Abronia umbellatavar. breviflora on the Oregon coast:
Reintroduction and population monitoring

2008 Progress report

Andrea S. Thorpe, Ph.D., Robert T. Massatti, and Tamas N.
Kaye, Ph.D.

Institute for Applied Ecology

This project jointly funded by

Institute for Applied Ecology, Corvallis, Oregon

USDA Forest Service, Siuslaw National Forest

USDI Bureau of Land Management, Coos Bay District
Oregon Department of Parks and Recreation




PREFACE

This report is the result of a cooperative Chalke@gst Share project between the Institute
for Applied Ecology (IAE) and a federal agency.B#s a non-profit organization dedicated
to natural resource con-servation, research, anca¢idn. Our aim is to provide a service to
public and private agencies and individuals by tigirg and communicating information on
ecosystems, species, and effective managemeneéggstand by conducting research,
monitoring, and experiments. IAE offers educatlomportunities through 3-4 month
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invasive species.
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EXECUTIVE SUMMARY

Pink sand-verbenapronia umbellatasar. breviflora) is listed by the
Oregon Department of Agriculture as endangeredjtaaadtonsidered a Species
of Concern by the U.S. Fish and Wildlife Servi&ince the late 1970's, the
number of natural populations in Oregon has dwithdlem around ten down to
about five. The primary threats to the speciekiges competition from European
beachgrassAimmophila arenaripand habitat disturbance by off road vehicles.
This report summarizes pink sand-verbena rese#woly she Oregon coast since
1997, including seeding and transplantation expanisiand population
monitoring at several beach and dune habitats.

In 2008 our actions and observations included:

1. USDA Forest Service, Siuslaw National Forest sites

a. Baker Beach: 50,000 seeds were distributed, reguft 70 plants
(32 reproductive).

b. Siltcoos Creek: 100,000 seeds were distributesdiltiag in 41
plants (14 reproductive).

c. Overlook: This population is now one of the latgasOregon and
we strongly recommend continued beachgrass renaowbteed
addition.

i. North: 100,000 seeds were distributed, resultng,895
plants (811 reproductive)
ii. South: No seeds were distributed; several plarte w
observed growing in this area in the fall.
2. USDI Bureau of Land Management, Coos Bay Distiiteiss

a. New River: 80,000 seeds were distributed, reqyitinl80 plants
(69 reproductive). Beachgrass removal has notroedtor three
years at this site, and observed declines in ptipulaize are
likely due in part to increased competition.

b. Coos Bay North Spit: 90,000 seeds were distributedomplete
census of the population was not possible as aiéohthe
population had been disced prior to monitoring.e @heas that
were monitored declined 80% - 95% compared to 2007.

3. Oregon Parks and Recreation Department sites

a. Pistol River: This site was seeded for the firsetin April 2008,
with 80,000 seeds. Only one vegetative plant wasd in fall
2008.

b. Bandon Beach (restoration area approximately 2snsiteith of
China Creek): 50,000 seeds were distributed, tiaguh 114
plants (53 reproductive).

We observed that most populations and individuggseared relatively
small during our surveys in 2008. Very little pptation accumulated in March
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2008, followed by a relatively cool summer. lpsssible that these climatic
conditions suppressed germination and growth & pand-verbena. We
recommend that the patterns observed in 2008 nosée as indicators of habitat
suitability.
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| NTRODUCTION

Pink sand-verbenapronia umbellatavar. breviflora; Figure 1) is listed
by the Oregon Department of Agriculture as endasajeand it is considered a
Species of Concern by the U.S. Fish and Wildlifevige. Historically, the
species was known from beaches along the PacifasiGmom Vancouver Island
(British Columbia) south to northern California.ntd two plants were discovered
in Willapa Bay in 2006, the species had been betiew be extinct in
Washington. In 2000, a small population (two pgantas rediscovered on
Vancouver Island, but this population did not reablsh in subsequent years.
Since the late 1970's, the number of populatior@rggon has dwindled from
around ten down to about five (Figure 2). The @iiyrthreats to the species
include competition from European beachgr@sarfiophila arenaripand habitat
disturbance by off road vehicles.

The decline of pink sand-verbena along the casasbirelated with the
reduction in number of many beach species, inclydative plants and wildlife.
For example, the Western Snowy Plover has suffenedll-documented decline
(Oregon Department of Fish and Wildlife 1994) tpatallels that of pink sand-
verbena. There is some historical evidence thatgmplovers used native
vegetation, specifically sand-verbenas, for forggnd cover (Gabrielson and
Jewett 1970, p.238). Recovery efforts for theszigs and others may be most
effective if coordinated or combined.

Figure 1. Pink sand-verbenabronia umbellatasar. breviflora; from
Hitchcock et al. 1964).
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Since the mid-1990’s, research
has been conducted on methods for . Gearhart
reintroduction of pink sand-verbena. daé"éﬁﬁ?é'ﬁtgésHi'sbt'étr'i%"popu|ations
Research on suitability of dredged  gObserved 1994 or 1995
material as habitat for pink sand-
verbena suggests that if this substrate is
placed adjacent to the shore, it may
provide excellent conditions for the
species in the short term (Kaye 1999). Tenmile Cr.

Information is still needed on the
¢

reintroduction potential of the species
in various beach habitats in order to
develop a range-wide conservation and
recovery plan. The ultimate goal of
this reintroduction effort is to support Port Orfard
the requirements of a Conservation Otter Foint
Strategy (Kaye 2006) and remove the Harrls Beac%m
species from the endangered list.

There are two main objectives
of this report. The first objective is to
summarize recent seeding and
transplantation experiments with pink
sand-verbena at several beaches and
dune habitats along the Oregon coast since 198@éseTllocations include: Baker
Beach, Tahkenitch Creek, Siltcoos Creek, Suttorek;réenmile Creek, and the
“Overlook site” on the Siuslaw National Forest; ffwiood Creek, Coos Bay
North Spit, New River, and Euchre Creek on landsarily managed by the
Coos Bay District, Bureau of Land Management; aadd®n Beach and Pistol
River, which are managed by Oregon Parks and Remnealhe second objective
is to summarize data from the monitoring of a nunddgink sand-verbena
populations along the Oregon coast.

sand-verbenaApbronia umbellatavar. breviflora)
in Oregon.

METHODS

Seed source

All of the seed materials manually dispersed tissh Oregon in 1997
through 2008 were collected from populations at Poford or Coos Bay,
Oregon. The pink sand-verbena population at Caysvias established from
seeds originally collected at Port Orford and aerdéfore of the same genetic
lineage (McGlaughlin et al., 2002). Seeds weréct#d from more than twenty
individual plants in 1995-1997 (Port Orford) and®222007 (Port Orford and
Coos Bay). These seeds were also the sourceafpiants grown in
greenhouses at Oregon State University and IAEoivallis, Oregon.
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The seeds of pink sand-verbena occur in singldexke&uits. After
collection, fruits were cleaned of residual sand atier foreign material (such as
twigs and leaves) and dried. In 1999, groups Offtlits were weighed to
determine average fruit weight, and groups of Lddrwere clipped open to
determine average seed set. In subsequent yieigrg)formation was used to
weigh out bags of 10,000 seeds (154 g) for dispavdzeaches.

Study sites

Seed dispersal and/or transplanting were condwuttetl or a subset of 17
Oregon sites from 1997 through 2008. Informatiariaxation, seeding and
transplanting efforts, and brief habitat descripsiois presented in Table 1. Maps
of these sites are in Appendix .

Transplanting

Overlook sites In May 2000, 50 transplants were placed at tlhisI&w National
Forest Overlook North site in an area cleared athgrass by bulldozers the
previous fall. These transplants were reportetd $%S biologists to have
established well, attained very large sizes (3], end produced numerous seeds.
These plants were inadvertently pulled from thedday a USFS vegetation
control group sent to remove beachgrass in eapgyefeer 2000. Therefore, the
precise establishment rate and size of these ohas is not known. Some of the
seeds produced by these plants were distributedtibedabitat and may have
contributed to the establishment of plants in 2001.

Tahkenitch Efforts to remove European beachgrass at Taldtefiteek resulted
in several acres of open sand and reduced covmraahgrass. Transplants were
planted on June 6, 1997 and results of that effere presented in earlier reports
(Kaye 1998, 2000). In 1998 and 2000, 34 and 5tspiants, respectively, were
placed at Tahkenitch in unvegetated swales amantptedunes. These plants
were placed 1-2 m apart in 3-4 groups in May ohegar. All plants received
one teaspoon of Osmocote plant fertilizer (14:14&® were watered in. Plants
were revisited and counted in September.

In May 2001, 50 greenhouse-grown transplants wiaeed in four groups
on a swale just south of the mouth of the creekiwithe beachgrass control area.
These plants were also fertilized as above, watereand revisited in September.

Siltcoos- Transplanting in 1997 followed methods simiaMahkenitch, and the
results were presented in Kaye 1998 and 2000. ayn & 2001, 45 transplants
were placed at Siltcoos. These plants were redsit September to record plant
survival and size.

Tenmile- In May 1999, 150 transplants were planted imgddups of 15 plants at
Tenmile. Groups were located randomly in an afegpen sand ~100 m x 60 m;
the plants were spaced 1 m apart and fertilized titeaspoon of Osmocote. The
site was revisited in late August of 1999 and tlaa{s were counted.

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008



Table 1. Reintroduction sites, methods used, and halitatseeding and transplanting efforts discussedigreport.

Seedings reported here all involved the use di®@Dseeds per site, except where noted.

Site Location Method Habitat

Baker Beach Siuslaw National Forest SeedingFeb. ‘03, March ‘04, March  Beach, beachgrass
Lily Lake, north side of Berry Creek, '05, March ‘05, March 06, March '07, treatment area.
approximately 7 miles north of March ‘08
Florence

Bandon Beach Bradley Creek about 4 miles south ofSeeding Feb. ‘98, March ‘02, March Beach, mouth of

(China Creek & Bandon ‘05 (100k) March '06, March '07, creek

South) March ‘08

Bastendorff Beach  about 1 mile south of the motith o Transplanting ‘95, ‘96 Beach, mouth of
Coos Bay Seeding Dec. ‘96, Feb. ‘98, March  creek

‘02, March ‘04, March ‘05
Coos Bay, North U.S. Army Corps of Engineers, CoosSeeding Dec. ‘96, March ‘0§100k;
Spit Bay District Bureau of Land newly restored areaMarch '07
Management, and the Oregon (100k) March '08 Q0K
Department of Fish and Wildlife
North of Coos Bay
Driftwood Beach Driftwood Creek State Wayside Segdireb. ‘98

Euchre Creek/Ophir 7 miles south of Humbug MountainSeeding March ‘99, March ‘00,
March ‘02
Floras Lake SeedingDec. ‘96, March ‘00

New River ACEC Coos Bay District Bureau of Land  Seeding Jan. ‘97, March ‘99, ‘00, ‘01
Management (70Kk), ‘02 (100k) March ‘03(80k),
sand spit near the mouth of FourmileMarch ‘04(100k) March ‘05(95k),
Creek about 8 miles south of BandorMarch '06(100k) March '07(150k)

March 08 B0K

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008 4

Open beach and
beachgrass treatment
area (sand spit)

Beach
Beach

Beach (high wave
disturbance with
coarse sand, small
cove with pond)
Foredune beachgrass
treatment area and
open sand



Overlook (N and S) Siuslaw National Forest
Douglas County about 2.5 miles sout8eedingMarch '01 (N50kand S50K),
of the Lane/Douglas County line (in March ‘02 (S only), March ‘05 (S
only), March '07 (N80kand S50K),

Pistol River

Salmon River

Siltcoos Creek

Sutton Creek

Tahkenitch Creek

Tenmile Creek

T20S R12W Sec 17 NW)

Pistol River State Park

Curry County about 10.5 miles south

of Gold Beach

Mouth of Salmon River

Siuslaw National Forest
10 miles north of Reedsport

Siuslaw National Forest
6 miles north of Florence, Lane

County

Siuslaw National Forest
7 miles north of Reedsport

Siuslaw National Forest
7 miles south of the mouth of the

Umpgua River

Transplanting‘00

March 08 (N100K
Seeding April '08 (80K

Seedingarch ‘01(40Kk), Feb. ‘02

Transplanting‘97 and ‘01
SeedingFeb. ‘98, March ‘00, March
‘02 (60K), March ‘04, March '05,
March '06, March '07 15kto small
beach north of creek a@bkto large
plover area), March ‘080K
Seeding March '04, March ‘06

Transplanting‘97-98, ‘00-01
SeedingFeb. ‘98, March ‘01, March
‘02, March ‘04, March ‘05

Transplanting‘99

Foredune beachgrass
treatment area and
open sand

Foredune, open
beach, abandoned
river course

Beach (sand spit),
mouth of river
Foredune beachgrass
treatment area and
open beach, mouth
of creek

Mouth of creek,
foredune beachgrass
treatment area and
open sand
Foredune beachgrass
treatment area and
open beach, mouth
of creek
Open beach (sand
spit), mouth of creek
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Direct Seeding

Pink sand-verbena fruits were scattered in FeproilaMarch of each year
by hand by walking along the beach and slowly steahandfuls of material
until all were dispersed. Prior to dispersal, iflease technique was calibrated so
that seeding was at a rate of approximately 5@sfjper linear meter of beach. A
total of 50,000 seeds were released on each bedchedune in each year except
as noted in Table 1 (range: 40,000-150,000). &dided sites were revisited the
following late summer/early fall to survey for pisknd-verbena plants.

Coos Bay North SpitEfforts to eliminate European beachgrass framughly
170 acre Habitat Restoration Area (HRA) on the (Bag North Spit (Figure 3)
have included machine ripping and discing (withagtor), herbicide (Rodeo),
burning, saltwater irrigation, hand pulling, andigas combinations of these
techniques. Ten thousand pink sand-verbena sesm@ssawn in each of five 30 x
30 m plots randomly placed in areas with diffeteedchgrass management
histories on January 15, 1997 (50,000 seeds tatakhe winter of 2005-2006 an
area closer to the beach on the west side of ttesacoad was cleared of
European beach grass. One hundred thousand seesladvded to this area in
both 2006 and 2007, and 90,000 seeds were ad@&ad81 All habitat at the
North Spit was disced in October, 2008.

New River At New River, 50,000-150,000 seeds were dispergdin swales
through the foredune almost every year from 19920@8 (Table 1). The spit at
New River has been breached in various placesdognsivaves, creating swales
that have low vegetative cover but are borderethrsides by established
plants, primarily European beachgrass. From 162805, the BLM made
aggressive attempts each fall to reduce the abgedafrEuropean beachgrass and
lower the foredune using heavy machinery. There neadisturbance in winter
2006, 2007, or 2008, and European beachgrassitdyraginvading the dunes.
Population surveys occurred in September or Octobeach year since 1996.
Immediately prior to the 1999 site visit, much loé tarea that had been seeded
with pink sand-verbena was worked by a bull doaeatdstroy European
beachgrass. In the process, an unknown numbenlofspnd-verbena plants may
have been buried, so the estimate of plant abuedanbis site in 1999 may be
below the actual number present. Estimates of latipa size from this site were
not included in calculations of average plant dshiment presented later in this
report.

Bandon Beach Southin 2005, a new reintroduction site was estabkliswithin
the HRA approximately one mile south of the Chimaek parking area
(Appendix 1). Prior to reintroduction work in theea, pink sand-verbena plants
were located only at the mouth of China Creekwilmter 2004-2005, 2005-2006,
and 2007-2008, the dunes north of Twomile Creeleamdnt extensive habitat
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Figure 3. Coos Bay North Spit with boundary of the HabitasRration
Area (HRA) and the 2003 distribution of pink sarethena delineated.
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restoration. The foredune was lowered with bulidezo remove European
beachgrass and create open sand. A 50 foot wé#feteft around Twomile
Creek. In April 2005, 100,000 seeds were sownpmiaimately 50 acres of
foredune habitat. An additional 50,000 seeds \adoked in 2006, 2007, and
2008.

Other sites Seeding at the remaining sites was conducte@switbed in Table 1
following the aforementioned methods. All seedivags conducted during winter
months (generally February — March).

Population surveys

General protocol Beginning in 2000 we started surveying knowrksand-
verbena habitat. Sites were selected based orgtimpuand reintroduction
history and time limitations. When populations wkrend, we documented the
number of reproductive and vegetative individuald,accasionally,
measurements of plant size (length of the longest,slongest width, and
perpendicular width). In large populations we otiyinted reproductive plants.
Because pink sand-verbena is an annual, vegefatwnés do not contribute to
future populations.

Coos Bay, North SpitThe reintroduced population at the Coos Bay N&itit
was censused in September 1997-1999. Only reptiwdundividuals were
counted. Due to the large size of the populatioRd00, we developed a
subsampling procedure to estimate the number obdestive plants. We
established a reference area (450 m north-soutl®@yn east-west) that
encompassed the majority of the population andddiviit into 225 - 2 m x 100 m
plots that ran roughly east-west (Figure 4). 10@Q0L4 plots (100 m x 2 m) were
randomly selected for sampling. From 2002-200plb® were sampled; in
2006, 23 plots were sampled; in 2007, 22 plots warepled; and in 2008, 23
plots were sampled. Plots were sampled by layuigo
100 m tape at 18Grom the fenceline, then counting the number pfaductive
plants within 1 m of either side of the tape. Esasd north of the reference area,
we counted all reproductive plants by walking tlgiothe habitat.

The total population size was estimated by muling the average
number of plants per 100 m x 2 m plo) py the total number of possible plot
locations (N):

population size estimate  * N
In addition, a 95% confidence interval for thisiesite was calculated as:

95% confidence interval=  [1.96 * (N?* SE?* (N-n/N))

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008



whereSE is the standard error of the mean plot densityNumdN is the finite
population correction factor, which is applied hexathe population arel)(is
of limited size (not infinite or extremely large).

Beginning in 2003, censusing sweeps were usedantiy the numbers
of plants north and east of the transects in tfe¥eace area. These areas were
broken into two sections: “south,” representingdhea south of the old northern
edge of the snowy plover fenceline, and “northgresenting the area to the north
of the old fenceline (Figure 4). The south secti@s disced prior to the 2008
survey and could not be censused.

In 2006 — 2008, seeds were dispersed in a recdistiyrbed area between
the previously restored area and the ocean. Regptiwd plants in this area were
counted using censusing sweeps in 2006 and 20@7arEa was disced prior to
the 2008 survey and was not censused.

In this report, the total population size at CBay, as estimated since
2000, is the estimate from the reference plot fllescensus totals from adjacent
areas. The confidence interval for this overatltes the same as that calculated
for the reference area.

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008



Figure 4. Coos Bay North Spit pink sand-verbena reintroductéicea. The open
squares numbered 1-5 represent the original segtbitgy 10,000 seeds were sown in
each plot in January 1997. The long rectanguksat an the west side of the spit is the
reference area established in 2000 (and expand&@Di2) used for subsampling
reproductive pink sand-verbena abundance. Thedmlesated with a wavy line is
censused instead of subsampled. North is towartbihof the page. The area seeded
from 2006 to present west of the Foredune Roadtismown.
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RESULTS

Table 2. Results of surveys for pink sand-verbena at vargiies along the Oregon Coast. IAE conducted
surveys from 2000-2007. Population data for yeais to 2000 are from various sources.

Site

natural or
reintroduced

date
surveyed

population size

Reintroduction history
and other comments

Lane County
Baker Beach

Heceta Beach

Siltcoos Cr.

Sutton Creek

Curry County
Cape Blanco

Euchre Creek

reintro.

reintro.

reintro.

reintro.

natural

reintro.

10/02/08
9/24/07
9/05/06
9/14/05

10/28/04
9/18/03

9/12/01
10/18/00
1995

10/02/08
9/24/07
10/04/06
9/14/05
10/28/04
9/18/03
9/25/02
9/18/01
9/20/00
1999

9/24/07
9/05/06
2005
10/28/04

9/26/06
9/15/04
10/1/03
8/16/00

1999
1984

9/15/04
9/30/03
9/10/02
9/13/01
8/16/00

1999

70 plants (32 repro., 38 veg.)
42 plants (30 repro., 12 veg.)
12 plants (6 repro., 6 veg.)
72 plants (11 repro., 61 veg.)
93 plants (37 repro., 56 veg.)
55 plants (27 repro., 28 veg.)

0 plants
0 plants

41 plants (14 repro., 27 veg.)
66 plants (54 repo., 12 veg.)
385 plants (202 repro., 183 veg.)
989 plants (961 repro., 28 veg.)
355 plants (311 repro., 44 veg.)
215 plants (195 repro., 20 veg.)
19 plants (12 repro., 7 veg.)

7 plants (all repro.)
249 plants (135 repro., 114 veg.)

0 plants
0 plants
0 plants
150 plants (28 repro., 122 veg.)

1 veg. plant
7 plants (3 repro., 4 veg.)
0 plants
2 repro., 1 N & 1 S of creek.
1 plant
several plants

2 veg. plants
7 plants (4 repro., 3 veg.)
9 plants (all repro.)
0 plants
1 veg. plant

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008

Seeded (50K seeds)
Seeded (50K seeds)
Seeded (50K seeds)
Seeded (50K seeds)
Seeded (50K seeds)
Seeded (50K seeds)

Seeded (5K seeds)

Seeded (60K seeds)
Seeded (100K seeds)
Seeded (50K seeds)
Seeded (50K seeds)
Seeded (50K seeds)

Seeded (60K seeds)
45 Transplants
Seeded (50K seeds)
Seeded (50K seeds)

Seeded (50K seeds)
Seeded (50K seeds)
Seeded (50K seeds)

Seeded (50K seeds)

Seeded (50K seeds)
Seeded (50K seeds)
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Floras Lake

Harris Beach
State Park

Hubbard
Creek

McVay Park

New River
(fig. 8)

Otter Point

reintro.

natural

reintro.

natural

reintro.

natural

9/13/07
9/26/06
10/4/05
9/14/04

10/19/00

1996

9/15/04
9/10/02
9/13/01
8/16/00

9/14/04
10/1/03
9/11/02
8/15/00

1999
1996
1995

8/16/00

10/16/08
9/29/07
9/25/06

0 plants
65 plants (41 repro., 24 veg.)
20 plants (all repro.)
220 plants (81 repro., 139 veg.)
10 plants (7 repro., 3 veg.)
7 plants

0 plants
0 plants
0 plants
0 plants

4 repro. plants
0 plants
0 plants
0 plants
1 plant

0 plants

180 plants (69 repro., 111 veg.)
480 plants (269 repro., 211 veg.)
616 plants (380 repro., 236 veg.)

Seeded (50K seeds)
Seeded (5K seeds)

Natural pop’n, but also
seeded (5,000 seeds) in
1995 and transplanted

Seeded & transplanted
Seeded & transplanted

appeared ualslgt

Seeded (80K seeds)
Seeded (150K seeds)
Seeded (100K seeds)

10/04/05 2,174 plants (1,114 repro., 1,058 veg.)Seeded (95K seeds)

9/14/04
10/1/03
9/11/02
9/12/01
8/15/00
1999

9/13/07
9/26/06
9/15/04
9/30/03
9/10/02
9/13/01
8/16/00

1999

917 plants (459 repro., 458 veg.)
524 plants (373 repro., 151 veg.)
145 plants
421 plants

0 plants

0 plants

0 plants

0 plants
9 repro. plants
3 repro. plants

0 plants

9 plants

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008

1,628 plants (1,014 repro., 614 veg.) Seeded (100K seeds)

Seeded (80K seeds)
Seeded (100K seeds)
Seeded (70K seeds)
Seeded (50K seeds)
Seeded (50K seeds)

2000 was the first year
since 1993 that no plants
were observed at this site
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Pistol River reintro. 10/14/08 1 veg. Seeded (86&ds)

Port Orford natural & 10/16/08 226 plants (only repro. counted)
augmented 9/13/07 1,412 plants (846 repro., 566 veg.)

9/26/06 660 plants (454 repro., 206 veg.)

10/04/05 740 plants (392 repro., 348 veg.)

9/14/04 909 plants (556 repro., 353 veg.)

9/30/03 552 plants (159 repro. plants, 393 veg.)

9/10/02 1,146 plants (480 repro. and 666 veg.)

9/13/01 2,607 (1,467 repro. and 1,140 veg.)

2000 1,834 plants
1999 7,169 plants
Winchuck natural 9/10/02 6 repro. plants New site in 2000; N & S
River 8/16/00 5 repro., 1 veg. of creek mouth
Douglas County
Tahkenitch reintro. 10/4/06 1 veg.
Cr. 9/14/05 0 plants Seeded (50K seeds)
9/29/04 121 plants (72 repro., 49 veg.) Seeded (50K seeds)
9/18/03 0 plants
9/25/02 22 plants (14 repro., 8 veg.) Seeded (50K seeds)
9/18/01 50 plants (45 repro., 5veg.)  Seeded (50K seeds) +50
transplants
9/20/00 32 plants (repro.) 50 transplants
Overlook reintro. 10/02/08 2,395 plants (811 repro., 1,584 veg.) Seeded (100K seeds)
North 9/24/07 3,445 plants (2,790 repro., 655 veg.) Seeded (80K seeds)
(fig. 10) 10/4/06 7,825 plants (1,976 repro., 5,840 veg.)

9/14/05 3,210 plants (1,191 repro., 2,019 veg.)
9/29/04 3,741 plants (2,632 repro., 1,109 veg.)
9/18/03 1,478 plants (1,359 repro., 119 veg.)
9/25/02 1,091 plants (574 repro., 517 veg.)
9/18/01 482 plants (390 repro., 92 veg.) Seeded (50K seeds)

9/20/00 2 plants (repro.) 50 transplants (most
pulled by accident)
Overlook reintro. 9/24/07 98 plants (76 repro., 22 veg.) Seeded (50K seeds)
South 10/4/06 10 plants (4 repro., 6 veg.)
(fig. 10) 9/14/05 4,340 plants (2,581 repro., 1,759 veg.)Seeded (50K seeds)

9/29/04 9,554 plants (6,325 repro., 3,229 veg.)

9/18/03 2,107 plants (1,954 repro., 153 veg.)

9/25/02 1,726 plants (1,435 repro., 291 veg.) Seeded (50K seeds)
9/18/01 658 plants (427 repro., 231 veqg.) Seeded (50K seeds)

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008 13



Coos County
Bandon
Beach —
China Creek

Bandon
Beach South

Bastendorff
Beach

Charleston
Beach

Coos Bay,
North Spit

reintro.

reintro.

reintro.

reintro.

reintro.

10/14/08
9/13/07
9/26/06
10/04/05
9/13/04
10/1/03
9/11/02
9/12/01
8/16/00
1998

10/14/08
9/13/07
9/26/06
10/04/0¢

10/15/08
9/13/07
9/26/06
10/05/05
9/13/04
10/2/03
9/11/02
8/15/00
1998
1997
1996
1995

9/11/02
8/15/00
1996
1995

10/15/08
2007
09/27/06
10/03/05
10/12/04
10/2/03
9/25/02
9/14/01
9/19/00
1996

0 plants
11 plants (6 repro., 5 veg.)
10 plants (repro. only)

7 plants (1 repro., 6 veg.)
56 plants (41 repro., 15 veg.)
135 plants (127 repro., 8 veg.)

13 plants (8 repro., 5 veg.)

0 plants
0 plants

113 plants (52 repro., 61 veg.)
173 plants (121 repro., 52 veg.)
452 plants (346 repro., 106 veg.)
139 plants(124 repro., 15 ve.)

9 plants (6 repro., 3 veg.)
2 plants (repro.)

11 plants (8 repro., 3 veg.)
536 plants (410 repro., 126 veg.)
371 plants (245 repro., 126 veg.)

110 plants(104 repro., 6 veg.)

13 plants (8 repro., 5 veg.)

0 plants

0 plants
0 plants

>10,929 (repro.)*
~111,063 (repro.)
~99,354 (repro.)
~31,411 (repro.)
~66,697 (repro.)
~111,496 (repro.)
~65,922 (repro.)
~45,257 (repro.)
~45,000 (repro.)

Seeded (50K seeds)

Seeded (50K seeds)

Seeded (50K seeds)
Seeded (50K seeds)
Seeded (50K seeds)
Seeded (100K seel

Seeded (50K seeds)
Seeded (50K seeds)

Seeded (50K seeds)

Seeded (50K seeds)
Seeded (50K seeds)
Seeded & transplanted
Seeded & transplanted

Seeded and transplanted
Seeded and transplanted

Seeded (90K seeds)
Seeded (100K seeds)
Seeded (100K seeds)

Seeded (50K seeds)

*In 2008, the west and south survey areas weredipdor to censusing. Thus, the population sitienaite
represents less than 50% of the total occupieddtadmd cannot be used to accurately compare papukizes

between years.

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008
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Tenmile Cr.

Lincoln County
Driftwood Cr.

Ona Beach

Salmon River

natural and
augmented

reintro.

natural

reintro.

10/23/03
9/25/02
9/18/01
9/20/00

1999

9/12/01
10/18/00
1998

9/12/01

1 plant (repro.)

0 plants
0 plants
0 plants

0 plants
0 plants

0 plants

150 transplants

Seeded (50K seeds)

10/18/00 2 repro. plants, one on each side of the New site in 2000

10/22/05

11/20/04
10/24/02
9/10/01

mouth of Beaver Creek

92 plants (52 repro., 40 veg.)
1 repro. plant

163 plants (129 repro., 34 veg.)
741 plants (488 repro. 253 veg.)

Seeded (50K seeds)
Seeded (40K seeds)

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008
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Transplanting

Transplanting efforts between 1997 and 2001 vaneuiccess, from 16%
survival at Siltcoos in 2001 to 76% survival at Kahitch in 2001 (Figure 5).
The largest transplanting attempt was at Tenmiteiacluded 150 plants.
Although approximately 30% of the individuals swedl, there was no
subsequent recruitment. At Siltcoos, eight pinkdsaerbena plants established
from transplanting in 1997 and 43 plants were olesin the same area in 1998.
This suggests that transplanted individuals prodsesds that germinated and
subsequently established new plants. Unfortunaielglants were seen in the
transplant area the following year. At Tahkenitcl2000, 30 out of 50
transplants survived and another two plants voknetdfrom previous transplant
and seeding efforts. In 2001, 38 of 50 transplahf&hkenitch survived the
summer and reproduced (Figure 5). However, natphlaere found at Tahkenitch
in 2003.

80%
70%
60%
50%
40%
30%
20%
10%

0%

150 27
45

transplant survival

transplant site (year)

Figure 5. Transplant survival (from spring to late summerhaee sites. Numbers
above bars indicate thetal number transplanted. Years in parentheses aftatibn
names indicate year of transplanting.

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008 16



Direct seeding

Pink sand-verbena seed sown by hand resultedum pstablishment in 43
out of 53 attempts between 1997 and 2008 (Taldtég2re 6). At least some of
the seedings failed because the sites were subjectegh disturbance; exposed
beaches experience high winds and waves and theheolrivers may
experience creek flooding. The highest establistimas at the Coos Bay North
Spit (3.4%). At all other sites, establishment edrirom 0.004% (2 plants) to

1.85% (741 plants), with an average of 0.5% (Fig)re

Coos Bay, spit (1997) 3.44%

Salmon River (2001)
Overlook North (2001)
Overlook South (2001)
Tahkenitch (1998)
Siltcoos (2000)
Euchre Cr. (1999)
Siltcoos (1998)

Sutton Creek (2004)

0.33%
0.30%

% Tahkenitch (2004) M 0.24%
e New River (1997) 0.24%
0 Salmon River (2005) 0.18%
8 Bandon (1998) W 0.13%
S New River (1999) B0.12%
j Baker Beach (2003) @ 0.11%
=z Driftwood Cr. (1998) 10.04%
= Siltcoos (2002) J0.03%

Tahkenitch (2001) |0.03%

Floras Lake (2000) |0.02%

Euchre Cr. (2002) [0.02%

Bandon (2002) ]0.01%

Bastendorff (1997) |0.00%

Coos Bay, bch (1997) |0.00%

Mean 0.49% l l .
0% 1% 2% 3% 4%

seedling establishment

Figure 6. Plant establishment rates within one year of seedrg on beaches
and restored dunes. Bar length and the valuectaght indicate the
percentage of seeds establishing as vegetativeparductive plants. Only
sites that were seeded at least two years afteardier seeding attempt are
shown. The year of seed sowing is indicated iemtitnieses after each location
name. At New River in 1999, the seeding area vaasghly destroyed prior to
observation, so the value presented may be an estdaate of the actual
number of plants established there. A total 0060,seeds were sown at each

site, except where noted in Table 1.

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008
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Population surveys

Inventories for pink sand-verbena were conductesgeral sites on the
central and southern Oregon Coast in the late suranteearly fall of 2000-2008
(Table 2). We surveyed at both reintroduction aatliral sites which had not
been seeded or transplanted. Notable findings thematural sites in 2000
included the discovery of plants at the mouth efWinchuck River and
confirmation of a small population (two plants)ata Beach State Park. A
subsequent visit to Ona Beach in 2001 did not ®eat plants, but plants were
again seen at the mouth of the Winchuck River f2200ne vegetative plant was
found at another natural site, Cape Blanco, in 2006e last observation of pink
sand-verbena at Cape Blanco was in 2004, when tbpeeductive plants and
four vegetative plants were found.

Population size and population response to seadings substantially
from year to year. Two of the largest drivers avge be amount of disturbance
(e.g. the exposed beach on Coos Bay North Spitzangetition by European
beach-grass. Although site-specific, there may béssome climatic drivers. For
example, three populations (Bastendorff Beachc&®k Creek, and Bandon
Beach) expanded in 2003 despite a lack of seeditipt year. Although the
2002-2003 winter had been extremely dry, MarchApidl of 2003 were
extremely wet months and several rainfall recordsavbroken in western Oregon.
The germination of seeds from previous seedingtsf{including 2002) may
have been assisted by the lack of severe wintanstthat would have buried
and/or moved seeds followed by substantial pretipit. In contrast, the size of
most of the populations surveyed in 2008 was rattismall.

Lane County

Baker Beach— Seeding at Baker Beach has consistently had ratgdgsuccess,
resulting in a range from 12 plants (6 reprodugtiae2006 to 93 plants (37
reproductive) in 2004. In 2008, we found 70 plgB® reproductive). Most of
these plants were found south and east of the spawgr habitat area in areas
protected by larger dunes.

Siltcoos Creek- Pink sand-verbena restoration and reintroductias initiated at
the mouth of Siltcoos Creek in 1997 when 27 plavese outplanted at the site.
The following winter, the site was seeded and A% plants were counted in the
summer of 1998. The population fell to zero in 498ut recovered to nearly 250
after seeding in 2000. The population declineddA1 and 2002 (despite seeding
in 2002), but rebounded to over 200 plants in 2B08ure 7 and Table 2). As no
seeds were distributed in 2003, these plants viereaisult of seeds sown during
an earlier year and/or produced by plants that ghene. After additional seeding
in 2004, the Siltcoos Creek population grew to BEts. In 2005, the
population increased to 989 individuals, nearlyoélvhich were reproductive. In
2006, the population decreased again to 385 indalgd In 2007, we found only

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008
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transp nts

Figure 7. Population trends and seeding history at Sikdoeek, 1996 — 2008.

66 plants (54 reproductive) despite distributin@,D00 seeds at the site. Similar
depressed numbers were recorded in 2008 (41 ftatats 14 reproductive).
There was a severe decline in the number of pink-sarbena at most sites on
the Oregon coast and the low number of plants fair&lltcoos in 2008 is likely
not due to site-specific factors. Siltcoos hasstiently had one of the highest
reintroduction success rates and we recommendnt@ttiseed addition efforts
and beachgrass removal.

Sutton Creek- Seeding at Sutton Creek has had low successinmvof three
years. In 2004, 150 plants (28 reproductive) distadd after a spring seeding.
No plants were found at the site in 2005, 200@047 despite seeding in 2005
and 2006. This site appears to receive a relgtivigh level of disturbance from
wind, wave action, flooding, and bed-movement bit@uCreek. Due to the
disturbance and the poor recruitment, we did netl $ke site in 2007 and
subsequently found no new plants. However, nevitdtalvas cleared at the
southern end of the site and extensive beachgeassvial was planned for the
winter of 2007. If habitat is improved, we recommdeeconsidering seeding this
site in 2009.

Curry County
Cape Blanco-The natural population at Cape Blanco has beembstwen
individuals in the five surveys conducted since9.99

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008
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population size

Euchre Creek— Although seeding resulted in only a few plant2®00 and 2002,
individuals continued to germinate in 2003 and 20@4e recommend that this
site be resurveyed in 2009 and evaluated for kadnirtion priority.

Floras Lake— The reintroduced population of pink sand-verberidatas Lake
provides an example of an exception to the gemdrsgrvation that many plants
will establish in the year of seeding but not coné natural reseeding in
subsequent years. Seven plants were observe®@éatr seeding with 5,000
seeds earlier that winter and only 10 plants estadd after the distribution of
50,000 seeds in 2000. This site was not monitagadn until 2004 when 220
plants were observed growing in an area protectad vave action by a
sandstone outcrop. We counted 65 plants in 20@6plants were found in 2007,
but as noted earlier, 2007 appeared to be a lowite®ent year at most sites on
the Oregon coast. The persistence of the Florkae papulation, despite low
reintroduction effort, suggests that this habitalrbe a good site for future
seeding.

New River ACEG- At New River, the reintroduced population hasrbee
sustained by direct seeding with 50,000 - 150,@@@ls from 1997-2008 (Figure
8). In the first year of seeding (1997), 118 pagdtablished. In 1998, seeding
was not conducted and no plants were found. Sgeédisubsequent years
resulted in the continual establishment of popateti In 2002, a total of 490
plants (339 reproductive) were observed in the-axesh swales, beach front, and
low foredunes of the beachgrass control areaser Afiditional beachgrass control
efforts in 2003 with bulldozers, the populationreased to 917 plants (459

2500 1 - -0- - reproductive 95K
—s=—total seeds

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Figure 8. Population trends at the New River ACEC reintrodhrcsite. Seeding has
been conducted in all years except 1

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008



reproductive). Further bulldozer work was conddatethe fall of 2003 and more
seeds were distributed at the site in the sprigD6#. The population increased
to 1,656 plants (1,014 reproductive) in 2004 arid 2 plants (1,114 reproductive)
in 2005. Despite seeding with 100,000 seeds img@006, only 616 plants (380
reproductive) were counted. An additional 150,888ds in 2007 and 80,000
seeds in 2008 resulted in only 480 plants (26%ymtive) and 180 plants (69
reproductive) respectively. There has not begrbaachgrass removal at New
River since the winter of 2004 — 2005, and althocighate is likely to have
played some role in the population trends obsesusck then, increased
competition from European beachgrass is likelyaeehstrongly contributed to
the decrease in population size. Based on priamsy@opulation growth, we
recommend that seeding and beachgrass removaiseftmrtinue at this site using
the current approach of seeding following distudsam the fall.

Otter Point— The wild population of pink sand-verbena at Otemt has shown
dramatic swings in size since 1993. From 1993-1886number of plants varied
from 9 to 16, but in 1997 and 1998, the populatmse to 177 and 136 plants,
respectively. The population declined substantaiier that, dropping to O in
2000 and rebounding to only 3 plants in 2001 ar@?2(No plants were observed
from 2003-2007 (the site was not surveyed in 260§ure 9). Re-colonization of
the site after dropping to O plants in 2000 suggtsit the population at Otter
Point (and possibly others) can re-establish frgmeraistent seedbank.
Monitoring should continue at this location, anthi& species continues to be
absent, the possibility of reintroducing the speasieould be evaluated.

Port Orford — The population at Port Orford is both natural angmented. In
1999, over 7,000 plants were counted; since thad there has been a downward
trend in yearly population numbers (Figure 9).2007, the population size more
than doubled compared to the previous year (1,445 846 reproductive). Of
these, 168 plants (118 reproductive) appeared hybeds with yellow sand-
verbena. In 2008, 226 reproductive plants weretsaly 79 of which were
potential hybrids. This population declined draigadly since habitat restoration
activities ended. This habitat is relatively walbtected from ocean storms and
has the potential to be quite large. Given thigtigone of the few (partially)
natural populations that remains on the Oregontcoasstrongly recommend
renewed attempts to remove European beachgrass.

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008 21
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Figure 9. Population trends of pink sand-verbena at Ottent?ainatural,
unmanipulated population and Port Orford, a natpoglulation that has received
intensive restoration in the form of augmentatiwar(splanting), partial elimination of
beachgrass behind the foredune, and disturbanbewgthinery (1992 -1999). There are
no data for Otter Point in 20(

Pistol River— Plant establishment at Pistol River State Rark extremely low.
Eighty thousand seeds were distributed at tharsiégril 2008. In October 2008,
only one vegetative plant was located. Althougids®gg pink sand-verbena in
April has been successful in the past, there mapaee been sufficient time for
cold stratification in the weeks following seeding2008. This likely contributed
to the low germination rate. In addition, a betiwdt had been seeded in April
had eroded to beach level during the summer, sigmifly reducing the amount of
pink sand-verbena habitat present at the site.

Douglas County

Tahkenitch Creek- In 1996, 34 transplanted pink sand-verbenas awedbivith
5,000 seeds dispersed at Tahkenitch Creek wasfpamntearly effort to establish
plants on Oregon beaches. This effort was folloleglanting 27 plants in 1997
and 34 plants in 1998. Fifty thousand seeds wadecin 1998. Over 450 plants
were counted in 1998 but no plants were found 8919The outplanting of 50
individuals in 2000 and 2001 resulted in 32 anghlBits, respectively. Seeding
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with 50,000 seeds in 2002 resulted in a relatigetall number of plants (22) and
no plants were observed in 2003 (Table 2). In 20@4 plants were observed
after seeding with 50,000 seeds, the largest ptopnlthis site has supported
since 1998. In 2005 we again found no plants arZ0D6 we found only one
vegetative plant. Monitoring should continue as$ fbcation, but we recommend
the site be given low priority for reintroduction.

Overlook North and South- European beachgrass control was initiated at the
Overlook sites in the fall of 1999 through the o$bulldozers operated by the
Oregon National Guard in coordination with the &usNational Forest. Pink
sand-verbena reintroduction at the Overlook sitggah in spring 2000 with the
planting of 50 individuals. All but two of theseeve uprooted accidentally by a
crew that was pulling European beachgrass fromesieration site. In 2001,
both the north and south sites received 50,000sse@htth resulted in the
establishment of 482 and 658 plants, respectivieQ total). In 2002, the south
site received an additional 50,000 seeds and thiauof plants counted in the
fall at both sites combined was 2,817. No seedmglanting was conducted in
2003 and 2004, but bulldozing was conducted in lgetlrs and the population
continued to grow to 3,585 in 2003 and 13,397 i@L(Figure 10, Table 2). In
2004, the area of the population expanded to imcthd beachfront between the
two Overlook sites and the area north of Overloakth In 2005, we found
3,210 individuals at Overlook North and 4,340 psaait Overlook South, a decline
from 2004. The population at Overlook South camthto decline in 2006, when
we found only 10 plants (4 reproductive). In castr we found over 7,800 plants
at Overlook North in 2006. In 2007, we added 50,8€eds to Overlook South
and 80,000 seeds to Overlook North. As with més¢osites on the coast, the
number of pink sand-verbena found at the Overlatas svas low in 2007. We
counted 3,445 plants (2,790 reproductive) and 88tpl(76 reproductive) at the
North and South sites, respectively. The populagiae remained depressed in
2008; only 2,395 plants were counted (811 repradelcat the North site, despite
seeding with 100,000 seeds. Additional plants ieued in 2008 on an access
road leading from Highway 101 to the north endhef ©Overlook North; these
plants were not included in the aforementionedeyinin 2008 the Overlook
North site was expanded, and it initially appedted Overlook North and South
had been combined into one large area. This wahaaase, but Overlook
South was not formally surveyed. Several pink samntbena were observed at
Overlook South during a site visit in November 2088the area was not seeded
in 2008, these plants most likely recruited frora seedbank.

The reintroduced population at the Overlook sgesow the second
largest population in Oregon (Coos Bay North Spthee largest). The substantial
growth in 2003 and 2004 in the absence of additiseeding appears to be due to
the topographic position of the restoration are&lvis well above the reach of
winter storm waves; winter waves typically wouldn@ve a large proportion of
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Figure 10. Total number of pink sand-verbena plants couatédorth and South
Overlook sites, 2002-2008. Seeding and transplgryvents are marked at each
applicable year. South Overlook was not surveye2DidB; the datapoint refers
only to North Overlook.

any seeds that were produced the previous yeawet#r, because the habitat is
protected from winter storms, European beachgeassinvading the site and will
require additional control measures to keep it freroccupying the pink sand-
verbena habitat. Without continual beachgrassrobrihe substantial population
growth at this site will likely reverse and the ptgiion will decline. We
recommend that seeding continue at both sites, wggher priority given to the
Overlook South treatment area.

Coos County

Bandon Beach, China Creek- The China Creek population has varied
substantially since 1998, when the species wassiaded into the site by the
Oregon Department of Agriculture. We counted Zf¥@ductive plants at this site
in 2006; in 2007, the number declined to 6. Nafdavere observed in 2008.
Plants have typically been observed in a protedéguiession between two large
expanses of dunes. Additional seeding in this eoedd increase the population
size and should be evaluated.

Bandon Beach, South- In 2005, Oregon State Parks removed beachg@ss fr
an area approximately 1 mile south of China Cregtending south to Twomile
Creek. In March 2005, 100,000 seeds were addtggetproject area. In
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September 2005, we censused the site and foundlthatigh a substantial
amount of beachgrass had re-grown into the haldis& pink sand-verbena (124
reproductive) had become established. In late /2@0f 2006, the southern
portion of the restoration area was retreated;dalitianal 50,000 seeds were
added in March 2006. In September 2006, we coui@dplants (346
reproductive); the majority of the plants (399) evéocated in the area that was
retreated. We added an additional 50,000 see2307 and counted 173 plants
(121 reproductive) the following fall. The low pdption size in 2007 can most

likely be attributed to extensive regrowth of Eugap beachgrass in some areas of

the site and the factors that led to the poor reoent region-wide in 2007. The
smallest population was observed in 2008, wheretivere 114 plants, 53 (46%)
of which were reproductive. Beachgrass was den#igei southern half of the
project area in both 2007 and 2008. The relatil@lynumber of plants in the
project area in 2008 might reflect reduced halgjtetlity due to regrowth of
European beachgrass. However, it is also likedy thimate played a significant
role. The persistence of plants and strong reoerit in previous years suggests
that with continued beachgrass removal, pink satena reintroduction may be
successful at this site.

Bastendorff Beach- This site received both transplants (1995 argb)land
seeding (most years between 1995 and 2005, Table@plants were found until
2002, when 8 reproductive and 5 vegetative plaet®wounted. The population
continued to increase to its maximum level in 260536 plants (410
reproductive). Seeding last occurred in 2005 aedothpulation has been
extremely small ever since (between 2 and 11 plams2008, we observed nine
plants, six of which were reproductive.

Coos Bay North Spit Following re-introduction in 1997, pink sand-venia
populations grew steadily to a peak of 111,496aepctive plants in 2003
(Figure 11). In 2007, approximately 111,063 repicitve plants were found,
which was expanded to include a portion of the Ispitveen the original
reintroduction area and the ocean (west of thessowad).

In 2008 we were not able to estimate the total fadjmun size because the
area west of Foredune Road and the area soutle ofdmorthern edge of the
snowy plover fenceline were disced prior to theylapon census. We estimated
the reproductive plant population size within teéerence area to be 2,231 (95%
C.l.: 962 — 3,498). This was a 95% reduction carag to the estimated
population size in the reference area in 2007 @&l reproductive plants (95%
C.l.: 26,301 —53,860). We observed that marthefplants in reference area
were very small and the population appeared lessedeompared to 2006 and
2007. The estimated population size in the nogtisas area was approximately
20% of the 2007 total; these numbers should be aoedpwith caution as the
southern boundary of the north census area isandistent from year to year.

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008

25



140000 ¢

120000 ¢

100000 ¢

80000 4

60000 4

Population size

40000 -

20000 41
*

0 4 T T T T T T T T T T T 1

e & & O > H b D
N Q \) O " & & S

P P
SIS DO S S R U

A
UGN
Figure 11. Population trends at the Coos Bay North Spit reghiction site. The
area was seeded in January 1997 with 50,000 semd$fort Orford. Population
size estimates for 1997-1999 are complete censdisdisplants in the population,
while those from 2000-2008 are estimated from &auiple of a reference area and
census of the remainder of the population. Therdryars for 2000-2008 estimates
represent 95% confidence intervaldn 2008, an estimate of the entire population
size was not possible because over 50% of the @bl had been disced prior to
our surveys. See text for a discussion of populattrends.

The Coos Bay North Spit is now the largest pinkdsaerbena population
in Oregon and serves as the primary seed sourceifdaroduction efforts in
Oregon. Successful plant establishment and papalgtowth has followed
successful control measures for European beachgnase spit (described in
Pickart and Sawyer [1998] and Kaye [1998]). Sorthe continued growth of
this population in 2002 was due to northward exmamnef the plant into areas
more recently cleared of European beachgrass &ed established vegetation
outside of the HRA (formerly called HCA). No begchiss control was conducted
in 2004 and 2005, and the population declined th lbbthose years. In 2008, we
observed that many of the plants in the north ceasea followed the previous
year’s disc line (Figure 12), suggesting that tiseidg may have exposed seeds to
the proper conditions for germination. Thus, alitjio the seedbank appears large
enough for continual recruitment, the successiefdite appears dependent on
sustained management activities, particularly ahdigaing to control plant
invasion and additional vegetation control northh&f HRA.
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Figure 12. Pink sand-verbena in the north census area &dbe Bay North Spit.
Pink sand-verbena tended to be found along thesitift by the disc harrow.

Although the drastic decline in population sizeasise for concern,
similar declines were observed at several otheuladipns in Oregon. It is likely
that climatic patterns in winter 2007-2008 were-sptimal for germination and
growth.

Given the expansion of the pink sand-verbena peipualaour current
monitoring techniques have become less efficidilte majority of the population
now resides outside of the transects that are taseéetermine the confidence
intervals for the population size estimate. Furtigre, although systematically
walking the habitat to count individuals providegeasonably accurate estimate of
population size, this technique is time consumingj subject to error, as it can be
difficult to delineate areas that have already lmeneyed. We recommend
changing the sampling method to a stratified randampling design in 2009
(Figure 13). The pink sand-verbena habitat arealdhbe split into three areas.
These areas were created based on observed diffsranhabitat and population
density. If no significant differences between déineas are observed after the
2009 surveys, they can be pooled for future surv@®yghin each area, a
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minimum of 30 and maximum of 45 belt transects dllsampled. Transects
will originate at a point randomly selected witl@ach area. Surveyors will locate
each point using a GPS unit, then extend a suamy100 m at 160 Surveyors
will then count every reproductive plant within 1an the north side of the tape.
Using this technigue we can estimate the percerblabitat sampled,
population size, and a 95% confidence intervabiarpopulation size estimate.

West
Northeas
— Southeast

Figure 13. Proposed new sampling schematic for the pinkl-sanbena population at the
Coos Bay North Spit. Fifteen to twenty randomliested transects (black lines) will be
censused for reproductive plants in each sub-ptpualévest, northeast, and southeast).

Transect locations are onlv an exarnr
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Lincoln County

Driftwood Creek — Fifty thousand seeds were distributed at Driftd/@veek in
1998. No plants were counted in 1998, 2000, odZl0veys and no surveys
have been completed since that time.

Salmon River— Restoration seeding took place at Salmon Riv200i and

2002. These efforts resulted in 741 and 163 péaits in 2001 and 2002,
respectively. In 2005, 92 plants (52 reproductiveje present, despite no
seeding that year. This site was not surveye®®622007, or 2008. The
recruitment of plants from the seedbank in 2005eats that this population
could be maintained with management activitiesuditlg beachgrass control and
seeding.

Ona Beach- In 2000, two plants were counted at the moutBesver Creek; this
was the first time plants had been documentedsasite. In 2001, no plants were
found and no surveys have been completed sincéirtinat

DISCUSSION

Transplanting

Transplanting pink sand-verbena can be a sucdessgitroduction
technique. Survival of transplants at Tahkenifilicoos, and Tenmile averaged
47%, a value typical of earlier transplant eff@at& number of sites. Previous
tests of transplant success resulted in an ovaratage of 51% survival (Kaye
1995, 1996). Factors that affect survival of trdasts at any given site appear to
include amount of wind blown sand that buries arasates the plants, moisture
availability in the sand at the time of transplagtiand the abundance or
proximity of competing vegetation, especially Eugap beachgrass. For
example, in 2001, transplants at Tahkenitch diatinedly well (76% survival),
especially those near the shore and those thatadishow evidence of intense
wind damage. Transplants at Siltcoos in 2001 wgtensively damaged by the
wind; their root systems were excavated and ovstailival was relatively low
survival (16%).

Most pink sand-verbena plants are short-lived (ip@snual). Therefore,
the success of populations reintroduced by trangsplainges on recruitment of
new individuals from seed produced by the trangplanthe planting of
additional transplants. So far, offspring frormsglants have been relatively
uncommon, except after the 1997 Siltcoos transipigiihat produced abundant
plants the following year (but not the year afteatj.

Seeding

Similar to the results of the transplanting efore found that seeding
was often successful in establishing a pink santderea population the year of
seed addition, but that these populations did soally persist in subsequent
years without continued seed additions and beasbgmantrol. For example, no
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plants were present the second year following seeali New River (1997),
Bandon Beach (1998), or Driftwood Creek (1998).widwer, this obstacle to
reintroduction may be addressed through repeatstirsgefforts to build up a
local seedbank (see seedbank discussion). Atémiroduction sites that have
received multiple seeding or transplants atten{@ittcoos Creek 2003,
Bastendorff Beach 2003, Floras Lake 2004 - 2008 ,Blandon Beach 2003),
medium to relatively large numbers of plants hagerbobserved despite no
seeding in that year.

The success of seeding is increased with a greateber of seeds.
Seeding with 40,000-100,000 (typically 50,000) seecbduced an average of 236
plants per site (0.49% establishment rate), atebat some plants in 43 out of 53
attempts. Earlier seedings with only 5,000 seedslted in an average of only 4
plants (0.071% establishment rate), and only G3aditlempts produced at least 1
plant (Kaye 1995, 1998).

The populations at Coos Bay North Spit and therfook sites are
examples of reintroductions into beachgrass coatexds that have done
remarkably well. In 1996, 50,000 seeds were dhsted at the Coos Bay North
Spit. The population quickly grew from over 1,74fl@nts in 1997, to 4,111 in
1998 and at least 50,000 in 1999. From 2000 @nplénts were so abundant that
a reference area was subsampled with randomlyglalogs (Figure 4) and the
abundance of the species in the rest of the s@tomanted. Since vegetative
plants do not contribute to the population (pinkds&erbena is usually an annual)
and counting all plants would be infeasible becaigdene constraints, we
counted only reproductive individuals at this sitece 2000. The total
reproductive plant abundance in 2003 was estinattéd 1,496 (95% C.1.:
+19,856), the highest population size recordedhte dt any known site. Nearly
100,000 plants were found at the site in 2006. Mofcthe population growth has
been due to expansion into adjacent areas thatdeerecleared of vegetation,
including a new area that was seeded in spring.280énts in the central part of
the sampled zone on the west edge of the popultgmated to occur in high
density patches and appeared to be of smallergasiae than plants in less
dense areas, probably due to intra-specific cortipeti However, since 2001 we
have encountered plants in the interior of the bgass control zone that had
over-wintered from the year before. These plaaktsexed very large sizes (>2
m?) and produced copious amounts of seed. It is itapbto note that in 2004
and 2005, the Coos Bay North Spit population dedisignificantly, which may
be due to the lack of beachgrass management dimengyior fall and winter.
Without repeated discing to reduce invading vegateguch as European
beachgrass, pink sand-verbena may fail to increasembers and expand its area
at this site.

As with transplanting, the success of seeding beaselated to habitat
quality and susceptibility to the scouring effeatsvinter storms. For example,
the presence of competing vegetation, especialigredune habitats, may result
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in small plants that produce few or no seeds. Asoter storms on the Oregon
coast can have dramatic effects on beaches, remtange amounts of sand and
even established foredunes. Any plants or receleibpsited seeds on a beach
could be removed from the site and carried awaga@an currents. For example,
the seeding attempt at Floras Lake in 2000 resutitedly ten plants, but the
beach at this site is subject to strong surf andexistorms, as evidenced by
coarse sand and a short shelf and steep slopede#ch. Also, some recent
winters in Oregon have been characterized by La Miifinatic patterns that
include more frequent and intense winter stormarsh winters in 1997-2000
may have resulted in less population carryover atteding attempts. The
habitats at the Coos Bay North Spit and the Ové&rkies are protected from
these winter storms. At the North Spit, the popaiais located in the interior of
the sand spit and at the Overlook site, populatamason the elevated foredune.
This protection allows all seeds produced frompimk sand-verbena plants that
grow there to remain on site, maximizing their atemnof establishing seedlings
the following year. Furthermore, the habitat @& @wverlook site has repeatedly
been disturbed during fall and winter months eadr wince seeding in 1996.
This disturbance, which included discing and mameoval of beachgrass
(Kaye 1998), has kept competing plant species h@ragetating the site and has
probably been crucial to the successful populagiawth of pink sand-verbena.
Initial plant establishment at the Coos Bay Norit $ 1997 was highly
negatively correlated with the local abundance wiogean beachgrass (Kaye
1998). Competition studies at Port Orford and G@dach on dredge material
also suggest that competing vegetation is a magof affecting establishment
and survival of pink sand-verbena (Kaye 1999).

Importance of a Seedbank

Long-term persistence of pink sand-verbena as sitethe Oregon coast
may depend on the development and maintenancafdived persistent
seedbank. Results from germination tests withseédarious ages (stored in
paper sacks at room temperature) show that sedtis@pecies can remain
viable for long periods of time. Loss of viabilibyer time appears to be very
slow; seeds stored for nine years retained over@aility (Figure 12).

The stochastic behavior of natural and reintrodymek sand-verbena
populations suggests that seedbanks buffer popotatrom sharp declines and
can allow re-colonization of a site. At Otter Romn population decline to zero
plants in 2000 was followed by the emergence adhplants in 2001; seven
plants were counted at Cape Blanco in 2004 althoagle had been observed
there in 2003. Seeding in 2002 at three reintrodacites, Siltcoos Creek,
Bastendorff Beach, and Bandon Beach, resultedarplant establishment (fewer
than 20 plants each) that year, but much higheulptipns (>100 plants) in 2003
without additional seeding. The appearance of spopellations of pink sand-
verbena long distances from natural populationsh s at Tenmile in 1995,
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Gearhart in 1993, and Vancouver Island in 200@(afearly 60 years of
absence), suggest that some populations may es$tdldim seed many years after
the presence of any adult plants. Taken togethesge lines of evidence provide
strong support for the notion that pink sand-vegbscapable of maintaining a
persistent seedbank, and that buried seeds magplegportant role in the
population dynamics of this species and shouldbtefed in reintroduction
attempts.

Additional Research

Population modeling to assess recovery objectivEse Conservation Strategy
for pink sand-verbena (Kaye 2006) calls for thead@wment of recovery
objectives that take into account our ability tossfully reintroduce
populations of the species. However, we have timate of the number of
populations needed to establish a successful giné-serbena meta-population.
Data gathered from population monitoring on natpagdulation dynamics,

population establishment success, and estimatiodisgersal rates can be used to

simulate population dynamics over time. Throughuke of matrix models, the
viability of individual populations may be estimdteased on observations of
individuals in populations through time. Pink sarmtbena may be a suitable
'model system’ for structuring reintroduction peogs and setting objectives,
especially for rare beach plant species.
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Figure 14. The percent germination of seeds stored fron®@ears. The
equation for the linear regression is y = -0.036x955, B = 0.81,P = 0.015.
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Additional beach speciesPink sand-verbena is only one of several beaebiep
in decline on the Oregon coast. Efforts to confwlopean beachgrass to
improve habitat conditions for native species saglpink sand-verbena and the
western snowy plover create large, open areas d@faiegetation (if successful),
similar to the type of habitats that were plentgubr to beachgrass introduction.
These areas would also likely provide good halbaabther native beach and
dune plant species. Unfortunately, propagatiorhoud for many beach species
have not been developed. A preliminary list oinhtive plant species that could
be useful in restoration projects of beach ecosysts provided in Table 3.

Hypotheses for Future Research

The results of attempts to reintroduce pink samdbena to beach and
dune habitats in Oregon, combined with observatimade during field visits,
have led to several hypotheses that require futdsting before they can be used
to guide additional reintroduction efforts.

Recently deposited or disturbed sand is a more saible substrate for pink
sand-verbena growth than older substratesNatural and transplanted plants at
Port Orford and Gold Beach consistently thrivedreshly deposited dredge
material, but tended to decline in vigor two tcethyears after the sand was
deposited. In 1995 at Coos Bay North Spit, traarsgl placed in an area that had
recently (within three months) been disturbed dytneatment for beachgrass
thrived and achieved large size (greater than 5pvath substantial flowering
(over 50 inflorescences each) while plants tramgpthin an area where
beachgrass had been removed two years before stumlechoderate survival
and growth. Furthermore, natural populationsoutisern Oregon and northern
California often occur near the mouths of riverd areeks where fresh sand is
consistently deposited and disturbance is frequent.

Plants that grow close to shore (on the upper beaghre more likely to thrive

in the short-term, but plants in the foredune are nore likely to survive fall

and winter storms. Observations of mortality patterns of transplatts
Tillamook Bay and Hubbard Creek, where plants vpargtioned in sets both on
the upper beach and in the foredune, suggesthtbatpgper beach can be a very
suitable (even superior) habitat for growth. Howemrvall and late summer storms
damaged vigorous plants on the upper beach. Teddae transplants were not
damaged and continued to thrive into fall (as été&lovember), and may survive
the winter. Additional evidence suggests that cetitipn from dune grasses can
be detrimental to pink sand-verbena growth. Tloeegfa strategy that places
transplants among both habitats may improve ovsuaitess.
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Table 3. Plant species native to Oregon beaches and dumedidates for use in
ecosystem restoration projects. More informatgonaeded on techniques for
germination and propagation of these taxa.

Common name Latin name
yellow sand-verbena Abronia latifolia
beach pea Lathyrus littoralis
maritime pea Lathyrus japonicus
beach morning-glory Convolvulus soldanella
silver bursage Ambrosia chamissonis
black knotweed Polygonum paronychia
American dunegrass Elymus mollis

American glehnia Glehnia leiocarpa

silvery phacelia
Wolf's evening primrose
seaside dock

Phacelia argentea
Oenothera wolfii
Rumex maritimus

"Listed as Threatened with the Oregon Dept. of Adtire; Species of Concern
with the U.S. Fish and Wildlife Service.

A persistent seedbank may be a necessary componeifa viable population;
repeated seedings or transplantings may be requireidr successful
reintroduction and recovery. Pink sand-verbena seeds are long-lived and appear
to be capable of persistence in beach sands fgrdenods of time (up to several
decades). Therefore, buried seeds may play anriergaole in viable
populations of pink sand-verbena, acting as a nmmeshmafor population re-
establishment after catastrophes or stochastiogsmmpopulation size. They
may also serve to provide some genetic stabilifyajpulations by containing
samples of genetic variability that are occasignakt from the above-ground
population. Successful reintroduction of this spgeenay require the
development of a large pool of buried seeds, sointrduced populations can
rebound after periods of population decline. Thuggests that at each site,
repeated seedings or transplantings over seveaed yeay be required to build-up
a seedbank.
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RECOMMENDATIONS FOR 2009

Seed production was extremely low in 2008 and we2weable to collect
seeds from the Coos Bay North Spit. Although si€fit seed from previous
collections remains for restoration in 2009, fevil vamain if no collections are
made in fall 2009. If fruit production is low irDQ9, restoration strategies may
need to be altered.

Based on the success of seeding and transplantsafiqrevious years, we
recommend that the following sites be the focusegfding and restoration efforts
in 2009:

Management Agency Site Number of Seeds
. Siltcoos Creek 50,000
USSIi:J)SrI?j/ SNir:\./lce, Overlook, North 50,000
Overlook, South 50,000
Baker Beach 50,000
Bureau of Land New River up to 80,000
Management, Coos oup to 100,000, focused on south
' Coos Bay North Spit end of west area and in

Bay previously subsampled section of

the southeast area.

We recommend that population surveys be condudtdgtdollowing sites in
2009:

County Site

Lane County Siltcoos Creek
“ Baker Beach
“ Sutton Creek
Curry County Cape Blanco
“ Euchre Creek
Floras Lake
New River
“ Otter Point
“ Port Orford
Douglas County Overlook North and South
Coos County Bandon Beach China Creek
“ Bandon Beach South
“ Coos Bay North Spit
Lincoln county Salmon River
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APPENDIX |. MATERIALS REQUIRED FOR POPULATION MONITORING

pin flags

data sheets

GPS

previous year’s report

6 300m tapes (Coos Bay only)
metal tags and wire (Coos Bay only)

flagging
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APPENDIX II: MAPS OF FIELD SITES DISCUSSED IN THIS REPORT
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Project location map at Bandon Beach State Pdpkojéct area” refers to the
beachgrass control and pink sand-verbena seed¥ag ar

“Bandon Beach,
China Creek

“Bandon Beach, South’
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Bandon Beach
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Salmon River Spit, near Cascade Head
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Baker Beach, Sutton Creek, and Heceta Beach
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Bastendorff Beach
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Floras Lake

Plants heriin 2006
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Cape Blanco
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Port Orford
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Ophir/Euchre Creek

park on highway, walk down gravel road (ignoringtrespassing sign), knock on
door of house on way to beach. a few years ago¢cyBrian (BLM) talked to
them and they were nice ... if not home, continuddsurvey, but stop by house
again on way back.

Abronia umbellatasar. breviflora reintroduction and monitoring, 2008

47



Otter Point
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Winchuck River
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Pistol River State Park
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