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Introduction
This report documents monitoring of two federal candidate species, Eriogonum codium
(Umtanum desert buckwheat) and Physaria douglasii ssp. tuplashensis (White Bluffs
bladderpod), conducted within the Hanford Reach National Monument (Hanford) between 2008
and 2011. This work is a continuation of research on these two species previously reported in
Beck (1999a), Caplow (2003), and Dunwiddie et al. (2000), and continuing through 2011 under
Section 6 Segment 73. Newsome (2011) continues to report annually on Physaria douglasii ssp.
tuplashensis monitoring.
Many other rare plant taxa also occur on Hanford (see Table 4). Revisits to many of these
occurrences were made during the course of this project; data from all revisits and from new
sightings through 2011 are presented in Appendix C. Plant species, including rare taxa, growing
in the riparian habitat along the Hanford Reach will also be treated in the Section 6 report for
Segment 61.
Eriogonum codium and Physaria douglasii ssp. tuplashensis are both currently at risk because of
their limited distribution, relatively small population sizes, and vulnerability to environmental
and human-caused perturbations.

Eriogonum codium
Eriogonum codium is a federal candidate for listing and a state endangered species in
Washington; a proposal for its federal listing as endangered under the Endangered Species Act is
currently in preparation (personal communication, Tim McCracken, U.S. Fish and Wildlife
Service). This species was described in 1995 by Reveal, Caplow, and Beck (Reveal et. al 1995).
The global extent of the species consists of approximately 5,000 plants occurring along a onemile linear area on Umtanum Ridge. It is not closely related to any other Washington species of
Eriogonum (Reveal et. al 1995). It forms low mats up to 1 meter in diameter.

Monitoring and Population Viability Analysis
E. codium has been the subject of an intensive demographic monitoring project since 1997.
Within the projects reported here, the WNHP coordinated and led annual Umtanum desert
buckwheat monitoring in 2008-2011. Table 1 presents a summary of dates and participants in
monitoring:
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Table 1. Summary of dates and participants in Eriogonum codium monitoring, 2008-2011.
year
Seedling monitoring
PVA monitoring
date participants
date participants
Joe Arnett(WNHP), Mark
July Joe Arnett, Mark Mease (volunteer),
2008 May
15
Darrach (volunteer), and
10
and Cleon Rice, Tim McCracken,
Carrie Cordova (FWS)
Kevin McCarthy, Heidi Newsome,
and Carrie Cordova (FWS).
2009

May
6

Joe Arnett

July
9

2010

April
29 &
30

July
7

2011

April
28

Joe Arnett, Mark Darrach,
Lisa Saperstein and Wendy
Mee (Yakima Training
Center), Terri Knoke
(volunteer), and Janelle
Downs (Pacific Northwest
National Laboratory).
Joe Arnett and Terri Knoke,
Lorraine Seymour, Jane Abel,
and Keith Abel (volunteers).

July
7

Joe Arnett, Mark Darrach, Ben Grady
(University of Wisconsin), Laci
Bristow (FWS), Heidi Newsome, and
Carrie Cordova.
Joe Arnett, Mark Darrach, Jane Abel
and Lisa Hill (volunteers), and Heidi
Newsome.

Joe Arnett and Jodi Bush, Carrie
Cordova, Kathleen Fulmer, Jessica
Gonzales, Tim McCracken, Ralph
Thompson, Heidi Newsome, Ted
Thomas.

Initial findings from 1997 through 1999 were reported in 2000 (Dunwiddie et al. 2000). In 2000,
researchers concluded, based on counting the annual rings on dead plants, that Eriogonum
codium is a long lived species (greater than 100 years) with high flower production, low
germination rates, high seedling mortality, and high variability of growth between individuals
and years. Seedling data from 1996-2011 is presented in Table 1; the counts in this table
demonstrate the extreme variation in seedling production. The data in Appendix A show very
low survival of seedlings beyond the spring in which they germinate.
Table 2. Eriogonum codium seedling data from 1997-2011.
year
1996
1997
1998
1999

seedling
count
4
26
3
20

year
2000
2001
2002
2003

seedling
count
73
37
0
3

year
2004
2005
2006
2007

seedling
count
6
0
5
154

year
2008
2009
2010
2011

seedling
count
12
5
67
79

Within the permanent monitoring plots, mortality consistently far exceeded recruitment between
1997 and 2011.
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E. codium appears to be in very gradual decline. Kaye (2007) reported an annual decline, and
calculated a rate, for the years monitored, of about 2/3 of one percent. A projection of the
population from 1997 for 100 years suggests that the population may decline over time modestly
or greatly, and that it is unlikely to grow substantially if current conditions remain the same.

Census
A census of the global extent of Eriogonum codium was first made in 1995, and repeated, with
more precision, in 1997 (Beck 1999). Repeat counts of the entire species were made in 2005 and
2011; these counts are summarized in Table 3. While these counts are done by examining and
flagging each individual plant, in some cases it is impossible to tell, without damaging the plant,
whether a clump consists of more than one individual. This was made evident by rarely
occurring pale flowered individuals. In a few cases these individuals grew tightly together with a
normal yellow flowered individual, and that there were two individuals present was only
discernible because of the differences in flower color. These two individuals would have likely
been counted as one. Conversely, occasionally individual plants were found with spreading
connecting branches that had been buried. In these cases, one individual may have been counted
as two or more. These instances were not common, and the two situations would tend to cancel
each other out. We regard these counts as fairly precise.
Table 3. Eriogonum codium census data from 1995, 1997, 2005, and 2011.
Census year
1995
1997
2005
2011

Population count, species wide
4,900
5,207
4,408
5,169

Physaria douglasii ssp. tuplashensis
White Bluffs bladder-pod is a low-growing, herbaceous, short-lived, perennial plant in the
Brassicaceae (mustard) family. It is known from a single population that occurs along the lip of
the White Bluffs, above the Hanford Reach, between 30 and 40 feet wide and extending for
approximately 11 miles. The species occurs only in the caliche (a cemented calcium carbonate
material) layer exposed at the lip of the bluffs. Threats to the species include landslides
(apparently caused or increased by groundwater from nearby irrigation), fire, direct impacts from
off-road vehicles, and invasive non-native plants.
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Taxonomic Changes
Physaria douglasii ssp. tuplashensis was originally described as Lesquerella tuplashensis by
Rollins, Beck, and Caplow in 1996. Their research recognized that while L. tuplashensis and L.
douglasii were quite similar, they differed sufficiently, morphologically and phenologically, to
warrant recognitions as two distinct species. In 2002, Al-Shehbaz and O’Kane (2002).
recommended that the genera Lesquerella and Physaria be united as Physaria. They did not feel
that the morphological analysis of Rollins et al. 1996 justified the recognition of Lesquerella
tuplashensis at the species level, and they recommended that Lesquerella tuplashensis should be
recognized at the subspecific level as Physaria douglasii subspecies tuplashensis.

Monitoring
Monitoring has been conducted since 1997 along permanent transects along the northern portion
of the population according to a protocol described in Beck (1999). Heidi Newsome, a biologist
with the U.S. Fish and Wildlife Service, has been leading that monitoring. The most recent
summary of the results of that effort is included in Appendix B.

Additional Rare Plant Species of the Hanford National Monument
In addition to Eriogonum codium and Physaria douglasii ssp. tuplashensis, Hanford is also the
location of numerous other plant species that have rare plant status in Washington. In many cases
these are the only occurrences in Washington. Table 4 includes a list of all rare plant taxa known
from Hanford. While comprehensive revisiting and monitoring were beyond the scope of this
project, numerous rare plant occurrences were visited, as part of a Hanford-wide review of rare
plant species. In addition to the Umtanum desert buckwheat and White Bluffs bladderpod
populations, sites visited included Rattlesnake Mountain, Gable Mountain, riparian areas below
White Bluffs, the lower portion of Waluke Slope, and Yakima Ridge. Appendix C includes a
report from the Washington Natural Heritage Program database for all all Hanford rare plant
occurrences, current as of the date of this report.
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Table 4. Rare plant species present on the Hanford Reach National Monument. Element
occurrence (EO) information is based on Washington Natural Heritage Program Biotics database
as of November 18, 2011.
Species name

Aliciella leptomeria
Ammannia robusta
Anagallis minima

Hanford Element
Occurrences

Common Name

001, 002, 003, 004,
005, 006, 007, 008

Great Basin gilia

Name in Hitchcock &
Cronquist

Global
Rank

State
Rank

WA

Status

Gilia leptomeria

G5

S1

T

001

grand redstem

S1

T

chaffweed

Ammannia coccinea
Centunculus minimus

G5

012, 013

G5

S2

S

Astragalus
columbianus

031, 039, 052

Columbia milkvetch

Astragalus
columbianus

G3

S3

S

Astragalus geyeri

003, 004, 005, 006

Geyer's milkvetch

Astragalus geyeri

G4

S1

T

Camissonia minor

001, 002, 003, 004,
005, 006, 007

Oenothera minor

G4

S2

S

Camissonia pygmaea

007, 012, 016, 017,
018, 019, 020, 021,
024, 042, 043, 044,
045

small-flower
eveningprimrose
dwarf eveningprimrose

Oenothera pygmaea

G3

S3

S

Cistanthe rosea
Cryptantha
leucophaea

001,
023,
048,
052,

rosy pussypaws
gray cryptantha

Calyptridium roseum
Cryptantha
leucophaea

G5
G2G3

S1
S2S3

T
S

Cryptantha scoparia

001
017, , 023, 025

miner's candle
Snake River
cryptantha

Cryptantha scoparia

G4?
G4?

S1
S2?

S
S

Cuscuta denticulata
Eatonella nivea
Eremogone franklinii
var. thompsonii

001
007, 009
002, 003

desert dodder
white eatonella
Thompso n's
sandwort

Cuscuta denticulata
Eatonella nivea
Arenaria franklinii var.
thompsonii

G4G5
G4G5
G4THQ

S1
S1
SU

T
T
R1

Erigeron piperianus

011,
059,
065,
070,
056,

Piper's daisy

Erigeron piperianus

G3

S3

S

Eriogonum codium

001

Umtanum desert
buckwheat

Eriogonum

G1

S1

E

Hypericum majus

001, 002, 003

Canadian St.
John's-wort

Hypericum majus

G5

S2

S

Lipocarpha aristulata

001

awned halfchaff
sedge

Hemicarpha micrantha

G5?

S1

T

Loeflingia squarrosa

004, 005, 006, 007

loeflingia

Loeflingia squarrosa
var. squarrosa

G5T4?

S1

T

Lomatium tuberosum

017, 027

Hoover's desertparsley

Lomatium tuberosum

G2G3

S2S3

S

Micromonolepis pusilla

003

red povertyweed

Monolepis pusilla

G5

S1

T

Mimulus suksdorfii

021, 022, 023, 024

Suksdorf's
monkey-flower

Mimulus suksdorfii

G4

S2

S

Nicotiana attenuata
Oenothera cespitosa
ssp. cespitosa

030
005, 006, 007, 011,
012

coyote tobacco
cespitose
eveningprimrose

Nicotiana attenuata
Oenothera caespitosa
var. caespitosa

G4
G5T5

S2
S2

S
S

Cryptantha spiculifera

002
036, 046, 047,
049, 050, 051,
053, 058, 059

054, 057, 058,
062,063, 064,
066, 068, 069,
082, 083, 085,
087, 088
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Cryptantha

FWS

SC

SC

C

SC

Penstemon
eriantherus var.
whitedii
Physaria douglasii ssp.
tuplashensis

001, 003

fuzzytongue
penstemon

001

White Bluffs
bladderpod

Rorippa columbiae

013

persistentsepal
yellowcress

Rotala ramosior

001

Penstemon
eriantherus var.
whitedii
Lesquerella
Rorippa calycina var.
columbiae

G4T2

S2

S

G4?T2

S2

T

C

G3

S1S2

E

SC

Rotala ramosior
lowland
G5
S1
T
toothcup
Federal Status of plants under the U.S. Endangered Species Act is determined by the U.S. Fish and Wildlife Service:
E = Listed as Endangered. In danger of extinction.
T = Listed as Threatened. Likely to become endangered.
C = Candidate species. Sufficient information exists to support listing as Endangered or Threatened.
SC = Species of Concern. An unofficial status, the species appears to be in jeopardy, but there insufficient information to support
listing.
Washington Status of plant species is determined by the Washington Natural Heritage Program. Factors considered include
abundance, occurrence patterns, vulnerability, threats, existing protection, and taxonomic distinctness. Values include:
E = Endangered. In danger of becoming extinct or extirpated from Washington.
T = Threatened. Likely to become Endangered in Washington.
S = Sensitive. Vulnerable or declining and could become Endangered or Threatened in the state.
X = Possibly extinct or extirpated from Washington.
R1 = Review group 1. Of potential concern but needs more field work to assign conservation priority. WNHP is requesting
occurrance data
R2 = Review group 2. Of potential concern but with unresolved taxonomic questions. WNHP is requesting occurrence data
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Appendix B
Newsome update on the current status
of
Physaria douglasii ssp. tuplashensis

Update of the Current status of Physaria douglasii ssp. tuplashensis on the
Hanford Reach National Monument (2011)
Prepared by Heidi Newsome, June 2, 2011

The White Bluffs bladderpod Physaria douglasii ssp. tuplashensisis a Candidate species for
federal listing under the Endangered Species Act and is considered Threatened in Washington
(Washington Natural Heritage Program 2007). Studies of this species began in 1997 on the
only known population of P. tuplashensis, a species that is endemic to the Hanford Reach
National Monument. Studies were conducted primarily by The Nature Conservancy of
Washington (TNC) and later continued in cooperation with the Washington Department of
Natural Resources Natural Heritage Program (WNHP). The species occurs as a single
population in a narrow 17 km long band along the top of the White Bluffs of the Columbia River.
The species is a short-lived perennial most closely related to P. douglasii, which grows on
cobble bars on the Columbia River and is relatively common in sagebrush-steppe from southern
British Columbia to northern Oregon and east into Idaho.
The studies of this species had three components: a taxonomic evaluation based on plant
morphology and garden studies (Caplow et al. 2007), life history plots placed non-randomly
throughout the population, and counts of reproductive individuals in 100 meter transects placed
randomly throughout the northern half of the population. The population monitoring transects
were sampled annually from 1997-99, in 2002, and were revisited and counted again in 2007.
Following the monitoring in 2007, a large wildfire known as the “Overlook fire” burned through
the northern portion of the Physaria population, and within the area of the established
population monitoring transects. Therefore, the population monitoring was conducted again in
2008 – 2011 to assess whether or not the fire had an effect on the Physaria population. Data
included here are summarized with the previous results of the transect portion of the monitoring
study. Results from the life history plots from 1997 to 1999 were presented at the 2000
Washington Rare Plant Conference in Seattle, and a manuscript is available from Peter
Dunwiddie, botanist, or Joe Arnett of WNHP.

Following the monitoring of 2002, the data were summarized by Caplow in a report issued in
2003 entitled “Studies of Hanford Rare Plants 2002” (Caplow 2003).
Within the 2003 report, a management objective for P. tuplashensis was proposed to be:
Maintain at least 10,500 reproductive plants of P. tuplashensis in the northern 3.7 km of the
White Bluffs population from 2003-2013. If the population remains below 10,500 plants for two
years or more, initiate further research into the causes of decline and/or initiate management
action(s). Monitoring in 2010 estimated the population at 9,949, however this year, 2011, the
population rebounded and counts on monitoring transects were the highest ever recorded with a
population estimate of 58,887. Therefore, management actions are probably not yet required
based on the current assessment of the population over time. The population varies widely
from year to year. Due to the plant’s life history of being a short-lived perennial, environmental
conditions are important to the expression of the population each season.
The Caplow 2003 report suggests that to adequately assess the population, a full monitoring of
the permanent population monitoring transects take place once every three to five years.
Monitoring was conducted in 2007 to capture the 5 year interval suggested by the management
objective. Monitoring was again conducted from 2008 through 2011 in order to assess the
impact from the “Overlook fire.” Map 1 shows the monitoring transects within the population
boundary and its association with the perimeter of the “Overlook fire.” Map 2 shows the entire
extent of the recorded population of Physaria in relationship to the perimeter of the “Overlook
fire,” as well as its relationship to neighboring agricultural development.
Methods
The northern 6 km area of the population contains the sampling plots for the following reasons:
the northern portion is the most contiguous and least disturbed portion of the population; there
are no evident impacts from nearby agricultural activities; and this portion of the population is
generally <1 km from a vehicle track. The sampling area totals 3,700 m in length, resulting in a
sampling population of 37, 100 meter long transects. In 1997, ten 100-m transects were chosen
at random from this portion of the population for sampling, and the endpoints were permanently
marked with rebar stakes. An additional ten transects were added in 1998, for a total of 20
randomly selected permanent monitoring transects, selected from the possible 37 transects. All
flowering plants were counted along each transect, and tallied according to their location: “Top”
plants are those growing on the top of the bluff, “caliche” plants are growing in the intersection
with the caliche layer exposed at the top of the bluffs, and “slope” plants are growing below the
caliche on the upper slope. Plants were surveyed in mid-May to early June in 1997-1999, 2002,
and 2007-2011.
This season’s monitoring took place on May 24, 2011. The current weather for 2011 spring has
been notably cooler and wetter than long term averages. The Hanford Meteorological Station
(http://www.hanford.gov/page.cfm/HMS) recorded May 2011 as much cooler than normal,
averaging 57.2°F, 4.9° below normal (62.1 F). This makes May 2011 the fifth coolest on record.
Further, precipitation for May 2011 totaled 1.22 inch, 239% of normal (0.51 inch). This makes
May 2011 the seventh wettest on record. This cool, moist spring followed a relatively mild winter
and moist fall in 2010. These conditions seemed to delay the peak of flowering with some of the
plants still in bud stage. In addition, the conditions seemed to encourage flowering even in very
small plants; nearly all the plants were reproductive. This was different from the previous year,
2010, when many non-flowering plants, existing as rosettes, were noted. See photos from this
season in Appendix A.
Results
Data from the 10 permanent transects installed in 1997, supplemented with an additional 10
installed in 1998, provide some indication of the magnitude and direction of trends in the overall
population from 1997-2011 (Figure 1). Since these transects were randomly selected only within
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the northern portion of the site, they may not necessarily represent changes in the overall
population. However, they should be representative of changes that occur in over half of the
area occupied by P. tuplashensis. The population has a large range of variability, but the data
strongly suggest that if all 20 transects are sampled the mean will fall within 25% of the
estimated true value. There is a definite decrease in confidence intervals between 10 and 20
transects, suggesting that 20 transects should be sampled (Caplow 2003). Figure 2 shows the
total number of flowering plants counted during monitoring efforts. Many of the transects in the
northern part of the monitoring area had sparser counts of flowering plants compared to
transects in the more southern portion of the monitoring area.
The average number of plants per transect over 20 transects counted in 2011 was 1592. This
was a big increase in average over the 2010 counts, three years post-fire when the average
was only 269 plants per transect. In addition, the number of plants recorded in 2011 was highly
variable, resulting in a standard deviation around the mean of 1136. The post-fire data from the
period 2008-2011 reflect a highly variable population with a decline from 2008-2010, followed by
a large increase in 2011. This season’s average of 1592 is higher, more than double, the
average of 774 plants per transect recorded in 2007, the spring season prior to the fire.
Multiplying the mean number of plants per transect by the total number of transects in the
sampling area(N =37) gives a population estimate for 2011 of 58,887 plants (Figure 3). This is
the first season during the post-fire period of 2008-2011 that the population estimate is well
above the pre-fire population estimate of 28,618 that was recorded in 2007. The population has
ranged from an estimated low of 9,949 plants (2010) to a high of 58,887 plants this season,
2011. This year is the highest year on record for the population since monitoring began in 1997,
and immediately follows the year with the lowest population count on record, in 2010.
Both burned and unburned transects were sampled in 2008-2011. Transects within the burned
area perimeter for the “Overlook fire” were counted as burned even if the status of that transect
was not noted in the field (N=11). Unburned transects were outside of the burned area
perimeter (N=9). In 2011, the average number of plants per transect for burned was 1391 while
unburned was 1837 (Figure 4). The high level of variability in the data results in no significant
difference in the mean between burned and unburned areas, although unburned transects have
a slightly higher average number of plants than burned transects.

Figure 1: Mean number of flowering Physaria tuplashensis plants along permanent monitoring
transects. Variability shown as one SD above and below the mean.

3

Figure 2: Total number of plants counted along 10 and 20 transects for monitoring of Physaria
tuplashensis.

Figure 3: Estimated population size (mean # of plants per transect X total number of transects
{N =37}) of Physaria tuplashensis along permanent monitoring transects.
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Figure 4: Mean number of flowering Physaria tuplashensis plants along permanent monitoring
transects, burned transects versus unburned transects, for all transects. Transects within
burned area perimeter of the “Overlook fire” assumed burned. Variability shown as one SD
above and below the mean.
Conclusions: The 2011 monitoring of Physaria tuplashensis revealed that the plant population
was increased from population estimates recorded in 2010, the population has now exceeded
the previously documented range of variability, with this season being the highest population
estimate recorded since monitoring began in 1997. Transects recorded as burned after the
Overlook fire seemed to have rebounded, but perhaps not as strongly as the unburned
transects. The number of plants on average per transect is now higher than the value recorded
in 2007 pre-fire. The unburned transects seemed to have slightly higher counts than the burned
transects; however the data have too much variability to discern that difference with any
confidence.
Although the area where the bladderpod grows is in conservation status as part of the
Hanford Reach National Monument, wildfire and invasion of non-native species continue to be
threats to the existing population. Combined with threats due to irrigated agriculture adjacent to
the Monument, (see Map 2) the bladderpod’s status should continue to be tracked. Future
monitoring should take place in 2014, based on this season’s high population numbers.
Alternatively, monitoring should take place in 2012 to capture 5 years of post-fire information for
this species. Because the monitoring can be completed in a single day with relatively low effort,
and additional monitoring in 2012 might be advantageous and more informative of trends in this
rare species. At the current time, the listing status of this species could be reviewed with this
additional information. The population seems stable, although widely fluctuates with
environmental conditions. An analysis that would incorporate variables such as precipitation
and temperature as covariates could be conducted to possibly determine the relationship
between environmental conditions and plant response.
The management action threshold identified by Caplow (2003) suggests that a
management objective for the White Bluffs bladderpod could be “Maintain at least 10,500
reproductive plants of Lesquerella tuplashensis in the northern 3.7 km of the White
Bluffs population from 2003-2013. If the population remains below 10,500 plants for two
years or more, initiate further research into the causes of decline and/or initiate
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management action(s).” Because the 2011 season has shown that the population has
rebounded well above the 10,500 level for management action, no further action is required at
this time.
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Appendix A:
Photos of monitoring in 2011.

White-Bluffs Bladder-pod and Purple Sage (Salvia dorii)

Wendy Gibble, University of Washington Rare Care, conducting monitoring counts.
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Skipper butterfly, potential pollinator of White-bluffs bladder-pod.

Joseph Arnett, Washington Department of Natural Resources, Natural Heritage Program
conducting monitoring.
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Volunteers Keith Abel and Lisa Hill conducting monitoring.
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