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PREFACE

This report is the result of a cooperative Chaleerigost Share project between the
Institute for Applied Ecology (IAE) and a federabesmcy. IAE is a non-profit

organization whose mission is conservation of matcosystems through restoration,
research and education. Our aim is to providerdcgeto public and private agencies
and individuals by developing and communicatinginfation on ecosystems, species,
and effective management strategies and by comduatesearch, monitoring, and
experiments. IAE offers educational opportunitieough 3-4 month internships. Our
current activities are concentrated on rare ancegered plants and invasive species.

Questions regarding this report or IAE should bealed to:

Thomas N. Kaye (Executive Director) or Andrea Soffge (Program Director)
Institute for Applied Ecology
PO Box 2855
Corvallis, Oregon 97339-2855

phone: 541-753-3099
fax: 541-753-3098
email: tom@appliedeco.org, andrea@appliedeco.org

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the cooperatd009 provided by the Eugene
District BLM, Willamette National Forest and IAEa$t, interns, and volunteers: Molly
Juillerat (USFS), Jenny Lippert (USFS), Cheshire/idahn (BLM), Nancy Sawtelle
(BLM), Alexis Brickner (IAE), Monique Leslie, Elizzeth Mathiott (volunteer), John
Grotefend (IAE), and Shell Whittington (IAE).

Cover photograph: Frasera umpquaensisflorescence (Tom Kaye, IAEFrasera
umpgquaensiat Sourgrass Mountain (Andrea Thorpe, IAE).

REFERENCE

Thorpe, A.S., D.E.G.J., and R.T. Massatti. 2008sessment of seedling failure in
peripheral populations of Umpqgua green gentknagera umpguaensis 2009
Progress Report. Prepared by Institute for Appiedlogy for Eugene District
BLM and Willamette National Forest. iv + 13 pp.

FRUM in peripheral populations ii
2009 Progress report



TABLE OF CONTENTS

PIEIACE. ...t i
F o LoV [=To (o T=T 0 o =T o | TP il
RETEIEINCE ... e e e ii
TabIe Of CONTENTS ... e ii
S 0 0 U = v
IS Ao =1 o] = PP v
1o o [ o i o] o PO TP 1
1YL T T PP U PP 2
Seed production and VIability ........ccoovies oo e 2
Seedling rECIUITMENT ...ttt 3
Preliminary results and diSCUSSION..........ucceeeiiiiieeiiiiiiiee e e e e e e e e e e e e eeeeeeeeeneeeeeeeeeennne 5
LiTE NISTOIY .. ettt e e e e e e e e e e e e e e e e e e e eeeeeearanran 5
Seed production and VIability ........cccovies oo e 5
Seedling rECIUITMENT ... ..ottt 6
Preliminary CONCIUSIONS........ciii it ceeeee e e e e e e e et e e e e as 6
(=T (0= O] (=T o PP 10
Appendix A. Contacts, directions, and gear liStuo..........uuvvviiiiiiiiiiieeeeeeeeeveeeeeen, 11
(0] 3] £= (o1 S T PP PP R 11
D1 =Tod 1 0] o I PP PP PPPPPPP 11
Elk Meadows (Eugene DIStrict BLM) ........ccooiiiiiiiiiiiiiiiiiee e 11
Sourgrass Mountain, EIk Camp Shelter, and NevergelCPopulations............... 11
(7= L ] SRR 13
FRUM in peripheral populations iii

2009 Progress report



LIST OF FIGURES

Figure 1. Frasera umpquaensigopulations in Oregon (black dots). Elk Meadokl&,
Camp Shelter, Nevergo Creek, and Sourgrass Mouatainircled in red.

Figure 2. Senescingraseraat Nevergo. Note the invading bracken fern andlshr

Figure 3. Hypothetical assignment of treatments to expemnialeblocks.

Figure 4. Mean survivorship (£1 S.E.) of seeds and trargplin experimental plots at
Elk Camp Shelter (FS), EIk Meadows (BLM), Never§®&), and Sourgrass
Mountain (FS).

Figure 5. Mean survivorship (£1 S.E.) of seeds and tramgplin experimental plots at
Elk Meadows (BLM).

Figure 6. Mean survivorship (x1 S.E.) of seeds and traméplan experimental plots at
Nevergo, Elk Camp Shelter, and Sourgrass Moung#diog the Willamette
national Forest).

Figure 7. Fraseratransplant at Sourgrass Mountain, August 2009r(apmately 10
months after planting).

LIST OF TABLES

Table 1. The numbeFrasera umpquaenstseatment plots in each study site.

Table 2. Frasera umpquaensieed viability.

Table 3. Survivorship of seeds and transplants in experiaignbts in peripheral
population ofFrasera umpquaensis.

Table 4. Schedule of activities for the study of recruitmezlure in peripheral
populations ofrasera

FRUM in peripheral populations iv
2009 Progress report



INTRODUCTION

Frasera
umpquaensiM. Peck &
Applegate (Umpqua
green gentian;
Gentianaceae) is
endemic to Oregon and
northern California Most
population occur in
Oregon on the Rogue-
Umpgqua Divide.

Peripheral populations, O
such as the Elk
Meadows/Saddleblanket O

Mountain and Sourgrass
Mountain populations
on the Calapooya
Divide, are so isolated
that little or no gene
flow from other
populations is possible

(Figure 1). These Figure 1. Fraserapopulations in Oregon (black dots). Elk
peripheral populations  Meadows, Elk Camp Shelter, Nevergo Creek, and $assg
appear to have low Mountain are circled in red.

seedling production and

may be at risk of

extinction due to low recruitment and adult mottaliSeedling recruitment has not been
documented during monitoring of these isolated patpns (C. Mayrsohrpersonal
communicationd. Lippert,personal communication

Frasera umpquaensis. G3/S3 species, is a candidate for listing asdtkned or
Endangered by the state of Oregon; it is managedsassitive species by the USFS and
a special status species by the BLM. The Congerv&trategy foFraseraidentified
examination of seed production, seedling recruitmeemd factors that affect successful
reproduction in the species as high priority isSoeperipheral populations (Cripps
1993).

The objective of this project is to understand eerdedy the low seedling
recruitment rates in the peripheral populationBraisera This will be addressed
through observations and experiments with seedseadlings. Specifically, the goals
are to:

1. Examine several aspects of the life-historffr@iserathat could affect seedling
recruitment.
2. Examine current seed production and seed it\athirough random sampling

from reproductive plants in the population.

3. Examine seedling recruitment by out-plantiagds and seedlings and measuring
germination and establishment rates in the field.



Frasera umpquaensisay potentially live more than 80 years (Kaye 2001)s
possible that the populations along the Calapoayal® established under very different
site conditions such as more frequent disturbaegeres or different temperature or
moisture regimes. As an example, fewer disturbatméhe forest canopy at these sites
may have led to heavier shading or deeper littgyufle 2). We are testing the effects of
canopy openness and litter depth on seed germmatid seedling growth in our
seedling recruitment trials.

METHODS

This project is located in Lane and Douglas cognbie land managed by the
Eugene District BLM (EIk Meadows) and Willamettetidaal Forest (Elk Camp Shelter,
Nevergo Creek, and Sourgrass Mountain; Figure 1).

Seed production and viability

In October 2007 and November 2008 we collectedssés grow-out and to
determine the percent of filled seeds (an estiroftgability). As many of the fruits had

Figure 2. Senescingraseraat Nevergo. Note the invading bracken fern and
shrubs.
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dehisced at the time of these collections, we wetable to determine seed production
per inflorescence. At selected plants, fruits wggetly shaken into a bag so that fewer
than 10% of the seeds were sampled. Seeds weredlscted in 2006 by agency
personal.

In 2009, we altered our seed sampling methodssesasghe number of seeds
collected produced per inflorescence. In Augustliatites, we haphazardly selected
mature plants and covered them with mesh seedctiolkebags. Seed bags were
collected in September and October 2009 aftereedshad matured.

All seeds were sorted as filled or unfilled by gsanlight box to determine
presence of an embryo. We also counted the nuniladrooted and viable capsules from
inflorescences collected in 2009. After countifiiied seeds collected were distributed
on moistened blotting paper in germination boxes stratified at 4C in continuous
dark. After 16 weeks, germination boxes were glanea warm room (Z&£/15°C, 8
hour day/16 hour night lighting cycle) for one wemkuntil no additional plants were
observed to germinate for three days. (As of thaéng of this progress report, counting
and germination of the seeds collected in 2009siitisn progress). These methods will
be repeated in 2010.

Seedling recruitment

In 2008 and 2009, after germination, seedlings wargsplanted into rectangular
pots (2" x 2" x 5”) filled with Gardener’s Gold piig soil. Plants were watered every 2-
3 days and fertilized once a week with Miracle Grow

In October and November 2008, and October 2008s#ablished experimental
plots at Elk Meadows, Elk Camp Shelter, Sourgrassiifain, and Nevergo Creek. We
placed plots among or adjacent to existing patofi&saserain order to directly
examine the low recruitment rates. Within each, site established multiple 2m x 2m
macroplots in the open meadow and forest/meadow @elgure 3, Table 1). Each
macroplot was divided into 4 rplots. Macroplots were marked in the center \aith
piece of rebar and at the midpoint of each sideguBVC conduit. Two plots in each
macroplot were randomly selected for litter rema¥adjure 4). Plots were then assigned
to either be seeded, in which 10 seeds were sedtter the soil surface with toothpicks

O
A . -
seeds seedlings Flggre 3. Hypothetical
litter no litter aSS|gr_1ment of treatments to
experimental blocks.
o 0
2m T * @ rebar
seedlings seeds o dui
im litter no litter PVC conduit
v l O

<+“— 1m —>

¢ — 2m —>
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Table 1. The number oFraseratreatment plots in each study site.

Meadow Forest edge
south north west east
Site Year exposure exposure exposure exposure
Elk Meadows/Saddleblanket Mountain (BLM)
Upper EIk Meadows W. 2008 6 3 0 0 0
Lower Elk Meadows W. 2008 3 0 0 0 0
Elk Meadows E. 2008 5 6 4 0 0
2009 7 5 0 0 0
Total 21 14 4 0 0
Willamette National Forest populations
Sourgrass 2008 3 2 3 0 0
2009 3 0 3 0 0
Sourgrass, Southeast 2009 3 0 0 3 0
Nevergo 2008 3 2 3 0 1
2009 3 0 3 0 0
Elk Camp Shelter 2008 3 4 3 0 0
2009 3 0 3 0 0
Total 21 8 18 3 1

*After treatment in 2009, these plots are no loryethe forest edge

marking the location of each seed, or planted with seedlings (Figure 5). Thus, this
was a 2 (meadow or edge) x 2 (litter removal o) R& (seeding or transplants)
complete factorial design.

In the spring and summer of 2009 we revisitedalbés set-up in 2008 to
determine the survival of transplants and seedmitfsn the plots. We also measured
canopy cover using a spherical densitometer arat pathfinder, measured litter depth,
and took soil samples to determine soil moistureaah plot. Canopy cover was
measured on the north end of each macroplot. @pactivities at Nevergo was
significantly opened the canopy altered in 2009 WMI remeasure canopy cover to
determine if these activities significantly altetbéeé conditions in our test plots.We
collected the top 4 cm of soil from just outside tiorth end of each macroplot.
Gravimetric soil moisture was determined by weigftine soils before and after drying
them for at least three days af@0 Although not included in this report, theseadatll
be summarizing in the Final report in 2010.

We will revisit all plots in the spring and sumnur2010 to determine the
survival of transplants and the number of seedlingeeded plots.
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PRELIMINARY RESULTS AND DISCUSSION

Life history

In 2009 observed naturally recruiting seedlingS@irgrass Mountain. In plot
285, 44Fraseraplants were present. Assuming a 100% successfratglotransplants
and seedlings the maximum expected number of plemid be 24 (4 transplants and 20
seedlings). It can therefore be assumed that sit 2pof the plants in plot 285 were
natural recruits. Three of the plants in Plot 2&ewounted as transplants, as
determined by the presence of toothpicks, the ¢happearance of the plant and the
presence of potting soil and perlite around thetplde remaining 41 plants were
classified as seedlings. In the NE quadrant @ckatith seeds and litter removed), 25
seedlings were noted. In the SE quadrant (plantdd2riransplants, and no litter
removal), 6 seedlings were noted in addition toZls@rviving transplants. There are
naturalFraseraplants on the eastern edge of the plot whichyikebvided the seed
source for the natural seedlings. Natural seedivgy® also noted sprouting in areas
outside of our treatment plots at Sourgrass MouantslVe will search for natural
seedlings in all populations again in 2010.

Seed production and viability

There was significant variation in the percentiltigdd and viable seeds. The
percent of filled seeds varied from a low of 21%r@st Service 2007) to a high of 95%
(BLM 2007) (Table 2). Of the seeds that were diJlgermination rates varied from a low
of 5% (Forest Service 2006) to a high of 68% (Fogesvice 2008). Although it is
unclear why there was such great variation in gregntages of filled seeds and
germination, it is clear that there is sufficieaed production and high enough
germination rates that seed viability should noinbpacting these populations.

Plants were surveyed several times in late sumamty/&ll 2009 for floral and
fruit development (Table 3). Several infloresceniceeach population were bagged as
the flowers senesced in order to capture all stedsare produced. Anlaysis of seed
viability are currently underway. This work wilelrepeated in 2010.

Table 2. Fraseraseed viability.

Site | year collected % filled seeds | % germinatibfilled seeds
BLM 2006 68% 31%
2007 95% 26%
2008 86% 59%
Forest Service 2006 92% 5%
2007 21% 31%
2008 83% 68%

FRUM in peripheral populations
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Table 3. Survivorship of seeds and transplants in experiaignots in peripheral
populations ofrasera. There was a significant difference in survivopshetween seeds
and transplants at all sitd3 € 0.0005).

Survivorship

Site Seed's Transplants
(Mean+ 1 S.E.) (Mean + 1 S.E.)
Elk Meadows 0.078+ 0.013 0.415+ 0.061
Elk Camp Shelter 0.015+ 0.011 0.650 =+ 0.090
Nevergo 0.022 + 0.017 0.722+ 0.073
Sourgrass Mountain 0.353& 0.063 0.938+ 0.101

110 seeds were sown per plot
22 transplants were planted per plot

Seedling recruitment

At all sites, transplants had higher survivorskhian plants establishing from seed
(Table 3, Figure 4; P < 0.0005). Approximately 36fthe seeds sown at Sourgrass
became established; less than half this numbenteeatablished at the other sites.
However, as noted above, we observed several Hgtieeruited seedlings at Sourgrass
in our transplant plots and outside of our pldtds possible that the estimate of
establishment by seed in our experimental plotsides some natural recruits and thus is
an over-estimate. Survivorship of transplantedviddals was also highest at Sourgrass
(~94%; Figure X). The lowest survivorship of tralasps was approximately 42% at EIk
Meadows.

There was little effect of our treatments on essaiphent ofFrasera There was
no effect of canopy treatment (forest edge or apeadow) on establishment of seeds
and transplants at any of the sites (P>0.10). IRE&mp Shelter, survival of transplants
was higher in plots where we had removed litter garaed to plots with intact litter
(P=0.059).

All plots will be monitored again for establishmi@ém 2010. For the final report,
we will conduct thorough analyses of 1- and 2-yesdablishment and explore effects of
canopy cover and soil moisture.

PRELIMINARY CONCLUSIONS

After one full year of field trials, we have foutttat in these peripheral
populations ofraserg seeds are viable and germinate under experimeonalitions,
seeds germinate in field plots, and transplantableto survive in the field for at least
ten months (Figure 7). We also observed natuedls® recruitment at one of our study
sites. Thus, it is currently unclear why theseudations have declined recently.
Additional monitoring and analyses will help to elenine if there are patterns that are
not obvious after one year of data.
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Figure 4. Mean survivorship (1 S.E.) 6faseraseeds and transplants
in experimental plots at EIk Camp Shelter (FS), Bbkadows (BLM),
Nevergo (FS), and Sourgrass Mountain .

Figure 5. Mean survivorship (x1 S.E.) éfaseraseeds and
transplants in experimental plots at EIk MeadowisMiB There was
no effect of litter treatments on survivorship (B.¥10).
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Figure 6. Mean survivorship (x1
S.E.) ofFraseraseeds and
transplants in experimental plots
at Nevergo, Elk Camp Shelter,
and Sourgrass Mountain (all on
the Willamette national Forest).
At EIk Camp Shelter, there as a
small effect of litter treatment®(
= 0.059) on survival of
transplants.



Table 4. Schedule of activities for the study of recruitmtzlure in peripheral populations Bfasera Light grey boxes indicate
activities already completed. Medium grey boxeBdate activities in progress. Black boxes indégalinned activities.

2007 2008 2009 2010 2011

Activity W Sp Su F W Sp Su F W Sp Su F W Sp Su F W

Partner meeting

Seed sampling --
Seed testing ] N

Grow-out

Plot establishment

Seed placement

Recruitment sampling -
Interim report

Final report

Summary meeting -




Figure 7. Fraseratransplant at Sourgrass Mountain, August 2009r(agmately
10 months after planting).
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APPENDIX A. CONTACTS, DIRECTIONS, AND GEAR LIST.

Contacts

BLM:
Cheshire Mayrsohn, Cheshire_Mayrsohn@or.blm.gov
Nancy Sawtelle, Nancy_Sawtelle@blm.gov

Forest Service:
Molly Juillerat: mjuillerat@fs.fed.us
Jenny Lippert: jlippert@fs.fed.us

Directions

Elk Meadows (Eugene District BLM)
*needs BLM Eugene District gate key
-1-5 south to Cottage Grove

- Take 6th street out south, out of
town (sign in town will say to Cottage
Grove/London Springs)

- 6'th St. becomes London Road.

- Go past Cottage Grove Lake.

- Continue through London.

- Left at sign for Big River/Steamboat
— BLM road #25-3-5.4 — Big River
Road (~4.1mi. after London school)
-Follow -5.4 (sign had been shot to
pieces and unreadable 10/25/07) 8.6
mi. Turn right onto a road just before a
white “1099” sign pinned onto a
PSME. “JEN” was spray painted on
the road at this intersection in 2008.

- Turn right, onto 33-2-35.1. Yellow
gate shortly after turn (can see gate
~50’ up road) requires BLM gate
key. Signed: BLM stockpile site.

if you forget the key it is not very far to site, can park before gael walk in. A sedan

would be fine to access this site.

Sourgrass Mountain, EIk Camp Shelter, and Neveng@kCPopulations.

Directions: take I-5 south to Highway 58 east.rrileft (go north) on Aufderheide
Memorial Highway (Hwy 19 across from FS RangeriStgt Left onto Road 1912 (go
over a one lane bridge). Go (roughly) about 6.E$ni At big junction, continue up road
1912 (it will seem like you are taking a right-hamdn). At four-way intersection, take a

left up Road 140.

FRUM in peripheral populations
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Sourgrass Mountain (FS):
At fork, stay right on 140 (driving along alpinélge)
Right up spur (gate needs key) #266

You can also access the population by connectitig thve Alpine Trail from 1912 and
walking up the trail to Sourgrass Mountain.

There are some FRUM plants interspersed in thegbeess and along the Alpine trail.
Largest patches are in mesic meadows located betesggrass and forest edge. Large
beargrass meadow, 2 large patches on edge of bearghlso scattered in beargrass and
along alpine trail. 3'rd patch along alpine tr#ilen up through beargrass.
Largest patches:

10T 0541061, 4856775

10T 0541107, 4856669

10T 0541481, 4856625

To Elk Camp Shelterreturn to Road 140, keep going down road to 3-wtgrsection,
turn right onto Road 142. Follow trail from roadAlpine Trail. UTM 10T 0541415,
4859377; 4%3'14"N, 12229'10"W. At Alpine Trail, turn left and continueshort way
until you reach the meadow to the right. Meadofurail, pink flag visible through
meadow, population on edge along timber. Coolametiwith bog orchids, elk wallow
with Scirpusaround edges. There is a tree with flagging nmarkvhere the FRUM are
located.

Sign back 1824, Road 142

left at alpine trall

Nevergo Creekfrom Elk Camp Shelter, continue along Road 1%Bere will be some
plants scattered near the fork in the road. Tigimtiand go 10 — 20 meters. Plants are
located downslope and are being over-growagciniumand bracken fern.

From Lowell

I-5 to highway 58. Turn left onto Jasper-Lowell.Rd
Big Fall Creek Rd.

Winberry Crk.

Rd. 1802, go east

north on 1824

at y-intersection, left up 142

right up 1824-182

Nevergowill be on the left.

from Nevergo t&Elk Camp Sheltetbear right, stay on main road.

to Sourgrasscontinue on main road. At intersection of 142 440, go left onto 140
(“to Sourgrass Prairie Rd.”). Go left through 2'ledked gate (Rd. 266).
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Gear list

copy of gear list and directions

last year’s report

plot maps

last year’s datasheets

new datasheets, some rite-in-the-rain
clipboards (4)/pencils

gazetteer, BLM transportation map, Forest Senaegls map
GPS

5 tapes: 3-100m, 2 shorter

8 candy canes

rulers- one per person

3 plot frames

flagging

~20 pin flags

5 pieces rebar (for replacement)

5 pieces PVC-conduit (for replacement
mallet

wire

tags

compass

densiometer

for soil collection: ziplocks, sharpies, bulb pian

Health and Safety Kit (including Tecnu)

Extra water
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