
While this aims to solve seed abundance matteredtes equally as difficult considerations.
Planting collected seeds in production fields matyaapture all the nonrandom mortality of a
population. Agricultural production may influenseed dormancy and germination
requirements, and survival/death of plants baseggroduction management essentially selecting
for good production plants but perhaps losing dilgrin the process. Single year collection
does not reflect changes in original populatioerageed collection (seed from seed bank
germination or seeds/pollen arrival from anotheatmns), or environmental/climatic changes
(Rogers and Montalvo 2004). In addition, geogreplty associated pest, hybrids, and
alternative genotypes can easily be increased atahially transferred to new environments.
For examplePrunella vulgarisssp.vulgaris,a non-native weed with similar morphology can be
mistaken; therefore, careful identification andaclabeling of sub varieties is essential. Since
hybridization can occur collection should be lirdite pure populations. Identification of ssp.
vulgarisindividuals within production field should be elimated.

RECOMMENDATIONS
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In summary, our data indicate there is some nmmanrphological and phenological
differentiation in populations d?runella vulgarisssp.lanceolataacross the Willamette Valley.
Populations overlapped considerably with each ath#re measured traits, indicating high
amounts of within population variation. A few weadrelations were present between
morphological traits and geographic and environ@aerdriables, but with very few populations
being represented across the Willamette Valleyw#iiglity of these relationships is questionable.
Because of the overlap among populations and ttengistency of morphological similarity and
spatial distance, we recommend a single seed &anshe foPrunella vulgarisssp.lanceolata
within the Willamette Valley under 213 m and fronthin the area investigated here (45.57° to
44.04° N). We did not include plants from outsadehis area and cannot assume their inclusion
in this seed transfer zone. We suggest that usuigple populations in reintroductions will
increase restoration success and assist in regtarame historic levels of gene flow. Last,
additional studies are recommended to determinprégence and/or scale of local adaptation
and the genetic basis for the adaptations if tmeyaund.
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Table 1.List of population names with corresponding abbtieves and number of individuals
represented per population as sampling units. §odn= Washington, 2 = Yamhill, 3 =
Marion, 4 = Linn, 5 = Benton, 6 = Lane. Eugene: Within 20 mile buffer, O = not present in

buffer. Visual Cluster is based on subjective nmag@rpretation. Cluster is based on dendrogram

interpretation at the 1.6E-01 level, retaining 76fthe original information. EPA defined

Ecoregion level 4: 1 = Valley Foothills, 2 = Praifierraces, 3 = Willamette River and Tributary

Gallery Forest.

Cod Count | Eugen | Visua | Cluste | Ecoregio
Population e y e | r n Latitude | Longitude
Bald Hill 45.1563

BH 5 0 4 3 2 3 -123.32490
Berthelsdorf 44.5674

BF 2 0 2 1 1 5 -123.33220
Cooper Mountain 45.4492

CM 1 0 1 2 1 2 -122.87190
Coyote 44.0252

CcY 6 1 5 3 1 4 -123.31520
Kingston Prairie 44,7753

KP 4 0 3 4 1 4 -122.74430
Lupine Meadows 44.5510

LM 5 0 4 3 2 7 -123.34880
Oxbow East 44.0565

OE 6 1 5 3 2 9 -123.18420
Sublimity Prairie 44.8410

SP 3 0 3 4 1 1 -122.74380
Stayton/Sublimity 44.8170

SS 3 0 3 4 1 0 -122.79400
Willow Creek 44.0380

wcC 6 1 5 3 2 0 -123.16990
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Table 2.List of phenological and morphological traits measionP. vulgarisplants in

common garden study.

Trait

Abbreviation

Description

Mean petal length

AVECORL

Length of the upper lip (longest
petal) measured on three flowers
haphazardly chosen for each plant
(mm).

Diameter

DIAM

Distance across broadest part of
plant, without pulling or stretching
stems (cm)

Emergence date

JULEMER

Date of first sign of cotyledons.
Monitored on a daily basis; when
cone-tainers contained more than o
seedling, germination was recorded
for the first seedling that emerged i
each cone-tainer (Julian)

Corolla color

CORCOLR

Categorically defined corolla color:
dark purple, medium purple, light
purple, or white

Mean flowers per inflorescence

AVEFLWR

All flowers were counted and
recorded in each inflorescence on
two haphazardly chosen racemes

Flowering date

JULFLWR

Date at first sign of flowering.
Monitored on transplanted
individuals three times a week until
value was obtained for each study
plant (Julian)

Galea pubescence

GALPUB

The presence or absence of
pubescence on the galea was
recorded

Height

HT

Total height of plant from base to tip

(cm)

Mean leaf length

AVELEAFL

Mean leaf length was calculated fro
measurements taken on 3

haphazardly chosen upper leaves g
plant (mm)

Im

Mean leaf width

AVELEAFW

Mean leaf width was calculated fror]
measurements taken on 3
haphazardly chosen upper leaves g
plant (mm)

Seed set date

JULSEED

Date at first sign of mature fruit.
Monitored on transplanted
individuals three times a week until
value was obtained for each study

plant (Julian)
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Table 3. Correlation of axes with measured trait variabled secondary geospatial and climatic

variables.
Axis 1 Axis 2 Axis 3
R tau R tau R tau

Latitude 0.077 0.187 0.031 0.094 0.01 -0.154
Longitude 0.098 0.211 0.014 -0.13 0.003 -0.076
Elevation 0.084 0.224 0.075 -0.225 0.048 -0.12
Flowering date 0.158 0.286| 0.432 -0.491 0.093 -0.212
Height 0.124 0.234 0.197 -0.311 0.131 0.26}
Diameter 0.001 -0.011 0.137 0.28 0.018 0.10[7
Mean flowers per

inflorescence 0.005 -0.006 0.098 -0.20p 0.237 0.3%6
Mean corolla length 0.107 -0.213 0.3 -0.37p 0.001 0.0064
Seed set date 0.12 0.244 0.223 -0.373 0.139 -0.284
Mean leaf length 0.166 0.271 0.045 -0.15) 0.569 0.566
Mean leaf width 0.183 0.306 0.016 -0.07% 0.498 0.479
Emergence date 0.087 0.13§ 0.079 0.11f3 0.057 -0.126
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Table 4. Significantly different MRPP multiple pair-wise cgarisons with adjusted Bonferroni
correction, test statistic T and agreement statistyrouped by (a) populatiop €0.00]) (b)
county(p<0.003 (c) visually defined cluster 7»<0.005 (d) dendrogram defined cluster at the
75% level $<0.007).

5 vs. 1| -12.5040 | 0.0491
(a) 5 vs. 3| -14.0354 | 0.0421
5 vs. 4| -37160 | 0.0150
Populations T A 5 vs. 6| -6.2826 | 0.0167
T v 2| o105 0051 6 vs. 3| -18.9267 | 0.0436
1 vs 3| 4sassd o065 6 vs. 4| 98795 | 0.0287
1 vs. 4| -9.002[ 0043
1 vs. 5| -11.394 0.055
1 vs. 7| -9371| 0.049
1 vs. 8| -9.811| 0.046 (c)
2 vs. 3| -10539 0.056
2 vs. 7 -9.374 0.062 Visual T A
2 vs. 8] -12.934 0078 1 vs. 3| -20212| 0.050
2 vs. 91 -7.785 0.043 1 vs. 5| -19.710| 0.059
2 vs. 10| -4.802f 0.048 2 vs. 1| -13.833| 0.065
3 vs. 4 -12.099 0.056 2 vs. 3| -11.786| 0.028
3 VS. 5 -10.827 0.054 2 VS. 4 -7.856 0.031
3 vs. 6| -8417| 0.047 2 vs. 5| -8.833 | 0.026
3 vs. 7| -17.409  0.100 4 vs. 1| -12.594| 0.049
3 vs. 8] -18.427  0.093 4 vs. 3| -10.696| 0.024
3 vs. 9| -16.628 0.075 4 vs. 5| -6.283 0.017
3 vs. 10/ -6.850| 0.052 5 vs. 3| -18.287 | 0.033
4 vs. 5| -5700| 0.026
4 vs. 7| -6.930| 0.038 q
4 vs. 8| -14.435 0.072 (d)
4 vs. 9| -7.797| 0.036
5 vs. 7| -9.491| 0.053 Cluster T A
5 vs. 8 -8.138 0.039 1 wvs. 2| -13.833 0.065
6 vs. 8| -8171| 0.049 1 wvs. 3| -8852 0.018
7 vs. 8| -12.2120 0.070 1 wvs. 4| -11.786 0.028
7 Vs, 9 -7.073 0.038 2 vs. 4] -20.212 0.050
3 vs. 2| -19.318| 0.039
3 vs. 4| -19.055| 0.027
(b)
County T A
1 vs. 3| -22.2046 | 0.0740
1 vs. 4| -10.8271 | 0.0543
1 vs. 6| -19.7097 | 0.0592
2 vs. 1| -13.8330 | 0.0655
2 vs. 3| -101618 | 0.0328
2 vs. 4| -11.3938 | 0.0550
2 vs. 5| -7.8558 | 0.0311
2 vs. 6| -88330 | 0.0262
4 vs. 3| -65436 | 0.0213
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Table 5.Univariate Pearson Correlation Coefficients of nueed traits with geographic
and climatic variables. Significant correlatiome ahown in bold.

Latitude | Longitude | Elevation First Lastday | Mean Mean
day of of annual annual
fall frost | spring temp precip
frost
Emergence date 0.097 0.098 0.03 -0.061 -0.074 -0.09B -0.037
p-value 0.146 0.139 0.656 0.358 0.271 0.162 0.643
Flowering date 0.122 0.338 0.454 -0.336| -0.008 -0.202 0.248
p-value 0.066 <.0001 <.0001 <.0001| 0.905 0.002 0
Height -0.086 0.162 0.17 -0.121 -0.08 -0.23p 0.188
p-value 0.196 0.015 0.011 0.069 0.23 0 0.00#
Diameter 0.036 -0.24 -0.196 0.079 0.127 0.062 -0.017
p-value 0.591 0 0.003 0.238 0.057 0.35¢6 0.24f
Mean flowers per -0.095 0.176 0.062 0.091 -0.221 0.005 0.039
inflorescence
p-value 0.155 0.008 0.351 0.172 0.001 0.939 0.541
Corolla color 0.199 0.06 -0.211 0.127 -0.204 0.166 -0.2¢7
p-value 0.003 0.366 0.001 0.055 0.002 0.01p 0.0g2
Mean petal length -0.108 -0.212 -0.097 -0.077] 0.309 0.111 -0.144
p-value 0.105 0.001 0.145 0.25| <.0001 0.095 0.03
Galea pubescence -0.406 -0.235 -0.238 0.303 0.102 0.375 -0.363
p-value <.0001 0 0 <.0001 0.124 <.0001 <.0001
Seed set date 0.138 0.288 0.356 -0.23 -0.035 -0.087 0.133
p-value 0.037 <.0001 <.0001 0.001 0.596 0.193 0.045
Mean leaf length -0.153 -0.041 -0.099 0.167 -0.101 0.05 -0.016
p-value 0.022 0.54 0.139 0.012 0.123 0.453 0.815
Mean leaf width 0.237 0.126 -0.077 0.05( -0.277 -0.095 0.099
p-value 0 0.059 0.248 0.455| <.0001 0.152 0.138
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Figure 1. Population distribution oP. vulgarisssp.lanceolataseed collection locations
within the Willamette Valley.
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Figure 2. Hierarchical Dendrogram of populations to detegst@ring defined by
geographical variables latitude and longitude atl6E-01 level (75% information
remaining).
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Figure 3. NMS 3-dimensional ordination; Population is usedn&soverlay. Each
symbol represents an individual in multivariatecgaSymbols that are closer spatially
are more similar morphologically and phenologicallfectors indicate variables with
significant correlations to axes{Ror tau) < 0.50).
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Figure 4. NMS ordination of individuals within each populatiwith variables with
>0.50 R value: axis 2 vs. 3. Vectors indicate variablethwignificant correlations

axes (R < 0.50). Multiple individuals (sample units) aspresented by a single color.
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Figure 5. NMS ordination with County overlay: axis 2 vs. 3County: 1 = Washington,
2 = Yamhill, 3 = Marion, 4 = Linn, 5 = Benton, 6Lane.
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Figure 6. NMS ordination with Eugene overlay: axis 2 vs.I8dividuals within 20 miles
of Eugene are shown in green, those outside ok#esd transfer zone are shown in red.
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Figure 7. NMS ordination with visually assessed clusterss &xvs. 3.
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Figure 8. NMS ordination using Cluster overlay defined byrarehical cluster analysis

at 75% level: axis 3 and 2.
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Figure 9. NMS ordination using Ecoregion Level 4 definedERA (axis 3 and 2): 1 =
Valley Foot hills, 2 = Prairie Terraces, 3 = Willatte River and Tributary Galley Forest.
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Figure 10.NMS ordination axis 3 vs. 2 with climatic varialderrelations jointly

biplotted with population (a) annual precipitati¢h) annual temperature (c) first day of

fall frost (d) last day of spring frost (e) numlaérfrost free days (average growing season
length). Red lines indicate regression lineswhile the blue line represents Kendall’ tau
(a rank regression). Larger symbols represent langgnitudes.
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Figure 11.NMS ordination axis 3 vs. 2 with geographic vareabbrrelations jointly
biplotted with (a) latitude, (b) longitude, (c) e#&ion. Red lines indicate regression line
(), while the blue line represents Kendall’ taudak regression). Larger symbols

represent larger magnitudes.
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CONCLUSIONS

Local adaptation in restoration

Obtaining seeds from locally adapted and ecololyicaihilar environments is
clearly a goal of most restorations. In some ¢asss of non-local seed can have
detrimental consequences for the success of réstotarough the erosion of natural
patterns of population genetic structuring andémegic swamping of locally significant
genotypes (Krauss and He 2006). However, the degfrlocal adaptation for
populations and species ranges considerably, figmlbcal adaptation on very small
spatial scales to no adaptation, and even cadesadfpopulations that are maladaptive to
their home site. Predicting where species falliodhis continuum is extremely difficult
without extensive experimentation. Additionallgsaming that all populations are
highly adapted ignores the fact that most popubatidisplay considerable within
population diversity (clearly evident in these plapions), where some individuals may
be more locally adapted than otheTdhe “maladaptive” genes present in populations
may become adaptive to future conditions. GerBersity provides variation in
species traits so that even as the environmengelsasome individuals within a
population should be better suited to new condgtiand may facilitate establishment in
new habitats. Several studies suggest a highhjfgignt correlation between species
survival and genetic diversity (Reed and Frankh2003; Rogers and Montalvo, 2004).

Constraining restoration programs based on theghibty that a few populations
may experience a negative impact while the landicoes to degrade and populations
decline or become extinct is unwise (Broadhurst.e2008). Waiting for genetic or
experimental data for each species used in regioratithough a noble conservation
task, is logistically and economically unrealigfi¢dcKay et al. 2005).

While the precautionary principle is prudent irhligof the absence of
information, it is important to understand that ikonmental degradation in the
Willamette Valley is still occurring at an alarmingte. The human population of the
Willamette Valley is expected to nearly doublehe hext 40 years (ODFW 2005) and
greater land-use conversion and fragmentation lietexpected. Failure to act may
imperil the populations we are trying to protect.

Increasing future resiliency in restoration sites

Restoration efforts should reflect the current emvnental limitations and new
approaches should be incorporated in light of padefuture changes. In the Willamette
Valley habitats have become highly fragmented agtatled post Euro-American
settlement. Habitat loss and fragmentation hasaedl population sizes and almost
certainly inhibited genetic movement among popatei This increases the chance of
random genetic drift and, to a lesser extent sgelecaccelerates genetic differentiation
among populations, particularly in rare populationsvith plants that require pollination
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for seed set (Johnson et al. 2004). The currahf@nre consequences of global climate
change and continued ecological changes to thédtaliue to non-native species, pests,
pollinators, etc. require altering our perceptid@dequate habitat and local adaptation.
Restoration strategies need to include consideratiduture changes to species
distributions and should try to promote resiliemtgxisting populations. Increasing
genetic diversity by using more populations actbesange of the seed transfer zone
would promote resiliency, and provide insuranceas species survival.

Future research directions

Common garden studies measure a single compon&tabfadaptation and not
spatial or temporal autocorrelation. Spatial aotagation is the idea that populations
that are closer together are more similar thanetliather apart. Future work at a
minimum should include investigation of whethertsgdautocorrelation exists which
may effectively identify movement guidelines, peutarly the distance at which plants
become dissimilar. Currently, IAE has these datdlfe species detailed in this report
and pending further funding opportunities we planfgrming these additional analyses.
Additionally, reciprocal common garden studies eaaluate the relative amount of
genetic and environmental effects influencing diseicharacteristics and when
individual fitness is measured, direct estimatelcdl adaptation are possible. Genetic
variation within a population can be more accusagstimated when family relationships
within a population are included in the study. sf@pproach can also be used to
determine the genetic architecture of the traitsflaow easily population can respond to
selection. Further, without looking at a populataver time it is impossible to know if a
local or non-local population is better adapted tocation. Non-local sources may be
better adapted to a location if the climate or Bmvinent has changed faster than the
local population has evolved. A local populatioaynactually be less optimal than other
populations, especially when all the populationsensnce continuous and local
fragmentation has occurred (Johnson et al. 2084,sde Lawrence and Kaye 2008). A
strong need also exists to combine information foprantitative genetic studies and
reciprocal transplants to investigations of seledyi neutral and constrained regions of
the genome. In this way, genetic markers assatiai particular adaptive traits can be
identified. Genetic and demographic risks must$tenated based on the biology of
each species. Together this information will erdeaour knowledge of how to best
maximize restoration success, genetic diversitgl, &fers insight into determining seed
transfer zones within the Willamette Valley.
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APPENDIX A: (SICA)

APPENDICES

POPULATION AD AL

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 3-9 6.00+ |4.24 |3-10 7.18 [3.13
JULEMR 2007056-2007084| 2007070{8(019.80 | 2007056-2007104 2007077+106.52
JULDATE 2008164-2008168) 2008166/8(2.83 | 2008161-2008179 20081699(%.35
HT 145-171 158.0@& |18.38 | 129-159 144.59(11.41
AVEINFLL 101.67-104.33 103.(9]1.89 |93-121 107.4€19.67
AVEFLWR 17.6-21.33 19.5812.59 |15-26.33 20.094.31
AVELEAFL 40-48.53 44.2[F 16.03 | 22.033-57.3 38.55|12.92
AVELEAFW 67.03-82.56 74.88)10.98 | 37.133-97.36 65.3423.48
AVEAL 19.43-20.86 20.15|1.01 |9.2-31.13 21.2419.37
AVBL 14.4-21.63 18.02 |5.11 |5.4-18.86 10.354.38
LOBEDISS 0.49-0.57 0.5 |0.06 [0.43-0.84 0.64(0.16
AVELOBEW 20.5-23.33 21.92 |2.00 |8.533-29.86 20.9%4/8.33
AVESEPL 8.5-10.36 9.431.32 |7.3-10.23 8.99(1.02
AVEPETL 17.63-19.6 18.62 [1.39 [12.066-16.36 14.30/1.58
AVEPETW 7.37-8.8 8.08|1.01 |6.966-10.03 8.32|1.08
TOTRACE 14-15 14.5(:|0.71 |15-27 17.524.31
AVEBRANC 7.67-11.33 9.5 [2.59 |6.333-12.33 8.52(2.44
AVEINFLFL 15.13-15.3 15.22 0.12 ]9.6-19.3 14.56|3.17
RFLOWCM 1.17-1.39 1.2810.16 |1.075-1.56 1.39|0.15
POPULATION AS BC

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 9-11 9.6(+|1.15 |8-10 111
JULEMR 2007055-2007113] 2007081i£(29.28 | 2007059-2007064 2007064
JULDATE 2008156-2008168| 2008160(8(06.92 |2008149-200817( 20081 (v
HT 134-160 146.3@ |13.05 | 102-169 169 |22
AVEINFLL 97.6-108.6 102.78 5.54 [89.6-110.3 1188
AVEFLWR 18-24 21.44 3.09 |11.66-29 29.007
AVELEAFL 44-50.8 48.3t |3.75 |39.03-60.23 60.23/8
AVELEAFW 80.13-92.5 86.366.18 |67.76-93.03 93.@3|10
AVEAL 20.66-24.46 22751192 |12.73-21.4 21.494
AVBL 17.36-25.2 21.643.96 |15.9-26.23 26.28/4
LOBEDISS 0.47-0.58 0.5 |0.06 |0.33-0.53 0.540
AVELOBEW 28.8-31.7 30.18 [1.45 [24.7-36.33 36.88/5
AVESEPL 7.96-10.06 9.1¢ 1.05 |8.33-10.73 10.181
AVEPETL 10.4-16.56 14.36|3.44 |12.46-18.7 18.702
AVEPETW 6.06-8.23 7.32|1.12 |5.53-10.16 10.1)2
TOTRACE 9-11 10.3%|1.15 |10-25 25.08 6
AVEBRANC 6-11.33 7.7&(3.07 |4-11.33 11.383
AVEINFLFL 16.23-21.2 19.1% 2.57 [11.13-21.36 21.5374
RFLOWCM 1.05-1.2 1.1 |0.07 |0.74-1.65 1.65|0
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POPULATION BE BL

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 3-9 1+ 2 79 81
JULEMR 2007059-2007123 2007081726 2007059-2007111 20070F¥521
JULDATE 2008147-2008158 20081524 2008158-2008168 20081655
HT 94-159 13k 21 110-187 142 |29
AVEINFLL 67.66-112.66 9% |17 88-125 102 |14
AVEFLWR 12-26.33 18.0% |5.08 |16-23.33 19.6€|2.85
AVELEAFL 27.73-58.26 45.46 (11.00 | 30.46-67.06 48.185(12.95
AVELEAFW 51.7-96.43 75.36[16.06 |50.83-117.66 84.1#723.68
AVEAL 6.56-32.43 16.42 110.01 | 8.86-39.43 24.13|10.93
AVBL 15-32.53 22.845.96 [13-19.86 15.86|2.87
LOBEDISS 0.24-0.68 0.3810.16 |0.34-0.75 O.QB 0.16
AVELOBEW 16.73-35.56 25.84|5.75 [19.06-45.1 30.89(9.79
AVESEPL 7.43-10.9 9.44[1.11 [9.13-95 9.32|0.15
AVEPETL 5.86-18.9 13.22 |4.54 |14.13-19.86 16.49|2.27
AVEPETW 5.93-9.43 7.28|1.33 |7.56-9.8 8.9810.82
TOTRACE 8-19 16.7#3.90 |9-20 15.0@& |4.53
AVEBRANC 4-8 6.5+ [1.47 |6.33-10 8.2¥ |1.44
AVEINFLFL 11.7-27 17.485.34 |8-18.86 15.1%14.18
RFLOWCM 0.61-1.29 1.08(0.24 |1.02-2 1.38]0.38
POPULATION (O CS

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 9-10 9+ 1 5-10 & |2
JULEMR 2007064-2007090 20070#314 2007055-2007086 200706311
JULDATE 2008161-2008168 20081644 2008156-2008172 20081637
HT 99-163 13F |34 105-161 134 |18
AVEINFLL 73-102.33 8f |15 64.66-112 88 (17
AVEFLWR 10.66-16 12.6#2.91 |11-21 17.24 3.82
AVELEAFL 30.03-46.4 38.3%8.19 |29.76-59 43.46|12.38
AVELEAFW 56.5-80.53 67.98|12.15 | 53.03-105 75.19|20.74
AVEAL 12.8-23.36 17.42 541 [13.03-46 27.38|11.52
AVBL 12.43-16.5 14.5%|2.04 |3.93-17 9.85 14.41
LOBEDISS 0.46-0.58 0.5410.06 |0.55-0 0.7%10.13
AVELOBEW 11.13-27.83 18.0¥ |8.70 |17-33 24.4F |6.45
AVESEPL 9.96-42.63 20.88 |18.84 | 8.43-10 9.180.86
AVEPETL 16.06-20.4 18.6%2.26 |10.4-21 16.18|3.75
AVEPETW 7.06-9.23 8.24|1.10 |5.86-8 7.18 |0.84
TOTRACE 14-19 15.64 |2.89 |11-29 19.08|7.21
AVEBRANC 4-8.66 6.78 [2.46 |6.33-12 9.18 |2.46
AVEINFLFL 8-13.2 11.33|2.89 |9.36-18 14.053.32
RFLOWCM 0.8-1.41 1.1410.31 |1.02-1 1.24 |0.19
POPULATION PL DY

RANGE MEAN STD |RANGE MEAN STD
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FLWRCLR 10-10 10 o 5-9 gt |2
JULEMR 2007072-2007085 2007077 2007053-2007086 200706210
JULDATE 2008149-2008161 20081556 2008156-2008170 20081656
HT 164-196 17818 [101-181 154 |25
AVEINFLL 109.33-121 115 |6 84-121 100t |14
AVEFLWR 14-20.66 16.8% [3.42 [13.66-20.33 17.20[2.77
AVELEAFL  [23.06-58.1 41.52[17.59 | 35.6-61.23 47.82)8.18
AVELEAFW  |47.86-83.96 68.03 [18.42 | 65.83-104.56 84.30013.53
AVEAL 8.06-29.46 20.32 [11.03 |10.9-39.43 26.88/10.14
AVBL 14.96-15.7 15.29[0.37 [5.1-29.56 13.69[8.18
LOBEDISS 0.34-0.66 0.5 |0.17 [0.26-0.88 0.650.21
AVELOBEW  [14.2-31.63 22.128.82 |21.3-38.7 30.18/6.40
AVESEPL 7.33-9.2 8.4R10.96 [7.63-11 9.08[1.36
AVEPETL 8.73-15.26 11.7%[3.30 |10.46-18.66 15.58[2.59
AVEPETW 4.43-6.93 5.9% [1.31 [5.9-8.4 6.9% [1.00
TOTRACE 13-27 18.6R [7.37 |9-26 17.63 5.95
AVEBRANC  [12.33-14.33 13.96(1.07 |3.66-10 7.6%|1.94
AVEINFLFL  |10.96-20.13 14.4%]4.95 |8.36-19.1 15.16[3.30
RFLOWCM _ |1.02-1.45 1.2 [0.22 [0.8-1.75 1.190.29
POPULATION EE GP

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 3-10 gt |3 4-10 g 2
JULEMR 2007056-2007113 200707616  |2007059-2007117 200702422
JULDATE 2008154-2008172 20081836 2008111-2008126 20081277
HT 121-175 150 (19 [109-128 128 |7
AVEINFLL 81.66-148 108[18  |70-82.66 75 |5
AVEFLWR 11.66-22.66 18.43[3.14 [12.33-24.66 18.11]4.22
AVELEAFL  [27.43-59.4 38.92(0.84 [39.9-57.36 45 .46/6.33
AVELEAFW  |45.23-97.23 66.62 [17.82 | 66.5-97.93 75.86/12.83
AVEAL 9-27.33 17.1 [6.32  [20.63-26.56 22.81[2.13
AVBL 5.6-27.06 15.3%[7.09 |7.76-21.36 15.194.59
LOBEDISS 0.29-0.78 0.58 [0.17 [0.53-0.75 0.64/0.08
AVELOBEW  [8.03-34.53 22.4%8.52 |21.5-31.6 24.46(3.78
AVESEPL 7.56-33.23 11.08[7.83 |7.3-10.66 9.241.35
AVEPETL 8.86-19.56 14.76 [4.39 |6.8-17.73 14.68[3.95
AVEPETW 5.23-9.5 7.1p[1.33 [4.9-10.9 8.58 2.21
TOTRACE 10-60 23.1( [14.84 |5-27 17.62[7.37
AVEBRANC  [5.33-20.66 10.6% [4.80 |2-4 2.88 [0.72
AVEINFLFL  |7.86-21.56 16.44[3.96 |16.63-24.33 20.38/3.38
RFLOWCM  |0.88-1.48 1.1%[0.22 [0.57-1.11 0.94[0.24
POPULATION HE HI

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 3-10 7+ 13 3-10 6t |3
JULEMR 2007055-2007082 200707210  |2007055-2007096 200702417
JULDATE 2008164-2008170 2008172 2008149-2008177 20081689
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HT 98-172 15k 24 111-177 142 |25
AVEINFLL 57-116.66 10& |19 70.66-136.33 99 |22
AVEFLWR 9-24.33 18.3F |4.84 |9-24 18.14 |5.28
AVELEAFL 27.36-61.43 42.069.92 |25.96-62.7 42.46/13.56
AVELEAFW 42.63-108.56 69.2218.93 | 40.43-111.6 72.94|25.27
AVEAL 7.23-39.93 18.4819.58 |6.73-23.86 16.806.11
AVBL 9.33-26.8 15.72|5.96 |11.93-31.73 18.5/8.18
LOBEDISS 0.21-0.81 0.5310.18 |0.29-0.63 0.4¥%/0.13
AVELOBEW 10.76-35.93 25.19|7.83 [14.63-39.3 26.4419.26
AVESEPL 7.03-9.76 8.58|0.86 |6-10 7.9911.33
AVEPETL 8.7-16.93 13.8%|3.22 |8.26-16.76 11.27(2.93
AVEPETW 4.2-8.36 6.4% |11.43 |4.2-9.56 6.48 1.71
TOTRACE 12-29 19.3¢6.55 |7-24 14.0@& |5.83
AVEBRANC 2.66-16 9.48 |4.48 |6.66-19.33 11.67(4.43
AVEINFLFL 4.7-17.13 14.08 4.31 |7.93-24 15.6¥|5.29
RFLOWCM 1-1.91 1.3, |0.32 |0.83-1.51 1.26|0.30
POPULATION JC KN

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 9-11 10+ 1 3-11 T+ 4
JULEMR 2007059-2007102 20070#918 2007058-2007116 200709420
JULDATE 2008156-2008179 20081/#]6 2008149-2008170 20081637
HT 71-148 124 |22 119-148 136 |11
AVEINFLL 54-116.66 93 |18 72-115.33 92 |15
AVEFLWR 14.66-25.33 19.48|3.34 |11.33-26.66 16.15/5.05
AVELEAFL 28.7-64.96 49.38 |10.42 | 34.33-62.6 48.81/10.61
AVELEAFW 50.7-98.2 77.8%]16.75 | 62.43-114.86 81.5719.89
AVEAL 12.23-37.5 20.88 |7.77 |23.1-35.63 27.88/5.08
AVBL 8.76-27.43 19.4815.86 |0.86-18.73 10.62/6.40
LOBEDISS 0.36-0.81 0.5 |0.13 |0.57-0.96 0.74)0.13
AVELOBEW 16.76-35.13 29.5816.00 |23.33-32.13 27.80|2.98
AVESEPL 8.13-10.53 9.1310.80 |7.06-11.56 .39|1.66
AVEPETL 10.86-18.3 14.9812.09 |7.7-18.63 13.98(3.55
AVEPETW 5.46-8.13 6.86|0.92 [4.4-9.43 7.381.59
TOTRACE 7-22 15.40- |4.14 |10-24 15.13 |5.00
AVEBRANC 3.66-10 8.08(1.89 ]6.33-12.33 9.04|2.50
AVEINFLFL 7-22.66 13.6f |4.59 |10.86-23.43 16.52/4.28
RFLOWCM 1.1-2.19 1.5310.42 |0.77-1.33 1.0210.20
POPULATION MC MN

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 3-10 8+ |3 3-10 G |3
JULEMR 2007052-2007089 20070#113 2007055-2007113 20070¥#19
JULDATE 2008154-2008177 20081678 2008156-2008168 20081644
HT 62-150 128 |28 132-187 154 |18
AVEINFLL 43.66-122.33 93 23 92-121.33 105 |8
AVEFLWR 8.33-23.33 15.8% 14.65 |15-28.66 20.1814.31
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AVELEAFL 23.83-47.63 35.7918.55 |[31.5-61.86 46.64(11.19
AVELEAFW 44.76-92.6 63.74 |17.18 | 53.43-105.73 80.8817.99
AVEAL 8.4-28.93 15.5%6.29 [11.76-30 18.39/5.79
AVBL 10-26.36 15.8@ [5.33 [14.1-32.1 21.34/6.53
LOBEDISS 0.34-0.64 0.4810.12 |0.32-0.62 0.46/0.11
AVELOBEW 14.56-31.93 22.1816.95 [16.23-40.66 25.48(7.14
AVESEPL 7.6-10.56 8.5410.88 [8.1-11.36 9.5¥(1.06
AVEPETL 9.96-17.4 12.4%|2.21 |15.06-23.16 17.8612.77
AVEPETW 6.43-9.63 7.9 (1.02 |7.13-9.63 8.31/0.88
TOTRACE 10-43 20.2(:9.10 |14-34 20.58(7.14
AVEBRANC 4.33-20.66 8.9%|4.68 |6.33-12 9.1% |12.00
AVEINFLFL 7.93-18.83 13.592|3.85 |11.33-28.83 17.56|5.23
RFLOWCM 0.6-1.71 1.2x|0.31 |0.75-1.58 1.28|0.24
POPULATION MO MS

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 3-9 G+ |3 3-10 T+ 3
JULEMR 2007053-2007063 200708405 2007061-2007113 20070%#818
JULDATE 2008161-2008179 20081697 2008142-2008182 200816512
HT 62-159 128 |44 75-150 118 24
AVEINFLL 24.66-99.66 78 |35 54.33-106 8% |16
AVEFLWR 10-19.66 15.83 |4.38 |14.66-39.66 20.1\7.47
AVELEAFL 33.5-62.23 43.9% |13.55 | 22.3-57.16 39.14/11.95
AVELEAFW 46.2-86.76 64.98 |17.57 | 39.76-100.83 67.31)18.97
AVEAL 11.43-26.33 16.98(6.72 |5.16-25.7 13.46(6.86
AVBL 18.06-23.9 20.2% |2.63 |15.86-28 21.32|3.58
LOBEDISS 0.38-0.56 0.4410.08 |0.21-0.61 .3¥|0.12
AVELOBEW 21.6-32.43 24.845.10 |11.9-31.36 22.5216.12
AVESEPL 8.73-9.8 9.4 10.49 |7.56-9.26 8.45/0.46
AVEPETL 14.1-18.93 17.2812.26 |10.96-20.06 15.62|2.53
AVEPETW 6.96-10 793 (140 |5.8-11.23 8.44|2.01
TOTRACE 3-24 12.2% 9.03 |2-22 10.7& |6.04
AVEBRANC 3.33-14 9.25 |4.43 |5.33-13 8.7¥ |12.60
AVEINFLFL 11.26-20.26 16.08 |4.15 |8.83-23.46 14.38|5.01
RFLOWCM 0.88-1.06 0.9810.09 |0.9-1.84 1.45|0.32
POPULATION MT MX

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 1-9 5+ 6 3-3 0
JULEMR 2007081-2007083 20070821 2007064-2007079 20070699
JULDATE 2008168-2008168 200816880 2008154-2008175 200816411
HT 158-160 1581 153-185 178 |16
AVEINFLL 101-104.66 103 3 103.66-129.33 11%]13
AVEFLWR 16.33-18 17.1#]1.18 |16.66-25 19.78|4.55
AVELEAFL 26.5-36.8 31.6%|7.28 |45.7-49.83 47.39(2.22
AVELEAFW 44.13-57.46 50.809.43 |76.9-84.83 80.(8/4.22
AVEAL 11.96-13.33 12.d5 0.97 [15.9-23.5 20.6014.11

185




AVBL 8.5-20.66 14.58 |18.60 |15.2-27.83 21.2216.34
LOBEDISS 0.36-0.61 0.4810.17 |0.36-0.59 0.50|0.12
AVELOBEW 13.6-23.8 18.7@¢ |7.21 |25.33-31.96 28.1#7|3.32
AVESEPL 7.33-9.16 8.251.30 [9.2-10.36 9.98|0.62
AVEPETL 10.66-12.56 11.62|1.34 |15.8-20.3 17.46(2.47
AVEPETW 6.03-7.56 6.8@ |1.08 |8.93-10.33 9.80|0.76
TOTRACE 22-31 26.5(:6.36 | 12-28 20.6% |8.08
AVEBRANC 9.33-13 11.1#|2.59 |6.33-10 7.9612.12
AVEINFLFL 16.43-19.46 17.952.14 [11.5-22.8 16.28|5.85
RFLOWCM 0.92-0.99 0.96|0.05 [1.09-1.44 1.25/0.18
POPULATION PC RF

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 1-9 4+ 4 1-7 32
JULEMR 2007055-2007076 20070&/10 2007052-2007112 20070%423
JULDATE 2008154-2008175 200816749 2008149-2008172 20081&07
HT 127-143 13 |6 108-170 138 |22
AVEINFLL 66-115.66 9 |17 70.66-122.66 9¥ |20
AVEFLWR 14.33-24 20.1# |3.69 |10.33-28.33 16.4/5.53
AVELEAFL 31.8-40.33 36.14 3.27 |22.53-48.66 36.65/8.24
AVELEAFW 50.33-70.03 62.08|7.45 |38.63-78.56 65.87|15.16
AVEAL 6.93-24.73 15.7% [7.27 |5.1-19.26 11.8814.32
AVBL 7.33-26 15.2@ [7.24 |12.63-26.3 20.28/4.64
LOBEDISS 0.25-0.77 0.5 0.22 |0.25-0.6 .36(0.11
AVELOBEW 21.93-29.7 25.02 2.79 |11-35.9 23.46(7.76
AVESEPL 5.56-9.2 7.98|1.33 |5.83-8.76 7.46|0.92
AVEPETL 6.76-16.3 13.98 |3.62 |5.93-17.76 10.665/3.80
AVEPETW 4.73-8.16 6.7@|1.24 |4.93-7.83 6.39(1.23
TOTRACE 6-28 13.6}|7.87 |17-53 31.25 |15.62
AVEBRANC 6.33-10 8.44(1.39 |6.33-12 9.58 2.11
AVEINFLFL 7.86-17.13 13.5%3.39 |9.73-22.03 15.06/4.04
RFLOWCM 1.25-1.82 1.5 [0.25 |0.84-1.54 1.12]0.25
POPULATION RP SM

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 1-10 5+ 3 9-9 30
JULEMR 2007056-2007070 200706356 2007119-2007119 200718718
JULDATE 2008158-2008172 20081615 2008168-2008168 20081126
HT 159-202 18( |16 149-149 128 |31
AVEINFLL 105.66-157 128 |21 109.66-109.66 M 25
AVEFLWR 8-24.66 17.6|#|5.82 |18.66-18.66 18.10.69
AVELEAFL 40.9-51.2 46.26 |4.37 |34.06-34.06 28.4116.51
AVELEAFW 67.23-89.93 74.56|9.11 [55.4-554 48.36/8.51
AVEAL 12.9-22.5 18.1212.99 |17.46-17.46 12.16|6.39
AVBL 15.1-31.8 21.1815.92 |14.96-14.96 11.93/4.88
LOBEDISS 0.28-0.57 0.4#)0.10 |0.73-0.73 0.49(0.24
AVELOBEW 22.7-39.96 29.58 16.02 |22.4-22.4 18.2414.92
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AVESEPL 7.2-10.6 8.88|1.05 |10.46-10.46 8.4?17 141
AVEPETL 10.96-18.86 14.92|2.65 [17.03-17.03 14.44/2.80
AVEPETW 5.53-8.8 7.4%|1.29 |8.66-8.66 8.09/|0.76
TOTRACE 14-34 21.4836.78 |25-25 21.08 |4.58
AVEBRANC 6-13.33 8.8f [2.27 |6.66-6.66 6.22|0.51
AVEINFLFL 10.46-18.7 14.72 2.70 |18-18 14.6% |3.14
RFLOWCM 0.76-1.55 1.18|0.26 |1.58-1.58 1.28|0.31
POPULATION SN SR

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 10-10 10+ 10 5-10 W12
JULEMR 2007065-2007108 2007017925 2007056-2007077 20070679
JULDATE 2008119-2008135 20081299 2008149-2008168 20081398
HT 105-130 11813 120-146 132 |13
AVEINFLL 70.66-82.66 78 |6 60.33-88 7311
AVEFLWR 13.33-22.33 18.3834.58 |14.33-23 19.92|3.82
AVELEAFL 30.56-57.26 44.56113.40 | 32.2-57.66 46.81(11.37
AVELEAFW 43.86-98.7 75.3% |28.29 | 54.7-102.26 80.88|21.07
AVEAL 15.46-34.26 23.9819.55 [13.26-35.33 20.68|10.02
AVBL 6.26-16.7 11.88|5.25 |6.93-23.9 16.5%8(7.77
LOBEDISS 0.55-0.84 0.6 10.16 |0.39-0.83 .5510.20
AVELOBEW 12.6-29.2 21.83 8.46 [20.3-39.5 29.5519.41
AVESEPL 6.4-8.63 7.8 |1.24 |8-11.56 9.71% |1.46
AVEPETL 8.93-16.23 11.6814.00 |7.43-17.16 13.884.44
AVEPETW 7.16-9.36 8.1% |1.13 |4.36-8.46 6.95(1.79
TOTRACE 12-16 1464 2.31 |8-21 12.0& |6.06
AVEBRANC 2.66-5 41K (1.26 |6-7 6.4 10.42
AVEINFLFL 14.06-15.46 14.62|0.75 |14.86-22.2 18.68|3.07
RFLOWCM 0.94-1.44 1.25(0.26 |0.96-1.18 1.0610.09
POPULATION BT SuU

RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 9-10 91 3-10 =4
JULEMR 2007058-2007078 200706810 2007059-2007077 20070678
JULDATE 2008156-2008161 200811883 2008154-2008168 20081627
HT 135-182 158 24 107-186 145% |32
AVEINFLL 83.33-127 10% |22 82.33-135 10% 23
AVEFLWR 16-18 16.8% 1.02 [11.33-21 16.88|4.64
AVELEAFL 38.46-55.8 47.8% 18.76 |29.56-49.7 39.16|8.51
AVELEAFW 63.2-95.76 81.14 |16.54 | 52.4-89.96 69.(9(18.46
AVEAL 17.63-32.5 24.13|7.61 |5.26-27.23 19.19/9.59
AVBL 7.33-14.83 11.18|3.75 ]10.06-21.9 13.88/5.44
LOBEDISS 0.54-0.81 0.680.14 |0.19-0.69 .56(0.24
AVELOBEW 20.86-34.63 27.9216.89 [12.2-26.63 19.2416.35
AVESEPL 8.26-10.96 9.3 145 |7.36-8.73 8.18/0.70
AVEPETL 15.33-19.3 17.62 [2.05 |6.56-16.03 9.684.32
AVEPETW 8.06-10.4 9.3 |1.17 |5.06-8.83 6.2¥|1.77
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TOTRACE 19-23 20.6j& [2.08 | 20-27 22.dﬂi 3.37
AVEBRANC 6.66-11 9.4#& 241 |4.33-11 7.58[3.05
AVEINFLFL 12.73-19.83 17.123.83 [8.73-15.96 13.(8/3.16
RFLOWCM 0.88-1.25 1.0g(0.21 |1.13-1.38 1.28/0.11
POPULATION TP TU
RANGE MEAN STD |RANGE MEAN STD
FLWRCLR 4-10 9+ 2 9-9 90
JULEMR 2007054-2007111 200707416 2007055-2007070 200706311
JULDATE 2008158-2008179 20081697 2008158-2008161 20081602
HT 127-180 151 |16 144-156 158 |8
AVEINFLL 97.66-131.66 11% |11 72-93 83 |15
AVEFLWR 7-27.33 18.0F |5.67 |17.66-26.66 22.17|6.36
AVELEAFL 26.9-56.9 41.9@ |11.57 | 35.2-36.43 35.82/0.87
AVELEAFW 45.23-102.73 70.88|19.74 | 60.53-61.73 61.13|0.85
AVEAL 8.8-26.53 19.42 |5.78 |10.6-20.36 15.48|6.91
AVBL 5.76-25.46 13.6%16.12 |10.93-19.13 15.38|5.80
LOBEDISS 0.25-0.81 0.5810.14 |0.35-0.65 0.50|0.21
AVELOBEW 11.96-53.33 27.7613.24 | 19.1-24.9 22.(9/4.10
AVESEPL 7.56-10.33 9.1% |0.92 |9.06-10.66 9.87|1.13
AVEPETL 10.06-20.06 1559|1295 |17.5-175 17.%0|0.00
AVEPETW 4.73-7.73 6.4810.94 |8.96-8.96 8.9¥%|0.00
TOTRACE 12-27 20.6(x |5.08 |10-22 16.04 |8.49
AVEBRANC 7.66-16.66 10.3812.84 |6.33-13 9.6 14.71
AVEINFLFL 6.43-33.03 13.88(7.93 [12.3-19.93 16.12|5.40
RFLOWCM 0.82-2.39 1.4#|0.51 |0.88-2.16 1.5810.91
APPENDIX B: (ERLA)
RANGE MEAN STD

JULEMR 2007008-2007113 2007066.3 + 21.01

FLWRJUL 2008128-2008161 20081434 + 5.82

AVERAYL 2.1-17.03 10.714211 + 2.17

AVERAYW 1.4-93 5.3932079 =+ 1.11

AVEFHDIA 3.96-12.3 8.3260188 =+ 1.10

EXTOTRCM 8-1704 443.56113 =+ 271.82

HT 11-79 55.705329 =+ 9.98

DIA 2-150 95.780564 =+ 21.05

LARRGT 1-2 1.2633229 = 0.44

LEAFEDG 1-5 1.6206897 =+ 0.52

FLCR1 0-10.8 3.5410658 =+ 3.01

FCPTL 2.1-15.93 10.347962 =+ 2.14

DIFFCOLR 1.4-15.4 6.8068966 * 2.94

FLCL2 1-5 3.137931 + 1.36

AVEHDINFL 1-18.33 4.2685475 =+ 222

AVEPEDL 2.66-53.66 31.159875 =+ 9.08

AVERAY 7-13.66 9.7032497 =+ 1.36
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LEAFCLR 1-6 2.7523511 + 1.53
AVELEAFL 14.25-65.1 37.982602 + 7.53
AVELOBE 1-4.5 2.6833856 + 0.65
AVELEAFTIP | 1-2 1.30721 + 0.43
LEAFW 1.9-194 5.9200627 + 2.59
APPENDIX C: (ERLA)

CB CM

RANGE MEAN STD RANGE MEAN STD
JULEMR 2007052-2007078 2007067\2 |+ 6.4540229 2007059-BID7( 20070720 H 7.1657253
FLWRJUL 2008140-2008158 2008142\5 |+ 4.3891578 2008140-Z20D81 2008146.5 # 4.9458978
AVERAYL 2.1-13.56 10.09215Y + 3.26678412 7.23-12.6 10.161965 1.3829231]
AVERAYW 1.4-5.7 4.054902 + 1.2918517 3.3-6.43 5.2825B97| #851836
AVEFHDIA 3.96-9.66 7.9352941 + 1.41143b 6.6-9.06 7.7873016 056979108
EXTOTRCM 16-944 479.05882 =+ 318.9468 200-1144 620.19048 +7.27443
HT 17-68 49.823529 + 13.440774 48-72 58.761905| + @862
DIA 32-124 85.176471 =+ 27.461872 62-139 100.42B57| 27723
LARRGT 1-2 1.3529412 4 0.4925972 1-2 1.3333333 | + 0.483Q4
LEAFEDG 1-2 1.5294118 # 0.51449598 1-2 1.6190476 | + 0.49741
FLCR1 0-6.6 3.3764706 + 2.4491145 0-8 49190476 + 2.333(1
FCPTL 2.1-13.56 9.1333338 i+ 3.0950004 7.23-12.6 10.1158%¥3 1.5608623
DIFFCOLR 2.1-9 5.75686271 + 1.78667 2.56-11.96 5.1968p54| 6322763
FLCL2 1-5 3.5882353 # 1.41681(08 1-4 3.5714286 | = 1.07570
AVEHDINFL 1-6.66 3.5098039 + 1.7123637 2-11 5.3650794| + D233
AVEPEDL 4-39.66 25.45098 4 10.743823 12-43 28.904762| + 7BB17
AVERAY 8-12.33 10.156863 + 1.1311109 7.66-11.66 9.39682b4 1.1624641
LEAFCLR 2-5 3.4117647 4 11213175 1-3 1.952381 | + 0.74001
AVELEAFL 14.25-45.85 32.87352p t 9.04231p8 25.95-44.6 33291 +| 5.293689
AVELOBE 1.5-3.5 2.2352941 =+ 0.56229%7 2-4.5 3.2380952| =+ 248809
AVELEAFTIP 1-1 1 | 0 1-2 1.452381 1+ 0.444548¢
LEAFW 1.9-9 47176471 4+ 2.2517314 2.5-6.5 4.5904762| + 9411125

CR CS

RANGE MEAN STD RANGE MEAN STD
JULEMR 2007061-2007113 2007079|6 |+ 12.586623 2007029-BW7(0 2007064.1 # 17.709572
FLWRJUL 2008140-2008154 2008147\8 |+ 4.3998834 2008137-F108] 2008142.1 # 3.7402505
AVERAYL 7.76-12.26 10.26666f # 1.23438B9 6.06-9.33 7.976666 | 0.9501677
AVERAYW 5.13-7.76 6.5717949 + 0.6395667 3.16-5.4 4.5383383 0.6471959
AVEFHDIA 7.06-9.1 7.9974359 + 0.6174112 7.73-10.6 8.96| * 7718349
EXTOTRCM 80-472 232.61538 =+ 118.99407 296-1208 668.4| + 23p1
HT 47-72 60.615385 + 6.9106013 50-75 59(75| + 5.883%4
DIA 49-111 82.692308 + 19.5677¢5 78-125 102 | + 13.0626
LARRGT 1-1 1| | 0 1-2 1.4 + 0.5104178
LEAFEDG 1-2 1.6923077 # 0.4803845 1-2 1.65 |+ 0.4893p(
FLCR1 0-9 6.3076923 # 3.06661(09 0-5.4 0.435 | + 1.38156
FCPTL 7.3-13.8 10.251282 + 1.8723928 5.6-10.1 8.2383333 18869222
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DIFFCOLR 1.4-11 3.9435897 =+ 2.60133] 3.33-10.1 7.80333833 9416909
FLCL2 1-4 3.6153849 # 0.9607689 1-4 2.3 |+ 0.86450¢
AVEHDINFL 2.66-10.66 4.3846154 ¢ 2.1118982 1.66-5.33 3.6| 04aB247
AVEPEDL 20-46.66 32.794872 * 7.6805894 19.66-52.33 37.28338| 9.2497985
AVERAY 7.33-9 8.1794872 £ 0.4219747 8.33-12.66 11.333333 12658354
LEAFCLR 1-3 1.7692308 +# 0.5991447 1-5 2.5 |+ 0.8885p:
AVELEAFL 31.15-45.5 38.007692 i 4.45532p7 24.35-44.7 35{165 5.1688872
AVELOBE 2-3 2.4230769 4 0.4003204 2-35 2.8 | £ 0.5477p.
AVELEAFTIP | 1-2 15| +| 0.4082483 1-2 1.225 |+ 0.379577
LEAFW 3.4-12.6 6.3923077 ¥ 2.6417991 2.5-10.1 5.5| + 25683

ER FB

RANGE MEAN STD RANGE MEAN STD
JULEMR 2007008-2007085 2007034{1 |+ 23.882155 2007054-B170 2007069.1 # 7.2832514
FLWRJUL 2008130-2008154 2008140{2 |+ 5.1344496 2008135-Z1081 2008145.8 # 4.5961052
AVERAYL 8.56-15.9 11.75789% ¢ 1.76046%8 8.86-14.16 11.82392 | 1.4633008
AVERAYW 4.66-7.36 5.5526316 * 0.7520602 3.63-6.03 4.80740%4 0.5563132
AVEFHDIA 6.23-8.7 7.3701754  0.75309%2 8.36-11.2 9.6851852 08276451
EXTOTRCM 128-1704 522.10526 ¢ 376.64099 152-1088 517.33333 249.11325
HT 11-67 51.15789% + 12.383964 47-72 59 | £ 7.02935
DIA 73-120 03.736842 x 10.613629 68-133 110.16p67| +97B47
LARRGT 1-2 1.2631579 # 0.4524139 1-2 1.1666667 | + 0.38348
LEAFEDG 1-2 1.5263158 # 0.5129892 1-2 1.8333333 | + 0.38348
FLCR1 0-8.4 1.0315789 + 2.5082204 0-8.8 4.6111111| + 5472
FCPTL 8.1-14.93 11.377198 ¢ 1.6331463 6-13.8 10.809259 2472821
DIFFCOLR 4.9-13 10.345614 £ 2.1834736 1.9-11 6.1981481| + 700227
FLCL2 1-4 1.6842105 # 1.1081833 1-4 3.6111711| £ 0.91644
AVEHDINFL 2.33-13 4.4035088 ¥ 2.4635089 1-5.33 3.2407407| 9466601
AVEPEDL 12.66-39.33 22421058 ¢ 6.32537)/2 21.66-53.66 B8BY +| 8.53147871
AVERAY 7.33-13.33 9.1052632 ¢ 1.7215147 8.33-11.33 109655 | 0.9305987
LEAFCLR 1-4 2.3684211 +# 1.49853913 3-5 4.2222222 | £ 1.00346
AVELEAFL 26.4-54.65 39.584211 ¢ 8.31175p3 22.9-48.1 38.33388 | 7.0594702
AVELOBE 154 2.8684211 + 0.7039986 1.5-3.5 2.4722222| * 03565
AVELEAFTIP [ 1-2 1.4210526 # 0.4491708 1-1 + 0
LEAFW 2.5-12.3 6.1 H 2.283272p 2.8-12.1 6.2111111| + 21936

GR HA

RANGE MEAN STD RANGE MEAN STD
JULEMR 2007064-2007089 2007081}5 |+ 8.8132332 2007040-B®70 2007067.9 # 11.656938
FLWRJUL 2008135-2008142 2008139 |+ 2.6832816 2008140-2008154 2008147.9] # 3.932322p
AVERAYL 8.73-12.3 10.354545 ¢ 1.23623f4 5.66-14.43 9.545 22140507
AVERAYW 3.86-5.83 5.1636364 ¢ 0.572801 2.8-7.5 5.8566667 089479495
AVEFHDIA 7.66-10.86 8.6424242 ¢ 0.87128[14 7.9-12.3 9.725 #588901
EXTOTRCM 152-632 326.5454% + 145.407%7 8-376 163.2| + 103827
HT 45-69 55| *| 6.8556546 33-68 54.25 |+ 9.53594
DIA 78-115 95.272727 x 11.6712%5 60-125 95/85| + 192594
LARRGT 1-2 1.1818182 # 0.4045199 1-2 1.1 |+ 0.30779¢
LEAFEDG 1-2 1.5454545 4 0.522233 1-2 1.65 [+ 0.48936(
FLCR1 0-5.4 3.9363636 # 1.467837 0-10.8 1.935| + 3.54404
FCPTL 5.7-11.2 9.2363636 + 1.5021802 5.66-14.4 8.5416667 2.1964585
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DIFFCOLR 2.6-11.2 5.3 # 21927152 2.5-10.2 6.6066667| + 22669
FLCL2 2-5 3.9090909 # 0.700649 14 1.¥5 |+ 1.33278¢
AVEHDINFL 1-4 2.7878788 # 0.9101004 1.66-6.66 3.6333333| +18r318
AVEPEDL 20-34 29.515152 £ 4.57375(03 24-48.66 36/25| + 7.2637
AVERAY 9.66-12.33 10.787879 ¢ 0.82019p5 8-11.66 9.3166667 0.9761783
LEAFCLR 1-5 2.6363636 # 1.0269106 1-2 1.65 |+ 0.5104[
AVELEAFL 31.3-51.7 39.154545 * 6.10845%4 32.7-65.1 44.11025 7#433754
AVELOBE 1.5-3.5 27727273 x 0.6067799 1.5-3.5 2.675] £+ @929
AVELEAFTIP [ 1-1 11+ 0 1-2 14 4 0.4472136
LEAFW 3-8.6 5.2090909 + 1.7506882 2.7-11.4 6.295| + 2.605]

HR HZ

RANGE MEAN STD RANGE MEAN STD
JULEMR 2007008-2007089 2007051}9 |+ 27.458887 2007043-B¥X070 2007074.5 +# 13.301497
FLWRJUL 2008130-2008149 2008140 |+ 4.5439451 2008137-2008147 2008140.6) # 1.920952b
AVERAYL 9.1-17.03 12.6 # 2.6858684 9.86-15.6 12.826B816] #4882079
AVERAYW 4.93-9.3 6.9174608  1.2033573 5.66-7.7 6.8947368 05867112
AVEFHDIA 6.86-9.83 8.3031746 * 0.81178]6 6.66-9.23 7.6894 787 0.7251269
EXTOTRCM 56-608 323.80952 x 169.660713 72-624 345.68421] + .38932
HT 19-65 53.857143 + 9.9864193 39-63 53.736842| + @479
DIA 30-124 91.619048 = 25.439096 49-102 85.789474] +686234
LARRGT 1-2 1.3333333 # 0.4830459 1-2 1.0526316 | + 0.22941
LEAFEDG 1-2 1.7142857 # 0.46291 1-2 1.6315789 | + 0.49539
FLCR1 0-10.4 1.5666667 + 3.3730303 0-8.5 4.9263158| + 824866
FCPTL 7.9-15.4 11.933333 + 2.052424 10.3-15.2 12.001754 181151
DIFFCOLR 2.53-15.4 10.366667 # 3.50425]4 4.6-13.4 7.0754384 2.5339142
FLCL2 1-4 1.6666667 # 1.197219 14 3.3684211 | £+ 1.25686
AVEHDINFL 1.66-9 5.1428571 + 1.7875239 1.33-6 3.6666667| =+ 36B055
AVEPEDL 4.33-40 27.698413 x 8.8918844 18-41.66 31.45614 $H£27/M431
AVERAY 7.66-11.33 9.3333333 ¢ 0.94868B3 8-10 8.9298P46 $£810297
LEAFCLR 1-4 2.9047619 # 1.3380848 1-1 1/ 0
AVELEAFL 25.65-63.6 37.519048 ¢ 9.80803B5 28.15-52 39.123684 6.3334291
AVELOBE 2-4 2.5714286 # 0.5542047 1.5-4 2.2368421| + 0.7883C
AVELEAFTIP [ 1-2 15714286 +# 0.4818191 1-2 1.9210326 | £ 0.2507%2
LEAFW 2.7-10.2 6.3666667 * 1.8802482 6-14.5 9.1315[/89 #12B428

Kl KN

RANGE MEAN STD RANGE MEAN STD
JULEMR 2007052-2007085 2007068{8 |+ 10.997752 2007043-Z®70 2007065.2 # 13.53704
FLWRJUL 2008137-2008154 2008146|8 |+ 4.6769249 2008135-A108]1 2008148.9 # 7.2102915
AVERAYL 10.1-16.03 12.17381 # 1.6805666 5.5-13 9.0263158 18730901
AVERAYW 4.33-6.16 5.2261905 ¢ 0.566769 3.2-5.9 4.5614035 07403088
AVEFHDIA 7.4-10.13 8.692857]1 ¢ 0.7873116 6.63-10.33 8.58P456 | 0.8810325
EXTOTRCM 176-832 456] H 177.97493 112-1080 559.57895| + 22320
HT 53-79 62.357143 £ 7.0011743 56-71 63.368421| + 2857
DIA 55-120 97.785714 x 19.055298 39-145 106.31p79] +702495
LARRGT 1-2 15| #| 0.518874% 1-2 1.6842105 |+ 0.47756¢
LEAFEDG 1-5 1.9285714 4+ 0.997249 1-2 1.5789474 | + 0.50775
FLCR1 0-6.9 49785714 + 2.2908442 0-3.9 1.3315Y89| + B2BT
FCPTL 10.2-14.3 12.069048 # 1.0596294 6-12.6 9.0526316 18190798
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DIFFCOLR 4.8-14.3 7.0904762 x 2.5097563 4.1-12.6 7.7210526 25377936
FLCL2 1-5 3.7142857 # 0.9944903 1-5 3.4210526 | + 1.42696
AVEHDINFL 2-4.66 3.1190476 =+ 0.8633778 3-15 5.5789474| + 28B4
AVEPEDL 25.66-45.66 35.619048 [ 6.8211049 21.66-53 39.08508 | 9.8794554
AVERAY 8-11.66 10.071429 x 0.9799579 8.33-13 10.157895 #37455
LEAFCLR 1-3 15714286 4 0.7559289 1-6 2.8947368 | £+ 1.37010
AVELEAFL 31.95-49.4 38.660714 i 5.50881p4 26.4-54.7 39.65268 | 7.3730642
AVELOBE 2-3.5 2.7857143 + 0.4258133 2-45 3.1578947| £+ (O6B3
AVELEAFTIP [ 1-1 11+ 0 1-2 1.5 4 0.4714045
LEAFW 2-6.4 4.8285714 =+ 1.2041138 1.9-18.4 5.4947B868 H23154

LT NB

RANGE MEAN STD RANGE MEAN STD
JULEMR 2007073-2007085 2007082|3 |+ 3.1483469 2007008-ZBD70 2007015.7 # 6.2526185
FLWRJUL 2008140-2008158 2008147\9 |+ 5.9674023 2008137-Z®81 2008143.1 # 6.2890684
AVERAYL 8.9-13.3 10.580952 * 1.1230844 7.63-12.8 10.008889 1.5341854
AVERAYW 3.66-5.93 4.8880952 ¥ 0.6119386 4.43-6.66 5.433338B3 0.6450052
AVEFHDIA 8.3-10.56 9.0928571 # 0.719236 5.7-7.93 6.9044444 0.5402625
EXTOTRCM 176-664 400.571483 * 134.616]1 192-616 350.4| + 124.4%
HT 43-77 67| *| 8.952868 45-70 57.666667 | £+ 7.65008
DIA 63-150 107.42857 1 23.896296 74-145 101.46p67| +164203
LARRGT 1-2 1.0714286 # 0.2672612 1-2 1.3333333 | + 0.48795
LEAFEDG 1-2 1.4285714 +# 0.5135526 1-2 1.7333333 | + 0.45713
FLCR1 0-7.4 4.4071429 + 1.8138206 0-9.5 4.1666667| + BZ56
FCPTL 9.3-13.7 11.747619 = 1.3177107 7.2-13.4 10.4] + 49669
DIFFCOLR 5.36-11.4 7.3404762 ¥ 1.70124p3 2-12 6.2333B33] H7®@697
FLCL2 2-5 4| £| 0.6793662 1-4 2B B 1.52127
AVEHDINFL 3.33-11.66 6.5714286 ¢ 2.36942P6 3.33-18.33 8.22222+ | 3.9130767
AVEPEDL 24.33-48.33 39.595238 ¢ 6.30178[18 16.66-43.33 30.T71| +| 6.564535]
AVERAY 8.33-13.33 10.16690p # 1.38856)y8 7.33-13 9.3111141 1.7478634
LEAFCLR 2-5 3.7142857 4 1.20438716 4-6 5.8666667 | + 0.51639
AVELEAFL 30.35-54.7 42.392857 ¢ 7.59437p9 26.3-54.9 45%.32 89456466
AVELOBE 2-3.5 2.7857143 + 0.3779645 2-4.5 3.2666667| + 0326
AVELEAFTIP [ 1-2 1.2142857 # 0.3779645 1-2 1.7 |+ 0.3683p¢
LEAFW 4.5-19.4 9.3571429 x 3.88858%7 2.4-14.2 6.0333333 38504086

OE ow

RANGE MEAN STD RANGE MEAN STD
JULEMR 2007052-2007085 2007074{8 |+ 8.9199739 2007066-B®70 2007077.4 4 5.66478]
FLWRJUL 2008133-2008154 2008139|9 |+ 5.030149 2008128-2@0814 2008135.8 # 5.0357695
AVERAYL 8.7-15 11.70238]1 £ 1.9395331 8.56-12.16 10.125641 18526997
AVERAYW 4.56-5.96 5.0428571 ¢ 0.3994502 4.16-6.5 5.3282051 0.559571
AVEFHDIA 6.4-10.13 8.4309524 * 1.0014916 6.36-9.16 7.7230769 0.8139279
EXTOTRCM 152-616 384 4 150.68255 56-1360 504 | £+ 428.10b
HT 31-66 48.571429 £ 8.234204 32-66 47.923077| £ 92933
DIA 65-116 90.285714 x 14.839804 52-109 83.538462 +113877
LARRGT 1-2 1.2142857 +# 0.4258193 1-2 1.2307692 | £ 0.43842
LEAFEDG 1-2 1.4285714 4 0.5135546 1-2 1.4615385| + 0.518§7
FLCR1 0-5.8 3.55| | 2.096058p 3-5.5 4.1846154 | £+ 0.83551
FCPTL 8.2-12.13 10.266667 ¢ 1.264438 6-12 9.5128R05| + 086889
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DIFFCOLR 2.6-11.7 6.7166667 * 2.5642429 2.6-9 5.3282p51] £58896
FLCL2 1-5 3.6428571 # 1.1507284 4-5 4.1538462 | + 0.37543
AVEHDINFL 2-8.33 3.595238]1 =+ 1.7105933 1.66-5.33 3.2564103 08921343
AVEPEDL 16.33-34.33 25.71428p [ 6.04238[9 10.66-33.66 ZBI3| +| 6.413238¢
AVERAY 8.66-12.33 10.214286 ¢ 1.25137p9 8.33-12 9.7179487 1.1694107
LEAFCLR 1-6 29285714 4 1.2688145 1-5 2.7692308 | £+ 1.23516
AVELEAFL 28.75-45.2 35.01785)7 i 5.4500088 22.6-41.3 33.989538| 5.3333614
AVELOBE 1-35 2.5714286 + 0.7300439 2-3.5 2.6538462| + (%65
AVELEAFTIP | 1-2 11071429 # 0.2894671 1-1 1/ 0
LEAFW 3.7-8.1 6.1642857 =+ 1.3141872 2.7-7.7 4.7538462) B04R337
RA RO
RANGE MEAN STD RANGE MEAN STD
JULEMR 2007052-2007082 2007078|1 |+ 8.1230326 2007068-ID70 2007079. # 6.8495742
FLWRJUL 2008135-2008147 2008140 |+ 3.7237973 2008137-2008154 2008143.4] + 4.788440P
AVERAYL 8.13-13.43 10.645838 ¢ 1.6817044 7.43-12.23 10]2¥5 1.154925
AVERAYW 3.83-6.03 4.854166Fy ¥ 0.5898996 3.4-6.1 4.75p25| B5AB574
AVEFHDIA 6.93-9.9 8.2916667 *+ 0.80943%1 5.63-9.96 8.1416667 0.9940192
EXTOTRCM 248-1080 608 # 265.82801 160-1208 534.5| + 322.0Q9
HT 40-62 50.437§ 4 7.1364674 18-66 47.9375| + 13.5177
DIA 2-119 98.3125 # 27.331834 33-123 88.5625| + 23.366F
LARRGT 1-2 1.125| #| 0.341565| 1-2 1.3125 |+ 0.4787]:
LEAFEDG 1-2 1.4375| # 0.512347p 1-2 1.5625 |+ 0.5123¢
FLCR1 0-6.7 4.61875 # 1.8519247 0-6.9 4.36875 | + 2.32478
FCPTL 8.1-13.4 10.525 # 1.6717418 6.4-13.5 9.6645833| $178268
DIFFCOLR 1.73-10 5.90625 £ 2.020349 2.5-9.1 5.2958833| + 2H&9
FLCL2 2-4 3.875| #| 0.5 15 3.5625 | 1.31497
AVEHDINFL 1.33-5 3.2708333 + 1.0626225 1-4.66 2.875| £ 1.14P9€
AVEPEDL 19.33-41.66 30.6875 ¢ 5.9572163 2.66-35 25.041/667 84938976
AVERAY 9.33-13.66 10.395838 ¢ 1.19392y5 8-11 9.6458333 H62D099
LEAFCLR 2-6 3.625| #| 1.3102168 1-5 3.4375 |+ 1.36478¢
AVELEAFL 29.5-42.8 34.8437% * 4.0128076 25.9-46.05 35.453125 6.1268662
AVELOBE 1.5-35 275 # 05773508 1.5-3 2.21875 | + 0.54677
AVELEAFTIP [ 1-1 11 +] 0 1-1 1 4 0
LEAFW 3-6.9 4.9125 H 1.045546]1 2.3-7.7 5.09375| =+ 1.67849
RU
RANGE MEAN STD
JULEMR 2007010-2007085 2007072|5 |+ 20.592254
FLWRJUL 2008137-2008156 2008143|6 |+ 4.9239§36
AVERAYL 6.96-15.93 11.584211 ¢ 2.06999p4
AVERAYW 4.93-7.7 6.2491228 * 0.8692532
AVEFHDIA 6.63-9.83 8.0526316 ¢ 0.7200286
EXTOTRCM 48-720 336.4210% = 208.861(2
HT 42-72 56.473684 £ 7.5008711
DIA 38-128 97.052632  23.0951f%
LARRGT 1-2 1.1578947 # 0.3746343
LEAFEDG 1-2 1.7368421 # 0.4524139
FLCR1 0-9.4 5.2631579 # 3.8242236
FCPTL 8-15.93 11.663158 + 1.882207
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DIFFCOLR 1.6-13.8 6.4 H 3.804853P
FLCL2 1-4 3.1052632 # 1.3701049
AVEHDINFL 2.33-6.66 4.2807018 + 1.21849%1
AVEPEDL 13.66-46.33 3412280 w 7.79221[2
AVERAY 7-11.33 8.5087719 + 1.1672931
LEAFCLR 1-6 2| | 1.6996732
AVELEAFL 27.75-54.5 39.352632 i 7.36658|3
AVELOBE 2-3.5 2.4210526 + 0.44917(8
AVELEAFTIP | 1-2 1.3947368 # 0.4588315
LEAFW 2.1-10.2 5.2105263 + 2.11709433
APPENDIX D: (EPDE)
AK BD
RANGE MEAN STD RANGE MEAN STD
JulianFlower 2007194-2007211 2007204+ 5.194319| 2007190-2007197 2007194 2.57645
Ht 60-81 68.93333 + 6.584252| 71-82 78 + 3.683942
Diameter 45-73 59.86667 + 7.347173| 55-68 60.93333+ 4.431489
Pubescence 1-1 1 + O 5-5 5+ 0
JulianEmerg 2007060-2007063 2007061+ 0.736788| 2007060-2007064 200706 0.703732
MeanPetallL 4.6-6 5.533333 + 0.373741| 4.6-6.6 5.688889%+ 0.555873
JulianSeed 2007233-20072471 2007241+ 4.780914| 2007218-2007234 2007226 6.204453
MeanLeaflL 25.7-56.6 38.92 + 9.268703| 30.4-62.3 42.66+ 8.118172
MeanLeafW 4-8.2 6.446667 + 1.105581| 4.8-7.7 5.876667+ 0.767153
BF BH
RANGE MEAN STD RANGE MEAN STD
JulianFlower 2007187-2007206 2007194+ 5.586548| 2007178-2007201 2007192 6.436503
Ht 66-105 80.33333 + 10.1887 | 54-77 63.46667+ 6.151268
Diameter 46-86 66.4 + 11.74004| 51-72 60.86667+ 5.667787
Pubescence 1-2 1.066667 + 0.258199| 1-5 2.2+ 1567528
JulianEmerg 2007061-2007068 2007062+ 1.75119 | 2007060-2007063 200706t 0.676123
MeanPetalL 4-6.6 5.355556 + 0.695412| 4-6 4.955556+ 0.615497
JulianSeed 2007220-20072471 2007234+ 7.620149| 2007218-2007247 2007229 9.718906
MeanLeafL 36.2-66.5 44.15667 + 7.799997| 16.3-54.4 37.18+ 8.706951
MeanlLeafW 5-8.8 6.813333 + 1.072791| 2.8-9 6.313333+ 1.582546
BS (o{0)]
RANGE MEAN STD RANGE MEAN STD
JulianFlower 2007190-2007201 2007200+ 4.174825| 2007192-200721¢ 2007212 9.284908
Ht 70-88 79.5625 + 4.,992912| 58-122 100.8667+ 14.04517
Diameter 58-78 66.25 + 5.662744| 66-102 82.6+ 8.304904
Pubescence 1-3 1.1875 + 0.543906| 1-5 1.8 + 1.146423
JulianEmerg 2007060-2007063 2007061+ 0.680074| 2007060-200706% 200706t 0.516398
MeanPetallL 4,3-6.6 5.270833 + 0.519526| 4.6-6.6 5.377778+ 0.628259
JulianSeed 2007233-2007247 2007243+ 5.189733| 2007222-2007253 2007246 9.613978
MeanLeafL 34.6-58.7 4541875+ 6.427645| 30.2-64.7 45,22333+ 11.23631
MeanlLeafW 4.6-8.9 6.534375 + 1.199683| 4.2-7.5 5.826667+ 0.95204
DC Fl
RANGE MEAN STD RANGE MEAN STD
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JulianFlower 2007192-2007218 2007202+ 6.904105| 2007183-2007204 200719% 5.343443
Ht 75-98 86.46667 + 6.664047| 58-106 88+ 11.6619
Diameter 51-70 61.86667 + 5.475486| 40-81 60.13333+ 13.19018
Pubescence 1-1 1 + O 1-4 1.2 + 0.774597
JulianEmerg 2007060-2007064 2007062+ 1.125463| 2007060-2007064 200706 0.915475
MeanPetalL 4.3-5.6 5.022222 + 0.38764 | 5-6.6 5.8 + 0.531545
JulianSeed 2007222-2007253 2007243+ 8.632717| 2007218-2007247 200723+ 10.54108
MeanLeaflL 28.1-67.3 43.82 + 12.0338 | 29.6-79.6 48.75333+ 15.79427
MeanLeafW 4.1-8.8 6.63 + 1.636721| 3.3-9.9 6.84+ 1.715184

GH GR

RANGE MEAN STD RANGE MEAN STD
JulianFlower 2007187-2007197 2007191+ 3.127451| 2007192-200722% 2007216 8.450416
Ht 55-84 72 + 8.544004| 80-108 9453333+ 7.781541
Diameter 56-83 72.13333 + 7.80903 | 55-84 70.06667+ 10.01047
Pubescence 1-1 1+ 0 1-3 1.333333 + 0.723747
JulianEmerg 2007060-2007063 2007061+ 1.046536| 2007061-2007064 2007062 0.743223
MeanPetalL 4.3-7 5.511111 + 0.665077| 4-6.6 5.133333+ 0.72155
JulianSeed 2007218-20072371 2007227+ 6.937133| 2007225-200725¢ 200724% 8.232919
MeanLeafL 32.7-58.9 43.53333+ 7.109442| 30.5-66.5 46.16333+ 9.855246
MeanlLeafW 5-9.4 7.23 + 1552625/ 4.3-7.5 5.88+ 0.929247

JC KN

RANGE MEAN STD RANGE MEAN STD
JulianFlower 2007190-2007211 2007198+ 6.945365| 2007165-2007183 2007173 6.390469
Ht 66-90 78.46667 + 7.799878| 62-83 74.46667+ 6.457185
Diameter 59-92 74.46667 + 10.14091| 34-75 55.26667+ 11.81081
Pubescence 1-5 2 + 1.558387| 5-5 5+ 0
JulianEmerg 2007061-2007063 2007061+ 0.743223| 2007061-200706% 200706 0.507093
MeanPetallL 3.6-5.6 4.888889 + 0.625727| 4.3-6 5.2+ 0.484686
JulianSeed 2007194-2007253 2007233+ 14.87984| 2007211-200721§ 2007214 3.549648
MeanLeafL 24.9-58.4 38.77667 + 9.408618| 21.4-73.3 38.23462 13.19666
MeanlLeafW 4,5-9.6 6.533333 + 1.36626 | 4.7-10.5 7.257692+ 1.536479

LM LP

RANGE MEAN STD RANGE MEAN STD
JulianFlower 2007187-2007218 2007198+ 8.609519| 2007192-2007211 2007202 6.354601
Ht 43-85 67.2 + 10.18542| 72-96 86.8+ 6.131884
Diameter 44-74 57.06667 + 7.26505 | 60-90 73.73333+ 7.591976
Pubescence 1-3 1.133333 + 0.516398| 1-5 1.933333+ 1.222799
JulianEmerg 2007061-2007062 2007061+ 0.258199| 2007061-2007064 2007062 0.676123
MeanPetallL 4.3-6.6 5.355556 + 0.695412| 4.3-6.3 5.266667+ 0.491192
JulianSeed 2007214-2007253 2007236+ 11.13681| 2007233-2007253 2007242 6.667619
MeanLeaflL 26.3-57.7 36.96333+ 7.57537 | 33.4-66 46.64667+ 11.25842
MeanlLeafW 5-9.6 6.116667 + 1.142158| 4.6-10.5 7.066667+ 1.84252

MR MS

RANGE MEAN STD RANGE MEAN STD
JulianFlower 2007173-2007187 2007179+ 4.223517| 2007190-200721¢ 2007198 7.500476
Ht 46-79 68.93333 + 7.459095| 58-98 73.4+ 11.76435
Diameter 48-76 58.33333 + 8.933618| 52-95 67.53333+ 10.58211
Pubescence 1-5 4.066667 + 1.486447| 1-5 2.266667+ 1.579632
JulianEmerg 2007061-2007063 2007062+ 0.63994 | 2007061-2007063 2007062 0.743223
MeanPetalL 4.6-7.3 5.577778 + 0.886107| 4.3-6 5.177778+ 0.517421

195




JulianSeed 2007211-2007222 2007218+ 2.336053| 2007220-2007253 200723% 8.364893
MeanLeaflL 24.5-65.4 41.05333+ 9.848304| 35.7-74.5 51.26333+ 10.06368
MeanlLeafW 4.6-10 7.803333 + 1.473391| 6.1-12.3 8.506667+ 1.827456
OA oD
RANGE MEAN STD RANGE MEAN STD
JulianFlower 2007190-2007208 2007198+ 7.301663| 2007187-2007197 2007198 3.093773
Ht 57-90 71.73333 + 10.31273| 78-93 87.8+ 4.312772
Diameter 43-87 64.73333 + 10.13809| 52-81 68.6+ 7.538473
Pubescence 1-4 1.4 + 0.910259| 1-5 3.066667+ 0.798809
JulianEmerg 2007060-2007062 2007061+ 0.63994 | 2007061-2007064 200706 0.828079
MeanPetalL 4.3-6 5.022222 + 0.479197| 4-6.6 4511111+ 0.699962
JulianSeed 2007218-20072471 2007234+ 8.331238| 2007218-2007237 200723% 6.155137
MeanLeaflL 25.5-69.3 42.42667 + 11.00644| 29.6-69.7 46.35+ 11.51884
MeanLeafW 4.1-8.5 5.903333 + 1.27636 | 5.2-8.7 6.556667+ 1.202507
oS SP
RANGE MEAN STD RANGE MEAN STD
JulianFlower 2007190-2007208 2007197+ 5.742905| 2007169-200719( 2007179 7.337445
Ht 48-82 66.26667 + 10.86585| 60-81 69.66667+ 5.752846
Diameter 51-78 67.4 + 7.471852| 37-65 52.6+ 9.364065
Pubescence 1-5 1.8 + 1.424279| 1-5 4 + 1.133893
JulianEmerg 2007060-2007063 2007061+ 0.774597| 2007061-2007064 2007062 0.816497
MeanPetallL 3.6-6.3 5.488889 + 0.68853 | 4.3-6.3 5.066667+ 0.669043
JulianSeed 2007220-20072471 2007234+ 7.394979| 2007211-200721§ 2007216 3.41565
MeanLeafL 28.7-50.8 38.88667 + 7.313233| 25.9-45.4 35.67222 6.358858
MeanLeafW 3.5-9.7 556 + 1.555084| 3.4-7.2 5.572222+ 1.501273
SR Wi
RANGE MEAN STD RANGE MEAN STD
JulianFlower 2007191-2007218 2007198t 7.323803| 2007176-2007194 2007189 4.418576
Ht 54-100 80.26667 + 10.81974| 76-105 92.06667+ 7.468665
Diameter 51-110 85.66667 + 14.20094| 60-87 67.06667+ 8.572936
Pubescence 1-1 1+ 0 1-1 1+ 0
JulianEmerg 2007059-2007063 2007061+ 0.861892| 2007061-2007063 200706 0.63994
MeanPetallL 5-7.6 6.266667 + 0.808683| 4.3-6 5.2+ 0.531545
JulianSeed 2007218-2007253 2007235+ 12.42233| 2007218-2007233 200722% 6.663332
MeanLeafL 27.6-57.7 39.96667 + 7.344402| 25-82.3 53.24+ 18.79291
MeanlLeafW 3.4-8.8 5.83 + 1.48478 | 4.6-11.6 7.746667+ 2.036494
APPENDIX E: (POGR)
Bald Hill Fort Hill
RANGE MEAN STD MEAN STD
FLJUL 2008140-200817Q 2008191 |+ 7.9p 2008168-2008(168 1BHB+| 0.00
AVEBASHT 16-35.33 25.33 £ | 494 | 27-40 33.75 | 4.38
TOTHT 52-103 79.53 £ | 14.14| 78-92 86.875* | 4.79
DIAFL 48-156 99.93 £ | 29.74| 37-82 63.875 % | 14.46
DIABAS 42-80 58.20| + | 11.74| 46-68 60.875% | 7.62
AVEPETL 7.56-11 9.24 £ | 0.97 | 10.9-12.56 11.77083+ | 0.60
AVEPETH 7.33-10.56 8.8 £ | 1.00 | 10.9-12.3 11.65% | 0.50
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TOTRAAC 4-23 11.73| £ | 486 | 4-11 6.375 * | 2.26
AVEBASLL 4.23-9.96 6.8 + | 1.49 [ 7.23-11.63 9.376+ | 1.57
AVETCTV 0.34-0.86 0.52 + | 0.13 | 1.07-1.52 1.3187p% | 0.13
AVETVM 0.83-1.51 1.09 £ 0.21 | 1.97-2.58 2.2475% | 0.23
STEMPUB 0-0 0.00{ + | 0.00 [ 0-1 0.125 £ | 0.35
RACEBRAN 4-48 19.67| £ | 10.76| 9-27 17.87% * | 6.24
FLBRAN 7-30 13.67| £ | 6.01 | 7-19 11.875 + | 3.87

Finely Hazel Dell

RANGE MEAN STD | RANGE MEAN STD
FLJUL 2008128-2008178 2008155+ | 8.68 | 2008158-2008172 2008164 | 6.02
AVEBASHT 11.66-35.33 23.84444+ | 5.85 | 22.66-35.33 28.83% | 5.43
TOTHT 60-110 86.1 + | 12.13| 87-107 93.25+ | 9.32
DIAFL 37-154 103.3667 * | 28.43| 63-107 80.50 * | 19.33
DIABAS 27-84 61| + | 13.32 48-71 60.00 = | 10.10
AVEPETL 7.23-11.1 9.271956* | 1.00 | 9.63-11.56 10.98% | 0.88
AVEPETH 6.76-11.9 9.403022* | 1.31 | 10.36-12.46 1147+ | 0.86
TOTRAAC 4-23 109+ | 488 | 3-7 475 £ | 1.71
AVEBASLL 4.3-9.8 6.738 £ | 1.26 | 8.6-12.23 10.50* | 1.49
AVETCTV 0.25-0.95 0.497444 % | 0.17 | 0.77-1.22 0.94% | 0.20
AVETVM 0.73-1.71 1.091256+ | 0.26 | 1.22-2.25 159+ | 0.45
STEMPUB 0-1 0.066667 * | 0.25 | 0-0 0.00 * | 0.00
RACEBRAN 7-40 1711+ | 743 | 16-43 27.25* | 11.44
FLBRAN 7-29 13.66667 * | 5.43 | 9-22 14.0Q £ | 5.60

Junction City Kingston Prairie

RANGE MEAN STD | RANGE MEAN STD
FLJUL 2008154-2008164 2008160+ | 3.41 | 2008147-2008158 20081%5Z | 3.11
AVEBASHT 17.66-31 2444 £ | 3.93 | 7.33-37 22.33% | 8.02
TOTHT 62-123 92.00 * | 16.93| 53-103 80.89 | 12.04
DIAFL 55-115 79.25 £ | 21.14| 76-154 110.1y* | 21.41
DIABAS 34-77 59.75| * | 13.25( 46-83 61.50 = | 9.45
AVEPETL 7.86-12.06 1044 * | 1.30 | 7.1-10.06 8.783% | 0.78
AVEPETH 8.16-13.86 11.44 = | 1.84 | 6.96-9.83 8.32% | 0.81
TOTRAAC 3-9 525| | 2.05 [ 4-27 12.11 * | 5.86
AVEBASLL 4.13-10.33 754|176 | 3.93-10.13 7.34% | 1.70
AVETCTV 0.48-1.39 0.96 £ | 0.31 | 0.25-0.58 0.41%|0.10
AVETVM 0.82-2.4 1.72£]0.49 | 0.7-1.23 0.9%5* | 0.17
STEMPUB 0-0 0.00{ + | 0.00 | 0-1 0.89 + | 0.32
RACEBRAN 9-39 16.63] + | 10.08| 9-31 20.56 * | 5.90
FLBRAN 7-26 15.25| + | 7.63 | 7-16 10.33 £ | 2.95

Lupine Meadows Oxbow East

RANGE MEAN STD | RANGE MEAN STD
FLJUL 2008149-2008170 2008160t | 4.73 | 2008161-2008170 2008166 | 2.73
AVEBASHT 15.66-37 28.48 £ | 4.99 | 7.33-39.33 24.94* | 7.75
TOTHT 84-112 99.23 + | 7.81 [ 64-100 83.4%5 * | 10.38
DIAFL 36-132 87.20 * | 25.80| 45-107 76.09+ | 17.81
DIABAS 45-80 59.87| + | 8.40 [ 34-68 52.27 £ | 11.76
AVEPETL 8.23-12.46 10.11 + | 0.97 | 9.83-11.96 10.77 % | 0.58
AVEPETH 7.89-12.96 1052 + | 1.07 | 10.56-13 11.58% | 0.72
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TOTRAAC 2-22 7671441 | 2-11 5.82 + | 2.96
AVEBASLL 5.83-11.66 8.56 + | 1.28 | 6.5-11.83 9.44% | 1.66
AVETCTV 0.52-1.6 0.81] £ | 0.26 | 0.56-1.04 0.76* | 0.16
AVETVM 1.13-2.82 159|034 | 1.13-1.85 146%|0.26
STEMPUB 0-1 0.03|+]0.18 | 0-1 0.27 £ | 0.47
RACEBRAN 4-47 21.27| £ | 11.79| 8-66 25.18 £ | 14.62
FLBRAN 6-21 1240 £ | 4.21 | 7-29 13.18 £ | 7.41

Philomath

Prairie Spores

RANGE MEAN STD | RANGE MEAN STD
FLJUL 2008154-2008161 2008156t | 4.04 | 2008154-2008177 2008162 | 6.60
AVEBASHT 17.66-29 22.00 £ | 6.12 | 9-31.33 23.53* | 5.23
TOTHT 68-101 86.00 * | 16.70| 51-105 77.10% | 1542
DIAFL 102-130 113.33 £ | 14.74| 23-144 92.77% | 31.29
DIABAS 57-67 60.67| + | 5.51 [ 27-77 5547|1141
AVEPETL 8.9-10.9 10.16 £ | 1.09 | 6.65-11.7 8.72+ | 1.19
AVEPETH 8.63-10.36 9.43 +|0.87 | 6.2-11.6 8.32% | 1.20
TOTRAAC 8-13 10.00[ £ | 2.65 | 1-33 14.30 + | 8.29
AVEBASLL 5.23-7.9 6.16 £ | 1.51 | 4.16-9.3 6.44%|1.36
AVETCTV 0.42-0.65 0.52 £ | 0.12 | 0.22-0.64 0.36+ | 0.11
AVETVM 0.9-1.44 1.09 £ | 0.31 | 0.53-1.46 0.90% | 0.25
STEMPUB 0-1 0.33] £ 058 | 0-1 0.93 £ | 0.25
RACEBRAN 7-19 13.33[ £ | 6.03 | 6-35 15.27 + | 6.72
FLBRAN 8-13 1133/ + | 2.89 | 6-21 11.90 + | 3.95

Sublimity Prairie Willow Creek

RANGE MEAN STD | RANGE MEAN STD
FLJUL 2008158-2008172 2008168t | 4.25 | 2008164-200817% 200816% | 3.07
AVEBASHT 23-39.33 29.69 + | 5.45 [ 25-39.33 32.78+* | 5.58
TOTHT 88-166 104.89 + | 19.83| 90-122 105.44% | 8.89
DIAFL 80-107 94.77 * | 8.92 [ 50-155 96.22 = | 29.69
DIABAS 58-78 65.77/ + | 5.82 | 54-74 63.89 = | 6.07
AVEPETL 9.63-12.96 11.25* | 0.96 | 9.1-12.63 10.80% | 1.13
AVEPETH 9.43-12.53 10.99+ | 0.78 [ 9.46-13.53 11.7+ | 1.40
TOTRAAC 5-25 1477/ + 1 6.30 | 3-14 7.89 + | 3.89
AVEBASLL 5.53-11.33 744 £ 143 | 7.13-11.23 9.6+ | 1.38
AVETCTV 0.33-0.71 0.49 + | 0.13 [ 0.64-1.08 0.80* | 0.14
AVETVM 0.89-1.49 1.18§ £ 0.20 | 1.16-1.81 1.49%]0.20
STEMPUB 0-1 0.08/ £ 0.28 | 0-0 0.00 = | 0.00
RACEBRAN 5-26 12.62] + | 6.59 [ 9-31 18.67 * | 6.61
FLBRAN 5-15 10.38| + | 3.04 | 8-18 13.33 | 3.54
APPENDIX F: (POGR)

RANGE MEAN STD
FLJUL 2008128-2008178 2008160+ | 8.09
AVEBASHT 7.33-40 26.03 + | 6.49
TOTHT 51-166 88.35 + | 15.71
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DIAFL 23-156 93.43 + | 27.26
DIABAS 27-84 59.56| + | 10.72
AVEPETL 6.65-12.96 9.79 + | 1.35
AVEPETH 6.2-13.86 9.86 + | 1.66
TOTRAAC 1-33 10.33| + | 6.14
AVEBASLL 3.93-12.23 7.65 + | 1.81
AVETCTV 0.22-1.6 0.62 + | 0.30
AVETVM 0.53-2.82 1.27 + | 0.43
STEMPUB 0-1 0.30| + | 0.46
RACEBRAN 4-66 18.48| + | 9.38
FLBRAN 5-30 12.50| + | 4.83
APPENDIX G: (PRVU)
RANGE MEAN STD
JulEmer 64-101 67.69 + 4.45
Elevation 93-213 14191 + 31.45
JulianFlower 2007152-200717d 2007162.8% 5.55
Height 25-92 57.74 + 1451
Diameter 42-118 84.24 + 13.83
MeanFlower 46.5-117 65.67 + 9.70
Corollacolor 0-2 0.85 + 0.84
MeanCorollaL | 17.1-22.86 20.32 + 1.03
Galeapub 0-1 0.35 + 048
JulianSeed 2007187-2007199 2007191.2% 3.39
MeanLeafL 34.63-81.26 59.31+ 9.29
MeanLeafW 14.36-38.46 2573+ 4.36
APPENDIX H: (PRVU)
BF BH
POPULATION |RANGE MEAN STD |RANGE MEAN STD
JulEmer 20070'64-2007073 2007067.18& 2.31 2007064-2007075 2007067.06 3.19
JulianFlower 2007155-2007171 2007163.5¢ 4.19 2007155-2007164 2007157.06 3.10
Height 34-78 53.21 + 12.25| 28-85 57.83+ 16.63
Diameter 52-109 89.89 + 13.83| 61-115 88.22+ 13.94
MeanFlower 49.5-67.5 59.07 + 5.87 52-80 66.36 + 8.20
Corollacolor 0-2 0.71 + 0.90 0-2 0.61 + 0.92
MeanCorollaL | 19.36-22.5 21.01 + 0.70 17.1-21.13 19.69+ 0.99
Galeapub 0-1 0.21 + 0.42 0-1 0.28 + 0.46
JulianSeed 2007187-2007197 2007191.43 3.44 2007187-2007194 2007188.22 2.39
MeanLeafL 34.63-73.76 55.34 + 10.18| 38.86-74.23 61.64+ 9.11
MeanlLeafW 14.8-34.16 24,40 + 4.00 17.03-34.93 26.73+ 4.42
CM CY
RANGE MEAN STD | RANGE MEAN STD
JulEmer 2007064-2007073 2007067.56- 2.68 2007064-2007070 2007065.43 1.55
JulianFlower 2007155-2007167 2007161.52 4.10 2007155-2007171 2007160.93 5.69
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Height 25-65 46.15 + 10.26 | 37-77 5471+ 11.17
Diameter 51-118 86.93 + 16.28 | 67-115 88.25+ 10.45
MeanFlower 47-97.5 65.20 + 12.33| 51-81 67.34+ 8.05
Corollacolor 0-2 1.85 + 0.54 0-1 0.78 + 0.42
MeanCorollaL | 18.36-21.23 19.80+ 0.74 18.2-22.5 20.28+ 1.04
Galeapub 0-1 0.15 + 0.36 0-1 0.54 + 0.51
JulianSeed 2007187-2007197 2007191.63 2.53 2007187-2007197 2007190.04 3.79
MeanLeaflL 40.9-73.53 58.26 + 7.38 40.3-79.9 64.09+ 9.68
MeanLeafW 20.2-38.46 29.28 + 4.39 17.43-37.83 26.59+ 4.38

KP LM

RANGE MEAN STD | RANGE MEAN STD
JulEmer 2007065-2007073 2007067.62 1.78 2007064-2007088 2007069.0&¢ 6.16
JulianFlower 2007155-2007172 2007163.1 5.61 2007155-2007167 2007160.56¢ 4.08
Height 28-91 66.83 + 16.43| 39-85 62.75+ 16.05
Diameter 42-115 79.17 + 1752 69-113 87.81+ 12.00
MeanFlower 52.5-117 71.74 + 13.08| 51.5-77 63.50+ 7.37
Corollacolor 0-2 097 + 1.02 0-2 0.94 + 1.00
MeanCorollaL | 18-21.46 20.13 + 0.80 18.96-22.86 20.70+ 0.99
Galeapub 0-1 0.21 + 041 | 01 0.44 + 0.1
JulianSeed 2007187-2007197 2007190.45% 3.41 2007187-2007192 2007189.56¢ 2.58
MeanLeaflL 36.43-76.3 63.25 + 8.78 39.53-77.96 59.88+ 10.40
MeanLeafW 16.13-35.86 26.65+ 3.99 19.03-30.3 25.72+ 2.72

OE SP

RANGE MEAN STD | RANGE MEAN STD
JulEmer 2007064-2007101 2007069.52 7.76 2007064-2007100 2007069.43 7.55
JulianFlower 2007155-2007169 2007160.95 4.50 2007155-2007176 2007168.74 5.11
Height 36-80 5290 + 11.15| 40-92 59.26 + 14.23
Diameter 47-101 80.00 + 12.39| 52-94 7791+ 12.01
MeanFlower 54-81 67.90 + 7.75 49.5-84 66.93+ 8.98
Corollacolor 0-1 0.81 + 0.40 0-2 0.43 + 0.84
MeanCorollaL | 18.7-22.53 20.64 + 0.87 17.73-21.23 19.82+ 1.04
Galeapub 0-1 0.81 + 0.40 0-1 0.13 + 0.34
JulianSeed 2007187-2007197 2007190.62 3.14 2007187-2007199 2007194.74 2.85
MeanLeafL 44.3-77.16 57.84 + 8.13 35.26-71.86 56.49+ 8.16
MeanlLeafW 16.73-30.83 22.00+ 3.42 17.36-30.36 2441+ 3.27

SS WC

RANGE MEAN STD | RANGE MEAN STD
JulEmer 2007064-2007082 2007067.63 3.34 2007065-2007082 2007067.42 4.64
JulianFlower 2007152-2007176 2007165.7% 5.46 2007159-2007171 2007165.1# 3.59
Height 32-89 66.07 + 12.71| 49-81 57.42 + 8.67
Diameter 57-95 80.60 + 9.94 66-108 85.75+ 11.83
MeanFlower 50-81 64.87 + 7.98 46.5-72 61.17+ 7.82
Corollacolor 0-2 0.50 + 0.63 0-2 0.83 + 0.58
MeanCorollaL | 17.96-22.6 2041 + 1.30 19.83-22.7 20.95+ 0.74
Galeapub 0-1 0.27 + 0.45 0-1 0.83 + 0.39
JulianSeed 2007187-2007197 2007192.33 2.86 2007192-2007194 2007193.0&¢ 1.04
MeanLeafL 36.1-73.96 57.61 + 8.09 37.56-81.26 58.18+ 11.03
MeanlLeafW 19.1-34.83 26.35 + 3.67 14.36-30.03 22.61+ 5.09
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APPENDIX I: (Ecoregion level 4 map)
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